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1-2 GENERAL INFORMATION

Introduction
Analog Devices designs, manufactures and sells worldwide so
phisticated electronic components and subsystems for use in
real-world signal processing. More than six hundred standard
products are produced in manufacturing facilities located
throughout the world. These facilities encompass all relevant
technologies, including several embodiments of CMOS, BiMOS,
bipolar and hybrid integrated circuits, each optimized for spe
cific attributes—and assembled products in the form of potted
modules, printed-circuit boards and instrument packages.

THE 1990 LINEAR PRODUCTS DATABOOK
This volume provides complete technical data on Analog De
vices “linear” products—designed to process, condition and oth
erwise operate on analog signals with analog results . One of a set
of three volumes, it is accompanied by the DSP Products Data
book, dedicated to products for high-performance digital signal
processing (i.e., digital-to-digital), and the Conversion Products
Databook, which covers products involved in spanning the inter
face between analog and digital.

State-of-the-art technologies have been utilized (and in many
cases invented) to provide timely, reliable, easy-to-use advanced
designs at realistic prices. Our popular IC products are available
in both conventional and surface-mount packages (SOIC, LCC,
PLCC), and many of our assembled products employ surface
mount technology to reduce manufacturing costs and overall
size. A quarter-century of successful applications experience and
continuing vertical integration insure that these products are
oriented to user needs. The ongoing application of today’s stateof-the-art and the invention of tomorrow’s state-of-the-art pro
cesses strengthen the leadership position of Analog Devices in
standard data-acquisition and signal-processing products and
make us a strong contender in high performance mixed-signal
ASICs.

The product data in this book are intended primarily for the
majority of users who are concerned with new designs. For this
reason, those existing and available products that offer little if
any unique advantage over newer products in future designs are
included in the Index and data sheets are available from us sepa
rately—but they are not published in this book.

MAJOR PROGRESS
Since publication of the selection guides in the 1988 Databook
Series, more than 120 significant new products have been intro
duced by Analog Devices; they run the gamut from brand new
product categories and technologies to new standard products
(with improvements in price, performance or design) to aug
mented second-source products. They are all classified and sum
marized in these volumes, along with existing products that are
desirable for use in new designs.
Examples of outstanding new products to be found in this book
include:
• the AD840-849 series of monolithic operational amplifiers
combining high speed and precision—fabricated in Analog
Devices’ complementary bipolar process—and the wideband,
low-distortion AD9617/9618 current-feedback op amps
• the AD546 low cost plastic-packaged electrometer op amp
• the AD705 op amp with minimal voltage and current drifts
• the AD640 monolithic high-accuracy wideband logarithmicamplifier strip
• the AD598 monolithic error-insensitive LVDT signal
conditioner
• the high speed, monolithic AD9696/9697 single and dual com
parators—and the fast, high-precision AD790 comparator
• the monolithic AD 1322 200 MHz pin drivers and AD 1315
active load for ATE applications
• the monolithic AD9901 dead-zone-free precision phase
discriminator
• the 6B Series of configurable, digitizing, “sensor-to-serial”
isolated signal-conditioning modules.
Many more could have been included in this list.

This book includes:
• comprehensive data sheets on more than 160 significant
product families
• orientation material and selection guides for rapid product
finding
• a representative list of available Analog Devices technical pub
lications on real-world analog and digital signal-processing
• our Worldwide Sales Directory and
• the Product Index to all three volumes.

TECHNICAL SUPPORT
Our extensive technical literature discusses the technology and
applications of products for precision measurement and control.
Besides tutorial material and comprehensive data sheets, includ
ing a large number in our Databooks, we offer Application
Notes, Application Guides, Technical Handbooks (at reasonable
prices), and several free serial publications; for example, Analog
Productlog provides brief information on new products being
introduced, and Analog Dialogue, our technical magazine, pro
vides in-depth discussions of new developments in analog and
digital circuit technology as applied to data acquisition, signal
processing, control, and test. DSPatch™ is a quarterly newslet
ter that brings its reader up-to-date applications information on
our DSP products and the general field of digital signal process
ing. We maintain a mailing list of engineers, scientists, and
technicians with a serious interest in our products. In addition
to Databook catalogs—and general short-form selection
guides—we also publish several short-form catalogs on specific
product families. You will find typical publications described on
pages 21-7 to 21-9 at the back of the book.
DSPatch is a trademark of Analog Devices, Inc.
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SALES OFFICES
Backing up our design and manufacturing capabilities and our
extensive array of publications is a network of sales offices and
representatives throughout the United States and most of the
world. They are staffed by experienced sales and applications
engineers, and many of them maintain a local stock of Analog
Devices products. Our Worldwide Sales Directory, as of the
publication date, appears on pages 21-10 and 21-11 at the back
of the book.

RELIABILITY
The manufacture of reliable products is a key objective at
Analog Devices. The primary focus is the companywide Quality
Improvement Process (QIP). In addition, we maintain facilities
that have been qualified under such standards as MIL-M-38510
for ICs in the U.S. and Ireland and MIL-STD-1772 for hybrids.
More than 14 of our products—both proprietary and secondsource—have qualified for JAN part numbers; others are in the
process. A larger number of products—including many of the
newer ones just starting the JAN qualification process—are
specifically characterized on Standard Military Drawings
(SMDs). Most of our ICs are available in versions that comply
with MIL-STD-883C Class B. We publish a Military Products
Databook for designers who specify ICs and hybrids for military
contracts (the 1990 issue contains data on nearly 223 available
product families). A newsletter, Analog Briefings®, provides cur
rent information about the status of reliability at ADI.
Our PLUS program makes available standard devices (commer
cial and industrial grades, plastic or ceramic packaging) for any
user with demanding application environments, at a small pre
mium. Subjected to stringent screening, similar to MIL-STD883 test methods, these devices are suffixed “/+” and are
available from stock.
Analog Briefings is a registered trademark of Analog Devices, Inc.
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PRODUCTS NOT FOUND IN THE SELECTION
GUIDES
For maximum usefulness to designers of new equipment, we
have limited the contents of selection guides to products most
likely to be used for the design of new circuits and systems. If
the model number of a product you are interested in is not in
the Index, turn to page 21-4 at the back of this volume where
you will find a fist of older products for which data sheets are
available upon request. On page 21-5 you will find a guide to
substitutions (where possible) for products no longer available.
PRICES
Accurate, up-to-date prices are an important consideration in
making a choice among the many available product families.
Since prices are subject to change, current price lists and/or
quotations are available upon request from our sales offices.
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Orientation
Operational Amplifiers
The amplifiers listed in this volume are intended to provide
cost-effective solutions to the bulk of op amp requirements in
precision measurement and control, as well as to more general
requirements in electronic circuits. The technical data included
*
here
cover the properties of more than 40 op amp families,
comprising about 100 distinct types. Some are general purpose;
others provide near optimum performance for specific classes of
application.

They differ in a variety of ways, for example, circuit technology,
circuit architecture, package type and contents, input properties,
output properties, operating temperature range and in terms of
the many performance specifications. Most are monolithic ICs,
including precision and high-speed dual devices; some are hybrid
ICs.
The IC and hybrid amplifiers catalogued in this volume are
available in a broad choice of packaging styles, temperature
ranges, and performance grades. If your application calls for
versions of these products that have been processed in accordance
with MIL-STD-883, a wealth of relevant information can be
found in the latest edition of the Military Products Databook,
available free upon request from Analog Devices.
BACKGROUND
The operational amplifier is today the most widely used analog
subassembly. It is safe to say that its basic properties and appli
cations are sufficiently understood by most circuit designers and
builders. However, the basis for choice, the subtleties of using
op amps in circuits for best results (especially in precision meas
urement and control) and the varieties of possible applications
are less clearly understood by op amp users, in varying degrees.

In these few pages, we shall address the question of making a
proper choice of op amp type for an application, in relation to
the extensive array of device properties presented in the data
sheets that follow.
For those users requiring basic tutorial material, and detailed
information on getting the most out of op amps, we have provided
on page 2-17 a bibliography that should make available up to
99% of information needed now and then, with “fanout” to the
vast body of literature that - with some redundancy - will provide
the remainder. Analog Devices’ op amp data sheets are an excellent
source of pertinent information.

SELECTION PRINCIPLES
In selecting the right device for a specific application, you should
have clearly in mind your design objectives and a firm under
standing of what published specifications mean. Beyond this,
you should detail the significant variables that are pertinent to
your application. The purpose of this section is to put these
many decision factors into perspective to help you make the
most meaningful buying decisions.

To make a proper choice of an operational amplifier for any
given set of requirements, the designer must have:

1. A complete definition of the design objectives.
Signal levels, closed-loop gain, accuracy desired, bandwidth
requirements, circuit impedance, environmental conditions
and other factors must be well defined before selection can
be effectively undertaken.
2. Firm understanding of what the manufacturer means by the
numbers published for the parameters.
Two manufacturers may have comparable published specifi
cations, but they may have been arrived at using differing
measurement techniques. This creates a pitfall in op amp
selection. To avoid these difficulties, the designer must know
what the published specifications mean and how these pa
rameters are measured and then must be able to translate
these published specifications in terms meaningful to the
design requirements.

There are three fundamental aspects to the rational selection of
an operational amplifier for a given application: (1) establishing
the circuit architecture, (2) defining the performance levels and
(3) choosing the amplifier(s).

1. To obtain a circuit building block to implement a defined
functional job, the principal choices are either to purchase a
committed functional device or to design a circuit employing
op amps to perform the function. For example, to obtain a
difference between two voltages, one may either purchase an
instrumentation or isolation amplifier or design a suitable
subtraction circuit using op amps. If a committed functional
building block, with appropriate specs and price, is not avail
able, the circuit designer must start by developing schematic
diagrams of circuits that will perform the function simply
using “ideal” operational amplifiers. Many commonly used
circuits can be found in textbooks, “cookbooks” and linear
circuit books as well as in application notes and data sheets.

2. Recognizing that the choice of an op amp depends on both
the overall circuit requirements and the characteristics of
available op amps, the designer should interpret the desired
overall performance in terms of the parameters of op amps
and establish acceptable ranges of parameters and their variation
with time, temperature, supply voltage, etc. Examples of the
key parameters are the input offset voltage, input bias and
offset currents, and the high frequency performance and
transient behavior of the op amp block (and its effect on the
closed-loop circuit) for large and small signals. It will be
helpful to develop an application checklist which includes
such considerations as the character of the input signals and
their impedance, the output load, the desired accuracy static and dynamic - and the environmental conditions.
3. The designer must then relate acceptable performance of the
op amp building block to the specifications and prices of
available devices from preferred suppliers, bearing in mind a
firm understanding of the way in which manufacturers define
their specifications and how definitions can differ in a way
that may be misleading. A set of definitions used by Analog
Devices follows this discussion.

*In addition to the products listed here, which are recommended for new
designs, a number of older products are still available (see page 21-4);
data sheets are available upon request.
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APPLICATION CHECKLIST
By way of an application checklist, the designer will need to
account for the following:

Character of the application: The character of the application
(inverter, follower, differential amplifier, etc.) will often influence
the choice of amplifier. For example, an adjustable-gain wideband
application may call for a transimpedance op amp to keep bandwidth
independent of gain setting.
Accurate description of the input signal: It is extremely important
that the input signal be thoroughly characterized. Is the input a
voltage source or current source? Range of amplitude? Source
impedance? Time/frequency characteristics?
Environmental conditions: What is the maximum range of tem
perature, time and supply voltage over which the circuits must
operate (to the required accuracy) without readjustment?

Accuracy desired: The accuracy requirement determines the
extent to which the foregoing considerations are critical, and
ultimately points the way to a device (or series of devices) which
are acceptable. Accuracy must, of course, be defined in terms
meaningful to the application with regard to bandwidth, de
offset and other parameters.
SELECTION PROCESS
In general, the objective of amplifier selection should be to
choose the least expensive device which will meet the physical,
electrical and environmenal requirements imposed by the appli
cation. This suggests that a “General Purpose” amplifier will be
the best choice in all applications where the desired performance
requirements can be met. Where this is not possible, it is generally
because of limitations encountered in two areas - bandwidth
requirements and/or offset and drift parameters.
To make it easier to relate bandwidth requirements with the
drift and offset characteristics, a capsule view of bandwidth
considerations precedes the de discussion below. The reader is
then returned to an expanded discussion of gain bandwidth
considerations.
Gain Bandwidth Considerations, A Capsule View
Although all selection criteria must be met simultaneously,
determination of the bandwidth requirements is a logical starting
point because:
1. If de information is not of interest, a suitable blocking capacitor
can be connected at the amplifier input and/or output and all
of the “drift” specifications may usually be ignored, and

2. Where high frequency (> 10MHz) characteristics are of primary
importance, the choice will be limited to those amplifiers
designated “Wide Bandwidth/Fast Settling.”

Where de information is required and where frequency require
ments are relatively modest (full power response below 100kHz,
unity gain bandwidth of less than 1.5MHz) other criteria will
probably influence the final choice. It is important, however, to
choose an amplifier with which an adequate value of loop gain is
assured (at the maximum frequency of interest) to obtain the
desired accuracy. Loop gain is the excess of open-loop gain over
closed-loop gain, and is responsible for the diminishing error
due to fluctuations in the open-loop gain due to time, temperature,
etc. For example, if the closed-loop gain is 1,000, the open-loop
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gain must be at least 100,000 to yield an error of no more than
1%, and 1,000,000 to yield an error no greater than 0.1%. Where
undistorted response is required, the specifications for full linear
response and slewing rate should be chosen such that they are
not exceeded at the highest frequency of operation.

Most operational amplifiers are voltage-to-voltage amplifiers.
However, for wide bandwidth applications, it is often useful to
consider applying a class of current-to-voltage amplifiers called
current feedback (transimpedance) amplifiers. They are characterized
by transresistance (AVJAI^) instead of gain (AV^AV,). Unlike
voltage amplifiers, with their high input impedance, current
feedback amplifiers have low (ideally zero) input impedance in
order to minimize the gain-error voltage developed by their
input current. Such amplifiers tend to be characterized by high
slewing rates and high closed-loop bandwidth. In contrast to the
constant gain x bandwidth of most voltage amplifiers, the closedloop bandwidth of a current feedback amplifier is essentially
independent of closed-loop gain - as long as the feedback resistance
is kept constant when the gain is adjusted.
Offset and Drift Considerations
In the majority of op amp applications, final selection is determined
by the de offset and drift characteristics. To undertake amplifier
selection in these cases, it is necessary to translate the requirements
listed above as follows. (It is assumed that bandwidth requirements
and temperature range have been established at this point.)
1. What input impedance must the circuit present to the signal source?
This depends primarily on the source impedance, Rs, and
the amount of loading error which is acceptable. Most amplifier
circuits are designed around the inverting and noninverting
circuits of Figure 1. The choice is often made between the
two to accommodate the impedance requirement. Input
impedance for the inverting circuit is approximately equal to
the summing impedance, Rj, and the upper limit on the
magnitude of R, is determined by the allowable drift error
because of input bias current as discussed below. The nonin
verting circuit offers inherendy higher input impedance than
the inverting circuit (due to “bootstrapping” feedback), and
in this case input impedance is approximately equal to the
common-mode impedance of the amplifier Rcm-

2. How much drift error can be tolerated? The question is related
to the input signal level, es, and the required accuracy. For
example, to amplify or otherwise manipulate a de input signal
of one volt with an accuracy of 0.1%, the offset drift error,
Va, must be one millivolt or less. (This assumes that other
sources of error such as input loading, noise and gain error
have already been allowed for.) By the same reasoning, the
allowable drift error for a 1 volt signal and 0.01% accuracy
would be IOOjjiV.
When this has been defined, the allowable limits of offset
voltage (eos), bias current (ib) and difference current can be
calculated by the equations of Figure 1.

and this will always be less than the input impedance, R,, of the
inverter. Input impedance of the noninverter (approximately
Rcm) is typically 107 ohms even for the least expensive bipolar
amplifiers and up to 1011 ohms for FET types.

For Rq = 0
and R, « R,

For Rc = R| Rf/(Ri + Rf)
and R, « R,
Signal Input Drift Error = Vd
Input Impedance Rin = R,

% Drift Error =

«r

Figure 1a. Inverting Configuration

Unfortunately, however, the noninverting configuration cannot
always be used since it is not convenient to use for many circuit
functions such as integration or summation. A further limitation
occurs in high accuracy applications where common-mode errors
may rule out this circuit configuration. Transimpedance amplifiers
in the noninverting configuration have high dynamic input
impedance, but they must be driven from a source that can
furnish the input current. This rules out the possibility of unloading
some high impedance sources but still permits a single amplifier
to be used for noninverting gains (as always, it is helpful to
consult the data sheet).
Initial offsets can usually be zeroed at room temperature so that
only the maximum temperature excursion (AT) from + 25°C
need be considered. For example, over the range of -25°C to
+ 85°C, the maximum temperature excursion (AT) from + 25°C
would be 60°C. As a practical matter, offset errors due to supply
voltage and time drift can generally be neglected since errors
due to temperature drift are usually much greater.

Current Amplifier Considerations
Before leaving the subject of offset errors, we shall discuss
briefly the current amplifier configuration which is shown in
Figure 2a. The obvious approach to measuring current is to
develop a voltage drop across a load resistor, Rf, and to measure
this potential with a high impedance amplifier as shown in
Figure 2b.

Signal

R? + Ri
eo =---------------

Drift Error = Vj

r
• «1
|_es + eo$ + id R$J for Rc = R$

--- y--- -

Signal

Ri R2
Ri + R2

Drift Error = Vd

Input Impedance Rin * Rcm

% Drift Error

100Vd

Input Impedance Rw -

where 1/0=1

(7^)

Rf(R, + Rd)

Figure 1b. Noninverting Configuration

R,

Rd

Figure 2a. Current Amplifier

For example, in the case of the inverting circuit, an offset error
voltage, ibRj, is generated by the bias current flowing through
the summing impedance. This error increases for increasing R,.
Since R, also sets the input impedance, there is a conflict between
high input impedance and low offset errors. Likewise, for a
given offset error, higher values for R, can be used with an
amplifier which has lower bias current.

Where it will otherwise function properly, the noninverting
circuit generally makes a better choice for high input impedance
circuits. Also, for the same source and input impedance require
ment, a given amplifier will generate lower offset errors for the
noninverting circuit than for the inverting circuit. This is so
because the bias current flows only through Rs for the noninverter

SOURCE

eo = Rf •» + e<» + ib Rf for R, > Rf
Signal

Drift Error ■ Vj

Input Impedance Rin 25 Rf

% Drift Error =

100 V,

Rf

Figure 2b. Voltage Amplifier with Sampling Resistor
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This approach has several disadvantages as compared to the
circuit of Figure 2a. First, the noninverting amplifier intro
duces common-mode errors which do not occur for Figure 2a.
Second, an ideal current meter would have zero impedance
whereas Rf in Figure 2b may become very large since this resistor
determines the sensitivity of the measurement. Third, the changes
of input impedance, Rcm, for the noninverting amplifier with
temperature will cause variable loading on Rf and hence a change
in sensitivity.

The current amplifier of Figure 2a circumvents all of these
difficulties and approaches an ideal current meter; that is, there
is essentially no voltage drop across the measuring circuit, since
with enough open-loop gain, A, the input impedance R]N becomes
very small.
In selecting a current amplifier, the most important consideration
is current noise, and bias current drift. Measuring accuracy is
largely the ratio of current noise and drift to signal current, is.
To obtain the drift of error current I€ referred to the input, use
the following expression.
Aeos/' Rf

LM

+ Rs'

\

I
< RfRs )

AiB“l
atJ

inverting and noninverting circuits must be evaluated in light of
the common-mode rejection error (with frequency) introduced
by the noninverter.
For greater emphasis, wideband applications can be separated
into categories - steady state and transient. Since the amplifier
requirements for the two are somewhat different, these categories
will be discussed separately.

STEADY STATE APPLICATIONS
Steady state applications involve amplifying or otherwise man
ipulating continuous sinusoidal, complex or random waveforms.
In these applications the significant issues in choosing an amplifier
are as follows:

1. Is de coupling required? If de information is of no consequence,
then the offset drift errors are not usually important and a
capacitor can be used if necessary to block the output de
offset. Your only concern here is that de offset at the output
does not become so large, as might be the case with a high
gain stage, that the output is saturated or the dynamic swing
for ac signals is limited. One way to circumvent the latter
problem is to use feedback to limit the gain at de as shown
in Figure 3. The gain of this kind of circuit can be small at
de but large at high frequencies.

Now, to make a proper selection you must pick an amplifier
with an error current, Ie, over the operating temperature which
is small compared to the signal current, is. Do not overlook
current noise which may be more important than current drift
in many applications.
Gain Bandwidth Considerations, Expanded Discussion
From the previous discussion, it is apparent that most general
purpose operational amplifiers will usually give adequate per
formance for de and audio-frequency-range applications. However,
amplifiers having unity-gain bandwidth above 2MHz, full power
response above 20kHz and slewing rate above 6V/p.s, in general,
require special design techniques. Amplifiers with wideband,
fast response characteristics have been listed in the Wide
Bandwidth group to simplify the selection for higher frequency
applications.

One factor often overlooked is that stray capacitance and impedance
levels of the external feedback circuit can be the major limitation
in high frequency applications. For example, in Figure la, if Rf
were one megohm, and stray capacitance, Cs, were one picofarad,
then the closed-loop bandwidth would be limited to 160kHz
(1/(2ttR|;Cs)) regardless of how fast the amplifier is. Moreover,
output slewing rate will be limited by how fast Cs can be charged,
which in turn is related to signal level, es, and input impedance,
Ri, by de\/dt = - es/R;Cs. For these reasons it is usually not
possible to obtain both fast response and high input impedance
for an inverting circuit since both R, and Rf must be large to
obtain high input impedance.
Another advantage of the noninverting circuit (Figure lb) is
that input impedance, being determined by potentiometric feed
back, is independent of the impedance levels for R1 and R2.
Therefore, a low impedance can be used for R2 so that stray
capacitance of Cs will not limit the circuit’s bandwidth. In this
case the minimum value for R2 is constrained only by the
output current rating of the amplifier. Again the trade-off
between the frequency response and input impedance of the
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Figure 3. DC Feedback Minimizes Output Offset
for AC Applications

2. IV'/tat closed-loop gain and bandwidth are required? Closed loop
gain, G, is dictated by the application. For V/V amplifiers,
to a first approximation the intersection of the open- and
closed-loop gain curves in Figure 4 gives the closed loop
bandwidth, fcl (- 3dB). For high gain, wideband requirements,
it may be necessary, or more economical, to use two amplifiers
in cascade each at lower gain. For transimpedance amplifiers,
fci changes little over a wide range of gain as set by the choice
of R,.

3. What loop gain is required or alternatively what gain stability,
output ipipedance and/or linearity are necessary? The available
loop gain at a particular frequency or over a range of frequencies
is very often more important than closed-loop bandwidth in
selecting an amplifier. Loop gain as illustrated in Figure 4, is
defined as the difference, in dB, or as the ratio, arithmetically,
of the open- to closed-loop gain (A[3 = A/G). You will find in
most of the equations defining the closed-loop characteristic
of a feedback (V/V) amplifier that the loop gain (A|3) is the

determining factor in performance. Some of the more notable
examples of this point are as follows:

Figure 4. Closed-Loop Bandwidth and Loop Gain

a. Closed-loop gain stability = AG/G
AG/G = (AA/A) [1/(1 + Ap)] where AA/A is the open-loop
gain stability, usually about 1%/°C.
b. Closed-loop output impedance = Z^^Z^/l + Ap), where
Zo is the open-loop output impedance, usually 200 to 5,000
ohms.

c. Closed-loop nonlinearity = Lci = Lo|/(l + Ap), where Lol is
the open-loop linearity error, usually less than 5%.
Loop gain of 100, or 40dB, is adequate for most applications,
and this is readily achievable at de and low frequencies. But
note that loop gain decreases with increasing frequency which
makes it difficult to obtain large loop gains at high frequencies.
For this reason it may be necessary to use a 10MHz unity gain
amplifier in order to obtain adequate feedback over a 10kHz
bandwidth.
4. I¥7iuz full power response and/or slew rate are required?
You should examine your expected output waveform and
select an amplifier whose slewing rate, with the expected
capacitive output load, exceeds the maximum rate of change
of output signal. For a sinusoidal waveform with a peak
voltage output equal to the rated amplifier output the frequency
should not exceed fp, the full power response of the amplifier.
As the output signal voltage is reduced below the rated output
voltage, the usable maximum frequency can be extended
proportionately. If you do not observe these restrictions, you
will get distortion and unexpected de offsets at the output of
the amplifier.

For some monolithic amplifier designs intended for high-gain
and wide-bandwidth applications, their frequency response is
not a simple 6dB roll-off; the response may be shaped with
external RC components for improved performance at lower
closed-loop gains. Using feedforward or phase lag compensation
networks, gain-bandwidth product and/or full power response
may be shaped to meet varying design requirements. Most
internally compensated V/V op amps offer a stable 6dB per
octave roll-off with specified unity gain-bandwidth and slew rate
thereby limiting maximum speed and response to those published
specifications.

Figure 5. Typical Settling Time Characteristics

TRANSIENT APPLICATIONS
In applications such as A/D and D/A converters and pulse am
plifiers, the transient response of the wideband amplifier is generally
more important than the gain bandwidth characteristic described
above. Slewing rate, overload recovery and settling time are the
specifications which determine the transient response.
When applying the high frequency amplifier, it is important to
understand how amplifier performance is affected by component
selection as well as impedance levels used around the amplifier.
Settling Time
Settling time is defined as the time elapsed from the application
of a perfect step input to the time when the amplifier output
has entered and remained within a specified error band symmetrical
about the final value (Figure 5). Settling time therefore includes
the time required for the amplifier to slew from the initial value,
recover from slew rate limited overload, and settle to a given
error in the linear range.

The time and frequency response of a linear, bilateral network
or amplifier are related by well know mathematics. For example,
the step response for a well behaved, ideally linear, 6dB/octave
amplifier with a closed-loop bandwidth of wci is shown in
Figure 6.
However, since settling time is determined by a combination of
amplifier characteristics (both linear and nonlinear) and because
it is a closed-loop parameter, it cannot be readily predicted from
the open-loop specifications such as slew rate, small signal band
width, etc.

Analog Devices specifies settling time for the condition of unity
gain, relatively low impedance levels and no capacitive loading
(unless otherwise indicated). A full-scale step input is used to
determine settling time and the step is generally unipolar - i.e.,
from zero to plus or minus full scale. The settling time indicated
is generally the longest time resulting from a step of either
polarity and is given as a percentage of the full-scale step
transition.
Settling time is a nonlinear function. It varies with the input
signal level and it is greatly affected by impedances external to
the amplifier.
OPERA TIONAL AMPLIFIERS 2-11

ERRORS DUE TO NOISE
A major criterion in the selection of an amplifier for low level
signals is the amplifier input noise, since this is usually the
limiting factor on system resolution. In the general case, amplifier
noise can be characterized by a voltage source in series with the
summing junction and a current source in parallel with the
summing junction. Whenever high source impedance is encoun
tered, current noise flowing through the source impedance will
appear as an additional voltage noise, combining with the amplifier
voltage noise. The sum of these noise sources will then be amplified
along with the desired signal. For this reason, selection of a
particular amplifier must consider both the amplifier noise per
formance as well as the source impedance.

of resistances in other bandwidths can be calculated by re
membering that the noise is proportional to the square root
of the resistance and the bandwidth; i.e.

e„ (rms) = (40nV/VHz) V - (BW)
"
\ v lOOkll
2. To convert the rms noise to a p-p value, a conversion factor
of 6.6pV p-p/jxV rms is applied for less than 0.1% probability
of noise peaks exceeding calculated limits.
3. The total rms noise contribution due to several noise sources
is determined by the square root of the sum of the squares:

e, = Vea2 + eb2 + ec2 + . . . en2

If any noise source is less than a third of another, it may be
neglected. The resulting error will be less than 5%.

4. Restricting the bandwidth of a system to the minimum usable
and using the lowest impedances possible are ways to reduce
noise.

Figure 6. Step Response for Linear 6dB/Octave Amplifier

DESIGN EXAMPLE
Figure 7a illustrates a typical circuit with noise calculations
shown for each noise source. The total of the noise sources is
obtained by adding each of the individual sources in a rms
fashion.

Consideration must also be given to noise sources other than the
amplifier whenever determining total system noise. RF and digi
tal noise may be fed into an amplifier through any connecting
wire, including power supply and output leads. Adequate shielding
and low-pass filters on all incoming leads will greatly reduce
noise pickup.
Thermal noise is generated in any conductor or resistor as a
result of thermal agitation of the electrons. This noise voltage
source, sometimes referred to as “Johnson Noise,” is generated
in the resistive component of any impedance and has a value:

en = V4kTBR

where en = the rms value of the noise voltage
k = Boltzman’s Constant (1.38 x 1023 joules/K)
T = absolute temperature of the resistance, K
B = the bandwidth in which the noise is measured
Since noise is related to the bandwidth over which the measurement
is made, no noise specification is meaningful unless the bandwidth
for the specification is given. Although the thermal noise equation
may appear unwieldy, for practical noise calculations, all that is
required to enable rapid approximations is to apply a few simple
rules of thumb.

Rules of Thumb
1. Remember that a lOOkfl resistor generates 40nV rms in a
1Hz bandwidth. The noise voltages generated by other values
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COMPONENT

CAUSE

OUTPUT CONTRIBUTION

Rin

Johnson Noise

V^4kTBR|N (Rf/R|N>

Rs

Johnson Noise

V4kTBRs (Rf/R.m + 1)

y4kTBRF

Rf

Johnson Noise

•ni

Amp. Current Noise

'"2

Amp. Current Noise

(injRsI (RF/R|N +1)
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Figure 7a. Noise Components

Figure 7b illustrates how the Rules of Thumb may be applied
in a practical case to approximate the total output noise.
In this example, a low noise type amplifier (AD OP-37) is
being used with a 50kfl source impedance. The two major noise
sources, in addition to the AD OP-37’s input voltage noise of
0.18pV p-p, are the Johnson noise (59pV p-p) and current
noise (83pA p-p).

iokn

These selection areas are pretty broad; they include various
criteria, not all of which are central to the application. For
example, if one is seeking a high-input-impedance amplifier for
an ac application, voltage offset and drift may be far less critical
than bias current, and both of these may be unimportant compared
to bandwidth.

GAIN - 100
BW - 0.01 TO 10Hz
Rs -50kH
«F - 10kn
Rin - ioon

With the hope that it will be found useful, the following interpretive
list identifies the best device choices in a variety of categories:

1) RESISTOR NOISE: RF -+ 13nV/7Hz
Rin -> (1.3nV/x/Rz
Rs -» (28nV/'/Hz) 101 = 2.8mV/7Hz

(At the extremes of performance are the fastest op amps and the
highest-precision op amps.)

TOTAL RESISTOR NOISE IN 10Hz BW s
(2.8|iV/VHz) (TiOHz) 6 6pV p p/jiV rms = 59MV p-p
2) AMPLIFIER CURRENT NOISE (83pA p-p) (50k) (101) = 422pV(Rs)
(83pA p-p) (10k) = 0 8pV(RF)

3) AMPLIFIER VOLTAGE NOISE: (0.18V p-p)(101) = 18.2pVp-p
TOTAL OUTPUT NOISE = V(422)i + (59)
*
+ (18.2)
*
+ (0.18)
*

= 426pV p-p

Figure 7b. Design Example

HOW THE OPERATIONAL AMPLIFIERS ARE
CLASSIFIED
To assist the designer in distinguishing among the many types
available from Analog Devices, we have provided a Selection
Guide in which amplifiers are grouped in terms of common
properties which have been optimized in order to satisfy the
needs of specific classes of applications. Once the choice has
been narrowed to the manageable number of types in any group,
distinctions can be drawn in terms of other requirements or
considerations.

Temperature Range and Nomenclature: Analog Devices operationalamplifier nomenclature uses suffixes to permit ready identification
of the temperature range for which device operation to meet
critical specifications has been designed or selected. The most
popular range comprises the “commercial” temperatures from 0
to 70°C; it is designated by suffixes such as J, K, L, M, in
order of increasingly tighter specs (e.g., AD549L). Also popular
is the “extended” range, - 55°C to + 125°C, designated by S,
T, U, (e.g., AD510S); not all families have types with specified
performance in this range. There are a few types designed for
operation in the “industrial” range, -25°C to +85°C, designated
by A, B. Wide-range types will generally meet the same or
better specs in a narrower temperature range. A few types are
second-sources for products originally introduced by other manu
facturers. In those instances, the generic nomenclature is used
(AD741C) or enlarged upon, if superior selections are offered
(e.g., AD741L).

SELECTION GUIDES
Seven Selection Guides classify operational amplifiers within
these categories:
High Speed Amplifiers
Unity Gain Buffers
Precision Amplifiers (low Vos, low drift, high de gain)
Low Input-Current Amplifiers
Low Noise Amplifiers
Low Cost, General Purpose Op Amps
Dual Op Amps
Quad Op Amps
The choice of category depends on which class of specifications
is most critical. Within these categories, the selection guides
provide comparisons of salient specifications.

The fastest op amps include those having

• the highest slewing rates, - the hybrid AD9610 (3,5OOV/p.s),
and the monolithic AD844 (2,000V/jxs) and AD9618 (1,800V/
M-s)
• the lowest settling time - the monolithic CB (complementary
bipolar) AD840/841/842/846 (110ns to ±0.01%), the hybrid
AD9610 (20ns to 0.1%) and the AD9618 (9ns to 0.1%)
• the highest gain-bandwidth - the AD5539 (1,400MHz) and
the CB AD844 (900MHz), AD849 (725MHz) and AD840
(400MHz)
High-speed op amps are characterized by high slewing
rates, fast settling time and wide bandwidth. Fast settling
time is especially important in applications with rapidly
changing or switched analog data in buffers, D/A conver
ters, and multiplexer circuits; wide small-signal bandwidth
is important in preamplification and in handling low-level
wideband ac signals; high slewing rate is associated with
fast settling time and is also important in handling ac
signals having large magnitudes with minimum distortion
since the large-signal bandwidth is closely related to the
slewing rate.

ICs using the proprietary Analog Devices CB (com
plementary bipolar) process contain wideband PNP and
NPN transistors that have similar characteristics - without
the use of dielectric isolation. Since poor frequency
response of lateral PNPs is the source of the bandwidth
limitation in conventional linear bipolar processes, CB
devices can have much faster response.

The highest-precision monolithic op amp families include those
having

• the grades with the lowest untrimmed offset voltage- the AD707
(15p.V) and AD OP-07/27/37 (25|jlV)
• the lowest bias current - the revolutionary electrometer op amp
using top-gate-FET inputs, the AD549 (60 femtoamperes)
• the lowest drift - the AD707 (100nV/°C)
• the highest open-loop gain (hence highest accuracy as an integrator
and high-gain amplifier) - again the AD707! (13 x 106V/V)
• the highest common-mode rejection - once again the AD707
(130dB), followed by the AD OP-27/37 (114dB) and the AD
OP-07 (llOdB)
Precision op amps (in this list) include those emphasizing
• Low bias current and high input impedance. These types
use the inherently high input impedance and low leakage
current of junction field-effect transistors (FETs) to deal
with configurations that measure low currents or involve
high resistance values. Applications range from general
purpose high-impedance circuitry to integrators, currentto-voltage converters, and log-function generation, to

OPERATIONAL AMPLIFIERS 2-13

measurements with high-impedance transducers such as
photomultipliers, flame detectors, pH cells and radiation
detectors.
• High accuracy through low offset and drift voltage, low
voltage noise, high open-loop gain, and high common
mode rejection (CMR). Such types are used for highaccuracy instrumentation, low-level transducer circuitry,
precision voltage comparison, and impedance buffering.

All FET-input op amps from Analog Devices are
conservatively manufactured to meet their published
bias-current specifications after full warmup (some man
ufacturers specify initial current, which is lower than
warmed-up bias current). Our published max bias-current
specification applies to either input (some manufacturers
call “bias current” the average of the two input
currents).

For applications needing high, but not extreme, performance or
where high speed and high precision must be combined, there are a
number of device families to be considered. For example,

• the complementary-bipolar AD844 family combines low offset
voltage (200p.V) with high slewing rate (2000V/ps)
• the AD744 BiFET family combines low input bias current (50pA)
with low settling time (500ns to 0.01%)
• the AD OP-37 family combines low drift (600nV/°C) with wide
gain bandwidth (63MHz)
• the hybrid AD381/382 combine 50pA bias current with 0.75ps
settling time (to 0.1%) and 50mA output-current range
Fast amplifiers, which often boast output current ranges of
50mA or 100mA, include families with

• high slewing rate - the CB monolithic AD846 (400V/ps) and
AD840/841/842 (400/300/375V/p.s), and the hybrid, AD380
(33OV/|xs), and AD9617/9618 (l,400V/p.s)
• low settling time - the monolithic AD847/848/849 (65ns to
0.1%) and hybrid HOS-050 (80ns to 0.1%, 200ns to 0.01%),
the AD845 and AD744 families (300ns and 500ns to 0.01%),
and the AD9617 (10ns to 0.1%) and AD9618 (9ns to 0.1%)
• unde gain-bandwidth - the monolithic AD848 (250MHz) and
the hybrid AD9611 (280MHz) and HOS-050/060 (100MHz)
High-precision monolithic amplifier families start with lower
grades of the highest-precision families; beyond this, they include
the
• low-drift AD OP-07/27/37 families (600nV/°C)
• high-gain AD OP-07 (3 x 106) and AD OP-27/37 (1 x 106)
• high-CMR AD821 (90dB); low-VM AD846 (200|iV) and a
• wide selection of low bias-current FET-input op amps - the
AD645 (2pA) and AD548 (lOpA), and the AD711 (25pA)
Many of these devices are duplicated in a single package; for
example,

•
•
•
•
•

the
the
the
the
the

AD712
AD746
AD648
AD708
AD713

is
is
is
is
is

a
a
a
a
a

dual AD711
dual AD744
dual AD548
dual AD707
quad version of the AD711

Also included in this section are buffers, wideband amplifiers
having slightly less than unity gain, low output impedance and
high output-current availability (50mA). Although they can
stand alone, a more frequent use is inside-the-loop as a “booster”
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amplifier to magnify the output power capability of any op amp
or reduce the dynamic output impedance without losing precision.
A typical example is the AD9630, which can follow slewing
rates of up to l,800V/ps with a full-power frequency of 125MHz
and deliver voltages up to ± 3V and currents up to ± 50mA.

DEFINITIONS OF SPECIFICATIONS
Absolute Maximum Differential Voltage
Under most operating conditions, feedback maintains the error
voltage between inputs to nearly zero volts. However, under
overload conditions or between applications, such as voltage
comparators, the voltage between the inputs can be large. This
specification defines the maximum voltage which can be applied
between inputs without causing permanent damage to the
amplifier.

Common-Mode Rejection
An ideal operational amplifier responds only to the difference
voltage between inputs (e+ — e~) and produces no output for a
common-mode voltage, that is, when both inputs are at the same
potential. However, due to slightly different gains between the
plus and minus inputs, or variations in offset voltage as a function
of common-mode level, common-mode input voltages are not
eliminated at the output. If the output error voltage, due to a
known magnitude of common-mode voltage, is referred to the
input (dividing by the closed-loop gain), it reflects the equivalent
common-mode error voltage (CME) between the inputs. Common
mode rejection ratio (CMRR) is defined as the ratio of common
mode voltage to the resulting common-mode error voltage.
Common-mode rejection is usually expressed logarithmically:
CMR (in dB) = 20 log10 (CMRR).
The precise specification of CMR is complicated by the fact that
the common-mode voltage error can be a highly nonlinear function
of common-mode voltage and also varies with temperature. As a
consequence, CMR data published by Analog Devices are average
figures, assuming an end-point measurement over the common
mode range specified. The incremental CMR about small values
of common-mode voltage may be greater than the average CMR
specified but decrease and become less in the neighborhood of
large CMV. Published CMR specifications for op amps pertain
to low-frequency voltages, unless specified otherwise: CMR
decreases with frequency.

Common-Mode Voltage, Maximum
For differential-input amplifiers, the voltage at both inputs can
swing about ground (power-supply common) level. Common-mode
voltage is defined as any voltage (above or below ground) that
could be observed at both inputs. The maximum common-mode
voltage is defined as that voltage which will produce less than a
specified value of common-mode error. This establishes the
maximum input voltage for the voltage-follower connections.
Drift vs. Supply
Offset voltage, bias current and difference current vary as supply
voltage is varied. Usually, de errors due to this effect are negligible
compared to drift with temperature. No inference may be drawn
from this low-frequency specification concerning the effects of
rapid variation of voltage at the supply terminals.

Drift vs. Temperature
Offset voltage, bias current and difference current all change, or
“drift,” from their initial values with temperature. This is by
far the most important source of error in most precision applica
tions. The temperature coefficients (tempcos) of those parameters
are all defined as the average slope over a specified temperature
range. Drift can be a nonlinear function of temperature (though
it is often quite linear over limited temperature range); the
slopes generally are greater at the extremes of temperature than
around normal ambient ( + 25°C), which generally means that
for small temperature excursions in the vicinity of + 25°C, the
specification is conservative.

Analog Devices precision operational amplifiers are specified by
three- (or more) point measurements, at 25°C and at the high
and low extremes of the range (TH, TL), with the amplifier
adjusted to zero at room temperature. The sum of the magnitudes
of the drift in the two ranges must be less than the specified
drift rate (p.V/°C or nA/°C) multiplied by the total temperature
range (modified “butterfly”), or, in some cases, the magnitude
of the drifts in both ranges must be less than the specified drift
rate multiplied by the respective temperature ranges (“true
butterfly”).
True Butterfly Spec
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The lowest-cost second-source IC amplifiers are specified only
in terms of the maximum value of the parameter (e.g., offset
voltage) over temperature in the specified range.

Drift vs. Time
Offset voltage, bias current and difference current change with
time as components age. It is important to realize that drift with
time is random and rarely - if ever - accumulates linearly for
healthy devices. For example, voltage drift might be quoted at
15|iV/month, whereas cumulative drift might not exceed 50p.V
in a year. A convenient rule of thumb for extrapolation is to
divide the drift for a stated interval by the square root of its
ratio to any other interval of interest.
Full-Power Response
The large-signal and small-signal response characteristics of
operational amplifiers differ substantially. An amplifier’s output
will not respond to large signal changes as fast as the small-signal
bandwidth characteristics would predict, primarily because of
slew-rate limiting in the output stages. Full-power response is
specified in two ways: full linear response and full peak response.
Full linear response is specified in terms of the maximum fre
quency, at unity closed-loop gain, for which a sinusoidal input
signal will produce full output at rated load without exceeding a
predetermined distortion level. There is no industrywide accepted

value for the distortion level which determines the full-linearresponse limitation, but unless otherwise noted, we use 3% as a
a maximum acceptable limit.

In many applications, the distortion caused by exceeding the
full linear response can be comfortably ignored, but a more
serious effect (often overlooked) is an effect equivalent to de
offset voltage that can be generated when full linear response is
exceeded, due to rectification of the asymmetrical feedback
waveform or overloading of the input stage by large distortion
signals at the summing junction.
Another frequency response that is often of interest is the maximum
frequency at which full output swing may be obtained, irrespective
of distortion. This is termed “full peak response” and can often
be found in a plot of output voltage swing vs. frequency.
Initial Bias Current
Bias current is defined as the current required at either input
from an infinite source impedance to drive the output to zero
(assuming zero common-mode voltage). For differential amplifiers,
bias current is present at both the negative and the positive
input. All Analog Devices specifications pertain to the larger of
the two, not the average.

Analog Devices specifies initial bias current, lb, as the bias
current at either input, specified at +25°C ambient with the
input junctions at normal operating temperature. (Some manufac
turers specify initial bias current at power turn-on. Such
specifications may be misleading. For example, in FET-input
amplifiers, bias current is doubled for each 10°C increase; since
junction temperatures may warm up to 20°C or more above
ambient, the “initial bias current” specs used by some manufac
turers may be met only during a brief interval after the power is
burned on, and Ib may be quadrupled under ordinary operation
conditions.)
Initial Difference Current
Difference current is defined as the difference between the bias
currents at the two inputs. Uncompensated input circuitry of
differential amplifiers is generally symmetrical, so that bias
currents at both inputs tend to be equal and tend to track with
changes in temperature and supply voltage. Therefore, difference
current is often about 0.1 times the bias current at either input,
assuming that initial bias current has not been compensated
internally at the input terminals. For amplifiers in which bias
currents track, it is often possible to reduce voltage errors due
to bias current and its variations by the use of equal impedance
loads at both inputs.

Input Impedance
Differential input impedance of voltage-input op amps is defined
as the impedance between the two input terminals at +25°C,
assuming that the error voltage is nulled or very near zero volts.
To a first approximation, dynamic impedance can be represented
by a capacitor in parallel with a resistor.

Common-mode impedance, expressed as a resistance in parallel
with a capacitance, is defined as the impedance between each
input and power-supply common, specified at +25°C. For most
circuits, common-mode impedance on the negative input has
little significance, except for the capacitance which it adds at the
summing junction (one exception is electrometer circuitry).
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However, common-mode impedance on the plus input sets the
upper limit on closed-loop input impedance for the noninverting
configuration. Common-mode impedance is a nonlinear function
of both temperature and common-mode voltage. For FET-input
amplifiers, common-mode resistance is reduced by a factor of
two for each 10° of temperature rise. As a function of common
mode voltage, the resistive component is defined as the average
resistance for a common-mode change from zero to the maximum
common-mode voltage. Incremental resistance may be less than
the specified average value, especially at full-scale for some
FET-input amplifiers.

Input Offset Voltage
Offset voltage is defined as the voltage required at the input
from zero source impedance to drive the output to zero; its
magnitude is measured by closing the loop (using low values of
resistance) to establish a large fixed gain, measuring the amplified
error at the output and dividing the measured value by the gain.
The initial offset voltage is specified at + 25°C and rated supply
voltage. In most amplifiers, provisions are made to adjust initial
offset to zero with an external trim potentiometer.

Input Noise
Input voltage- and current-noise characteristics can be specified
and analyzed in much the same way as offset-voltage and bias
current characteristics. In fact, long-term drift can be considered
as noise which occurs at very low frequencies. When evaluating
noise performance, bandwidth or period must be considered.
Also rms noise from different sources is summed by root-sum-ofsquares, rather than linear, addition. Depending on the amplifier
design, noise may have differing characteristics as a function of
frequency, being dominated by “ 1/f noise,” resistor noise or
junction noise, at various frequencies.
For this reason, several noise specifications are given. Lowfrequency noise in the band 0.01 to 1Hz (or 0.1 to 10Hz) is
specified as peak-to-peak, with a 3.3<r uncertainty, signifying
that 99.9% of the observed peak-to-peak excursions will fall
within the specified limits. Wideband noise is specified as rms.
For some amplifiers types, spectral-density plots or “spot noise,”
at specific frequencies, in pV/VHz or pA/VHz, are provided.

Open-Loop Gain
Open-loop gain is defined as the ratio of a change of output
voltage to the voltage applied between the amplifier inputs to
produce the change. Gain is specified at de. In many applications,
the frequency dependence of gain is important; for this reason,
the typical open-loop gain as a function of frequency is published
for each amplifier type. See also unity gain small-signal response.
For transimpedance amplifiers, since the input is a current and
the output is a voltage, the “gain” is expressed in ohms
(R = V/T). Because small changes in current cause large voltage
changes, the transimpedance can be quite large - e.g., lOOMfi
for the AD846. As long as the amplifier’s internal input impedance
is very low, errors in closed-loop circuitry depend principally on
the ratio, RF/RT, relative to unity - where RF is the feedback
resistance and RT is the transimpedance. It will be recalled that,
in V/V op amps, the increase in error depends mainly on RffiARfi,
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where A is the open-loop gain and Rr is the resistance of the
external input resistor. The significant difference is that, as gain
or transresistance decreases with increasing frequency, the error
in transimpedance-amplifier circuits is independent of Rp hence
closed-loop gain can be increased by reducing R, without sub
stantially affecting bandwidth.

Overload Recovery
Overload recovery is defined as the time required for the output
voltage to recover to the rated output voltage from a saturated
condition caused by a 50% overdrive. Published specifications
apply for low impedances and contain the assumption that over
load recovery is not degraded by stray capacitance in the feedback
network.

Rated Output
Rated output voltage is the minimum peak output voltage which
can be obtained at rated current or a specified value of resistive
load before clipping or out-of-spec nonlinearity occurs. Rated
output current is the minimum guaranteed value of current supplied
at the rated output voltage (or other specified voltage). Load
impedances less than the specified (or implied) value can be
used, but the maximum output voltage will decrease, distortion
may increase, and the open-loop gain will be reduced. (All models
are short-circuit protected to ground, and many are safe against
shorts to the supplies.)
Settling Time
Settling time is defined as the time elapsed from the application
of a perfect step input to the time when the amplifier output
has entered and remained within a specified error band symmetrical
about the final value. Settling time, therefore, includes the time
required: for the signal to propagate through the amplifier, for
the amplifier to slew from the initial value, recover from slew-rate
limited overload (if it occurs) and settle to a given error in the
linear range. It may also include a “long tail” due to the time
required to reach thermal equilibrium, or the settling time of
compensation circuits. Settling time is usually specified for the
condition of unity gain, relatively low impedance levels, and no
(or a specified value of) capacitive loading, and any specified
compensation. A full-scale unipolar step input is used, and both
polarities are tested.

Although settling time can generally be grossly inferred from
the other amplifier specifications (an amplifier that has extra-wide
small-signal bandwidth, extra-fast slewing and excellent full-power
response may reasonably - but not always - be expected to have
fast settling), the settling time cannot usually be rationally pre
dicted from the other dynamic specifications.
Slewing Rale
The slewing rate of an amplifier, usually in volts per microsecond
(V/ps), defines the maximum rate of change of output voltage
for a large input step change.

Unity-Gain Small-Signal Response
Unity-gain small-signal response is the frequency at which the
open-loop gain (or its projection on a Bode plot) falls to 1V/V,
or OdB under a specified compensation condition. For amplifiers
having 6 dB-per-octave rolloff, this frequency is also called

unity-gain bandwidth; for such amplifiers, the gain-bandwidth
product is essentially constant. “Small signal” indicates that, in
general, it is not possible to obtain large output voltage swing at
high frequencies because of distortion due to slew-rate limiting
or signal rectification.
For amplifiers with symmetrical response for signals applied to
either input, the dynamic behavior will be consistent for both
inverting and noninverting configurations. However, if feed
forward compensation is used, fast response will be available
only on the negative input, restricting fast applications of the
device to the inverting mode.
For amplifiers having 6 dB-per-octave rolloff, this frequency is
also called unity-gain bandwidth; for such amplifiers, the gain
bandwidth product is essentially constant.

Operational Amplifiers, Theory and Practice, by J.K. Roberge,
J. Wiley & Sons, 1975. Authoritative book on op amp
principles and circuitry: contains extensive material on
compensation to optimize dynamic performance
Transducer Interfacing Handbook, edited by D.H. Sheingold,
1980. $14.50. Analog Devices, Box 796, Norwood, MA 02062

ARTICLES AND APPLICATION NOTES (Available upon
request; ask for specific issue of Analog Dialogue)

“Amplifier Noise Basics Revisited,” Analog Dialogue 18-1,
1984
“Analog Signal Handling for High Speed and Accuracy,” by
A.P. Brokaw, Analog Dialogue 11-2

BOOKS (Not available from Analog Devices except where noted)

“An IC Amplifier User’s Guide to Decoupling, Grounding, and
Making Things Go Right for a Change,” by A.P. Brokaw,
Application Note

A Designer’s Guide to: Innovative Linear Circuits, by Jim Williams,
Newton, MA, Cahners, 1985

“Applications of High-Performance BiFET Op Amps,”
Application Note

Analog Signal Processing and Instrumentation, by Arie F. Arbel,
Cambridge (UK), Cambridge University Press, 1980

“Avoiding Passive-Component Pitfalls,” Analog Dialogue 17-2,
1983

Bipolar and MOS Analog Integrated Circuit Design, by Alan B.
Greben, New York, Wiley-Interscience, 1984

“Current Inverter with Wide Dynamic Range,” by Barrie
Gilbert, Analog Dialogue 9-1, 1975

Electronics with Digital and Analog Integrated Circuits, by
Richard J. Higgins, Englewood Cliffs, NJ, Prentice Hall,
Inc., 1983

“How to Test Operational Amplifier Parameters,” Application
Note

IC Op-Amp Cookbook, by Walter Jung, Howard Sams & Co.,
Third Edition, 1986, down-to-earth and practical paperback

“Laser-Trimming on the Wafer, A Powerful New Tool for
ICs,” by R. Wagner, Analog Dialogue 9-3, 1975

Nonlinear Circuits Handbook, edited by D.H. Sheingold, 1976.
$5.95. Analog Devices, Box 796, Norwood, MA 02062

“Shielding and Guarding,” by Alan Rich, Analog Dialogue
17-1, 1983

Operational Amplifier Circuits, Theory and Applications, by
E. J. Kennedy, New York, Holt, Rinehart and Winston,
Inc., 1988

“Simple Rules for Choosing Resistor Values in AdderSubtractor Circuits,” by D. Sheingold, Analog Dialogue
10-1, 1976

Operational Amplifiers and Linear ICs, by R.F. Coughlin and
F. F. Driscoll, Prentice-Hall, Third Edition, 1987. Practical
textbook

“Understanding Interference-Type Noise,” by Alan Rich,
Analog Dialogue 16-3, 1982

A BRIEF BIBLIOGRAPHY ON OP AMPS

“How to Select Operational Amplifiers,” Application Note
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ANALOG
DEVICES

Wideband, Fast-Settling
FET-Input Op Amp

AD380
FEATURES
High Output Current: 50mA @ ±10V
Fast Settling to 0.1%: 130ns
High Slew Rate: 330V/ps
High Gain-Bandwidth Product: 300MHz
High Unity Gain Bandwidth: 40MHz
Low Offset Voltage |1mV for AD380K, L, S)

AD380 FUNCTIONAL BLOCK DIAGRAM

TOP VIEW

PRODUCT DESCRIPTION
The AD380 is a hybrid operational amplifier that combines the
low input bias current advantages of a FET input stage with the
high slew rate and line driving capability of a fast, high power
output amplifier.
The AD380 has a slew rate of 330V/jis and will output ± 10V at
±50mA. A single external compensation capacitor allows the
user to optimize the bandwidth, slew rate, or settling time for
the given application.

PRODUCT HIGHLIGHTS
1. The AD380’s high output current (50mA (§> ± 10V) makes it
suitable for driving terminated 2000 twisted pairs.
2. The fast settling output (250ns to 0.01%) makes the AD380
an ideal choice for video A/D and D/A converters and sample
and hold applications.

3. The settling wave forms are not only fast but are also very
smooth. The absence of large overshoot and oscillations
makes the AD380 a very predictable and dependable system
element.

A true differential input ensures equally superior performance
in all system designs whether they are inverting, noninverting,
or differential.

4. The high gain-bandwidth product (300MHz) ensures low
distortion in high frequency applications.

The AD380 is especially designed for use in applications, such
as fast A/D, D/A and sampling circuits, that require fast and
smooth settling and FET input parameters.

5. Quick, symmetrical overdrive recovery time (250ns) is assured
by an internal antisaturation diode. This is useful in applications
where large transient signals may occur.

The AD380 is offered in three commercial versions, J, K and L
specified from 0 to + 70°C and one extended temperature version,
the S, specified from — 55°C to + 125°C. All grades are packaged
in hermetically sealed TO-8 style cans.

6. The precision input (lmV offset, max), along with fast settling
and high current output make the AD380 an excellent choice
for:
• ATE pin drivers
• precision coax buffers
• signal conditioning on pulse waveforms
• high resolution graphics displays.

OPERATIONAL AMPLIFIERS 2-19

(typical @ +25°C and V$ = ± 15V de unless otherwise specified)
MODEL

OPEN LOOP GAIN
Vout = — 10V, no load
VOUT = ±10V,Rl 3=2000

AD380JH

AD380KH

AD380LH

AD380SH

40,000 min
25,000 min

*

*
★

*

*

*

OUTPUT CHARACTERISTICS
Voltage @Ri. = 200fl,TA = min to max
Output Impedance (Open Loop)
Short Circuit Current

± 12V(± lOVmin)
10011
100mA

DYNAMIC RESPONSE
Unity Gain, Small Signal
Gain-Bandwidth Product, f= 100kHz,Cc= lpF
Full Power Response
Slew Rate, Co = lpF, 20V Swing
Settling Time: 10V Step to 1%
10V Step to 0.1%
10V Step to 0.01%

40MHz
300MHz (200MHz min)
6MHz
330V/p.s(200V/p.smin)
90ns
130ns
250ns

*
*
*
*
*
250ns (400ns max)

INPUT OFFSET VOLTAGE
vs. Temperature1, TA = min to max
vs. Supply

2.0mV max
50p.V/°C max
lmV/V max

l.OmV max
20p.V/°C max
*

**

INPUT BIAS CURRENT
Either Input, Initial2
Input Offset Current

10pA(100pAmax)
5pA

*

*

*

*

*

*

INPUT IMPEDANCE
Differential
Common Mode

10“n||6pF
10"n|6pF

«

*

*

*

*

±20V
± 12V(± lOVmin)
60dBmin

*
*
*

*
*

*
*

*

*

POWER SUPPLY
Rated Performance
Operating
Quiescent Current

±15V
±(6to20)V
12mA (15mA max)

*
*
*

*

★
*
*

VOLTAGE NOISE
O.lHztolOOHz
lOOHzto 10kHz
lOkHztolMHz

3.3p.V p-p (0.5pV rms)
6.6p.V p-p(lp.V rms)
40pV p-p (6p.V rms)

*
*

*
*

Oto +70°C
-65°Cto + 150°C
100°C/W
70°C/W

»

*

*
*
*

*
*
*

- 55°Cto + 125°C
*
*
*

H-12A

*

*

*

INPUT VOLTAGE RANGE
Differential3
Common Mode
Common Mode Rejection, VjN = ± 10V

TEMPERATURE RANGE
Operating, Rated Performance
Storage
Thermal Resistance 0jA
6jc
PACKAGE OPTION4
TO-8 Style

NOTES
‘Input Offset Voltage Drift is specified with the offset voltage unnulled.
Nulling will induce an additional 3|iV/°C/mV of offset nulled.
2Bias Current specifications are guaranteed maximum at either input at
Tcase = +25°C. For higher temperatures see Figure 16.
^Defined as the maximum safe voltage between inputs such that neither
exceeds ± 10V from ground.
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*
*

*

*
*
*

*
*
*
*
*
*
»♦
10p.V/°C max
*

*
*

*
*
*

*
*
*
*
*
**
50p.V/°C max
*

*
*
*

4See Section 20 for package outline information.
‘Specifications same as AD38OJH.
“Specifications same as AD380KH.
Specifications subject to change without notice.

Typical Characteristics - AD380

Figure 1. Open Loop Frequency
Response

Figure 2. CMRR vs. Frequency

Figure 4. Slew Rate vs.
Differential Input Voltage

Figure 3. PSRR vs. Frequency

Figure 6. Output Settling Time vs.
Output Voltage Swing and Error

CLOSED LOOP GAIN - V/V

Figure 7. Settling Time vs.
Closed Loop Gain

Figure 10. Supply Current vs.
Temperature

Figure 9. Gain vs. Supply Voltage

Figure 11. Supply Current vs.
Supply Voltage

Figure 12. lSc vs. Temperature
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1000

TEMPERATURE - °C

Figure 13. Power Dissipation
vs. Temperature

Figure 16. Input Bias Current
vs. Temperature

Figure 19. Output Voltage Swing vs.
Supply Voltage

Figure 15. Input Bias Current vs.
Supply Voltage

Figure 14. Input Bias Current vs.
Common Mode Voltage

Figure 17. Offset Voltage vs.
Temperature

Figure 18. Input Voltage Range vs.
Supply Voltage

Figure 20. Output Voltage Swing vs.
Load Resistance

Figure 21. Large Signal Frequency
Response

70

10

Figure 22. Recommended Compensation
Capacitor vs. Closed Loop Gain
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100

Ik

10k
10Ok
IM
FREQUENCY - Hz

10M

100M

Figure 23. Input Noise Voltage
Spectral Density

AD380

Figure 24b. Overdrive Recovery
Response (Symmetrial 20ns
Version Available)

Figure 24a. Overdrive Reco very

Settling Time Test Circuit

Figure 25b. Unity Gain Inverter
Large Signal Response

Figure 25c. Unity Gain Inverter
Small Signa! Response

Figure 26b. Unity Gain Buffer
Large Signal Response

Figure 26c. Unity Gain Small
Signal Response

APPLICATIONS INFORMATION
Compensation Capacitor
For low gain applications a 5pF to 27pF capacitor between the
frequency compensation input (pin 11) and the output (pin 9)
will reduce the risk of oscillation by adding phase margin. A
compensation capacitor is especially needed when driving capaci
tive loads. For gains greater than 30 a lpF compensation capacitor
is recommended; see Figure 22.
For unity gain buffer applications it may be necessary to add a
small (lOpF to 20pF) capacitor between pins 8 and 10 for improved
phase margin; see Figure 26a.

Offset Null
If the initial offset voltage is not low enough for the user’s ap
plication offset nulling is required. To null the offset tie a 20kfl
potentiometer between the offset null pins (pins 2 and 8). The
wiper of the potentiometer is tied to the positive supply. With
the analog input signal to the circuit grounded, adjust the
potentiometer for zero output.

To minimize the effects of offset voltage drift as a function of
temperature, null the offset at the midpoint of the operating
temperature range. For example, if the operating environment is
0°C to 70°C do the offset nulling at 35°C. This will insure a
maximum offset voltage drift of 35 times the Vos drift specification
at either temperature extreme.
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Typical Circuits

'Optional Differential Input Components Used to Reject
Noise Between Input Ground and the A/D Analog Ground.

Figure 27. Fast-Settling Buffer

Its quick recovery from load variations makes the AD380 an
excellent buffer for fast successive approximation A/D
converters; see Figure 27.
Many high speed A/D converters require a wideband buffer that
can hold a constant output voltage under dynamically-changing
load conditions that fluctuate at the bit decision rate.

Figure 29. CMOS DAC Output Amplifier

CMOS DAC output amplifiers require low offset voltage op
amps. The output impedance of CMOS DACs varies with input
code. This can cause a code dependent error term at the output
that approaches the op amps’ offset voltage. If the DAC has a
differential nonlinearity of 1/2LSB, it will require an output
amplifier with less than 1/2LSB offset error to remain monotonic.
An LSB for a 12-bit DAC such as the AD7545 is 2.44mV (10
volts full scale/4096). Thus, the AD380KH, with only lmV
offset maximum, will contribute less than 1/2LSB to differential
linearity error.

Figure 28. 12-Bit Voltage Output DAC Circuit Settles to
1/2LSB in 300ns

The AD565A 12-bit digital to analog converter with an AD380
output amplifier will give a voltage output that typically settles
to within 1/2LSB in less than 300ns. Total settling time is the
root mean square of the DAC current output settling time and
the output amplifier settling time.
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The high output current capability of the AD380 makes it suitable
for video speed driver applications. In the circuit above the
closed loop gain of 70 (37dB) is available over a bandwidth of
5MHz. Note that a lpF compensation capacitor is required in
this high gain application.

►

ANALOG
DEVICES

High Speed, Low Drift
FET Operational Amplifiers

AD381/AD382
FEATURES
High Slew Rate 30V/jas
Fast Settling to 0.1%: 700ns
High Output Current: 50mA for AD382
(10mA for AD381)
Low Drift (5pV/°C-L Grades)
Low Offset Voltage (250p.V-L Grades)
Low Input Bias Currents
Low Noise (2p.V p-p)

PRODUCT DESCRIPTION
The AD381/AD382 are hybrid operational amplifiers combining
the very low input bias current advantages of a FET input stage
with high slew rate and line driving capability of a high power
output stage.

AD381 PIN CONFIGURATION

AD382 PIN CONFIGURATION

The offset voltage (O.25mV maximum for the L grades) and
offset voltage drift (5jiV/°C maximum for the L grades) are
exceptionally low for high speed operational amplifiers.
In addition to superior low drift performance, the AD381 and
AD382 offer the lowest guaranteed input bias currents of any
wideband FET amplifier with lOOpA max for the J grades of
each and 50pA max for the AD382 K, L and S grades. Since
Analog Devices, unlike most other manufacturers, specifies
input bias current with the amplifiers warmed-up, our FET
amplifiers are specified under actual operating conditions.

OFFSET
NULL

OFFSET
NULL

•KEEP THIS LEAD AS SHORT AS POSSIBLE
TOP VIEW

The AD381 and AD382 are especially designed for use in appli
cations, such as precision high speed data acquisition systems
and signal conditioning circuits, that require excellent input
parameters and a fast, high power output.

3. Internal frequency compensation, low offset voltage, and full
device protection eliminate the need for external components
and adjustments. This reduces circuit size and complexity
and increases reliability.

The AD381 and AD382 are offered in three commercial versions,
J, K and L specified from 0 to + 70°C, and one extended tem
perature version, the S specified from - 55°C to + 125°C. All
grades are packaged in hermetically sealed metal cans.

4. The fast settling output (700ns to 0.1%) makes the AD381
and AD382 ideal for D/A and A/D converter amplifier
applications.

PRODUCT HIGHLIGHTS
1. Laser trimming techniques reduce offset voltage drift to
5p.V/°C max and reduce offset voltage to only 250puV max on
the L grade versions.
2. Analog Devices FET processing provides lOOpA max (20pA
typical) bias currents specified after 5 minutes of warm-up.

5. The AD382’s high output current (50mA minimum at ± 10
volts) makes it suitable for driving terminated (200fl) twisted
pair cables over the commercial temperature ranges.
6. The high slew rate (30V/jjls) and high gain bandwidth product
(5MHz) make the AD381 and AD382 an ideal choice for
sample and holds and for high speed integrator circuits.
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SPECIFICATIONS

± 15V de unless otherwise specified)

(typical @ +25°C and Vs

Model

AD381JH
AD382JH

AD381KH
AD382KH

AD381LH
AD382LH

AD381SH
AD382SH

OPEN LOOP GAIN
Vout = ± 10V,RLs=2kfl(AD381)
Vout = ± 10V, RL = 2000 (AD382)
Rl = 10kfl(AD382)

60,000 min
25,000 min
100,000 min

100,000 min
35,000 min
150,000 min

**
**
**

*★
**
★*

OUTPUT CHARACTERISTICS (AD382)
Voltage @RL = 2000
Voltage @RL = lOkO
Short Circuit Current, Continuous

± 12V (± lOVmin)
± 13V(± 12V min)
80mA

*
*
*

*
*
*

Notel
*
*

OUTPUT CHARACTERISTICS (AD381)
Voltage @Rl= lkO,TA = min to max
Voltage@RL = 2kO,TA = mintomax
Voltage @Ri. = 10kO,TA = mintomax
Short Circuit Current, Continuous

± 12V (± lOVmin)
± 12V(± lOVmin)
± 13V(± 12V min)
20mA

*

*
*
*
*

Note 2
*
*

DYNAMIC RESPONSE
Unity Gain, Small Signal
Full Power Response
Slew Rate, Unity Gain
Settling Time: 10VStepto0.1%
10V Step to 0.01%

5MHz
500kHz
30 V/p.s (20V/ p.s min)
700ns
1.2p.s

*
*
1.2p.s(2.0p.smax)

INPUT OFFSET VOLTAGE
vs. Temperature, Ta = mintomax’
vs. Supply

1 .OmV max
15p.V/°Cmax
200p.V/Vmax

0.5mV max
10pV/°C max
100p.V/V max

0.25mV max
5p.V/°Cmax
**

INPUT BIAS CURRENT4
Either Input (AD381)
Either Input (AD382)
Input Offset Current

20pA(100pA max)
20pA (lOOpA max)
5pA

*
10pA(50pAmax)
*

*
**
*

*
★★

INPUT IMPEDANCE
Differential
Common Mode

10l2fl||7pF
10l2!l7pF

*
*

*

*
*

INPUT VOLTAGE RANGE
Differential5
Common Mode
Common-Mode Rejection, Vin = ± 10V

±20V
± 12V(± lOVmin)
76dBmin

*
•
80dBmin

*
*

POWERSUPPLY
Rated Performance
Operating
Quiescent Current AD382
AD381

±15V
±(5tol8)V
3.4mA (6mA max)
3.2mA (5mA max)

*
*
*

*

*

*
*
*
*

VOLTAGE NOISE
O.lHz-lOHz
10Hz
100Hz
1kHz
10kHz

2p.Vp-p
35nV/VHz
22nV/VHz
18nV/VHz
16nV/VHz

*
•
•
*
*

*
*
*
*
★

*
*
*
*
*

TEMPERATURE RANGE6
Operating, Rated Performance
Storage
Thermal Resistance - 0jA (AD382)
Thermal Resistance-0jc(AD382)

Oto +70°C
-65°Cto + 150°C
100°C/W
70°C/W

*
*
*

*
*
*
*

-55°Cto + 125°C
*
★
★

NOTES
’The AD382SH has an output voltage of ± 12V (± 10V min) for
a 2000 load from T„u to + 100°C. To + 125°C the output
current is 35mA.
2TheAD381SH has an output voltage of ± 12V(±10V min)fora IkO
load from T^,n to + 70°C. From + 70°C to + 125°C the output current
is 7mA.
’Input Offset Voltage Drift is specified with the offset voltage unnulled.
Nulling will induce an additional 3p.V/°C for every mV of offset nulled.

*
*
★

*
*
*

*
*

*
★★

*

**

*

ORDERING GUIDE

AD381JH
AD381KH
AD381LH
AD381SH
AD382JH
AD382KH
AD382LH
AD382SH

lmV
0.5mV
O.25mV
ImV
lmV
0.5mV
O.25mV
lmV

Offset T.C.

Output

Package
Options
*

15pV/°C
10piV/°C

10mA
10mA
10mA
10mA
50mA
50mA
50mA
50mA

H-08B
H-08B
H-08B
H-08B
H-12A
H-12A
H-12A
H-12A

5>iVf°C
10|iV/°C
lSfivrc
lOpWC
5pV'”C
lOuV/’C

•See Section 20 for package outline information.
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*

*
*
**

*

•Specifications same as J grade.
••Specifications same as K grade.
Specifications subject to change without notice.

Model

*
*
*
*
**
*
10p.V/°Cmax
**

★

4Bias Current specifications are guaranteed maximum at either input
after 5 minutes of operation at TA = + 25°C. For higher temperatures,
the current doubles every 10°C.
5Defined as the maximum safe voltage between inputs, such that
neither exceeds ± 10V from ground.
6The S-grade is available in full compliance with MIL-STD-883 Rev C.
Ask for the MIL-data sheet.

Initial
Offset

*

Typical Characteristics - AD381/AD382
20

2S°C
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AD382
Rl ■ 20011
AD381
Rt = 2kO
1
1
SUPPLY VO .TAGE - tV

Figure 1. Input Voltage Range vs.
Supply Voltage

Figure 2. Output Voltage Swing vs.
Supply Voltage

Figure 3a. Output Voltage Swing vs.
Load Resistor forAD381

Figure 3b. Output Voltage Swing vs.
Load Resistor forAD382

Figure 4a. Short Circuit Curren t vs.
Temperature forAD381

Figure 4b. Short Circuit Current vs.
Temperature forAD382

< 15
z

3 io
<

5
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-

5
25*C
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POWER SUPPLY VOLTAGE - tV

Figure 5. Permitted Dissipation vs.
Temperature forAD382

Figure 6. Quiescent Current vs.
Supply Voltage
S

Figure 7. Input Bias Current vs.
Supply Voltage

pA

AD 382

s

/
/

AD 381

>T1O

>8

25°C

a

INPUT BIAS CURRENT

-

/
25°C
VS-±15V

6

”-10

0

*10

COMMON MODE VOLTAGE - V

Figure 8. Input Bias Current vs.
Temperature

Figure 9. Input Bias Current vs.
CMV
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TIME - min

Figure 10. Input Offset Voltage Turn
On Drift vs. Time
OPERATIONAL AMPLIFIERS 2-27

110

Figure 11a. Open Loop Gain vs.
Temperature forAD381

Figure 11b. Open Loop Gain vs.
Temperature forAD382

Figure 13a. Voltage Gain vs.
Load Resistance for AD381

Figure 13b. Voltage Gain vs.
Load Resistance forAD382

Figure 15. Phase Margin vs.
Frequency

Figure 16. Common-Mode Rejection vs.
Frequency
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Figure 12. Open Loop Voltage Gain
vs. Supply Voltage

Figure 14. Open Loop Gain vs.
Frequency

Figure 17. Power Supply Rejection vs.
Frequency

Typical Characteristics - AD381/AD382

Figure 20b. AD382 Settling Time vs.
Output Swing and Error (Circuit of
Figure 23a)

Figure 21. Settling Time vs. Closed
Loop Gain (Circuits of Figures
22a & 23a)

Figure 22. AD381 Unity Gain Inverter
Settling Time Test Circuit
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►

ANALOG
DEVICES

IC, Wideband, Fast Slewing
General Purpose Operational Amplifier
AD507

FEATURES
Gain Bandwidth: 100MHz
Slew Rate: 20V/jus min
Iq: 15nA max (AD507K)
Vq,: 3mV max (AD507K)
Vo, Drift: 15aiV/°C max (AD507K)

AD507 PIN CONFIGURATION
FREQUENCY

High Capacitive Drive

PRODUCT DESCRIPTION
The Analog Devices AD5O7J, K and S are low cost monolithic
operational amplifiers that are designed for general purpose
applications where high gain bandwidth and high speed are
significant requirements. The devices also provide excellent de
performance with low input offset voltage, low offset voltage
drift and low bias current. The AD5O7 is a low cost, high
performance alternative to a wide variety of modular and IC
op amps; a brief review of the specifications confirms its out
standing price/performance characteristics.
The AD5O7 is recommended for use where low cost and all
around performance, especially at high frequencies, are
needed. It is particularly well suited as a fast, high impedance
comparator, integrator or wideband amplifier and in sample/
hold circuits. It is unconditionally stable for all closed loop
gains above 10 without external compensation; the frequency
compensation terminal is used for stability at lower closed
loop gains. The circuit is short circuit protected and offset
voltage nullable. The AD5O7J and K are specified over the
0 to +70°C temperature range, the AD5O7S over the extended
temperature range, -55°C to +125°C. All devices are
packaged in the hermetic TO-99 metal can.
PRODUCT HIGHLIGHTS
1. Excellent de and ac performance combined with low cost.

2. The AD5O7 will drive several hundred pF of output capaci
tance without oscillation.
3. All guaranteed de parameters, including offset voltage drift,
are 100% tested.

MIL-STANDARD-883
The AD5O7S/883 has the same electrical specifications as the
AD5O7S, but is subjected to the 100% screening requirements
specified in MIL-STD-883, Method 5004, Class B.

This procedure includes:
1. Pre-Cap Visual Inspection: Method 2010, Condition B.

2. Stabilization Bake: Method 1008, Condition C, 24 hours @
+ 150° C.
3. Temperature Cycle: Method 1010, Condition C, -65°C to
+ 150°C, 10 cycles.
4. Centrifuge: Method 2001, Condition E, 30,000 g, Yj
orientation.

5. Hermeticity, Gross Leak: Method 1014, Condition C,
steps 1 and 2.
6. Hermeticity, Fine Leak: Method 1014, Condition A,
5 x 10‘8 atm/cc/sec.
7. Burn-In: Method 1015, 160 hours ® +125°C.

8. Final Electrical Test.
9. External Visual: Method 2009.

4. To insure compliance with gain bandwidth and slew rate
specifications, all devices are tested for ac performance
characteristics.
5. To take full advantage of the inherent high reliability of
IC’s, every AD5O7S receives a 24 hour stabilization bake
at+150°C.
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(typical at +25°C and ±15V de, unless otherwise noted)
PARAMETER

AD5O7J

AD5O7K

**
AD5O7S(AD5O7S/883)

OPEN LOOP GAIN
Ri = 2kQ, Ci =50pF
® Tmin t°Tmax

80,000 min (150,000 typ)
70,000 min

100,000 min (150,000 typ)
85,000 min

100,000 min (150,000 typ)
70,000 min

OUTPUT CHARACTERISTICS
Voltage ® RL = 2kQ, CL = 50pF, Tmin to Tmax
Current ®V0 = ±10V
Short Circuit Current

±10V min (±12V typ)
±10mA min (±20mA typ)
25mA

•

±10V min (±12V typ)
±15mA min (±22mA typ)
25mA

FREQUENCY RESPONSE
Unity Gain, Small Signal
® A = 1 (open loop)
® A = 100 (closed loop)
Full Power Response
Slew Rate
Settling Time (to 0.1%)

3 5 MHz
1MHz
320kHz min (600kHz typ)
±20V/gs min (±35V/gs typ)
900ns

400kHz min (600kHz typ)
±25V/ps min (±35V/gs typ)

400kHz min (600kHz typ)
20V//is min (±35V/ps typ)

INPUT OFFSET VOLTAGE
Initial
Avg vs Temp, Tmin to Tmax
vs Supply, Tmin to Tmax

5.0mV max (3.0mV typ)
15pV/°C
200pV/V max

3.0mV max (1.5mV typ)
15gV/°C max (8pV/°C typ)
lOOpV/V max

4mV max (0.5mV typ)
20gV/°C max (8pV/ C typ)
lOOgV/V max

25nA max
40nA max

15 nA max
25nA max

15nA max
35nA max

25nA max
40nA max
0.5nA/°C

15nA max
2 5 nA max
0.2nA/°C

15nA max
35nA max
0.2nA/°C

INPUT IMPEDANCE
Differential
Common Mode

40MQ min (300MQ typ)
1000MQ

•

65MQ min (500MQ typ)

INPUT VOLTAGE NOISE
f = 10Hz
f = 100Hz
f=100kHz

100nV/\/Hz
30nV/\/Hz
12nV/v/Hz

•

INPUT VOLTAGE RANGE
Differential, Max Safe
Common Mode Voltage Range, Tmin to Tmax
Common Mode Rejection ® ±5V, Tmin to Tmax

±12.0V
+ 11.OV
74dB min (lOOdB typ)

POWER SUPPLY
Rated Performance
Operating
Current, Quiescent

+ 15V
+(5 to 20)V
4.0mA max (3.0mA typ)

TEMPERATURE RANGE
Rated Performance
Operating
Storage

0 to +70°C
-25°Cto +85°C
-65°Cto +150°C

•

PACKAGE OPTION1
H-08A

AD5O7JH

AD5O7KH

INPUT BIAS CURRENT
Initial
Tmin to Tmax
INPUT OFFSET CURRENT
Initial
Tmin 10 Tmax
Avg vs Temp, Tmjn to Tmax

•

80dB min (lOOdB typ)

•

•

NOTES
1 See Section 20 for package outline information.
•Specifications same as AD5O7J.
••AD5O7S/883 minimum order 10 pieces.

Specifications subject to change without notice.

iv

INPUT
ov

■ '

Slew Rate Definition and Test Circuit
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80dB min (lOOdB typ)

-55°Cto +125°C
-65°Cto +150° C

AD5O7SH

Applying the AD507
APPLICATION CONSIDERATIONS
The AD5O7 combines excellent de characteristics and dynamic
performance with ease of application. Because it is a wideband,
high speed amplifier, care should be exercised in its stabiliza
tion. Several practical stabilization techniques are suggested to
insure proper operation and minimize user experimentation.

GENERAL PURPOSE WIDEBAND COMPENSATION
The following considerations are intended to provide guidance
in critical wideband applications. While not necessary in all
cases, the considerations are of prime importance for the user
attempting to obtain the highest performance from his circuit
design.
High Gain Conditions
The AD 5 07 is fully compensated internally for all closed loop
gains above 10; however, it is necessary to load the amplifier
with 50pF. In many applications this minimum capacitive load
will be provided by the load or by a cable at the output of the
AD5O7, making an additional 50pF unnecessary. Figure 1
shows the suggested configuration for general purpose use for
closed loop gains above 10.
The O.lgF ceramic power supply bypass capacitors are consid
erably more important for the ADS07 than for low frequency
general purpose amplifiers. Their main purpose is.to convert
the distributed high frequency ground to a lumped single point
(the V+ point). The V+ to V- O.lgF capacitor equalizes the
supply grounds while the O.lgF capacitor from V+ to signal
ground should be returned to signal common. The signal
common, which is bypassed to pin 7, is defined as that point
at which the input signal source, the feedback network, and
the return side of the load are joined to the power common.

Note that the diagrams show each individual capacitor
directly connected to the appropriate terminal (pin 7 [ V+]
and pin 6 [Output]). In addition, it is suggested that all
connections be made short and direct, and as physically close
to the can as possible, so that the length of any conducting
path shared by external components will be minimized.

The excellent input characteristics of the AD5O7 make it
useful in low frequency applications where both de and ac
performance superior to the 741 type of op amp is desired.
Some experimentation may be necessary to optimize the
AD5O7 for the specific requirement. The unity gain bandwidth
can be reduced by increasing the value of the compensation
capacitor in inverse proportion to the desired bandwidth
reduction. It is advisable to increase the feedback capacitor at
the same time, maintaining its value about 50% larger than the
compensation capacitor. Because the AD5O7 is fundamentally
a wideband amplifier, careful power supply decoupling and
compensation component layout are required even in low
bandwidth applications.
OFFSET VOLTAGE NULLING
Note that the offset voltage null circuit includes a 2kJ2 resistor
in series with the wiper arm of the 100k£2 potentiometer.
This resistor is not absolutely required, but its use can prevent
a condition of false null that can be obtained at the ends of
the pot range. The knowledgeable user should have no trouble
differentiating between nulling in the pot mid-range and
erratic end-range behavior when the wiper is connected

Figure 2. Configuration for Unity Gain Applications

HIGH CAPACITIVE LOADING
Like all wideband amplifiers, the AD5O7 is sensitive to capa
citive loading. Unlike many, however, the AD5O7 can be
used to effectively drive reasonable capacitive loads in virtually
all applications, and capacitive loads of several hundred pico
farads in a number of specific configurations.

In an inverting gain of ten configuration, the internally com
pensated amplifier will drive more than 200pF in addition to
the recommended 50pF load, or a total of over 250pF. Under
such conditions, the slew rate will be only slightly reduced,
and the overall settling time somewhat lengthened.
In general, the capacitive drive capability of the AD5O7 will
increase in high gain configurations which reduce closed loop
bandwidth.
Figure 1. General Purpose Configuration to Closed Loop
Gain > 10

Low Gain Conditions
For low closed loop gain applications, the AD5O7 should be
compensated with a 20pF capacitor from pin 8 (frequency
compensation) to signal common or pin 7 (V+). This configur
ation also requires a 30pF feedback capacitor from pin 6
(Output) to pin 8 (see Figure 2). The 50pF minimum load
capacitance recommended for uncompensated applications is
not required when the AD5O7 is used in the compensated
mode. This compensation results in a unity gain frequency of
approximately 10 to 12MHz.

In any wideband application, it is essential to return the load
currents supplied by the amplifier to the power supply with
out sharing a path with input or feedback signals. This con
sideration becomes particularly important when driving capa
citive loads which may resonate with short lengths of inter
connecting wire.

FAST SETTLING TIME
A small capacitor (Cs in Figure 3) will improve the settling
time of the AD507, when it is used with large feedback
resistors. The AD5O7 input capacitance (typically 2 or 3pF),
together with additional circuit capacitance, will introduce an
unwanted pole of open-loop response. The extra phase shift
introduced, for example, by 4pF of input capacitance, and
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5kf2 input source impedance, will result in an underdamped
transient response, and long settling time. A small (1.5 to
3.0pF) feedback capacitor will introduce a zero in the open
loop transfer function, reducing the phase shift and increasing
the damping, which will more than compensate for the slight
reduction in closed-loop bandwidth.

BIAS COMPENSATION NOT REQUIRED
Circuit applications using conventional op amps generally
require that the source resistances be matched at the inputs to
cancel the effects of the input currents and take advantage of
low offset current. In circuits similar to that shown in
Figure 3, the compensation resistance would be equal to the
parallel combination of Rj and Rp, and for large values
would require a bypass capacitor. The AD5O7 is specially
designed to cancel the input currents so as to reduce them to
the offset current level. As a result, optimum performance
can be obtained even though no bias compensation is used,
and the non-inverting input can be connected directly to the
signal common.

Open Loop Voltage Gain
vs Temperature

Common Mode Voltage Range
vs Supply Voltage

Output Voltage Swing
vs Frequency

Power Supply Current
vs Temperature

Figure 3. Fast Settling Time Configuration

TYPICAL PERFORMANCE CURVES

Broadband Input
Noise Characteristics

Input Bias Current and Offset
Current vs Temperature
OFFSET CL RRENTx^

■

BIAS CURRENT

0

+25
+50
TEMPERATURE - °C

+75

Input Impedance
vs Temperature
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Open Loop Gain
vs Frequency

ANALOG
DEVICES
FEATURES
Fast Settling Time
0.1% in 500ns max
0.01% in 2.5gs max
High Slew Rate: 100V/gsmin
Low los: 25nA max
Guaranteed Vo$ Drift: 30pV/°C max

High Speed,
Fast Settling IC Op Amp
AD509
AD509 PIN CONFIGURATIONS
TO-99
FREQUENCY

HighCMRR: 80dB min
Drives 500pF
Low Price

APPLICATIONS
D/A and A/D Conversion
Wideband Amplifiers
Multiplexers
Pulse Amplifiers

PRODUCT DESCRIPTION
The AD5O9J, AD5O9K and AD5O9S are monolithic
operational amplifiers specifically designed for applications
requiring fast settling times to high accuracy. Other compar
able dynamic parameters include a small signal bandwidth of
20MHz, slew rate of lOOV/jis min and a full power response
of 150kHz min. The devices are internally compensated for
all closed loop gains greater than 3, and are compensated with
a single capacitor for lower gains.

The input characteristics of the AD5O9 are consistent with
0.01% accuracy over limited temperature ranges; offset current
is 25nA max, offset voltage is 8mV max, nullable to zero, and
offset voltage drift is limited to 30mV/°C max. PSRR and
CMRR are typically 90dB.
The AD5O9 is designed for use with high speed D/A or A/D
converters where the minimum conversion time is limited by
the amplifier settling time. If 0.01% accuracy of conversion
is required, a conversion cannot be made in a shorter period
than the time required for the amplifier to settle to within
0.01% of its final value.

V+

TOP VIEW

PRODUCT HIGHLIGHTS
1. The AD5O9 is internally compensated for all closed loop
gains above 3, and compensated with a single capacitor for
lower gains thus eliminating the elaborate stabilizing tech
niques required by other high speed IC op amps.
2. The AD5O9 will drive capacitive loads of 500pF without
deterioration in settling time. Larger capacitive loads
can be driven by tailoring the compensation to minimize
settling time.
3. Common Mode Rejection, Gain and Noise are compatible
with a 0.01% accuracy device.
4. The AD5O9K and AD5O9S are 100% tested for minimum
slew rate and guaranteed to settle to 0.01% of its final
value in less than 2.5ms.

All devices are supplied in the TO-99 package. The AD5O9J
and AD5O9K are specified for 0 to +70°C temperature range;
the AD5O9S for operation from -55°C to +125°C.
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SPECIFICATIONS

± 15V de unless otherwise specified)

(@+25°CandVs
AD509J
Typ

AD509K
Typ

Max

Min

AD509S
Typ

Max

Units

Model

Min

OPEN LOOP GAIN
Vo = ± 10V,R|.a2kO
TmintoTm>„Ri. = 2k!l

7,500
5,000

15,000

10,000
7,500

15,000

10,000
7,500

15,000

V/V
V/V

OUTPUT CHARACTERISTICS
Voltage (<' Ri = 2kIl,TmintoTmax

±10

± 12

±10

± 12

± 10

± 12

V

1.2
80

20
1.6
120

1.5
80

20
2.0
120

1.5
100

20
2.0
120

MHz
MHz
V/ps

FREQUENCY RESPONSE
Unity Gain Small Signal
Full Power Response
Slew Rate, Unity Gain
Settling Time
to 0.1%
to 0.01%

Max

Min

200
1.0

200
1.0

INPUT OFFSET VOLTAGE
Initial Offset
Input Offset Voltage Tmin to Tmax
Input Offset Voltage vs. Supply,
Tmi„‘oTmax

5

4

10
14

8
11

200
1.0

500
2.5

ms
p.s

4

8
11

mV
mV

100

nV/v

100

200

INPUT BIAS CURRENT
Initial
TrnntoT^,

125

250
500

100

200
400

100

200
400

nA
nA

INPUT OFFSET CURRENT
Initial
Ta = min to max

20

50
100

10

25
50

10

25
50

nA
nA

INPUTIMPEDANCE
Differential

INPUT VOLTAGE RANGE
Differential
Common Mode
Common Mode Rejection

40

100

74

± 15
± 10
90

INPUT NOISE VOLTAGE
f = 10Hz
f = 100Hz
f = 100kHz
POWER SUPPLY
Rated Performance
Operating
Quiescent Current
TEMPERATURE RANGE
Operating, Rated Performance
Storage

50

100

80

±15
±10
90

±15
4
0
-65

PACKAGE OPTION1
TO-99 Style (H-08A)

Mil

80

±15
±10
90

V
V
dB

100
30
19

nV/V Hz
nV/VHz
nV/V Hz

±5

+ 70
+ 150

0
-65

AD509JH

4

AD509KH

±20
6

V
V
mA

+ 70
+ 150

°C
’C

±15

±15

±20
6

NOTES
’Sec Section 20 for package outline information.
Specifications subject to change without notice.
All min and max specifications are guaranteed.
Specifications shown in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculate outgoing quality
levels.
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100

100
30
19

100
30
19

±5

50

±20
6

±5

+ 70
+ 150

-55
-65

4

AD509SH

Applying the AD509
APPLYING THE AD5O9
MEASURING SETTLING TIME. Settling time is defined as
that period required for an amplifier output to swing from
0 volts to full scale, usually 10 volts, and to settle to within
a specified percentage of the final output voltage. For high
accuracy systems, the accuracy requirement is normally
specified as either 0.1% (10-bit accuracy) or 0.01% (12-bit
accuracy) of the 10 volt output level. The settling time
period is comprised of an initial propagation delay, an
additional time for the amplifier to slew to the vicinity of
10 volts, and a final time period to recover from internal
saturation and other effects, and settle within the specified
error band. Because settling time depends on both linear
and nonlinear factors, there is no simple approach to
predicting its final value to different levels of accuracy. In
particular, extremely high slew rates do not assure a rapid
settling time, since this is only one of many factors affecting
settling time. In most high speed amplifiers, after the
amplifier has slewed to the vicinity of the final output
voltage, it must recover from internal saturation and then
allow any overshoot and ringing to damp out. These
definitions are illustrated in Figure 1.

display. The resultant waveform of (Eq — Ejn) of a typical
AD5O9 is shown in Figure 3. Note that the waveform crosses
the lmV point representing 0.01% accuracy in approximately
1.5ms. The top trace represents the output signal; the bottom
trace represents the error signal.

OUTPUT

/

/
ERROR
SIGNAL

♦
1 i.G

1

>(
•

*T"
ImV
♦ - J(X
” ns

Figure 3. Settling Time of AD509

SETTLING TIME VS. Rf AND Rj. Settling time of an
amplifier is a function of the feedback and input resistors,
since they interact with the input capacitance of the amplifier.
When operating in the non-inverting mode, the source
impedance should be kept relatively low; e.g., 5kJ2; in order
to insure optimum performance. The small feedback
capacitor (5pF) is used in the settling time test circuit in
parallel with the feedback resistor to reduce ringing. This
capacitor partially cancels the pole formed in the loop gain
response as a result of the feedback and input resistors, and
the input capacitance.

SETTLING TIME VS. CAPACITIVE LOAD. The AD5O9
will drive capacitive loads of 500pF without appreciable
deterioration in settling time. Larger capacitive loads can be
driven by tailoring the compensation to minimize settling
time. Figure 4 shows the settling time of a typical AD5O9,
compensated for unity gain with a 15pF capacitor, with a
500pF capacitive load on the output. Note that settling time
to 0.01% is still under 2.0ms.

The AD5O9K and AD5O9S are guaranteed to settle to 0.1%
in 500ns and 0.01% in 2.5ms when tested as shown in Figure 2.
There is no appreciable degradation in settling time when
the capacitive load is increased to 500pF, as discussed below.
The settling time is computed by summing the output and the
input into a differential amplifier, which then drives a scope
Figure 4. AD509 with 500pF Capacitive Load

SUGGESTIONS FOR MINIMIZING SETTLING TIME. The
AD5O9 has been designed to settle to 0.01% accuracy in
1 to 2.5ms. However, this amplifier is only a building block
in a circuit that also has a feedback network, input and output
connections, power supply connections, and a number of
external components. What has been painstakingly gained in
amplifier design can be lost without careful circuit design.
Some of the elements of a good high speed design are..........

Figure 2. AD509 Settling Time Test Circuit

CONNECTIONS. It is essential that care be taken in the
signal and power ground circuits to avoid inducing or
generating extraneous voltages in the ground signal paths.
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The O.lpF ceramic power supply bypass capacitors are
considerably more important for the AD 5 09 than for low
frequency general purpose amplifiers. Their main purpose
is to convert the distributed high frequency ground to a
lumped single point (the V+ point). The V+ to V— 0.1/tF
capacitor equalizes the supply grounds while the O.lpF
capacitor from V+ to signal ground should be returned to
signal common. The signal common, which is bypassed to
pin 7, is defined as that point at which the input signal
source, the feedback network, and the return side of the load
are joined to the power common.
Note that the diagram shows each individual capacitor
directly connected to the appropriate terminal (pin 7 [V+ ]).

POINT

OUTPUT

In addition, it is suggested that all connections be short and
direct, and as physically close to the case as possible, so that
the length of any conducting path shared by external
components will be minimized.
COMPONENTS. Resistors are preferably metal film types,
because they have less capacitance and stray inductance
than wirewound types, and are available with excellent
accuracies and temperature coefficients.

Diodes are hot carrier types for the very fastest-settling
applications, but 1N914 types are suitable for more
routine uses.

Capacitors in critical locations are polystyrene, teflon, or
polycarbonate to minimize dielectric absorption.
CIRCUIT. For the fastest settling times, keep leads short,
orient components to minimize stray capacitance, keep
circuit impedance levels as low as consistent with the out
put capabilities of the amplifier and the signal source,
reduce all external load capacitances to the absolute
minimum. Don’t overlook sockets or printed circuit
board mounting as possible sources of dielectric absorption.
Avoid pole-zero mismatches in any feedback networks used
with the amplifier. Minimize noise pickup.

Figure 5. Configuration for Unity Gain Applications

DYNAMIC RESPONSE OF AD5O9

Figure 6. Open Loop Frequency and Phase Response

THE AD509 AS AN OUTPUT AMPLIFIER FOR FAST
CURRENT-OUTPUT D-TO-A CONVERTERS

Most fast integrated circuit digital to analog converters have
current outputs. That is, the digital input code is translated
to an output current proportional to the digital code. In
many applications, that output current is converted to a volt
age by connecting an operational amplifier in the current-tovoltage conversion mode.

Figure 7. Open Loop Frequency Response for Various Cc's

Figure 8 shows the AD5O9K connected as an output amplifier
with the AD565K, high speed 12-bit IC digital-to-analog con
verter. The 10 picofarad capacitor, Cl, compensates for the
25pF AD565 output capacitance. The voltage output of the
AD565K/AD5O9K combination settles to ±0.01% in one
microsecond. The low input voltage drift and high open loop
gain of the AD509K assures 12-bit accuracy over the operating
temperature range.

The settling time of the combination depends on the settling
time of the DAC and the output amplifier. A good approxima
tion is;

ts TOTAL = V(tsDAC)2

+ (tsAMP)2

Some IC DACs settle to final output value in 100-500 nano
seconds. Since most IC op amps require a longer time to settle
to ±0.1% or ±0.01% of final value, amplifier settling time can
dominate total settling time. And for a 12-bit DAC, one least
significant bit is only 0.024% of full-scale, so low drift and
high linearity and precision are also required of the output
amplifier.
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Figure 8. AD509 as an Output Amplifier for a Fast CurrentOutput D-to-A Converter

ANALOG
DEVICES

Monolithic Precision, Low Power
FET-input Electrometer Op Amp

*
AD515A
FEATURES
Ultralow Bias Current:

Low
Low
Low
Low

AD515A PIN CONFIGURATION

75fA max (AD515AL)
150fA max (AD515AK)
300fA max (AD515AJ)
Power: 1.5mA max Quiescent Current
(0.6mA typ)
Offset Voltage: I.OmV max (AD515AK & L)
Drift: 15p.V/°C max (AD515AK)
Noise: 4p.V p-p, 0.1 Hz to 10Hz

PRODUCT DESCRIPTION
The AD515A is a monolithic FET-input operational amplifier
with a guaranteed maximum input bias current of 75fA
(AD515AL). The AD515A is a monolithic successor to the
industry standard AD515 electrometer, and will replace the
ADS 15 in most aplications. The AD515A also delivers laser
trimmed offset voltage, low drift, low noise and low power, a
combination of features not previously available in ultralow bias
current circuits. All devices are internally compensated, protected
against latch-up and are short circuit protected.
The AD5ISA’s combination of low input bias current, low
offset voltage and low drift optimizes it for a wide variety of
electrometer and very high impedance buffer applications in
cluding photo-current detection, vacuum ion-gage measurement,
long-term precision integration and low drift sample/hold appli
cations. This amplifier is also an excellent choice for all forms of
biomedical instrumentation such as pH/pIon sensitive electrodes,
very low current oxygen sensors, and high impedance biological
microprobes. In addition, the low cost and pin compatibility of
the AD515A with standard FET op amps will allow designers to
upgrade the performance of present systems at little or no additional
cost. The 10l5fl common-mode input impedance ensures that
the input bias current is essentially independent of common-mode
voltage.

As with previous electrometer amplifier designs from Analog
Devices, the case is brought out to its own connection (Pin 8) so
that the case can be independently connected to a point at the
same potential as the input, thus minimizing stray leakage to
the case. This feature will also shield the input circuitry from
external noise and supply transients.
The AD515A is available in three versions of bias current and
offset voltage, the “J”, “K” and “L”; all are specified for rated

performance from 0 to + 70°C and supplied in a hermetically
sealed TO-99 package. The industry standard hybrid version,
AD515, will also be available.

PRODUCT HIGHLIGHTS
1. The AD515A provides subpicoampere bias currents in an
integrated circuit amplifier.
• The ultralow input bias currents are specified as the
maximum measured at either input with the device fully
warmed up on ± 15V supplies at +25°C ambient with no
heat sink. This parameter is 100% tested.
• By using ± 5V supplies, input bias current can typically
be brought below 50fA.

2. The input offset voltage on all grades is laser trimmed, typically
less than 500p.V.
• The offset voltage drift is 15jiV/°C maximum on the K
grade.
• If additional nulling is desired, the amount required will
have a minimal effect on offset drift (approximately 3p.V/°C
per mV).
3. The low quiescent current drain of 0.6mA typical and 1.5mA
maximum, keeps self-heating effects to a minimum and renders
the AD515A suitable for a wide range of remote probe
applications.
4. The combination of low input noise voltage and very low
input noise current is such that for source impedances from
1MQ to IO11!!, the Johnson noise of the source will easily
dominate the noise characteristic.

5. Every AD515A receives a 24-hour stabilization bake at + 150°C,
to ensure reliability and long-term stability.

‘Covered by Patent No. 4,639,683.
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(typical @ + 25°C with Vs = ± 15V de, unless otherwise specified)

Model

AD515AJ

AD515AK

AD515AL

OPEN-LOOP GAIN1
Vout= ±10V,RL>2kn
RL>10kfl
Ta = min to max RI2=2kfl

20,000V/V min
40,000V/V min
15,000V/Vmin

40,000V/V min
100,000V/V min
40,000V/V min

25,OOOV/Vmin
50,0O0V/V min
25,000V/Vmin

OUTPUT CHARACTERISTICS
Vokagetct Rj = 2kfl, TA = min to max
(&RI = 10kfl,TA = min to max
Load Capacitance2
Short-Circuit Current

± 10V min (± 12V typ)
± 12V min (± 13V typ)
lOOOpF
10mA min (20mA typ)

★
★

★
★

FREQUENCY RESPONSE
Unity Gain, Small Signal
Full Power Response
Slew Rate Inverting Unity Gain
Overload Recovery Inverting Unity Gain

1MHz
5kHz min (50kHz typ)
0.3V/jis min (3.0V/p.s typ)
1 OOpcs max (2p.s typ)

★
★
★
★

★
★
★
★

INPUT OFFSET VOLTAGE3
vs. Temperature, Ta = min to max
vs. Supply, Ta = min to max

3.0mV max (0.4mV typ)
50jjlV/°C max
400pV/V max (50p V/V typ)

l.OmV max (0.4mV typ)
15p.V/°Cmax
100p.V/V max

l.OmV max(0.4mV typ)
25p.V/°C max
200|i V/V max

INPUT BIAS CURRENT
Either Input4

300fA max

150fAmax

75fA max

INPUT IMPEDANCE
Differential Voh-f= - IV
Common Mode

1.6pF||1013n
0.8pF||10l5n

*
★

★
★

INPUT NOISE
Voltage, 0.1Hz to 10Hz
f= 10Hz
f= 100Hz
f= 1kHz
Current, 0.1 Hz to 10Hz
lOHzto 10kHz

4.0p.V (p-p)
75nV/VHz
55nV/VHz
50nV/VHz
0.007pA(p-p)
O.OlpArms

★
★
★
★
*
*

★
★
★
★
★
★

INPUT VOLTAGE RANGE
Differential
Common Mode, TA = min to max
Common-Mode Rejection, ViN= ± 10V
Maximum Safe Input Voltage5

±20V min
± 10V min (+ 12 V, — 11 typ)
66dB min (94dB typ)
±VS

*
*
80dBmin
★

*
★
70dB min
★

POWER SUPPLY
Rated Performance
Operating
Quiescent Current

± 15V
± 5V min (± 18V max)
1.5mA max (0.6mA typ)

★
*
★

★
*
*

TEMPERATURE
Operating, Rated Performance
Storage

0 to + 70°C
-65°Cto + 150°C

★
★

*
*

PACKAGE OPTION6
TO-99(H-08A)

AD515AJH

AD515AKH

AD515ALH

NOTES
‘Specifications same as AD515AJ.
‘Open Loop Gain is specified with or without nulling of Vos.
2A conservative design would not exceed 750pF of load capacitance.
‘Input Offset Voltage specifications are guaranteed after 5 minutes of
operation at TA = + 25°C.
4Bias Current specifications are guaranteed after 5 minutes of operation at
TA = +25°C. For higher temperatures, the current doubles every + 10°C.

ESD PRECAUTIONS---------------------------------------------------Charges as high as 4000V readily accumulate on the human body
and test equipment and discharge without detection. Therefore,
reasonable ESD precautions are recommended to avoid functional
damage or performance degradation. Unused devices should be
stored in conductive foam or shunts, and the foam should be dis
charged to the destination socket before devices are removed. For
further information on ESD precautions, refer to Analog Devices’
ESD Prevention Manual---------------------------------------------------
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5If it is possible for the input voltage to exceed the supply voltage, a series
protection resistor should be added to limit input current to 0.1mA.
The input devices can handle overload currents of 0.1mA indefinitely without
damage. See next page.
6See Section 20 for package outline information.
Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final
test.

Applying the AD515A
LAYOUT AND CONNECTIONS CONSIDERATIONS
The design of very high impedance measurement systems in
troduces a new level of problems associated with the reduction
of leakage paths and noise pickup.
1. A primary consideration in high impedance system designs is
to attempt to place the measuring device as near to the signal
source as possible. This will minimize current leakage paths,
noise pickup and capacitive loading. The AD515A, with its
combination of low offset voltage (normally eliminating the
need for trimming), low quiescent current (minimal source
heating, possible battery operation), internal compensation
and small physical size lends itself very nicely to installation
at the signal source or inside a probe. Also, as a result of the
high load capacitance rating, the AD515A can comfortably
drive a long signal cable.
2. The use of guarding techniques is essential to realizing the
capability of the ultralow input currents of the AD515A.
Guarding is achieved by applying a low impedance bootstrap
potential to the outside of the insulation material surrounding
the high impedance signal line. This bootstrap potential is
held at the same level as that of the high impedance line;
therefore, there is no voltage drop across the insulation and,
hence, no leakage. The guard will also act as a shield to
reduce noise pickup and serves an additional function of
reducing the effective capacitance to the input line. The case
of the AD515A is brought out separately to Pin 8 so that the
case can also be connected to the guard potential. This technique
virtually eliminates potential leakage paths across the package
insulation, provides a noise shield for the sensitive circuitry
and reduces common-mode input capacitance to about 0.8pF.
Figure 1 shows a proper printed circuit board layout for
input guarding and connecting the case guard. Figures 2 and
3 show guarding connections for typical inverting and nonin
verting applications. If Pin 8 is not used for guarding, it
should be connected to ground or a power supply to reduce
noise.

4. Another important concern for achieving and maintaining
low leakage currents is complete cleanliness of circuit boards
and components. Completed assemblies should be washed
thoroughly in a low residue solvent such as TMC Freon or
high-purity methanol followed by a rinse with deionized
water and nitrogen drying. If service is anticipated in a high
contaminant or high humidity environment, a high dielectric
conformal coating is recommended. All insulation materials
except Kel-F or teflon will show rapid degradation of surface
leakage at high humidities.

Figure 2. Picoampere Current-to-Voltage Converter
Inverting Configuration
OPTIONAL Rp

Figure 3. Very High Impedance Noninverting Amplifier

INPUT PROTECTION
The AD515A is guaranteed for a maximum safe input potential
equal to the power supply potential.

SAME PATTERN SHOULD BE
LAID OUT ON BOTH SIDES
OF PC BOARD

(BOTTOM VIEW)

Figure 1. Board Layout for Guarding Inputs with Guarded
TO-99 Package

3. Printed circuit board layout and construction is critical for
achieving the ultimate in low leakage performance that the
ADS 15A can deliver. The best performance will be realized
by using a teflon IC socket for the AD515A; but at least a
teflon stand-off should be used for the high impedance lead.
If this is not feasible, the input guarding scheme shown in
Figure 1 will minimize leakage as much as possible; the
guard ring should be applied to both sides of the board. The
guard ring is connected to a low impedance potential at the
same level as the inputs. High impedance signal lines should
not be extended for any unnecessary length on a printed
circuit; to minimize noise and leakage, they must be carried
in rigid, shielded cables.

Many instrumentation situations, such as flame detectors in gas
chromatographs, involve measurement of low level currents
from high-voltage sources. In such applications, a sensor fault
condition may apply a very high potential to the input of the
current-to-voltage converting amplifier. This possibility necessi
tates some form of input protection. Many electrometer type
devices, especially CMOS designs, can require elaborate Zener
protection schemes which often compromise overall performance.
The ADS 15A requires input protection only if the source is not
current limited, and as such is similar to many JFET-input
designs. The failure mode would be overheating from excess
current rather than voltage breakdown. If the source is not
current limited, all that is required is a resistor in series with
the affected input terminal so that the maximum overload current
is 0.1mA (for example, lMfl for a 100V overload). This simple
scheme will cause no significant reduction in performance and
give complete overload protection. Figures 2 and 3 show proper
connections.
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COAXIAL CABLE AND CAPACITANCE EFFECTS
If it is not possible to attach the AD515A virtually on top of the
signal source, considerable care should be exercised in designing
the connecting lines carrying the high impedance signal. Shielded
coaxial cable must be used for noise reduction, but use of coaxial
cables for high impedance work can add problems from cable
leakage, noise and capacitance. Only the best polyethylene or
virgin teflon (not reconstituted) should be used to obtain the
highest possible insulation resistance.
Cable systems should be made as rigid and vibration free as
possible since cable movement can cause noise signals of three
types, all significant in high impedance systems. Frictional
movement of the shield over the insulation material generates a
charge which is sensed by the signal line as a noise voltage. Low
noise cable with graphite lubricant such as Amphenol 21-537
will reduce the noise, but short, rigid lines are better. Cable
movements will also make small changes in the internal cable
capacitance and capacitance to other objects. Since the total
charge on these capacitances cannot be changed instantly, a
noise voltage results as predicted from: AV = Q/AC. Noise voltage
is also generated by the motion of a conductor in a magnetic
field.

The conductor-to-shield capacitance of coaxial cable is usually
about 30pF/foot. Charging this capacitance can cause considerable
stretching of high impedance signal rise-time, thus cancelling
the low input capacitance feature of the AD515A. There are two
ways to circumvent this problem. For inverting signals or low-level
current measurements, the signal is carried on the line connected
to the inverting input and shielded (guarded) by the ground line
as shown in Figure 2. Since the signal is always at virtual ground,
no voltage change is required and no capacitances are charged.
In many circumstances, this will destabilize the circuit; if so,
capacitance from output to inverting input will stabilize the
circuit.

Noninverting and buffer situations are more critical since the
signal line voltage and therefore charge will change, causing
signal delay. This effect can be reduced considerably by connecting
the cable shield to a guard potential instead of ground, an option
shown in Figure 3. Since such a connection results in positive
feedback to the input, the circuit may be destabilized and oscillate.
If so, capacitance from positive input to ground must be added
to make the net capacitance at Pin 3 positive. This technique
can considerably reduce the effective capacitance which must be
charged.

Typical Performance Curves

Figure 6. Input Common-Mode Range vs. Supply Voltage

FREQUENCY - Hz

Figure 5. Open Loop Frequency Response
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Figure 7. Peak-to-Peak Input Noise Voltage vs. Source
Impedance and Bandwidth

AD515A
ELECTROMETER APPLICATION NOTES
The AD515A offers subpicoampere input bias currents available
in an integrated circuit package. This design will open up many
new application opportunities for measurements from very high
impedance and very low current sources. Performing accurate
measurements of this sort requires careful attention to detail;
the notes given here will aid the user in realizing the full meas
urement potential of the AD515A and perhaps extending its
performance limits.

1. As with all junction FET input devices, the temperature of
the FETs themselves is all important in determining the
input bias currents. Over the operating temperature range,
the input bias currents closely follow a characteristic of doubling
every 10°C; therefore, every effort should be made to minimize
device operating temperature.
2. The heat dissipation can be reduced initially by careful inves
tigation of the application. First, if it is possible to reduce
the required power supplies, this should be done since internal
power consumption contributes the largest component of
self-heating. To minimize this effect, the quiescent current of
the AD515A has been reduced to less than 1mA. Figure 8
shows typical input bias current and quiescent current versus
supply voltage.
3. Output loading effects, which are normally ignored, can
cause a significant increase in chip temperature and therefore
bias current. For example, a 2kfl load driven at 10V at the
output will cause at least an additional 25mW dissipation in
the output stage (and some in other stages) over the typical
24mW, thereby at least doubling the effects of self-heating.
The results of this form of additional power dissipation are
demonstrated in Figure 9, which shows normalized input
bias current versus additional power dissipated. Therefore,
although many de performance parameters are specified
driving a 2kfl load, to reduce this additional dissipation, we
recommend restricting the load resistance to be at least
lOkft.
4. Figure 10 shows the AD5 ISA’s input current versus differential
input voltage. Input current at either terminal stays below a
few hundred fA until one input terminal is forced higher
than 1 to 1.5V above the other terminal. Input current limits
at 30p.A under these conditions.

6.0

g
Sc s o

5

0

25
SO
75
100
125
150
175 200
ADDITIONAL INTERNAL POWER DISSIPATION - mW

Figure 9. Input Bias Current vs. Additional Power
Dissipation

Figure 10. Input Bias Current vs. Differential Input Voltage
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AD515A CIRCUIT APPLICATION NOTES
The AD515A is quite simple to apply to a wide variety of appli
cations because of the pretrimmed offset voltage and internal
compensation, which minimize required external components
and eliminate the need for adjustments to the device itself. The
major considerations in applying this device are the external
problems of layout and heat control which have already been
discussed. In circuit situations employing the use of very high
value resistors, such as low level current to voltage converters,
electrometer operational amplifiers can be destabilized by a pole
created by the small capacitance at the negative input. If this
occurs, a capacitor of 2 to 5pF in parallel with the resistor will
stabilize the loop. A much larger capacitor may be used if desired
to limit bandwidth and thereby reduce wideband noise.
Selection of passive components employed in high impedance
situations is critical. High Mil resistors should be of the carbon
film or deposited ceramic oxide to obtain the best in low noise
and high stability performance. The best packaging for high
Mil resistors is a glass body sprayed with silicone varnish to
minimize humidity effects. These resistors must be handled
very carefully to prevent surface contamination. Capacitors for
any high impedance or long-term integration situation should be
of a polystyrene formulation for optimum performance. Most
other types have too low an insulation resistance, or high dielectric
absorption.
Unlike situations involving standard operational amplifiers with
much higher bias currents, balancing the impedances seen at the
input terminals of the ADS 15 A is usually unnecessary and probably
undesirable. At the large source impedances where these effects
matter, obtaining quality, matched resistors will be difficult.
More important, instead of a cancelling effect, as with bias
current, the noise voltage of the additional resistor will add by
root-sum-of-squares to that of the other resistor thus increasing
the total noise by about 40%. Noise currents driving the resistors
also add, but in the AD515A are significant only above 10
* ’fl.

Figure 12. Low Drift Integrator and Low-Leakage Guarded
Reset

LOW-LEVEL CURRENT-TO-VOLTAGE CONVERTERS
Figure 2 shows a standard low-level current-to-voltage converter.
To obtain higher sensitivity, it is obvious to simply use a higher
value feedback resistor. However, high value resistors above
109fl tend to be expensive, large, noisy and unstable. To avoid
this, it may be desirable to use a circuit configuration with
output gain, as in Figure 13. The drawback is that input errors
of offset voltage drift and noise are multiplied by the same gain,
but the precision performance of the AD515A makes the tradeoff
easier.

Figure 13. Picoampere to Voltage Converter with Gain

One of the problems with low-level leakage current testing or
low-level current transducers (such as Clark oxygen sensors) is
finding a way to apply voltage bias to the device while still
grounding the device and the bias source. Figure 14 shows a
technique in which the desired bias is applied at the noninverting
terminal thus forcing that voltage at the inverting terminal. The
current is sensed by RF, and the AD524 instrumentation amplifier
converts the floating differential signal to a single-ended output.

(BUFFER Al BOOSTS COMMON MODE Z|N BY DRIVING CABLE SHIELDS
AT COMMON MODE VOLTAGE AND NEUTRALIZING CM CAPACITANCE)

Figure 11. Very High Impedance Instrumentation
Amplifier

Figure 14. Current-to-Voltage Converters with Grounded
Bias and Sensor
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Low Cost, Laser
Trimmed, Precision IC Op Amp

AD517
FEATURES
Low Input Bias Current: 1nA max (AD517L)
Low Input Offset Current: 0.25nA max (AD517L)
Low Vos: 50gV max (AD517L), 150gV max (AD517J)
Low Vos Drift: 1.3mV/°C (AD517L)

AD517 PIN CONFIGURATION

Internal Compensation
MIL-Standard Parts Available
8-Pin TO-99 Hermetic Metal Can
Available in Chip Form

-vs
TOP VIEW

PRODUCT DESCRIPTION

The AD517 is a high accuracy monolithic op amp featuring ex
tremely low offset voltages and input currents. Analog Devices’
thermally-balanced layout and superior IC processing combine
to produce a truly precision device at low cost.

The AD517 is laser trimmed at the wafer level (LWT) to pro
duce offset voltages less than 50gV and offset voltage drifts
less than 1.3gV/ C unnulled. Superbeta input transistors pro
vide extremely low input bias currents of InA max and offset
currents as low as 0.25nA max. While these figures are com
parable to presently available BIFET amplifiers at room tem
perature, the AD517 input currents decrease, rather than
increase, at elevated temperatures. Open-loop gain in many IC
amplifiers is degraded under loaded conditions due to thermal
gradients on the chip. However, the AD517 layout is balanced
along a thermal axis, maintaining open-loop gain in excess of
1,000,000 for a wide range of load resistances.
The input stage of the AD517 is fully protected, allowing dif
ferential input voltages of up to ±VS without degradation of
gain or bias current due to reverse breakdown. The output
stage is short-circuit protected and is capable of driving a load
capacitance up to lOOOpF.
The AD517 is well suited to applications requiring high pre
cision and excellent long-term stability at low cost, such as
stable references, followers, bridge instruments and analog
computation circuits.

The circuit is packaged in a hermetically sealed TO-99 metal
can, and is available in three performance versions (J, K, and
L) specified over the commercial 0 to +70°C range; and one
version (AD517S) specified over the extended temperature
range, -55°C to +125°C.
PRODUCT HIGHLIGHTS
1. Offset voltage is 100% tested and guaranteed on all models.
2. The AD517 exhibits extremely low input bias currents
without sacrificing CMRR (over lOOdB) or offset voltage
stability.
3. The AD517 inputs are protected (to ±VS), preventing offset
voltage and bias current degradation due to reverse break
down of the input transistors.
4. Internal compensation is provided, eliminating the need for
additional components (often required by high accuracy IC
op amps).
5. The AD517 can directly replace 725, 108, and AD510 am
plifiers. In addition, it can replace 741-type amplifiers if the
offset-nulling potentiometer is removed.
6. Thermally-balanced layout insures high open-loop gain inde
pendent of thermal gradients induced by output loading,
offset nulling, and power supply variations.
7. Chips are available.
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(@ +25°C and VS=±15V de)
Min

Typ

Max

Min

Typ

AD517S

AD517L

AD517K

AD517J

Model

Max

Min

Typ

Min

Max

Typ

Max

Units

OPEN LOOP GAIN
Vo = ± 10V, Ri a 2kO
Tm.„toTm„,RI. = 2kn

*
10

10‘

106

*
10

V/V

500,(XX)

500,000

500,000

250,000

v/v

OUTPUT CHARACTERISTICS
Voltage (a RL - 2kfl, Tmin to
Load Capacitance
Output Current

1000

1000

1000

FREQUENCY RESPONSE
Unity Gain Small Signal
Full Power Response
Slew Rate, Unity Gain

1000

pF
mA

10

10

10

10

Short Circuit Current

V

±10

±10

±10

±10

25

25

25

25

mA

250

250

250

250

kHz

1.5
0.10

1.5

1.5
0.10

1.5
0.10

kHz

0.10

V/ps

INPUT OFFSET VOLTAGE
3.0

Input Offset vs. Supply

25

75
1.8
10

50

Input Offset vs. Temp.

40

15

Initial

5

Tm,n loT^.

8

150

Initial Offset

TnuntoTm,,

75
1.8

1.3
10

pV

pV/°C

10

pV/V

15

20

pV/V

2

1.0

2.0

nA

3.5

1.5

10

nA

±20

±10

±4

± 10

pA'C

1.0

0.75
1.25

0.25
0.4

2.0
10

nA

1.5

INPUT BIAS CURRENT

vs. Temp, Tnun to Tmax
INPUT OFFSET CURRENT
Initial
Tm,„toTm„

nA

INPUT IMPEDANCE

Differential

15111.5

20111.5

20111.5

Common Mode

2.0x10"

2.0x10"

2.0 x 10"

MfllpF

2O||1.5
2.0 x 10"

n

INPUT VOLTAGE RANGE

±vs

±vs

Differential
Common Mode Rejection

±vs

±VS

V

94

110

110

no

dB

94

no

100

100

dB

Common Mode Rejection

Trj,toT^,
INPUT NOISE
Voltage, 0.1Hz to 10Hz

2
35

f= 10Hz

2

2

2

35

35

35

pVp-p
nV/VHz

nV/VHz
nV/vifc

25

25

25

20

20

20

20

0.05

0.05

0.05

0.05

f= 100Hz

0.03

0.03

0.03

0.03

pA.’VHz
pA/VHz

f= 1kHz

0.03

0.03

0.03

0.03

pA/V Hz

25

f= 100Hz
f= 1kHz
Current, f= 10kHz

POWERSUPPLY

Rated Performance
Operating

± 18

± 18

±5

±5

±18

.

±5

3

3

4

V

±15

±15

±15

±15
±5

Quiescent Current

±18
3

V
mA

TEMPERATURE RANGE
Operating, Rated Performance

0

+ 70

Storage

-65

+ 150

+ 70

0
-65

+ 150

0

65

+ 70

-55

+ 125

°C

+ 150

-65

+ 150

•c

PACKAGE OPTION1

TO-99 Style (H-08B)
J and S Grade Chips

AD517JH

Also Available

NOTES
'See Section 20 for package outline information.
Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.
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AD517KH

AD517LH

AD517SH

Typical Performance Curves - AD517

2.0

0.2
0
0

25

70

125

TEMPERATURE - °C

Input Bias Current vs. Temperature

Untrimmed Offset Voltage vs. Temperature

FREQUENCY - Hz

CMRR i/s. Frequency

PSRR vx Frequency
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Volts rms

OUTPUT VOLTAGE
0.1

1

10

100

FREQUENCY - kHz

Maximum Undistorted Output vs.
Frequency (Distortion < 1%)

Output Voltage vs Load Resistance

TIME AFTER POWER SUPPLY TURN-ON - MinutM

Input Current vs. Differential Input Voltage

Warm-Up Offset Voltage Drift

VOLTAGE NOISE 0.1 - 10Hz

Total Input Noise Voltage vs. Frequency
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Low Frequency Voltage Noise (0.1 to 10Hz)

Applying the AD517
NULLING THE AD517
The internally-trimmed offset voltage of the AD 517 will be low
enough for most circuits without further nulling. However, in
high precision applications, the AD517 may be nulled using
either of the following methods:
Figure 1A shows a simple circuit using a 10k£2, ten-turn poten
tiometer. This circuit allows nulling to within several microvolts.
The circuit of Figure IB is recommended in applications where
nulling to within lgV is desired. This circuit has the advantage
that potentiometer instability effects are reduced by a factor
of ten. Values of R/ and R2
* are calculated as follows:

1. Null the offset to zero using a standard 10k pot, as shown
in Figure 1A.
2. Measure pot halves Rj and R2.

3. Calculate:

Rj x 50kQ,
50kf2—Rj

,
R2 x 50kQ
R2 " 50kn-R2

4. Replace the pot with Rj' and R2
* using the closest value
1% metal film resistors.
5. Use a 100k, ten-turn pot for Rp to complete the nulling.
Figure 2. Stable Instrument Input Amplifier

Input impedance of this amplifier is 10 megohms, determined
by resistor Rp The offset nulling network comprised of Rj,
R4 and R5 is the same one described earlier. If a less precise
adjustment can be tolerated, a single 10k potentiometer can be
substituted for Rj, R4 and R5.
A. Simple

Figure 1. Nulling Circuits

AN INSTRUMENT INPUT AMPLIFIER USING THE AD517L
The circuit shown in Figure 2 represents a typical input stage
for laboratory instruments and panel meters. The amplifier is
non-inverting and offers selectable gains from 1 to 1000 in
decade steps.

Gain switching is accomplished in the feedback network. The
divider consisting of R10> Rll> r12 and Rjj determines the
gain by dividing the output and returning it to the inverting
input of the amplifier. The ratio tolerances of these resistors
uniquely determine the gain of the amplifier. The impedance
seen by the inverting input is held constant at 10k ohms by
R6, R7 Rg or R9 depending on the gain selected. Since input
bias currents flow through equal resistances, the offset voltages
produced will cancel each other. The input offset currents will
produce an insignificant offset voltage on the order of 1 micro
volt. If this offset is nulled out at the highest gain selected, it
will be nulled on all ranges.
The AD517 offers excellent temperature stability in this cir
cuit. Once the offset has been zeroed, the error produced by
offset current drift will remain quite low due to the extremely
low offset current drift of the AD517. A FET-input op amp
would not work well in this application, since the input offset
currents would double for each 10°C increase in temperature,
soon exceeding the input offset currents of the AD 517.
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CHIP DIMENSIONS AND BONDING DIAGRAM
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
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ANALOG
DEVICES
FEATURES
Ultralow Drift: 1jiV/°C - AD547L
Low Offset Voltage: 0.25mV - AD547L
Low Input Bias Currents: 25pA max, Warmed-Up
Low Quiescent Current: 1.5mA
Low Noise: 2pV p-p
High Open Loop Gain: 110dB
High Slew Rate: 13V/ps
Fast Settling to ±0.01%: 3ps
Low Total Harmonic Distortion: 0.0025%
Available in Hermetic Metal Can
Packages and Chip Form
MIL-STD-883B Processing Available
Dual Versions Available: AD642, AD644, AD647

PRODUCT DESCRIPTION
The BiFET series are precision monolithic FET-input operational
amplifiers fabricated with the most advanced BiFET and laser
trimming technologies. The series offers bias currents significantly
lower than currently available BiFET devices, 25pA max, warmedup.

In addition, the offset voltage is laser trimmed to less than
0.25mV on the AD547L which is achieved by utilizing Analog’s
exclusive laser-wafer trimming (LWT) process. When combined
with the AD547’s low offset voltage drift (lp.V/°C), these features
offer the user IC performance truly superior to existing BiFET
op amps-and at low, BiFET pricing.
The AD542 or AD547 is recommended for any operational
amplifier application requiring excellent de performance at low
to moderate costs. Precision instrument front ends requiring
accurate amplification of millivolt level signals from megohm
source impedances will benefit from the device’s excellent com
bination of low offset voltage and drift, low bias current and
low 1/f noise. High common mode rejection (80dB, min on the
“K” and “L” versions) and high open-loop gain-even under
heavy loading-ensures better than “12-bit” linearity in high
impedance buffer applications.

High Performance,
BiFET Operational Amplifiers
AD542/AD544/AD547
AD542/AD544/AD547 FUNCTIONAL BLOCK DIAGRAM

PRODUCT HIGHLIGHTS
1. Improved bipolar and JFET processing results in the lowest
bias current available in a monolithic FET op amp.

2. Analog Devices, unlike some manufacturers, specifies each
device for the maximum bias current at either input in the
warmed-up condition, thus assuring the user that the device
will meet its published specifications in actual use.
3. Advanced laser wafer trimming techniques reduce offset
voltage drift to l|xV/°C max and offset voltage to only 0.25mV
max on the AD547L.
4. Low voltage noise (2p.V, p-p), and low offset voltage drift
enhance performance as a precision op amp.

5. The high slew rate (13.0V/jxs) and fast settling time to 0.01%
(3-Ojxs) make the AD544 ideal for D/A, A/D, sample-hold
circuits and high speed integrators.

6. Low harmonic distortion (0.0025%) make the AD544 an
ideal choice for audio applications.
7. Unmounted chips available for hybrid circuit applications.

The AD544 is recommended for any operational amplifier appli
cation requiring excellent ac and de performance at low cost.
The 2MHz bandwidth and low offset of the AD544 make it the
first choice as an output amplifier for current output D/A con
verters such as the AD7541, 12-bit CMOS DAC.
Devices in this series are available in four versions: the “J,”
“K” and “L” are specified over the 0 to + 70°C temperature
range and the “S” over the -55°C to + 125°C operating tem
perature range. All devices are packaged in the hermetically-sealed,
TO-99 metal can.
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SPECIFICATI )NS (@ +25°C a nd Vs=±15Ydc)
Model

Min

ADS42
Typ

Max

Min

AD544
Typ

Max

Min

AD547
Typ

Max

Units

OPEN LOOP GAIN1

VOUT= ±10VRL»2kn
J
K,L,S
TA = TnuntoTmM
J
S
K,L

100,000
250,000

30,000
50,000

100,000
250,000

V/V
V/V

100,000
100,000

20,000
20,000
40,000

100,000
100,000

v/v
v/v
v/v

250,000

250,000

OUTPUT CHARACTERISTICS

Volrr = RL = 2kn
* = T^toT,^
T
Votrr = Rl = lOIdl
Ta = Taw)toTnua
Short Circuit Current

FREQUENCY RESPONSE
Unity Gain, Small Signal
Full Power Response
Slew Rate, Unity Gain
Total Harmonic Distortion

±10

±12

±10

±12

±10

±12

Volts

±12

±13
25

±12

±13

±12

±13

Volts
mA

2.0

25

1.0
50
3.0

8.0

25

2.0
200
13.0
0.0025

2.0

MHz
kHz
V/ps
%

1.0
50
3.0

INPUT OFFSET VOLTAGE2
J
K
L

s

2.0
1.0
0.5
1.0

2.0
1.0
0.5
1.0

1.0
0.5
0.25
0.5

mV
mV
mV
mV

20
10

20
10
5
15

5
2
1
5

liV/X

5
15
200
100

200
100

200
100

pV/V
|iV/V

vs. Temperature3
J
K
L

s
vs. Supply,Ta = T^toT^
J
K,L,S

pV/X
pV/x
pV/X

INPUT BIAS CURRENT4
Either Input
10

25

10

25

10

50
25

pA
pA

5
2

15
15

5
2

15
15

5
2

15
15

pA
pA

50

50

J
K,L,S
Input Offset Current
J
K,L,S

INPUT IMPEDANCE
Differential
Common Mode

IOl2n||6pF
10,2Il||3pF

10'2n||6pF
10l2H||3pF

10'2n||6pF
1012nJ3pF

INPUT VOLTAGE5

Differential
Common Mode

±10

±20
±12

±10

±20
±12

±10

Volts
Volts

±20
±12

Common-Mode Rejection
V,N = ± 10V

J
K,L, S

POWERSUPPLY
Rated Performance
Operating
Quiescent Current

1.1

±15

±15

±15

±5

±18
1.5

dB
dB

76
80

76
80

76
80

±5
1.8

±18
2.5

±5
1.1

±18
1.5

*Volt
Volts
mA

VOLTAGE NOISE
0.1-10Hz

45
30
25

TEMPERATURE RANGE
Operating, Rated Performance
J,K,L
S
Storage

TRANSISTOR COUNT

2.0

2.0
2.0
35
22
18
16

2.0
2.0
70

J
K,L,S
10Hz
100Hz
1kHz
10k Hz

4.0
70
45
30
25

0 to + 70
-55 to+125

Oto +70
-55 to+ 125
- 65 to + 165

0 to + 70
-55to + 125
-65 to + 150

-65to + 165

29

29

29

AD542JH, AD542KH
AD542LH, AD542SH

AD544JH, AD544KH
AD544LH, AD544SH

AD547JH, AD547KH
AD547LH, AD547SH

pV p-p
pVp-p
nV/VHz
nV/VHz

nV/VHz
nV/VHz

X
X
X

PACKAGE OPTIONS4
TO-99(H-08A)

NOTES
'Open Loop Gain is specified with Vos both nulled and unnulled.
2Input Offset Voltage specifications are guaranteed after 5 minute
*
of operation at TA = + 25
*C.
’input Offset Voltage Drift is specified with the offset voltage unnulled. Nulling will induce an additional 3jiV/“C/mV of nulled offset.
4Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at TA ■ + 2 5°C. For higher temperatures, the current doubles every KFC.
’Defined as the maximum safe voltage between inputs, such that neither exceeds ± 10V from ground.
6See Section 20 for package outline information.
Specifications shown in boldface are tested on all production units at final electriSpecification. .ubpct to change without nonce
“1 t«t. Rewlts front tho« teat. ue tued to calculate outgoing quabry level. AU
min and max specifications are guaranteed, although only those shown in
boldface are tested on all production units.
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Typical Characteristics - A0542/AD544/AD547
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25°C
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5

20

SUPPLY VOLTAGE - 1V

Figure 1. Input Voltage Range vs.
Supply Voltage

Figure 2. Output Voltage Swing vs.
Supply Voltage

Figure 3. Output Voltage Swing vs.
Load Resistance
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v$ - ±15

5
<
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p
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7

35

>5

95

125
COMMON MODE VOLTAGE - V

TEMPERATURE — “C

Figure 4. Input Bias Current vs.
Supply Voltage

Figure 5. Input Bias Current vs.
Temperature

Figure 6. Input Bias Current vs. CMV

Figure 8. Open Loop Gain vs.
Temperature

Figure 9. Open Loop Frequency
Response

AD544

>
176
3

AD542

AD547

WARM UPTIME - Minutes

Figure 7. Change in Offset Voltage
vs. Warm-Up Time
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POWER SUPPLY REJECTION
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1
Vs - t15VW TH
1V p-p SINE 1MAVE
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RL- 2kQ
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SUPPLY VOLTAGE - ±V

Figure 10. Open Loop Voltage
Gain vs. Supply Voltage

20

0
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10k
100k
FREQUENCY - Hz
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10M

Figure 11. Power Supply Rejection
vs. Frequency

Figure 12. Common Mode Rejection
Ratio vs. Frequency
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SETTLING TIME -gs

Figure 15. AD544 Output Swing and
Error vs. Settling Time

Figure 13. Quiescent Current vs>
Supply Voltage

Figure 16. AD544 Total Harmonic
Distortion vs. Frequency

Figure 17. Input Noise Voltage
Spectral Density

a. Unity Gain Follower
Figure 19.

Figure 21 a. Unity Gain Follower
Pulse Response (Large Signal)

Figure 18. Total RMS Noise vs.
Source Impedance

Figure 20. Standard Null Circuit

Figure 21b. Unity Gain Follower
Pulse Response (Small Signal)

Figure 21c. Unity Gain FollowerAD542/AD547

Figure 22b. Unity Gain Inverter
Pulse Response (Large Signa!)

Figure 22c. Unity Gain Inverter
Pulse Response (Small Signa!)

4.99kS2
—W.------

Figure22a. Unity Gain InverterAD542/AD547
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AD542/AD544/AD547

Figure 23a. Unity Gain Follower
Pulse Response (Large Signal)

Figure 24a. Unity Gain Inverter

Figure 23c. Unity Gain Follower

Figure 24b. Unity Gain Inverter
Pulse Response (Large Signal)

10kS! 20kS! -

Figure 25. Settling Time Test Circuit

The upper trace of the oscilloscope photograph of Figure 26
shows the settling characteristic of the AD544. The lower trace
represents the input to Figure 27. The AD544 has been designed
for fast settling to 0.01%, however, feedback components, circuit
layout and circuit design must be carefully considered to obtain
the optimum settling time.

Figure 24c. Unity Gain Inverter
Pulse Response (Small Signal)

600pF
5OOpF

Figure 27. Circuit for Driving a Large Capacitance Load

The circuit in Figure 27 employs a 100(1 isolation resistor which
enables the amplifier to drive capacitance loads exceeding 500pF;
the resistor effectively isolates the high frequency feedback from
the load and stabilizes the circuit. Low frequency feedback is
returned to the amplifier summing junction via the low pass

VERROR. ImV/DIV

V|N ■ 10V/DIV

Figure 26. Settling Characteristic Detail - AD544

Figure 28. Transient Response RL =2kQ CL = 500pF-AD544
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ORDERING GUIDE

Model

Initial
Offset
Voltage

Offset
Voltage
Drift

Settling Time
to ±0.012% for
10V Step

AD542JH
AD542KH
AD542LH
AD542SH

2.0mV
l.OmV
0.5mV
1.0m V

20p.V/°C
10pV/°C
5pV/°C
15pV/°C

5ps
5 (is
5jxs
5 jis

AD547JH
AD547KH
AD547LH
AD547SH

l.OmV
0.5mV
0.25mV
0.5mV

5p.V/°C
2jjlV/°C
lpV/°C
5jjlV/°C

5p.s
5jjls
5jls
5|xs

AD544JH
AD544KH
AD544LH
AD544SH

2.0mV
l.OmV
0.5mV
l.OmV

20|xV/°C
10p.V/°C
5pV/°C
lSjiV^C

3 jis
3 jis
3jjls
3jls

BiFET Application Hints
APPLICATION NOTES
The BiFET series was designed for high performance op-amp
applications that require true de precision. To capitalize on all
of the performance available from the BiFETs there are some
practical error sources that should be considered.
The bias currents of JFET input amplifiers double with every
10°C increase in chip temperature. Therefore, minimizing the
junction temperature of the chip will result in extending the
performance limits of the device.
1. Heat dissipation due to power consumption is the main con
tributor to self-heating and can be minimized by reducing
the power supplies to the lowest level allowed by the applica
tion.

2. The effects of output loading should be carefully considered.
Greater power dissipation increases bias currents and decreases
open loop gain.
GUARDING
The low input bias current (25pA) and low noise characteristics
of the high performance BiFET op amp make it suitable for
electrometer applications such as photo diode preamplifiers and
picoampere current-to-voltage converters. The use of guarding
techniques in printed circuit board layout and construction is
critical for achieving the ultimate in low leakage performance
available from these amplifiers. The input guarding scheme
shown in Figure 29 will minimize leakage as much as possible;
the guard ring is connected to a low impedance potential at the
same level as the inputs. High impedance signal lines should not
be extended for any unnecessary length on a printed circuit.

SAME PATTERN SHOULD BE
LAID OUT ON BOTH SIDES
OF P C BOARD

Figure 29. Board Layout for Guarding Inputs
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INPUT PROTECTION
The BiFET series is guaranteed for a maximum safe input potential
equal to the power supply potential. The input stage design also
allows differential input voltages of up to ± 1 volt while maintaining
the full differential input resistance of 1012fl. This makes the
BiFET series suitable for comparator situations employing a
direct connection to high impedance source.

Many instrumentation situations, such as flame detectors in gas
chromatographs, involve measurement of low level currents
from high-voltage sources. In such applications, a sensor fault
condition may apply a very high potential to the input of the
current-to-voltage converting amplifier. This possibility necessi
tates some form of input protection. Many electrometer type
devices, especially CMOS designs, can require elaborate zener
protection schemes which often compromise overall performance.
The BiFET series requires input protection only if the source is
not current-limited, and as such is similar to many JFET-input
designs. The failure mode would be overheating from excess
current rather than voltage breakdown. If the source is not
current-limited, all that is required is a resistor in series with
the affected input terminal so that the maximum overload current
is 1.0mA (for example, lOOkfl for a 100 volt overload). This
simple scheme will cause no significant reduction in performance
and give complete overload protection. Figure 30 shows proper
connections.

Figure 30. Input Protection

Applications - AD542/AD544/AD547
D/A CONVERTER APPLICATIONS
The BiFET series of operational amplifiers can be used with
CMOS DACs to perform both 2-quadrant and 4-quadrant oper
ation. The output impedance of a CMOS DAC varies with the
digital word, thus changing the noise gain of the amplifier circuit.
The effect will cause a nonlinearity the magnitude of which is
dependent on the offset voltage of the amplifier. The BiFET
series with trimmed offset will minimize this effect. Additionally,
the Schottky protection diodes recommended for use with many
older CMOS DACs are not required when using one of the
BiFET series amplifiers.
Figure 31a shows the AD547 and AD7541 configured for unipolar
binary (2-quadrant multiplication) operation. With a de reference
voltage or current (positive or negative polarity) applied at pin
17, the circuit operates as a unipolar converter. With an ac
reference voltage or current, the circuit provides 2-quadrant
multiplication (digitally controlled attenuation).

The photos exhibit the response to a step input at Vref- Figure
32b is the large signal response and Figure 32c is the small
signal response. Cl phase compensation (15pF) is required for
stability when using high speed amplifiers. Cl is used to cancel
the pole formed by the DAC internal feedback resistance and
the output capacitance of the DAC.

Figure 31a. AD547 Used as DAC Output Amplifier

The oscilloscope photo of Figure 31b shows the output of the
circuit of Figure 31a. The upper trace represents the reference
input, and the bottom trace shows the output voltage for a
digital input of all ones on the DAC (Gain 1-2 "). The 47pF
capacitor across the feedback resistor compensates for the DAC
output capacitance, and the 150pF load capacitor serves to
minimize output glitches.
10V

SV

5ps

VREF IN, 20V P-P, 33kHz

10V/OIV VERT,
5m/DIV HORIZ.

VOUT.

5V/DIV VERT
5ms/DIV HORIZ.
SETTLING TIME: 15p TO
0.01% ON 20V STEP

Figure 31b. Voltage Output DAC Settling Characteristic

Figure 32a illustrates the 10-bit digital-to-analog converter,
AD7533, connected for bipolar operation. Since the digital
input can accept bipolar numbers and Vref can accept a bipolar
analog input, the circuit can perform a 4-quadrant multiplying
function.

Figure 32c. Small Signal Response

USING THE AD547 IN LOG AMPLIFIER
APPLICATIONS
Log amplifiers or log ratio amplifiers are useful in applications
requiring compression of wide-range analog input data, lineari
zation of transducers having exponential outputs, and analog
computing, ranging from simple translation of natural relationships
in log form (e.g., computing absorbence as the log-ratio of input
currents), to the use of logarithms in facilitating analog compu
tation of terms involving arbitrary exponents and multi-term
products and ratios.
The picoamp level input current and low offset voltage of the
AD547 make it suitable for wide dynamic range log amplifiers.
Figure 33 is a schematic of a log ratio circuit employing the
AD547 that can achieve less than 1% conformance error over 5
decades of current input, InA to IOOjjlA. For voltage inputs, the
dynamic range is typically 50mV to 10V for 1% error, limited
on the low end by the amplifiers’ input offset voltage.
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to the log of the ratio of the inputs:

Kkt
Vout“ — K(Vbea — VBI. B) = — —— (In I|/IS] —In I2/Is2)

Voirr = ~K kT/q In I,/I2
The scaling constant, K is set by R1 and Rrc to about 16, to
produce IV change in output voltage per decade difference in
input signals. Rpc is a special resistor with a + 35OOppm/°C
temperature coefficient, which makes K inversely proportional
to temperature, compensating for the “T” in kT/q. The log-ratio
transfer characteristic is therefore independent of temperature.

Figure 33. Log-Ratio Amplifier

The conversion between current (or voltage) input and log output
is accomplished by the base emitter junctions of the dual transistor
QI. Assuming QI has [3>100, which is the case for the specified
transistor, the base-emitter voltage on side 1 is to a close ap
proximation:

Vbe a — kT/q In 1,/Isi
This circuit is arranged to take the difference of the VH1.’s of
QI A and Q1B, thus producing an output voltage proportional

This particular log ratio circuit is free from the dynamic problems
that plague many other log circuits. The - 3dB bandwidth is
50kHz over the top 3 decades, lOOnA to 100p.A, and decreases
smoothly at lower input levels. This circuit needs no additional
frequency compensation for stable operation from input current
sources, such as photodiodes, that may have lOOpF of shunt
capacitance. For larger input capacitances a 20pF integration
capacitor around each amplifier will provide a smoother frequency
response.
This log ratio amplifier can be readily adjusted for optimum
accuracy by following this simple procedure. First, apply
VI = V2= — 10.00V and adjust “Balance” for VOut = 0 00V.
Next apply VI = — 10.00V, V2= - 1.00V and adjust gain for
Vout= + 100V. Repeat this procedure until gain and balance
readings are within 2mV of ideal values.

Figure 37. Capacitance Multiplier

Figure 35. Low Drift Integrator and Low-Leakage Guarded
Reset

Figure 38. Long Interval Timer - 1,000 Seconds

Figure 36. Wien-Bridge Oscillator - fo = 10kHz

Figure 39. Positive Peak Detector
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ANALOG
DEVICES
FEATURES
Low Offset Voltage: 0.5mV max (AD545AL)
0.25mV max (AD545AM)
Low Offset Voltage Drift: 5pV/°C max (AD545AL),
3jiV/°C max (AD545AM)
Low Power: 1.5mA max
Low Bias Current: IpA max (AD545AK, L, M)
Low Noise: 3pV p-p, 0.1Hz to 10Hz

PRODUCT DESCRIPTION
The AD545A is a monolithic precision FET-input operational
amplifier. It is a successor to the AD545 and will replace the
AD545 in most applications. Bias current is specified as 2pA
max for the AD545AJ and IpA max for the AD545AK, L and
M. Offset voltage is laser trimmed to 0.5m V max for the AD545AL,
0.25mV max for the AD545AM. All devices also feature low
voltage noise and power consumption. The AD545A is internally
compensated, short circuit protected and free of latch-up.

The AD545A series offers a broad combination of performance
features. For precision applications the AD545AM specifies a
0.25mV max offset voltage, 3p.V/°C max drift and IpA max bias
current. The AD545AJ, with a lmV max offset voltage, 25|xV/°C
max drift and 2pA max bias current, is the best price performance
choice.
These devices are recommended for a variety of general purpose
and precision applications requiring low bias currents and high
input impedance such as pH/pIon sensitive electrodes, photo
current detectors, biological microprobes, long-term precision
integrators and vacuum ion gage measurements. The versatility
of the AD545A is further enhanced by its excellent low frequency
noise (3jxV p-p, O.lHz to 10Hz) and low power consumption
(1.5mA max) for portable applications.

Monolithic Precision, Low Drift
FET-Input Op Amp
*
AD545A
AD545A PIN CONFIGURATION

PRODUCT HIGHLIGHTS
1. The offset voltage on the AD545A is laser trimmed to a level
typically less than 25O|xV. Offset voltage drift is only 3p.V/°C
max for the AD545AM. If additional external nulling is
desired, the effect on drift is minimal (approximately
2.5p.V/°C mV, nulled).

2. Bias current is specified as the maximum measured at either
input with the device fully warmed up on ± 15V supplies at
+ 25°C ambient.
3. The low quiescent current drain of 0.6mA typical, and 1.5mA
max keeps self-heating to a minimum.

4. The combination of low input noise voltage and very low
input noise current is such that for source impedances from
much over one Mil up to 10"l2, the Johnson noise of the
source will easily dominate the noise characteristics.

As with previous electrometer amplifier designs from Analog
Devices, the case is guarded thus minimizing stray leakage.
This feature will also shield the input circuitry from external
noise and supply transients.

The AD545A is available in four versions of bias current and
offset voltage, the “J”, “K”, “L”, and “M.” All are specified
from 0 to + 70°C and supplied in a hermetically sealed TO-99
package. The hybrid version, AD545, will also be available.
‘Covered by U.S. Patent No. 4,639,683.
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(typical @ + 25°C with Vs = ± 15V de, unless otherwise specified)
Model

AD545AJ

AD545AK

AD545AL

AD545AM

OPEN LOOP GAIN1
VOUt= ±10V,RLs=2kfl
RL3»10kfl
TA = min to max RL^2kfl

20,OOOV/V min
40,000V/V min
15,000V/Vmin

40,OOOV/Vmin
50,0OOV/V min
25,000V/V min

40,000V/V min
50,000V/Vmin
40,000V/V min

40,0OOV/Vmin
50,000V/Vmin
40,OOOV/Vmin

OUTPUT CHARACTERISTICS
Voltage@RL = 2kll, TA = min to max
@Rl= 10kfl,TA = min to max
Load Capacitance2
Short Circuit Current

± 10 V min (± 12 V typ)
± 12V min (± 13V typ)
500pF
10mA min (20mA typ)

★
★
★
★

★
★
★
★

★
★
★
★

FREQUENCY RESPONSE
Unity Gain, Small Signal
Full Power Response
Slew Rate Inverting Unity Gain
Overload Recovery Inverting Unity Gain

1MHz
5kHz min (30kHz typ)
0.3V/ps min (2.0V/jjls typ)
IOOjjls max (2 jjls typ)

★
★
★
★

★
★
★
★

★

★
★

INPUT OFFSET VOLTAGE3
vs. Temperature, TA = min to max
vs. Supply, TA = min to max

l.OmV max
25p.V/°Cmax
400p.V/V max(50p.V/V typ)

l.OmV max
15pV/°Cmax
200p.V/Vmax

0.5mV max
5jjlV/°C max
200p.V/Vmax

0.25mV max
3pV/°Cmax
200p.V/V max

INPUT BIAS CURRENT
Either Input4

2pA max

IpA max

IpA max

IpA max

INPUT IMPEDANCE
Differential ViN= ± IV
Common Mode

1.6pF||1013H
0.8pF||1015n

★
★

★
★

★
★

INPUT NOISE
Voltage, 0.1Hz to 10Hz
f= 10Hz
f= 100Hz
f = 1kHz
Current, 0.1Hz to 10Hz
10Hz to 10kHz

3.0pV(p-p)
55nV/VHz
45nV/VHz
35nV/VHz
0.03pA (p-p)
0.05pA rms

★
★
★
★
★
★

★
★
★
★
★
★

INPUT VOLTAGE RANGE
Differential
Common Mode, TA = min to max
Common-Mode Rejection, Vin= ± 10V
Maximum Safe Input Voltages5

± 20V min
± 10V min
66dB min (80dB typ)
±VS

★
★

★

POWERSUPPLY
Rated Performance
Operating
Quiescent Current

±15V
± 5V min (± 18V max)
1.5mA max (0.6mA typ)

TEMPERATURE
Operating, Rated Performance
Storage

PACKAGE OPTION6

70dB min

★

*
76dB min
*

*

5p.V (p-p) max

★
★
★
★
★

★
★
76dB min

★

★

★

*

*

★

*
*

★
★

0 to + 70°C
-65°Cto + 150°C

★
★

★
★

★
★

H-08A

★

★

*

NOTES
‘Specifications same as AD545AJ.
‘Open Loop Gain is specified with or without nulling of VOs2A conservative design would not exceed 500pF of load capacitance.
3Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA = + 25°C.
4Bias Current specifications are guaranteed after 5 minutes of operation at TA = + 25°C. For higher temperatures, the current doubles every + 10°C.
5If it is possible for the input voltage to exceed the supply voltage, a series protection resistor should be added to limit input current to 0.1mA. The
input devices can handle overload currents of 0.1mA indefinitely without damage.
6See Section 20 for package outline information.
Specifications subject to change without notice.
Specifications shown in boldface are tested on aU production units at final test.
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Applying the AD545A
LAYOUT AND CONNECTIONS CONSIDERATIONS
The design of very high impedance measurement systems in
troduces a new level of problems associated with the reduction
of leakage paths and noise pickup.
1. A primary consideration in high impedance system designs is
to attempt to place the measuring device as near to the signal
source as possible. This will minimize current leakage paths,
noise pickup and capacitive loading.

2. The use of guarding techniques is essential to realizing the
capability of the low input currents of the AD545 A. Guarding
is achieved by applying a low impedance bootstrap potential
to the outside of the insulation material surrounding the high
impedance signal line. This bootstrap potential is held at the
same level as that of the high impedance line; therefore,
there is no voltage drop across the insulation, and hence, no
leakage. The guard will also act as a shield to reduce noise
pickup and serves an additional function of reducing the
effective capacitance to the input line. The case of the AD545A
is brought out separately to Pin 8 so that it can also be connected
to the guard potential. This technique virtually eliminates
potential leakage paths across the package insulation, provides
a noise shield for the sensitive circuitry, and reduces common
mode input capacitance to about 0.8pF. Figure 10 shows a
proper printed circuit board layout for input guarding and
connecting the case guard. Figures 2 and 3 show guarding
connections for typical inverting and noninverting applications.
If Pin 8 is not used for guarding, it should be connected to
ground or one of the amplifier’s power supplies to reduce
noise.
3. Printed circuit board layout and construction is critical for
achieving low leakage performance. The best performance
will be realized by using a teflon IC socket for the AD545A
but at least a teflon stand-off should be used for the highimpedance lead. If this is not feasible, the input guarding
scheme shown in Figure 10 will minimize leakage as much as
possible and should be applied to both sides of the board.

The guard ring is connected to a low impedance potential at
the same level as the inputs. High impedance signal lines
should not be extended for any unnecessary length on a
printed circuit; to minimize noise and leakage, they must be
carried in rigid, shielded cables.

APPLICATION NOTES
The AD545A offers one of the lowest input bias currents available
in an integrated circuit package. Performing accurate measure
ments with this device requires careful attention to detail; the
notes given here will aid the user in realizing the full measurement
potential of the AD545A and extending its performance limits.
1. As with all junction FET input devices, the temperature of
the FETs themselves is all-important in determining the
input bias currents. Over the operating temperature range,
the input bias currents closely follow a characteristic of doubling
every 10°C; therefore, every effort should be made to minimize
device operating temperature.

2. The heat dissipation can be reduced initially by careful inves
tigation of the application. First, if possible, reduce the required
voltage power supplies, since internal power consumption
contributes the largest component of self-heating. The effects
of this are shown in Figure 7, which shows typical input bias
current versus supply voltage.
3. Output loading effects, which are normally ignored, can
cause a significant increase in chip temperature and therefore
bias current. For example, a 2k(l load driven at 10V at the
output will cause at least an additional 25mW dissipation in
the output stage (and some in other stages) over the typical
24mW, thereby at least doubling the effects of self-heating.
The results of this form of additional power dissipation are
demonstrated in Figure 9, which shows normalized input
bias current versus additional power dissipated (it doubles
every 10°C); we recommend restricting the load impedance
to be at least lOkQ.
4. Figure 8 shows the AD545A’s input currents versus differential
input voltage. Input current at either terminal stays below a
few hundred fA until one input terminal is forced higher
than IV to 1.5V above the other terminal. Input current
limits at 30pA under these conditions.

Figure 1. Picoampere Current-to-Voitage Converter
Inverting Configuration

Figure 2. Very High Impedance Noninverting Amplifier
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Typical Performance Curves

Figure 3. PSRR and CMRR vs. Frequency
PHASE

R,

Figure 6. Total Input Noise Voltage vs. Source Impedance
and Bandwidth

Figure 5. Open Loop Frequency Response

o&
6

SAME PATTERN SHOULD BE
LAID OUT ON BOTH SIDES
OF PC BOARD

(BOTTOM VIEW)

Figure 10. Board Layout for Guarding Inputs with Guarded
TO-99 Package
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1 pA Monolithic Electrometer
Operational Amplifier
*
AD546

FEATURES
DC PERFORMANCE
1 mV max Input Offset Voltage
Low Offset Drift: 20 p.V/°C
1 pA max Input Bias Current
Input Bias Current Guaranteed Over Full
Common Mode Voltage Range

AD546 CONNECTION DIAGRAM

AC PERFORMANCE
3 V/ps Slew Rate
1 MHz Unity Gain Bandwidth
Low Input Voltage Noise: 4 pV p-p, 0.1 Hz to 10 Hz
Available in a Low Cost, 8-Pin Plastic Mini-DIP
Standard Op Amp Pinout
APPLICATIONS
Electrometer Amplifiers
Photodiode Preamps
pH Electrode Buffers
Log Ratio Amplifiers

PRODUCT DESCRIPTION
The AD546 is a monolithic electrometer combining the virtues
of low (1 pA) input bias current with the cost effectiveness of a
plastic mini-DIP package. Both input offset voltage and input
offset voltage drift are laser trimmed, providing very high per
formance for such a low cost amplifier.

Input bias currents are reduced significantly by using “topgate”
JFET technology. The 1015 fl common mode impedance, result
ing from a bootstrapped input stage, insures that input bias
current is essentially independent of common mode voltage
variations.
The AD546 is suitable for applications requiring both minimal
levels of input bias current and low input offset voltage. Appli
cations for the AD546 include use as a buffer amplifier for cur
rent output transducers such as photodiodes and pH probes. It
may also be used as a precision integrator or as a low droop rate

sample and hold amplifier. The AD546 is pin compatible with
standard op amps; its plastic mini-DIP package is ideal for use
with automatic insertion equipment.
The AD546 is available in two performance grades, all rated
over the 0 to +70°C commercial temperature range, and pack
aged in an 8-pin plastic mini-DIP.

PRODUCT HIGHLIGHTS
1. The input bias current of the AD546 is specified, 100%
tested and guaranteed with the device in the fully warmed-up
condition.
2. The input offset voltage of the AD546 is laser trimmed to
less than 1 mV (AD546K).

3. The AD546 is packaged in a standard, low cost, 8-pin
mini-DIP.

4. A low quiescent supply current of 700 p.A minimizes any
thermal effects which might degrade input bias current and
input offset voltage specifications.

‘Covered by Patent No. 4,639,683
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SPECIFICATIONS
Model

INPUT BIAS CURRENT1
Either Input
Either Input
Either Input
(a Tmax
Either Input
Offset Current
Offset Current
@ Tmax
INPUT OFFSET VOLTAGE2
Initial Offset
Offset @ Tmax
vs. Temp.
vs. Supply
vs. Supply
Long Term Stability

«g +25°C and ±15 V de, unless otherwise noted)
AD546J
Max
Min Typ
Conditions

Min

AD546K
Typ

0.2
0.2

1
1

Max

Units

0.5
0.5

pA
pA

Vcm = 0 v
VCM= ±10V

0.2
0.2

Vcm = 0 V
VCm = ±10V
Vcm = 0 V

40
40
0.17

20
20
0.09

pA
pA
pA

Vcm = 0 V

13

7

pA
1
2

2
3

20

20

100
100

100
100

Tmin-Tma,

mV
mV
jivrc
J1V/V
jxV/V
pV/month

20

20

4
90
60
35
35

4
90
60
35
35

f = 0.1 Hz to 10 Hz
f = 1 kHz

1.3
0.4

1.3
0.4

fA rms
fA/Vlk

Vdiff = — 1 V
Vcm = ±10 V

1013||l
10l5||0.8

1013||l
10,5|0.8

OllpF

INPUT VOLTAGE NOISE

f
f
f
f
f

=
=
=
=
=

0.1 Hz to 10 Hz
10 Hz
100 Hz
1 kHz
10 kHz

P-V p-p
nV/VHz

nV/VHz
nV/VHz
nV/VHz

INPUT CURRENT NOISE

INPUT IMPEDANCE
Differential
Common Mode

OPEN LOOP GAIN
T1 min-Tx max

Tmin-Tmax
INPUT VOLTAGE RANGE
Differential3
Common Mode Voltage
Common Mode
Rejection Ratio

OUTPUT CHARACTERISTICS
Voltage
Current
Load Capacitance
Stability

Vo= ±10V
R-load = 10 kfl
Vo = ±10 V
R-load = 10 kfl
Vo = ±10 V
l^LOAO = 2 k(l
Vo = ±10 V
Rload = 2 kfl

300

1000

300

1000

V/mV

300

800

300

800

V/mV

100

250

100

250

V/mV

80

200

80

200

V/mV

±20

±20
+ 10

-10

Vcm = ±10V
Tmin to Tmax

80
76

Rload = 10 kfl
Ri.oad = 2 kll
Short Circuit

-12
-10
15

Gain = +1
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H||pF

84
76

90
80

20
4000

+ 12
+ 10
35

+ 10

-10

-12
-10
15

dB
dB

100
80

20

4000

V
V

+ 12
+ 10
35

V
V
mA
pF

AD546
Model
FREQUENCY RESPONSE
Gain BW, Small Signal
Full Power Response
Slew Rate, Unity Gain
Settling Time

Overload Recovery
POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current
Transistor Count
PACKAGE OPTIONS4
Plastic Mini-DIP (N-8)

Conditions

Min

G = -1
Vo = 20 V p-p
G = -1
to 0.1%
to 0.01%

0.7
2

50% Overdrive
Gain = -1

AD546J
Typ

Max

1.0
50
3
4.5
5

Min

0.7
2

2
±15

±5

0.60
50

# of Transistors

AD546JN

AD546K
Typ

Max

1.0
50
3
4.5
5

MHz
kHz
V/ps
ps
ps

2

ps

±15

±18
0.7

Units

±5

0.60
50

±18
0.7

V
V
mA

AD546KN

NOTES
‘Bias current specifications are guaranteed maximum, at either input, after 5 minutes of operation at TA = +25°C. Bias current increases by a factor of 2.3 for
every 10°C rise in temperature.
2Input offset voltage specifications are guaranteed after 5 minutes of operation at TA = +25°C.
’Defined as max continuous voltage between inputs, such that neither exceeds ± 10 V from ground.
4See Section 20 for package outline information.
Specifications subject to change without notice.
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min
and max specifications are guaranteed, although only those shown in boldface are tested on all production units.

ABSOLUTE MAXIMUM RATINGS1
Supply Voltage......................................................................... ±18V
Internal Power Dissipation ............................................ 500 mW
Input Voltage2 ..................................................................... ±18 V
Output Short Circuit Duration....................................... Indefinite
Differential Input Voltage...................................... +VS and -Vs
Storage Temperature Range ............................ -65°C to +125°C
Operating Temperature Range................................... 0 to +70°C
Lead Temperature Range
(Soldering 60 seconds) .................................................... 300°C

ESD PRECAUTIONS
Charges as high as 4000 V readily accumulate on the human
body and test equipment and discharge without detection.
Therefore, reasonable ESD precautions are recommended to
avoid functional damage or performance degradation. Unused
devices should be stored in conductive foam or shunts, and the
foam should be discharged to the destination socket before de
vices are removed. For further information on ESD precautions,
refer to Analog Devices’ ESD Prevention Manual.

NOTES
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indi
cated in the operational section of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect
device reliability.
2For supply voltages less than ±18 V, the absolute maximum input voltage is
equal to the supply voltage.
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Typical Characteristics (Vs = ±15 V, unless otherwise specified)

Figure 2. Output Voltage Range
vs. Supply Voltage

Figure 1. Input Voltage Range
vs. Supply Voltage

0

5

10
SUPPLY VOLTAGE * V

15

Figure 4. Quiescent Current vs.
Supply Voltage

Figure 3. Output Voltage Swing
vs. Load Resistance

20

INPUT COMMON MODE VOLTAGE - V

SUPPLY VOLTAGE ±V

Figure 5. CMRR vs. Input
Common Mode Voltage

Figure 6. Open Loop Gain vs.
Supply Voltage

Figure 8. Change in Offset
Voltage vs. Warm-Up Time

Figure 9. Input Bias Current vs.
Common Mode Voltage

TEMPERATURE - "C

Figure 7. Open Loop Gain vs.
Temperature
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AD546

Figure 10. Input Bias Current
vs. Supply Voltage

Figure 11. Input Voltage Noise
Spectral Density vs. Frequency

Figure 12. Noise vs. Source
Resistance

Figure 13.
Response

Figure 16. PSRR vs. Frequency

Figure 17. Output Swing and Error
Voltage vs. Output Settling Time
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Figure 18. Unity Gain Follower

Figure 21. Unity Gain Inverter

Figure 19. Unity Gain Follower
Large Signal Pulse Response

Figure 22. Unity Gain Inverter
Large Signal Pulse Response

MINIMIZING INPUT CURRENT
The AD546 is guaranteed to have less than 1 pA max input
bias current at room temperature. Careful attention to how
the amplifier is used will reduce input currents in actual
applications.

The amplifier operating temperature should be kept as low as
possible to minimize input current. Like other JFET input
amplifiers, the AD546’s input current is sensitive to chip tem
perature, rising by a factor of 2.3 for every 10°C rise. This is
illustrated in Figure 24, a plot of AD546 input current versus
ambient temperature.

Figure 24. AD546 Input Bias Current vs. Ambient
Temperature
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Figure 20. Unity Gain Follower
Small Signal Pulse Response

Figure 23. Unity Gain Inverter
Small Signal Pulse Response

On-chip power dissipation will raise chip operating temperature
causing an increase in input bias current. Due to the AD546’s
low quiescent supply current, chip temperature when the
(unloaded) amplifier is operated with 15 V supplies, is less
than 3°C higher than ambient. The difference in input current
is negligible.
However, heavy output loads can cause a significant increase in
chip temperature and a corresponding increase in input current.
Maintaining a minimum load resistance of lOkfl is recom
mended. Input current versus additional power dissipation due
to output drive current is plotted in Figure 25.

Figure 25. AD546 Input Bias Current vs. Additional Power
Dissipation

AD546
Circuit Board Notes
The AD546 is designed for through hole mount into PC boards.
Maintaining picoampere level resolution in that environment
requires a lot of care. Since both the printed circuit board and
the amplifier’s package have a finite resistance, the voltage dif
ference between the amplifier’s input pin and other pins (or
traces on the PC board) will cause parasitic currents to flow into
(or out of) the signal path (see Figure 26). These currents can
easily exceed the 1 pA input current level of the AD546 unless
special precautions are taken. Two successful methods for mini
mizing leakage are guarding the AD546’s input lines and main
taining adequate insulation resistance.
The AD546’s positive input ( Pin 3) is located next to the nega
tive supply voltage pin (Pin 4). The negative input (Pin 2) is
next to the balance adjust pin (Pin 1) which is biased at a poten
tial close to the negative supply voltage. The layouts shown in
Figures 27a and 27b for the inverter and follower connections
will guard against the effects of low surface resistance of the
board. Note that the guard traces should be placed on both sides
of the board. In addition the input trace should be guarded on
both of its edges along its entire length.

Figure 26. Sources of Parasitic Leakage Currents

GUARD TRACES PARALLEL TO

Figure 27a. Guarding Scheme-Inverter

Figure 27b. Guarding Scheme-Follower
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INPUT SIGNAL LEAD

E
—

AD546

E
E
Figure 28. Input Pin to Insulating Standoff

Leakage through the bulk of the circuit board will still occur
with the guarding schemes shown in Figures 27a and 27b. Stan
dard “GIO” type printed circuit board material may not have
high enough volume resistivity to hold leakages at the subpicoampere level particularly under high humidity conditions.
One option that eliminates all effects of board resistance is
shown in Figure 28. The AD546’s sensitive input pin (either Pin
2 when connected as an inverter, or Pin 3 when connected as a
follower) is bent up and soldered directly to a Teflon
*
insulated
standoff. Both the signal input and feedback component leads
must also be insulated from the circuit board by Teflon
standoffs or low-leakage shielded cable.

Contaminants such as solder flux on the board’s surface and on
the amplifier’s package can greatly reduce the insulation resis
tance between the input pin and those traces with supply or sig
nal voltages. Both the package and the board must be kept clean
and dry. An effective cleaning procedure is to first swab the sur
face with high grade isopropyl alcohol, then rinse it with deion
ized water and, finally, bake it at 80°C for 1 hour. Note that if
either polystyrene or polypropylene capacitors are used on the
printed circuit board, a baking temperature of 70°C is safer,
since both of these plastic compounds begin to melt at approxi
mately + 85°C.

Other guidelines include making the circuit layout as compact as
possible and reducing the length of input lines. Keeping circuit
board components rigid and minimizing vibration will reduce
triboelectric and piezoelectric effects. All precision high imped
ance circuitry requires shielding from electrical noise and inter
ference. For example, a ground plane should be used under all
high value (i.e., greater than 1 MO) feedback resistors. In some
cases, a shield placed over the resistors, or even the entire
amplifier, may be needed to minimize electrical interference
originating from other circuits. Referring to the equation in Fig
ure 26, this coupling can take place in either, or both, of two
different forms—coupling via time varying fields:

Material1

Volume
Resistivity
(fl-CM)

Teflon
*
Kel-F“
Sapphire
Polyethylene
Polystyrene
Ceramic
Glass Epoxy
PVC
Phenolic

1017-1018
1017-1018
1016-1018
1014-1018
1012-1018
1012-1014
10lo-1017
10,o-1015
105 -1012

Minimal
Triboelectric
Effects
W
W
M
M
W
w
w
G
W

Minimal
Piezoelectric
Effects

W
M
G
G
M
M
M
M
G
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G
G
G
M
M
W
w
G
W

G-Good with Regard to Property
M-Moderate with Regard to Property
W-Weak with Regard to Propertv

'Electronic Measurements, pp. 15-17, Keithley Instruments, Inc., Cleveland,
Ohio, 1977.
‘Teflon is a registered trademark of E.I. du Pont Co.
“Kel-F is a registered trademark of 3-M Company.

Table I. Insulating Materials and Characteristics

OFFSET NULLING
The AD546’s input offset voltage can be nulled by using balance
Pins 1 and 5, as shown in Figure 29. Nulling the input offset
voltage in this fashion will introduce an added input offset volt
age drift component of 2.4 pV/°C per millivolt of nulled offset.

or by injection of parasitic currents by changes in capacitance
due to mechanical vibration:

dt
Both proper shielding and rigid mechanical mounting of
components help minimize error currents from both of these
sources. Table I lists various insulators and their properties.

Resistance
to Water
Absorption

Figure 29. Standard Offset Null Circuit

AD546
The circuit in Figure 30 can be used when the amplifier is used
as an inverter. This method introduces a small voltage in series
with the amplifier’s positive input terminal. The amplifier’s
input offset voltage drift with temperature is not affected. How
ever, variation of the power supply voltages will cause offset
shifts.

Figure 32. Inverter Pulse Response with 1 MO Source and
Feedback Resistance

Figure 30. Alternate Offset Null Circuit for Inverter

AC RESPONSE WITH HIGH VALUE SOURCE AND
FEEDBACK RESISTANCE
Source and feedback resistances greater than 100 kfl will mag
nify the effect of input capacitances (stray and inherent to the
AD546) on the ac behavior of the circuit. The effects of com
mon mode and differential input capacitances should be taken
into account since the circuit’s bandwidth and stability can be
adversely affected.

In a follower, the source resistance, Rs, and input common
mode capacitance, Cs (including capacitance due to board and
capacitance inherent to the AD546), form a pole that limits cir
cuit bandwidth to l/2ir RSCS. Figure 31 shows the follower
pulse response from a 1 MO source resistance with the amplifi
er’s input pin isolated from the board, only the effect of the

Figure 33. Inverter Pulse Response with 1 MO Source and
Feedback Resistance, 1 pF Feedback Capacitance

COMMON MODE INPUT VOLTAGE OVERLOAD
The rated common-mode input voltage range of the AD546 is
from 3 V less than the positive supply voltage to 5 V greater
than the negative supply voltage. Exceeding this range will
degrade the amplifier’s CMRR. Driving the common mode volt
age above the positive supply will cause the amplifier’s output to
saturate at the upper limit of output voltage. Recovery time is
typically 2 p.s after the input has been returned to within the
normal operating range. Driving the input common mode volt
age within 1 V of the negative supply causes phase reversal of
the output signal. In this case, normal operation is typically
resumed within 0.5 ms of the input voltage returning within
range.
DIFFERENTIAL INPUT VOLTAGE OVERLOAD
A plot of the AD546’s input current versus differential input
voltage (defined as VIN+ -VIN-) appears in Figure 34. The

\,

Figure 31. Follower Pulse Response from 1 MO Source
Resistance

In an inverting configuration, the differential input capacitance
forms a pole in the circuit’s loop transmission. This can create
peaking in the ac response and possible instability. A feedback
capacitance can be used to stabilize the circuit. The inverter
pulse response with RF and Rs equal to 1 MO, and the input
pin isolated from the board appears in Figure 32. Figure 33
shows the response of the same circuit with a 1 pF feedback
capacitance. Typical differential input capacitance for the
AD546 is 1 pF.

\\
4

n

r

T1

I
—C

J

-5 -4 -3
-2 -1
0
1
DIFFERENTIAL INPUT VOLTAGE - V

2

3

4

5

Figure 34. Input Current vs. Differential Input Voltage
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input current at either terminal stays below a few hundred fem
toamps until one input terminal is forced higher than 1 to 1.5 V
above the other terminal. Under these conditions, the input cur
rent limits at 30 p-A.

(less than 1 pA), such as the FD333’s should be used, and
should be shielded from light to keep photocurrents from being
generated. Even with these precautions, the diodes will measur
ably increase the input current and capacitance.

INPUT PROTECTION
The AD546 safely handles any input voltage within the supply
voltage range. Subjecting the input terminals to voltages beyond
the power supply can destroy the device or cause shifts in input
current or offset voltage if the amplifier is not protected.

In order to achieve the low input bias currents of the AD546, it
is not possible to use the same on-chip protection as used in
other Analog Devices op amps. This makes the AD546 sensitive
to handling and precautions should be taken to minimize ESD
exposure whenever possible.

A protection scheme for the amplifier as an inverter is shown in
Figure 35. The protection resistor, RP, is chosen to limit the
current through the inverting input to 1 mA for expected tran
sient (less than 1 second) overvoltage conditions, or to 100 p.A
for a continuous overload. Since RP is inside the feedback loop,
and is much lower in value than the amplifier’s input resistance,
it does not affect the inverter’s de gain. However, the Johnson
noise of the resistor will add root sum of squares to the amplifi
er’s input noise.

Figure 35. Inverter with Input Current Limit

In the corresponding version of this scheme for a follower,
shown in Figure 36, RP and the capacitance at the positive input
terminal will produce a pole in the signal frequency response at
a f=l/2irRC. Again, the Johnson noise of RP will add to the
amplifier’s input voltage noise.

Figure 37 is a schematic of the AD546 as an inverter with an
input voltage clamp. Bootstrapping the clamp diodes at the
inverting input minimizes the voltage across the clamps and
keeps the leakage due to the diodes low. Low leakage diodes

Figure 36. Follower with Input Current Limit
Rf

AW

Figure 37. Input Voltage Clamp with Diodes
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Figure 38. Sample and Difference Circuit for Measuring
Electrometer Leakage Currents

MEASURING ELECTROMETER LEAKAGE CURRENTS
There are a number of methods used to test electrometer leak
age currents, including current integration and direct current to
voltage conversion. Regardless of the method used, board and
interconnect cleanliness, proper choice of insulating materials
(such as Teflon or Kel-F), correct guarding and shielding tech
niques and care in physical layout are essential for making accu
rate leakage measurements.

Figure 38 is a schematic of the sample and difference circuit
which is useful for measuring the leakage currents of the AD546
and other electrometer amplifiers. The circuit uses two AD549
electrometer amplifiers (A and B) as current to voltage convert
ers with high value (IO10 (1) sense resistors (RSa and RSb). R1
and R2 provide for an overall circuit sensitivity of 10 fA/mV
(10 pA full scale). Cc and CF provide noise suppression and
loop compensation. Cc should be a low leakage polystyrene
capacitor. An ultralow-leakage Kel-F test socket is used for con
tacting the device under test. Rigid Teflon coaxial cable is used
to make connections to all high impedance nodes. The use of
rigid coax affords immunity to error induced by mechanical
vibration and provides an outer conductor for shielding. The
entire circuit is enclosed in a grounded metal box.

AD546
The test apparatus is calibrated without a device under test
present. A five minute stabilization period after the power is
turned on is required. First, VERR1 and VERR2 are measured.
These voltages are the errors caused by offset voltages and leak
age currents of the current to voltage converters.

^ERRl ~ 10 (VOsA ~ IgA x RSa)
VERR2 = 10 (VOSB -IgBx RSb)

Once measured, these errors are subtracted from the readings
taken with a device under test present. Amplifier B closes the
feedback loop to the device under test, in addition to providing
current to voltage conversion. The offset error of the device
under test appears as a common mode signal and does not affect
the test measurement. As a result, only the leakage current of
the device under test is measured.

The op amp’s input voltage offset will cause an error current
through the photodiode’s shunt resistance, Rs:
I = Vos/Rs
The error current will result in an error voltage (VE2) at the
amplifier’s output equal to:

VE2 = {l^RglRs) Vos
order of 109 fl), RF/RS can be greater than one, especially if a
large feedback resistance is used. Also, RF/RS will increase with
temperature, as photodiode shunt resistance typically drops by a
factor of two for every 10°C rise in temperature. An op amp
with low offset voltage and low drift helps maintain accuracy.

Vyj — VERR1 = 10[RSa x
Vx - VERR2 = WRSt X IB(-)]

Although a series of devices can be tested after only one calibra
tion measurement, calibration should be updated periodically to
compensate for any thermal drift of the current-to-voltage con
verters or changes in the ambient environment. Laboratory
results have shown that repeatable measurements within 10 fA
can be realized when this apparatus is properly implemented.
These results are achieved in part by the design of the circuit,
which eliminates relays and other parasitic leakage paths in the
high impedance signal lines, and in part by the inherent cancel
lation of errors through the calibration and measurement
procedure.
PHOTODIODE INTERFACE
The AD546’s 1 pA current and low input offset voltage make it
a good choice for very sensitive photodiode preamps (Figure
39). The photodiode develops a signal current, Is, equal to:

Is = Rx P

where P is light power incident on the diode’s surface in watts
and R is the photodiode responsivity in amps/watt. RF converts
the signal current to an output voltage:

Votrr ~ Rf

x

Is

Figure 40. Photodiode Preamp DC Error Sources

Photodiode Preamp Noise
Noise limits the signal resolution obtainable with the preamp.
The output voltage noise divided by the feedback resistance is
the minimum current signal that can be detected. This mini
mum detectable current divided by the responsivity of the pho
todiode represents the lowest light power that can be detected
by the preamp.

Noise sources associated with the photodiode, amplifier, and
feedback resistance are shown in Figure 41; Figure 42 is the
voltage spectral density versus frequency plot of each of the
noise source’s contribution to the output voltage noise (circuit
parameters in Figure 40 are assumed). Each noise source’s rms
contribution to the total output voltage noise is obtained by inte
grating the square of its spectral density function over frequen
cy. The rms value of the output voltage noise is the square root
of the sum of all contributions. Minimizing the total area under
these curves will optimize the preamplifier’s resolution for a
given bandwidth.

Figure 39. Photodiode Preamp

DC error sources and an equivalent circuit for a small area
(0.2 mm square) photodiode are indicated in Figure 40.
Input current, IB, will contribute an output voltage error, VE1,
proportional to the feedback resistance:

= IB x RF
Figure 41. Photodiode Preamp Noise Sources
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pH PROBE AMPLIFIER
A pH probe can be modeled as a mV-level voltage source with a
series source resistance dependent upon the electrode’s composi
tion and configuration. The glass bulb resistance of a typical pH
electrode pair falls between 106 and 109 fl. It is therefore impor
tant to select an amplifier with low enough input currents such
that the voltage drop produced by the amplifier’s input bias cur
rent and the electrode resistance does not become an appreciable
percentage of a pH unit.

FREQUENCY IN Hz

Figure 42. Photodiode Preamp Noise Sources' Spectral
Density vs. Frequency

The circuit in Figure 44 illustrates the use of the AD546 as a
pH probe amplifier. As with other electrometer applications, the
use of guarding, shielding, Teflon standoffs, etc., is a must in
order to capitalize on the AD546’s low input current. If an
AD546J (1 pA max input current) is used, the error contributed
by input current will be held below 10 mV for pH electrode
source impedances up to 109 fl. Input offset voltage (which can
be trimmed) will be below 2 mV. Refer to AD549 data sheet for
temperature compensated pH probe amplifier circuit.

The photodiode preamp in Figure 39 can detect a signal current
of 26 fA rms at a bandwidth of 16 Hz, which assuming a photo
diode responsivity of 0.5 A/W, translates to a 52 fW rms mini
mum detectable power. The photodiode used has a high source
resistance and low junction capacitance. CF sets the signal band
width with Rf and also limits the “peak” in the noise gain that
multiplies the op amp’s input voltage noise contribution. A sin
gle pole filter at the amplifier’s output limits the op amp’s out
put voltage noise bandwidth to 26 Hz, a frequency comparable
to the signal bandwidth. This greatly improves the preamplifi
er’s signal to noise ratio (in this case, by a factor of three).
Photodiode Array Processor
The AD546 is a cost effective preamp for multichannel applica
tions, such as amplifying signals from photo diode arrays, as
illustrated in Figure 43. An AD546 preamp converts each of the
diodes’ output currents to a voltage. An 8 to 1 multiplexer
switches a particular preamp output to the input of an AD 1380
16-bit sampling ADC. The output of the ADC can be displayed
or put onto a databus. Additional preamps and muxes can be
added to handle larger arrays. Layout of multichannel circuits is
critical. Refer to “PC board notes” for guidance.
10 pF

Figure 43. Photodiode Array Processor
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Figure 44. pH Probe Amplifier

ANALOG
DEVICES

Precision, Low Power BiFET Op Amp
AD548

FEATURES
Enhanced Replacement for LF441 and TL061
DC Performance:
200p.A max Quiescent Current
10pA max Bias Current, Warmed Up (AD548C)
250p.V max Offset Voltage (AD548C)
2pV/°C max Drift (AD548C)
2pV p-p Noise, 0.1 to 10Hz
AC Performance:
1.8V/ps Slew Rate
1MHz Unity Gain Bandwidth
Available in Plastic, Hermetic Cerdip and
Hermetic Metal Can Packages
MIL-STD-883B Parts Available
Dual Version Available: AD648
Surface Mount (SOIC) Package Available

AD548 CONNECTION DIAGRAMS
Plastic Mini-DIP (N) Package,
Cerdip (Q) Package
and
SOIC (R) Package
OFFSET NULL |~T

NC

inverting rr

V*

INPUT l_L

NONINVERTING tT"
INPUT I—

OUTPUT

OFFSET NULL
TOP VIEW

TO-99
(H) Package

PRODUCT DESCRIPTION
The AD548 is a low power, precision monolithic operational
amplifier. It offers both low bias current (lOpA max, warmed
up) and low quiescent current (200pA max) and is fabricated
with ion-implanted FET and laser wafer trimming technologies.
Input bias current is guaranteed over the AD548’s entire common
mode voltage range.
The economical J grade has a maximum guaranteed input offset
voltage of less than 2mV and an input offset voltage drift of less
than 20pV/°C. The C grade reduces input offset voltage to less
than 0.25mV and offset voltage drift to less than 2pV/°C. This
level of de precision is achieved utilizing Analog’s laser wafer
drift trimming process. The combination of low quiescent current
and low offset voltage drift minimizes changes in input offset
voltage due to self-heating effects. Five additional grades are
offered over the commercial, industrial and military temperature
ranges.
The AD548 is recommended for any dual supply op amp appli
cation requiring low power and excellent de and ac performance.
In applications such as battery-powered, precision instrument
front ends and CMOS DAC buffers, the AD548’s excellent
combination of low input offset voltage and drift, low bias current
and low 1/f noise reduces output errors. High common-mode
rejection (86dB, min on the “C” grade) and high open-loop gain
ensures better than 12-bit linearity in high impedance, buffer
applications.

The AD548 is pinned out in a standard op amp configuration
and is available in seven performance grades. The AD548J and
AD548K are rated over the commercial temperature range of 0
to +70°C. The AD548A, AD548B and AD548C are rated over
the industrial temperature range of — 40°C to + 85°C. The

AD548S and AD548T are rated over the military temperature
range of — 55°C to + 125°C and are available processed to MILSTD-883B, Rev. C.

TOP VIEW

Extended reliability PLUS screening is available for parts specified
over the commercial and industrial temperature ranges. PLUS
screening includes 168-hour burn-in, as well as other environ
mental and physical tests.

The AD548 is available in an 8-pin plastic mini-DIP, cerdip,
TO-99 metal can, surface mount (SOIC), or in chip form.
PRODUCT HIGHLIGHTS
1. A combination of low supply current, excellent de and ac
performance and low drift makes the AD548 the ideal op
amp for high-performance, low-power applications.
2. The AD548 is pin compatible with industry standard op
amps such as the LF441, TL061, and AD542, enabling
designers to improve performance while achieving a reduction
in power dissipation of up to 85%.
3. Guaranteed low input offset voltage (2mV max) and drift
(20|xV/°C max) for the AD548J are achieved utilizing Analog
Devices’ laser drift trimming technology, eliminating the
need for external trimming.
4. Analog Devices specifies each device in the warmed-up con
dition, insuring that the device will meet its published specifica
tions in actual use.
5. A dual version, the AD648 is also available.
6. The AD548 is available in chip form.
7. Enhanced replacement for LF441 and TL061.
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SPECIFICATIONS (@ + 25°C and Vs = ± 15V de, unless otherwise noted)
AD548J/A/S

Model
Min

INPUT OFFSET VOLTAGE’
Initial Offset
TmintoT^
vs. Temp.
vs. Supply
vs. Supply, Tmn to Tmax
Long-Term Offset Stability

Max

0.75

2.0
3.0/3.0/3.0
20

80
76/76/76

Min

5

5

INPUT IMPEDANCE
Differential
Common Mode

20
0.45/1.3/20

76

0.3

0.5
0.7/0.8/1.0
5

Min

30
10
0.25/0.65/10

AD548C
Typ
0.10

Max

Units

0.25
0.4
2.0

mV
mV
pvre
dB
dB
p.Vmonth

10
0.65

pA
nA

15
5
0.35

pA
pA
nA

86
80

3

2

1 x 10l2||3

70
70/70/70

Max

15

15

3

10
0.25/0.65/10
15
5
0.15/0.35/5

2

1 x 10u(|3
3x 10i2||3

3x10'2||3

±11

Typ

86
80
15

INPUT BIAS CURRENT
Either Input2, VCm = 0
Either Input2 at Tmax, VCM - 0
Max Input Bias Current Over
Common-Mode Voltage Range
Offset Current, VCM = 0
Offset Current at Tmax

INPUT VOLTAGE RANGE
Differential3
Common Mode
Common-Mode Rejection
VCM=±1OV
TmintoTm.,
VCM=±11V
TmintoTm,,

AD548K/B/T

Typ

1 x 1 0i2||3
3 x 1O,2||3

fl|pF
nilpF

±20
±12

±11

±20
±12

±11

±20
±12

V
V

90
90
84
84

82
82
76
76

92
92
86
86

86
86
76
7*

98
98
90
90

dB
dB
dB
dB

INPUT VOLTAGE NOISE
Voltage 0.1 Hz to 10Hz
f= 10Hz
f= 100Hz
f 1kHz
f= 10kHz

2
80
40
30
30

2
80
40
30
30

2
80
40
30
30

INPUT CURRENT NOISE
f= 1kHz

1.8

1.8

1.8

fA/VHz

1.0
30
1.8
8

MHz
kHz
V/ps
|IS

FREQUENCY RESPONSE
Unity Gain, Small Signal
Full Power Response
Slew Rate, Unity Gain
Settling Time to ±0.01%

OPEN LOOP GAIN
Vo= ±10V,RLal0kfl
Tmin toTmax,Ri ==10kfi
Vo= ±10V,RL25kn
Tm,„toTn>ax,RI.a5kIl
OUTPUT CHARACTERISTICS
Voltage® RLsl0kfl,
TnuntoTn,,,
Voltage (a RL>5kO,
Tmi„toTmax
Short Circuit Current
POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current

0.8

300
300
150
150

1000
700
500
300

300
300
150
150

1000
700
500
300

V/mV
V/mV
V/mV
V/mV

±12
±12
±11
±11

±13

±12
±12
±11
±11

±13

V

300
300/300/300
150
150/150/150

1000
700
500
300

±12
±12/±12/±12
±11
± ll/± ll/± 11

±13

1.0

170

±12.3

±18
200

AD548J
AD548A
AD548S
AD548JN
AD548AQ, AD548SQ
AD548AH, AD548SH
AD548AR, AD548JR
AD548AR-REEL, AD548JR-REEL
AD548J CHIPS, AD548S CHIPS

±4.5
170

±18
200

AD548K
AD548B
AD548T

AD548KN
AD548BQ, AD548TQ
AD548BH, AD548TH
AD548BR
AD548BR-REEL

NOTES
'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA= +25°C.
2Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at TA = + 25°C.
For higher temperature, the current doubles every 10°C.
’Defined as voltages between inputs, such that neither exceeds ± 10V from ground.
4See Section 20 for package outline information.

Specifications subject to change without notice.
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to
calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface
are tested on all production units.
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±12.3

V

15

mA

±15

±15

±15
±4.5

1.0

15

15

TEMPERATURE RANGE
Operating, Rated Performance
Commercial (0 to + 70°C)
Industrial (- 40°C to + 85°C)
Military (-55°C to + 125°C)

PACKAGE OPTIONS4
Plastic (N-8)
Cerdip(Q-8)
Metal Can (H-08A)
SOIC(R-8)
Tape and Reel
J and S Chips Also Available

0.8

0.8

±12.3

pVp-p_
nV/VHz
n V/V Hz
nV/VHz
nV/VHz

1.0
30
1.8
8

1.0
30
1.8
8

1.0

4.0

±4.5

170

AD548C

AD548CQ
AD548CH

±18
200

V
V
P-A

AD548
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage............................................................................ ±18V
Internal Power Dissipation2 ............................................ 500mW
Input Voltage3............................................................................... ±18V
Output Short Circuit Duration.................................... Indefinite
Differential Input Voltage................................
+Vsand -Vs
Storage Temperature Range Q, H ............. — 65°C to + 150°C
N...................... -65°Cto +125°C
Operating Temperature Range
AD548J/K .............................................................. 0 to +70°C
AD548A/B/C............................................. -40°Cto+85°C
AD548S/T ................................................... -55°C to + 125°C
Lead Temperature Range (Soldering 60sec).................... 300°C
NOTES
'Stresses above those listed under “Absolute Maximum Ratings” may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions above
those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.
’Thermal Characteristics
8-Pin Plastic Package: Oja = 90°C/W
8-Pin Cerdip Package: 0JC = 22°C/W, 0JA = 110°C/W
8-Pin Metal Can Package: 0jc = 65°C/W, 0jA = 150°C/W
’For supply voltages less than ± 18V, the absolute maximum input voltage is
equal to the supply voltage.

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).

0072
(1.829)

OFFSET NULL

XI-
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Figure 3. Output Voltage Swing
vs. Load Resistance

Figure 2. Output Voltage Swing
vs. Supply Voltage
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<
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INPUT BIAS CURRENT

»

I

i

Figure 1. Input Voltage Range
vs. Supply Voltage
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Figure 6. Input Bias Current vs.
Temperature
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Figure 8. Change in Offset Voltage
vs. Warm-Up Time
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Figure 9. Open Loop Gain vs.
Temperature
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S
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-

dB
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Figure 7. Input Bias Current vs.
Common-Mode Voltage

500

0

Figure 10. Open Loop Frequency
Response
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2

4

6
8
10
12
SUPPLY VOLTAGE - iV

14

16

18

Figure 11. Open Loop Voltage Gain
vs. Supply Voltage

FREQUENCY - Hl

Figure 12. PSRR vs. Frequency

Typical Characteristics - AD548

FREQUENCY - Ha

Figure 13. CMRR vs. Frequency

SETTLING TIME - |is

Figure 14. Large Signal Frequency
Response

Figure 15. Output Swing and Error
Voltage vs. Output Settling Time

SOURCE IMPEDANCE -

Figure 16. Total Harmonic
Distortion vs. Frequency

Figure 20a. Unity Gain Inverter

(I

Figure 17. Input Noise Voltage
Spectral Density

Figure 18. Total Noise vs. Source
Impedance

Figure 20b. Unity Gain Inverter
Pulse Response (Large Signal)

Figure 20c. Unity Gain Inverter
Pulse Response (Small Signal)
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Applying the AD548
APPLICATION NOTES
The AD548 is a JFET-input op amp with a guaranteed maximum
IB of less than 10pA, and offset and drift laser-trimmed to 0.25mV
and 2pV/°C respectively (AD548C). AC specs include 1MHz
bandwidth, 1.8V/p.s typical slew rate and 8p.s settling time for a
20V step to ±0.01% - all at a supply current less than 200jjlA.
To capitalize on the device’s performance, a number of error
sources should be considered.
The minimal power drain and low offset drift of the AD548
reduce self-heating or “warm-up” effects on input offset voltage,
making the AD548 ideal for on/off battery powered applications.
The power dissipation due to the AD548’s 200jxA supply current
has a negligible effect on input current, but heavy output loading
will raise the chip temperature. Since a JFET’s input current
doubles for every 10°C rise in chip temperature, this can be a
noticeable effect.
The amplifier is designed to be functional with power supply
voltages as low as ±4.5V. It will exhibit a higher input offset
voltage than at the rated supply voltage of ± 15V, due to power
supply rejection effects. The common-mode range of the AD548
extends from 3V more positive than the negative supply to IV
more negative than the positive supply. Designed to cleanly
drive up to lOkfl and lOOpF loads, the AD548 will drive a 2kfl
load with reduced open loop gain.

OFFSET NULLING
Unlike bipolar input amplifiers, zeroing the input offset voltage
of a BiFET op amp will not minimize offset drift. Using balance
Pins 1 and 5 to adjust the input offset voltage as shown in Figure
21 will induce an added drift of 0.24jjlV/°C per 100p.V of nulled
offset. The low initial offset (O.25mV) of the AD548C results in
only 0.6p.V/°C of additional drift.

METAL CAN

MINI-DIP

| DrCl

'

| D-Uj I
8

Figure 22. Board Layout for Guarding inputs

INPUT PROTECTION
The AD548 is guaranteed to withstand input voltages equal to
the power supply potential. Exceeding the negative supply voltage
on either input will forward bias the substrate junction of the
chip. The induced current may destroy the amplifier due to
excess heat.
Input protection is required in applications such as a flame
detector in a gas chromatograph, where a very high potential
may be applied to the input terminals during a sensor fault
condition. Figure 23 shows a simple current limiting scheme
that can be used. RPRotect should be chosen such that the
maximum overload current is 1.0mA (lOOkfl for a 100V overload,
for example).
Exceeding the negative common-mode range on either input
terminal causes a phase reversal at the output, forcing the amplifier
output to the corresponding high or low state. Exceeding the
negative common-mode on both inputs simultaneously forces
the output high. Exceeding the positive common-mode range on
a single input doesn’t cause a phase reversal, but if both inputs
exceed the limit the output will be forced high. In all cases,
normal amplifier operation is resumed when input voltages are
brought back within the common-mode range.

Figure 21. Offset Null Configuration

LAYOUT
To take full advantage of the AD548’s lOpA max input current,
parasitic leakages must be kept below an acceptable level. The
practical limit of the resistance of epoxy or phenolic circuit
board material is between 1 x 1012fl and 3 x 1012fl. This can
result in an additional leakage of 5pA between an input of 0V
and a - 15V supply line. Teflon or a similar low leakage material
(with a resistance exceeding 1017fl) should be used to isolate
high impedance input lines from adjacent lines carrying high
voltages. The insulator should be kept clean, since contaminants
will degrade the surface resistance.
A metal guard completely surrounding the high impedance
nodes and driven by a voltage near the common-mode input
potential can also be used to reduce some parasitic leakages.
The guarding pattern in Figure 22 will reduce parasitic leakage
due to finite board surface resistance; but it will not compensate
for a low volume resistivity board.
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Figure 23. input Protection of IV Converter

DIN CONVERTER OUTPUT BUFFER
The circuit in Figure 24 shows the AD548 and AD7545 12-bit
CMOS D/A converter in a unipolar binary configuration. VOtrr
will be equal to Vref attenuated by a factor depending on the
digital word. Vref sets the full scale. Overall gain is trimmed
by adjusting Rin. The AD548’s low input offset voltage, low
drift and clean dynamics make it an attractive low power output
buffer.

Application Hints - AD548
large signal outputs of the circuit in Figure 24. Upper traces
show the input signal ViN. Lower traces are the resulting output
voltage with the DAC’s digital input set to all Is. The AD548
settles to ±0.01% for a 20V input step in 14p,s.
PHOTODIODE PREAMP
The performance of the photodiode preamp shown in Figure 27
is enhanced by the AD548’s low input current, input voltage
offset and offset voltage drift. The photodiode sources a current
proportional to the incident light power on its surface. RF converts
the photodiode current to an output voltage equal to RF x Is.
Figure 24. AD548 Used as DAC Output Amplifier

The input offset voltage of the AD548 output amplifier results
in an output error voltage. This error voltage equals the input
offset voltage of the op amp times the noise gain of the amplifier.
That is:
Vos Output = Vos Input (1 +^)
Rfb is the feedback resistor for the op amp, which is internal to
the DAC. Ro is the DAC’s R-2R ladder output resistance. The
value of Ro is code dependent. This has the effect of changing
the offset error voltage at the amplifier’s output. An output
amplifier with a sub millivolt input offset voltage is needed to
preserve the linearity of the DAC’s transfer function.

The AD548 in this configuration provides a 700kHz small signal
bandwidth and 1.8V/ps typical slew rate. The 33pF capacitor
across the feedback resistor optimizes the circuit’s response.

Figure 25. Response to ±20Vp-p Reference Square Wave

Figure 27.

An error budget illustrating the importance of low amplifier
input current, voltage offset and offset voltage drift to minimize
output voltage errors can be developed by considering the equi
valent circuit for the small (0.2mm2 area) photodiode shown in
Figure 27. The input current results in an error proportional to
the feedback resistance used. The amplifier’s offset will produce
an error proportional to the preamp’s noise gain (1 +RF/RSH)>
where RSH is the photodiode shunt resistance. The amplifier’s
input current will double with every 10°C rise in temperature,
and the photodiode’s shunt resistance halves with every 10°C
rise. The error budget in Figure 28 assumes a room temperature
photodiode RSH of 500MJ1, and the maximum input current
and input offset voltage specs of an AD548C.
TEMP
°C
-25
0
+ 25
+ 50
+ 75
+ 85

(Mil) Vos (nV)
15,970
150
2,830
200
500
250
300
88.5
15.6
350
7.8
370

Rsh

(1 +

Rf'^sh) Vos

151jiV
207jiV
300jiV
640jiV
2.6mV
5.1mV

lB(pA)
0.30
2.26
10.00
56.6
320
640

•b Rf

30jxV
262J1V
1.0mV
5.6mV
32mV
64m V

TOTAL
181|
*V
469|iV
1.30mV
6.24mV
34.6mV
69.1 mV

Figure 28. Photo Diode Pre-Amp Errors Over Temperature

The capacitance at the amplifier’s negative input (the sum of the
photodiode’s shunt capacitance, the op amp’s differential input
capacitance, stray capacitance due to wiring, etc.) will cause a
rise in the preamp’s noise gain over frequency. This can result
in excess noise over the bandwidth of interest. CF reduces the
noise gain “peaking” at the expense of bandwidth.

Figure 26. Response to ± 100mV p-p Reference Square
Wave
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INSTRUMENTATION AMPLIFIER
The AD548C’s maximum input current of lOpA makes it an
excellent building block for the high input impedance in
strumentation amplifier shown in Figure 29. Total current drain
for this circuit is under 600|xA. This configuration is optimal
for conditioning differential voltages from high impedance

B are developed according to the following familiar diode
equation:
VBE = (kT/q) In (Ic/IEs)

In this equation, k is Boltzmann’s constant, T is absolute tem
perature, q is an electron charge, and IEs is the reverse saturation
current of the logging transistors. The difference of these two
voltages is taken by the subtractor section and scaled by a factor
of approximately 16 by resistors R9, R10, and R8. Temperature
compensation is provided by resistors R8 and R15, which have
a positive 3500 ppm/°C temperature coefficient. The transfer
function for the output voltage is:
VOUT=lVlog10 (I2/I.)

Frequency compensation is provided by Rll, R12, Cl, and C2.
Small signal bandwidth is approximately 300kHz at input currents
above IOOjiA and will proportionally decrease with lower signal
levels. DI, D2, R13, and R14 compensate for the effects of the
two logging transistors’ ohmic emitter resistance.

Figure 29. Low Power Instrumentation Amplifier

The overall gain of the circuit is controlled by Rg, resulting in
the following transfer function:
Vqut _ .
Vin

(Ri + R2)
Rg

Gains of 1 to 100 can be accommodated with gain nonlinearities
of less than 0.01%. Referred to input errors, which contribute
an output error proportional to in amp gain, include a maximum
untrimmed input offset voltage of 0.5mV and an input offset
voltage drift over temperature of 4p.V/°C. Output errors, which
are independent of gain, will contribute an additional 0.5mV
offset and 4p.V/°C drift. The maximum input current is 15pA
over the common-mode range, with a common-mode impedance
of over 1 x 1012fl. Resistor pairs R3/R5 and R4/R6 should be
ratio matched to 0.01% to take full advantage of the AD548’s
high common mode rejection. Capacitors Cl and Cl' compensate
for peaking in the gain over frequency caused by input capacitance
when gains of 1 to 3 are used.

The — 3dB small signal bandwidth for this low power in
strumentation amplifier is 700kHz for a gain of 1 and 10kHz for
a gain of 100. The typical output slew rate is 1.8V/jis.
Figure 30. Log Ratio Amplifier

LOG RATIO AMPLIFIER
Log ratio amplifiers are useful for a variety of signal conditioning
applications, such as linearizing exponential transducer outputs
and compressing analog signals having a wide dynamic range.
The AD548’s picoamp level input current and low input offset
voltage make it a good choice for the front-end amplifier of the
log ratio circuit shown in Figure 30. This circuit produces an
output voltage equal to the log base 10 of the ratio of the input
currents Ii and I2. Resistive inputs Rl and R2 are provided for
voltage inputs.

Input currents Ii and I2 set the collector currents of QI and Q2,
a matched pair of logging transistors. Voltages at points A and
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To trim this circuit, set the two input currents to lOpA and
adjust VOut to zero by adjusting the potentiometer on A3.
Then set I2 to 1 pA and adjust the scale factor such that the
output voltage is IV by trimming potentiometer R10. Offset
adjustment for Al and A2 is provided to increase the accuracy
of the voltage inputs.

This circuit ensures a 1% log conformance error over an input
current range of 300pA to 1mA, with low level accuracy limited
by the AD548’s input current. The low level input voltage
accuracy of this circuit is limited by the input offset voltage and
drift of the AD548.

ANALOG
DEVICES
FEATURES
Ultralow Bias Current: 60 fA max (AD549L)
250 fA max (AD549J)
Input Bias Current Guaranteed Over Common-Mode
Voltage Range
Low Offset Voltage: 0.25 mV max (AD549K)
1.00 mV max (AD549J)
Low Offset Drift: 5 pV/°C max (AD549K)
20 jiV/°C max (AD549J)
Low Power: 700 pA max Supply Current
Low Input Voltage Noise: 4 pV p-p 0.1 to 10 Hz
MIL-STD-883B Parts Available

Ultralow Input Bias Current
Operational Amplifier
*
AD549
AD549 CONNECTION DIAGRAM
GUARD PIN. CONNECTED TO CASE

OFFSET

INPUT
NULL

INPUT

NOTE: PIN 4 CONNECTED TO CASE
10k<>

APPLICATIONS
Electrometer Amplifiers
Photodiode Preamp
pH Electrode Buffer
Vacuum Ion Gage Measurement

PRODUCT DESCRIPTION
The AD549 is a monolithic electrometer operational amplifier
with very low input bias current. Input offset voltage and input
offset voltage drift are laser trimmed for precision performance.
The AD549’s ultralow input current is achieved with “Topgate”
JFET technology, a process development exclusive to Analog
Devices. This technology allows the fabrication of extremely low
input current JFETs compatible with a standard junctionisolated bipolar process. The 1015 fl common-mode impedance,
a result of the bootstrapped input stage, insures that the input
current is essentially independent of common-mode voltage.
The AD549 is suited for applications requiring very low input
current and low input offset voltage. It excels as a preamp for a
wide variety of current output transducers such as photodiodes,
photomultiplier tubes, or oxygen sensors. The AD549 can also
be used as a precision integrator or low droop sample and hold.
The AD549 is pin compatible with standard FET and electrom
eter op amps, allowing designers to upgrade the performance of
present systems at little additional cost.
The AD549 is available in a TO-99 hermetic package. The case
is connected to Pin 8 so that the metal case can be independently
connected to a point at the same potential as the input termi
nals, minimizing stray leakage to the case.

-15V

The AD549 is available in four performance grades. The J, K,
and L versions are rated over the commercial temperature range
0 to 170°C. The S grade is specified over the military tempera
ture range of -55°C to +125°C and is available processed to
MIL-STD-883B, Rev C. Extended reliability PLUS screening is
also available. PLUS screening includes 168-hour burn-in, as
well as other environmental and physical tests derived from
MIL-STD-883B, Rev C.

PRODUCT HIGHLIGHTS
1. The AD549’s input currents are specified, 100% tested and
guaranteed after the device is warmed up. Input current is
guaranteed over the entire common-mode input voltage
range.
2. The AD549’s input offset voltage and drift are laser trimmed
to 0.25 mV and 5 pV/°C (AD549K), 1 mV and 20 pV/°C
(AD549J).
3. A maximum quiescent supply current of 700 pA minimizes
heating effects on input current and offset voltage.

4. AC specifications include 1 MHz unity gain bandwidth and
3 V/ps slew rate. Settling time for a 10 V input step is 5 ps
to 0.01%.
5. The AD549 is an improved replacement for the AD515,
OPA104, and 3528.

‘Covered by Patent No. 4,639,683.
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(@ +25°C and Vs = +15 V de, unless otherwise noted)

Model

Min

AD549J
Typ

Max

150
150

250
250

INPUT BIAS CURRENT'
Either Input, Vcsl = 0 V
Either Input, VCM = ±10 V
Either Input at Tmax,
Vcm = 0 v
Offset Current
Offset Current at Tmax

Min

75
75

0.5

10
32
32
15

Max

Min

0.15

1.0
1.9
20
100
100

2
10
10
15

AD549L
Typ

40
40

100
100

Max

Min

AD549S
Typ
75
75

60
60

Max

Units

100
100

fA
fA

pA
fA
pA

420
30
125

2.8
20
0.85

4.2
30
1.3

11
50
2.2

INPUT OFFSET VOLTAGE2
Initial Offset
Offset at Tmax
vs. Temperature
vs. Supply
vs. Supply, Tm,„ to Tma,
Long-Term Offset Stability

AD549K
Typ

0.3

0.5
2.0
15
32
50

mV
mV
pV/°C
pV/V
pV/V
pV/Month

0.25
0.4
5
32
32

0.3

6

4
90
60
35
35

4
90
60
35
35

jiV p-^_
nV/VHz
nV/VHz
nV/VHz
nV/VHz

5
10
10
15

0.5
0.9
10
32
32

10
10
32
15

INPUT VOLTAGE NOISE
f = 0.1 Hz to 10 Hz
f = 10 Hz
f = 100 Hz
f = 1 kHz
f = 10 kHz

4
90
60
35
35

4
90
60
35
35

INPUT CURRENT NOISE
f=0.1 Hz to 10 Hz
f=l kHz

0.7
0.22

0.5
0.16

0.36
0.11

0.5
0.16

fA rms
fA/V Hz

1013||l

1013||l

1013||l

10,3||l

ftllpF

10I5||0.8

10l5||0.8

10I5||0.8

1015||0.8

HllpF

INPUT IMPEDANCE
Differential
Vdiff = ±1
Common Mode
Vcm =

OPEN-LOOP GAIN
Vo@ ±10 V, Rl = 10 k
Vo@ ±10 V, Rl = 10 k,
Tmin to Tmax
Vo ="± 10 V, R[ = 2 k
Vo = ±10 V, RL = 2 k,
Tmin to Tmax

INPUT VOLTAGE RANGE
Differential3
Common-Mode Voltage
Common-Mode Rejection Ratio
V= + 10V, -10 V
Tm,n to Tmax
OUTPUT CHARACTERISTICS
Voltage @ Rb = 10 k,
Tmln to T^
Voltage @ RL = 2 k,
Tmip to Tm.,
Short Circuit Current
Tmln to Tmax
Load Capacitance Stability
G = +1

FREQUENCY RESPONSE
Unity Gain, Small Signal
Full Power Response
Slew Rate
Settling Time, 0.1%
0.01%
Overload Recovery,
50% Overdrive, G = -1
POWER SUPPLY
Rated Performance
Operating
Quiescent Current

300

1000

300

1000

300

1000

300

1000

V/mV

300
100

800
250

300
100

800
250

300
100

800
250

300
100

800
250

V/mV
V/mV

80

200

80

200

80

200

25

150

V/mV

±20
+ 10

-10
80
76

-12
-10
15
9

90
80

90
80

20

+ 12

-12

+ 10
35

-10
15
9

2

0.7

1.0
50
3
4.5
5

2
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-12

+ 10
35

-10
15
9

±18
0.70

0.7

1.0
50
3
4.5
5

±5
0.60

90
80

100
90

20

+ 12

-12

+ 10
35

-10
15
6

2

0.7

1.0
50
3
4.5
5

2

2
±15

±18
0.70

±5

0.60

±20
+ 10

-10

4000

±15

±15
0.60

20

+ 12

2

2

±5

90
80

100
90

±20
+ 10

-10

4000

4000

0.7

±20
+ 10

-10

dB
dB

100
90

20

+ 12

V

+ 10
35

V
mA
mA

4000

pF

1.0
50
3
4.5
5

MHz
kHz
V/ps
ps
PLS

2

ps

±15

±18
0.70

V
V

±5

0.60

±18
0.70

V
V
mA

AD549
Model

Min

TEMPERATURE RANGE
Operating, Rated Performance
Storage

0
-65

PACKAGE OPTION
*
TO-99 (H-08A)

AD549J
Typ

AD549JH

Max

Min

70
+ 150

0
-65

AD549K
Typ

AD549KH

Max

Min

70
+ 150

0
-65

AD549L
Typ

AD549LH

Max

Min

70
+ 150

-55
-65

AD549S
Typ

Max

Units

+ 125
+ 150

°C
°C

AD549SH

2
‘Bias current specifications are guaranteed after 5 minutes of operation at TA = +25°C. Bias current increases by a factor of 2.3 for every 10°C rise in
temperature.
2Input offset voltage specifications are guaranteed after 5 minutes of operation at TA = +25°C.
’Defined as max continuous voltage between the inputs such that neither input exceeds ±10 V from ground.
4See Section 20 for package outline information.
Specifications subject to change without notice.
All min and max specifications are guaranteed.Specifications in boldface are tested on all production units at final electrical test. Results from those tests are
used to calculate outgoing quality levels.

ABSOLUTE MAXIMUM RATINGS1
Supply Voltage...................................................................... ± 18 V
Internal Power Dissipation..............................................500 mW
Input Voltage...................................................................... ±18 V2
Output Short Circuit Duration....................................... Indefinite
Differential Input Voltage....................................... + VS and -Vs
Storage Temperature Range H.......................... -65°C to + 150°C
Operating Temperature Range
AD549J, K, L............................................................ 0 to +70°C
AD549S............................................................ -55°C to +125°C
Lead Temperature Range (Soldering 60 sec)................... + 300°C

NOTES
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated
in the operational section of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
2For supply voltages less than ±18 V, the absolute maximum input voltage is
equal to the supply voltage.

CAUTION:-------------------------------------------------------------------------------------------------------ESD (electrostatic discharge) sensitive device. Charges as high as 4000 V readily accumulate on
the human body and test equipment and discharge without detection. Therefore, reasonable ESD
precautions are recommended to avoid functional damage or performance degradation. Unused
devices should be stored in conductive foam or shunts, and the foam should be discharged to the
destination socket before devices are removed. For further information on ESD precautions, refer
to Analog Devices’ ESD Prevention Manual.
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Typical Characateristics

Figure 3. Output Voltage
Swing vs. Load Resistance

Figure 2. Output Voltage
Swing vs. Supply Voltage

Figure 5. CMRR vs. Input
Common-Mode Voltage

25

20

>

1 15

I

< 10

0

/
/
L

1

Figure 7. Open-Loop Gain vs.
Temperature

2
3
4
5
WARM-UPTIME Minute
*

6

7

Figure 9. Input Bias Current
vs. Common-Mode Voltage

Figure 8. Change in Offset
Voltage vs. Warm-Up Time

I io
i

z
0

10 0
1
FREQ UENC Y - H

k

SOURCE RESISTANCE - 11

Figure 10. Input Bias Current
vs. Supply Voltage
2-86 OPERATIONAL AMPLIFIERS

Figure 11. Input Voltage Noise
Spectral Density

Figure 12. Noise vs. Source
Resistance

AD549

Figure 13. Open-Loop

Figure 16. PSRR vs.
Frequency

Figure 14. Large Signal

Figure 15. CMRR vs.

Figure 17. Output Voltage
Swing and Error vs.
Settling Time

Figure 18. Unity Gain
Follower

Figure 21. Unity Gain Inverter

Figure 22. Unity Gain Inverter
Large Signal Pulse Response

Figure 23. Unity Gain Inverter
Small Signal Pulse Response
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MINIMIZING INPUT CURRENT
The AD549 has been optimized for low input current and offset
voltage. Careful attention to how the amplifier is used will re
duce input currents in actual applications.
The amplifier operating temperature should be kept as low as
possible to minimize input current. Like other JFET input am
plifiers, the AD549’s input current is sensitive to chip tempera
ture, rising by a factor of 2.3 for every 10°C rise. This is illus
trated in Figure 24, a plot of AD549 input current versus
ambient temperature.

Figure 26. Sources of Parasitic Leakage Currents

TEMPERATURE - X

Figure 24. AD549 Input Bias Current vs. Ambient
Temperature

On-chip power dissipation will raise chip operating temperature
causing an increase in input bias current. Due to the AD549’s
low quiescent supply current, chip temperature when the (un
loaded) amplifier is operated with 15 V supplies, is less than
3°C higher than ambient. The difference in input current is
negligible.

However, heavy output loads can cause a significant increase in
chip temperature and a corresponding increase in input current.
Maintaining a minimum load resistance of 10 (1 is recommended.
Input current versus additional power dissipation due to output
drive current is plotted in Figure 25.

Figure 25. AD549 Input Bias Current vs. Additional Power
Dissipation

CIRCUIT BOARD NOTES
There are a number of physical phenomena that generate spuri
ous currents that degrade the accuracy of low current measure
ments. Figure 26 is a schematic of an I-to-V converter with
these parasitic currents modeled.

Finite resistance from input lines to voltages on the board, mod
eled by resistor RP, results in parasitic leakage. Insulation resis
tance of over 1015 fl must be maintained between the amplifier’s
signal and supply lines in order to capitalize on the AD549’s low
input currents. Standard PC board material does not have high
enough insulation resistance. Therefore, the AD549’s input
leads should be connected to standoffs made of insulating mate
rial with adequate volume resistivity (e.g., Teflon
*).
The surface
of the insulator’s surface must be kept clean in order to preserve
surface resistivity. For Teflon, an effective cleaning procedure
consists of swabbing the surface with high-grade isopropyl alco
hol, rinsing with deionized water, and baking the board at 80°C
for 10 minutes.
In addition to high volume and surface resistivity, other proper
ties are desirable in the insulating material chosen. Resistance to
water absorption is important since surface water films drasti
cally reduce surface resistivity. The insulator chosen should also
exhibit minimal piezoelectric effects (charge emission due to me
chanical stress) and triboelectric effects (charge generated by
friction). Charge imbalances generated by these mechanisms can
appear as parasitic leakage currents. These effects are modeled
by variable capacitor CP in Figure 26. The table in Figure 27
lists various insulators and their properties.1

Material

Volume
Resistivity
(O-CM)

Teflon
*»
Kel-F
Sapphire
Polyethylene
Polystyrene
Ceramic
Glass Epoxy
PVC
Phenolic

1017-101B
1017-101B
101B-1018
10,4-1018
1012-1018
1012-10’4
10,o-1017
101o-1016
105 -10’2

Minimal
Triboelectric
Effects
W
W
M
M
W
W
W
G
W

Minimal
Piezoelectric
Effects
W
M
G
G
M
M
M
M
G

Resistance
to Water
Absorption
G
G
G
M
M
W
W
G
W

G-Good with Regard to Property
M-Moderate with Regard to Property
W-Weak with Regard to Property

Figure 27. Insulating Materials and Characteristics

'Electronic Measurements, pp. 15-17, Keithley Instruments, Inc., Cleveland,
Ohio, 1977.
*Teflon is a registered trademark of E.I. DuPont Co.
**Kel-F is a registered trademark of 3-M Company.
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Guarding the input lines by completely surrounding them with a
metal conductor biased near the input lines’ potential has two
major benefits. First, parasitic leakage from the signal line is
reduced since the voltage between the input line and the guard
is very low. Second, stray capacitance at the input node is mini
mized. Input capacitance can substantially degrade signal band
width and the stability of the I-to-V converter. The case of the
AD549 is connected to Pin 8 so that it can be bootstrapped near
the input potential. This minimizes pin leakage and input
common-mode capacitance due to the case. Guard schemes for
inverting and noninverting amplifier topologies are illustrated in
Figures 28 and 29.

referenced to the power supplies in series with the amplifier’s
positive input terminal. The amplifier’s input offset voltage drift
with temperature is not affected. However, variation of the
power supply voltages will cause offset shifts.

Figure 31. Alternate Offset Null Circuit for Inverter

Figure 28. Inverting Amplifier with Guard

AC RESPONSE WITH HIGH VALUE SOURCE AND
FEEDBACK RESISTANCE
Source and feedback resistances greater than 100 k!l will mag
nify the effect of input capacitances (stray and inherent to the
AD549) on the ac behavior of the circuit. The effects of
common-mode and differential input capacitances should be
taken into account since the circuit’s bandwidth and stability
can be adversely affected.

In a follower, the source resistance and input common-mode
capacitance form a pole that limits the bandwidth to 1/2-rr RSCS.
Bootstrapping the metal case by connecting Pin 8 to the output
minimizes capacitance due to the package. Figures 32 and 33
show the follower pulse response from a 1 Mil source resistance
with and without the package connected to the output. Typical
common-mode input capacitance for the AD549 is 0.8 pF.

Figure 29. Noninverting Amplifier with Guard

Other guidelines include keeping the circuit layout as compact
as possible and input lines short. Keeping the assembly rigid
and minimizing sources of vibration will reduce triboelectric and
piezoelectric effects. All precision high impedance circuitry re
quires shielding against interference noise. Low noise coax or
triax cables should be used for remote connections to the input
signal lines.

OFFSET NULLING
The AD549’s input offset voltage can be nulled by using balance
Pins 1 and 5, as shown in Figure 30. Nulling the input offset
voltage in this fashion will introduce an added input offset volt
age drift component of 2.4 p.V/°C per millivolt of nulled offset
(a maximum additional drift of 0.6 jjlV/°C for the AD549K,
1.2 p.V/°C for the AD549L, 2.4 pV/°C for the AD549J).

In an inverting configuration, the differential input capacitance
forms a pole in the circuit’s loop transmission. This can create
peaking in the ac response and possible instability. A feedback
capacitance can be used to stabilize the circuit. The inverter
pulse response with RF and Rs equal to 1 MG appears in Figure

Figure 32. Follower Pulse Response from 1 MO Source
Resistance, Case Not Bootstrapped

Figure 30. Standard Offset Null Circuit

The approach in Figure 31 can be used when the amplifier is
used as an inverter. This method introduces a small voltage
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INPUT PROTECTION
The AD549 safely handles any input voltage within the supply
voltage range. Subjecting the input terminals to voltages beyond
the power supply can destroy the device or cause shifts in input
current or offset voltage if the amplifier is not protected.

A protection scheme for the amplifier as an inverter is shown in
Figure 37. RP is chosen to limit the current through the invert
ing input to 1 mA for expected transient (less than 1 second)
overvoltage conditions, or to 100 pA for a continuous overload.
Since RP is inside the feedback loop, and is much lower in value
than the amplifier’s input resistance, it does not affect the in
verter’s de gain. However, the Johnson noise of the resistor will
add root sum of squares to the amplifier’s input noise.

Feedback Resistance, 1pF Feedback Capacitance

COMMON-MODE INPUT VOLTAGE OVERLOAD
The rated common-mode input voltage range of the AD549 is
from 3 V less than the positive supply voltage to 5 V greater
than the negative supply voltage. Exceeding this range will de
grade the amplifier’s CMRR. Driving the common-mode voltage
above the positive supply will cause the amplifier’s output to
saturate at the upper limit of output voltage. Recovery time is
typically 2 ps after the input has been returned to within the
normal operating range. Driving the input common-mode volt
age within 1 V of the negative supply causes phase reversal of
the output signal. In this case, normal operation is typically re
sumed within 0.5 ps of the input voltage returning within
range.

DIFFERENTIAL INPUT VOLTAGE OVERLOAD
A plot of the AD549’s input currents versus differential input
voltage (defined as VIN+ -VIN-) appears in Figure 36. The
input current at either terminal stays below a few hundred
femtoamps until one input terminal is forced higher than 1 to
1.5 V above the other terminal. Under these conditions, the in
put current limits at 30 pA.

In the corresponding version of this scheme for a follower,
shown in Figure 38, RP and the capacitance at the positive input
terminal will produce a pole in the signal frequency response at
a f = 1/2ttRC. Again, the Johnson noise RP will add to the am
plifier’s input voltage noise.

Figure 38. Follower with Input Current Limit

Figure 39 is a schematic of the AD549 as an inverter with an
input voltage clamp. Bootstrapping the clamp diodes at the in
verting input minimizes the voltage across the clamps and keeps
the leakage due to the diodes low. Low leakage diodes, such as
the FD333’s should be used, and should be shielded from light
to keep photocurrents from being generated. Even with these
precautions, the diodes will measurably increase the input cur
rent and capacitance.
R,

Figure 39. Input Voltage Clamp with Diodes

Figure 36. Input Current vs. Differential Input Voltage
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SAMPLE AND DIFFERENCE CIRCUIT TO MEASURE
ELECTROMETER LEAKAGE CURRENTS
There are a number of methods used to test electrometer leak
age currents, including current integration and direct current to
voltage conversion. Regardless of the method used, board and
interconnect cleanliness, proper choice of insulating materials
(such as Teflon or Kel-F), correct guarding and shielding tech
niques and care in physical layout are essential to making accu
rate leakage measurements.

Figure 40 is a schematic of the sample and difference circuit. It
uses two AD549 electrometer amplifiers (A and B) as current-tovoltage converters with high value (IO10 fl) sense resistors (RSa
and RSb). R1 and R2 provide for an overall circuit sensitivity of
10 fA/mV (10 pA full scale). Cc and CF provide noise suppres
sion and loop compensation. Cc should be a low leakage poly
styrene capacitor. An ultralow leakage Kel-F test socket is used
for contacting the device under test. Rigid Teflon coaxial cable
is used to make connections to all high impedance nodes. The
use of rigid coax affords immunity to error induced by mechani
cal vibration and provides an outer conductor for shielding. The
entire circuit is enclosed in a grounded metal box.

The test apparatus is calibrated without a device under test
present. A five minute stabilization period after the power is
turned on is required. First, VERR1 and VERR2 are measured.
These voltages are the errors caused by offset voltages and leak
age currents of the current to voltage converters.

Verri = 10 (VqsA — IrA x RSa)
VERR2 = 10 (VOSB - IbB x RSb)

Once measured, these errors are subtracted from the readings
taken with a device under test present. Amplifier B closes the
feedback loop to the device under test, in addition to providing
current to voltage conversion. The offset error of the device un
der test appears as a common-mode signal and does not affect
the test measurement. As a result, only the leakage current of
the device under test is measured.
VA ~ VERR1 = 10[RSa x IB(+)]
Vx — VERR2 = 10[RSb x IB(—)]

Although a series of devices can be tested after only one calibra
tion measurement, calibration should be updated periodically to
compensate for any thermal drift of the current to voltage con
verters or changes in the ambient environment. Laboratory re
sults have shown that repeatable measurements within 10 fA can
be realized when this apparatus is properly implemented. These
results are achieved in part by the design of the circuit, which
eliminates relays and other parasitic leakage paths in the
high impedance signal lines, and in part by the inherent can
cellation of errors through the calibration and measurement
procedure.

PHOTODIODE INTERFACE
The AD549’s low input current and low input offset voltage
make it an excellent choice for very sensitive photodiode pre
amps (Figure 41). The photodiode develops a signal current, Is
equal to:
Is = R x P

where P is light power incident on the diode’s surface in Watts
and R is the photodiode responsivity in Amps/Watt. RF con
verts the signal current to an output voltage:
Vqut ~ Rf x Is

10k

Figure 41. Photodiode Preamp

Figure 40. Sample and Difference Circuit for Measuring
Electrometer Leakage Currents
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DC error sources and an equivalent circuit for a small area
(0.2 mm square) photodiode are indicated in Figure 42.

Figure 42. Photodiode Preamp DC Error Sources

Input current, IB, will contribute an output voltage error, VE1,
proportional to the feedback resistance:

Vei = Ib x Rf
The op amp’s input voltage offset will cause an error current
through the photodiode’s shunt resistance, Rs:

I = vos/Rs
The error current will result in an error voltage (VE2) at the am
plifier’s output equal to:

VE2 = (1+RF/RS)

vos

Given typical values of photodiode shunt resistance (on the or
der of 109 fl), RF/RS can easily be greater than one, especially if
a large feedback resistance is used. Also, RF/RS will increase
with temperature, as photodiode shunt resistance typically drops
by a factor of two for every 10°C rise in temperature. An op
amp with low offset voltage and low drift must be used in order
to maintain accuracy. The AD549K offers guaranteed maximum
0.25 mV offset voltage, and 5 mV/°C drift for very sensitive
applications.
Photodiode Preamp Noise
Noise limits the signal resolution obtainable with the preamp.
The output voltage noise divided by the feedback resistance is
the minimum current signal that can be detected. This mini
mum detectable current divided by the responsivity of the pho
todiode represents the lowest light power that can be detected
by the preamp.

Noise sources associated with the photodiode, amplifier, and
feedback resistance are shown in Figure 43; Figure 44 is the
spectral density versus frequency plot of each of the noise
source’s contribution to the output voltage noise (circuit parame
ters in Figure 42 are assumed). Each noise source’s rms contri
bution to the total output voltage noise is obtained by integrat
ing the square of its spectral density function over frequency.
The rms value of the output voltage noise is the square root of
the sum of all contributions. Minimizing the total area under
these curves will optimize the preamplifier’s resolution for a

Figure 44. Photodiode Preamp Noise Sources' Spectral
Density vs. Frequency

The photodiode preamp in Figure 41 can detect a signal current
of 26 fA rms at a bandwidth of 16 Hz, which assuming a photo
diode responsivity of 0.5 A/W, translates to a 52 fW rms mini
mum detectable power. The photodiode used has a high source
resistance and low junction capacitance. CF sets the signal band
width with Rf and also limits the “peak” in the noise gain that
multiplies the op amp’s input voltage noise contribution. A sin
gle pole filter at the amplifier’s output limits the op amp’s out
put voltage noise bandwidth to 26 Hz, a frequency comparable
to the signal bandwidth. This greatly improves the preamplifi
er’s signal to noise ratio (in this case, by a factor of three).

Log Ratio Amplifier
Logarithmic ratio circuits are useful for processing signals with
wide dynamic range. The AD549L’s 60 fA maximum input cur
rent makes it possible to build a log ratio amplifier with 1% log
conformance for input current ranging from 10 pA to 1 mA, a
dynamic range of 160 dB.
The log ratio amplifier in Figure 45 provides an output voltage
proportional to the log base 10 of the ratio of the input currents
Il and 12. Resistors R1 and R2 are provided for voltage inputs.
Since NPN devices are used in the feedback loop of the front
end amplifiers that provide the log transfer function, the output
is valid only for positive input voltages and input currents. The
input currents set the collector currents IC1 and IC2 of a
matched pair of log transistors QI and Q2 to develop voltages
VA and VB:

VA, B = - (kT/q) In IC/IES

where IES is the transistors’ saturation current.
The difference of VA and VB is taken by the subtractor section
to obtain:

VC = (kT/q) In (IC2/IC1)
VC is scaled up by the ratio of (R9+R10)/R8, which is equal to
approximately 16 at room temperature, resulting in the output
voltage:
VOUT = 1 x log (IC2/IC1) V.

R8 is a resistor with a positive 3500 ppm/°C temperature coeffi
cient to provide the necessary temperature compensation. The
parallel combination of R15 and R7 is provided to keep the sub
tractor section’s gain for positive and negative inputs matched
over temperature.
Figure 43. Photodiode Preamp Noise Sources
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Frequency compensation is provided by Rll, R12, and Cl and
C2. The bandwidth of the circuit is 300 kHz at input signals
greater than 50 jiA, and decreases smoothly with decreasing sig
nal levels.

To trim the circuit, set the input currents to 10 pA and trim
A3’s offset using the amplifier’s trim potentiometer so the out
put equals 0. Then set II to 1 pA and adjust the output to
equal 1 V by trimming R10. Additional offset trims on the am
plifiers Al and A2 can be used to increase the voltage input ac
curacy and dynamic range.
The very low input current of the AD549 makes this circuit use
ful over a very wide range of signal currents. The total input
current (which determines the low level accuracy of the circuit)
is the sum of the amplifier input current, the leakage across the
compensating capacitor (negligible if polystyrene or Teflon ca
pacitor is used), and the collector to collector, and collector to
base leakages of one side of the dual log transistors. The magni
tude of these last two leakages depend on the amplifier’s input
offset voltage and are typically less than 10 fA with 1 mV off
sets. The low level accuracy is limited primarily by the amplifi
er’s input current, only 60 fA maximum when the AD549L is
used.

TEMPERATURE COMPENSATED pH PROBE
AMPLIFIER
A pH probe can be modeled as a mV-level voltage source with a
series source resistance dependent upon the electrode’s composi
tion and configuration. The glass bulb resistance of a typical pH
electrode pair falls between 106 and 109 fl. It is therefore impor
tant to select an amplifier with low enough input currents such
that the voltage drop produced by the amplifier’s input bias cur
rent and the electrode resistance does not become an appreciable
percentage of a pH unit.
The circuit in Figure 46 illustrates the use of the AD549 as a
pH probe amplifier. As with other electrometer applications, the
use of guarding, shielding, Teflon standoffs, etc., is a must in
order to capitalize on the AD549’s low input current. If an
AD549L (60 fA max input current) is used, the error contrib
uted by input current will be held below 60 p.V for pH elec
trode source impedances up to 109 fl. Input offset voltage
(which can be trimmed) will be below 0.5 mV.

The effects of the emitter resistance of QI and Q2 can degrade
the circuit’s accuracy at input currents above 100 pA. The net
works composed of R13, DI, R16, and R14, D2, R17 compen
sate for these errors, so that this circuit has less than 1% log
conformance error at 1 mA input currents. The correct value for
R13 and R14 depends on the type of log transistors used.
49.9 kfl resistors were chosen for use with LM394 transistors.
Smaller resistance values will be needed for smaller log
transistors.

Figure 46. Temperature Compensated pH Probe Amplifier

The pH probe output is ideally zero volts at a pH of 7 indepen
dent of temperature. The slope of the probe’s transfer function,
though predictable, is temperature dependent (-54.2 mV/pH at
0 and -74.04 mV/pH at 100°C). By using an AD590 tempera
ture sensor and an AD535 analog divider, an accurate tempera
ture compensation network can be added to the basic pH probe
amplifier. The table in Figure 47 shows voltages at various
points and illustrates the compensation. The AD549 is set for a
noninverting gain of 13.51. The output of the AD590 circuitry
(point C) will be equal to 10 V at 100°C and decrease by
26.8 mV/°C. The output of the AD535 analog divider (point D)
will be a temperature compensated output voltage centered at
zero volts for a pH of 7, and having a transfer function of
-l.OOV/pH unit. The output range spans from -7.00 V
(pH=14) to +7.00 V (pH = 0).
PROBE
TEMP
0
25°C
37°C
60°C
100°C

Figure 45. Log Ratio Amplifier

A
(PROBE OUTPUT)

B
(AX13.51)

C
(590 OUTPUT)

D
(10 B/C)

54.20 mV
59.16 mV
61.54 mV
66.10 mV
74.04 mV

0.732 V
0.799 V
0.831 V
0.893 V
1.000 V

7.32 V
7.99 V
8.31 V
8.93 V
10.00 V

1.00 V
1.00 V
1.00 V
1.00 V
1.00 V

Figure 47. Table Illustrating Temperature Compensation
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ANALOG
DEVICES

Precision, Low Cost
Dual BiFET Op Amp

AD642
FEATURES
Matched Offset Voltage
Matched Offset Voltage Over Temperature
Matched Bias Current
Crosstalk-124dB at 1kHz
Low Bias Current: 35pA max Warmed Up
Low Offset Voltage: 500pV max
Low Input Voltage Noise: 2pV p-p
High Open Loop Gain
Low Quiescent Current: 2.8mA max
Low Total Harmonic Distortion
Standard Dual Amplifier Pin Out
Available in Hermetic Metal Can Package and Chip Form
MIL-STD-883B Processing Available
Single Version Available: AD542

PIN 4 IS IN ELECTRICAL
CONTACT WITH THE CASE

TOP VIEW

PRODUCT DESCRIPTION
The AD642 is a pair of matched high speed monolithic Bi
FET operational amplifier fabricated with the most advanced
bipolar, JFET and laser trimming technologies. The AD642
offers matched bias currents that are significantly lower than
currently available monolithic dual FET input operational
amplifiers: 35pA max matched to 25pA for the AD642K
and L; 75pA max, matched to 35pA for the AD642J and S.
In addition, the offset voltage is laser trimmed to less than
0.5mV and matched to O.25mV for the AD642L, l.OmV and
matched to 0.5mV for the AD642K, utilizing Analog’s laser
wafer trimming (LWT) process.

The tight matching and temperature tracking between the
operational amplifiers is achieved by ion-implanted JFETs
and laser-wafer trimming. Ion-implantation permits the fab
rication of precision, matched JFETs on a monolithic bipolar
chip. This optimizes the process to product matched bias
currents which have lower initial bias currents than other
popular BiFET op amps. Laser-wafer trimming each am
plifier’s input offset voltage assures tight initial match and
combined with superior IC processing guarantees offset volt
age tracking over the temperature range.

The AD642 is recommended for applications in which excel
lent ac and de performance is required. The matched ampli
fiers provide a low-cost solution for true instrumentation
amplifiers, log ratio amplifiers, and output amplifiers for four
quadrant multiplying D/A converters such as the AD7541.

The AD642 is available in four versions: the “J”, “K” and
“L,” all specified over the 0 to +70°C temperature range and
one version, “S,” over the -55°C to +125°C extended oper
ating temperature range. All devices are packaged in the
hermetically-sealed, TO-99 metal can or available in chip
form.
PRODUCT HIGHLIGHTS
1. The AD642 has tight matching specifications to ensure
high performance, eliminating the need to match indi
vidual devices.
2. Analog Devices, unlike some manufacturers, specifies each
device for the maximum bias current at either input in the
warmed-up condition, thus assuring the user that the
AD642 will meet its published specifications in actual use.
3. Laser-wafer-trimming reduces offset voltage to as low as
0.5mV max and matched side to side to0.25mV (AD642L),
thus eliminating the need for external nulling.

4. Low voltage noise (2p.V, p-p), and high open loop gain
enhance the AD642’s performance as a precision op amp.

5. The standard dual amplifier pin out allows the AD642 to
replace lower performance duals without redesign.
6. The AD642 is available in chip form.
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(@ +25°C and VS=±15V de)
Model

Min

OPEN LOOP GAIN
Vo = ±10V,RL2 2kfl
Tmi.»Tm.„RL = 2kn

100,000
100,000

OUTPUT CHARACTERISTICS
Voltage
R._ = 2k(l, T^ to Tm„
Voltage Rt = 10kIl,Tmi„toTmlx
Short Circuit Current

FREQUENCY RESPONSE
Unity Gain Small Signal
Full Power Response
Slew Rate, Unity Gain

±10
±12

2.0

AD642J
Typ

Max

Min

AD642K
Typ

Max

250,000
250,000

±10
±12

±12
± 13
25

1.0
50
3.0

2.0

AD642L
Typ

Min

Max

±10
±12

1.0
50
3.0

2.0

AD642S
Typ

Max

±10
±12

±12
±13
25

1.0
50
3.0

2.0

Unita
V/V

250,000
100,000

250,000
250,000

±12
± 13
25

Min

v/v
±12
±13
25

V
V
mA

1.0
50
3.0

MHz
kHz
V/ps

INPUT OFFSET VOLTAGE1

Initial Offset
Input Offset Voltage Tmin to T™
*
Input Offset Voltage vs. Supply,
Tmi.toT^

2.0
3.5

1.0
2.0

0.5
1.0

1.0
3.5

mV
mV

200

100

100

100

pV/V

35

pA
pA

0.5
3.5
35

INPUT BIAS CURRENT2

Either Input
Offset Current

10
5

75

10
2

10
2

35

10
2

35

MATCHING CHARACTERISTICS’
Input Offset Voltage
Input Offset Voltage Tmin to Tm„
Input Bias Current
Crosstalk

INPUT IMPEDANCE
Differential
Common Mode
INPUT VOLTAGE RANGE
Differential4

Common Mode
Common Mode Rejection

±10
76

INPUT NOISE
VoltageO.lHzto 10Hz
f= 10Hz
f= 100Hz
f= 1kHz
f= 10kHz
POWERSUPPLY
Rated Performance
Operating
Quiescent Current
TEMPERATURE RANGE
Operating, Rated Performance
Storage

- 124

-124

- 124

-124

mV
mV
pA
dB

10,2||6
10i2||6

10'2||6
10i2||6

10'2||6
1012||6

10l2||6
10,2||6

MIl||pF
MIl|jpF

±20
±12

V
V
dB

2
70
45
30
25

pVp-p
nV/VHz
nV/VHz
nV/VHz

1.0
3.5
35

±20
±12

0.25
1.0
25

0.5
2.0
25

±10
80

±20
±12

±10
80

2
70
45
30
25

2
70
45
30
25

±10
80

2
70
45
30
25

±15

±15

±20
± 12

nV/VHz

±15

±15

±5

±18
2.8

±5

±15
2.8

±5

±15
2.8

±5

± 15
2.8

0
-65

t 70
+ 150

0
-65

+ 70
+ 150

0
-65

+ 70
+ 150

-55
-65

+ 125
+ 150

TRANSISTOR COUNT

58

58

58

58

PACKAGE OPTION5
TO-99 Style (H-08B)

AD642JH

AD642KH

AD642SH

AD642LH

NOTES
‘Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA = + 25°C.
2Bias Current specifications are guaranteed at maximum at either input after. 5 minutes of operation at TA = +25°C. For higher temperatures, the current doubles every KFC.
^Matching is defined as the difference between parameters of the two amplifiers.
4Defined as the maximum safe voltage between inputs, such that neither exceeds ± 10V from ground.
5See Section 20 for package outline information.

Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.

METALIZATION PHOTOGRAPH
Dimensions shown in inches and (mm)
0.178
(4.52)

8

1
OUTPUT 1
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OUTPUT 2
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Typical Characteristics - AD642

Figure 2. Output Voltage Swing vs.
Supply Voltage

Figure 4. Quiescent Current vs.
Supply Voltage

Figure 5. Input Bias Current vs.
Power Supply Voltage

Figure 6. Input Bias Current vs.
Temperature

Figure 7. Input Bias Current us.
CMV

Figure 8. Change in Offset vs.
Warm-Up Time

Figure 9. Open Loop Gain vs
Temperature
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Figure 10. Open Loop Frequency
Response
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Figure 11. Open Loop Voltage
Gain vs. Supply Voltage

Figure 12. Power Supply Rejection
vs. Frequency
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Figure 13. Common Mode Rejection
Ratio vs. Frequency

Figure 14. Large Signal Frequency
Response

Output Settling Time (Circuit of
Figure 23)

SOURCE IMPEDANCE - fl

Figure 16. Total Harmonic Distortion
vs. Frequency

a. Unity Gain Follower
Figure 19.

b. Follower with Gain = 10
T.H. 1. Test Circuits

Figure 21a. Unity Gain Follower
Pulse Response (Large Signa!)
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Figure 17. Input Noise Voltage
Spectra! Density

Figure 18. Total Noise vs. Source
Impedance

Figure 20. Crosstalk Test Circuit

Figure 21b. Unity Gain Follower
Pulse Response (Small Signa!)

Figure 21c. Unity Gain Follower

Figure 22b. Unity Gain Inverter
Pulse Response (Large Signa!)

Figure 22c. Unity Gain Inverter
Pulse Response (Small Signa!)

AD642

Figure 23. Settling Time Test Circuit

Fast settling time (8/zs to 0.01% for 20V p-p step), low power
and low offset voltage make the AD642 an excellent choice
for use as an output amplifier for current output D/A con
verters such as the AD7541.

The output impedance of a CMOS DAC varies with the digital
word thus changing the noise of the amplifier circuit. This
effect will cause a nonlinearity whose magnitude is dependent
on the offset voltage of the amplifier. The AD642K with trim
med offset will minimize the effect. The Schottky protection
diodes recommended for use with many older CMOS DACs
are not required when using the AD642.
The upper trace of the oscilloscope photograph of Figure 24
shows the settling characteristic of the AD642. The lower
trace represents the input to Figure 23. The AD642 has been
designed for fast settling to 0.01%, however, feedback com
ponents, circuit layout and circuit design must be carefully
considered to obtain optimum settling time.

Rl, R2 “ 1% METAL FILM RESISTOR NEED OR EQUIVALENT
Ci. C» - POLYPROP OR POLYCARB: 10% 50V
R3. R< - 5% CARBON 1/4W, 1% METAL FILM PREFERRED
C3, C4 - LOW LKG, POLYPROPELENE, OR POLYCARB, 1/<F, 5%, 50V MIN

Figure 25. 0.1Hz to 10Hz 2nd Order Bandpass Filter,
Maximally Flat

The low frequency (1/f) noise has a power spectrum that is
inversely proportional to frequency. Typically this noise is
not important above 10Hz, but it can be important for low
frequency-high gain applications.

The low noise characteristics of the AD642 make it ideal for
1/f noise testing circuits. The circuit of Figure 25 is a 0.1Hz
to 10Hz bandpass filter with second order filter characteristics.
The circuit illustrated in Figure 26 uses two AD642s to con
struct an instrumentation amplifier with low input current
(35pA max), high linearity and low offset voltage and offset
voltage drift. The AD644 may be substituted for increased
speed, but the higher open-loop gain of the AD642 maintains
better linearity over the gain range of 1 to 1000. Amplifier Al
is an AD642L for low input offset voltage (250gV max) and
low input offset voltage drift at high gains because matching
and tracking are very important for the balanced input stage.
Amplifier A2 serves two nonrelated functions, output ampli
fier and active data-guard drive, and does not require close
matching between sections; thus it may be an AD642J.

Figure 27a. AD642 Used as DAC Output Amplifier

Figure 27a illustrates the AD7541 12-bit digital-to-analog
converter, connected for bipolar operation. Since the digital
input can accept bipolar numbers and Vref can accept a bi
polar analog input, the circuit can perform a 4-quadrant
multiplication.
10V

5V

VHEF IN, 20V P-P. 33kHz

10V/DIV VERT,
Sms/DIV HORIZ.

VouT.
5V/DIV VERT
5ps/DIV HORIZ.
SETTLING TIME: 1(fc«TO
0.01% ON 20V STEP

Figure 27b. Voltage Output DAC Settling Characteristic

The photo above shows the output of the circuit of Figure
27a. The upper trace represents the reference input, and the
bottom trace shows the output voltage for a digital input of
all ones on the DAC. The 47pF capacitor across the feedback
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resistor compensates for the DAC output capacitance, and the
150pF load capacitor serves to minimize output glitches.
Log amplifiers or log ratio amplifiers are useful in applications
requiring compression of wide-range analog input data, linear
ization of transducers having exponential outputs, and analog
computing, ranging from simple translation of natural rela
tionships in log form (e.g., computing absorbance as the log
ratio of input currents), to the use of logarithms in facilitating
analog computation of terms involving arbitrary exponents
and multi-term products and ratios.
The picoamp level input current and low offset voltage of the
AD642 make it suitable for wide dynamic range log ampli
fiers. Figure 28 is a schematic of a log ratio circuit employing
the AD642 that can achieve less than 1% conformance error
over 5 decades of current input, InA to lOOpA. For voltage
inputs, the dynamic range is typically 50mV to 10V for 1%
error, limited on the low end by the amplifiers’ input offset

This log ratio amplifier can be readily adjusted for optimum
accuracy by following this simple procedure. First, apply VI =
V2 = -10.00V and adjust “Balance” for Vout = 0.00V. Next
apply VI = -10.00V, V2 = -1.00V and adjust gain for Vqut =
+ 1.00V. Repeat this procedure until gain and balance readings
are within 2mV of ideal values.

The low input bias current (3 5pA) and low noise character
istics of the AD642 make it suitable for electrometer appli
cations such as photo diode preamplifiers and picoampere
current-to-voltage converters. The use of guarding techniques
in printed circuit board layout and construction is critical
for achieving the ultimate in low leakage performance that
the AD642 can deliver. The input guarding scheme shown in
Figure 29 will minimize leakage as much as possible; the
guard ring should be applied to both sides of the board. The
guard ring is connected to a low impedance potential at the
same level as the inputs. High impedance signal lines should
not be extended for any unnecessary length on a printed
circuit; to minimize noise and leakage, they must be carried
in rigid shielded cables.

Figure 29. Board Layout for Guarding Inputs

The conversion between current (or voltage) input and log
output is accomplished by the base emitter junctions of the
dual transistor QI. Assuming QI has 0>100, which is the case
for the specified transistor, the base-emitter voltage on side 1
is to a close approximation:

VBE

a

= kT/q In Ij/Isi

This circuit is arranged to take the difference of the VBE’s of
Q1A and Q1B, thus producing an output voltage proportional
to the log of the ratio of the inputs:

VOUT = _K<VBE A - VBE B) = ~~~(ln h^Sl -ln I2/1S2>
Vout = -K kT/q In I!/12

The scaling constant, K is set by RI and RTc to about 16,
to produce IV change in output voltage per decade difference
in input signals. R-pc is a special resistor with a + 3 5OOppm/°C
temperature coefficient, which makes K inversely proportional
to temperature, compensating for the “T” in kT/q. The log
ratio transfer characteristic is therefore independent of tem
perature.
This particular log ratio circuit is free from the dynamic prob
lems that plague many other log circuits. The -3dB bandwidth
is 50kHz over the top 3 decades, lOOnA to 100/tA, and de
creases smoothly at lower input levels. This circuit needs no
additional frequency compensation for stable operation from
input current sources, such as photodiodes, that may have
lOOpF of shunt capacitance. For larger input capacitances a
20pF integration capacitor around each amplifier will provide
a smoother frequency response.
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INPUT PROTECTION
The AD642 is guaranteed for a maximum safe input potential
equal to the power supply potential. The input stage design
also allows differential input voltages of up to ±0.5 volts while
maintaining the full differential input resistance of 1012Q.
This makes the AD642 suitable for low speed voltage com
parators directly connected to a high impedance source.
Many instrumentation situations, such as flame detectors in
gas chromatographs, involve measurement of low level cur
rents from high-voltage sources. In such applications, a sensor
fault condition may apply a very high potential to the input
of the current-to-voltage converting amplifier. This possibility
necessitates some form of input protection. Many electro
meter type devices, especially CMOS designs, can require
elaborate zener protection schemes which often compromise
overall performance. The AD642 requires input protection
only if the source is not current-limited, and as such is similar
to many J FET-input designs. The failure mode would be over
heating from excess current rather than voltage breakdown.
If the source is not current-limited, all that is required is a
resistor in series with the affected input terminal so that the
maximum overload current is 1.0mA (for example, lOOkQ
for a 100 volt overload). This simple scheme will cause no
significant reduction in performance and give complete over
load protection. Figure 30 shows proper connections.

THAN 1 SECOND

Figure 30. AD642 Input Protection
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Dual High Speed,
Implanted BiFET Op Amp
AD644

FEATURES
Matched Offset Voltage
Matched Offset Voltage Over Temperature
Matched Bias Currents
Crosstalk -124dBat 1kHz
Low Bias Current: 35pA max Warmed Up
Low Offset Voltage: 500gV max
Low Input Voltage Noise: 2gV p-p
High Slew Rate: 13V/gs
Low Quiescent Current: 4.5mA max
Fast Settling to ±0.01%: 3ps
Low Total Harmonic Distortion: 0.0015% at 1kHz
Standard Dual Amplifier Pin Out

Available in Hermetic Metal Can Package
and Chip Form
MIL-STD-883B Processing Available
Single Version Available: AD544

PRODUCT DESCRIPTION
The AD644 is a pair of matched high speed monolithic FETinput operational amplifiers fabricated with the most advanced
bipolar, JFET and laser-trimming technologies. The AD644
offers matched bias currents that are significantly lower than
currently available monolithic dual BiFET operational ampli
fiers: 35pA max, matched to 25pA for the AD644K and
L, 75pA max matched to 35pA for the AD644J and S. In ad
dition, the offset voltage is laser trimmed to less than 0.5mV,
and matched to O.25mV for the AD644L, l.OmV and matched
to 0.5mV for the AD644K, utilizing Analog Devices’ laser
wafer trimming (LWT) process.

The tight matching and temperature tracking between the
operational amplifiers is achieved by ion-implanted JFETs
and laser-wafer trimming. Ion-implantation permits the fabri
cation of precision, matched JFETs on a monolithic bipolar
chip. This process optimizes the ability to produce matched
amplifiers which have lower initial bias currents than other
popular BiFET op amps. Laser-wafer trimming each ampli
fier’s input offset voltage assures tight initial match and super
ior IC processing guarantees offset voltage tracking over the
temperature range.
The AD644 is recommended for applications in which both
excellent ac and de performance is required. The matched
amplifiers provide a low cost solution to true wideband in
strumentation amplifiers, low de drift active filters and output
amplifiers for four quadrant multiplying D/A converters such
as the AD7541, 12-bit CMOS DAC.
The AD644 is available in four versions: the “J”, “K” and
“L” are specified over the 0 to +70°C temperature range and
the “S” over the -55°C to +125°C operating temperature

PIN 4 IS IN ELECTRICAL
CONTACT WITH THE CASE
TOP VIEW

range. All devices are packaged in the hermetically sealed,
TO-99 metal can or available in chip form.
PRODUCT HIGHLIGHTS
1. The AD644 has tight side to side matching specifications to
ensure high performance without matching individual
devices.
2. Analog Devices, unlike some manufacturers, specifies each
device for the maximum bias current at either input in the
warmed-up condition, thus assuring the user that the
AD644 will meet its published specifications in actual use.

3. Laser-wafer-trimming reduces offset voltage to as low as
0.5mV max matched side to side to 0.25mV (AD644L),
thus eliminating the need for external nulling.
4. Improved bipolar and JFET processing on the AD644 result
in the lowest matched bias current available in a high speed
monolithic FET op amp.

5. Low voltage noise (2/tV p-p) and high open loop gain en
hance the AD644’s performance as a precision op amp.
6. The high slew rate (13.0V/jis) and fast settling time to
0.01% (3.0gs) make the AD644 ideal for D/A, A/D, sample
hold circuits and dual high speed integrators.
7. Low harmonic distortion (0.0015%) and low crosstalk
(~124dB) make the AD644 an ideal choice for stereo audio
applications.
8. The standard dual amplifier pin out allows the AD644 to
replace lower performance duals without redesign.
9. The AD644 is available in chip form.
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(@ +25°C and Vs= ±15V de)
Model

Min

OPEN LOOP GAIN
Vo= ±10V,RL>2kn
Tm,„toTrai„RI. = 2kIl

30,000
20,000

OUTPUT CHARACTERISTICS
Voltage (« Rl = 2kIl,Tm,ntoTm„
Voltage (a RL = 10kf),Tmin toTmax
Short Circuit Current
FREQUENCY RESPONSE
Unity Gain Small Signal
Full Power Response
Slew Rate, Unity Gain
Total Harmonic Distortion

±10
±12

8.0

AD644J
Typ

AD644K
Typ

Min

Max

Max

±10
±12

2.0
200
13.0
0.0015

INPUT OFFSET VOLTAGE1
Initial Offset
Input Offset Voltage Tmin toTnux
Input Offset Voltage vs. Supply,
TmintoT™,,

8.0

Max

50,000
40,000

50,000
40,000

±12
±13
25

AD644L
Typ

Min

2.0
200
13.0
0.0015

AD644S
Typ

Max

± 12
± 13
25

±10
±12

2.0
200
13.0
0.0015

8.0

Units

V/V
V/V

50,000
20,000

±10
±12

±12
±13
25

Min

8.0

±12
±13
25

V
V
mA

2.0
200
13.0
0.0015

MHz
kHz
V/ps
%

2.0
3.5

1.0
2.0

0.5
1.0

1.0
3.5

200

100

100

100

pV/V

35

pA
pA

0.5
3.5
35

mV
mV

INPUT BIAS CURRENT2
Either Input
Offset Current

10
10

75

10
5

35

10
5

35

10
5

MATCHING CHARACTERISTICS’
Input Offset Voltage
Input Offset Voltage Tmin to Tmax
Input Bias Current
Crosstalk

- 124

- 124

- 124

- 124

mV
mV
pA
dB

INPUT IMPEDANCE
Differential
Common Mode

10l2||6
10,2l|3

10l2||6
10i2||3

IOI2||6
1Oi2||3

10,2||6
10,2||3

Mil,|pF
MHIIpF

-20
± 12

V
V
dB

2
35
22
18
16

pVp-p
nV/VHz
nV/VHz
nV/VHz
nV'VHz

INPUT VOLTAGE RANGE
Differential4
Common Mode
Common Mode Rejection

1.0
3.5
35

±10
76

INPUT NOISE
Voltage 0.1 Hz to 10Hz
f= 10Hz
f= 100Hz
f= I kHz
f= 10kHz
POWER SUPPLY
Rated Performance
Operating
Quiescent Current

TEMPERATURE RANGE
Operating, Rated Performance
Storage

0.5
2.0
25

±20
±12

±10
80

2
35
22
18
16

3.5
0
-65

±20
± 12

±10
80

2
35
22
18
16

± 18
4.5

±5

+ 70
+ 150

0
-65

3.5

±10
80

2
35
22
18
16

± 15

±15

±5

±20
± 12

0.25
1.0
25

± 15

± 18
4.5

±5

+ 70
+ 150

0
-65

3.5

±5

+ 70
+ 150

-55
-65

3.5

PACKAGE OPTION5

TO-99 Style (H-08B)

AD644JH

AD644KH

NOTES
'Input Offset Voltage specifications are guaranteed after 5 minutes
of operation at TA = + 25°C.
2Bias Current specifications are guaranteed at maximum at either
input after 5 minutes of operation at TA = + 25°C. For
higher temperatures, the current doubles every 10°C.
’Matching is defined as the difference between parameters of the two amplifiers.

AD644LH

Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.

Dimensions shown in inches and (mm).
Contact factory for latest dimensions.
OUTPUT
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AD644SH

4Defined as voltage between inputs, such that neither exceeds ± 10V from ground.
5See Section 20 for package outline information.

METALIZATION PHOTOGRAPH
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Typical Characteristics - A0644
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Figure 7. Change in Offset Voltage
us. Warm-Up Time
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Figure 2. Output Voltage Swing us.
Supply Voltage

Figure 3. Output Voltage Swing vs.
Load Resistance

Figure 8. Open Loop Gain us.
Temperature

Figure 9. Open Loop Frequency
Response
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Figure 11. Power Supply Rejection
us. Frequency
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Figure 12. Common Mode Rejection
Ratio vs. Frequency
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Figure 13. Large Signal Frequency
Response

Figure 14. Output Swing and Error vs.
Settling Time (Circuit of Figure 23a)

Figure 15. Noise Spectra! Density

Figure 17. Closed Loop Gain & Phase
vs. Frequency

Figure 18. Slew Rate vs. Error
Signa!
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Figure 16. Total Harmonic Distortion
vs. Frequency

a. Unity Gain Follower

b. Follower with Gain = 10

Figure 20. Crosstalk Test Circuit

Figure 19. T.H.D Test Circuits

Figure 21a. Unity Gain Follower
Pulse Response (Large Signa!)

Figure 21b. Unity Gain Follower
Pulse Response (Small Signa!)

Figure 22b. Unity Gain Inverter
Pulse Response (Large Signal)
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Figure 22c. Unity Gain Inverter
Pulse Response (Small Signal)

AD644

Figure 23a. Settling Time Test Circuit

junction via the low pass filter formed by the 10012 series
resistor and the load capacitance, ClThe low input bias current (35pA), low noise, high slew rate
and high bandwidth characteristics of the AD644 make it
suitable for electrometer applications such as photodiode
preamplifiers and picoampere current-towoltage converters.
The use of guarding techniques in printed circuit board
layout and construction is critical for achieving the ultimate in
low leakage performance that the AD644 can deliver. The in
put guarding scheme shown in Figure 25 will minimize leakage
as much as possible. The same layout should be used on both
sides of a double side board. The guard ring is connected to
a low impedance potential at the same level as the inputs. High
impedance signal lines should not be extended for any unneces
sary length on a printed circuit; to minimize noise and leakage,
such conductors should be replaced by rigid shielded cables.
+vs

The fast settling time (3.0/zs to 0.01% for 20V p-p step) and
low offset voltage make the AD644 an excellent choice as an
output amplifier for current output D/A converters such as
the AD7541. The upper trace of the oscilloscope photograph
of Figure 23b shows the settling characteristics of the AD644.
The lower trace represents the input to Figure 23a. The AD644
has been designed for fast settling to 0.01%, however, feedback
components, circuit layout and circuit design must be carefully
considered to obtain the optimum settling time.

M
10k Li ->
20k!’ -

ISOOpF
6OOpF
500pF

Transient Response R[_ = 2k£2

Figure 25. Board Layout for Guarding Inputs

INPUT PROTECTION
The AD644 is guaranteed for a maximum safe input potential
equal to the power supply potential. The input stage design
also allows differential input voltages of up to ±1 volt while
maintaining the full differential input resistance of 1O12£2.
This makes the AD644 suitable for comparator situations
employing a direct connection to high impedance source.
Many instrumentation situations, such as flame detectors in
gas chromatographs, involve measurement of low level currents
from high-voltage sources. In such applications, a sensor fault
condition may apply a very high potential to the input of the
current-to-voltage converting amplifier. This possibility neces
sitates some form of input protection. Many electrometer type
devices, especially CMOS designs, can require elaborate zener
protection schemes which often compromise overall perfor
mance. The AD644 requires input protection only if the source
is not current-limited, and as such is similar to many J FET-input
designs. The failure mode would be overheating from
excess current rather than voltage breakdown. If the source is
not current-limited, all that is required is a resistor in series
with the affected input terminal so that the maximum over
load current is 1.0mA (for example, 100kf2 for a 100 volt
overload). This simple scheme will cause no significant reduc
tion in performance and give complete overload protection.
Figure 26 shows proper connections.

=500pF

The circuit in Figure 24 employs a 100J2 isolation resistor
which enables the amplifier to drive capacitive loads ex
ceeding 500pF; the resistor effectively isolates the high fre
quency feedback from the load and stabilizes the circuit. Low
frequency feedback is returned to the amplifier summing

y~

Rp .

yi-

Rp.

Vf . for continuous over loads
lOOpA

for TRANSIENTS LESS THAN 1 SECOND

Figure 26. AD644 Input Protection
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BIPOLAR
ANALOG INPUT
±10V

The state variable filter (Figure 28) is stable, easily tuned and
is independent of circuit Q and gain. The use of the AD644
with its low input bias current simplifies the resistor (R3, R4)
selection for the passband center frequency, circuit Qand
voltage gain.

Qo - QUALITY FACTOR - Rl

Figure 27a. AD644 Used as DAC Output Amplifiers

,0- IS ADJUSTABLE BY VARYING R OR C

H„ - GAIN AT RESONANCE ■ R2/R,

R3 - R« « 10® /fo

Figure 28. Band Pass State Variable Filter

Figure 27b. Large Signa! Response

Figure 29. Sample and Hold Circuit

The sample and hold circuit, shown in Figure 29 is suitable for
use with 8-bit A/D converters. The acquisition time using a
39OOpF capacitor and fast CMOS SPST (ADG200) switch is
15gs.
The droop rate is very low 25 X 10’9 V/gs due to the low
input bias currents of the AD644. Care should be taken to
minimize leakage paths. Leakages around the hold capacitor
will increase the droop rate and degrade performance.
Figure 27c. Small Signal Response

Figure 27a illustrates the 10-bit digital-to-analog converter,
AD7533, connected for bipolar operation. Since the digital in
put can accept bipolar numbers and Vref can accept a bipolar
analog input, the circuit can perform a 4-quadrant multiplying
function. The photos exhibit the response to a step input at
Vref- Figure 27b is the large signal response and Figure 27c
is the small signal response.
The output impedance of a CMOS DAC varies with the digital
word thus changing the noise gain of the amplifier circuit. The
effect will cause a nonlinearity the magnitude of which is
dependent on the offset voltage of the amplifier. The AD644K
with trimmed offset will minimize the effect. The Schottky
protection diodes recommended for use with many older
CMOS DACs are not required when using the AD644.
ACTIVE FILTERS
Literature on active filter techniques and characteristics based
on operational amplifiers is readily available. The successful
application of an active filter however, depends on the compo
nent selection to achieve the desired performance. The AD644
is recommended for filters in medical, instrumentation, data
acquisition and audio applications, because of its high gain
bandwidth figure, symmetrical slewing, low noise, and low
offset voltage.
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GAIN-wgl

^:S?.r6*r.

INSTRUMENTATION AMPLIFIER WITH GAIN OF TEN

Figure 30. Wide Bandwidth Instrumentation Amplifier

The AD644 in the circuit of Figure 30 provides highly accurate
signal conditioning with high frequency input signals. It pro
vides an offset voltage drift of 10gV/°C, CMRR of 80dB over
the range of de to 10kHz and a bandwidth of 200kHz (-3dB)
at IV p-p output. The circuit of Figure 30 can be configured
for a gain range of 2 to 1000 with a typical nonlinearity of
0.01% at a gain of 10.

Low Noise, Precision,
_ _ _ _ _ _ FET Op Amp
AD645

ANALOG
DEVICES
FEATURES
Improved Replacement for Burr-Brown
OPA-111 and OPA-121 Op Amp
LOW NOISE
2.5 gV p-p max, 0.1 Hz to 10 Hz
20 nV/VHz max at 100 Hz
11 fA p-p Current Noise 0.1 Hz to 10 Hz

HIGH DC ACCURACY
250 p.V max Offset Voltage
5 p.V/°C max Drift
1.5 pA max Input Bias Current
114 dB min Open-Loop Gain

AC PERFORMANCE
2 V/ps Slew Rate
2 MHz Unity-Gain Bandwidth
Available in Plastic Mini-DIP or 8-Pin Header Packages.
Both MIL-STD-883B and Plus Processing Are Available.

APPLICATIONS
Low Noise Photodiode Preamps
CT Scanners

AD645 CONNECTION DIAGRAMS

8-Pin Plastic Mini-DIP
(N) Package
OFFSET
NULL

-IN [T

TO-99 (H) Package

Top Views

CASE

NC

AD645

[I
V- E

♦IN

*
V
OUT

OFFSET
NULL

NC = NO CONNECT

NOTE: CASE IS
CONNECTED TO PIN #8

PRODUCT HIGHLIGHTS
1. The guaranteed and tested low frequency noise level makes
the AD645 suitable for many low noise applications where a
FET input op amp is needed.
2. The low input bias current of 1.5 pA allows the AD645 to be
used for amplifying the output of high impedance sources.

PRODUCT DESCRIPTION
The AD645 is a low noise, precision, FET input, monolithic
operational amplifier. It offers both the low voltage noise of a
bipolar input op amp and the very low bias current of a FETinput device. The 1014 (1 common-mode impedance insures that
input bias current is essentially independent of common-mode
voltage variations.
The AD645 has both excellent de performance and a guaranteed
and tested maximum input voltage noise. It features 1.5 pA
maximum input bias current and 250 jxV maximum offset
voltage.
The AD645 is useful for many high input impedance, low noise
applications. It is available in five performance grades. The
AD645J and AD645K are rated over the commercial tempera
ture range of 0 to +70°C. The AD645A and AD645B are rated
over the industrial temperature of -40°C to +85°C. The
AD645S is rated over the military temperature range of -55°C
to +125°C and is available processed to MIL-STD-883B.
The AD645 is available in 8-pin plastic mini-DIP, 8-pin header,
or in chip form.
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(@ +25°C and ±15 V de, unless otherwise noted)
Model
Conditions

INPUT OFFSET VOLTAGE1
Initial Offset
Offset
vs. Temperature
vs. Supply (PSRR)
vs. Supply
INPUT BIAS CURRENT2
Either Input
Either Input
@Tmax
Either Input
Offset Current
Offset Current
(aTmax

FREQUENCY RESPONSE
Unity-Gain BW, Small Signal
Full Power Response
Slew Rate, Unity Gain
SETTLING TIME3
To 0.1%
To 0.01%
Overload Recovery4
Total Harmonic
Distortion

INPUT IMPEDANCE
Differential
Common-Mode
INPUT VOLTAGE RANGE
Differential’
Common-Mode Voltage
Over Max Oper. Range
Common-Mode
Rejection Ratio

Min

AD645J/A
Typ

Max

Min

AD645K/B
Max
Typ
250
400
5

94
90

50
100
2
110
100

500
1000
12

Tmul to Tmax

100
300
3
110
100

Vcm = 0 v

0.7/1.8

3/5

0.7/1.8

Vcm = 0 v
Vcm= +10V
Vcm = 0 V

16/115
0.8/1.9
0.1

1.0

16/115
0.8/1.9
0.1

Vcm = 0 V

2/6

Tmi„ to Tma,

90

Units

100
500
4
110
95

500
1500
10

pV

1.5/3

1.8

5

pA

0.5

1800
1.9
0.1

1.0

pA
pA
pA

90
86

2/6
2

pV

pV/°C
dB
dB

100

pA

2

MHz

32

16

32

16

32

kHz

1

2

1

2

1

2

V/pS

2

50% Overdrive
f = 1 kHz
Rload — 2 kfl
Vo = 3 V rms
Vdiff = ± 1 V

±10
±10
Vcm = ±10V
Tm,„ to Tmax

Max

16

G = -1
Vo = 20 V p-p
Vqut = 20 V p-p
Rload ~ kH

AD645S
Typ

Min

90

6
8
5

6
8
5

6
8
5

p.S
ps
ps

0.0006

0.0006

0.0006

%

1012||l
10'4||2.2

10'2||l
10'4||2.2

1012||l
10,4||2.2

ftllpF
Q||pF

±20
+ 11,-10.4

V
V
V

110
100

dB
dB

±20
+ 11,-10.4

±10
±10

94
90

110
100

±20
+ 11,-10.4

±10
±10

90
86

110
100

INPUT VOLTAGE NOISE

0.1 to 10 Hz
f = 10 Hz
f = 100 Hz
f = 1 kHz
f = 10 kHz

1.0
20
10
9
8

3.3
50
30
15
10

1.0
20
10
9
8

2.5
40
20
12
10

1.0
20
10
9
8

3.3
50
30
15
10

pV p-p
nV/VHz
nV/\Hz
nV/VHz
nV/VHz

INPUT CURRENT NOISE

f = 0.1 to 10 Hz
f = 0.1 to 20 kHz

11
0.6

20
1.1

11
0.6

15
0.8

11
0.6

20
1.1

fA p-p
fA/VHz

OPEN-LOOP GAIN

Vo= ±10 V

114

130

120
114

130

114
110

130

dB
dB

±10
±10
±5

±11

±10
±10
±5

±11

±10
±10
±5

±11

V
V
mA
mA

Tm,„ to Tmax

OUTPUT CHARACTERISTICS
Voltage
Current

Rload — 2 kfl
Tmin to Tm„
VOUT= ±10 V
Short Circuit

POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current

TRANSISTOR COUNT

±10
±15

±15

±15

±5
3.0

# of Transistors

62

±10
±15

±18
3.5

±5

3.0
62

±10
±15
±15

±18
3.5

±5
3.0

±18
3.5

V
V
mA

62

NOTES
'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA = +25°C.
2Bias Current Specifications are guaranteed maximum at either input after 5 minutes of operation at TA = +25°C. For higher temperature, the current doubles
every 10°C.
3Gain — — 1, Rload = 2 kfl
■‘Defined as the time required for the amplifier’s output to return to normal operation after removal of a 50% overload from the amplifier input.
’Defined as the maximum continuous voltage between the inputs such that neither input exceeds ±10 V from ground.
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test, all others are guaranteed but
not necessarily tested.
Specifications subject to change without notice.

2-108 OPERATIONAL AMPLIFIERS

AD645
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage..................................................................... ±18V
Internal Power Dissipation2 ((a TA = +25°C)
8-Pin Header Package................................................. 500 mW
8-Pin Mini-DIP Package ............................................ 750 mW
Input Voltage .......................................................................... ±VS
Output Short Circuit Duration...................................... Indefinite
Differential Input Voltage...................................... +VS and -Vs
Storage Temperature Range (H)....................... -65°C to + 150°C
Storage Temperature Range (N)....................... -65°C to +125°C
Operating Temperature Range
AD645J/K ................................................................0 to +70°C
AD645A/B ........................................................ -40°C to +85°C
-55°C to +125°C
AD645S
Lead Temperature Range
300°C
(Soldering 60 seconds)
NOTES
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated
in the operational section of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
2Thermal Characteristics:
8-Pin Plastic Mini-DIP Package: 0JA = 100°C/Watt
8-Pin Header Package: 8JA = 200°C/Watt

ORDERING GUIDE*

Temperature
Range

Mini-DIP
(N-8)

Commercial
0 to +70°C

AD645JN
AD645KN

Header
(H-08A)

Industrial
-40°C to +85°C

AD645AH
AD645BH

Military
-55°C to +125°C

AD645SH
AD645SH/883B

“J” and “S” Grade Chips are also available.
‘See Section 20 for package outline information.

METALIZATION PHOTOGRAPH
Dimensions shown in inches and (mm).
Contact factory for latest dimensions.
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Typical Characteristics (@ +25°C, ±15 V unless otherwise stated)

Figure 1. Current Noise Spectral
Density

Figure 2. Voltage Noise Spectral
Density

Figure 3. Voltage Noise Spectral
Density vs. Frequency for Various
Load Resistances

SOURCE RESISTANCE - il

Figure 5. Voltage and Current Noise
Spectral Density vs. Temperature

Figure 6. Voltage Noise Spectral
Density @ 1 kHz vs. Source
Resistance

CHANGE IN INPUT OFFSET VOLTAGE

- jiV

Figure 4. Input Voltage Noise vs.
Source Resistance

WARM-UP TIME - Minute#

Figure 7. Change in Input Offset
Voltage vs. Warmup Time

2-110 OPERATIONAL AMPLIFIERS

Figure 8. Change in Input Offset
Voltage vs. Time from Thermal
Shock

Figure 9. Input Bias and Offset
Currents vs. Temperature

Typical Characteristics - AD645

COMMON MODE VOLTAGE - Volts

Figure 10. Input Bias Current vs.
Common-Mode Voltage

Figure 13. Common-Mode
Rejection vs. Input Common-Mode
Voltage

Figure 16. Gain-Bandwidth and
Slew Rate vs. Supply Voltage

FREQUENCY - Hz

Figure 11. Power Supply Rejection
vs. Frequency

Figure 14. Open-Loop Gain and
Phase Shift vs. Frequency

Figure 17. Open-Loop Gain vs.
Temperature

FREQUENCY - Hz

Figure 12. Common-Mode
Rejection vs. Frequency

Figure 15. Gain-Bandwidth Product
and Slew Rate vs. Temperature

Figure 18. Large Signal Frequency
Response
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Typical Characteristics

3
1

5
1 2
o

SETTLING TIME -ps

Figure 19. Output Swing and Error
vs. Settling Time

Figure 22a. Unity-Gain Follower

Figure 23a. Unity-Gain Inverter
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CLOSED-LOOP VOLTAGE GAIN (V/V)

Figure 20. Settling Time vs. ClosedLoop Voltage Gain

0 ------- --------------- ------- ----------------------- ------- ------- -------60 -40 - 20
0
20
40 60
80 100 120 140
*C
TEMPERATURE-

Figure 21. Supply Current vs.
Temperature

Figure 22b. Unity-Gain Follower
Large Signal Pulse Response

Figure 22c. Unity-Gain Follower
Small Signal Pulse Response

Figure 23b. Unity-Gain Inverter
Large Signal Pulse Response

Figure 23c. Unity-Gain Inverter
Small Signal Pulse Response

AD645
Minimizing Noise Contributions
The noise level limits the resolution obtainable from any pream
plifier. The total output voltage noise divided by the feedback
resistance of the op amp defines the minimum detectable signal
current. The minimum detectable current divided by the photo
diode sensitivity is the minimum detectable light power.
Sources of noise in a typical preamp are shown in Figure 26.
The total noise contribution is defined as:

Figure 24. The AD645 Used as a Sensitive Preamplifier

Preamplifier Applications
The low input current and offset voltage levels of the AD645
together with its low voltage noise make this amplifier an excel
lent choice for preamplifiers used in sensitive photodiode appli
cations. In a typical preamp circuit, shown in Figure 24, the
output of the amplifier is equal to:

Figure 27, a spectral density versus frequency plot of each
source’s noise contribution, shows that the bandwidth of the
amplifier’s input voltage noise contribution is much greater than
its signal bandwidth. In addition, capacitance at the summing
junction results in a “peaking” of noise gain in this configura
tion. This effect can be substantial when large photodiodes with
large shunt capacitances are used. Capacitor Cf sets the signal
bandwidth and also limits the peak in the noise gain. Each
source’s rms or root-sum-square contribution to noise is ob
tained by integrating the sum of the squares of all the noise
sources and then by obtaining the square root of this sum. Mini
mizing the total area under these curves will optimize the
preamplifier’s overall noise performance.

Vour = Id (Rf) = Rp (P) Rf
where:
ID = photodiode signal current (Amps)

Rp = photodiode sensitivity (Amp/Watt)
Rf = the value of the feedback resistor, in ohms.
P

= light power incident to photodiode surface, in watts.

An equivalent model for a photodiode and its de error sources is
shown in Figure 25. The amplifier’s input current, IB, will con
tribute an output voltage error which will be proportional to the
value of the feedback resistor. The offset voltage error, Vos,
will cause a “dark” current error due to the photodiode’s finite
shunt resistance, Rd. The resulting output voltage error, VE, is
equal to:

Figure 26. Noise Contributions of Various Sources

VE = (I + Rf/Rd) Vos + Rf IB

A shunt resistance on the order of 109 ohms is typical for a
small photodiode. Resistance Rd is a junction resistance which
will typically drop by a factor of two for every 10°C rise in tem
perature. In the AD645, both the offset voltage and drift are
low, this helps minimize these errors.

Figure 25. A Photodiode Model Showing DC Error
Sources

Figure 27. Voltage Noise Spectral Density of the Circuit of
Figure 26 with and without an Output Filter
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An output filter with a passband close to that of the signal can
greatly improve the preamplifier’s signal to noise ratio. The pho
todiode preamplifier shown in Figure 26—without a bandpass
filter—has a total output noise of 50 pV rms. Using a 26 Hz
single pole output filter, the total output noise drops to 23 pV
rms, a factor of 2 improvement with no loss in signal band
width.
Using a “T” Network
A “T” network, shown in Figure 28, can be used to boost the
effective transimpedance of an I to V converter, for a given
feedback resistor value. Unfortunately, amplifier noise and offset
voltage contributions are also amplified by the “T” network
gain. A low noise, low offset voltage amplifier, such as the
AD645, is needed for this type of application.
Figure 29. A pH Probe Amplifier

Figure 28. A Photodiode Preamp Employing a "T" Net
work for Added Gain

A pH Probe Buffer Amplifier
A typical pH probe requires a buffer amplifier to isolate its 106
to 109 fl source resistance from external circuitry. Just such an
amplifier is shown in Figure 29. The low input current of the
AD645 allows the voltage error produced by the bias current
and electrode resistance to be minimal. The use of guarding,
shielding, high insulation resistance standoffs, and other such
standard methods used to minimize leakage are all needed to
maintain the accuracy of this circuit.
The slope of the pH probe transfer function, 50 mV per pH
unit at room temperature, has a +3300 ppm/°C temperature co
efficient. The buffer of Figure 29 provides an output voltage
equal to 1 volt/pH unit. Temperature compensation is provided
by resistor RT which is a special temperature compensation re
sistor, part number Q81, 1 kfl , 1%, +3500 ppm/°C, available
from Tel Labs Inc.
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Circuit Board Notes
The AD645 is designed for through hole mount into PC boards.
Maintaining picoampere level resolution in that environment
requires a lot of care. Since both the printed circuit board and
the amplifier’s package have a finite resistance, the voltage dif
ference between the amplifier’s input pin and other pins (or
traces on the PC board) will cause parasitic currents to flow into
(or out of) the signal path. These currents can easily exceed the
1.5 pA input current level of the AD645 unless special precau
tions are taken. Two successful methods for minimizing leakage
are: guarding the AD645’s input lines and maintaining adequate
insulation resistance.

Guarding the input lines by completely surrounding them with a
metal conductor biased near the input lines’ potential has two
major benefits. First, parasitic leakage from the signal line is
reduced, since the voltage between the input line and the guard
is very low. Second, stray capacitance at the input terminal is
minimized which in turn increases signal bandwidth. In the
header or can package, the case of the AD645 is connected to
Pin 8 so that it may be tied to the input potential (when operat
ing as a follower) or tied to ground (when operating as an in
verter). The AD645’s positive input (Pin 3) is located next to
the negative supply voltage pin (Pin 4). The negative input (Pin
2) is next to the balance adjust pin (Pin 1) which is biased at a
potential close to that of the negative supply voltage. Note that
any guard traces should be placed on both sides of the board. In
addition, the input trace should be guarded along both of its
edges, along its entire length.
Contaminants such as solder flux, on the board’s surface and on
the amplifier’s package, can greatly reduce the insulation resis
tance and also increase the sensitivity to atmospheric humidity.
Both the package and the board must be kept clean and dry. An
effective cleaning procedure is to: first, swab the surface with
high grade isopropyl alcohol, then rinse it with deionized water,
and finally, bake it at 80°C for 1 hour. Note that if either poly
styrene or polypropylene capacitors are used on the printed cir
cuit board that a baking temperature of 70°C is safer, since both
of these plastic compounds begin to melt at approximately
+85°C.

ANALOG
DEVICES
FEATURES
Low Offset Voltage Drift
Matched Offset Voltage
Matched Offset Voltage Over Temperature
Matched Bias Current
Crosstalk: -124dB at 1kHz
Low Bias Current: 35pA max Warmed Up
Low Offset Voltage: 250p.V max
Low Input Voltage: 2p.V p-p
High Open Loop Gain: 108dB
Low Quiescent Current: 2.8mA max
Low Total Harmonic Distortion
Standard Dual Amplifier Pinout
Available in Hermetic Metal Can Package, Hermetic
Surface Mount (20-Pin LCC) and Chip Form
MIL-STD-883B Processing Also Available
Single Version Available: AD547

Ultralow Drift,
Dual BiFET Op Amp
AD647
AD647 PIN CONFIGURATIONS
TO-99 (H) Package

LCC (E) Package

PRODUCT DESCRIPTION
The AD647 is an ultralow drift, dual JFET amplifier that com
bines high performance and convenience in a single package.
The AD647 uses the most advanced ion-implantation and laser
wafer drift trimming technologies to achieve the highest perfor
mance currently available in a dual JFET. Ion-implantation per
mits the fabrication of matched JFETs on a monolithic bipolar
chip. Laser wafer drift trimming trims both the initial offset
voltage and its drift with temperature to provide offsets as low
as IOOjjlV (250p.V max) and drifts of 2.5p.V/°C max.
In addition to outstanding individual amplifier performance, the
AD647 offers guaranteed and tested matching performance on
critical parameters such as offset voltage, offset voltage drift and
bias currents.

The high level of performance makes the AD647 especially well
suited for high precision instrumentation amplifier applications
that previously would have required the costly selection and
matching of space wasting single amplifiers.
The AD647 is offered in four performance grades, three com
mercial (the ], K and L) and one extended (the S). All are sup
plied in hermetically sealed 8-pin TO-99 packages and are
available processed to MIL-STD-883B. The LCC version is also
available processed to MIL-STD-883B.

PRODUCT HIGHLIGHTS
1. The AD647 is guaranteed and tested to tight matching speci
fications to ensure high performance and to eliminate the se
lection and matching of single devices.

2. Laser wafer drift trimming reduces offset voltage and offset
voltage drifts to 250p.V and 2.5p.V/°C max.
3. Voltage noise is guraanteed at 4p.V p-p max (0.1 to 10Hz) on
K, L and S grades.

4. Bias current (35pA K, L, S; 75pA J) is specified after five
minutes of operation.

5. Total supply current is a low 2.8mA max.

6. High open loop gain ensures high linearity in precision in
strumentation amplifier applications.
7. The standard dual amplifier pinout permits the direct substi
tution of the AD647 for lower performance devices.
8. The AD647 is available in chip form.
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(@ +25°C and Vs= ±15V de)
Model’

Min

OPEN LOOP GAIN
Vo = ±10V,Ri >2kU
Tml„toTm„,RL = 2kn

100,000
100,000

OUTPUT CHARACTERISTICS
Voltage @ Ri. = 2kfl,Tnun to
Voltage (it Rl = lOkfl, Tnun to
Short Circuit Current

FREQUENCY RESPONSE
Unity Gain Small Signal
Full Power Response
Slew Rate, Unity Gain

±10
±12

2.0

AD647J
Typ

Max

AD647K
Typ

Min

Max

250,000
250,000

±10
±12

±12
±13
25

1.0
50
3.0

2.0

Min

AD647L
Typ

Max

±10
±12

1.0
50
3.0

2.0

AD647S
Typ

Max

±10
±12

±12
±13
25
1.0
50
3.0

2.0

Units

v/v
v/v

250,000
100,000

250,000
250,000

±12
±13
25

Min

±12
±13
25

V
V
mA

1.0
50
3.0

MHz
kHz
V/jis

INPUT OFFSET VOLTAGE1
Initial Offset
Input Offset Voltage vs. Temp.
Input Offset Voltage vs. Supply,
TmintoTmo

1.0
10

0.5
5

0.25
2.5

0.5
5.0

mV

200

100

100

100

M.V/V

35

pA
pA

0.5
10.0
25

mV

nvrc

INPUT BIAS CURRENT2

Either Input
Offset Current

10
5

10
2

35

10
2

75

10
2

35

MATCHING CHARACTERISTICS3

INPUT IMPEDANCE
Differential
Common Mode

-124

-124

-124

pA
dB

1012||6
1012|6

I0,2||6
10,2||6

10'2||6
10,2j|6

10'2||6
10,2||6

MIl||pF
MIljlpF

±20
±12

V
V
dB

POWERSUPPLY
Rated Performance
Operating
Quiescent Current

TEMPERATURE RANGE
Operating, Rated Performance
Storage

±20
±12

±10
76

INPUT NOISE
Voltage 0.1 Hz to 10Hz
f= 10Hz
f= 100Hz
f= 1kHz
f= 10k Hz

±10
80

±20
±12

±10
80

±20
±12

4

4

4

2
70
45
30
25

±10
80

70
45
30
25

70
45
30
25

70
45
30
25

gVp-p
nV/VHz
nV/VHz
nV/Vfiz
nV/x/Hz

±5

±18
2.8

±5

± 18
2.8

±5

±18
2.8

±5

± 18
2.8

V
V
mA

0
-65

+ 70
+ 150

0
-65

+ 70
+ 150

0
-65

+ 70
+ 150

-55
-65

+ 125
+ 150

•c
•c

±15

±15

±15

±15

PACKAGE OPTION5
TO-99 Style (H-08B)
LCC(E-20A)

vvre.

-124

INPUT VOLTAGE RANGE
Differential4
Common Mode
Common-Mode Rejection

0.25
2.5
25

0.5
5
25

1.0
10
35

Input Offset Voltage
Input Offset Voltage Tmin to
Input Bias Current
Crosstalk

AD647JH

AD647LH

AD647KH

NOTES
‘Input Offset Voltage specifications are guaranteed after 5 minutes
of operation at TA = +25°C.
2Bias Current specifications are guaranteed at maximum at either
input after 5 minutes of operation at TA = +25°C. For
higher temperatures, the current doubles every KFC.
’Matching is defined as the difference between parameters of
the two amplifiers.
4Defined as the maximum safe voltage between inputs, such that

neither exceeds ± 10V from ground.
5See Section 20 for package outline information.
Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
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OUTPUT 1
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AD647SH
AD647SE
AD647SE/883B

<
V-

7
OUTPUT 2

Typical Characteristics - AD647

LOAD RESISTANCE -H

Figure 3. Output Voltage Swing vs.
Load Resistance

Figure 1. Input Voltage Range vs.
Supply Voltage
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Figure 6. Input Bias Current vs.
Temperature

Figure 5. Input Bias Current vs.
Power Supply Voltage

Figure 4. Quiescent Current vs.
Supply Voltage
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Figure 8. Change in Offset Voltage
vs. Warm-Up Time

Figure 7. Input Bias Current vs.
CMV
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Figure 9. Open Loop Gain vs.
Temperature

♦ 100

X
\

\

\

Z
4

\

o

z

o

£
•60 £

\

20

10

z
♦40 g
4
s

GAIN —
PHASE MARGIN
WITH NO LOAD

100

Ik
10k
100k
FREQUENCY - Hr

J

IM
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Figure 12. Power Supply Rejection
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Figure 13. Common-Mode Rejection
Ratio vs. Frequency
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Output Swing and Error (Circuit of
Figure 23)
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Figure 16. Total Harmonic Distortion
vs. Frequency

Figure 17. Input Noise Voltage
Spectra! Density

106

1O7
1Q8
10*
10»
SOURCE IMPEDANCE - S2

Figure 18. Total RMS Noise vs.
Source Impedance
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b. Follower with Gain =10
a. Unity Gain Follower
Figure 19. T.H.D. Test Circuits

Figure 21a. Unity Gain Follower
Pulse Response (Large Signa!)

Figure 21b. Unity Gain Follower
Pulse Response (Small Signal)

Figure 22a. Unity Gain Inverter

Figure 22b. Unity Gain Inverter
Pulse Response (Large Signa!)
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Figure 20. Crosstalk Test Circuit

Figure 21c. Unity Gain Follower

Figure 22c. Unity Gain Inverter
Pulse Response (Small Signa!)

10”

Applications - AD647
APPLICATION NOTES
The AD647 is fully specified under actual operating condi
tions to insure high performance in any application, but there
are some steps that will improve on even this high level of
performance.
The bias current of a JFET amplifier doubles with every 10°C
increase in junction temperature. Any heat source that can be
eliminated or minimized will significantly improve bias current
performance. To account for normal power dissipation, the
largest contributor to chip self-heating, the bias currents of the
AD647 are guaranteed fully warmed up with ±15V supplies. A
decrease in supply voltage will decrease power consumption,
resulting in a corresponding drop in bias currents.

Open loop gain and bias currents, to some extent, are affected
by output loading. In applications where high linearity is essen
tial, load impedance should be kept as high as possible to min
imize degradation of open loop gain.
The outstanding ac and de performance of the AD647 make it
an ideal choice for critical instrumentation applications. In
such applications, leakage paths, line losses and external noise
sources should be considered in the layout of printed circuit
boards. A guard ring surrounding the inputs and connected to
a low impedance potential (at the same level as the inputs)
should be placed on both sides of the circuit board. This will
eliminate leakage paths that could degrade bias current per
formance. All signal paths should be shielded to minimize
noise pick-up.

A CMOS DAC AMPLIFIER
The output impedance of a CMOS DAC, such as the AD7541,
varies with digital input code. This causes a corresponding vari
ation in the noise gain of the DAC-amplifier combination.
This noise gain modulation introduces a nonlinearity whose
magnitude is dependent on the amount of offset voltage
present.
Laser wafer drift trimming lowers the initial offset voltage and
the offset voltage drift of the AD647, therefore minimizing
the effect of this nonlinearity and its drift with temperature.
This, in conjunction with the low bias current and high open
loop gain, makes the AD647 ideal for DAC output amplifier
applications.

THE AD647 USED WITH THE AD7546
Figure 24 shows the AD647 used with the AD7546 16-bit seg
ment DAC. In this application, amplifier performance is criti
cal to the overall performance of the AD7546. Al is used as a
dual precision buffer. Here the offset voltage match, low off
set voltage and high open loop gain of the AD647 ensure
monotonicity and high linearity over the entire operating
temperature range. A2 serves a dual function: amplifier A is a
Track and Hold circuit that deglitches the DAC output and
amplifier B acts as an output amplifier. The performance of
the amplifiers of A2 is crucial to the accuracy of the system.
The errors of these amplifiers are added to the errors due
strictly to DAC imperfections. For this reason great care
should be used in the selection of these amplifiers. The
matching characteristics, low bias current and low tempera
ture coefficients of the AD647 make it ideal for this appli
cation.

Figure 23. AD647 Used as DAC Output Amplifier
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USING THE AD647 IN LOG AMPLIFIER APPLICATIONS
Log amplifiers or log ratio amplifiers are useful in a wide range
of analog computational applications, ranging from the simple
linearization of exponential transducer outputs to the use of
logarithms in computations involving multi-term products or
arbitrary exponents. Log amps also facilitate the compression
of wide ranging analog input signals into a range that can be
easily handled using standard circuit techniques.
The picoamp level input current and low offset voltage of the
AD647 make it suitable for wide dynamic range log ampli
fiers. Figure 27 is a schematic of a log ratio circuit employing
the AD647 that can achieve less than 1% conformance error
over 5 decades of current input, InA to 100/tA. For voltage
inputs, the dynamic range is typically 50mV to 10V for 1%
error, limited on the low end by the amplifiers’ input offset
voltage.

lOOpF of shunt capacitance. For larger input capacitances a
20pF integration capacitor around each amplifier will provide
a smoother frequency response.
This log ratio amplifier can be readily adjusted for optimum
accuracy by following this simple procedure. First, apply VI =
V2 = -10.00V and adjust “Balance” for Vqux = 0.00V. Next
apply VI = -10.00V, V2 = -1.00V and adjust gain for Vqcit =
+ 1.00V. Repeat this procedure until gain and balance readings
are within 2mV of ideal values.
ACTIVE FILTERS
In active low pass filtering applications the de accuracy of the
amplifiers used is critical to the performance of the filter cir
cuits. DC error sources such as offset voltage and bias currents
represent the largest individual contributors to output error.
Offset voltages will be passed by the filtering network and
may, depending on the design of the filter circuit, be ampli
fied and generate unacceptable output offset voltages. In filter
circuits for low frequency ranges large value resistors are used
to generate the low pass filter function. Input bias currents
passing through these resistors will generate an additional off
set voltage that will also be passed to the output of the filter.

The use of the AD647 will minimize these error sources and,
therefore, maximize filter accuracy. The wide variety of per
formance levels of the AD647 allows for just the amount of
accuracy required for any given application.
AD647 AS AN INSTRUMENTATION AMPLIFIER
The circuit shown in Figure 26 uses the AD647 to construct
an ultra high precision instrumentation amplifier. In this type
of application the matching characteristics of a monolithic
dual amplifier are crucial to ensure high performance.
Figure 25. Log-Ratio Amplifier

The conversion between current (or voltage) input and log
output is accomplished by the base-emitter junctions of the
dual transistor QI. Assuming QI has |3> 100, which is the case
for the specified transistor, the base-emitter voltage on side 1
is to a close approximation:

VBE a = kT/q In 11 /Isi

This circuit is arranged to take the difference of the VBE’s of
Q1A and Q1B, thus producing an output voltage proportional
to the log of the ratio of the inputs:
VOUT = "K <VBF. A “ VBE B> = ~ “p 0n h^Sl - ln

V()UT =

kT/q In Iq /Q

The scaling constant, K is set by Rl and RTC to about 16, to
produce a IV change in output voltage per decade difference
in input signals. R-pc is a special resistor with a +3 5OOppm/“C
temperature coefficient, which makes K inversely proportional
to temperature, compensating for the “T” in kT/q. The log
ratio transfer characteristic is therefore independent of tem
perature.
This particular log ratio circuit is free from the dynamic prob
lems that plague many other log circuits. The -3dB bandwidth
is 50kHz over the top 3 decades, lOOnA to 100/zA, and de
creases smoothly at lower input levels. This circuit needs no
additional frequency compensation for stable operation from
input current sources, such as photodiodes, which may have
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Figure 26. Precision FET Input Instrumentation Amplifier

The use of an AD647L as the input amplifier Al, guarantees
maximum offset voltage of 25O/1V, drift of 2.5mV/°C and bias
currents of 35pA. A2 serves two less critical functions in the
amplifier and, therefore can be an AD647J. Amplifier A is an
active data guard which increases ac CMRR and minimizes
extraneous signal pickup and leakage. Amplifier B is the out
put amplifier of the instrumentation amplifier. To attain the
precision available from this configuration, a great deal of care
should be taken when selecting the external components.
CMRR will depend on the matching of resistors Rl, R2, R3,
and R4. The gain drift performance of this circuit will be
affected by the matching TC of the resistors used.

►

ANALOG
DEVICES

FEATURES
DC Performance
400 p.A max Quiescent Current
10 pA max Bias Current, Warmed Up (AD648C)
300 p.V max Offset Voltage (AD648C)
3 pV/°C max Drift (AD648C)
2 pV p-p Noise, 0.1 Hz to 10 Hz
AC Performance
1.8 V/ps Slew Rate
1 MHz Unity Gain Bandwidth
Available in Plastic Mini-DIP, Cerdip, Plastic SOIC
and Hermetic Metal Can Packages
MIL-STD-883B Parts Available
Surface Mount (SOIC) Package Available in Tape
and Reel
Single Version: AD548

Dual Precision,
Low Power BiFET Op Amp
AD648
AD648 CONNECTION DIAGRAMS

TO-99
(H) Package

PIN 4 IS IN ELECTRICAL
CONTACT WITH THE CASE

Plastic Mini-DIP (N) Package,
Plastic SOIC (R) Package
and

PRODUCT DESCRIPTION
The AD648 is a matched pair of low power, precision mono
lithic operational amplifiers. It offers both low bias current
(10 pA max, warmed up) and low quiescent current (400 pA
max) and is fabricated with ion-implanted FET and laser wafer
trimming technologies. Input bias current is guaranteed over the
AD648’s entire common-mode voltage range.
The economical J grade has a maximum guaranteed offset volt
age of less than 2 mV and an offset voltage drift of less than
20 pV/°C. The C grade reduces offset voltage to less than
0.30 mV and offset voltage drift to less than 3 pV/°C. This level
of de precision is achieved utilizing Analog’s laser wafer drift
trimming process. The combination of low quiescent current
and low offset voltage drift minimizes changes in input offset
voltage due to self-heating effects. Five additional grades are
offered over the commercial, industrial and military temperature
ranges.
The AD648 is recommended for any dual supply op amp appli
cation requiring low power and excellent de and ac performance.
In applications such as battery-powered, precision instrument
front ends and CMOS DAC buffers, the AD648’s excellent com
bination of low input offset voltage and drift, low bias current
and low 1/f noise reduces output errors. High common-mode
rejection (86 dB, min on the “C” grade) and high open-loop
gain ensures better than 12-bit linearity in high impedance,
buffer applications.

The AD648 is pinned out in a standard dual op amp configura
tion and is available in seven performance grades. The AD648J
and AD648K are rated over the commercial temperature range
of 0 to +70°C. The AD648A, AD648B and AD648C are rated
over the industrial temperature range of -40°C to +85°C. The
AD648S and AD648T are rated over the military temperature
range of -55°C to +125°C and are available processed to MILSTD-883B, Rev. C.
Extended reliability PLUS screening is available for parts speci
fied over the commercial and industrial temperature ranges.

PLUS screening includes 168-hour burn-in, as well as other en
vironmental and physical tests.
The AD648 is available in an 8-pin plastic mini-DIP, cerdip,
SOIC, TO-99 metal can, or in chip form.

PRODUCT HIGHLIGHTS
1. A combination of low supply current, excellent de and ac
performance and low drift makes the AD648 the ideal op
amp for high performance, low power applications.
2. The AD648 is pin compatible with industry standard dual op
amps such as the LF442, TL062, and AD642, enabling de
signers to improve performance while achieving a reduction
in power dissipation of up to 85%.
3. Guaranteed low input offset voltage (2 mV max) and drift
(20 jjlV/°C max) for the AD648J are achieved utilizing Analog
Devices’ laser drift trimming technology.

4. Analog Devices specifies each device in the warmed-up con
dition, insuring that the device will meet its published speci
fications in actual use.
5. Matching characteristics are excellent for all grades. The in
put offset voltage matching between amplifiers in the
AD648J is within 2 mV, for the C grade matching is within
0.4 mV.

6. Crosstalk between amplifiers is less than -120 dB at 1 kHz.
7. The AD648 is available in chip form.
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SPECIFICATIONS

(@ +25°C and V$ = ±15 V de, unless otherwise noted)
AD648J/A/S
Max
Typ

Model
Min

INPUT OFFSET VOLTAGE1
Initial Offset
Tmln to Tmax
vs. Temp.
vs. Supply
vs. Supply, Tmi„ to Tmax
Long-Term Offset Stability

0.75

2.0
3.0/3.0/3.0
20

Typ

Max

ibnun

5

MATCHING CHARACTERISTICS’
Input Offset Voltage
Input Offset Voltage Tmjn to Tmax
Input Offset Voltage vs. Temp
Input Bias Current
Crosstalk

1.0

20
0.45/1.3/20

15
5
0.15/0.35/5
1.0
1.5/1.5/2.0

pA
pA
nA

0.4
0.5

-120

mV
mV
pV/°C
PA
dB

1 x 10,2||3
3x 10,2||3

flllpF
HllpF

±20
±12

V
V

5

lxlO12||3
3xl0,2||3

±11

±20
±12

±11

dB
dB
dB
dB

86
86
76
76

82
82
76
76

70
70/70/70

15
5
0.35

5

1 x 1012||3
3x 1012||3

76

pA
nA

0.2

-120

±20
±12

10
0.65

2.5

10

±n

mV
mV
C
*
|iV/
dB
dB
p.V/month

2

5

-120

INPUT IMPEDANCE
Differential
Common Mode

0.3
0.5
3.0

3

10
0.25/0.65/10

0.5

2.0
3.0/3.0/3.0

Units

15

2

8

Max

86
80

3

30
10
0.25/0.7/10

AD648C
Typ

0.10

15

15
5

Min

1.0
1.5/1.5/2.0
10

0.3

86
80

80

INPUT BIAS CURRENT
Either Input,2 VCM = 0
Either Input2 at Tmax, VCM = 0
Max Input Bias Current Over
Common-Mode Voltage Range
Offset Current, VCM = 0
Offset Current at Tmax

INPUT VOLTAGE RANGE
Differential4
Common Mode
Common-Mode Rejection
Vcm = ±10V
Tmin to Tmax
Vcm = ±11 V
Tml„ to Tm„

AD648K/B/T
Min

INPUT VOLTAGE NOISE
Voltage 0.1 Hz to 10 Hz
f = 10 Hz
f = 100 Hz
f = 1 kHz
f = 10 kHz

2
80
40
30
30

2
80
40
30
30

2
80
40
30
30

INPUT CURRENT NOISE
f = 1 kHz

1.8

1.8

1.8

fA/Hz

1.0
30
1.8
8

MHz
kHz
V/p.s
M-s

1000
700
500
300

V/mV
V/mV
V/mV
V/mV

FREQUENCY RESPONSE
Unity Gain, Small Signal
Full Power Response
Slew Rate, Unity Gain
Settling Time to ±0.01%

OPEN-LOOP GAIN
Vo = ±10V, RL > 10 kfl
Tmi„ to Tmax, Rl a 10 kfl
Vo = ± 10 V, Rl a 5 kfl
Tmi„ to Tmax, RL a 5 kfl
OUTPUT CHARACTERISTICS
Voltage @ RL a 10 kfl,
Tm,„ to Tmax
Voltage (S' RL a 5 kfl,
Tmi„ to T„„
Short Circuit Current
POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current (Both Amplifiers)

1.0
30
1.8
8

0.8

1000
700
500
300

300
300
150
150

4.0

P-V P-P
nV/Hz
nV/Hz
nV/Hz
nV/Hz

1.0
30
1.8
8

0.8

1000
700
500
300

300
300
150
150

±12/±12/±12

±13

±12

±13

±12

±13

V

±11/±11/±11

±12
15

±11

±12
15

±11

±12
15

V
mA

0.8

1.0

300
300/300/300
150
150/150/150

1.0

TEMPERATURE RANGE
Operating, Rated Performance
Commercial (0 to + 70°C)
Industrial (~40°C to + 85°C)
Military (-55°C to + 125°C)
PACKAGE OPTIONS5
SOIC (R-8)
Plastic (N-8)
Cerdip (Q-8)
Metal Can (H-08A)
Tape and Reel
J and S Grade Chips Available
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340

±15

±15

±15

±4.5

1.0

±18
400

AD648J
AD648A
AD648S
AD648JR
AD648JN
AD648AQ, AD648SQ
AD648AH, AD648SH
AD648JR-REEL

±4.5
340

±18
400

AD648K
AD648B
AD648T
AD648KR
AD648KN
AD648BQ, AD648TQ
AD648BH AD648TH
AD648KR-REEL

±4.5
340

±18
400

AD648C

AD648CQ
AD648CH

V
V
pA

AD648
NOTES
‘Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA = +25°C.
’Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at TA = +25°C. For higher temperature, the current doubles
every 10°C.
’Matching is defined as the difference between parameters of the two amplifiers.
4Defined as voltages between inputs, such that neither exceeds ± 10 V from ground.
5See Section 20 for package outline information.
Specifications subject to change without notice.
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min
and max specifications are guaranteed.

ABSOLUTE MAXIMUM RATINGS1
Supply Voltage......................................................................... ±18V
Internal Power Dissipation2 ............................................ 500 mW
Input Voltage3 ..................................................................... ±18 V
Output Short Circuit Duration...................................... Indefinite
Differential Input Voltage...................................... +VS and -Vs
Storage Temperature Range Q, H.................... -65°C to +150°C
N......................... -65°C to +125°C
Operating Temperature Range
AD648J/K ................................................................0 to +70°C
AD648A/B/C ................................................... -40°C to +85°C
AD648S/T...................................................... -55°C to +125°C

Lead Temperature Range (Soldering 60 sec)..................... 300°C
NOTES
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
’Thermal Characteristics
8-Pin Plastic DIP Package:
0JA= 165°C/Watt
8-Pin Cerdip Package:
0JC = 22°C/Watt, 0JA = 110°C/Watt
8-Pin Metal Can Package: 0JC = 65°C/Watt, 0JA = 150°C/Watt
’For supply voltages less than ±18 V, the absolute maximum input voltage is
equal to the supply voltage.

METALIZATION PHOTO
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
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Typical Characteristics

SUPPLY VOLTAGE -

Figure 1. Input Voltage Range
vs. Supply Voltage

Figure 2. Output Voltage Swing
vs. Supply Voltage

Figure 9. Open-Loop Gain vs.
Temperature

Figure 10. Open-Loop Frequency
Response
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Figure 12. PSRR vs. Frequency

AD648

Figure 13. CMRR vs. Frequency

Figure 14. Large Signal Frequency
Response

Figure 15. Output Swing and Error
Voltage vs. Output Settling Time

FREQUENCY - Hi

Figure 16. Total Harmonic
Distortion vs. Frequency

Figure 19a. Unity Gain Follower

Figure 17. Input Noise Voltage
Spectral Density

Figure 19b. Unity Gain Follower
Pulse Response (Large Signal)

Figure 18. Total Noise vs. Source
Impedance

Figure 19c. Unity Gain Follower
Pulse Response (Small Signal)

■BBBBBBBDB

Figure 20a. Unity Gain Inverter

Figure 20b. Unity Gain Inverter
Pulse Response (Large Signal)

Figure 20c. Unity Gain Inverter
Pulse Response (Small Signal)
OPERATIONAL AMPLIFIERS 2-125

Applying the AD648
APPLICATION NOTES
The AD648 is a pair of JFET-input op amps with a guaranteed
maximum IB of less than 10 pA, and offset and drift laser
trimmed to 0.3 mV and 3 p.V/°C, respectively (AD648C). AC
specs include 1 MHz bandwidth, 1.8 V/ps typical slew rate and
8 ps settling time for a 20 V step to ±0.01%—all at a supply
current less than 400 pA. To capitalize on the device’s perfor
mance, a number of error sources should be considered.

The minimal power drain and low offset drift of the AD648 re
duce self-heating or “warm-up” effects on input offset voltage,
making the AD648 ideal for on/off battery powered applications.
The power dissipation due to the AD648’s 400 pA supply cur
rent has a negligible effect on input current, but heavy output
loading will raise the chip temperature. Since a JFET’s input
current doubles for every 10°C rise in chip temperature, this can
be a noticeable effect.
The amplifier is designed to be functional with power supply
voltages as low as ±4.5 V. It will exhibit a higher input offset
voltage than at the rated supply voltage of ±15 V, due to power
supply rejection effects. Common-mode range extends from 3 V
more positive than the negative supply to 1 V more negative
than the positive supply. Designed to cleanly drive up to 10 kfl
and 100 pF loads, the AD648 will drive a 2 kfl load with re
duced open-loop gain.

METAL CAN

MINI-DIP

D\7
** 8
D
8

Figure 22. Board Layout for Guarding Inputs

INPUT PROTECTION
The AD648 is guaranteed to withstand input voltages equal to
the power supply potential. Exceeding the negative supply volt
age on either input will forward bias the substrate junction of
the chip. The induced current may destroy the amplifier due to
excess heat.

Input protection is required in applications such as a flame de
tector in a gas chromatograph, where a very high potential may
be applied to the input terminals during a sensor fault condi
tion. Figures 23a and 23b show simple current limiting schemes
that can be used. Rprotect should be chosen such that the
maximum overload current is 1.0 mA (for example 100 kfl for a
100 V overload).

Figure 21 shows the recommended crosstalk test circuit. A typi
cal value for crosstalk is -120 dB at 1 kHz.

Rp TYPICALLY lOOkn TO 1Mli

Rp = 1mA for 1 SECOND OR LESS TRANSIENTS

Rp =

FOR CONTINUOUS OVERLOAD

Figure 23a. Input Protection of l-to-V Converter

Figure 21. Crosstalk Test Circuit

LAYOUT
To take full advantage of the AD648’s 10 pA max input current,
parasitic leakages must be kept below an acceptable level. The
practical limit of the resistance of epoxy or phenolic circuit
board material is between 1 x 1012 fl and 3 x 1012 fl. This can
result in an additional leakage of 5 pA between an input of 0 V
and a -15 V supply line. Teflon or a similar low leakage mate
rial (with a resistance exceeding 1017 fl) should be used to iso
late high impedance input lines from adjacent lines carrying
high voltages. The insulator should be kept clean, since contam
inants will degrade the surface resistance.
A metal guard completely surrounding the high impedance
nodes and driven by a voltage near the common-mode input po
tential can also be used to reduce some parasitic leakages. The
guarding pattern in Figure 22 will reduce parasitic leakage due
to finite board surface resistance; but it will not compensate for
a low volume resistivity board.

Figure 23b. Voltage Follower Input Protection Method

Figure 23b shows the recommended method for protecting a
voltage follower from excessive currents due to high voltage
breakdown. The protection resistor, Rp, limits the input cur
rent. A nominal value of 100 kfl will limit the input current to
less than 1 mA with a 100 volt input voltage applied.
The stray capacitance between the summing junction and
ground will produce a high frequency roll-off with a corner fre
quency equal to:
fcomer

~ X

7,

1

Ztr Kp Csrray

Accordingly, a 100 kfl value for Rp with a 3 pF Cstray will cause
a 3dB corner frequency to occur at 531 kHz.
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AD648
Figure 23c shows a diode clamp protection scheme for an I-to-V
converter using low leakage diodes. Because the diodes are con
nected to the op amp’s summing junction, which is a virtual
ground, their leakage contribution is minimal.

Exceeding the negative common-mode range on either input ter
minal causes a phase reversal at the output, forcing the amplifier
output to the corresponding high or low state. Exceeding the
negative common-mode on both inputs simultaneously forces the
output high. Exceeding the positive common-mode range on a
single input doesn’t cause a phase reversal; but if both inputs
exceed the limit, the output will be forced high. In all cases,
normal amplifier operation is resumed when input voltages are
brought back within the common-mode range.

Figure 23c. I-to-V Converter with Diode Input Protection

D/A CONVERTER BIPOLAR OUTPUT BUFFER
The circuit in Figure 24 provides 4 quadrant multiplication with
a resolution of 12 bits. The AD648 is used to convert the
AD7545 CMOS DAC’s output current to a voltage and provides

the necessary level shifting to achieve a bipolar voltage output,
The circuit operates with a 12-bit plus sign input code. The
transfer function is shown in Figure 25.

Figure 24. 12-Bit Plus Sign Magnitude D/A Converter

SIGN BIT

0
0
1
1

BINARY NUMBER IN DAC REGISTER
1111
0000
0000
1111

1111
0000
0000
1111

ANALOG OUTPUT
+ V,N x (4095/4096)
0 VOLTS
0VOLTS
-V,N x (4095/4096)

1111
0000
0000
1111

NOTE: SIGN BIT AT ”0" CONNECTS THE NONINVERTING INPUT OF
A2 TO ANALOG COMMON

Figure 25. Sign Magnitude Code Table

The AD7592 is a fully protected dual CMOS SPDT switch with
data latches. R4 and R5 should match to within 0.01% to main
tain the accuracy of the converter. A mismatch between R4 and
R5 introduces a gain error. Overall gain is trimmed by adjusting
Rin. The AD648’s low input offset voltage, low drift over tem
perature, and excellent dynamics make it an attractive low
power output buffer.

The input offset voltage of the AD648 output amplifier results
in an output error voltage. This error voltage equals the input
offset voltage of the op amp times the noise gain of the
amplifier.

That is:

/

Rfb\

Vos Output = Vos Input I 1 + — I
RFB is the feedback resistor for the op amp, which is internal to
the DAC. Ro is the DAC’s R-2R ladder output resistance. The
value of Ro is code dependent. This has the effect of changing
the offset error voltage at the amplifier’s output. An output am
plifier with a sub millivolt input offset voltage is needed to pre
serve the linearity of the DAC’s transfer function.
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The AD648 in this configuration provides a 700 kHz small sig
nal bandwidth and 1.8 V/ps typical slew rate. The 33 pF capaci
tor across the feedback resistor optimizes the circuit’s response.
The oscilloscope photos in Figures 26a and 26b show small and

large signal outputs of the circuit in Figure 24. Upper traces
show the input signal VIN. Lower traces are the resulting output
voltage with the DAC’s digital input set to all Is. The circuit
settles to ±0.01% for a 20 V input step in 14 ps.

Figure 26a. Response to ±20 1/ p-p Reference Square
Wave

DUAL PHOTODIODE PREAMP
The performance of the dual photodiode preamp shown in Fig
ure 27 is enhanced by the AD648’s low input current, input
voltage offset, and offset voltage drift. Each photodiode sources
a current proportional to the incident light power on its surface.
Rf converts the photodiode current to an output voltage equal
to RfxIs.

an error proportional to the preamp’s noise gain (1+RF/RSH),
where RSH is the photodiode shunt resistance. The amplifier’s
input current will double with every 10°C rise in temperature,
and the photodiode’s shunt resistance halves with every 10°C
rise. The error budget in Figure 28 assumes a room temperature
photodiode RSH of 500 MO, and the maximum input current
and input offset voltage specs of an AD648C.

An error budget illustrating the importance of low amplifier in
put current, voltage offset, and offset voltage drift to minimize
output voltage errors can be developed by considering the equiv
alent circuit for the small (0.2 mm2 area) photodiode shown in
Figure 27. The input current results in an error proportional to
the feedback resistance used. The amplifier’s offset will produce

The capacitance at the amplifier’s negative input (the sum of the
photodiode’s shunt capacitance, the op amp’s differential input
capacitance, stray capacitance due to wiring, etc.) will cause a
rise in the preamp’s noise gain over frequency. This can result
in excess noise over the bandwidth of interest. CF reduces the
noise gain “peaking” at the expense of signal bandwidth.

CF

100MII
------------------

Rf

100M11

Figure 27. A Dual Photodiode Pre-Amp
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4

AD648
TEMP
°C

RsH
(Mil)

Vos

(pA)

'bRf

-25

15,970

150

151 jiV

0.30

30 jjlV

181 jiV

0

2,830

225

233 fiV

2.26

262 jxV

495 jlV

+25

500

300

360 p.V

10.00

1.0 mV

1.36 mV

+50

88.5

375

800 |iV

56.6

5.6 mV

6.40 mV

+75

15.6

450

3.33 mV

320

32 mV

35.3 mV

+85

7.8

480

6.63 mV

640

64 mV

70.6 mV

(plV)

'b
(1 + Rr/Rsh) Vos

TOTAL

Figure 28. Photodiode Pre-Amp Errors over Temperature

INSTRUMENTATION AMPLIFIER
The AD648J’s maximum input current of 20 pA per amplifier
makes it an excellent building block for the high input imped
ance instrumentation amplifier shown in Figure 29. Total cur
rent drain for this circuit is under 600 p-A. This configuration is
optimal for conditioning differential voltages from high imped
ance sources.

The overall gain of the circuit is controlled by RG, resulting in
the following transfer function:

Vout
Vin

_

+ ^4)

Rg

Gains of 1 to 100 can be accommodated with gain nonlinearities
of less than 0.01%. The maximum input current is 30 pA over
the common-mode range, with a common-mode impedance of
over 1 x 10I2(l. The capacitors Cl, C2, C3 and C4 compensate
for peaking in the gain over frequency which is caused by input
capacitance.

To calibrate this circuit, first adjust trimmer RI for common
mode rejection with +10 volts de applied to the input pins.
Next, adjust R2 for zero offset at VOUT with both inputs
grounded. Trim the circuit a second time for optimal
performance.
The -3dB small signal bandwidth for this low power instru
mentation amplifier is 700 kHz for a gain of 1 and 10 kHz for a
gain of 100. The typical output slew rate is 1.8 V/p.s.

NOTE: VALUES FOR ALL CAPACITORS WERE CHOSEN
FOR BEST RESPONSE FOR GAINS OF 1 TO 5.
THEY ARE NOT REQUIRED FOR GAINS ABOVE 5.

Figure 29. Low Power Instrumentation Amplifier
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LOG RATIO AMPLIFIER
Log ratio amplifiers are useful for a variety of signal condition
ing applications, such as linearizing exponential transducer out
puts and compressing analog signals having a wide dynamic
range. The AD648’s picoamp level input current and low input
offset voltage make it a good choice for the front-end amplifier
of the log ratio circuit shown in Figure 30. This circuit produces
an output voltage equal to the log base 10 of the ratio of the in
put currents I, and I2. Resistive inputs R1 and R2 are provided
for voltage inputs.
Input currents I] and I2 set the collector currents of QI and Q2,
a matched pair of logging transistors. Voltages at points A and B
are developed according to the following familiar diode
equation:

Vbe

~ (kT/q} In (Zc/ffsl

In this equation, k is Boltzmann’s constant, T is absolute tem
perature, q is an electron charge, and IES is the reverse satura
tion current of the logging transistors. The difference of these
two voltages is taken by the subtractor section and scaled by a
factor of approximately 16 by resistors R9, RIO and R8. Tem
perature compensation is provided by resistors R8 and R15,

which have a positive 3500 ppm/°C temperature coefficient. The
transfer function for the output voltage is:

Vout ~ IWo Ifi/h)
Frequency compensation is provided byRll,R12,Cl, and C2.
Small signal bandwidth is approximately 300 kHz at input cur
rents above 100 |xA and will proportionally decrease with lower
signal levels. DI, D2, R13, and R14 compensate for the effects
of the two logging transistors’ ohmic emitter resistance.
To trim this circuit, set the two input currents to 10 |xA and
adjust VOUT to zero by adjusting the potentiometer on A3.
Then set I2 to 1 p.A and adjust the scale factor such that the
output voltage is IV by trimming potentiometer R10. Offset
adjustment for Al and A2 is provided to increase the accuracy
of the voltage inputs.
This circuit ensures a 1% log conformance error over an input
current range of 300 pA to 1 mA, with low level accuracy lim
ited by the AD648’s input current. The low level input voltage
accuracy of this circuit is limited by the input offset voltage and
drift of the AD648.

Figure 30. Precision Log Ratio Amplifier
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ANALOG
DEVICES
FEATURES
Enhanced Replacement for OP400 and LM324
HIGH DC PRECISION
40 jaV max Offset Voltage
1 pV/°C max Offset Drift
100 pA max Input Bias Current
2.5 pA/°C max lB Drift

Quad Picoampere Input Current
Bipolar Op Amp
AD704
AD704 CONNECTION DIAGRAMS

14-Pin Plastic (N) and
14-Pin Cerdip (Q) Packages

16-Pin SOIC
(R) Package

LOW NOISE
0.5 pV p-p typ Noise, 0.1 Hz to 10 Hz

LOW POWER
600 p.A max Supply Current per Amplifier
MIL-STD-883B Processing Available

Single Version: AD705
Dual Version: AD706
PRIMARY APPLICATIONS
Low Frequency Active Filters
Precision Instrumentation
Precision Integrators

PRODUCT DESCRIPTION
The AD704 is a quad, low power bipolar op amp that has the
low input bias current of a BiFET amplifier but which offers a
significantly lower IB drift over temperature. It utilizes Super
*
beta bipolar input transistors to achieve picoampere input bias
current levels like FET input amplifiers at room temperature.
However, its IB only increases by 5x at 1256C unlike a BiFET
amp, for which IB doubles every KFC resulting in a 1000X in
crease at + 125°C. The AD704 achieves the microvolt offset volt
age and low noise characteristics of a precision bipolar input
amplifier.
Since it has only 1/20 the input bias current of an OP-07, the
AD704 does not require the commonly used “balancing” resis
tor. Furthermore, the current noise is 1/5 that of the OP-07
which makes this amplifier usable with much higher source im
pedances. At 1/6 the supply current (per amplifier) of the
OP-07, the AD704 is better suited for today’s higher density
circuit boards.

The AD704 is internally compensated for unity gain and is
available in five performance grades. The AD704J and AD704K
are rated over the commercial temperature range of 0 to +70°C.
The AD704A and AD704B are rated over the industrial temper
ature of -40°C to +85°C. The AD704T is rated over the mili
tary temperature range of -55°C to +125°C and is available
processed to MIL-STD-883B, Rev. C.
The AD704 is offered in three package types: 14-pin plastic
DIP, 14-pin cerdip and 16-pin wide-body SOIC packages. Chips
are also available.

PRODUCT HIGHLIGHTS
1. The AD704 is a quad, low drift op amp that offers BiFET
level inpuj bias currents (at room temperature) yet has the
low IB drift of a bipolar amplifier. It may be used to upgrade
circuits using quad op amps such as the OP400, LM324.

2. The AD704 can be used in applications where a chopper am
plifier would normally be required but without the chopper’s
inherent noise and other problems.

The AD704 is an excellent choice for use in low frequency
active filters in 12- and 14-bit data acquisition systems, in preci
sion instrumentation, and as a high quality integrator.

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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SPECIFICATIONS (@I

= 0 V, and ±15 V de, unless otherwise noted)

Model
Conditions

INPUT OFFSET VOLTAGE
Initial Offset
Offset
vs. Temp. Average TC
vs. Supply (PSRR)
Tmin - Tmav
Long Term Stability
INPUT BIAS CURRENT'

Tmi„ - Tmav
Vs = ±2 to ±18 V
Vs = ±2.5 to ±18 V
Vcm
Vcm

vs. Temp, Average TC
Tmi„ to T„.v
Tmi„ to Tmax
INPUT OFFSET CURRENT

110
108

= 0V
= ± 13.5 V

AD704J/A
Typ Max

30
40
0.2
132
126
0.3

100
150
1.5

30

200
250

Min

110
108

Vcm

Vcm

= 0V
= ±13.5 V

AD704K/B
Typ Max

10
25
0.2
132
126
0.3

40
70
1.0

30

100
150

300
400
30

= 0V
= ± 13.5 V

0.6
80
80

= 0V
Vcm= ±13.5 V
Vcm

Min

AD704T
Typ Max
10
25

114
108

150
200

30

0.4
80
80

250
350

pV
pV
|XV/°C
dB
dB
p.V/month

100
150

pA
pA
pA/°C
pA
pA

0.2
200
300

600
700

100
150

30

0.4
80
80

200
300

Units

50
150
1.0

132
126
0.3
30

0.2

0.3
VCm

Vcm

vs. Temp, Average TC
Tmin to Tm„
Tm,n to Tnux

Min

100
150

300
400

pA
pA
pA/°C
pA
pA

MATCHING CHARACTERISTICS
Offset Voltage

Input Bias Current
Common-Mode Rejection

Power Supply Rejection
Crosstalk

FREQUENCY RESPONSE
UNITY GAIN
Crossover Frequency
Slew Rate, Unity Gain
Slew Rate

G = - 1
Tml„ - Tmax

0.4
0.1
0.05

INPUT IMPEDANCE
Differential
Common Mode
INPUT VOLTAGE RANGE
Common Mode Voltage
Common Mode Rejection
Ratio

0.4
0.1
0.05

0.8
0.15
0.15

±13.5 ±14

= ± 13.5 V

Tmin tO Tmax

110
108

132
128

Mfl//pF
Gfl//pF

114
108

114
108

dB
dB

132
128

3
50

INPUT VOLTAGE NOISE

0.1 to 10 Hz
f = 10 Hz
f = 1 kHz

0.5
17
15

0.5
17
15

OPEN-LOOP GAIN

Vo= ±12 V
Rload ~ 10 kD
Tmi„ to Tm„
Vo= ±10 V
Rload = 2 kfl

Current

40//2
3OO//2

V

3
50

Rload = 10 kfl
Tmin - Tma„
Short Circuit

MHz
V/fJLS
V/ps

±13.5 ±14

0.1 to 10 Hz
f = 10 Hz

OUTPUT CHARACTERISTICS
Voltage Swing

0.8
0.15
0.15

±13.5 ±14

INPUT CURRENT NOISE

Tmin - Tmax

0.4
0.1
0.05

40//2
3OO//2

40//2
3OO//2

Vcm

0.8
0.15
0.15

22

12

22

132
128
3
50

12

pA p-p
fA/VHz

0.5
17
15

1.0

M-V p-p
nV/VHz
nV/VHz

22

200
150

2000
1500

400
300

2000
1500

400
300

2000
1500

V/mV
V/mV

200
150

1000
1000

300
200

1000
1000

300
200

1000
1000

V/mV
V/mV

±13

±14
±15

±13

±14
±15

±13

±14
±15

V
mA

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD704
AD704K/B

AD704J/A

Model

Conditions
CAPACITIVE LOAD
Drive Capability
Output Resistance

Gain = +1
Open-Loop

POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current

TRANSISTOR COUNT

Min

Typ

Max

Min

10,000
200

Tmn - Trax

1520
1600

No. of Transistors

180

AD704T
Max

Min

±2.0

1520
1600

Max

±18
2400
2600

±2.0

1520
1600

Units
pF
ft

±15

±15
±18
2400
2600

Typ
10,000
200

10,000
200

±15
±2.0

Typ

±18
2400
2600

V
V
nA
nA

180

180

NOTES
‘Bias Current Specifications are guaranteed maximum at either input.
Specifications subject to change without notice.
All min and max specifications are guaranteed.

ABSOLUTE MAXIMUM RATINGS1
NOTES
Supply Voltage..................................................................... ±18V
‘Stresses above those listed under Absolute Maximum Ratings may cause
Internal Power Dissipation2 ............................................ 650 mW
permanent damage to the»device. This is a stress rating only and functional
Input Voltage ....................................................................................... 1 operation of the device at these or any other conditions above those indicated
Differential Input Voltage3......................................... . ±0.7 V
in the operational section of this specification is not implied. Exposure to
Output Short Circuit Duration
"1. . 1HiMUi^ > ^absolute maximum rating conditions for extended periods may affect device
reliability.
Storage Temperature Range
Specification is for device in free air:
Q....................................... I
65°C to +
14-Pin Plastic Package: 9JA = 85°C/Watt
N, R.................................. 1
65°Cto+125°C
A-PinCerdip Package: 9JA = 110°C/Watt
Operating Temperature Range
16-PitiWide-Body Small Outline Package: 0JA = 100°C/Watt
AD704J/K ..........................
‘JW$o
70°C
*
«# 3The input pins of this amplifier are protected by back-to-back diodes. If the
differential
, volt age exceeds ±0.7 volts, external series protection resistors
AD704A/B............................
-40°C to + 85T
*
be
*
added to limit the input current to less than 25 mA.
AD704T .........................................................-550C<+W50^ Spul
Lead Temperature Range (Soldering 60 seconds) . . .

ORDERING GUIDE
*
Temperature
Range

14-Pin Plastic
Mini-DIP (N-14)

0 to +70°C

AD704JN
AD704KN

14-Pin
Cerdip (Q-14)

16-Pin
SOIC (R-16)
AD704JR

—40°C to +85°C

AD704AQ
AD704BQ

-55°C to +125°C

AD704TQ

*See Section 20 for package outine information.

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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ANALOG
DEVICES
FEATURES

DC PERFORMANCE
25 p.V max Offset Voltage (AD705T)
0.6 pV/°C max Drift (AD705K/T)
100 pA max Input Bias Current (AD705K)
250 pA max lB Over MIL Temperature Range (AD705T)
114 dB min CMRR (AD705K/T)
114 dB min PSRR (AD705T)
200 V/mV min Open Loop Gain
0.5 jjlV p-p typ Noise, 0.1 Hz to 10 Hz
600 |iA max Supply Current

AC PERFORMANCE
0.15 V/p.s Slew Rate
800 kHz Unity Gain Crossover Frequency
10,000 pF Capacitive Load Drive Capability
Low Cost
Available in 8 Pin Plastic Mini-DIP, Hermetic Cerdip,
Surface Mount (SOIC) Packages and Chip Form
MIL-STD-883B Processing Available
Dual Version Available: 706
APPLICATIONS
Low Frequency Active Filters
Precision Instrumentation
Precision Integrators

PRODUCT DESCRIPTION
The AD705 is a low power bipolar op amp that has the low in
put bias current of a BiFET amplifier but which offers a signifi
cantly lower IB drift over temperature. The AD705 offers many
of the advantages of BiFET and bipolar op amps without their
inherent disadvantages. It utilizes superbeta bipolar input tran
sistors to achieve the picoampere input bias current levels of
FET input amplifiers (at room temperature), while its IB typi
cally only increases 5 times vs. BiFET amplifiers which exhibit
a 1000X increase over temperature. This means that, at room
temperature, while a typical BiFET may have less IB than the
AD705, the BiFET’s input current will increase to a level of
several nA at + 125°C. Superbeta bipolar technology also permits
the AD705 to achieve the microvolt offset voltage and low noise
characteristics of a precision bipolar input amplifier.
The AD705 is a high quality replacement for the industry
standard OP-07 amplifier while drawing only one sixth of its
power supply current. Since it has only l/20th the input bias
current of an OP-07, the AD705 can be used with much higher
source impedances, while providing the same level of de preci
sion. In addition, since the input bias currents are at picoAmp
levels, the commonly used “balancing” resistor (connected be
tween the noninverting input of a bipolar op amp and ground) is
not required.

Picoampere Input-Current
Bipolar Op Amp
AD705
AD705 CONNECTION DIAGRAM

OFFSET
NULL

OFFSET
NULL

-IN

V*

+IN

OUTPUT

V-

OVER
COMP

8 PIN PLASTIC
MINIDIP (N),
CERDIP (Q)
AND SOIC (R)
PACKAGES

The AD705 is an excellent choice for use in low frequency ac
tive filters in 12- and 14-bit data acquisition systems, in preci
sion instrumentation and as a high quality integrator.
The AD705 is internally compensated for unity gain and is
available in five performance grades. The AD705J and AD705K
are rated over the commercial temperature range of 0 to +70°C.
The AD705A and AD705B are rated over the industrial temper
ature range of —40°C to +85°C. The AD705T is rated over the
military temperature range of — 5 5 °C to +12 5 °C and is available
processed to MIL-STD-883B, Rev. C.
The AD705 is offered in three varieties of 8-pin package: plastic
DIP, hermetic cerdip and surface mount (SOIC). “J” grade
chips are also available.

PRODUCT HIGHLIGHTS
1. The AD705 is a low drift op amp that offers BiFET level
input bias currents, yet has the low IB drift of a Bipolar am
plifier. It upgrades the performance of circuits using op amps
such as the OP-07, OP-97 and LT 1012.

2. The combination of Analog Devices’ advanced Superbeta
processing technology and factory trimming provides both
low drift and high de precision.
3. The AD705 can be used in applications where a chopper am
plifier would normally be required but without the chopper’s
inherent noise and other problems.
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(@ Ta = +25°C, VCM = 0 V, and V$ = ±15 V de, unless otherwise noted)
Parameter

INPUT OFFSET VOLTAGE
Initial Offset
Offset
vs. Temp, Average TC
vs. Supply (PSRR)
Tm,n to Tma,
Long Term Stability

Conditions

Min

Tmin to Tmav
Vs = ±2 V to ±18 V
Vs = ±2.5 V to ±18 V

110
108

AD705J/A
Max
Typ
30
45
0.2
129
126
0.3

90
150
1.2

60
80
0.3
80
100

150
200

AD705K/B
Min
Max
Typ

110
108

10
25
0.2
129
126
0.3

35
60
0.6

30
50
0.3
50
70

100
150

AD705T
Min
Typ

114
108

Max

Units

10
25
0.2
129
126
0.3

25
60
0.6

pV
pV
pV/’C
dB
dB
p.\7month

30
50
0.6
90
120

100
150

pA
pA
pA/°C
pA
pA

INPUT BIAS CURRENT1

VCM = 0 V
VCM= ±13.5 V
vs. Temp, Average TC
Tmjn to Tmax
Tmin to Tmax
INPUT OFFSET CURRENT

vs. Temp, Average TC
Tmin to Tmax
Tmin to Tmax

FREQUENCY RESPONSE
Unity Gain
Crossover Frequency
Slew Rate, Unity Gain
Slew Rate

VCM = 0 V
VCM = ± 13.5 V

40
40
0.3
80
80

= 0v
VCM = ±13.5 V
Vcm

0V
VCM= ±13.5 V
VCm =

G = -1
Tmm tO Tmax

0.4
0.1
0.05

INPUT IMPEDANCE
Differential
Common Mode

0.4
0.1
0.05

VCM = ±13.5 V
Tmin tO Tmax

0.8
0.15
0.15

MHz
V/|AS
V/p.s

40//2
3OO//2

Mll//pF
GO//pF

114
108

114
108

dB
dB

Vo = ±12 V
Rload = I® kll
Tmm tO Tmax
Vo = ±10 V
^LOAD = 2 kQ
Tmm to Tmax

132
128

0.5
17
15

22

1.0

132
128

0.5
17
15

22

50

1.0
22

pV p-p
nV/\ Hz
nV/\ Hz

50

fA/\ Hi

300
200

2000
1500

400
300

2000
1500

400
300

2000
1500

V/mV
V/mV

200
150

1000
1000

300
200

1000
1000

300
200

1000
1000

V/mV
V/mV

±13
±13

±14
±14
±15

±13
±13

±14
±14
±15

±13
±13

±14
±14
±15

V
V
mA

10,000
200

pF
12

10,000
200

Gain = +1
Open Loop

10,000
200

±15

±2.0
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0.4
0.1
0.05

40//2
300//2

132
128

OPEN LOOP GAIN

TEMPERATURE RANGE
FOR RATED PERFORMANCE
Commercial (0 to +70°C)
Industrial (-40°C to + 85°C)
Military (-55°C to +125°C)

0.8
0.15
0.15

250
450

pA
pA
pA/°C
pA
pA

110
108

50

Tmm to Tmax

150
350

100
150

V

f = 10 Hz

POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current

30
30
0.4
80
80

±13.5 ±14

INPUT CURRENT NOISE

= 10 kl)
Tm,„ to Tm.„
Short Circuit

100
150

250
450

±13. 5 ±14

0.5
17
15

Rload

150
350

±13. 5 ±14

0.1 Hz to 10 Hz
f = 10 Hz
f = 1 kHz

Current
Capacitive Load
Drive Capability
Output Resistance

30
30
0.3
50
50

250
450

0.8
0.15
0.15

INPUT VOLTAGE NOISE

OUTPUT CHARACTERISTICS
Voltage Swing

150
200

40//2
300//2

INPUT VOLTAGE RANGE
Common Mode Voltage

COMMON MODE
REJECTION RATIO

250
450

380
400

AD705J
AD705A

±15

±18
600
800

±2.0
380
400

±15

±18
600
800

±2.0
380
400

AD7O5K
AD705B

AD7O5T

±18
600
800

V
V
pA
pA

AD705
PACKAGE OPTIONS2
8-Pin Cerdip (Q-8)
8-Pin Plastic Mini-DIP (N-8)
8-Pin SOIC (R-8)

TRANSISTOR COUNT

AD705AQ
AD705JN
AD705JR

AD7O5BQ
AD705KN
45

45

# of Transistors

NOTES
‘Bias Current Specifications are guaranteed maximum at either input.
See Section 20 for package outline information.
All min and max specifications are guaranteed.

AD705TQ

45

Specifications in boldface are tested on all production units at final electrical test.
Results from those tests are used to calculate outgoing quality levels.
Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS1
Supply Voltage ................................................................. ± 18 V
Internal Power Dissipation2 ............................................ 650 mW
Input Voltage.......... ................................................................±VS
Differential Input Voltage3......................................... ±0.7 Volts
Output Short Circuit Duration...................................... Indefinite
Storage Temperature Range Q......................... -65°C to +150°C
Storage Temperature Range N, R.................... -65°C to + 125°C
Operating Temperature Range
AD705J/K ................................................................ 0 to + 70°C
AD705A/B........................................................ -40°C to +85°C
AD705T ........................................................ -55°C to +125°C
Lead Temperature Range
(Soldering 60 seconds) .................................................... 300°C

NOTES
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indi
cated in the operational section of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect
device reliability.
28-Pin Plastic Package: 0JA = 165°C/Watt
8-Pin Cerdip Package: 0JA = 110°C/Watt
8-Pin Small Outline Package: flJA = 155°C/Watt
3The Input pins of this amplifier are protected by back-to-back diodes. If the
differential voltage exceeds ±0.7 volts, external series protection resistors
should be added to limit the input current to less than 25 mA.

METALIZATION PHOTOGRAPH
Dimensions shown in inches and (mm).
Contact factory for latest dimensions.

3
♦ IN
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Typical Characteristics (@ +25°C, Vs = ±15 V, unless otherwise noted)
200

-120

-60

0

+ 60

+120

INPUT BIAS CURRENT - Picoamperes

Volts

INPUT COMMON MODE VOLTAGE LIMIT

Figure 2. Typical Distribution of
Input Bias Current

INPUT OFFSET CURRENT - Picoamperes

Figure 3. Typical Distribution of
Input Offset Current

(REFERRED TO SUPPLY VOLTAGES)

Figure 1. Typical Distribution of
Input Offset Voltage

SOURCE RESISTANCE - Ohms

Figure 4. Input Common Mode
Voltage Range vs. Supply Voltage

Figure 5. 0.1 Hz to 10 Hz Noise
Voltage

Figure 6. Offset Voltage Drift vs.
Source Resistance

WARM-UP TIME IN MINUTES

Figure 7. Typical Distribution of
Offset Voltage Drift
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Figure 8. Change in Input Offset
Voltage vs. Warm-Up Time

Figure 9. Input Bias Current vs.
Common Mode Voltage

VOLTAGE NOISE

- nV/VHz

AD705

X

2

FREQUENCY - Hz

FREQUENCY - Hz

Figure 12. Large Signal Frequency
Response

QUIESCENT CURRENT

- pA

Figure 10. Input Noise Voltage
Spectral Density

FREQUENCY - Hz

Figure 11. Input Noise Current
Spectral Density

SUPPLY VOLTAGE - ±VoltS

Figure 13. Quiescent Supply
Current vs. Supply Voltage

LOAD RESISTANCE - kO

Figure 16. Open Loop Gain vs.
Load Resistance over Temperature

FREQUENCY-Hz

Figure 14. Common Mode
Rejection vs. Frequency

Figure 15. Power Supply Rejection
vs. Frequency

FREQUENCY - Hz

Figure 17. Open Loop Gain and
Phase Shift vs. Frequency

Figure 18. Output Voltage Limit vs.
Supply Voltage
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VALUE OF OVERCOMPENSATION CAPACITOR - pF

Figure 19. Slew Rate & Gain
Bandwidth Product vs. Value of
Overcompensation Capacitor

Figure 21b. Unity Gain Follower
Large Signal Pulse Response
RF = 10 kQ, CL = 50 pF

Figure 22a. Unity Gain Inverter
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FREQUENCY - Hz

Figure 20. Magnitude of Closed
Loop Output Impedance vs.
Frequency

Figure 21a. Unity Gain Follower
(For Large Signal Applications,
Resistor RF Limits the Current
Through the Input Protection
Diodes)

Figure 21c. Unity Gain Follower
Small Signal Pulse Response
RF = 0 f), CL = 700 pF

Figure 21 d. Unity Gain Follower
Small Signal Pulse Response
RF = 0 Cl, CL = 1000 pF

Figure 22b. Unity Gain Inverter
Large Signal Pulse Response
CL = 50 pF

Figure 22c. Unity Gain Inverter
Small Signal Pulse Response
CL = 100 pF

AD705

Figure 24. Offset Null and Overcompensation
Connections

Figure 23a. Follower Connected in
Feed-Forward Mode

INPUT

Voer^lV^-V^)

RESISTORS R1 AND R1\ R2 AND R2’
ARE VICTOREEN MOX-200 1 4 WATT,
1% METAL OXIDE.

COMMON MODE INPUT RANGE = 10 (Vs - 1.5V)
FOR Vs= ±15V, VCM RANGE = ±135V

*SEE TABLE I

(1 ♦ s?)

CIRCUIT GAIN, G = -

OUTPUT

Figure 25. A High Performance
Differential Amplifier Circuit

Figure 23b. Follower Feed-Forward
Pulse Response

A High Performance Differential Amplifier Circuit
Figure 25 shows a high input impedance, differential amplifier
circuit that features a high common mode voltage, and which
operates at low power. Table I details its performance with
changes in gain. To optimize the common mode rejection of this
circuit at low frequencies and de, apply a 1 volt, 1 Hz sine wave
to both inputs. Measuring the output with an oscilloscope, adjust
trimming potentiometer R6 for minimum output. For the best
CMR at higher frequencies, capacitor C2 should be replaced
with a 1.5 pF to 20 pF trimmer capacitor.

Circuit
Gain

R4

R5

(ft)

(ft)

Trimmed
DC CMR
(dB)

RTI Average
Drift TC
(ptV/°C)

Circuit
Bandwidth
-3 dB

1
10
100

1.13 kfl
ioo n
10.2 ft

10 kft
9.76 kft
10 kft

>85
>85
>85

30
30
30

4.4 kHz
2.8 kHz
930 Hz

Table I. Typical Performance of Differential Amplifier
Circuit Operating at Various Gains

Both the IC socket and any standoffs at the op amp’s input ter
minals should be made of Teflon
*
to maintain low input current
drift over temperature.
‘Teflon is a registered trademark of E.I. DuPont, Co.
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A 1 Hz, 2-Pole, Active Filter
Table II gives recommended component values for the 1 Hz fil
ter of Figure 26. An unusual characteristic of the AD705 is that
both the input bias current and the input offset current and
their drift remain low over most of the op amps rated tempera
ture range. Therefore, for most applications, there is no need to
use the normal balancing resistor tied between the noninverting
terminal of the op amp and ground. Eliminating the standard
balancing resistor reduces board space and lowers circuit noise.
However, this resistor is needed at temperatures above 110°C,
because input bias current starts to change rapidly, as shown by
Figure 27.

Desired Low
Pass Response

Pole
Frequency

Pole Q

Cl Value

C2 Value

(pF)

(pF)

Bessel Response

1.27

0.58

0.14

0.11

Butterworth Response

1.00

0.707

0.23

0.11

0.1 dB Chebychev

0.93

0.77

0.26

0.11

0.2 dB Chebychev

0.90

0.80

0.28

0.11

0.5 dB Chebychev

0.85

0.86

0.32

0.11

1.0 dB Chebychev

0.80

0.96

0.38

0.10

(Hz)

Specified Values are for a -3 dB point of 1.0 Hz.
For other frequencies, simply scale capacitors Cl and C2 directly;
i.e., for 3 Hz Bessel response, Cl = 0.046 p.F, C2 = 0.037 p.F.

Table II. Recommended Component Values for the 1 Hz
Low Pass Filter
C1

OPTIONAL
i
BALANCE
1
RESISTOR -------NETWORK
WITHOUT THE
NETWORK, PINS
2 AND 6 OF THE
AD705 ARE TIED
TOGETHER.

R3
2MO

<1------------------- VW■
J
I
J

C3
0.01pF

------------- IF"

Figure 26. A 1 Hz, 2-Pole Active Filter
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Figure 27. Vos vs. Temperature of 1 Hz Filter

ANALOG
DEVICES
FEATURES
HIGH DC PRECISION
50 p.V max Offset Voltage
0.6 p.V/°C max Offset Drift
110 pA max Input Bias Current
LOW NOISE
0.5 pV p-p Voltage Noise, 0.1 Hz to 10 Hz

Dual Picoampere Input
Current Bipolar Op Amp
AD706
AD706 CONNECTION DIAGRAM

Plastic Mini-DIP (N)
Cerdip (Q) and
Plastic SOIC (R) Packages
AMPLIFIER 1

AMPLIFIER 2
V+

LOW POWER
750 pA Supply Current

Available in 8-Pin Plastic Mini-DIP, Hermetic Cerdip and
Surface Mount (SOIC) Packages
MIL-STD-883B Processing Available
Single Version: AD705, Quad Version (AD704)
PRIMARY APPLICATIONS
Low Frequency Active Filters
Precision Instrumentation
Precision Integrators

PRODUCT DESCRIPTION
The AD706 is a dual, low power, bipolar op amp that has the
low input bias current of a BiFET amplifier but which offers a
significantly lower IB drift over temperature. It utilizes super
beta bipolar input transistors to achieve picoampere input bias
current levels (similar to FET input amplifiers at room tempera
ture), while its IB typically only increases by 5x at 125°C (un
like a BiFET amp, for which IB doubles every 10°C for a
1000X increase at 125°C). The AD706 also achieves the micro
volt offset voltage and low noise characteristics of a precision
bipolar input amplifier.
Since it has only 1/20 the input bias current of an OP-07, the
AD706 does not require the commonly used “balancing” resis
tor. Furthermore, the current noise is 1/5 that of the OP-07
which makes this amplifier usable with much higher source
impedances. At 1/6 the supply current (per amplifier) of the OP07, the AD706 is better suited for today’s higher density boards.

OUTPUT

+IN

in five performance grades. The AD706J and AD706K are rated
over the commercial temperature range of 0 to +70°C. The
AD706A and AD706B are rated over the industrial temperature
range of -40°C to + 85°C. The AD706T is rated over the mili
tary temperature range of -55°C to +125°C and is available pro
cessed to MIL-STD-883B, Rev. C.
The AD706 is offered in three varieties of an 8-pin package:
plastic mini-DIP, hermetic cerdip and surface mount (SOIC).
“J” grade chips are also available.

PRODUCT HIGHLIGHTS
1. The AD706 is a dual low drift op amp that offers BiFET
level input bias currents, yet has the low IB drift of a bipolar
amplifier. It may be used in circuits using dual op amps such
as the OP-200, and LT1024.

2. The AD706 provides both low drift and high de precision.
3. The AD706 can be used in applications where a chopper am
plifier would normally be required but without the chopper’s
inherent noise.

The AD706 is an excellent choice for use in low frequency ac
tive filters in 12- and 14-bit data acquisition systems, in preci
sion instrumentation, and as a high quality integrator. The
AD706 is internally compensated for unity gain and is available
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(@ Ta = +25° C, VCM = 0 V, and ±15 V de, unless otherwise noted)
Parameter
INPUT OFFSET VOLTAGE
Initial Offset
Offset
vs. Temp, Average TC
vs. Supply (PSRR)
Tmi„ to Tma,
Long Term Stability

Conditions

Min

Tmin tO Tmax
Vs = ±2 V to ±18 V
Vs = ±2.5 V to ±18 V

110
106

AD706J/A
Max
Typ

30
40
0.2
132
126
0.3

100
150
1.5

50

200
250

Min

112
108

AD706K/B
Max
Typ

10
25
0.2
132
126
0.3

50
100
0.6

30

110
160

Min

112
108

AD706T
Typ

Max

Units

10
25
0.2
132
126
0.3

50
100
0.6

pV
pV
pV/°C
dB
dB
pV/month

30

120
170

pA
PA
pA/°C
pA
PA

INPUT BIAS CURRENT1

= 0V
VCM= ±13.5 V
Vcm

vs. Temp, Average TC
Troln to Tmax
Tmi„ to Tmax

INPUT OFFSET CURRENT

vs. Temp, Average TC
Tm,„ to Tm,,
Tmin to Tmax

0.3
Vcm = 0 V
VCM= ±13.5 V
Vcm

30

= 0V
VCM = ±13.5 V

0.6
80
80

= 0V
VCM= ±13.5 V
Vcm

MATCHING CHARACTERISTICS
Offset Voltage
Tm,„ to Tma,
Input Bias Current2
Tm,„ to Tma,
Common-Mode Rejection
Tmin to Tmax
Power Supply Rejection
Tm,„ to Tmav
Crosstalk
(3 f = 10 Hz
(Figure 19a)
Rl = 2 kfl

FREQUENCY RESPONSE
Unity Gain Crossover
Frequency
Slew Rate

G = -1
Tmln to Tmax

VCM = ±13.5 V
Tmin to Tmax

Current
Capacitive Load
Drive Capability

Gain = +1

2-144 OPERATIONAL AMPLIFIERS

no
108
110
106

pV
pV
pA
PA
dB
dB
dB
dB

0.8
0.15
0.15

0.8
0.15
0.15

0.8
0.15
0.15

MHz
V/ps
V/ps

40//2
300//2

40//2
300//2

40//2
300//2

Mfl//pF
Gfl//pF

±13.5

±14

±13.5

±14

±13.5

±14

V

110
108

132
128

114
108

132
128

114
108

132
128

dB
dB

3
50

pA p-p
fA/v'Hz

0.5
17
15

^LOAD = 10
Tm,„ to Tmav
Short Circuit

75
200
200
400

dB

0.1 Hz to 10 Hz
f = 10 Hz
f = 1 kHz

OUTPUT CHARACTERISTICS
Voltage Swing

75
150
150
250

300
450

pA
pA
pA/°C
PA
PA

150

INPUT VOLTAGE NOISE

Tmin '0 Tmax

0.4
80
80

200
300

100
200

150

3
50

Vo= ±12 V
= 10 kfl
Tm,„ to Tma.
Vo= ±10 V
l^I.OAD = 2 kfl

30

150

0.1 Hz to 10 Hz
f = 10 Hz

Rload

0.4
80
80

250
350

400
600

100
200

110
108
no
106

INPUT CURRENT NOISE

OPEN-LOOP GAIN

30

150
250

106
106
106
104

0.2

200
300

150
250
300
500

INPUT IMPEDANCE
Differential
Common Mode
INPUT VOLTAGE RANGE
Common-Mode Voltage
Common-Mode Rejection
Ratio

0.2

300
400

3
50

0.5
17
15

22

0.5
17
15

1.0

22

1.0
22

pV p-p_
nV/VHz
nV/\/Hz

200
150

2000
1500

400
300

2000
1500

400
300

2000
1500

V/mV
V/mV

200
150

1000
1000

300
200

1000
1000

200
100

1000
1000

V/mV
V/mV

±13
±13

±14
±14
±15

±13
±13

±14
±14
±15

±13
±13

±14
±14
±15

V
V
mA

10,000

pF

10,000

10,000

AD706
Min

Conditions

Parameter

POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current, Total

AD706J/A
Typ
Max

Min

AD706K/B
Typ
Max

±15
±2.0

TRANSISTOR COUNT

Tmin to Tm.x

0.75
0.8

# of Transistors

90

Min

AD706T
Typ

±15
±18
1.2
1.4

±2.0
0.75
0.8

Max

Units

±18
1.2
1.6

V
V
mA
mA

±15

±18
1.2
1.4

±2.0
0.75
0.8

90

90

NOTES
‘Bias current specifications are guaranteed maximum at either input.
2Input bias current match is the difference between corresponding inputs (IB of -IN of Amplifier #1 minus IB of - IN of Amplifier #2).
Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS’
Supply Voltage................................................................. ± 18 V
Internal Power Dissipation
(Total: Both Amplifiers)2 ............................................ 650 mW
Input Voltage...........................................................................±VS
Differential Input Voltage3......................................... ±0.7 Volts
Output Short Circuit Duration...................................... Indefinite
Storage Temperature Range Q....................... — 65°C to +150°C
Storage Temperature Range N, R.................... -65°C to +125°C
Operating Temperature Range
AD706J/K ................................................................0 to + 70°C
AD706A/B........................................................ -40°C to +85°C
AD706T ........................................................ -55°C to+125°C
Lead Temperature (Soldering 10 secs) ............................ +300°C

NOTES
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated
in the operational section of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
Specification is for device in free air:
8-Pin Plastic Package: 0JA = 100°C/Watt
8-Pin Cerdip Package: 0JA = 110°C/Watt
8-Pin Small Outline Package: 0JA = 155°C/Watt
’The input pins of this amplifier are protected by back-to-back diodes. If the
differential voltage exceeds ±0.7 volts, external series protection resistors
should be added to limit the input current to less than 25 mA.

METALIZATION PHOTOGRAPH

ORDERING GUIDE
*

Dimensions shown in inches and (mm).
Contact factory for latest dimensions.

Temperature
Range

8-Pin Plastic
Mini-DIP (N-8)

0 to +70°C

AD706JN
AD706KN

8-Pin
Cerdip (Q-8)

8-Pin
SOIC (R-8)
AD706JR

-40°C to +85°C

AD706AQ
AD706BQ

-55°Cto +125°C

AD706TQ

*See Section 20 for package outline information.

OUTPUT

-IN »1

+IN

-vs

_ ________________________ 0 142 _____________________________ ,
(3.80)
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Typical Characteristics (@ +25°C, Vs =

±15 V, unless otherwise noted)

FT 1

1

- s AMPLE SIZE: 2400

J

-----------

k-4-

—r~I’

-

—
-4

-J—

rrH

tf4
-120

-60

0

60

120

INPUT OFFSET CURRENT - pA

Figure 2. Typical Distribution of
Input Bias Current

Figure 3. Typical Distribution of
Input Offset Current

-

-

INPUT COMMON MODE VOLTAGE LIMIT Volts
(REFERRED TO SUPPLY VOLTAGES)

Figure 1. Typical Distribution of
Input Offset Voltage

SOURCE RESISTANCE -11

Figure 4. Input Common-Mode
Voltage Range vs. Supply Voltage

OFFSET VOLTAGE DRIFT - pV/ °C

Figure 7. Typical Distribution of
Offset Voltage Drift
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Figure 5. Large Signal Frequency
Response

WARM-UP TIME - Minutes

Figure 8. Change in Input Offset
Voltage vs. Warm-up Time

Figure 6. Offset Voltage Drift vs.
Source Resistance

COMMON ■ MODE VOLTAGE - Volts

Figure 9. Input Bias Current vs.
Common-Mode Voltage

VOLTAGE NOISE

-

nVZ/ita

AD706

FREQUENCY - Hz

Figure 11. Input Noise Current
Spectral Density

Figure 12. 0.1 Hz to 10 Hz Noise
Voltage

QUIESCENT CURRENT

- HA

Figure 10. Input Noise Voltage
Spectral Density

FREQUENCY - Hz

Figure 13. Quiescent Supply
Current vs. Supply Voltage

Figure 14. Common-Mode
Rejection Ratio vs. Frequency

Figure 15. Power Supply Rejection
Ratio vs. Frequency

LOAD RESISTANCE - kll

Figure 16. Open-Loop Gain vs.
Load Resistance vs. Temperature

Figure 17. Open-Loop Gain and
Phase Shift vs. Frequency

Figure 18. Output Voltage Swing
vs. Supply Voltage
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+VS 0.1 pF

FREQUENCY - Hz

Figure 19a. Crosstalk vs. Frequency

Figure 19b. Crosstalk Test Circuit

Figure 20. Magnitude of Closed-Loop Output Impedance
vs. Frequency

INPUT

Figure 21a. Unity Gain Follower (For Large Signal
Applications, Resistor RF Limits the Current
Through the Input Protection Diodes.)

Figure 21b. Unity Gain Follower
Large Signal Pulse Response
Rf = 10 kn, CL = 1,000 pF
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Figure 21c. Unity Gain Follower
Small Signal Pulse Response
Rf = OU, CL = 100 pF

Figure 21 d. Unity Gain Follower
Small Signal Pulse Response
Rf = 0 (1, CL = 1000 pF

AD706

Figure 22a. Unity Gain Inverter Connection

Figure 22b. Unity Gain Inverter
Large Signal Pulse Response
CL = 1,000 pF

Figure 22c. Unity Gain Inverter
Small Signal Pulse Response
CL = 100 pF

GAIN TRIM

Small Signal Pulse Response
CL = 1000 pF

V

Circuit Gain
(G)

+

VIN O-

R2 2R2
G = 1 + -----+------ (FOR R1 = R3, R2 = R4 + R5)
R1 RG
ALL RESISTORS METAL FILM, 1%

Figure 23. An Instrumentation Amplifier with a Gain of 10

R1 & R3

Rg (Max Value
of Potentiometer)

Bandwidth
(-3 dB), Hz

10

6.34 kfl

166 kfl

50 k

100

526 fl

16.6 kfl

5k

1,000

56.2 fl

1.66 kfl

0.5 k

Table I. Resistance Values for Various Gains

The instrumentation amplifier circuit of Figure 23 offers many
performance benefits including BiFET-level input bias currents
and low input offset voltage drift. It consumes only 1.0 mA qui
escent current. Table I provides resistance values for 3 common
circuit gains. For other gains, use the following equations:

R2 = R4 + R5 = 49.9 kfl

R1 = R3

49.9 kfl
0.96-1

Max Value of Rq
Cl ~

99.8 k
0.06 G

1
2tt (R3) 5 x 105
FREQUENCY - Hz

Figure 24. Common-Mode Rejection Ratio vs. Frequency
vs. Value of Capacitor C1
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CAPACITORS C1 & C2 ARE
SOUTHERN ELECTRONICS
MPCC, POLYCARB
±5%, 50 VOLT

•WITHOUT THE NETWORK, PINS 1 & 2.
AND 6 & 7 OF THE AD706 ARE TIED
TOGETHER.

Figure 25. A 1 Hz, 4-Pole Active Filter

A 1 Hz, 4-Pole, Active Filter
An important characteristic of the AD706 is that both the input
bias current, input offset current and their drift remain low over
most of the op amp’s rated temperature range. Therefore, for
most applications, there is no need to use the normal balancing
resistor. Adding the balancing resistor enhances performance at
high temperatures, as shown by Figure 26.

TEMPERATURE-°C

Figure 26. V'os vs. Temperature
Performance of the 1 Hz Filter

Desired Low
Pass Response

Section 1
Frequency
(Hz)

Q

Section 2
Frequency
(Hz)

Q

Cl
(pF)

C2
(pF)

C3
(pF)

C4
(pF)

Bessel
Butterworth
0.1 dB Chebychev
0.2 dB Chebychev
0.5 dB Chebychev
1.0 dB Chebychev

1.43
1.00
0.648
0.603
0.540
0.492

0.522
0.541
0.619
0.646
0.705
0.785

1.60
1.00
0.948
0.941
0.932
0.925

0.806
1.31
2.18
2.44
2.94
3.56

0.116
0.172
0.304
0.341
0.416
0.508

0.107
0.147
0.198
0.204
0.209
0.206

0.160
0.416
0.733
0.823
1.00
1.23

0.0616
0.0609
0.0385
0.0347
0.0290
0.0242

NOTE
Specified Values are for a -3 dB point of 1.0 Hz. For other frequencies simply scale capacitors Cl through C4
directly; i.e.: for 3 Hz Bessel response, Cl = 0.0387 p.F, C2 = 0.0357p,F, C3 = 0.0533 p.F, C4 = 0.0205 p.F.

Table II. 1 Hz, 4-Pole, Low Pass Filter Recommended Component Values
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ANALOG
DEVICES

I

Ultralow Drift Op Amp

AD707
FEATURES
Very High DC Precision
15 jjlV max Offset Voltage
0.1 jiV/°C max Offset Voltage Drift
0.35 |iV p-p max Voltage Noise (0.1 Hz to 10 Hz)
8 V/pV min Open-Loop Gain
130 dB min CMRR
120 dB min PSRR
1 nA max Input Bias Current

AD707 CONNECTION DIAGRAM

TO-99 (H)
Package

NOTE PIN 4 CONNECTED
TO CASE

AC Performance
0.3 V/ps Slew Rate
0.9 MHz Closed-Loop Bandwidth
Dual Version: AD708

NC = NO CONNECT

Plastic (N)
and Cerdip (Q)
Packages

PRODUCT DESCRIPTION
The AD707 is a low cost, high precision op amp with state-ofthe-art performance that makes it ideal for a wide range of pre
cision applications. The offset voltage spec of less than 15 p.V is
the best available in a bipolar op amp, and maximum input
offset current is 1.0 nA. The top grade is the first bipolar
monolithic op amp to offer a maximum offset voltage drift of
0.1 |xV/°C, and offset current drift and input bias current drift
are both specified at 25 pA/°C maximum.
The AD707’s open-loop gain is 8 V/jxV minimum over the full
±10 V output range when driving a 1 kfi load. Maximum input
voltage noise is 350 nV p-p (0.1 Hz to 10 Hz). CMRR and
PSRR are 130 dB and 120 dB minimum, respectively.
The AD707 is available in versions specified over commercial,
industrial and military temperature ranges. It is offered in 8-pin
plastic mini-DIP, small outline (SOIC), hermetic cerdip and
hermetic TO-99 metal can packages. Chips, MIL-STD-883B,
Rev. C, and tape & reel parts are also available.

OUTPUT

SOIC (R) Package
NULL

NULL

+ V.

+ V,

OUTPUT

OUTPUT

NC

NC

NC = NO CONNECT

APPLICATION HIGHLIGHTS
1. The AD707’s 13 V/jjlV typical open-loop gain and 140 dB
typical common-mode rejection ratio make it ideal for preci
sion instrumentation applications.
2. The precision of the AD707 makes tighter error budgets pos
sible at a lower cost.
3. The low offset voltage drift and low noise of the AD707 al
low the designer to amplify very small signals without sacri
ficing overall system performance.

4. The AD707 can be used where chopper amplifiers are re
quired, but without the inherent noise and application prob
lems.

5. The AD707 is an improved pin-for-pin replacement for the
OP-07, OP-77, OP-177 and the LT1001.
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(@ +25°C and ±15 V de, unless otherwise noted)
Conditions

Min

INPUT OFFSET VOLTAGE
Initial
vs. Temperature

AD707J/1X
Max
Typ

Min

AD707K/B/S
Typ Max

Min

AD707C/T
Max
Typ

Units

30
0.3
50
0.3
±4

90
1.0
100

10
0.1
15
0.3
±4

25
0.3
45

5
0.03
7/8/8
0.2
±4

15
0.1
25

jxV
p V/°C
KiV
pV/month
mV

1.0
2.0
15

2.5
4.0
40

0.5
1.5
15

1.5
3.0
25/25/35

0.5
1.0
10

nA
nA
pA/°C

Tm„ to Tmax

0.5
2.0
2

2.0
4.0
40

0.3
1.0
1

1.5
2.0
25/25/35

0.1
0.2
1

1.0
2.0
25
1.0
1.5
25

nA
nA
pA/°C

INPUT VOLTAGE NOISE

0.1
f=
f=
f=

to 10 Hz
10 Hz
100 Hz
1 kHz

0.23
10.3
10.0
9.6

0.6
15
13.0
11.0

0.23
10.3
10.0
9.6

0.6
14
12
11.0

0.35
13
11.0
11.0

IxV p-p
nV/VHz
nV/\/Hz
nV/VHz

INPUT CURRENT NOISE

0.1
f=
f=
f=

Hz to 10 Hz
10 Hz
100 Hz
1 kHz

14
0.32
0.14
0.12

35
0.9
0.27
0.18

14
0.32
0.14
0.12

30
0.8
0.23
0.17

0.23
10.3
10.0
9.6
14
0.32
0.14
0.12

30
0.8
0.23
0.17

pA p-p_
pA/v'Hz
pA/v'Hz
pA/\/Hz

Tmi„ to Tm„

Long-Term Stability
Adjustment Range

R2 =20 kfl (Figure 19)

INPUT BIAS CURRENT

Tmln to Tm.,
Average Drift
OFFSET CURRENT

Vcm=0V

Average Drift

COMMON-MODE
REJECTION RATIO
OPEN-LOOP GAIN

POWER SUPPLY
REJECTION RATIO

Tmin tO Tinax
Vo= ±10 V
Rload—2 kfl
Tmln to Tmov
Rload-Ikfl

120
120

140
140

130
130

140
140

130
130

140
140

dB
dB

3
3
3

13
13
13

5
5
5

13
13
13

8
8
8

13
13
13

V/pV
V/pV
V/pV

Vs = ±3 V to ±18 V
Tmin tO Tmax

no
110

130
130

115
115

130
130

120
120

130
130

dB
dB

0.5
0.15

0.9
0.3

0.5
0.15

0.9
0.3

0.5
0.15

0.9
0.3

MHz
V/ps

24

100
200

45

200
300

60

200
400

Mfl
Gfl

13.5
12.5
12.0

14
13.0
12.5

13.5
12.5
12.0

14
13.0
12.5

13.5
12.5
12.0

14
13.0
12.5

±V
±V
±v

12.0

13.0

12.0

13.0

12.0

13.0

±v

60

fl

Vcm=±13V

FREQUENCY RESPONSE
Closed-Loop Bandwidth
Slew Rate
INPUT RESISTANCE
Differential
Common Mode

OUTPUT CHARACTERISTICS
Voltage

Rload—R
*

kfl
kfl
Rload—1 kfl
Rload—2 kfl
Tmin to Tmax
Rload—2

OPEN-LOOP OUTPUT
RESISTANCE

POWER SUPPLY
Current, Quiescent
Power Consumption, No Load
TEMPERATURE RANGE
Operating, Rated Performance
Commercial
Industrial
Military

60

Vs = ±15 V
VS=±3V

0 to + 70°C
-40°C to +85°C

2.5
75
7.5

60

3
90
9.0

AD707JN, AD707JR
AD707AQ, AD707AH
AD707AR

-55°C to + 125°C

PACKAGE OPTIONS2
Plastic (N-8)
Cerdip (Q-8)
TO-99 (H-08A)
SOIC (R-8)
Tape and Reel
Chips
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AD707JN
AD707AQ
AD707AH
AD707JR, AD707AR
AD707JR-Reel
AD707J-Chips

2.5
75
7.5

3
90
9.0

2.5
75
7.5

3
90
9.0

AD707KN, AD707KR1
AD707BQ, AD707BH

AD707CQ, AD707CH

AD707SQ, AD707SH

AD707TQ, AD707TH

AD707KN
AD707BQ/SQ
AD707BH/SH
AD707KR
AD707KR-Rcel
AD707S-Chips

AD707CQ/TQ
AD707CH/TH

mA
mW
mW

AD707
NOTES
‘AD707KR parts are production tested at +25°C only. All Tmin to Tm„ specifications are guaranteed but not 100% tested for this grade.
2See Section 20 for package outline information.
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those tests are
used to calculate outgoing quality levels.
Specifications are subject to change without notice.

2
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage................................................................... ±22 V
Internal Power Dissipation2 ............................................ 500 mW
Input Voltage ...........................................................................±VS
Output Short Circuit Duration...................................... Indefinite
Differential Input Voltage...................................... +VS and -Vs
Storage Temperature Range Q, H.................... -65°C to +150°C
Storage Temperature Range N, R.................... -65°C to +125°C
Lead Temperature Range (Soldering 60 sec) .................. +300°C

METALIZATION PHOTOGRAPH
Dimensions shown in inches and (mm)
Contact factory for latest dimensions.

NOTES
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. Exposure to absolute maximum rating con
ditions for extended periods may affect device reliability.
28-pin plastic package: 0JA = 165°C/watt; 8-pin cerdip package: 0JA =
110°C/watt; 8-pin small outline package: 0JA = 155°C/watt; 8-pin header
package: 200°C/watt.
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Typical Characteristics

Figure 1. Input Common-Mode
Range vs. Supply Voltage

Figure 2. Output Voltage Swing
vs. Supply Voltage

Figure 3. Output Voltage Swing
vs. Load Resistance

OFFSET VOLTAGE DRIFT- pVC

Figure 4. Offset Voltage Warm-Up
Drift

Figure 5. Typical Distribution of
Offset Voltage Drift

Figure 6. Output Impedance vs.
Frequency

TIME - Isec'Div

Figure 7. Input Current vs.
Differential Input Voltage
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Figure 8. Input Noise Spectral
Density

Figure 9. 0.1 Hz to 10 Hz Voltage
Noise

PHASE-Degr
SUPPLY VOLTAGE-V

Figure 12. Open-Loop Gain and
Phase vs. Frequency

Figure 11. Open-Loop Gain vs.
Supply Voltage

Figure 10. Open-Loop Gain vs.
Temperature

160

160
140

m 120
Z
9 100
o
x 80
>

60
O

5

o

40

20

1

01

10

100
1k
FREQUENCY-Hi

10k

0
0 001 001

1M

100k

Figure 14. Large Signal Frequency
Response

Figure 13. Common-Mode
Rejection vs. Frequency

0.1

1
10
100
FREQUENCY-Hz

Ik

10k

100k

Figure 15. Power Supply
Rejection vs. Frequency

125’C
25°C

-55°C

s'

((<
0

3

6

9
12
15
IS
SUPPLY VOLTAGE - ±V

21

Figure 16. Supply Current vs.
Supply Voltage

24

Figure 17. Small Signal Transient
Response;
Av = +1, RL = 2 kO, CL = 50 pF

Figure 18. Small Signal Transient
Response;
Av = + 1, Rl = 2 kO, CL= 1000 pF
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OFFSET NULLING
The input offset voltage of the AD707 is the lowest available in
a bipolar op amp, but if additional nulling is required, the cir
cuit shown in Figure 19 offers a null range of 200 p.V. For
wider null capability, omit R1 and substitute a 20 kfi potenti
ometer for R2.

OPERATION WITH A GAIN OF 100
Demonstrating the outstanding de precision of the AD707 in
practical applications, Table I shows an error budget calculation
for the gain of -100 configuration shown in Figure 21.

Figure 21. Gain of -100 Configuration

Figure 19. External Offset Nulling and Power Supply
Bypassing

GAIN LINEARITY INTO A 1 kfi LOAD
The gain and gain linearity of the AD707 are the highest avail
able among monolithic bipolar amplifiers. Unlike other de preci
sion amplifiers, the AD707 shows no degradation in gain or gain
linearity when driving loads in excess of 1 kfi over a ± 10 V
output swing. This means high gain accuracy is assured over
the output range. Figure 20 shows the gain of the AD707,
AD OP-07, and the OP-77 amplifiers when driving a 1 kfi load.
The AD707 will drive 10 mA of output current with no signifi
cant effect on its gain or linearity.

Error Source

Maximum Error Contribution
Av = 100 (C Grade)
(Full Scale: VOUT = 10 V, VIN = 100 mV)

Vos
los
Gain (2 kfi Load)
Noise
Vqs Drift

15 p.V/100 mV
(100 Q)(l nA)/100 mV
(100 V/8 x 106)100 mV
0.35 p.V/100 mV
(0.1 V/°C)/100 mV

Total Unadjusted Error
@ +25°C
@ -55°C to +125°C
With Offset Calibrated Out
@ + 25°C
@ -55°C to + 125°C

= 150 ppm
= 1 ppm
= 13 ppm
= 4 ppm
= 1 ppm/°C
= 168 ppm
+1 ppm/°C

= 168 ppm>12 Bits
= 268 ppm>ll Bits

= 17 ppm>15 Bits
= 117 ppm>13 Bits

Table I. Error Budget

Although the initial offset voltage of the AD707 is very low, it is
nonetheless the major contributor to system error. In cases
requiring additional accuracy, the circuit shown in Figure 19
can be used to null out the initial offset voltage. This method
will also cancel the effects of input offset current error. With the
offsets nulled, the AD707C will add less than 17 ppm of error.
This error budget assumes no error in the resistor ratio and no
errors from power supply variation (the 120 dB minimum PSRR
of thA AD707C makes this a good assumption). The external
resistors can cause gain error from mismatch and drift over
temperature.

Figure 20. Gain Linearity of the AD707 vs.
Other DC Precision Op Amps
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AD707
18-BIT SETTLING TIME
Figure 22 shows the AD707 settling to within 80 p.V of its final
value for a 20 V output step in less than 100 |is (in the test con
figuration shown in Figure 23). To achieve settling to 18 bits,
any amplifier specified to have a gain of 4 V/p.V would appear
to be good enough, however, this is not the case. In order to
truly achieve 18-bit accuracy, the gain linearity must be better
than 4 ppm.
The gain nonlinearity of the AD707 does not contribute to the
error, and the gain itself only contributes 0.1 ppm. The gain
error, along with the Vos and Vos drift errors do not comprise
1 LSB of error in a 18-bit system over the military temperature
range. If calibration is used to null offset errors, the AD707
resolves up to 20 bits at +25°C.

140 dB CMRR INSTRUMENTATION AMPLIFIER
The extremely tight de specifications of the AD707 enable the
designer to build very high performance, high gain instrumenta
tion amplifiers without having to select matched op amps for the
crucial first stage. For the second stage, the lowest grade AD707
is ideally suited. The CMRR is typically the same as the high
grade parts, but does not exact a premium for drift performance
(which is less critical in the second stage). Figure 24 shows an
example of the classic instrumentation amp. Figure 25 shows
that the circuit has at least 140 dB of common-mode rejection
for a ± 10 V common-mode input at a gain of 1001 (RG = 20 fl).

Figure 24. A 3 Op Amp Instrumentation Amplifier

Figure 22. 18-Bit Settling

High CMRR is obtained by first adjusting R< M until the output
does not change as the input is swept through the full common
mode range. The value of RG should then be selected to achieve
the desired gain. Matched resistors should be used for the out
put stage so that RCM is as small as possible. The smaller the
value of RcM, the lower the noise introduced by potentiometer
wiper vibrations. To maintain the CMRR at 140 dB over a 20°C
range, the resistor ratios in the output stage, R1/R2 and R3/R4,
must track each other better than 10 ppm/°C.

Figure 25. Instrumentation Amplifier
Common-Mode Rejection
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PRECISION CURRENT TRANSMITTER
The AD707’s excellent de performance, especially the low offset
voltage, low offset voltage drift and high CMRR, makes it possi
ble to make a high precision voltage-controlled current transmit
ter using a variation of the Howland Current Source circuit
(Figure 26). This circuit provides a bidirectional load current
which is derived from a differential input voltage.
The performance and accuracy of this circuit will depend almost
entirely on the tolerance and selection of the resistors. The scale
resistor (RScale) ant* the four feedback resistors directly affect
the accuracy of the load current and should be chosen carefully
or trimmed.

Rscale = I® mV/10 mA =1 fl
Ierror due to the AD707C:
Maximum Ierror = 2(VOS)/RSCAI E + 2(VOS Drift)/RSCAI E +
Ios (100 k/RSCA, E)
= 2 (15 jiV)/l fl+ 2 (0.1 |xV/°C)/l fl
+ 1 nA (100 k)/l fl (1.5 nA (a 125°C)
= 30 jiA+ 0.2 p.A/°C + 100 p.A
(150 |xA (a 125°C)
= 130 jxA/10 mA = 1.3% (a 25°C
= 120 p.A/10 mA = 2.00.25% (a 125°C
Low drift, high accuracy resistors are required to achieve high
precision.

As an example of the accuracy achievable, assume IL must be
10 mA, and the available VIN is only 10 mV.

Figure 26. Precision Current Source/Sink
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ANALOG
DEVICES
FEATURES
Very High de Precision
30jxV max Offset Voltage
0.3p.V/°C max Offset Voltage Drift
0.35p.V p-p max Voltage Noise (0.1 to 10Hz)
5 Million V/V min Open Loop Gain
130dB min CMRR
120dB min PSRR
Matching Characteristics
30p.V max Offset Voltage Match
0.3p.V/°C max Offset Voltage Drift Match
130dB min CMRR Match
Single: AD707
Available in 8-Pin Plastic Mini-DIP,
Hermetic Cerdip and TO-99 Metal Can
Packages. Chips and /883B Parts Available.

Ultralow Offset Voltage
Dual Op Amp
AD708
AD708 CONNECTION DIAGRAMS

TO-99 (H)
Package

TOP VIEW
NOTE: PIN 4 CONNECTED TO CASE

Plastic (N),
and Cerdip (Q)
Packages

PRODUCT DESCRIPTION
The AD708 is a very high precision, dual monolithic operational
amplifier. Each amplifier individually offers excellent de preci
sion with the best available max offset voltage and offset voltage
drift of any dual bipolar op amp. In addition, the matching
specifications are the best available in any dual op amp.
The AD708 sets a new standard for dual precision op amps by
providing 5V/jxV min open loop gain and guaranteed max input
voltage noise of 350nV p-p (0.1 to 10Hz). All de specifications
show excellent stability over temperature, with offset voltage
drift typically 0.1p.V/‘C and input bias current drift of 25pA/ C
max. Both CMRR (130dB min) and PSRR (120dB min) are an
order of magnitude improved over any available single mono
lithic op amp except the AD707.
The AD708 is available in four performance grades. The
AD708J is rated over the commercial temperature range of 0 to
+ 70°C and is available in a plastic mini-DIP package. The
AD708A and AD708B are rated over the industrial temperature
range of -40°C to +85°C and are available in a cerdip and TO99 package. The AD708S is rated over the military temperature
range of — 55°C to +125°C and is available in cerdip and TO-99
packages. Military versions are available processed to
MIL-STD-883B, Rev. C.

8

+

APPLICATION HIGHLIGHTS
1. The combination of outstanding matching and individual
specifications makes the AD708 ideal for constructing high
gain, precision instrumentation amplifiers.
2. The low offset voltage drift and noise of the AD708 allows
the designer to amplify very small signals without sacrificing
overall system performance.

3. The AD708’s 10V/p.V typical open loop gain and 140dB
common-mode rejection make it ideal for precision
applications.
4. Unmounted dice are available for hybrid circuit
applications.
5. The AD708 is an improved replacement for the OP-207,
OP-200 and the LT 1002.
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SPECIFICATIONS
Model

i°C and ± 15V de, unless otherwise noted)
Conditions

Min

INPUT OFFSET VOLTAGE1
Tmi„-Tm.,
Drift
Long Term Stability

INPUT BIAS CURRENT
Tm.„-Tm„
Average Drift

OFFSET CURRENT

VCm=0V

T„.„-Tmav
Average Drift

AD708J/A
Max
Typ

5
15
0.1
0.3

30
50
0.3

pV
pV
pV/°C
pV/month

1.0
2.0
15

2.5
4.0
40

0.5
1.0
10

1.0
2.0
25

0.5
1.0
10

1
4
30

nA
nA
pA/°C

0.5
2.0
2

2.0
4.0
60

0.1
0.2
1

1.0
1.5
25

0.1
0.2
1

1
1.5
25

nA
nA
pA/°C

30
50
0.3
1.0
2.0

nV
pV
pV/°C
nA
nA
dB
dB
dB
dB
dB

Tm.„-Tm„

Tmi„-Tm.,

Channel Separation

Units

50
65
0.4

Offset Voltage Drift
Input Bias Current

Power Supply Rejection

AD708S
Max
Typ

5
15
0.1
0.3

50
75
0.4
1.0
2.0

80
150
1.0
4.0
5.0

120
110
110
110
135

Min

100
150
1.0

Tmin-Tmav

Tm,„-Tmav

AD708B
Max
Typ

30
50
0.3
0.3

MATCHING CHARACTERISTICS2
Offset Voltage

Common-Mode Rejection

Min

130
130
120
120
140

140

130
130
120
120
140

140

140

INPUT VOLTAGE NOISE

0.1Hz to 10Hz
f= 10Hz
f=100Hz
f=lkHz

0.23
10.3
10.0
9.6

0.6
18
13.0
11.0

0.23
10.3
10.0
9.6

0.6
12
11.0
11.0

0.23
10.3
10.0
9.6

0.35
12
11
11

pV p-p
nV/A/Hz
nV/A/Hz
nV/A/Hz

INPUT CURRENT NOISE

0.1Hz to 10Hz
f=10Hz
f=100Hz
f=lkHz

14
0.32
0.14
0.12

35
0.9
0.27
0.18

14
0.32
0.14
0.12

35
0.8
0.23
0.17

14
0.32
0.14
0.12

35
0.8
0.23
0.17

pA p-p
pA/A/Hz
pA/Vliz
pA/A/Hz

COMMON-MODE
REJECTION RATIO
OPEN LOOP GAIN

POWER SUPPLY
REJECTION RATIO

Tmin-Tmlx

120
120

140
140

130
130

140
140

130
130

140
140

dB
dB

Vo=±10V
^LOADa2kfl
Tmin-Tmax

3
3

10
10

5
5

10
10

5
4

10
7

V/pV
V/pV

VS=±3V to ±18V
Tmj„“TInax

110
110

130
130

120
120

130
130

120
120

130
130

dB
dB

0.5
0.15

0.9
0.3

0.5
0.15

0.9
0.3

0.5
0.15

0.9
0.3

MHz
V/ps

200
400

Mil
Gft

Vcm=±13V

FREQUENCY RESPONSE
Closed Loop Bandwidth
Slew Rate
INPUT RESISTANCE
Differential
Common Mode

OUTPUT VOLTAGE

200
400

60
200

^LOAD“ lOkfl
R-load—2kfi
^LOAD2^!!
Ri.oad—2kfl
Tm.n-T^,

OPEN LOOP OUTPUT
RESISTANCE
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13.5
12.5
12.0

14
13.0
12.5

13.5
12.5
12.0

14
13.0
12.5

13.5
12.5
12.0

14
13
12.5

±V
±v
±v

12.0

13.0

12.0

13.0

12.0

13

±v

60

ft

60

60

AD708
Model
POWER SUPPLY
Current, Quiescent
Power Consumption

Operating Range

PACKAGE OPTIONS’
Plastic (N-8)
Cerdip (Q-8)
TO-99 (H-08A)

Conditions

Min

AD708J/A
Typ Max

VS=±15V
No Load
VS=±3V

±3

Min

AD708B
Typ
Max

Min

AD708S
Typ
Max

Units

4.5

5.5

4.5

5.5

4.5

5.5

mA

135
12

165
18
±18

135
12

165
18
±18

135
12

165
18
±18

mW
mW
V

AD708JN
AD708AQ
AD708AH
AD708J Chips

±3

±3

AD708BQ
AD708BH

AD708SQ
AD708SH

J Grade Chips Available
NOTES
'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA=25°C
’Matching is defined as the difference between parameters of the two amplifiers.
’See Section 20 for package outline information.
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those tests are
used to calculate outgoing quality levels.
Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS
*
Supply Voltage ..................................................................... ±22V
Internal Power Dissipation2 ............................................ 500mW
Input Voltage3.......................................................................... ±VS
Output Short Circuit Duration...................................... Indefinite
Differential Input Voltage...................................... +VS and -Vs
Storage Temperature Range Q, H.................... -65°C to +150°C
Storage Temperature Range N....................... —65°C to +125°C
Lead Temperature Range (Soldering 60sec).................... +300°C

METALIZATION PHOTOGRAPH
Dimensions shown in inches and (mm).
Contact factory for latest dimensions.

NOTES
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indi
cated in the operational section of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect
device reliability.
’Thermal Characteristics
8-Pin Plastic Package:
0JA= 165°C/Watt
8-Pin Cerdip Package:
0JC = 22°C/Watt, 0JA = 110°C/Watt
8-Pin Metal Can Package: 0JC = 65°C/Watt, 0JA = 150°C/Watt
’For supply voltages less than ±22V, the absolute maximum input voltage is
equal to the supply voltage.

8
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Typical Characteristics

(VS=±15V and TA=+25°C unless otherwise noted)

Figure 2. Output Voltage Swing
vs. Supply Voltage

Figure 1. Input Common-Mode
Range vs. Supply Voltage

Figure 3. Output Voltage Swing
vs. Load Resistance

8

6

0 --------- ------------------------------ ----------- ---------- -----------0
3
6
9
12
15
18
21
SUPPLY VOLTAGE - ±V

J
24

Figure 4. Supply Current vs.
Supply Voltage

-04 -0 3

-02 -0 1
0
+0.1
+0.2
OFFSET VOLTAGE DRIFT - pV °C

+0.3

+04

Figure 5. Typical Distribution of
Offset Voltage Drift

Figure 6. Output Impedance vs.
Frequency

TIME - Isec/Div

Figure 7. Input Bias Current vs.
Differential Input Voltage
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Figure 8. Input Noise Spectral
Density

Figure 9. 0.1Hz to 10Hz Voltage
Noise

AD708

SUPPLY VOLTAGE - V

TEMPERATURE-"C

Figure 10. Open-Loop Gain vs.
Temperature

FREQUENCY-Hz

Figure 11. Open-Loop Gain vs.
Supply Voltage

Figure 12. Open-Loop Gain and
Phase vs. Frequency

160

140

= 120

Z
2 ioo
H
□ 80

O
o
5 60
z
o
I 40
O
20

01

1

10

100
1k
FREQUENCY - Hz

10k

100k

Figure 13. Common-Mode
Rejection vs. Frequency

1M

Figure 14. Large Signal Frequency
Response

Figure 16. Small Signal Transient
Response;
Av= + 1, Rl =2kQ, CL = 50pF

Figure 15. Power Supply
Rejection vs. Frequency

Figure 17. Small Signal Transient
Response;
Av= + 1, RL=2kO, CL = 1000pF
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Matching Characteristics

Figure 18. Typical Distribution of Offset
Voltage Match

Figure 19. Typical Distribution of Offset
Voltage Drift Match

Figure 21. Typical Distribution of Input
Offset Current Match

Figure 22. PSRR Match vs.
Temperature

Figure 20. Typical Distribution of Input
Bias Current Match

Figure 23. CMRR Match vs.
Temperature

Crosstalk from Thermal Effects of Power Dissipation

iokn

Q
>
ii

>

V(M,TA=2V/Div

Figure 24. Crosstalk with No Load
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VOUTA=2V/Div

INA = 1mA/Div

Figure 25. Crosstalk with 2kf) Load

Figure 26. Crosstalk under Forced
Source and Sink Conditions

AD708
CROSSTALK PERFORMANCE OF THE AD708
The AD708 exhibits very low crosstalk as shown in Figures 24,
25 and 26. Figure 24 shows the offset voltage induced in side B
of the AD708 when side A’s output is moving slowly (0.2Hz)
from -10V to +10V under no load. This is the least stressful
situation to the part since the overall power in the chip does not
change; only the location of the power in the output devices
changes. Figure 25 shows side B’s input offset voltage change
when side A is driving a 2kQ load. Here the power is being
changed in the chip with the maximum power change occurring
at ±7.5V. Figure 26 shows crosstalk under the most severe con
ditions. Side A is connected as a follower with OV input, and is
now forced to sink and source ±5mA of output current
(Power = (30V)(5mA) = 150mW). Even this large change in
power causes only an 8p.V (linear) change in side B’s input off
set voltage.

OPERATION WITH A GAIN OF -100
To show the outstanding de precision of the AD708 in real
application, Table I shows an error budget calculation for a gain
of -100 configuration shown in Figure 27.
Figure 28. Precision PGA

High Precision Programmable Gain Amplifier
The three op amp programmable gain amplifier shown in Figure
28 takes advantage of the outstanding matching characteristics of
the AD708 to achieve high de precision. The gains of the circuit
are controlled by the select lines, AO and Al of the AD7502
multiplexer, and are 1, 10, 100 and 1000 in this design.

Figure 27. Gain of -100 Configuration

Error Sources

Maximum Error Contribution
AV=100(S Grade)
(Full Scale: VOUT= 10V, VIN = 100mV)

Vos
Ios
Gain (2k( I load)
Noise
Vos Drift

30p.V/100mV
(100kIl)(lnA)/10V
*10
(10V/(5
6))/100mV
0.35|xV/100mV
(0.3pV/°C)/100mV

= 300ppm
= lOppm
= 20ppm
= 4ppm
= 3ppm/°C

= 334ppm
+ 3ppm/°C
Total Unadjusted
Error

To achieve 0.1% gain accuracy, along with high common-mode
rejection, the circuit should be trimmed as follows:
To maximize common-mode rejection:
1. Set the select lines for Gain= 1 and ground VINB.
2. Apply a precision de voltage to VINA and trim RA until
Vo= -VjNA to the required precision.

3. Next connect VINB to VINA and apply an input
voltage equal to the full-scale common-mode expected.

4. Trim RB until Vo = 0V.

(u 25°C
-55°C to +125°C

With Offset
Calibrated Out

The input stage attains very high de precision due to the 30p.V
maximum offset voltage match of the AD708S and the InA
maximum input bias current match. The accuracy is maintained
over temperature because of the ultralow drift performance of
the AD708. The output stage uses an AD707J and well matched
resistors configured as a precision subtracter.

(ft 25°C
-55°C to +125°C

= 334ppm>ll Bits
= 634ppm>10 Bits

- 34ppm>14 Bits
= 334ppm>ll Bits

Table I

This error budget assumes no error in the resistor ratio and no
error from power supply variation (the 120dB minimum PSRR
of the AD708S makes this a good assumption). The external
resistors can cause gain error from mismatch and drift over
temperature.

To minimize gain errors:
1. Select Gain= 10 with the control lines and apply a differential
input voltage.

2. Adjust the 100(1 potentiometer such that Vo= 10VIN (adjust
VIN magnitude as necessary).
3. Repeat for Gain= 100 and Gain= 1000, adjusting lkfl and
lOkfl potentiometers, respectively.

The design shown should allow for 0.1% gain accuracy and
0.1p.V/V common-mode rejection when ±1% resistors and ±5%
potentiometers are used.
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BRIDGE SIGNAL CONDITIONER
The AD708 can be used in the circuit in Figure 29 to produce
an accurate and inexpensive dynamic bridge conditioner. The
low offset voltage match and low offset voltage drift match of
the AD708 combine to achieve circuit performance better than
all but the best instrumentation amplifiers. The AD708’s out
standing specs: open loop gain, input offset currents and low
input bias currents, do not limit circuit accuracy.

As configured, the circuit only requires a gain resistor, RCl, of
suitable accuracy and a stable, accurate voltage reference. The
transfer function is:
VO = VREF [AR/(R+AR)][Rc/R]

and the only significant errors due to the AD708S are:

PRECISION ABSOLUTE VALUE CIRCUIT
The AD708 is ideally suited to the precision absolute value cir
cuit shown in Figure 30. The low offset voltage match of the
AD708 enables this circuit to accurately resolve the input signal.
In addition, the tight offset voltage drift match maintains the
resolution of the circuit over the full military temperature range.
The AD708’s high de open loop gain and exceptional gain lin
earity allows the circuit to perform well at both large and small
signal levels.
In this circuit, the only significant de errors are due to the offset
voltage of the two amplifiers, the input offset current match of
the amplifiers, and the mismatch of the resistors. Errors associ
ated with the AD708S contribute less than 0.001% error over
-55°C to +125°C.

Vosout = (Vosmatch)(2RG/R) = 25m V

Maximum error at 25°C

Vosoik(T) = (Vosdrift)(2RG/R) = 0.3mV/°C

30jxV + llO^lKlnA)
10V
error at +125°C or -55°C

To achieve high accuracy, the resistor RG should be 0.1% or
better and have a low drift coefficient.

40p.V710V = Appm Maximum

50pV + (2nA|(10mi
= Ippm (a + 125°C
10U
Figure 31 shows VOUT vs. VIN for this circuit with a ±3mV

Figure 29. Bridge Signal Conditioning Circuit
VIN = 1mV/Div

Figure 31. Absolute Value Circuit Performance
(Input signal = 0.05Hz)

SELECTION OF PASSIVE COMPONENTS
To take full advantage of the high precision and low drift
characteristics of the AD708, high quality passive components
must be used. Discrete resistors and resistor networks with tem
perature coefficients of less than 10ppm/°C are available from
Vishay, Caddock, PRP and others.
Figure 30. Precision Absolute Value Circuit
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ANALOG
DEVICES

Precision, Low Cost,
High Speed BiFET Op Amp

AD711
FEATURES
Enhanced Replacement for LF411 and TL081
AC PERFORMANCE:
Settles to ±0.01% in 1ps
16V/ps min Slew Rate (AD711J)
3MHz min Unity Gain Bandwidth (AD711J)
DC PERFORMANCE:
0.25mV max Offset Voltage: (AD711C)
3|iV/°C max Drift: (AD711C)
200V/mV min Open-Loop Gain (AD711K)
4pV p-p max Noise, 0.1 Hz to 10Hz (AD711C)
Available in Plastic Mini-DIP, Plastic SO, Hermetic
Cerdip, and Hermetic Metal Can Packages
MIL-STD-883B Parts Available
Available in Tape and Reel in Accordance with
EIA-481A Standard
Surface Mount (SOIC)
Dual Version: AD712
Quad Version: AD713

PRODUCT DESCRIPTION
The AD711 is a high speed, precision monolithic operational
amplifier offering high performance at very modest prices. Its
very low offset voltage and offset voltage drift are the results of
advanced laser wafer trimming technology. These performance
benefits allow the user to easily upgrade existing designs that
use older precision BiFETs and, in many cases, bipolar op
amps.
The superior ac and de performance of this op amp makes it
suitable for active filter applications. With a slew rate of 16V/p.s
and a settling time of Ips to ±0.01%, the AD711 is ideal as a
buffer for 12-bit D/A and A/D Converters and as a high-speed
integrator. The settling time is unmatched by any similar IC
amplifier.

The combination of excellent noise performance and low input
current also make the AD711 useful for photo diode preamps.
Common-mode rejection of 88dB and open loop gain of 400V/mV
ensure 12-bit performance even in high-speed unity gain buffer
circuits.
The AD711 is pinned out in a standard op amp configuration
and is available in seven performance grades. The AD711J and
AD711K are rated over the commercial temperature range of 0
to +70°C. The AD711A, AD711B and AD711C are rated over
the industrial temperature range of - 40°C to + 85°C. The
AD711S and AD711T are rated over the military temperature
range of — 55°C to + 125°C and are available processed to MILSTD-883B, Rev. C.

AD711 CONNECTION DIAGRAMS
Plastic Mini-DIP (N)
Plastic Small Outline (R)
TO-99
and
(H)Package
Cerdip (Q) Packages
OFFSET NULL |~T

~8~| NC

INVERTING
INPUT

~7~| V
*

■ *6~| OUTPUT

NONINVERTING
INPUT
v-M

AD711

OFFSET NULL

NC = NO CONNECT

Extended reliability PLUS screening is available, specified over
the commercial and industrial temperature ranges. PLUS screening
includes 168-hour bum-in, as well as other environmental and
physical tests.

The AD711 is available in an 8-pin plastic mini-DIP, 8-pin
small outline, cerdip, TO-99 metal can or chip form.
PRODUCT HIGHLIGHTS
1. The AD711 offers excellent overall performance at very
competitive prices.
2. Analog Devices’ advanced processing technology and with
100% testing guarantees a low input offset voltage (0.25mV
max, C grade, 2mV max, J grade). Input offset voltage is
specified in the warmed-up condition. Analog Devices’ laser
wafer drift trimming process reduces input offset voltage
drifts to 3jjlV/°C max on the AD711C.
3. Along with precision de performance, the AD711 offers
excellent dynamic response. It settles to ±0.01% in Ijjls and
has a 100% tested minimum slew rate of 16V/p,s. Thus this
device is ideal for applications such as DAC and ADC buffers
which require a combination of superior ac and de
performance.
4. The AD711 has a guaranteed and tested maximum voltage
noise of 4p.V p-p, 0.1 to 10Hz (AD711C).
5. Analog Devices’ well-matched, ion-implanted JFETs ensure
a guaranteed input bias current (at either input) of 25pA max
(AD711C) and an input offset current of lOpA max (AD711C).
Both input bias current and input offset current are guaranteed
in the warmed-up condition.
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(@ + 25°C and Vs = ± 15V de, unless otherwise noted)
Model

Min

AD711J/A/S
Typ

Max

Min

AD711K/B/T
Typ

Max

Min

AD711C
Typ

Max

Units

0.25
0.45
3

mV
mV
nvrc
dB
dB
p.V/month

INPUT OFFSET VOLTAGE1
Initial Offset
Tm.ntoT™,
vs. Temp.
vs. Supply
vs. Supply, Tmin to
Long Term Offset Stability

0.3
7
95

76
76/76/76

2/1/1

0.2

3/2/2
20/20/20

80
80

5
100

0.5
1.0
10

0.1

2

86
86

no
15

15

15

INPUT BIAS CURRENT2
Either Input, VCM = 0
Either Input at T^,,
Vcm = O(7O°C/85'>C/125°C)
Either Input, Vcm - + 10V
Offset Current, VCm = 0
Offset Current at T^,

15

50
1.1/3.2/51

15

50
1.1/3.2/51

15

25
1.6

pA
nA

20
10

100
25

20
5

100
25

20
5

50
10

pA
pA

0.65

nA

(70oC/85<,C/125oC)
FREQUENCY RESPONSE
Unity Gain, Smail Signal
Full Power Response
Slew Rate, Unity Gain
Settling Time to0.01%J

4
200
20
1

3.0

16

Total Harmonic Distortion
f= 1kHz
Ri.a2kfl,Vo = 3VRMS

INPUT IMPEDANCE
Differential
Common-Mode
INPUT VOLTAGE RANGE
Differential4

Common-Mode Voltage
Over Max Operating Range5

0.57/1.6/26

0.57/1.6/26

3.4

18
1.2

4
200
20
1

3.4

18
1.2

4
200
20
1

MHz
kHz
V/p.s

1.2

0.0003

0.0003

0.0003

%

3 x 1OI2||5.5
3x1O12||5.5

3x 10121|5.5
3x10'2||5.5

3x 10l2|| 5.5
3x 1O,2||5.5

a II p
nil pf

+ VS —2V

+ VS-2V

— VS+4V

V

±20
+ 14.5,-11.5

±20
+ 14.5,-11.5

±20
+ 14.5,-11.5

- VS + 4V

F

+ VS-2V

-VS+4V

V

Common-Mode Rejection Ratio
Vcm=±10V

Tn^toT™,

Vcm=±11V
Tmin toT man

76

88

80

88

76/76/76

84

70

84

84

70/70/70

80

80
76
74

86
86
76
74

84

80

94

dB

90

dB

90

dB

84

dB

INPUT VOLTAGE NOISE
Voltage 0.1 Hz to 10Hz

f= 10Hz

4.0

2

2

2

45

45

45

22

pVp-p
nV/VHz
nV/VHz

f= 100Hz.

22

22

f= 1kHz

18

18

18

nV/VHz

f= 10kHz

16

16

16

nV/VHz

0.01

0.01

0.01

pA/VHz

400

V/mV

INPUT CURRENT NOISE

f= IkHz
OPEN LOOP GAIN6
Vo= ±10V,RLa2kn

200

400

ISO

200

400

Vo= ±10V,Rt,a2kD,
T„toTm

100

100

100/100.100

V/mV

OUTPUT CHARACTERISTICS

Voltage (a RL&2kD

+ 13,-12.5

+ 13.9,-13.3

+ 13, -12.5 +13.9,-13.3

±I2/±12/± 12

+13.8,-13.1

±12

+ 13, -12.5 +13.9,-13.3

V

±12

+ 13.8,-13.1

V

25

mA

Voltage (a RL>2kfl,

Tmi„ t0Tm„

25

25

Short-Circuit Current

+ 13.8,-13.1

POWERSUPPLY
Operating Range

±18

±4.5

Quiescent Current

2.5

3.4

±18

±4.5
2.5

3.0

±4.5
2.5

TEMPERATURE RANGE
Operating, Rated Performance
Commercial (0 to + 70°C)

AD711J

AD711K

Industrial (- 40°C to + 85°C)

AD711A

AD711B

Military (-55°C to + 125°C)

AD711S

AD711T

AD711C

PACKAGE OPTIONS’
Plastic (N-8)
SOIC (R-8)
Cerdip (Q-8)
TO-99 (H-08A)
Tape and Reel

TRANSISTOR COUNT
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AD711JN
AD711JR
AD711AQ, AD711SQ
AD711AH, AD711SH
AD711JR-REEL

30

AD711KN
AD711KR
AD711BQ, AD711TQ
AD711BH.AD711TH
AD711KR-REEL

30

V

±15

±15

±15

Rated Performance

AD711CQ
AD711CH

30

±18
2.8

V
mA

AD711
NOTES
'Input offset voltage specifications are guaranteed after 5 minutes of operation at TA = + 25°C.
2Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at TA = +25°C.
For higher temperature, the current doubles every 10°C.
’Refer to Figure 29.
4Defmed as voltage between inputs, such that neither exceeds ± 10V from ground.
5Typically exceeding - 14.1V negative common-mode voltage on either input results in an output phase reversal.
6Open-Loop Gain is specified with VOs both nulled and unnulled.
7See Section 20 for package outline information.

Specifications subject to change without notice.
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculate outgoing quality levels.

METALLIZATION PHOTOGRAPH
Dimensions in inches and (mm).
Contact factory for latest dimensions.
OFFSET NULL

INVERTING
INPUT

NONINVERTING
INPUT

4
V
0.065 (1.6511

ABSOLUTE MAXIMUM RATINGS1
Supply Voltage..................................................................... ±18V
Internal Power Dissipation2 .......................................... 500mW
Input Voltage3........................................................................ ± 18V
Output Short Circuit Duration.....................................Indefinite
Differential Input Voltage................................
+ Vs and - Vs
Storage Temperature Range Q, H ................ -65°C to + 150°C
Storage Temperature Range N...................... -65°C to + 125°C
Operating Temperature Range
AD711J/K .............................................................. 0to+70°C
AD711A/B/C............................................. -40°Cto+85°C
AD711S/T ................................................... -55°C to + 125°C

Lead Temperature Range (Soldering 60 seconds) ....

300°C

NOTES
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those
indicated in the operational section of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.
’Thermal Characteristics
8-Pin Plastic Package: 8j
* = 90’C/W
8-Pin Cerdip Package: 0JC = 22°C/W, HJA = 110°C/W
8-Pin Metal Can Package:
= 65°C/W, BJA = 150°CW
’For supply voltages less than ± 18V, the absolute maximum input voltage is
equal to the supply voltage.
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Typical Characteristics

SUPPLY VOLTAGE - ± Volts

Figure 1. Input Voltage Swing
vs. Supply Voltage

SUPPLY VOLTAGE - ± Volts

TEMPERATURE - "C

Figure 5. Input Bias Current vs.
Temperature

Figure 3. Output Voltage Swing
vs. Load Resistance

FREQUENCY - Hz

Figure 6. Output Impedance
vs. Frequency

INPUT BIAS CURRENT

-

pA

Figure 4. Quiescent Current vs.
Supply Voltage

Figure 2. Output Voltage Swing
vs. Supply Voltage

Figure 7. Input Bias Current vs.
Common Mode Voltage
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Figure 8. Short Circuit Current
Limit vs. Temperature

Figure 9. Unity Gain Bandwidth
vs. Temperature

Typical Characteristics - AD711

a
o
2

1

2

SUPPLY MODULATION FREQUENCY - Hz

Figure 10. Open-Loop Gain and Phase
Margin vs. Frequency

Figure 11. Open-Loop Gain vs.
Supply Voltage

Figure 12. Power Supply
Rejection vs. Frequency

0.5

0.6

0.7

0.8

0.9

1.0

SETTLING TIME - ns

Figure 13. Common Mode
Rejection vs. Frequency

Figure 14. Large Signal
Frequency Response

FREQUENCY - Hz

Figure 16. Total Harmonic
Distortion vs. Frequency

Figure 17. Input Noise Voltage
Spectral Density

Figure 15. Output Swing and
Error vs. Settling Time

INPUT ERROR SIGNAL - mV
(AT SUMMING JUNCTION)

Figure 18. Slew Rate vs. Input
Error Signal
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25

Figure 20. T.H.D. Test Circuit

-60 - 40

- 20

0

20

40

60

80

100

120

140

TEMPERATURE - *C

Figure 19. Slew Rate vs. Temperature

Figure 21. Offset Null Configurations

Figure 22a. Unity Gain Follower

Figure 23a. Unity Gain Inverter
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Figure 22b. Unity Gain Follower
Pulse Response (Large Signal)

Figure 23b. Unity Gain Inverter
Pulse Response (Large Signal)

Figure 22c. Unity Gain Follower
Pulse Response (Small Signal)

Figure 23c. Unity Gain Inverter
Pulse Response (Small Signa!)

AD711
OPTIMIZING SETTLING TIME
Most bipolar high-speed D/A converters have curent outputs;
therefore, for most applications, an external op amp is required
for current-to-voltage conversion. The settling time of the converter/op amp combination depends on the settling time of the
DAC and output amplifier. A good approximation is:
ts Total = V(ts DAC)2 + (ts AMP)2

The settling time of an op amp DAC buffer will viry with the
noise gain of the circuit, the DAC output capacitance, and with
the amount of external compensation capacitance across the
DAC output scaling resistor.
Settling time for a bipolar DAC is typically 100 to 500ns. Previ
ously, conventional op amps have required much longer settling
times than have typical state-of-the-art DACs; therefore, the
amplifier settling time has been the major limitation to a high-speed
voltage-output D-to-A function. The introduction of the AD711/
712 family of op amps with their Ips (to ±0.01% of final value)
settling time now permits the full high-speed capabilities of
most modern DACs to be realized.

In addition to a significant improvement in settling time, the
low offset voltage, low offset voltage drift, and high open-loop
gain of the AD711 family assures 12-bit accuracy over the full
operating temperature range.
The excellent high-speed performance of the AD711 is shown in
the oscilloscope photos of Figure 25. Measurements were taken
using a low input capacitance amplifier connected directly to the
summing junction of the AD711 - both photos show the worst
case situation: a full-scale input transition. The DAC’s 4k(l
[ 10kfl||8kfl = 4.4kfl] output impedance together with a lOkfl
feedback resistor produce an op amp noise gain of 3.25. The
current output from the DAC produces a 10V step at the op
amp output (0 to - 10V Figure 25a, - 10V to 0V Figure 25b.)

Therefore, with an ideal op amp, settling to ± 1/2LSB (±0.01%)
requires that 375|iV or less appears at the summing junction.
This means that the error between the input and output (that
voltage which appears at the AD711 summing junction) must be
less than 375p.V. As shown in Figure 25, the total settling time
for the AD711/AD565 combination is 1.2 microseconds.

O.ljxF

Figure 24. ± 10V Voltage Output Bipolar DAC

AD711
SUMMING
JUNCTION

AD711
OUTPUT

Figure 25. Settling Characteristics for AD711 with AD565A
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OP AMP SETTLING TIME - A MATHEMATICAL
MODEL
The design of the AD711 gives careful attention to optimizing
individual circuit components; in addition, a careful tradeoff
was made: the gain bandwidth product (4MHz) and slew rate
(20V/p.s) were chosen to be high enough to provide very fast
settling time but not too high to cause a significant reduction in
phase margin (and therefore stability). Thus designed, the AD711
settles to ±0.01%, with a 10V output step, in under ljis, while
retaining the ability to drive a 250pF load capacitance when
operating as a unity gain follower.

When Ro and Io are replaced with their Thevenin VIN and RIN
equivalents, the general purpose inverting amplifier of Figure
26b is created. Note that when using this general model, capaci
tance Cx is EITHER the input capacitance of the op amp if a
simple inverting op amp is being simulated OR it is the combined
capacitance of the DAC output and the op amp input if the
DAC buffer is being modeled.

If an op amp is modeled as an ideal integrator with a unity gain
crossover frequency of <i>o/2tt, Equation 1 will accurately describe
the small signal behavior of the circuit of Figure 26a, consisting
of an op amp connected as an I-to-V converter at the output of
a bipolar or CMOS DAC. This equation would completely
describe the output of the system if not for the op amp’s finite
slew rate and other nonlinear effects.

Equation 1.
Vo _ _________________
I IN

R(Cf + Cx)

yR______________
s2 +
& + RC<)s+1

<x>.

where y2- = op amp’s unity gain frequency

Gn = “noise” gain of circuit ^1 +

Figure 26b. Simplified Model of the AD711 Used as an
Inverter

In either case, the capacitance Cx causes the system to go from
a one-pole to a two-pole response; this additional pole increases
settling time by introducing peaking or ringing in the op amp
output. Since the value of Cx can be estimated with reasonable
accuracy, Equation 2 can be used to choose a small capacitor,
Cp, to cancel the input pole and optimize amplifier response.

This equation may then be solved for Cfi

Equation 2.

w

_ 2 - Gn
Rwo

2\ RCxa)o + (1-G,J
Rwo

In these equations, capacitor Cx is the total capacitance appearing
at the inverting terminal of the op amp. When modeling a DAC
buffer application, the Norton equivalent circuit of Figure 26a
can be used directly; capacitance Cx is the total capacitance of
the output of the DAC plus the input capacitance of the op amp
(since the two are in parallel).

0

10

20

30

40

50

60

Cf

Figure 27. Value of Capacitor CF vs. Value of Cx

Figure 26a. Simplified Model of the AD711 Used as a
Current-Out DAC Buffer
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AD711
The photos of Figures 28a and 28b show the dynamic response
of the AD711 in the settling test circuit of Figure 29.

The input of the settling time fixture is driven by a flat-top
pulse generator. The error signal output from the false summing
node of Al is clamped, amplified by A2 and then clamped
again. The error signal is thus clamped twice: once to prevent

overloading amplifier A2 and then a second time to avoid over
loading the oscilloscope preamp. The Tektronix oscilloscope
preamp type 7A26 was carefully chosen because it does not
overload with these input levels. Amplifier A2 needs to be a
very high speed FET-input op amp; it provides a gain of 10,
amplifying the error signal output of Al.

Figure 28a. Settling Characteristics 0 to + 10V Step
Upper Trace: Output of AD711 Under Test (5V/Div)
Lower Trace: Amplified Error Voltage (0.01%/Div)

Figure 28b. Settling Characteristics 0 to - 10V Step
Upper Trace: Output of AD711 Under Test (5V/Div)
Lower Trace: Amplified Error Voltage (0.01%/Div)

GUARDING
The low input bias current (15pA) and low noise characteristics
of the AD711 BiFET op amp make it suitable for electrometer
applications such as photo diode preamplifiers and picoampere
current-to-voltage converters. The use of a guarding technique
such as that shown in Figure 30, in printed circuit board layout
and construction is critical to minimize leakage currents. The
guard ring is connected to a low impedance potential at the
same level as the inputs. High impedance signal lines should not
be extended for any unnecessary length on the printed circuit
board.

TO-99 (H) Package

Plastic DIP (N) Package
and
Cerdip (Q) Package

| OrO 1
I e4<||

eA

8

Figure 30. Board Layout for Guarding Inputs
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D/A CONVERTER APPLICATIONS
The AD711 is an excellent output amplifier for CMOS DACs.
It can be used to perform both 2 quadrant and 4 quadrant operation.
The output impedance of a DAC using an inverted R-2R ladder
approaches R for codes containing many Is, 3R for codes containing
a single 1, and for codes containing all zero, the output impedance
is infinite.

Figures 33a and 33b show the settling time characteristics of the
AD711 when used as a DAC output buffer for the AD7545.

For example, the output resistance of the AD7545 will modulate
between llkfl and 33kfl. Therefore, with the DAC’s internal
feedback resistance of 11 kfl, the noise gain will vary from 2 to
4/3. This changing noise gain modulates the effect of the input
offset voltage of the amplifier, resulting in nonlinear DACamplifier performance.

The AD711K with guaranteed 500pV offset voltage minimizes
this effect to achieve 12-bit performance.
Figures 31 and 32 show the AD711 and AD7545 (12-bit CMOS
DAC) configured for unipolar binary (2-quadrant multiplication)
or bipolar (4-quadrant multiplication) operation. Capacitor Cl
provides phase compensation to reduce overshoot and ringing.

Figure 31. Unipolar Binary Operation

a. Full-Scale Positive Transition

b. Full-Scale Negative Transition

Figure 33. Settling Characteristics for AD711 with AD7545

NOISE CHARACTERISTICS
The random nature of noise, particularly in the 1/f region, makes
it difficult to specify in practical terms. At the same time, designers
of precision instrumentation require certain guaranteed maximum
noise levels to realize the full accuracy of their equipment.

Figure 32. Bipolar Operation

R1 and R2 calibrate the zero offset and gain error of the DAC.
Specific values for these resistors depend upon the grade of
AD7545 and are shown below.
TRIM
RESISTOR JN/AQ/SD
R1
R2

500ft
150ft

KN/BQ/TD LN/CQ/UD GLN/GCQ/GUD

2000
68ft

100ft
33ft

20ft
6.8ft

Table I. Recommended Trim Resistor Values vs. Grades
of the AD7545 for VDD = +5V
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The AD711C grade is specified at a maximum level of 4.0p.V
p-p, in a 0.1 to 10Hz bandwidth. Each AD711C receives a
100% noise test for two 10-second intervals; devices with any
excursion in excess of 4.0p.V are rejected. The screened lot is
then submitted to Quality Control for verification on an AQL
basis.

All other grades of the AD711 are sample-tested on an AQL
basis to a limit of 6jiV p-p, 0.1 to 10Hz.

AD711
DRIVING THE ANALOG INPUT OF AN A/D
CONVERTER
An op amp driving the analog input of an A/D converter, such
as that shown in Figure 34, must be capable of maintaining a
constant output voltage under dynamically changing load condi
tions. In successive-approximation converters, the input current
is compared to a series of switched trial currents. The comparison
point is diode clamped but may deviate several hundred millivolts
resulting in high frequency modulation of A/D input current.
The output impedance of a feedback amplifier is made artificially
low by the loop gain. At high frequencies, where the loop gain
is low, the amplifier output impedance can approach its open
loop value. Most IC amplifiers exhibit a minimum open loop
output impedance of 25fi due to current limiting resistors. A
few hundred microamps reflected from the change in converter

loading can introduce errors in instantaneous input voltage. If
the A/D conversion speed is not excessive and the bandwidth of
the amplifier is sufficient, the amplifier’s output will return to
the nominal value before the converter makes its comparison.
However, many amplifiers have relatively narrow bandwidth
yielding slow recovery from output transients. The AD711 is
ideally suited to drive high speed A/D converters since it offers
both wide bandwidth and high open-loop gain.

DRIVING A LARGE CAPACITIVE LOAD
The circuit in Figure 36 employs a 10041 isolation resistor which
enables the amplifier to drive capacitive loads exceeding 1500pF;
the resistor effectively isolates the high frequency feedback from
the load and stabilizes the circuit. Low frequency feedback is
returned to the amplifier summing junction via the low pass
filter formed by the 10041 series resistor and the load capacitance,
Ci,. Figure 37 shows a typical transient response for this
connection.

OUTPUT

TYPICAL CAPACITANCE
LIMIT FOR VARIOUS
LOAD RESISTORS
Rl

CtUPTO

Figure 37. Transient Response RL = 2kfl, CL = 500pF

ACTIVE FILTER APPLICATIONS
In active filter applications using op amps, the de accuracy of
the amplifier is critical to optimal filter performance. The am
plifier’s offset voltage and bias current contribute to output
error. Offset voltage will be passed by the filter and may be
amplified to produce excessive output offset. For low frequency
applications requiring large value input resistors, bias currents
flowing through these resistors will also generate an offset
voltage.

b. Sink Current = 1mA
Figure 35. ADC input Unity Gain Buffer Recovery Times

In addition, at higher frequencies, an op amp’s dynamics must
be carefully considered. Here, slew rate, bandwidth, and open-loop
gain play a major role in op amp selection. The slew rate must
be fast as well as symmetrical to minimize distortion. The am
plifier’s bandwidth in conjunction with the filter’s gain will
dictate the frequency response of the filter.
The use of a high performance amplifier such as the AD711 will
minimize both de and ac errors in all active filter applications.
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SECOND ORDER LOW PASS FILTER
Figure 38 depicts the AD711 configured as a second order But
terworth low pass filter. With the values as shown, the corner
frequency will be 20kHz; however, the wide bandwidth of the
AD711 permits a comer frequency as high as several hundred
kilohertz. Equations for component selection are shown below.
RI = R2 = user selected (typical values: 10k!1 - lOOkQ)
1.414
(2tt) (fCU[0ff)(Rl)’

„

=

0.707
(2rr) (fcutoff) (RI)

An important property of filters is their out-of-band rejection.
The simple 20kHz low pass filter shown in Figure 38, might be
used to condition a signal contaminated with clock pulses or
sampling glitches which have considerable energy content at
high frequencies.
The low output impedance and high bandwidth of the AD711
minimize high frequency feedthrough as shown in Figure 39.

The upper trace is that of another low cost BiFET op amp
showing 17dB more feedthrough at 5MHz.

Where Cl and C2 are in farads.

Figure 39.

9 POLE CHEBYCHEV FILTER
Figure 40 shows the AD711 and its dual counterpart, the AD712,
as a 9 pole Chebychev filter using active frequency dependent
negative resistors (FDNR). With a cutoff frequency of 50kHz
and better than 90dB rejection, it may be used as an anti-aliasing
filter for a 12-bit Data Acquisition System with 100kHz
throughput.
As shown in Figure 40, the filter is comprised of four FDNRs

(A, B, C, D) having values of 4.9395 x 10"15 and 5.9276 x 10 15
farad-seconds. Each FDNR active network provides a two-pole
response; for a total of 8 poles. The 9th pole consists of a 0.001 p.F
capacitor and a 124kfl resistor at Pin 3 of amplifier A2. Figure
41 depicts the circuits for each FDNR with the proper selection
of R. To achieve optimal performance, the 0.001 p.F capacitors
must be selected for 1% or better matching and all resistors
should have 1% or better tolerance.

R£f 5-0 dB10 dl/OIV

MARKER 96 100.0 Hz
RANGE -3-0 dl-90-6 dB-

Figure 42. High Frequency Response for 9 Pole Chebychev
Filter

2-178 OPERATIONAL AMPLIFIERS

ANALOG
DEVICES
FEATURES
Enhanced Replacement for LF412 and TL082
AC PERFORMANCE:
Settles to ±0.01% in 1p.s
16V/p.s min Slew Rate (AD712J)
3MHz min Unity Gain Bandwidth (AD712J)
DC PERFORMANCE:
0.30mV max Offset Voltage: (AD712C)
5pV/°C max Drift: (AD712C)
200V/mV min Open Loop Gain (AD712K)
4pV p-p max Noise, 0.1 Hz to 10Hz (AD712C)
Surface Mount Available in Tape and Reel in
Accordance with EIA-481A Standard
MIL-STD-883B Parts Available
Single Version Available: AD711
Quad Version: AD713
Available in Plastic Mini-DIP, Plastic SOIC, Hermetic
Cerdip, Hermetic Metal Can Packages and Chip
Form

PRODUCT DESCRIPTION
The AD712 is a high speed, precision monolithic operational
amplifier offering high performance at very modest prices. Its
very low offset voltage and offset voltage drift are results of
advanced laser wafer trimming technology. These performance
benefits allow the user to easily upgrade existing designs that
use older precision BiFETs and, in many cases, bipolar op
amps.
The superior ac and de performance of this op amp makes it
suitable for active filter applications. With a slew rate of 16V/ps
and a settling time of Ips to ±0.01%, the AD712 is ideal as a
buffer for 12-bit D/A and A/D Converters and as a high-speed
integrator. The settling time is unmatched by any similar IC
amplifier.

The combination of excellent noise performance and low input
current also make the AD712 useful for photo diode preamps.
Common-mode rejection of 88dB and open loop gain of 400V/mV
ensure 12-bit performance even in high-speed unity gain buffer
circuits.
The AD712 is pinned out in a standard op amp configuration
and is available in seven performance grades. The AD712J and
AD712K are rated over the commercial temperature range of 0
to +70°C. The AD712A, AD712B and AD712C are rated over
the industrial temperature range of - 40°C to + 85°C. The
AD712S and AD712T are rated over the military temperature
range of -55°C to + 125°C and are available processed to MILSTD-883B, Rev. C.

Dual Precision, Low Cost,
High Speed, BiFET Op Amp
AD712
AD712 FUNCTIONAL BLOCK DIAGRAMS

TO-99
(H) Package

Plastic Mini-DIP (N) Package,
Cerdip (Q) Package
and SOIC (R) Package

PIN 4 IS IN ELECTRICAL
CONTACT WITH THE CASE

Extended reliability PLUS screening is available, specified over
the commercial and industrial temperature ranges. PLUS screening
includes 168-hour burn-in, as well as other environmental and
physical tests.
The AD712 is available in an 8-pin plastic mini-DIP, cerdip,
TO-99 metal can, or chip form.

PRODUCT HIGHLIGHTS
1. The AD712 offers excellent overall performance at very
competitive prices.
2. Analog Devices’ advanced processing technology and with
100% testing guarantees a low input offset voltage (0.3mV
max, C grade, 3mV max, J grade). Input offset voltage is
specified in the warmed-up condition. Analog Devices’ laser
wafer drift trimming process reduces input offset voltage
drifts to 5p.V/°C max on the AD712C.
3. Along with precision de performance, the AD712 offers
excellent dynamic response. It settles to ±0.01% in 1 pcs and
has a 100% tested minimum slew rate of 16V/ps. Thus this
device is ideal for applications such as DAC and ADC buffers
which require a combination of superior ac and de
performance.
4. The AD712 has a guaranteed and tested maximum voltage
noise of 4pV p-p, 0.1 to 10Hz (AD712C).
5. Analog Devices’ well-matched, ion-implanted JFETs ensure
a guaranteed input bias current (at either input) of 50pA max
(AD712C) and an input offset current of lOpA max (AD712C).
Both input bias current and input offset current are guaranteed
in the warmed-up condition.
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SPECIFICATIONS (@ + 25°CandVs = ± 15V de, unless otherwise noted)
Model

Min

INPUT OFFSET VOLTAGE
*
Initial Offset
Tni.toT.MM
vs. Temp.
vs. Supply
VS. Supply, Tmin to Tnum
Long-Term Offset Stability

AD712J/A/S
Typ
0.3
7
95

76
76/76/76

Max

Min

0.2

3/1/1
4/2/2
20/20/20
80
80

7
100

Max

Min

AD712C
Typ

0.1

10.7/0.7
2/1.5/1.5
10

3

86
86

Max

Units

0.30
0.60
5

mV
mV
gV/°C
dB
dB
gV-'month

no
15

15

15

INPUT BIAS CURRENT2
Either Input, VCM = 0
Either Input at T^,,

AD712K/B/T
Typ

25

75

20

75

20

50

pA

VCm = 0(70oC/85oC/125°C)
Either Input, Vcm = + 10V

0.6/1.6/26

0.5/1.3/20

Offset Current, VcM - 0
Offset Current at T^
(70oC/85oC/125°C)

5

1.7/4.8/77
100
25

1.3

10

1.7/4.8/77
100
25

5

3.2
75
10

nA
PA
PA

0.3/0.7/11

0.6/1.6/26

0.1/0.3/5

0.6/1.6/26

0.3

0.7

nA

0.3
0.6
5
10

120
90

mV
mV
gV/°C
PA
dB
dB

4
200
20
1

MHz
kHz
V/gs
gs

MATCHING CHARACTERISTICS’
Input Offset Voltage
Input Offset Voltage T^ to Tmax
Input Offset Voltage vs. Temp
Input Bias Current
Crosstalk4 (a 1kHz
@ 100k Hz
FREQUENCY RESPONSE
Unity Gain, Small Signal
Full Power Response
Slew Rate, Unity Gain
Settling Time to 0.01%5
Total Harmonic Distortion
f = 1 kHz, RL>2kfl, Vo = 3V rms

Vcm=±10V

Tmint0T.no
VcM=SllV
TmintoTma,

120
90

120
90
4
200
20
1

3.0

16

INPUT IMPEDANCE
Differential
Common Mode
INPUT VOLTAGE RANGE
Differential6
Common-Mode Voltage
Over Max Operating Range'
Common-Mode Rejection Ratio

1/0.7/0.7
2/1.5/1.5
10
25

3/1/1
4/2/2
20/20/20
25

3.4

18
1.2

18

1.2

1.2

0.0003

0.0003

%

3 x 10,2||5.5
3 x 10121|5.5

3x 10l2||5.5
3 x 10,2|i 5.5

3x 1012 |5.5
3x 1012 15 5

nil p
nil pf

±20

V

±20

+ 14.5,-11.5 + V$ —2V

76
76/76/76
70
70/70/70

3.4

0.0003

±20
-VS + 4V

4
200
20
1

-VS + 4V
80
80
76
74

88
84
84
80

+ 14.5,-11.5 +VS-2V

-VS + 4V

86
86
76
74

88
84
84
80

F

+ 14.5,-11.5 +VS-2V

V
dB
dB
dB
dB

94
90
90
84

INPUT VOLTAGE NOISE
Voltage 0.1 Hz to 10Hz
f= 10Hz
f= 100 Hz
f- 1kHz
f = 10kHz

2
45
22
18
16

2
45
22
18
16

2
45
22
18
16

INPUT CURRENT NOISE
f= 1kHz

0.01

0.01

0.01

pA/VHz

4(X)

V/mV
V/mV

OPEN LOOP GAIN
Vo = ±10V,Rl>2kD
TnUntoTmM,RL:’2kfi

OUTPUT CHARACTERISTICS
Voltage @ Ri^2kD
TmintoTmo
Short Circuit Current
POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current,
Both Amplifiers

150
100/100/100

200
100

400

±18

TEMPERATURE RANGE
Operating, Rated Performance
Commercial (0 to + 70°C)
Industrial (-40°C to + 85°C)
Military (- 55°C to + 125°C)
PACKAGE OPTIONS8
SOIC(R-8)
Plastic (N-8)
TO-99(H-08A)
A, J and S Grade Chips Available

5

6.8

AD712J
AD712A
AD712S

AD712JR
AD712JN
AD712AQ, AD712SQ
AD712AH, AD712SH

±18

±4.5
5

±18

V
V

5.6

mA

±15

±15

±15

6.0

AD712K
AD712B
AD712T

AD712KN
AD712BQ, AD712TQ
AD712BH, AD712TH

±4.5
5

AD712C

AD712CQ

AD712CH

'Input Offset Voltage specifications arc guaranteed after 5 minutes of operation at TA = + 25°C.
2Bias Current specifications arc guaranteed maximum at either input after 5 minutes of operation at TA = + 25°C. For higher temperature, the current doubles every 10 C.
’Matching is defined as the difference between parameters of the two amplifiers.
*Rcfcr to Figure 21.
’Refer to Figure 29.
6I)efined as voltage between inputs, such that neither exceeds ± 10V from ground.
7Typically exceeding - 14.1V negative common-mode voltage on cither input results in an output phase reversal.
8Scc Section 20 for package outline information.
Specifications subject to change without notice.
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min and mas specifications
are guaranteed, although only those shown in boldface are tested on ail production units.
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pVp-p
nV/V Hz
nV/VHz
nV/VHz
nV/Vfiz

V
V
mA

+ 13, - 12.5 +13.9, 13.3
±12
+ 13.8, -13.1
25

+ 13, - 12.5 +13.9,-13.3
+ 13.8,-13.1
±12
25

+ 13.9,-13.3
+ 13,-12.5
±12,±12,±12 +13.8,-13.1
25

±4.5

200
100

400

4

AD712
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage.....................................................................±18V
Internal Power Dissipation2 .......................................... 500m W
Input Voltage3........................................................................ ± 18V
Output Short Circuit Duration................................. Indefinite
Differential Input Voltage................................
+ Vs and - Vs
Storage Temperature Range Q, H ................ -65°C to + 150°C
Storage Temperature Range N...................... -65°C to + 125°C
Operating Temperature Range
AD712J/K .............................................................. 0to+70°C
AD712A/B/C............................................. -40°Cto+85°C
AD712S/T ................................................... - 55°C to + 125°C
Lead Temperature Range (Soldering 60 seconds) .... 300°C
NOTES
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those
indicated in the operational section of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.
2Thermal Characteristics:
8-Pin Plastic Package: BJA = 165°C/W.
8-Pin Cerdip Package: BJC = 22°C/W, 0JA = 110°C/W.
8-Pin Metal Can Package: 0JC = 65°C/W, 0jA = 150°C/W.
’For supply voltages less than ± 18V, the absolute maximum input voltage is
equal to the supply voltage.

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).

-IN

+IN

V-
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Typical Characteristics

SUPPLY VOLTAGE ± Volts

Figure 1. Input Voltage Swing
vs. Supply Voltage

SUPPLY VOLTAGE ± Volts

Figure 4. Quiescent Current vs.
Supply Voltage

Figure 7. Input Bias Current vs.
Common Mode Voltage
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Figure 2. Output Voltage Swing
vs. Supply Voltage

TEMPERATURE - “C

Figure 5. Input Bias Current vs.
Temperature

Figure 8. Short Circuit Current
Limit vs. Temperature

LOAD RESISTANCE - Ohms

Figure 3. Output Voltage Swing
vs. Load Resistance

FREQUENCY - Hz

Figure 6. Output Impedance vs.
Frequency

Figure 9. Unity Gain Bandwidth
vs. Temperature

OPEN LOOP GAIN

-

dB

AD712

RL-2kll
25°C

5
FREQUENCY - Hz

Figure 10. Open Loop Gain and
Phase Margin vs. Frequency

10

15

SUPPLY VOLTAGE ± Volts

Figure 11. Open Loop Gain vs.
Supply Voltage

20
SUPPLY MODULATION FREQUENCY - Hz

Figure 12. Power Supply
Rejection vs. Frequency

SETTLING TIME - |xs

Figure 13. Common Mode
Rejection vs. Frequency

Figure 14. Large Signal
Frequency Response

FREQUENCY - Hz

Figure 16. Total Harmonic
Distortion vs. Frequency

Figure 17. Input Noise Voltage
Spectral Density

Figure 15. Output Swing and
Error vs. Settling Time

INPUT ERROR SIGNAL - mV
IAT SUMMING JUNCTION!

Figure 18. Slew Rate vs. Input
Error Signa!
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OUTPUT

Figure 19. Slew Rate vs.
Temperature

Figure 21. Crosstalk Test Circuit

Figure 22a. Unity Gain Follower

Figure 23a. Unity Gain Inverter
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Figure 22b. Unity Gain Follower
Pulse Response (Large Signal)

Figure 23b. Unity Gain Inverter
Pulse Response (Large Signa!)

Figure 22c. Unity Gain Follower
Pulse Response (Small Signal)

Figure 23c. Unity Gain Inverter
Pulse Response (Small Signal)

AD712
OPTIMIZING SETTLING TIME
Most bipolar high-speed D/A converters have curent outputs;
therefore, for most applications, an external op-amp is required
for current-to-voltage conversion. The settling time of the converter/op-amp combination depends on the settling time of the
DAC and output amplifier. A good approximation is:

t, Total = V(t, DAC)2 + (t, AMP)2
The settling time of an op amp DAC buffer will vary with the
noise gain of the circuit, the DAC output capacitance, and with
the amount of external compensation capacitance across the
DAC output scaling resistor.
Settling time for a bipolar DAC is typically 100 to 500ns. Previ
ously, conventional op-amps have required much longer settling
times than have typical state-of-the-art DACs; therefore, the
amplifier settling time has been the major limitation to a high-speed
voltage-output D-to-A function. The introduction of the AD711/
712 family of op amps with their lpus (to ±0.01% of final value)
settling time now permits the full high-speed capabilities of
most modem DACs to be realized.

In addition to a significant improvement in settling time, the
low offset voltage, low offset voltage drift, and high open-loop
gain of the AD711/AD712 family assures 12-bit accuracy over
the full operating temperature range.

The excellent high-speed performance of the AD712 is shown in
the oscilloscope photos of Figure 25. Measurements were taken
using a low input capacitance amplifier connected directly to the
summing junction of the AD712 - both photos show the worst
case situation: a full-scale input transition. The DAC’s 4kfl
[10kfl||8kfl = 4.4kD] output impedance together with a lOkfl
feedback resistor produce an op-amp noise gain of 3.25. The
current output from the DAC produces a 10V step at the op-amp
output (0 to - 10V Figure 25a, - 10V to 0V Figure 25b.)
Therefore, with an ideal op-amp, settling to ± 1/2LSB (±0.01%)
requires that 375 jaV or less appears at the summing junction.
This means that the error between the input and output (that
voltage which appears at the AD712 summing junction) must be
less than 375jiV. As shown in Figure 25, the total settling time
for the AD712/AD565 combination is 1.2 microseconds.

0.1 nF

Figure 24. ± 10V Voltage Output Bipolar DAC

AD712

SUMMING
JUNCTION

AD712
SUMMING
JUNCTION

AD712

AD712

OUTPUT

OUTPUT

b. (Full-Scale Positive Transition)
Figure 25. Settling Characteristics for AD712 with AD565A
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OP-AMP SETTLING TIME - A MATHEMATICAL
MODEL
The design of the AD712 gives careful attention to optimizing
individual circuit components; in addition, a careful tradeoff
was made: the gain bandwidth product (4MHz) and slew rate
(20V/p.s) were chosen to be high enough to provide very fast
settling time but not too high to cause a significant reduction in
phase margin (and therefore stability). Thus designed, the AD712
settles to ±0.01%, with a 10V output step, in under Ips, while
retaining the ability to drive a 250pF load capacitance when
operating as a unity gain follower.

When Ro and Io are replaced with their Thevenin VIN and Rin
equivalents, the general purpose inverting amplifier of Figure
26b is created. Note that when using this general model, capaci
tance Cx is EITHER the input capacitance of the op-amp if a
simple inverting op-amp is being simulated OR it is the combined
capacitance of the DAC output and the op-amp input if the
DAC buffer is being modeled.

If an op-amp is modeled as an ideal integrator with a unity gain
crossover frequency of <i>c/2it, Equation 1 will accurately describe
the small signal behavior of the circuit of Figure 26a, consisting
of an op-amp connected as an I-to-V converter at the output of
a bipolar or CMOS DAC. This equation would completely
describe the output of the system if not for the op-amp’s finite
slew rate and other nonlinear effects.
Equation 1.
Figure 26b. Simplified Model of the AD712 Used as an
Inverter

Vo = ___________

I[N

&
R(Cf + Cx) s2■ + (U
n + RC
RQ*) ) s +!
(Do

'

where y2- = op amp’s unity gain frequency
*ir
Gn = “noise” gain of circuit (1 +

In either case, the capacitance Cx causes the system to go from
a one-pole to a two-pole response; this additional pole increases
settling time by introducing peaking or ringing in the op-amp
output. Since the value of Cx can be estimated with reasonable
accuracy, Equation 2 can be used to choose a small capacitor,
Cp, to cancel the input pole and optimize amplifier response.

This equation may then be solved for Cf:

Equation 2.

2VRCxa>0 + (1 -Gn)
Rcoo
In these equations, capacitor Cx is the total capacitance appearing
at the inverting terminal of the op-amp. When modeling a DAC
buffer application, the Norton equivalent circuit of Figure 26a
can be used directly; capacitance Cx is the total capacitance of
the output of the DAC plus the input capacitance of the op-amp
(since the two are in parallel).

Figure 27. Value of Capacitor CF vs. Value of Cx

Figure 26a. Simplified Model of the AD712 Used as a
Current-Out DAC Buffer
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AD712
The photos of Figures 28a and 28b show the dynamic response
of the AD712 in the settling test circuit of Figure 29.
The input of the settling time fixture is driven by a flat-top
pulse generator. The error signal output from the false summing
node of Al is clamped, amplified by A2 and then clamped
again. The error signal is thus clamped twice: once to prevent

Figure 28a. Settling Characteristics 0 to + 10V Step
Upper Trace: Output of AD712 Under Test (5V/Div)
Lower Trace: Amplified Error Voltage (0.01%/Div)

GUARDING
The low input bias current (15pA) and low noise characteristics
of the AD712 BiFET op amp make it suitable for electrometer
applications such as photo diode preamplifiers and picoampere
current-to-voltage converters. The use of a guarding technique
such as that shown in Figure 30, in printed circuit board layout
and construction is critical to minimize leakage currents. The
guard ring is connected to a low impedance potential at the
same level as the inputs. High impedance signal lines should not
be extended for any unnecessary length on the printed circuit
board.

overloading amplifier A2 and then a second time to avoid over
loading the oscilloscope preamp. The Tektronix oscilloscope
preamp type 7A26 was carefully chosen because it does not
overload with these input levels. Amplifier A2 needs to be a
very high-speed, FET-input op amp; it provides a gain of 10,
amplifying the error signal output of Al.

Figure 28b. Settling Characteristics 0 to - 10V Step
Upper Trace: Output of AD712 Under Test (5V/Div)
Lower Trace: Amplified Error Voltage (0.01%/Div)

TO-99 (H) Package

Plastic Mini-DIP (N) Package
and

8

Figure 30. Board Layout for Guarding Inputs
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D/A CONVERTER APPLICATIONS
The AD712 is an excellent output amplifier for CMOS DACs.
It can be used to perform both 2 quadrant and 4 quadrant operation.
The output impedance of a DAC using an inverted R-2R ladder
approaches R for codes containing many 1 s, 3R for codes containing
a single 1, and for codes containing all zero, the output impedance
is infinite.
For example, the output resistance of the AD7545 will modulate
between llkfl and 33kfl. Therefore, with the DAC’s internal
feedback resistance of llkfl, the noise gain will vary from 2 to
4/3. This changing noise gain modulates the effect of the input
offset voltage of the amplifier, resulting in nonlinear DACamplifier performance.

TRIM
RESISTOR JN/AQ/SD
Rl
R2

50011
1500

KN/BQ/TD LN/CQ/UD GLN/GCQ/GUD

2000
680

1000
330

200
6.80

Table I. Recommended Trim Resistor Values vs. Grades
of the AD7545 for VDD=+5V

Figures 33a and 33b show the settling time characteristics of the
AD712 when used as a DAC output buffer for the AD7545.

The AD712K with guaranteed 700p.V offset voltage minimizes
this effect to achieve 12-bit performance.

Figures 31 and 32 show the AD712 and AD7545 (12-bit CMOS
DAC) configured for unipolar binary (2 quadrant multiplication)
or bipolar (4 quadrant multiplication) operation. Capacitor Cl
provides phase compensation to reduce overshoot and ringing.

a. Full-Scale Positive Transition

b. Full-Scale Negative Transition
Figure 33. Settling Characteristics for AD712 with AD7545

Figure 31. Unipolar Binary Operation

NOISE CHARACTERISTICS
The random nature of noise, particularly in the 1/f region, makes
it difficult to specify in practical terms. At the same time, designers
of precision instrumentation require certain guaranteed maximum
noise levels to realize the full accuracy of their equipment.
The AD712C grade is specified at a maximum level of 4.0jxV
p-p, in a 0.1 to 10Hz bandwidth. Each AD712C receives a
100% noise test for two 10-second intervals; devices with any
excursion in excess of 4.0p.V are rejected. The screened lot is
then submitted to Quality Control for verification on an AQL
basis.
All other grades of the AD712 are sample-tested on an AQL
basis to a limit of 6p.V p-p, 0.1 to 10Hz.

Rl and R2 calibrate the zero offset and gain error of the DAC.
Specific values for these resistors depend upon the grade of
AD7545 and are shown below.
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AD712
DRIVING THE ANALOG INPUT OF AN A/D
CONVERTER
An op amp driving the analog input of an A/D converter, such
as that shown in Figure 34, must be capable of maintaining a
constant output voltage under dynamically-changing load condi
tions. In successive-approximation converters, the input current
is compared to a series of switched trial currents. The comparison
point is diode clamped but may deviate several hundred millivolts
resulting in high frequency modulation of A/D input current.
The output impedance of a feedback amplifier is made artificially
low by the loop gain. At high frequencies, where the loop gain
is low, the amplifier output impedance can approach its open
loop value. Most IC amplifiers exhibit a minimum open loop
output impedance of 250 due to current limiting resistors. A
few hundred microamps reflected from the change in converter

loading can introduce errors in instantaneous input voltage. If
the A/D conversion speed is not excessive and the bandwidth of
the amplifier is sufficient, the amplifier’s output will return to
the nominal value before the converter makes its comparison.
However, many amplifiers have relatively narrow bandwidth
yielding slow recovery from output transients. The AD712 is
ideally suited to drive high-speed A/D converters since it offers
both wide bandwidth and high open-loop gain.
DRIVING A LARGE CAPACITIVE LOAD
The circuit in Figure 36 employs a 10011 isolation resistor which
enables the amplifier to drive capacitive loads exceeding 1500pF;
the resistor effectively isolates the high frequency feedback from
the load and stabilizes the circuit. Low frequency feedback is
returned to the amplifier summing junction via the low pass
filter formed by the 10011 series resistor and the load capacitance,
Cl- Figure 37 shows a typical transient response for this
connection.

Figure 34. AD712 as ADC Unity Gain Buffer

Figure 37. Transient Response Rl = 2k(l, CL - 500pF

a. Source Current = 2mA

b. Sink Current = 1mA
Figure 35. ADC Input Unity Gain Buffer Recovery Times

ACTIVE FILTER APPLICATIONS
In active filter applications using op amps, the d.c. accuracy of
the amplifier is critical to optimal filter performance. The am
plifier’s offset voltage and bias current contribute to output
error. Offset voltage will be passed by the filter and may be
amplified to produce excessive output offset. For low frequency
applications requiring large value input resistors, bias currents
flowing through these resistors will also generate an offset
voltage.
In addition, at higher frequencies, an op-amp’s dynamics must
be carefully considered. Here, slew rate, bandwidth, and open-loop
gain play a major role in op-amp selection. The slew rate must
be fast as well as symmetrical to minimize distortion. The am
plifier’s bandwidth in conjunction with the filter’s gain will
dictate the frequency response of the filter.
The use of a high performance amplifier such as the AD712 will
minimize both de and ac errors in all active filter applications.
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SECOND ORDER LOW PASS FILTER
Figure 38 depicts the AD712 configured as a second order But
terworth low pass filter. With the values as shown, the corner
frequency will be 20kHz; however, the wide bandwidth of the
AD712 permits a corner frequency as high as several hundred
kilohertz. Equations for component selection are shown below.

Rl = R2 = user selected (typical values: lOkfl - lOOkfl)
Cl (in farads)

(RJ)

(f^ (RJ)

An important property of filters is their out-of-band rejection.
The simple 20kHz low pass filter shown in Figure 38, might be
used to condition a signal contaminated with clock pulses or
sampling glitches which have considerable energy content at
high frequencies.
The low output impedance and high bandwidth of the AD712
minimize high frequency feedthrough as shown in Figure 39.

The upper trace is that of another low-cost BiFET op amp
showing 17dB more feedthrough at 5MHz.

Figure 39.

9-POLE CHEBYCHEV FILTER
Figure 40 shows the AD712 and its single counterpart, the
AD711, as a 9-pole Chebychev filter using active frequency
dependent negative resistors (FDNR). With a cutoff frequency
of 50kHz and better than 90dB rejection, it may be used as an
antialiasing filter for a 12-bit Data Acquisition System with
100kHz throughput.

As shown in Figure 40, the filter is comprised of four FDNRs

(A, B, C, D) having values of 4.9395 x 10'15 and 5.9276 x 10 15
farad-seconds. Each FDNR active network provides a two-pole
response; for a total of 8 poles. The 9th pole consists of a O.OOljcF
capacitor and a 124kfl resistor at Pin 3 of amplifier A2. Figure
41 depicts the circuits for each FDNR with the proper selection
of R. To achieve optimal performance, the O.OOljcF capacitors
must be selected for 1% or better matching and all resistors
should have 1% or better tolerance.

Figure 42. High Frequency Response for 9-Poie
Chebychev Filter
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ANALOG
DEVICES

Quad Precision, Low Cost, High Speed
BiFET Op Amp

AD713
FEATURES
Enhanced Replacement for LF347 and TL084

AC PERFORMANCE
1p.s Settling to 0.01% for 10V Step
20V/p.s Slew Rate
0.0003% Total Harmonic Distortion (THD)
4MHz Unity Gain Bandwidth
DC PERFORMANCE
0.5mV max Offset Voltage (AD713K)
20pV/°C max Drift (AD713K)
200V/mV min Open Loop Gain (AD713K)
2p.V p-p typ Noise, 0.1Hz to 10Hz
True 14-Bit Accuracy
Single Version: AD711, Dual Version: AD712
Available in 14-Pin Plastic DIP and Hermetic
Cerdip Packages and Chip Form
MIL-STD-883B Processing Available

APPLICATIONS
Active Filters
Quad Output Buffers for 12- and 14-Bit DACs
Input Buffers for Precision ADCs
Photo Diode Preamplifier Applications

PRODUCT DESCRIPTION
The AD713 is a quad operational amplifier, consisting of four
AD711 BiFET op amps. These precision monolithic op amps
offer excellent de characteristics plus rapid settling times, high
slew rates, and ample bandwidths. In addition, the AD713
provides the close matching ac and de characteristics inherent to
amplifiers sharing the same monolithic die.
The single-pole response of the AD713 provides fast settling:
1 p.s to 0.01%. This feature combined with its high de precision
makes it suitable for use as a buffer amplifier for 12- or 14-bit
DACs and ADCs. It is also an excellent choice for use in active
filters in 12-, 14- and 16-bit data acquisition systems. Further
more, the AD713’s low total harmonic distortion (THD) level of
0.0003% and very close matching ac characteristics make it an
ideal amplifier for many demanding audio applications.

The AD713 is internally compensated for stable operation at
unity gain and is available in seven performance grades. The
AD713J and AD713K are rated over the commercial tempera
ture range of 0 to +70°C. The AD713A and AD713B are rated

AD713 FUNCTIONAL BLOCK DIAGRAM

Plastic DIP (N) Package
and
Cerdip (Q) Package

OUTPUT
-IN

+ IN

-Vs
+ IN
-IN
OUTPUT

over the industrial temperature of -40°C to + 85°C. The
AD713S and AD713T are rated over the military temperature
range of -55°C to +125°C and are available processed to
MIL-STD-883B, Rev. C.

The AD713 is offered in a 14-pin plastic DIP package, a
hermetic cerdip package, or chip form.

PRODUCT HIGHLIGHTS
1. The AD713 is a high speed BiFET op amp that offers
excellent performance at competitive prices. It upgrades the
performance of circuits using op amps such as the
TL074/TL084, LT 1058, LF347 and OPA404.
2. Slew rate is 100% tested for a guaranteed minimum of
16V/ps (J, A and S Grades).

3. The combination of Analog Devices’ advanced processing
technology, laser wafer drift trimming and well-matched
ion-implanted JFETs provides outstanding de precision. In
put offset voltage, input bias current and input offset
current are specified in the warmed-up condition and are
100% tested.
4. Very close matching of ac characteristics between the four
amplifiers makes the AD713 ideal for high quality active
filter applications.
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2

(@ +25°C and ±15V de, unless otherwise noted)
Model
Conditions
INPUT OFFSET VOLTAGE1
Initial Offset
Offset
vs. Temp.
vs. Supply
vs. Supply
Long-Term Stability

Min

Tmin to Tm.,

Tm,„ to Tmax

78
76/76/76

INPUT BIAS CURRENT2
Vcm=0V
Either Input
Either Input
(a Tmlx = 70°C/85°C/125°C VCm=0V
vCM=+iov
Either Input
Vcm=0V
Offset Current
Offset Current
r»Tmxx = 70°C/85°C/125°C VCM=0V

MATCHING
CHARACTERISTICS
Input Offset Voltage
Input Offset Voltage
Input Offset Voltage Drift
Input Bias Current
Crosstalk (See Figure 20)

FREQUENCY RESPONSE
Gain BW, Small Signal
Full Power Response
Slew Rate, Unity Gain
Settling Time to 0.01%
Total Harmonic Distortion
(See Figures 16 and 30)

AD713K/B/T
Typ

3
16

40

75

pA

3.4/9.6/154
200
75

55
10

1.7/4.8/77
120
35

nA
pA
pA

0.8/2.2/36

nA

0.8
1.0/1.0/13
25
35
-130
-95

mV
mV
|xV/°C
pA
dB
dB

55
10

84
84

ionone

0.4
0.6
6
10

1.8
23/23/23
100
-130
-95

3.4
18

1.2

4
200
20
1

MHz
kHz
V/jjls

1.2

|LS

0.0003

0.0003

%

3xlO12||5.5
3x 1O12||5.5

3xl012||5.5
3x 1012||5.5

mipF
HllpF

±20
+ 14.5,-11.5

±20
+ 14.5,-11.5

V
V
V

+ 13

-11
78
76/76/76
72

Units

150

40

4
200
20
1

Max

mV
0.5
0.7/0.7/1.0 mV
20/20/15
nV/°c
dB
dB
(xV/month

1.5
2/2/2

(it 1kHz
(it 100kHz

VCM=±10V
Tmin to Tm„
vCM=±iiv
Tmin to Tmxx

Min

0.2
0.4
5
100
100
15

0.3
0.5
5
95
95
15

0.5
0.7
8
10

Tmin to Tmxx

G=-l
Vo=20V ^p
G=-l
G=-l (Fig. 23)
f=lkHz
Rli2k(l
VO=3Vrms

Max

1.7/4.8/77

INPUT IMPEDANCE
Differential
Common Mode
INPUT VOLTAGE RANGE
Differential3
Common Mode Voltage4
Tmin to Tm,x
Common-Mode Rejection
Ratio

AD713J/A/S
Typ

88
84
84
80

+ 13

-11

84
82
78
74

94
90
90
84

dB
dB
dB
dB

Noise 0.1 to 10Hz
f=10Hz
f=100Hz
f=lkHz
f= 10kHz

2
45
22
18
16

2
45
22
18
16

pV p-p
nV/VHz
nV/\/Hz
nV/VTk
nV/Vih

INPUT CURRENT NOISE

f=lkHz

0.01

0.01

pA/VlD

OPEN LOOP GAIN

Vo=±10V
Rload—2kfl

400

V/mV
V/mV

INPUT VOLTAGE NOISE

OUTPUT
CHARACTERISTICS
Voltage

Current

400

Tmin W Tnux

150
100/100/100

Rload2 2 kfl
Tm,„ to Tm„
Short Circuit

+ 13.9,-13.3
+ 13,-12.5
±12/±12/± 12 +13.8,-13.1
25
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200
100

+ 13, -12.5 +13.9,-13.3
±12
+ 13.8,-13.1
25

V
V
mA

AD713
Model

Conditions
POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current

Min

AD713J/A/S
Typ

AD713K/B/T

Max

Min

±18
13.5

±4.5

±15

±4.5
10.0

Typ

Max

±15
10.0

±18
12.0

Units
V
V

mA

PACKAGE OPTIONS5

Plastic (N-14)
Cerdip (Q-14)
J and S Grade Chips
Also Available
TRANSISTOR COUNT

AD713JN
AD713AQ, AD713SQ

# of Transistors

120

AD713KN
AD713BQ, AD713TQ

120

NOTES
'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA = +25°C.
2Bias Current Specifications are guaranteed maximum at either input after 5 minutes of operation at TA = +25°C. For higher temperature, the current doubles
every 10°C.
’Defined as voltage between inputs, such that neither exceeds ±10V from ground.
‘Typically exceeding -14.1V negative common-mode voltage on either input results in an output phase reversal.
’See Section 20 for package outline information.
Specifications subject to change without notice.
All min and max specifications are guaranteed.
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels.

ABSOLUTE MAXIMUM RATINGS
*
Supply Voltage ..................................................................... ±18V
Internal Power Dissipation2 ............................................ 650m W
Input Voltage3........................................................................± 18 V
Output Short Circuit Duration
(For One Amplifier)................................................... Indefinite
Differential Input Voltage .................................... + VS and -Vs
Storage Temperature Range Q......................... -65°C to +150°C
Storage Temperature Range N....................... —65°C to +125°C
Operating Temperature Range
AD713J/K ................................................................0to+70°C
AD713A/B........................................................ -40°C to +85°C
AD713S/T......................................................-55°C to+125°C
Lead Temperature Range (Soldering 60sec).................... +300°C
NOTES
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indi
cated in the operational section of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect
device reliability.
’Thermal characteristics: 0)c = 30°C/Watt; 0JA = 110°C/Watt.
’For supply voltages less than ±18V, the absolute maximum input voltage is
equal to the supply voltage.

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
Vout#1
1

Vout #4
14

CONNECTION DIAGRAM
Plastic (N) and
Cerdip (Q) Packages
OUTPUT
-IN

+ IN

-Vs
+ IN

-IN
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Typical Characteristics

Figure 1. Input Voltage Swing vs.
Supply Voltage

Figure 7. Input Bias Current vs.
Common Mode Voltage
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Figure 2. Output Voltage Swing vs.
Supply Voltage

Figure 3. Output Voltage Swing vs.
Load Resistance

Figure 8. Short Circuit Current Limit
vs. Temperature

Figure 9. Gain Bandwidth Product vs.
Temperature

AD713

FREQUENCY - Hi

SUPPLY MODULATION FREQUENCY - Hr

SUPPLY VOLTAGE ± VOLTS

Figure 10. Open Loop Gain and Phase
Margin vs. Frequency

Figure 11. Open Loop Gain vs. Supply Figure 12. Power Supply Rejection vs.
Voltage
Frequency

o

ERROR

05

06

1%

0 1-0

07

0 01%

08

09

10

SETTLING TIME - |is

Figure 13. Common Mode Rejection
vs. Frequency

Figure 14. Large Signal Frequency
Response

Figure 15. Output Swing and Error vs.
Settling Time

-70

-130 ------- ------- —l—LJ------- ------- —L_LJ------- ------- —L_U
100

1k

10k

100k

FREQUENCY - Hi

Figure 16. Total Harmonic Distortion
vs. Frequency

FREQUENCY - Hz

Figure 17. Input Noise Voltage Spectral
Density

INPUT ERROR SIGNAL mV
IAT SUMMING JUNCTIONI

Figure 18. Slew Rate vs. Input Error
Signa!
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Applying the AD713

-70

9kfl

AD713
PIN 4

+ VS

1pF
COM

1RF
AD713
PIN 11

-Vs

'THE SIGNAL INPUT (1kHz SINEWAVE. 2V p-pl IS APPLIED
TO ONE AMPLIFIER AT A TIME. THE OUTPUTS OF THE OTHER
THREE AMPLIFIERS ARE THEN MEASURED FOR CROSSTALK

Figure 19. Crosstalk Test Circuit

Figure 21a. Unity Gain Follower

Figure 22a. Unity Gain Inverter
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Figure 20. Crosstalk vs. Frequency

Figure 21b. Unity Gain Follower
Large Signal Pulse Response

Figure 22b. Unity Gain Inverter
Large Signal Pulse Response

Figure 21c. Unity Gain Follower
Small Signal Pulse Response

Figure 22c. Unity Gain Inverter
Small Signal Pulse Response

AD713
MEASURING AD713 SETTLING TIME
The photos of Figures 24 and 25 show the dynamic response of
the AD713 while operating in the settling time test circuit of
Figure 23. The input of the settling time fixture is driven by a
flat-top pulse generator. The error signal output from the false
summing node of Al, the AD713 under test, is clamped, ampli
fied by op amp A2 and then clamped again.

The error signal is thus clamped twice: once to prevent over
loading amplifier A2 and then a second time to avoid overload
ing the oscilloscope preamp. A Tektronix oscilloscope preamp
type 7A26 was carefully chosen because it recovers from the
approximately 0.4 volt overload quickly enough to allow accu
rate measurement of the AD713’s Ips settling time. Amplifier
A2 is a very high speed FET input op amp; it provides a voltage
gain of 10, amplifying the error signal output of the AD713
under test (providing an overall gain of 5).

Figure 25. Settling Characteristics to - 10V Step. Upper
Trace: Output of AD713 Under Test (5V/div). Lower Trace:
Amplified Error Voltage (0.01%/div)

Figure 23. Settling Time Test Circuit

Figure 24. Settling Characteristics 0 to + 10V Step. Upper
Trace: Output of AD713 Under Test (5V/div). Lower Trace:
Amplified Error Voltage (0.01%/div)

POWER SUPPLY BYPASSING
The power supply connections to the AD713 must maintain a
low impedance to ground over a bandwidth of 4MHz or more.
This is especially important when driving a significant resistive
or capacitive load, since all current delivered to the load comes
from the power supplies. Multiple high quality bypass capacitors
are recommended for each power supply line in any critical
application. A 0.1p.F ceramic and a IjjlF electrolytic capacitor as
shown in Figure 26 placed as close as possible to the amplifier
(with short lead lengths to power supply common) will assure
adequate high frequency bypassing in most applications. A
minimum bypass capacitance of 0.1 jxF should be used for any
application.

Figure 26. Recommended Power Supply Bypassing
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A HIGH SPEED INSTRUMENTATION AMPLIFIER
CIRCUIT
The instrumentation amplifier circuit shown in Figure 27 can
provide a range of gains from unity up to 1000 and higher using
only a single AD713. The circuit bandwidth is 1.2MHz at a gain
of 1 and 250kHz at a gain of 10; settling time for the entire cir
cuit is less than 5p.s to within 0.01% for a 10 volt step,
(G = 10). Other uses for amplifier A4 include an active data
guard and an active sense input.

A HIGH SPEED FOUR OP AMP CASCADED AMPLIFIER
CIRCUIT
Figure 29 shows how the four amplifiers of the AD713 may be
connected in cascade to form a high gain, high bandwidth
amplifier. This gain of 100 amplifier has a -3dB bandwidth
greater than 600kHz.

i__________________ i

Figure 29. A High Speed Four Op Amp Cascaded
Amplifier Circuit
TO SPECTRUM ANALYZER------ •-

Figure 27. A High Speed Instrumentation Amplifier Circuit

Table I provides a performance summary for this circuit. The
photo of Figure 28 shows the pulse response of this circuit for a
gain of 10.
Gain

Rg

Bandwidth

1
2
10

NC
20kSl
4.04kil

1.2MHz
1.0MHz
0.25MHz

T Settle (0.01%

2|xs
2p.s
5p.s

Table I. Performance Summary for the High Speed
Instrumentation Amplifier Circuit

Figure 28. The Pulse Response of the High Speed
Instrumentation Amplifier. Gain = 10
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Figure 30. THD Test Circuit

HIGH SPEED OP AMP APPLICATIONS AND
TECHNIQUES
DAC Buffers (I-to-V Converters)
The wide input dynamic range of JFET amplifiers makes them
ideal for use in both waveform reconstruction and digital-audioDAC applications. The AD713, in conjunction with the AD1860
DAC, can achieve 0.0016% THD (here at a 4fs or a 176.4kHz
update rate) without requiring the use of a deglitcher. Just such
a circuit is shown in Figure 31. The 470pF feedback capacitor
used with IC2a, along with op amp IC2b and its associated com
ponents, together form a 3-pole low-pass filter. Each or all of
these poles can be tailored for the desired attenuation and phase
characteristics required for a particular application. In this appli
cation, one half of an AD713 serves each channel in a twochannel stereo system.

AD713

3

-v.EJ
18-BIT
LATCH

DIGITAL

18-BIT
DAC

+ VCC [T

NC

CLOCK

LATCH
ENABLE
DATA

E
E
E
E

+ VS

WJ

SERIAL
INPUT
REGISTER
•out

I

3
12

CONTROL
LOGIC

'out

ANALOG
I GND -i

]-.N

V

11

AD1860

200kIl

470ktl

3

OUTPUT
AMPLIFIER

i
’

|Rf

470 pF
J L
1 1

VoUT

ONE OF TWO DIGITAL AUDIO CHANNELS

Figure 31. A D/A Converter Circuit for Digital Audio

THD, OdB (« 2.12V rms OUTPUT
(FUNDAMENTAL NOTCH ATTENUATED 40d B(« 1kHz)

Maa,
15

10

15

20

FREQUENCY - kHz

Figure 32. Harmonic Distortion vs. Frequency for the
Digital Audio Circuit of Figure 31

Driving the Analog Input of an A/D Converter
An op amp driving the analog input of an A/D converter, such
as that shown in Figure 33, must be capable of maintaining a
constant output voltage under dynamically changing load condi
tions. In successive approximation converters, the input current
is compared to a series of switched trial currents. The compari
son point is diode clamped but may vary by several hundred
millivolts, resulting in high frequency modulation of the A/D
input current. The output impedance of a feedback amplifier is
made artificially low by its loop gain. At high frequencies,

Figure 33. The AD713 as an ADC Buffer

where the loop gain is low, the amplifier output impedance can
approach its open loop value.
Most IC amplifiers exhibit a minimum open loop output imped
ance of 2512, due to current limiting resistors. A few hundred
microamps reflected from the change in converter loading can
introduce errors in instantaneous input voltage. If the A/D
conversion speed is not excessive and the bandwidth of the
amplifier is sufficient, the amplifier’s output will return to the
nominal value before the converter makes its comparison. How
ever, many amplifiers have relatively narrow bandwidths, yield
ing slow recovery from output transients. The AD713 is ideally
suited as a driver for A/D converters since it offers both a wide
bandwidth and a high open loop gain.
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Figure 37. Transient Response, RL =2k(l, CL = 500pF

CMOS DAC APPLICATIONS
The AD713 is an excellent output amplifier for CMOS DACs. It
can be used to perform both 2 and 4 quadrant operation. The
output impedance of a DAC using an inverted R-2R ladder
approaches R for codes containing many “l”s, 3R for codes
containing a single “1” and infinity for codes containing all
zeros.

Figure 35. Buffer Recovery Time Sink Current- 1mA

Driving A Large Capacitive Load
The circuit of Figure 36 employs a 10012 isolation resistor which
enables the amplifier to drive capacitive loads exceeding 1500pF;
the resistor effectively isolates the high frequency feedback from
the load and stabilizes the circuit. Low frequency feedback is
returned to the amplifier summing junction via the low pass
filter formed by the 10012 series resistor and the load capaci
tance, CL Figure 37 shows a typical transient response for this
connection.

For example, the output resistance of the AD7545 will modulate
between llk(l and 33kl2. Therefore, with the DAC’s internal
feedback resistance of 1 lk!2 , the noise gain will vary from 2 to
4/3. This changing noise gain modulates the effect of the input
offset voltage of the amplifier, resulting in nonlinear DACamplifier performance. The AD713, with its guaranteed 1.5mV
input offset voltage, minimizes this effect achieving 12-bit
performance.

Figures 38 and 39 show the AD713 and a 12-bit CMOS DAC,
the AD7545, configured for either a unipolar binary (2-quadrant
multiplication) or bipolar (4-quadrant multiplication) operation.
Capacitor Cl provides phase compensation which reduces over
shoot and ringing.

Figure 38. Unipolar Binary Operation

2kl>
lOkll
20kIl

-Vs

1500pF
1500pF
1000pF

Figure 36. Circuit for Driving a Large Capacitance Load

Trim
Resistor

JN/AQ/
SD

KN/BQ/
TD

LN/CQ/
UD

GLN/GCQ/
GUD

R1
R2

500(1
150(1

20011
68(1

100(1
33(1

20(1
6.8(1

Table II. Recommended Trim Resistor Values vs. Grades
for AD7545 for VD = +5V
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Figure 39. Bipolar Operation

AD713
CIRCUIT EQUATIONS

C]=C2j Rj=R2, R4 = R5

fc 2tr R, C,

RfBBI

Note:
DAC equivalent resistance equals
256 x (DAC Ladder resistance)
DAC Digital Code

Figure 40. A Programmable State Variable Filter Circuit

FILTER APPLICATIONS
A Programmable State Variable Filter
For the state variable or universal filter configuration of Figure
40 to function properly, DACs Al and Bl need to control the
gain and Q of the filter characteristic, while DACs A2 and B2
must accurately track for the simple expression of fc to be true.
This is readily accomplished using two AD7528 DACs and one
AD713 quad op amp. Capacitor C3 compensates for the effects
of op amp gain-bandwidth limitations.
This filter provides low pass, high pass and band pass outputs
and is ideally suited for applications where microprocessor con
trol of filter parameters is required. The programmable range
for component values shown is fc = 0 to 15kHz and Q = 0.3
to 4.5.

quency dependent negative resistor) filter applications. Figures
41 and 43 show the AD713 used in two typical active filters.
The first shows a single AD713 simulating two coupled induc
tors configured as a one-third octave bandpass filter. A single
section of this filter meets ANSI class II specifications and han
dles a 7.07V rms signal with <0.002% THD (20Hz-20kHz).
Figure 43 shows a 7-pole antialiasing filter for a 2x oversam
pling (88.2kHz) digital audio application. This filter has <0.05
dB pass band ripple and 19.8 ±0.3p.s delay, dc-20kHz and will
handle a 5V rms signal (Vs = ±15V) with no overload at any
internal nodes.
The filter of Figure 41 can be scaled for any center frequency
by using the formula:

GIC and FDNR FILTER APPLICATIONS
The closely matched and uniform ac characteristics of the
AD713 make it ideal for use in GIC (gyrator) and FDNR (fre
OUTPUT

6.19kll

Figure 41. A 1/3 Octave Filter Circuit
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where all resistors and capacitors scale equally. Resistors
R3 —R8 should not be greater than 2kf 2 in value, to prevent
parasitic oscillations caused by the amplifier's input capacitance.

If this is not practical, small lead capacitances y 10-20pF) should
be added across R5 and R6. Figures 42 and 44 show the output
amplitude vs. frequency of these filters.

FREQUENCY-kHz

Figure 42. Output Amplitude vs. Frequency of 1/3 Octave Filter

1/4
AD713

1/4
AD713

1 74k 11
—WV-

4700pF

4700pF

1/4
AD713

4700pF

AD713

4700pF

AD713

I Ikfl

AD713

4700pF

4700pF

-p 4700pF

V

1/4
AD713

4700pF

AD713

AD713

V

V

AD713
PIN 11

Figure 43. An Antialiasing Filter

Figure 44. Relative Output Amplitude vs. Frequency of Antialiasing Filter
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ANALOG
DEVICES
FEATURES
Precision Input Characteristics
Low Vos: 0.5 mV max (L)
Low Vos Drift: 5 pV/°C max (L)
Low lb: 50 nA max (L)
Low los: 5 nA max (L)
High CMRR: 90 dB min (K, L)
High Output Capability
Aol = 25,000 min, 1 kil Load (J, S)
Tmin to Tmax
Vo = ±10 V min, 1 kfl Load (J, S)
Chips and MIL-STD-883B Parts Available

Low Cost,
High Accuracy IC Op Amps
AD741 Series
AD741 SERIES FUNCTIONAL BLOCK DIAGRAMS

TO-99 (H) Package

Mini-DIP (N) Package

GENERAL DESCRIPTION
The Analog Devices AD741 Series are high performance mono
lithic operational amplifiers. All the devices feature full short
circuit protection and internal compensation.

The Analog Devices AD741J, AD741K, AD741L, and AD741S
are specially tested and selected versions of the standard AD741
operational amplifier. Improved processing and additional elec
trical testing guarantee the user precision performance at a verylow cost. The AD741J, K and L substantially increase overall
accuracy over the standard AD741C by providing maximum
limits on offset voltage drift and significantly reducing the errors
due to offset voltage, bias current, offset current, voltage gain,
power supply rejection, and common-mode rejection. For exam
ple, the AD741L features maximum offset voltage drift of
5 p.V/°C, offset voltage of 0.5 mV max, offset current of 5 nA
max, bias current of 50 nA max, and a CMRR of 90 dB min.
The AD741S offers guaranteed performance over the extended
temperature range of -55°C to +125°C, with max offset voltage
drift of 15 p.V/°C, max offset voltage of 4 mV, max offset cur
rent of 25 nA, and a minimum CMRR of 80 dB.

HIGH OUTPUT CAPABILITY
Both the AD741J and AD741S offer the user the additional ad
vantages of high guaranteed output current and gain at low val
ues of load impedance. The AD741J guarantees a minimum gain
of 25,000 swinging ±10 V into a 1 kfl load from 0 to +70°C.
The AD741S guarantees a minimum gain of 25,000 swinging
± 10 V into a 1 kfl load from -55°C to + 125°C.

All devices feature full short circuit protection, high gain, high
common-mode range, and internal compensation. The AD741J,
K and L are specified for operation from 0 to +70°C, and are
available in both the TO-99 and mini-DIP packages. The
AD741S is specified for operation from -55°C to +125°C, and
is available in the TO-99 package.
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SPECIFICATIONS (typical @ +25°C and ±15 V de, unless otherwise specified)
AD741C

Model

Min

Typ

OPEN-LOOP GAIN
Rl = 1 kfl, Vo = ±10 V
Rl = 2 kfl, Vo = ±10 V
Ta = min to max RL = 2 kfl

20,000
15,000

200,000

±10

±13
25

OUTPUT CHARACTERISTICS
Voltage @ RL = 1 kfl, TA = min to max
Voltage @ Rx = 2 kfl, TA = min to max
Short Circuit Current

AD741J
Max

Units

Min

Typ

50,000

200,000

V/V
V/V
V/V

±13

V
V
mA

Max

200,000

±10

±13
25

25

1
10
0.5

1
10
0.5

1
10
0.5

V/fJLS

0.3
5.0

0.3
5.0

0.3
5.0

JIS
%

1.0
1.0

25,000

1.0
1.0

6.0
7.5

1.0

5.0
6.0

30

INPUT OFFSET CURRENT
Initial
Ta = min to max
Average vs. Temperature

20
40

INPUT BIAS CURRENT
Initial
Ta = min to max
Average vs. Temperature

80
120

20
85

200
300

5

200
500

MHz
kHz

3.0
4.0
20
100

mV
mV
fiV/°C
jxV/V

50
100

nA
nA
nA/°C

200
400

0.1

0.6

nA
nA
nA/°C

0.3

2.0

0.3

2.0

1.0

Mfl

±12

±13

±12

±13

±15

V
V

70

90

70

90

90

dB

80
300

500
800

40

500
1,500

±30

POWER SUPPLY
Rated Performance
Operating
Power Supply Rejection Ratio
Quiescent Current
Power Consumption
Ta = min
Ta = max

TEMPERATURE RANGE
Operating Rated Performance
Storage

AD741
Typ

50,000
25,000

INPUT OFFSET VOLTAGE
Initial, Rs s 10 kfl, Adjust to Zero
Ta = min to max
Average vs. Temperature (Untrimmed)
vs. Supply, Ta = min to max

INPUT VOLTAGE RANGE1
Differential, max Safe
Common-Mode, max Safe
Common-Mode Rejection,
Rs = s 10 kfl, Ta = min to max,
VIN= ±12V

Min

±10

FREQUENCY RESPONSE
Unity Gain, Small Signal
Full Power Response
Slew Rate
Transient Response (Unity Gain)
Rise Time CL s 10 V p-p
Overshoot

INPUT IMPEDANCE DIFFERENTIAL

Max

80

±15

±15

±15

±18

±5
30
1.7
50

0
-65

30
1.7
50
60
45

150
2.8
85

+ 70
+ 150

-55
-65

150
2.8
85
100
75

2.2
50

+ 125
+ 150

0
-65

3.3
85

+ 70
+ 150

V
V
jxV/V
mA
mW
mW
mW

°C
°C

NOTES
‘For supply voltages less than ±15 V, the absolute maximum input voltage is equal to the supply voltage.
Specifications subject to change without notice.
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test. Results from
those tests are used to calculate outgoing quality levels.

METALIZATION PHOTOGRAPH
All versions of the AD741 are available in chip form.
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).

Standard Nulling Offset Circuit
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-V| NULL
PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-W 8 PIN METAL PACKAGE.

AD741 Series
AD741K
Typ

Model

Min

OPEN-LOOP GAIN
Rl = 1 kfi, Vo = ± 10 V
R, = 2 kfi, Vo = ±10 V
Ta = min to max RL = 2 kfi

50,000
25,000

200,000

±10

±13
25

AD741L
Max

Min

Typ

50,000
25,000

200,000

±10

±13
25

Max

Min
50,000

OUTPUT CHARACTERISTICS
Voltage @ RL = 1 kfi, TA = min to max
Voltage @ RL = 2 kfi, TA = min to max
Short Circuit Current

FREQUENCY RESPONSE
Unity Gain, Small Signal
Full Power Response
Slew Rate
Transient Response (Unity Gain)
Rise Time
Overshoot
INPUT OFFSET VOLTAGE
Initial, Rs s 10 kfi, Adjust to Zero
Ta = min to max
Average vs. Temperature (Untrimmed)
vs. Supply, TA = min to max
INPUT OFFSET CURRENT
Initial
Ta = min to max
Average vs. Temperature

AD741S
Typ

Max

V/V
V/V

200,000

v/v

25,000

±10

Units

±13
25

V
mA

1
10
0.5

1
10
0.5

1
10
0.5

MHz
kHz
V/jxs

0.3
5.0

0.3
5.0

0.3
5.0

ps
%

0.5

2.0
3.0

0.2

0.5
1.0

1.0

2
4

6.0
5

15.0
15.0

2.0
5

5.0
15.0

6.0
30

15.0
100

2

10
15

2

5
10

2

10
25

0.02

0.02

0.02

0.1

0.1

0.25

mV
mV
pV/°C
pV/V

nA
nA
nA/°C

INPUT BIAS CURRENT
Initial
Ta = min to max
Average vs. Temperature

30

75
120

30

50
100

30

75
250

0.6

1.5

0.6

1.0

0.6

2.0

INPUT IMPEDANCE DIFFERENTIAL

2

2

2

Mfl

±30
±15

±30
±15

±30
±15

V
V

100

dB

INPUT VOLTAGE RANGE'
Differential, max Safe
Common-Mode, max Safe
Common-Mode Rejection,
Rs = S 10 kfi, Ta = min to max,
VIN = ±12 V
POWER SUPPLY
Rated Performance
Operating
Power Supply Rejection Ratio
Quiescent Current
Power Consumption
Ta = min
Ta = max

90

90

100

±15

±15
±22

±5
20
1.7
50

TEMPERATURE RANGE
Operating Rated Performance
Storage

20
1.7
50

85

0
-65

Absolute Maximum Ratings
Supply Voltage
Internal Power Dissipation
Differential Input Voltage
Input Voltage
Storage Temperature Range
Lead Temperature
(Soldering, 60 sec)
Output Short Circuit Duration

AD741C

±22 V
500 mW1
±30 V
±15 V
-65°C to + 150°C

±18 V
500 mW
±30 V
± 15 V
-65°Cto +150°C

+300°C
Indefinite2

+ 300°C
Indefinite

NOTES
‘Rating applies for case temperature to +125°C. Derate TO-99 linearity at 6.5 mW/°C for
ambient temperatures above +70°C.
2Rating applies for shorts to ground or either supply at case temperatures to + 125°C or
ambient temperatures to +75°C.

20
2.0
50
60
75

2.8

+ 70
+ 150

+ 125
+ 150

°C
°C

±22

±5

85

ABSOLUTE MAXIMUM RATINGS
AD741, J,
K, L, S

85
100
115

V
V
jjlV/V
mA
mW
mW
mW

±15

±22

±5

2.8

+ 70
+ 150

0
-65

90

100

-55
-65

nA
nA
nA/°C

2.8

ORDERING GUIDE1
Model

Temperature
Range

Package
Options2

Initial Off
Set Voltage

AD741CN
AD741CH
AD741JN
AD741JH
AD741KN
AD741KH
AD741LN
AD741LH
AD741H
AD741SH

0 to +70°C
0 to +70°C
0 to +70°C
0 to +70°C
0 to +70°C
0 to +70°C
0 to +70°C
0 to +70°C
-55°C to + 125°C
-55°C to + 125°C

Mini-DIP (N-8)
TO-99 (H-08A)
Mini-DIP (N-8)
TO-99 (H-08A)
Mini-DIP (N-8)
TO-99 (H-08A)
Mini-DIP (N-8)
TO-99 (H-08A)
TO-99 (H-08A)
TO-99 (H-08A)

6.0 mV
6.0 mV
3.0 mV
3.0 mV
2.0 mV
2.0 mV
0.5 mV
0.5 mV
5.0 mV
2.0 mV

NOTES
‘J, K and S grade chips also available.
2 See Section 20 for package outline information.
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Typical Performance Curves

Figure 1. Input Bias Current vs.
Temperature

Figure 2. Input Offset Current vs.
Temperature

Figure 3. Open-Loop Gain vs.
Frequency

Figure 4. Open-Loop Phase Response
vs. Frequency

Figure 5. Common-Mode Rejection
vs. Frequency

Figure 6. Broad Band Noise vs.
Source Resistance

Figure 7. Input Noise Voltage vs.
Frequency

Figure 10. Output Voltage Swing vs.
Supply Voltage

2-206 OPERATIONAL AMPLIFIERS

Figure 8. Input Noise Current vs.
Frequency

Figure 9. Voltage Follower Large
Signal Pulse Response

Figure 11. Output Voltage Swing vs.
Load Resistance

Figure 12. Output Voltage Swing vs.
Frequency

Ultralow Noise
BiFET Op Amp
AD743

ANALOG
DEVICES
FEATURES

ULTRALOW NOISE PERFORMANCE
2.9 nV/VHz at 10 kHz
0.38 jiV p-p, 0.1 to 10 Hz
6.9fA/\ Hz Current Noise at 1 kHz

AD743 CONNECTION DIAGRAMS
8-Pin Plastic (N)
and
Cerdip (Q) Packages

16-Pin
SOIC (R)
Package

EXCELLENT DC PERFORMANCE
0.5 mV max Offset Voltage (AD743K)
250 pA max Input Bias Current (AD743K)
1000 V/mV min Open-Loop Gain

AC PERFORMANCE
2.8 V/ps Slew Rate
4.5 MHz Unity-Gain Bandwidth
THD = 0.0003% @ 1 kHz

APPLICATIONS
Sonar Preamplifiers
High Dynamic Range Filters (>140 dB)
Photodiode and IR Detector Amplifiers

PRODUCT DESCRIPTION
The AD743 is an ultralow noise precision, FET input, mono
lithic operational amplifier. It offers a combination of the
ultralow voltage noise generally associated with bipolar input op
amps and the very low input current of a FET-input device.

The AD743’s guaranteed, maximum input voltage noise of
3.5 nV/\/Hz at 10 kHz is unsurpassed for a FET-input mono
lithic op amp, as is the maximum 1.0 pV p-p, 0.1 to 10 Hz
noise. The AD743 also has excellent de performance with
250 pA maximum input bias current and 0.5 mV maximum off
set voltage.

PRODUCT HIGHLIGHTS
1. The low offset voltage and low input offset voltage drift of
the AD743 coupled with its ultralow noise performance mean
that the AD743 can be used for upgrading many applications
now using bipolar amplifiers.
2. The combination of low voltage and low current noise make
the AD743 ideal for charge sensitive applications such as
accelerometers and hydrophones.
3. The low input offset voltage and low noise level of the
AD743 provide >140 dB dynamic range.

4. The typical 10 kHz noise level of 2.9 nV/\/Hz permits a
three op amp instrumentation amplifier, using three AD743s,
to be built which exhibits less than 4.2 nV/VHz noise at
10 kHz and which has low input bias currents.

The AD743 is specifically designed for use as a preamp in
capacitive sensors, such as ceramic hydrophones. It is available
in six performance grades. The AD743J and AD743K are rated
over the commercial temperature range of 0 to +70°C. The
AD743A and AD743B are rated over the industrial temperature
range of -40°C to +85°C. The AD743S is rated over the mili
tary temperature range of -55°C to +125°C and is available pro
cessed to MIL-STD-883B, Rev. C.

The AD743 is available in 8-pin plastic mini-DIP, 8-pin cerdip,
16-pin SOIC, or in chip form.
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(@ +25°C and ±15 V de, unless otherwise noted)
Model

Conditions

INPUT OFFSET VOLTAGE1
Initial Offset
Initial Offset
vs. Temp.
vs. Supply (PSRR)
vs. Supply (PSRR)

INPUT BIAS CURRENT2
Either Input
Either Input
/« Tmlx
Either Input
Either Input, Vs = ±5 V
INPUT OFFSET CURRENT
Offset Current
<u Tm„

FREQUENCY RESPONSE
Gain BW, Small Signal
Full Power Response
Slew Rate, Unity Gain
Settling Time to 0.01%
Total Harmonic
Distortion3 (Fig. 16)

Min

0.25
Tmin to Tm„
Tmln to Tm„
±12 Vto ±18V 90
88
Tmin to Tm„
Vcm

VCM = 0 V
Vc«= +10V
Vcm = 0 V
Vcm

=0V

Vcm

=0V

250
30
20

Min

AD743K/B
Typ

0.1

1.0
2.0
100
98

400

150

8.8/25.6
600

250
30
25

100

f= 1 kHz
G = -1

5.5/16
400

300
30
20

50

mV
mV

itvrc

2
96

150

250

1.0
2.0

dB
dB

400

pA

413
600

nA
pA
pA

100

pA

102

nA
MHz
kHz
V/jis
p-s

0.0003

0.0003

0.0003

%

1 x 10lo||20
3 x 10"||18

1 x 10,0||20
3 x 10' Ills

1 x 10lo||20
3 x **
10
1118

mipF
HllpF

±20
+ 13.3, -10.7

±20
+ 13.3, -10.7

±20
+ 13.3, -10.7

V
V
V

+ 12

-10
90
88

95

+ 12

INPUT CURRENT NOISE

f = 1 kHz

6.9

6.9

OPEN LOOP GAIN

Vo= ±10 V

2000
800

4000

50

3.5

1000
800

4000

0.38
5.5
3.6
3.2
2.9

pV p-p
nV/yHz
nV/vHz
nV/y'Hz
nV/y/Hz

6.9

fA/yHz

4000

V/mV
V/mV
V/mV

V
|V

+ 13.6, -12.6

+ 13.8, -13.1
40

±12
20

±4.8
8.1
50

+ 13.8, -13.1
40

V
mA

±15

±15
±18
10.0

dB
dB

+ 13, -12
+ 13.6, -12.6

±12
20

+ 12
95

1200

+ 13, -12

±15

8.1

1.0

1200

1200

OUTPUT CHARACTERISTICS
Voltage
^load - 600 fl + 13, -12
+ 13.6, -12.6
Rload — 600 fl
Tm,„ to Tm„
+ 13.8, -13.1
±12
20
40
Short Circuit
Current

±4.8

-10
80
78

102

0.38
5.5
3.6
3.2
2.9

# of Transistors

90
88

Units

4.5
25
2.8
6

0.38
5.5
3.6
3.2
2.9

TRANSISTOR COUNT

0.25

Max

4.5
25
2.8
6

0.1 to 10 Hz
f = 10 Hz
f = 100 Hz
f = 1 kHz
f = 10 kHz

POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current

0.5/0.25
1.0/0.50

AD743S
Typ

1.1/3.2

INPUT VOLTAGE NOISE

1000
800
T„,„ to Tm„
^LOAD = 600 fl

Min

4.5
25
2.8
6

-10

80
78

Max

1
106
100

2.276.4

G = -1
Vo = 20 V p-p
G = -1

VCM = ±10V
Tmi„ to Tmax

Max

2
96

150

=0V

INPUT IMPEDANCE
Differential
Common Mode
INPUT VOLTAGE RANGE
Differential4
Common-Mode Voltage
Over Max Operating Range
Common-Mode
Rejection Ratio

AD743J/A
Typ

±18
10.0

±4.8

8.1

±18
10.0

V
V
mA

50

’input offset voltage specifications are guaranteed after 5 minutes of operation at TA = +25°C.
2Bias current specifications arc guaranteed maximum at either input after 5 minutes of operation at TA = +25°C. For higher temperature, the current doubles every KFC.
3Gain = -1, Rl = 2 kfl,
= 10 pF.
4Defmed as voltage between inputs, such that neither exceeds ± 10 V from common.
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test; all others are guaranteed but not necessarily tested.
Specifications subject to change without notice.

2-208 OPERATIONAL AMPLIFIERS

AD743
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage................................................................... ±18 V
Internal Power Dissipation2
Input Voltage.......................................................................... ±VS
Output Short Circuit Duration...................................... Indefinite
Differential Input Voltage...................................... +VS and -Vs
Storage Temperature Range Q......................... -65°C to +150°C
Storage Temperature Range N, R.................... -65°C to +125°C
Operating Temperature Range
AD743J/K ................................................................0 to +70°C
AD743A/B........................................................ -40°C to + 85°C
AD743S........................................................... -55°C to +125°C
Lead Temperature Range (Soldering 60 seconds)............. 300°C

NOTES
’Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated
in the operational section of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
28-pin plastic package: 0JA = 100°C/Watt
8-pin cerdip package: 0JA = 110°C/Watt
16-pin plastic SOIC package: flJA = 90°C/Watt

ESD SUSCEPTIBILITY
All pins are rated for a minimum of 4000 V protection. ESD
testing conforms to human body model.

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
OUTPUT

0 0827
(2.10)

1
OFFSET
NULL
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Typical Characteristics <@ +25°c, vs = ±15 v>

LOAD RESISTANCE - M

SUPPLY VOLTAGE!VOLTS

Figure 7. Input Voltage Swing
vs. Supply Voltage

Figure 4. Quiescent Current
vs. Supply Voltage

Figure 7. Input Bias Current
vs. Common-Mode Voltage
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Figure 2. Output Voltage Swing
vs. Supply Voltage

Figure 5. Input Bias Current
vs. Temperature

Figure 8. Short Circuit Current
Limit vs. Temperature

Figure 3. Output Voltage Swing
vs. Load Resistance

Figure 6. Output Impedance
vs. Frequency (Closed Loop Gain = —1)

Figure 9. Gain Bandwidth
Product vs. Temperature

AD743

Figure 12. Open-Loop Gain
vs. Supply Voltage, RLOad =

Figure 11. Slew Rate vs.
Temperature (Gain = -1)

OUTPUT VOLTAGE

-

Volt« p-p

Figure 10. Open-Loop Gain
and Phase vs. Frequency

"l- 2kn

k

Ok

1 00k

1M

FREQUENCY - Hz

Figure 13. Common-Mode
Rejection vs. Frequency

Figure 14. Power Supply
Rejection vs. Frequency

Figure 15. Large Signal
Frequency Response

FREQUENCY - Hz

Figure 16. Total Harmonic
Distortion vs. Frequency

Figure 17. Input Noise
Voltage Spectral Density

Figure 18. Input Noise
Current Spectral Density
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Typical Characteristics

Small Signal Pulse Response
INPUT VOLTAGE NOISE - nV^Hz

Figure 19. Typical Noise Distribution
(u 10kHz (602 Units)

Figure 23a. Unity-Gain Inverter

Figure 20. Offset Null Configuration

SQUARE WAVE
INPUT

Figure 23b. Unity-Gain Inverter
Large Signal Pulse Response

Figure 21. Unity-Gain Follower

r
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■■■!■■■■■
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-
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Figure 23c. Unity-Gain Inverter
Small Signal Pulse Response
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AD743
OP AMP PERFORMANCE: JFET VS. BIPOLAR
The AD743 is the first monolithic JFET op amp to offer the
low input voltage noise of an industry-standard bipolar op amp
without its inherent input current errors. This is demonstrated
in Figure 24, which compares input voltage noise vs. input
source resistance of the OP-27 and the AD743 op amps. From
this figure, it is clear that at high source impedance the low cur
rent noise of the AD743 also provides lower total noise. It is
also important to note that with the AD743 this noise reduction
extends all the way down to low source impedances. The lower
de current errors of the AD743 also reduce errors due to offset
and drift at high source impedances (Figure 25).

DESIGNING CIRCUITS FOR LOW NOISE
An op amp’s input voltage noise performance is typically di
vided into two regions: flatband and low frequency noise. The
AD743 offers excellent performance with respect to both. The
figure of 2.9 nV/\/Hz (3 10 kHz is excellent for a JFET input
amplifier. The 0.1 to 10 Hz noise is typically 0.38 p.V p-p. The
user should pay careful attention to several design details in or
der to optimize low frequency noise performance. Random air
currents can generate varying thermocouple voltages that appear
as low frequency noise: therefore sensitive circuitry should be
well shielded from air flow. Keeping absolute chip temperature
low also reduces low frequency noise in two ways: first, the low
frequency noise is strongly dependent on the ambient tempera
ture and increases above +25°C. Secondly, since the gradient of
temperature from the IC package to ambient is greater, the
noise generated by random air currents, as previously men
tioned, will be larger in magnitude. Chip temperature can be
reduced both by operation at reduced supply voltages and by
the use of a suitable clip-on heat sink, if possible.

Low frequency current nois£can be computed from the magni
tude of the de bias current (In = x/2qIBAf) and increases below
approximately 100 Hz with a 1/f power spectral density. For the
AD743 the typical value of current noise is 6.9 fA/\/Hz at
1 kHz. Using the formula, In = \/4kT/RAf, to compute the
Johnson noise of a resistor, expressed as a current, one can see
that the current noise of the AD743 is equivalent to that of a
3.45 x 108 ft source resistance.

Figure 24. Total Input Noise Spectral Density @ 1 kHz vs.
Source Resistance

At high frequencies, the current noise of a FET increases pro
portionately to frequency. This noise is due to the “real” part of
the gate input impedance, which decreases with frequency. This
noise component usually is not important, since the voltage
noise of the amplifier impressed upon its input capacitance is an
apparent current noise of approximately the same magnitude.

In any FET input amplifier, the current noise of the internal
bias circuitry can be coupled externally via the gate-to-source
capacitances and appears as input current noise. This noise is
totally correlated at the inputs, so source impedance matching
will tend to cancel out its effect. Both input resistance and input
capacitance should be balanced whenever dealing with source
capacitances of less than 300 pF in value.
LOW NOISE CHARGE AMPLIFIERS
As stated, the AD743 provides both low voltage and low current
noise. This combination makes this device particularly suitable
in applications requiring very high charge sensitivity, such as
capacitive accelerometers and hydrophones. When dealing with
a high source capacitance, it is useful to consider the total input
charge uncertainty as a measure of system noise.

Charge (Q) is related to voltage and current by the simply stated
fundamental relationships:
Figure 25. Input Offset Voltage vs. Source Resistance

dQ
Q = CV and / = -=
dt

As shown, voltage, current and charge noise can all be directly
related. The change in open circuit voltage (AV) on a capacitor
will equal the combination of the change in charge (AQ/C) and
the change in capacitance with a built in charge (Q/AC).
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Figures 26 and 27 show two ways to buffer and amplify the out
put of a charge output transducer. Both require using an ampli
fier which has a very high input impedance, such as the AD743.
Figure 26 shows a model of a charge amplifier circuit. Here,
amplification depends on the principal of conservation of charge
at the input of amplifier Al, which requires that the charge on
capacitor Cs be transferred to capacitor CF, thus yielding an
output voltage of AQ/CF. The amplifiers input voltage noise will
appear at the output amplified by the noise gain (1 + (CS/CF))
of the circuit.

’OPTIONAL, SEE TEXT

Figure 28 shows that these two circuits have an identical fre
quency response and the same noise performance (provided that
CS/CF = R1/R2). One feature of the first circuit is that a “T”
network is used to increase the effective resistance of RB and
improve the low frequency cutoff point by the same factor.

Figure 28. Noise at the Outputs of the Circuits
of Figures 26 and 27. Gain = 10, C = 3000 pF,
RB = 22 Mil

Figure 26. A Charge Amplifier Circuit

However, this does not change the noise contribution of RB
which, in this example, dominates at low frequencies. The
graph of Figure 29 shows how to select an RB large enough to
minimize this resistor’s contribution to overall circuit noise.
When the equivalent current noise of RB ((\/4kT)/R) equals the
noise of IB (V2qIB), there is diminishing return in making RB
larger.

Figure 27. Model for a High Z Follower with Gain

The second circuit, Figure 27, is simply a high impedance fol
lower with gain. Here the noise gain (1 + (R1/R2)) is the same
as the gain to the voltage out of the transducer. Resistor RB, in
both circuits, is required as a de bias current return.

There are three important sources of noise in these circuits. Am
plifiers Al and A2 contribute both voltage and current noise,
while resistor RB contributes a current noise of:
Figure 29. Graph of Resistance vs. Input Bias Current
where the Equivalent Noise y/4kT/R, Equals the Noise of
the Bias Current y/2qlB

where:
k = Boltzman’s Constant = 1.381 x 10 23 Joules/Kelvin
T = Absolute Temperature, Kelvin (0°C = +273.2 Kelvin)

A/ = Bandwidth — in Hz (Assuming an Ideal “Brick Wall”
Filter)

This must root-sum-square with the amplifier’s own current
noise.
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To maximize de performance over temperature, the source resis
tances should be balanced on each input of the amplifier. This is
represented by the optional resistor RB in Figures 26 and 27. As
previously mentioned, for best noise performance care should be
taken to also balance the source capacitance designated by CB.
The value for CB in Figure 26 would be equal to CF || Cs, in
Figure 27). At values of CB over 300 pF, there is a diminishing
impact on noise; capacitor CB can then be simply a large bypass
of 0.01 p.F or greater.

AD743
HOW CHIP PACKAGE TYPE AND POWER
DISSIPATION AFFECT INPUT BIAS CURRENT
As with all JFET input amplifiers, the input bias current of the
AD743 is a direct function of device junction temperature, IB
approximately doubling every 10°C. Figure 30 shows the rela
tionship between bias current and junction temperature for the
AD743. This graph shows that lowering the junction tempera
ture will dramatically improve IB.

for normal packages, this small power dissipation level may be
ignored. But, with a large hybrid substrate, 0JC will dominate
proportionately more of the total 0JA.
300 __________________________ __________________________

0
5

-J______________________
10
15
SUPPLY VOLTAGE-1 Volt*

Figure 32. Input Bias Current vs. Supply Voltage for

Figure 30. Input Bias Current vs. Junction Temperature

The de thermal properties of an IC can be closely approximated
by using the simple model of Figure 31 where current repre
sents power dissipation, voltage represents temperature, and re
sistors represent thermal resistance (9 in °C/watt).
Figure 33. A Breakdown of Various Package Thermal
Resistances

- device dissipation
Ta = ambient temperature
tj = JUNCTION TEMPERATURE
•be = THERMAL RESISTANCE - JUNCTION TO CASE
(»CA= THERMAL RESISTANCE - CASE TO AMBIENT

Figure 31. A Device Thermal Model

From this model Tj = TA + 0JA Pin. Therefore, IB can be deter
mined in a particular application by using Figure 30 together
with the published data for 0JA and power dissipation. The user
can modify 0JA by use of an appropriate clip-on heat sink such
as the Aavid #5801. 0JA is also a variable when using the
AD743 in chip form. Figure 32 shows bias current vs. supply
voltage with 0JA as the third variable. This graph can be used to
predict bias current after 0JA has been computed. Again bias
current will double for every 10°C. The designer using the
AD743 in chip form (Figure 33) must also be concerned with
both 0JC and 0CA, since 0JC can be affected by the type of die
mount technology used.

Typically, 0JC’s will be in the 3°C to 5°C/watt range; therefore,

REDUCED POWER SUPPLY OPERATION FOR
LOWER IB
Reduced power supply operation lowers IB in two ways: first,
by lowering both the total power dissipation and second, by re
ducing the basic gate-to-junction leakage (Figure 32). Figure 34
shows a 40 dB gain piezoelectric transducer amplifier, which
operates without an ac coupling capacitor, over the -40°C to
+ 85°C temperature range. If the optional coupling capacitor is
used, this circuit will operate over the entire -55°C to +125°C
military temperature range.

•OPTIONAL DC BLOCKING CAPACITOR
"OPTIONAL, SEE TEXT

Figure 34. A Piezoelectric Transducer
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AN INPUT-IMPEDANCE-COMPENSATED,
SALLEN-KEY FILTER
The simple high pass filter of Figure 35 has an important source
of error which is often overlooked. Even 5 pF of input capaci
tance in amplifier “A” will contribute an additional 1% of pass
band amplitude error, as well as distortion, proportional to the
C/V characteristics of the input junction capacitance. The addi
tion of the network designated “Z” will balance the source im
pedance—as seen by “A”—and thus eliminate these errors.

Figure 35. An Input Impedance Compensated Sallen-Key
Filter

TWO HIGH PERFORMANCE ACCELEROMETER
AMPLIFIERS
Two of the most popular charge-out transducers are hydro
phones and accelerometers. Precision accelerometers are typi
cally calibrated for a charge output (pC/g).
*
Figures 36a and 36b
show two ways in which to configure the AD743 as a low noise
charge amplifier for use with a wide variety of piezoelectric ac
celerometers. The input sensitivity of these circuits will be de
termined by the value of capacitor Cl and is equal to:
A

Vqut — &QClout

The ratio of capacitor Cl to the internal capacitance (Cq-) of the
transducer determines the noise gain of this circuit (1 + CT/C1).
The amplifiers voltage noise will appear at its output amplified
by this amount. The low frequency bandwidth of these circuits
will be dependent on the value of resistor Rl. If a “T” network
is used, the effective value is: Rl (1 + R2/R3).
C1

Figure 36b. An Accelerometer Circuit Employing a DC
Servo Amplifier

A de servo-loop (Figure 36b) can be used to assure a <10 mV
de output, without the need for a large compensating resistor
when dealing with bias currents as large as 100 nA. For optimal
low frequency performance, the time constant of the servo loop
(R4C2 = R5C3) should be:
Time Constant s 10 /?1

A LOW NOISE HYDROPHONE AMPLIFIER
Hyrophones are usually calibrated into the voltage-out mode.
The circuits of Figures 37a and 37b can be used to amplify the
output of a typical hydrophone. Figure 37a shows a typical de
coupled circuit. The optional resistor and capacitor serve to
counteract the de offset caused by bias currents flowing through
resistor Rl. Figure 37b, a variation of the original circuit, has a
low frequency cutoff determined by an RC time constant equal
to:
Time Constant =

1
2-rr x Cp x 100 fl

Figure 37a. A Basic Hydrophone Amplifier
*pC = Picocoulombs
g = Earth’s Gravitational Constant
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AD743
R2

R2

Figure 37b. An AC-Coupled, Low Noise Hydrophone
Amplifier

Where the de gain is 1 and the gain above the low frequency
cutoff (1/(2-itCc(100 Q))) is the same as the circuit of Figure
37a. The circuit of Figure 37c uses a de servo loop to keep the
de output at 0 V and to maintain full dynamic range for IB’s up
to 100 nA. The time constant of R7 and C2 should be larger
than that of Rl and CT for a smooth low frequency response.

• OPTIONAL, SEE TEXT

Figure 37c. A Hydrophone Amplifier Incorporating a DC
Servo Loop

The transducer shown has a source capacitance of 7500 pF. For
smaller transducer capacitances (<300 pF), lowest noise can be
achieved by adding a parallel RC network (R4 = Rl, Cl = CT)
in series with the inverting input of the AD743.
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ANALOG
DEVICES

Precision, 500ns Settling
BiFET Op Amp
AD744

FEATURES
AC PERFORMANCE
500ns Settling to 0.01% for 10V Step
1.5ps Settling to 0.0025% for 10V Step
75V/ps Slew Rate
0.0003% Total Harmonic Distortion (THD)
13MHz Gain Bandwidth - Internal Compensation
>200MHz Gain Bandwidth (G = 1000)
External Decompensation
>1000pF Capacitive Load Drive Capability with
10V/p.s Slew Rate - External Compensation

DC PERFORMANCE
0.25mV max Offset Voltage (AD744C)
3p.V/°C max Drift (AD744C)
250V/mV min Open-Loop Gain (AD744B)
4p.V p-p max Noise, 0.1 Hz to 10Hz (AD744C)
Available in Plastic Mini-DIP, Plastic SOIC, Hermetic
Cerdip, Hermetic Metal Can Packages and Chip Form
MIL-STD-883B Processing Available
Surface Mount (SOIC) Package Available in Tape
and Reel in Accordance with EIA-481A Standard
APPLICATIONS
Output Buffers for 12-Bit, 14-Bit and 16-Bit DACs,
ADC Buffers, Cable Drivers, Wideband
Preamplifiers and Active Filters

PRODUCT DESCRIPTION
The AD744 is a fast-settling, precision, FET input, monolithic
operational amplifier. It offers the excellent de characteristics of
the AD711 BiFET family with enhanced settling, slew rate, and
bandwidth. The AD744 also offers the option of using custom
compensation to achieve exceptional capacitive load drive
capability.
The single-pole response of the AD744 provides fast settling:
500ns to 0.01%. This feature, combined with its high de precision,
makes it suitable for use as a buffer amplifier for 12-bit, 14-bit
or 16-bit DACs and ADCs. Furthermore, the AD744’s low total
harmonic distortion (THD) level of 0.0003% and gain bandwidth
product of 13MHz make it an ideal amplifier for demanding
audio applications. It is also an excellent choice for use in active
filters in 12-bit, 14-bit and 16-bit data acquisition systems.
The AD744 is internally compensated for stable operation as a
unity gain inverter or as a noninverting amplifier with a gain of
two or greater. External compensation may be applied to the
AD744 for stable operation as a unity gain follower. External
compensation also allows the AD744 to drive lOOOpF capacitive
loads, slewing at 10V/p.s with full stability. Alternatively, external
decompensation may be used to increase the gain bandwidth of
the AD744 to over 200MHz at high gains. This makes the AD744
ideal for use as ac preamps in digital signal processing (DSP)
front ends.

AD744 CONNECTION DIAGRAMS
TO-99 (H) Package

OUTPUT

TO CASE

Plastic Mini-DIP (N),
Small Outline (R) and
Cerdip (Q) Packages

/

null rr
DECOMPENSATION I

TOP VIEW

"71 NULL/
COMPENSATION

-IN [ 2

Zlv+

+ IN [~3~

~6~[ OUTPUT
~5~| COMPENSATION

v-|T

AD744

The AD744 is available in seven performance grades. The AD744J
and AD744K are rated over the commercial temperature range
of 0 to + 70°C. The AD744A, AD744B and AD744C are rated
over the industrial temperature range of - 40°C to + 85°C. The
AD744S and AD744T are rated over the military temperature
range of - 55°C to + 125°C and are available processed to MILSTD-883B, Rev. C.

Extended reliability PLUS screening is available, specified over
the commercial and industrial temperature ranges. PLUS screening
includes a 168-hour burn-in, as well as other environmental and
physical tests.
The AD744 is available in an 8-pin plastic mini-DIP, 8-pin
small outline, 8-pin cerdip or TO-99 metal can.

PRODUCT HIGHLIGHTS
1. The AD744 is a high-speed BiFET op amp that offers excellent
performance at competitive prices. It outperforms the OP42/44,
OPA602/606, LF356 and LF400.

2. The AD744 offers exceptional dynamic response. It settles to
0.01% in 500ns and has a 100% tested minimum slew rate of
50V/p,s (AD744B).
3. The combination of Analog Devices’ advanced processing
technology, laser wafer drift trimming and well-matched ionimplanted JFETs provide outstanding de precision. Input
offset voltage, input bias current, and input offset current
are specified in the warmed-up condition; all are 100%
tested.

4. The AD744 has a guaranteed and tested maximum voltage
noise of 4jjlV p-p, 0.1Hz to 10Hz (AD744C).
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(@ 4- 25°C and ± 15V de, unless otherwise noted)
Model

Conditions
INPUT OFFSET VOLTAGE1
Initial Offset
Offset
vs. Temp
vs. Supply2
vs. Supply
Long-Term Stability

INPUT BIAS CURRENT’
Either Input
Either Input ©T^, J,K
A,B,C
S,T
Either Input
Offset Current
Offset Current (^T^ =
J,K
A,B,C
S,T
FREQUENCY RESPONSE
Gain BW, Small Signal
Full Power Response
Slew Rate, Unity Gain
Settling Time to0.01%4
Total Harmonic
Distortion

Min

AD744J/A/S
Typ

0.3

T^-T^

82
82/82/82

Min

AD744K/B/T
Typ

0.25

1.0
2/2/2
20/20/20
88
88

15
vCM=ov
VCM = 0V
70°C
85°C
125°C
VCM=+10V
VCM = 0V

5
100

Max

Min

AD744C
Typ

Max

Units

0.25
0.45
3

mV
mV
p.V/”C
dB
dB
p.V/monih

30

50

pA

1.9

3.2

40
10

100
20

0.6

1.3

0.10

0.5
1.0
10
92
92

2
110

15

15

30

100

30

100

0.7
1.9
31
40
20

2.3
6.4
102
150
50

0.7
1.9
31
40
10

2.3
6.4
102
150
50

0.4
1.3
20

1.1
3.2
52

0.2
0.6
10

1.1
3.2
52

nA
nA
nA
pA
pA

Vcm = 0V
70°C
85“C
125°C
G= -1
Vo - 20 V p-p
G= -1
G=-l
f= 1kHz
R1^2kD
Vo = 3Vrms

8
45

INPUT IMPEDANCE
Differential
Common Mode
INPUT VOLTAGE RANGE
Differential5
Common-Mode Voltage
Over Max Operating Range6
Common-Mode Rejection Ratio

5
95

Max

13
1.2
75
0.5

9
50

0.75

VCM=±10V
T^toT^,,
Vc«=±llV
TmintoT^

n

70/70/70

9
50

0.75

13
1.2
75
0.5

0.75

MHz
MHz
V/ju
p.s

0.0003

0.0003

0.0003

%

3 x 10i2||5.5
3 x 1O12||5.5

3x 1O,Z||5.5
3x 1O,2||5.5

3x 10,2||5.5
3x 10,2||5.5

mipF
n|PF

±20
+ 14.5,-11.5

-11
78
76/76/76

13
1.2
75
0.5

nA
nA
nA

±20
+ 14.5,-11.5

±20
+ 14.5,-11.5
+ 13

88
84
84
80

-11
82
80
78

74

+ 13
88
84
84
80

-11
86
86
80
76

+ 13

94
90
90
84

O.ltolOHz
f = 10Hz
f = 100Hz
f=lkHz
f = 10kHz

2
45
22
18
16

2
45
22
18
16

2
45
22
18
16

INPUT CURRENT NOISE

f=lkHz

0.01

0.01

0.01

pA/VHz

OPEN LOOP GAIN’

Vo=±10V
400

V/mV
V/mV

INPUT VOLTAGE NOISE

Tnun 1° Tmax
OUTPUT CHARACTERISTICS
Voltage

Current
Capacitive Load8

POWERSUPPLY
Rated Performance
Operating Range
Quiescent Current

RLOAD-2kf)
TmintoTna,
Short-Circuit
Gain = - 1

200
100/100/100

400

250
100

400

250
150

+ 13,-12.5
±12/±12/±12

+ 13.9,-13.3
4 13.8,-13.1
25

+ 13, -12.5
±12

+13.9,-13.3
+ 13.8,-13.1
25

+ 13, -12.5 +13.9,-13.3
±12
+ 13.8,-13.1
25
1000

1000

TEMPERATURE RANGE
Operating, Rated Performance
Commercial (0 to + 70°C)
Industrial (-40°C to + 85°C)
Military (- 55“C to + 125°C)

PACKAGE OPTIONS’
8-Pin Plastic Mini-DIP (N-8) and
SOIC(R-8)
8-Pin Cerdip (Q-8)
TO-99 Metal Can (H-08A)
Tape and Reel
J and S Grade Chips
Also Available

3.5

±18
5.0

±4.5

3.5

±18
4.0

AD744J
AD744A
AD744S

AD744K
AD744B
AD744T

AD744JN, AD744JR
AD744AQ, AD744SQ
AD744AH, AD744SH
AD744JR-REEL

AD744KN, AD744KR
AD744BQ, AD744TQ
AD744BH.AD744TH
AD744KR-REEL

±4.5

3.5

pVp-p
nV/VHz
nV/VHz
nV/VHz
nV/VHz

1000

V
V
mA
pF

±18
4.0

V
V
mA

±15

±15

±15
±4.5

4

V
V
V
dB
dB
dB
dB

AD744C

AD744CQ
AD744CH

NOTES
‘Input Offset Voltage specifications arc guaranteed after 5 minutes of operation at TA = + 25
*C.
2PSRR test conditions: + VS= 15V, -Vs» 12V to 18V and + Vs= 12V to 18V, -Vs= - 15V.
‘Bias Current Specifications are guaranteed maximum at either input after 5 minutes of operation at TA = + 25°C. For higher temperature, the current doubles every 10°C.
4Gain= - 1, RL = 2k, CL = lOpF, refer to Figure 25.
5Defined as voltage between inputs, such that neither exceeds ± 10V from ground.
‘Typically exceeding - 14.1V negative common-mode voltage on either input results in an output phase reversal.
7Open-Loop Gain is specified with Vo$ both nulled and unnulled.
’Capacitive load drive specified for CcoMP = 20pF with the device connected as shown in Figure 32. Under these conditions, slew rate- 14V/ps and 0.01% settling timc= 1.5pa typical.
Refer to Table II for optimum compensation while driving a capacitive load.
’See Section 20 for package outline information.
Specifications subject to change without notice.

Specifications in boldface arc tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although
only those shown in boldface are tested on all production units.
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AD744
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage................................................................. ± 18V
Internal Power Dissipation2 .......................................... 500mW
Input Voltage3........................................................................ ± 18V
Output Short Circuit Duration..................................... Indefinite
Differential Input Voltage................................
+VS and -Vs
Storage Temperature Range Q, H ............. — 65°C to + 150°C
Storage Temperature Range N, R................... -65°C to + 125°C
Operating Temperature Range
AD744J/K .............................................................. 0to+70°C
AD744A/B/C............................................. -40°Cto+85°C
AD744S/T ................................................... - 55°C to + 125°C
Lead Temperature Range (Soldering 60 sec)............... 300°C

NOTES
’Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indi
ted in the operational section of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect
device reliability.
’Thermal Characteristics
8-Pin Plastic Package: 0JA = 90°C/W
8-Pin Cerdip Package: 0JC = 22°C/W,0JA = 110°C/W
8-Pin Metal Can Package: 0JC = 65°C/W,0JA = 150°C/W
’For supply voltages less than ±18V, the absolute maximum input voltage
is equal to the supply voltage.

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).

i
NULL/COMPENSAT1ON

8
NULL/COMPENSATION

4B

'(1.60)'
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Typical Characteristics

Figure 1. Input Voltage Swing vs.
Supply Voltage

Figure 2. Output Voltage Swing vs.
Supply Voltage

Figure 3. Output Voltage Swing vs.
Load Resistance

E

Figure 4. Quiescent Current vs.
Supply Voltage

Figure 5. Input Bias Current vs.
Temperature

Figure 6. Output Impedance vs.
Frequency

26

12

-60 -40 -20

Figure 7. Input Bias Current vs.
Common-Mode Voltage
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0

+20 +40 +60 +80 +100 + 120 + 140
TEMPERATURE - *C

Figure 8. Short Circuit Current Limit
vs. Temperature

TEMPERATURE - X

Figure 9. Gain Bandwidth Product
vs. Temperature

AD744

Figure 10. Open Loop Gain and
Phase Margin vs. Frequency
CcoMP~OpF

Figure 11. Open Loop Gain and
Phase Margin vs. Frequency
CcoMP~25pF

Figure 12. Open Loop Gain vs.
Supply Voltage

SETTLING TIME - (is

Figure 13. Common-Mode and
Power Supply Rejection vs.
Frequency

Figure 16. Total Harmonic Distortion
vs. Frequency, Circuit of Figure 20
(G=10)

Figure 14. Large Signal Frequency
Response

Figure 15. Output Swing and Error
vs. Settling Time

Figure 17. Input Noise Voltage
Spectra! Density

Figure 18. Slew Rate vs. Input Error
Signal
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+vs

CLOSED LOOP VOLTAGE GAIN

Figure 19. Settling Time vs. Closed
Loop Voltage Gain

Figure 22a. Unity Gain Follower

Figure 20. THD Test Circuit

Figure 21. Offset Null Configuration

Figure 22b. Unity Gain Follower
Large Signal Pulse Response,
CcoMP=5pF

Figure 22c. Unity Gain Follower
Small Signal Pulse Response,
CcoMp~5pF

Figure 23b. Unity Gain Inverter
Large Signal Pulse Response,

Figure 23c. Unity Gain Inverter
Small Signal Pulse Response,
CcoMP~OpF

7 SpF

Figure 23a. Unity Gain Inverter

Ccomp=OpF
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Applying the AD744
POWER SUPPLY BYPASSING
The power supply connections to the AD744 must maintain a
low impedance to ground over a bandwidth of 10MHz or more.
This is especially important when driving a significant resistive
or capacitive load, since all current delivered to the load comes
from the power supplies. Multiple high quality bypass capacitors
are recommended for each power supply line in any critical
application. A O.IjjlF ceramic and a lp.F electrolytic capacitor as
shown in Figure 24 placed as close as possible to the amplifier
(with short lead lengths to power supply common) will assure
adequate high frequency bypassing, in most applications. A
minimum bypass capacitance of 0.1 |xF should be used for any
application.

Figure 24. Recommended Power Supply Bypassing

Figure 25. Settling Time Test Circuit

MEASURING AD744 SETTLING TIME
The photos of Figures 26 and 27 show the dynamic response of
the AD744 while operating in the settling time test circuit of
Figure 25. The input of the settling time fixture is driven by a
flat-top pulse generator. The error signal output from the false
summing node of Al, the AD744 under test, is clamped, amplified
by op amp A2 and then clamped again.

The error signal is thus clamped twice: once to prevent overloading
amplifier A2 and then a second time to avoid overloading the
oscilloscope preamp. A Tektronix oscilloscope preamp type
7A26 was carefully chosen because it recovers from the approxi
mately 0.4V overload quickly enough to allow accurate measure
ment of the AD744’s 500ns settling time. Amplifier A2 is a very
high-speed FET-input op amp; it provides a voltage gain of 10,
amplifying the error signal output of the AD744 under test.

Figure 26. Settling Characteristics 0 to + 10V Step
Upper Trace: Output of AD744 Under Test (5V/div.)
Lower Trace: Amplified Error Voltage (0.01%/div.)

Figure 27. Settling Characteristics 0 to - 10V Step
Upper Trace: Output of AD744 Under Test (5V/div.)
Lower Trace: Amplified Error Voltage (0.01%/div.)
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Figure 28. AD744 Simplified Schematic

EXTERNAL FREQUENCY COMPENSATION
Even though the AD744 is useable without compensation in
most applications, it may be externally compensated for even
more flexibility. This is accomplished by connecting a capacitor
between Pins 5 and 8. Figure 28, a simplified schematic of the
AD744, shows where this capacitor is connected. This feature is
useful because it allows the AD744 to be used as a unity gain
voltage follower. It also enables the amplifier to drive capacitive
loads up to 2000pF and greater.

Figure 30 shows the AD744 configured as a unity gain voltage
follower. In this case, a minimum compensation capacitor of
5pF is necessary for stable operation. Larger compensation
capacitors can be used for driving larger capacitive loads. Table
I outlines recommended minimum values for Ccomp based on
the desired capacitive load. It also gives the slew rate and bandwidth
that will be achieved for each case.

The slew rate and gain bandwidth product of the AD744 are
inversely proportional to the value of the compensation capacitor,
Ccomp- Therefore, when trying to maximize the speed of the
amplifier, the value of Ccomp should be minimized. Ccomp can
also be used to slow the amplifier to a point where the slew rate
is perfectly symmetrical and well controlled. Figure 29 summarizes
the effect of external compensation on slew rate and bandwidth.

Figure 30. AD744 Connected as a Unity Gain Voltage
Follower

(pF)

Slew Rate
(V/|is)

— 3dB
Bandwidth
(MHz)

5
10
25

37
25
12.5

6.5
4.3
2.0

Max

Gain
1
1
1

Cload

Ccomp

(pF)
50
150
2000

Table I. Recommended Values of Ccomp vs. Various
Capacitive Loads

Figure 29. Gain Bandwidth and Slew Rate vs. Ccomp

The following section provides tables to show what Ccomp values
will provide the necessary compensation for given circuit config
urations and capacitive loads. In each case, the recommended
Ccomp is a minimum value. A larger Ccomp can always be used,
but slew rate and bandwidth performance will be degraded.
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Figures 31 and 32 show the AD744 as a voltage follower with
gain and as an inverting amplifier. In these cases, external com
pensation is not necessary for stable operation. However, com
pensation may be applied to drive capacitive loads above 50pF.
Table II gives recommended Ccomp values, along with expected
slew rates and bandwidths for a variety of load conditions and
gains for the circuits in Figures 31 and 32.

AD744

Figure 31. AD744 Connected as a Voltage Follower
Operating at Gains of 2 or Greater

Figure 32. AD744 Connected as an Inverting Amplifier
Operating at Gains of 1 or Greater

Max
Rl
(ft)
4.99k
4.99k
4.99k
4.99k

R2
Gain
(ft) Follower
4.99k
2
4.99k
2
4.99k
2
4.99k
2

499(1 4.99k
499(1 4.99k
499(1 4.99k

11
11
11

Gain
Inverter

Cload

Ccomp

(pF)

(pF)

(pF)

1
1
1
1

50
150
1000
>2000

0
5
20
25

10
10
10

270
390
1000

0
2
5

7
7
-

Clead

Slew
Rate
*s)
(V/|

— 3dB
Bandwidth
(MHz)

75
37
14
*
12.5

2.5
**
**
2.3
1.2
1.0

75
50
*
37

1.2
0.85
0.60

•Into large capacitive loads the AD744’s 25mA output current limit sets the slew rate of the amplifier,
in V/ps, equal to 0.025 amps divided by the value of CLOad in I^F. Slew rate is specified into rated
max CLOad except for cases marked *, which are specified with a 50pF load.
••Bandwidth with Clead adjusted for minimum settling time.

Table II. Recommended Values of Ccomp v'S. Various Load Conditions for the
Circuits of Figures 31 and 32.

Using Decompensation to Extend the Gain Bandwidth
Product
When the AD744 is used in applications where the closed-loop
gain is greater than 10, gain bandwidth product may be enhanced
by connecting a small capacitor between Pins 1 and 5 (Figure
33). At low frequencies, this capacitor cancels the effects of the
chip’s internal compensation capacitor, Ccomp, effectively de
compensating the amplifier.
Due to manufacturing variations in the value of the internal
Ccompj it is recommended that the amplifier’s response be
optimized for the desired gain by using a 2 to lOpF trimmer
capacitor rather than using a fixed value.

Rl
(ft)
lk
100
100

R2
Gain
(ft) Follower
11
10k
10k
101
100k
1001

Gain
Inverter

— 3dB
Bandwidth

Gain/BW
Product

10
100
1000

2.5MHz
760kHz
225kHz

25MHz
76MHz
225MHz

Figure 33. Using the Decompensation Connection to Extend
Gain Bandwidth

Table III. Performance Summary for the Circuit of
Figure 33
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HIGH-SPEED OP AMP APPLICATIONS
AND TECHNIQUES
DAC Buffers (I-to-V Converters)
Digital-to-analog converters which use bipolar transistors to
switch currents into (or out of) their outputs can achieve very
fast settling times. The AD565A, for example, is specified to
settle to 12 bits in less than 250ns, with a current output. However,
in many applications, a voltage output is desirable, and it would
be useful - perhaps essential - that this I-to-V conversion be
accomplished without increasing the settling time or without
degrading the accuracy of the DAC.

Figure 34 is a schematic of an AD565A DAC using an AD744
output buffer. The lOpF Clead capacitor compensates for the
DAC’s output capacitance, plus the 5.5pF amplifier input
capacitance.
Figure 35 is an oscilloscope photo of the AD744’s output voltage
with a + 10V to 0V step applied; this corresponds to an all “Is”
to all “Os” code change on the DAC. Since the DAC is connected
in the 20V span mode, 1LSB is equal to 4.88mV. Output settling
time for the AD565/AD744 combination is less than 500ns to
within a 2.44mV, 1/2LSB error band.

Figure 35. Upper Trace: AD744 Output Voltage for a + 10V
to 0V Step, Scale: 5mV/div.
Lower Trace: Logic Input Signal, Scale: 5V/div.

Figure 34. ± 10V Voltage Output Bipolar DAC Using the
AD744 as an Output Buffer
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A0744
A HIGH-SPEED, 3 OP AMP INSTRUMENTATION
AMPLIFIER CIRCUIT
The instrumentation amplifier circuit shown in Figure 36 can
provide a range of gains from unity up to 1000 and higher. The
circuit bandwidth is 4MHz at a gain of 1 and 750kHz at a gain
of 10; settling time for the entire circuit is less than 2jjls to
within 0.01% for a 10V step, (G= 10).

While the AD744 is not stable with 100% negative feedback (as
when connected as a standard voltage follower), phase margin
and therefore stability at unity gain may be increased to an
acceptable level by placing the parallel combination of a resistor
and a small lead capacitor between each amplifier’s output and
its inverting input terminal.
The only penalty associated with this method is a small bandwidth
reduction at low gains. The optimum value for CLead maY be
determined from the graph of Figure 41. This technique can be
used in the circuit of Figure 36 to achieve stable operation at
gains from unity to over 1000.

Figure 37. The Pulse Response of the 3 Op Amp
Instrumentation Amplifier. Gain= 1, Horizontal Scale:
0.5pV/div., Vertical Scale: 5V/div. (Gain = 10)

CIRCUIT GAIN = 20-^ + 1

Amplifier. Horizontal Scale: 500ns/div., Vertical Scale,
Pulse Input: 5V/div„ Output Settling: 1mV/div.

+ 15VO-

COMMO-

-15VO-

Minimizing Settling Time in Real-World Applications
An amplifier with a “single pole” or “ideal” integrator open-loop
frequency response will achieve the minimum possible settling
•VOLTRONICS SP20 TRIMMER CAPACITOR OR EQUIVALENT
time for any given unity-gain bandwidth. However, when this
•RATIO MATCHED 1% METAL FILM RESISTORS
“ideal” amplifier is used in a practical circuit, the actual settling
—•------------* +VS
—r—-•------------- •--------► PIN 7
'
time is increased above the minimum value because of added
IpF
I
IpF
0 Cf
time constants which are introduced due to additional capacitance
i T
T
each
-------------- St------------ TTl------------- 1
AMPLIFIER on
I
the amplifier’s summing junction. The following discussion
*F
1>
V
[ “W ^0.1pF
will explain how to minimize this increase in settling time by
—1------------► -Vs
—I
i1---- ► PIN 4
1
the selection of the proper value for feedback capacitor, CL.

i

FOR OPTIONAL
OFFSET ADJUSTMENT:
TRIM A1. A3 USING TRIM
PROCEDURE SHOWN IN
FIGURE 21.

Figure 36. A High Performance, 3 Op Amp Instrumentation
Amplifier Circuit

Gain

1
2
10
100

Bandwidth
Re
3.5MHz
NC
2.5MHz
20kH
2.22kfl 1MHz
290kHz
202Q

T Settle (0.01%)

1.5ps
I.Ojjls
2p.s
5p.s

If an op amp is modeled as an ideal integrator with a unity gain
crossover frequency, fo, Equation 1 will accurately describe the
small signal behavior of the circuit of Figure 39. This circuit
models an op amp connected as an I-to-V converter.
Equation 1 would completely describe the output of the system
if not for the op amp’s finite slew rate and other nonlinear effects.
Even considering these effects, the fine scale settling to <0.1%
will be determined by the op amp’s small signal behavior.

Table IV. Performance Summary for the 3 Op Amp
Instrumentation Amplifier Circuit
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Equation 1.
Vo

IlN

R(Cl + Cx) 2
2ttF0
S

+ (z^ + RC--)s+1

Where Fo = the op amp’s unity gain crossover frequency

Gn = the “noise” gain of the circuit 11 + —
\
Ro
This Equation May Then Be Solved for CL:
Equation 2.
= 2 - Gn
L
R 2ttF0

2 VRCx 2ttFo + (1-Gn)
R 2ttF0

In these equations, capacitance Cx is the total capacitance ap
pearing at the inverting terminal of the op amp. When modeling
an I-to-V converter application, the Norton equivalent circuit of
Figure 39 can be used directly. Capacitance Cx is the total
capacitance of the output of the current source plus the input
capacitance of the op amp, which includes any stray capacitance
at the op amp’s input.

Figure 40. A Simplified Model of the AD744 Used as an
Inverting Amplifier

As an aid to the designer, the optimum value of CL for one
specific amplifier connection can be determined from the graph
of Figure 41. This graph has been produced for the case where
the AD744 is connected as in Figures 39 and 40 with a practical
minimum value for CStray of 2pF and a total Cx value of
7.5pF.
The approximate value of Cl can be determined for almost any
application by solving Equation 2. For example, the AD565/AD744
circuit of Figure 34 constrains all the variables of Equation 2
(Gn = 3.25, R= lOkfl, Fo= 13MHz,and Cx = 32.5pF). Therefore,
under these conditions, Cl= 10.5pF.

Figure 39. A Simplified Mode! of the AD744 Used as a
Current-to-Voltage Converter

When R<) and Io are replaced with their Thevenin V]N and RiN
equivalents, the general purpose inverting amplifier model of
Figure 40 is created. Here capacitor Cx represents the input
capacitance of the AD744 (5.5pF) plus any stray capacitance
due to wiring and the type of IC package employed.

In either case, the capacitance Cx causes the system to go from
a one-pole to a two-pole response; this additional pole increases
settling time by introducing peaking or ringing in the op amp’s
output. If the value of Cx can be estimated with reasonable
accuracy, Equation 2 can be used to choose the correct value for
a small capacitor, CL, which will optimize amplifier response. If
the value of Cx is not known, Cl should be a variable capacitor.
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Figure 41. Practical Values of CL vs. Resistance of R for
Various Amplifier Noise Gains

ANALOG
DEVICES
FEATURES
AC PERFORMANCE
500 ns Settling to 0.01% for 10 V Step
75 V/p.s Slew Rate
0.0001% Total Harmonic Distortion (THD)
13 MHz Gain Bandwidth
Internal Compensation for Gains of +2 or Greater
DC PERFORMANCE
0.5 mV max Offset Voltage (AD746B)
10 pV/°C max Drift (AD746B)
175 V/mV min Open Loop Gain (AD746B)
2 p.V p-p Noise, 0.1 Hz to 10 Hz
Available in Plastic Mini-DIP, Cerdip
and Surface Mount Packages
MIL-STD-883B Processing Available
Single Version Available: AD744

APPLICATIONS
Dual Output Buffers for 12- and 14-Bit DACs
Input Buffers for Precision ADCs, Wideband
Preamplifiers and Low Distortion Audio Circuitry

PRODUCT DESCRIPTION
The AD746 is a dual operational amplifier, consisting of two
AD744 BiFET op amps on a single chip. These precision mono
lithic op amps offer excellent de characteristics plus rapid settling
times, high slew rates and ample bandwidths. In addition, the
AD746 provides the close matching ac and de characteristics
inherent to amplifiers sharing the same monolithic die.
The single pole response of the AD746 provides fast settling:
500 ns to 0.01%. This feature, combined with its high de preci
sion, makes it suitable for use as a buffer amplifier for 12- or 14bit DACs and ADCs. Furthermore, the AD746’s low total har
monic distortion (THD) level of 0.0001% and very close
matching ac characteristics make it an ideal amplifier for many
demanding audio applications.
The AD746 is internally compensated for stable operation as a
unity gain inverter or as a noninverting amplifier with a gain of 2
or greater. It is available in four performance grades. The
AD746J is rated over the commercial temperature range of 0 to
+ 70°C. The AD746A and AD746B are rated over the industrial
temperature range of -40°C to +85°C. The AD746S is rated
over the military temperature range of -55°C to +125°C and is
available processed to MIL-STD-883B, Rev. C.

Dual Precision, 500 ns
Settling, BiFET Op Amp
AD746
AD746 CONNECTION DIAGRAM

Plastic Mini-DIP (N)
Cerdip (Q) and
Plastic SOIC (R) Packages
AMPLIFIER 1

AMPLIFIER 2
* AD746
OUTPUT [T —?
T|v+
-IN |~2~

+ IN |T —

v-E

+\

V] OUTPUT

9

T]-IN
jTJ+in

The AD746 is available in three 8-pin packages: plastic miniDIP, hermetic cerdip and surface mount (SO).
PRODUCT HIGHLIGHTS
1. The AD746 offers exceptional dynamic response for high
speed data acquisition systems. It settles to 0.01% in 500 ns
and has a 100% tested minimum slew rate of 50 V/p.s
(AD746B).
2. Outstanding de precision is provided by a combination of
Analog Devices’ advanced processing technology, laser wafer
drift trimming and well-matched ion-implanted JFETs. Input
offset voltage, input bias current and input offset current are
specified in the warmed-up condition and are 100% tested.
3. Differential and multichannel systems will benefit from the
AD746’s very close matching of ac characteristics. Input
offset voltage specs are fully tested and guaranteed to a maxi
mum of 0.5 mV (AD746B).

4. The AD746 has very close, guaranteed matching of input
bias current between its two amplifiers.

5. Unity gain stable version AD712 also available.
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SPECIFICATIONS (@ +25°C and ±15 V de, unless otherwise noted)
Model

INPUT OFFSET VOLTAGE1
Initial Offset
Offset
vs. Temperature
vs. Supply2 (PSRR)
vs. Supply (PSRR)
Long Term Stability
INPUT BIAS CURRENT3
Either Input
Either Input <fi Tm„
Either Input
Offset Current
Offset Current ft Tmax

MATCHING CHARACTERISTICS
Input Offset Voltage
Input Offset Voltage
Input Offset Voltage Drift
Input Bias Current
Crosstalk

FREQUENCY RESPONSE
Gain BW, Small Signal
Slew Rate, Unity Gain
Full Power Response
Settling Time to 0.01%4
Total Harmonic
Distortion

Conditions

Min

0.3

Tm,„ to Tm„

Tmin to Tmax

80
80

12
95

Max

Min

1.5
2.0
20

=
=
VCM =
Vcm =
Vcm =
Vcm
Vcm

0v
0V
+10V
0V
0V

84
84

Min

AD746S
Typ

0.3

0.5
0.7
10

80
80

12
95

Max

Units

1.0
1.5
20

mV
mV

fivre
dB
dB
jiV/month

15

110
2.5/7
145
45
1.0/3

250
5.7/16
350
125
2.8/8

110
7
145
45
3

150
9.6
200
75
4.8

110
113
145
45
45

250
256
350
125
128

pA
nA
pA
pA
nA

0.6

1.5
2.0
20
125

0.3

0.5
0.7
20
75

0.6

1.0
1.5
20
125

mV
mV

fi 1 kHz
ft 100 kHz

120
90

8
G = -1
45
G = -1
Vo = 20 V p-p
G= 1
f = 1 kHz
Rla2 kfl
Vo = 3 V rms

13
75
600
0.5

120
90
9
50
0.75

13
75
600
0.5

8
45

0.75

jjlV/°C

120
90

pA
dB
dB

13
75
600
0.5

MHz
V/jis
kHz
JIS

0.75

0.0001

0.0001

0.0001

%

2.5xl0"|l5.5
2.5 x 101’||5.5

2.5xlO"||5.5
2.5x 1O’’||5.5

2.5x]0”||5.5
2.5x 10”||5.5

(lllpF
niipF

+ 13
88
84
84
80

-11
82
80
78
74

88
84
84
80

V
V
V
dB
dB
dB
dB

±20
+ 14.5, -11.5

±20
+ 14.5, -11.5

±20
+ 14.5, -11.5
-11
78
76
72
70

5
100

Max

15

Tm,„ to T__

VCM = = 10V
Tmln to Tm„
Vcm = = H V
Tm,„ to Tm„

AD746B
Typ
0.25

15

INPUT IMPEDANCE
Differential
Common Mode
INPUT VOLTAGE RANGE
Differential5
Common Mode Voltage
Over Max Operating Range6
Common Mode Rejection Ratio

AD746J/A
Typ

+ 13
88
84
84
80

-11
78
76
72
70

+ 13

INPUT VOLTAGE NOISE

0.1 to 10 Hz
f = 10 Hz
f = 100 Hz
f = 1 kHz
f = 10 kHz

2
45
22
18
16

2
45
22
18
16

2
45
22
18
16

jiV p-p
nV/y Hz
nV/y Hz
nV/yHz
nV/y Hz

INPUT CURRENT NOISE

f = 1 kHz

0.01

0.01

0.01

pA/\ Hz

OPEN LOOP GAIN

Vo= ±10 V

300
175

V/mV
V/mV

Tm,„ to Tm,x

150
75

Tmi„ to Tmax
Short Circuit
Gain = -1
Gain= -10

+ 13,- 12.5 +13.9,-13.3
*13.8, -13.1
±12
25
50
500

OUTPUT CHARACTERSTICS
Voltage

Current
Max Capacitive Load
Driving Capability
POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current
TEMPERATURE RANGE
Rated Performance

175
75

300
200

7

±15

±15
±18
10

±4.5
7

±18
8.0

±4.5
7

0 to +70/-40 to +85

-40 to +85

-55 to +125

PACKAGE OPTIONS’
8-Pin Plastic Mini-DIP (N-8)
8-Pin Cerdip (Q-8)
8-Pin Surface Mount (R-8)

AD746JN
AD746AQ
AD746JR

AD746BQ

AD746SQ

TRANSISTOR COUNT

54
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54

V
V
mA
pF
pF

+ 13,- 12.5 +13.9,-13.3
±12
+ 13.8, -13.1
25
50
500

+ 13, -12.5 +13.9, -13.3
+ 13.8, -13.1
±12
25
50
500

±15
±4.5

150
65

300
200

54

±18
10

V
V
mA
"C

AD746
NOTES
'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA = +25°C.
2PSRR test conditions: +VS = 15 V, -Vs = -12 V to -18 V and +VS = 12 V to 18 V, -Vs = -15 V.
'Bias Current Specifications are guaranteed maximum at either input after 5 minutes of operation at TA = +25°C. For higher temperature, the current doubles every 10°C.
‘Gain = -1, Rl = 2 k, Cl = 10 pF .
'Defined as voltage between inputs, such that neither exceeds ± 10 V from ground.
typically exceeding -14.1 V negative common mode voltage on either input results in an output phase reversal.
7See Section 20 for package outline information.
Specifications subject to change without notice.
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min and max
specifications are guaranteed, although only those shown in boldface are tested on all production units.

ABSOLUTE MAXIMUM RATINGS1
Supply Voltage..................................................................... ±18V
Internal Power Dissipation2 ............................................ 500 mW
Input Voltage ...........................................................................±VS
Output Short Circuit Duration
(For One Amplifier)................................................... Indefinite
Differential Input Voltage ..................................... +VS and -Vs
Storage Temperature Range Q ....................... —65°C to +150°C
Storage Temperature Range N, R.................... -65°C to +125°C
Operating Temperature Range
AD746J..................................................................... 0 to +70°C
AD746A/B........................................................ -40°C to +85°C
AD746S........................................................... -55°C to +125°C
Lead Temperature Range
(Soldering 60 seconds)................................................... +300°C
NOTES
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indi
cated in the operational section of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect de
vice reliability.
28-Pin Plastic Package: 0JA = 165°C/Watt
8-Pin Cerdip Package: 0JC = 22°C/Watt, 0JA = 110°C/Watt
Small Outline Package: 0JA = 155°C/Watt

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
OUTPUT #2
7

V+
8

2
-IN
#1

3
+IN
#1

-IN #2
6

4
V-

-0.110 12.7941
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Typical Characteristics

Figure 7. Input Voltage Swing vs.
Supply Voltage

Figure 2. Output Voltage Swing
vs. Supply Voltage

Figure 3. Output Voltage Swing
vs. Load Resistance

Figure 5. Input Bias Current vs.
Temperature

Figure 6. Output Impedance vs.
Frequency

SUPPLY VOLTAGE - Volts

Figure 4. Quiescent Current vs.
Supply Voltage

Figure 7. Input Bias Current vs.
Common Mode Voltage
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Figure 8. Short Circuit Current
Limit vs. Temperature

Figure 9. Gain Bandwidth Product
vs. Temperature

AD746

CLOSED LOOP VOLTAGE GAIN

Figure 10. Open Loop Gain and
Phase Margin vs. Frequency

Figure 13. Common Mode and
Power Supply Rejection vs.
Frequency

Figure 11. Settling Time vs.
Closed Loop Voltage Gain

Figure 14. Large Signal Frequency
Response

Figure 12. Open Loop Gain vs.
Supply Voltage

Figure 15. Output Swing and
Error vs. Settling Time

INPUT ERROR SIGNAL - Volts
(AT SUMMING JUNCTION)

Figure 16. Total Harmonic
Distortion vs. Frequency Using
Circuit of Figure 19

Figure 17. Input Noise Voltage
Spectral Density

Figure 18. Slew Rate vs. Input
Error Signal
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Power Supply Bypassing
The power supply connections to the AD746 must maintain a
low impedance to ground over a bandwidth of 13 MHz or more.
This is especially important when driving a significant resistive
or capacitive load, since all current delivered to the load comes
from the power supplies. Multiple high quality bypass capacitors
are recommended for each power supply line in any critical
application. A 0.1 pF ceramic and a 1 pF tantalum capacitor as
shown in Figure 20 placed as close as possible to the amplifier

(with short lead lengths to power supply common) will assure
adequate high frequency bypassing, in most applications. A
minimum bypass capacitance of 0.1 pF should be used for any
application.
If only one of the two amplifiers inside the AD746 is to be
utilized, the unused amplifier should be connected as shown
in Figure 21a. Note that the noninverting input should be
grounded and that RL and CL are not required.

Figure 20. Power Supply
Bypassing

Figure 21a. Gain of 2 Follower

Figure 22a. Unity Gain Inverter
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Figure 21b. Gain of 2 Follower
Large Signal Pulse Response

Small Signal Pulse Response

Figure 22b. Unity Gain Inverter
Large Signal Pulse Response

Figure 22c. Unity Gain Inverter
Small Signal Pulse Response

AD746
A HIGH SPEED 3 OP AMP INSTRUMENTATION
AMPLIFIER CIRCUIT
The instrumentation amplifier circuit shown in Figure 23 can
provide a range of gains from 2 up to 1000 and higher. The cir
cuit bandwidth is 2.5 MHz at a gain of 2 and 750 kHz at a gain
of 10; settling time for the entire circuit is less than 2 jxs to
within 0.01% for a 10 volt step, (G = 10).

Gain
20 kfi
4.04 kfi
404 fl

2
10
100

Bandwidth

Tsettle
(0.01%)

2.5 MHz
1 MHz
290 kHz

1.0 ps
2.0 p.s
5.0 p.s

Table I. Performance Summary for the 3 Op Amp Instru
mentation Amplifier Circuit

20,000
CIRCUIT GAIN = —+ 1
Rg

----------------}

+ 15V

o---

COMM
O-----15V
O-----

-T IpF

+ VS

► PIN 8
OR 7

I
|

EACH
AMPLIFIER

1nF

-Vs

PIN 4

•VOLTRONICS SP20 TRIMMER CAPACITOR OR EQUIVALENT
•RATIO MATCHED 1% METAL FILM RESISTORS

Figure 23. A High Performance, 3 Op Amp, Instrumenta
tion Amplifier Circuit

Figure 24. Pulse Response of the 3
Op Amp Instrumentation Amplifier.
Gain - 10, Horizontal Scale:
0.5 p.s/Div, Vertical Scale: 5 V/Div.

Figure 25. Settling Time of the 3 Op
Amp Instrumentation Amplifier.
Gain = 10, Horizontal Scale:
0.5 p.s/Div, Vertical Scale: 5 V/Div.
Error Signal Scale: 0.01%/Div.
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THD Performance Considerations
The AD746 was carefully optimized to offer excellent perfor
mance in terms of total harmonic distortion (THD) in signal
processing applications. The THD level when operating the
AD746 in inverting gain applications will show a gradual rise

Figure 26. THD Measurement, Inverter Circuit

from the distortion floor of 20 dB/decade (see Figure 28). In
noninverting applications, care should be taken to balance the
source impedances at both the inverting and noninverting
inputs, to avoid distortion caused by the modulation of input
capacitance inherent in all BiFET op amps.

Figure 27. THD Measurement, Follower Circuit

Figure 28. THD vs. Frequency Using Standard Distortion
Analyzer

FREQUENCY - Hz

Figure 29. Crosstalk Test Circuit
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Figure 30. Crosstalk vs. Frequency

ANALOG
DEVICES
FEATURES
HIGH SPEED
50 MHz Unity Gain Stable Operation
300 V/p.s Slew Rate
120 ns Settling Time
Drives Unlimited Capacitive Loads

High Speed, Low Power
Dual Op Amp
AD827
AD827 CONNECTION DIAGRAMS

8-Pin Plastic (N) and Cerdip
(Q) Packages

EXCELLENT VIDEO PERFORMANCE
0.04% Differential Gain @ 4.4 MHz
0.19° Differential Phase @ 4.4 MHz

GOOD DC PERFORMANCE
2 mV max Input Offset Voltage
15 p.V/°C Input Offset Voltage Drift
LOW POWER
Only 10 mA Total Supply Current for Both Amplifiers
±5 V to ±15 V Supplies

PRODUCT DESCRIPTION
The AD827 is a dual version of Analog Devices’ industry
standard AD847 op amp. Like the AD847, it provides high
speed, low power performance at low cost. The AD827 achieves
a 300 V/p.s slew rate and 50 MHz unity-gain bandwidth while
consuming only 100 mW when operating from ±5 volt power
supplies. Performance is specified for operation using ±5 V to
±15 V power supplies.
The AD827 offers an open-loop gain of 3,500 V/V into 500 fl
loads. It also features a low input voltage noise of 15 nV/\/Hz,
and a low input offset voltage of 2 mV maximum. Common
mode rejection ratio is a minimum of 80 dB. Power supply re
jection ratio is maintained at better than 20 dB with input fre
quencies as high as 1 MHz, thus minimizing noise feedthrough
from switching power supplies.

16-Pin Small Outline
(R) Package

7]v»
7] OUT?

7] -IN2
T] +IN2

AD827

NC = NO CONNECT

APPLICATION HIGHLIGHTS
1. Performance is fully specified for operation using ± 5 V to
±15 V supplies.
2. A 0.04% differential gain and 0.19° differential phase error at
the 4.4 MHz color subcarrier frequency, together with its
low cost, make it ideal for many video applications.
3. The AD827 can drive unlimited capacitive loads, while its
30 mA output current allows 50 fl and 75 fl reverseterminated loads to be driven.

4. The AD827’s 50 MHz unity-gain bandwidth makes it an
ideal candidate for multistage active filters.
5. The AD827 is available in 8-pin plastic mini-DIP, cerdip,
and 16-pin SOIC packages. Chips and MIL-STD-883B pro
cessing are also available.

The AD827 is also ideal for use in demanding video applica
tions, driving coaxial cables with less than 0.04% differential
gain and 0.19° differential phase errors for 643 mV p-p into a
75 fl reverse terminated cable.
The AD827 is also useful in multichannel, high speed data con
version systems where its fast (120 ns to 0.1%) settling time is of
importance. In such applications, the AD827 serves as an input
buffer for 8-bit to 10-bit A/D converters and as an output ampli
fier for high speed D/A converters.
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(@ T* = +25°C, unless otherwise noted)
Model

Conditions

DC PERFORMANCE
Input Offset Voltage1

Vs

Min

AD827J
Typ Max
0.5

±5 V
Tm,„ to Tmax

±15 V
Tm,„ to Tm„

Offset Voltage Drift
Input Bias Current

±5 V to ±15 V
±5 V to ±15 V

15
3.3

±5 V to ±15 V

50

Tm.„ to Tma,
Input Offset Current
Tmin to Tmax

Offset Current Drift
Common-Mode Rejection Ratio

VCM =±2.5 V
Vcm =±12 V
Tmin to Tmax

Power Supply Rejection Ratio

±5 V to ±15 V
±5 V
±15 V
±5 V to ±15 V
±5 V to ±15 V

Tm,„ to Tmax

78
78
75
75
72

0.5
95
95
86

Min

AD827A/S
Typ Max
0.3

2
3.5
4
6

15
3.3

7
8.2
300
400

50

80
80
75
75
72

0.5
95
95
86

Units

2
4
4
6

m\
m\
mV
mV
pV/'C

7
9.5
300
400

nA
nA
nA
nA
nA/'C
dB
dB
dB
dB
dB

Open-Loop Gain
Vo = ±2.5 V
Tmin to Tmax
Rload = ^50 II
Vout = ± 10 V

±5 V

2
1

f = 5 MHz

DYNAMIC PERFORMANCE
Unity-Gain Bandwidth

Full Power Bandwidth2

Slew Rate'

Vo = 5 V p-p,
Rload = 500 II
Vo = 20 V p-p,

2
1

3.5
1.6

1.6

V/mV
V/mV
V/mV

±15 V
3
1.5

Tmln to Tmas

MATCHING CHARACTERISTICS
Input Offset Voltage
Crosstalk

3.5

5.5

3
1.5

5.5

V/mV
V/mV

±5 V
±5 V

0.4
85

0.2
85

mV
dB

±5 V
±15 V

35
50

35
50

MHz
MHz

±5 V

12.7

12.7

MHz

±15 V
±5 V
±15 V

4.7
200
300

4.7
200
300

MHz
V/jls
V/jls

±5 V
±15 V
±15 V

65
120

65
120

ns
ns

Phase Margin

Rload “ 500 (I
Rload = 1 kll
Av = -1
-2.5 V to +2.5 V
-5 V to +5 V
Cload = 10 pF

50

50

Degrees

Differential Gain Error
Differential Phase Error

f = 4.4 MHz
f = 4.4 MHz

±15 V
±15 V

0.04
0.19

0.04
0.19

%
Degrees

Input Voltage Noise
Input Current Noise

f = 10 kHz
f = 10 kHz

±15 V
±15 V

15
1.5

15
1.5

nV/\ Hz
pA/\ Hz

±5 V

+ 4.3
-3.4
+ 14.3
-13.4

+ 4.3
-3.4
+ 14.3
-13.4

V
V
V
V

3.6
3.0
13.3
12.2
32

±v
±v
±v

Settling Time to 0.1%

R1.OAD = 1 kll

Input Common-Mode
Voltage Range

±15 V
Output Voltage Swing

R1.OAD = 500 II

Rload = 150 H
Rload = 1 kfl
Rload = 500 II
Short-Circuit Current Limit

INPUT CHARACTERISTICS
Input Resistance
Input Capacitance

OUTPUT RESISTANCE

Open Loop
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±5 V
±5 V
±15 V
±15 V
±5 V to ±15 V

3.0
2.5
12
10

3.6
3.0
13.3
12.2
32

3.0
2.5
12
10

—\
mA

300
1.5

300
1.5

kll
pF

15

15

II

AD827
AD827J
Model

Conditions

Vs

POWER SUPPLY
Operating Range
Quiescent Current

AD827A/S

Min Typ

Max

Min Typ

Max

Units

±4.5

±18
13
16
13.5
16.5

±4.5

±18
13
16.5/17.5
13.5
17/18

V
mA
mA
mA
mA

±5 V

10

±15 V

10.5

Tmi„ to Tm.„
Tmin to Tm«x
92

TRANSISTOR COUNT

10

10.5

92

NOTES
‘Offset voltage for the AD827 is guaranteed after power is applied and the device is fully warmed up. All other specifications are measured using high speed test
equipment, approximately 1 second after power is applied.
2Full Power Bandwidth - Slew Rate/27r VHEAK.
'Gain = +1, rising edge.
All min and max specifications are guaranteed.
Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS1
Supply Voltage..................................................................... ±18V
Internal Power Dissipation2
Plastic (N) Package (Derate at 10 mW/°C) .................. 1.5 W
Cerdip (Q) Package (Derate at 8.7 mW/°C).................. 1.3 W
Small Outline (R) Package (Derate at 10 mW/°C) .... 1.5 W
Input Common Mode Voltage................................................ ±VS
Differential Input Voltage...................................................... 6 V
Output Short Circuit Duration3 ................................... Indefinite
Storage Temperature Range N, R.................... -65°C to +125°C
Storage Temperature Range Q......................... -65°C to +150°C
Operating Temperature Range
AD827J..................................................................... 0 to +70°C
AD827A ......................................................... —40°C to +85°C
AD827S........................................................... -55°C to +125°C

Lead Temperature Range
(Soldering to 60 sec)......................................................... 300°C
NOTES
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indicated
in the operational section of this specification is not implied. Exposure to
absolute maximum ratings for extended periods may affect device reliability.
2Maximum internal power dissipation is specified so that T, does not exceed
+ 175°C at an ambient temperature of +25°C. Thermal Characteristics:
Mini-DIP: 0JA = 100°C/Watt, 0JC = 33°C/Watt
Cerdip: 0JA = 110oC/Watt, 0JC = 30°C/Watt
16-Pin Small Outline Package: 0JA = 100°C/Watt
’Indefinite short circuit duration is only permissible as long as the absolute
maximum power rating is not exceeded.

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
Substrate is connected to V+.
----------------------------------- 0 1ZS (3 IB)----------------------------------d
OUT)

V*

OUT?

ORDERING GUIDE
Model

Temperature Range

Package Option
*

AD827JN
AD827JR
AD827AQ
AD827SQ
AD827SQ/883B

0 to +70°C
0 to +70°C
-40°C to +85°C
-55°C to +125°C
-55°C to +125°C

8-Pin Plastic DIP (N-8)
16-Pin Plastic SO (R-16)
8-Pin Cerdip (Q-8)
8-Pin Cerdip (Q-8)
8-Pin Cerdip (Q-8)

NOTE
*See Section 20 for package outline information.
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Typical Characteristics (@

+25°C & ±15 V, unless otherwise noted)

SUPPLY VOLTAGE 1 Volls

Figure 1. Input Common-Mode
Range vs. Supply Voltage

SUPPLY VOLTAGE ± Volts

Figure 2. Output Voltage Swing vs.
Supply Voltage

_ 60 -40

-20

0
20
40
60
TEMPERATURE - *C

80

100

Figure 3. Output Voltage Swing vs.
Load Resistance

120 140

Figure 4. Quiescent Current vs.
Supply Voltage

Figure 5. Input Bias Current vs.
Temperature

Figure 6. Closed-Loop Output
Impedance vs. Frequency,
Gain - +1

Figure 7. Quiescent Current vs.
Temperature

Figure 8. Short-Circuit Current Limit
vs. Temperature

Figure 9. Gam Bandwidth vs.
Temperature
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AD827

Figure 10. Open-Loop Gain and
Phase Margin vs. Frequency

Figure 13. Common-Mode
Rejection Ratio vs. Frequency

Figure 16. Harmonic Distortion vs.
Frequency

Figure 11. Open-Loop Gain vs.
Load Resistance

Figure 12. Power Supply Rejection
Ratio vs. Frequency

Figure 14. Large Signal Frequency
Response

Figure 15. Output Swing and Error
vs. Settling Time

Figure 17. Input Voltage Noise
Spectral Density

Figure 18. Slew Rate vs.
Temperature
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-30

Rl = 50012 FOR ±VS = 5V, 1 kll FOR ±VS = 15V
USE GROUND PLANE
PINOUT SHOWN IS FOR MINIDIP PACKAGE
10k

100k

1M

10M

100M

FREQUENCY - Hl

Figure 19. Crosstalk vs. Frequency

Figure 20. Crosstalk Test Circuit

INPUT PROTECTION PRECAUTIONS
An input resistor (resistor RIN of Figure 21a) is recommended
in circuits where the input common-mode voltage to the AD827
may exceed (on a transient basis) the positive supply voltage.
This resistor provides protection for the input transistors by lim
iting the maximum current that can be forced into their bases.

For high performance circuits, it is recommended that a second
resistor (RB in Figures 21a and 22a) be used to reduce bias
current errors by matching the impedance at each input. This
resistor reduces the error caused by offset voltages by more than
an order of magnitude.

RB
12511
—VA♦V,

Figure 21a. Follower Connection

Figure 21b. Follower Large Signal
Pulse Response

Figure 21c. Follower Small Signal
Pulse Response

Figure 22a. Inverter Connection

Figure 22b. Inverter Large Signal
Pulse Response

Figure 22c. Inverter Small Signal
Pulse Response
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Applications - AD827
A HIGH SPEED 3 OP AMP INSTRUMENTATION
AMPLIFIER CIRCUIT
The instrumentation amplifier circuit shown in Figure 24 can
provide a range of gains. The chart of Table II details
performance.

VIDEO LINE DRIVER
The AD827 functions very well as a low cost, high speed line
driver for either terminated or unterminated cables. Figure 23
shows the AD827 driving a doubly terminated cable in a fol
lower configuration.

The termination resistor, RT, (when equal to the cable’s charac
teristic impedance) minimizes reflections from the far end of the
cable. While operating from ±5 V supplies, the AD827 main
tains a typical slew rate of 200 V/ps, which means it can drive a
± 1 V, 30 MHz signal into a terminated cable.

Figure 24. A High Bandwidth Three Op Amp Instrumenta
tion Amplifier

Video Line Driver Performance Summary
V
VIN *

0
0
0
0
0
0

dB
dB
dB
dB
dB
dB

^SUPPLY

or
or
or
or
or
or

± 500
± 500
± 500
±500
±500
±500

mV
mV
mV
mV
mV
mV

Step
Step
Step
Step
Step
Step

±15
±15
±15
±5
±5
±5

Cc
20 pF
15 pF
OpF
20 pF
15 pF
0 pF

-3 dB Bw
23
21
13
18
16
11

Over
shoot

MHz
MHz
MHz
MHz
MHz
MHz

4%
0%
0%
2%
0%
0%

NOTE
*-3 dB bandwidth numbers are for the 0 dBm signal input. Overshoot num
bers are the percent overshoot of the 1 Volt step input.

Small Signal
Bandwidth
@ 1 V p-p Output

Gain
1
2
10
100

Open
2k
226 fl
20 fl

16.1 MHz
14.7 MHz
4.9 MHz
660 kHz

Table II. Performance Specifications for the Three Op
Amp Instrumentation Amplifier

Table I. Video Line Driver Performance Chart

A back-termination resistor (RBT, also equal to the characteristic
impedance of the cable) may be placed between the AD827 out
put and the cable input, in order to damp any reflected signals
caused by a mismatch between RT and the cable’s characteristic
impedance. This will result in a flatter frequency response,
although this requires that the op amp supply ±2 V to the out
put in order to achieve a ± 1 V swing at resistor RT.
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bandwidth. The 1.25 mA full-scale output current of the AD539
and the 3 kfl feedback resistor set the full-scale output voltage
of each multiplier at 3.25 V p-p.

A TWO-CHIP VOLTAGE-CONTROLLED AMPLIFIER
(VCA) WITH EXPONENTIAL RESPONSE
Voltage-controlled amplifiers are often used as building blocks
in automatic gain control systems. Figure 25 shows a two-chip
VCA built using the AD827 and the AD539, a dual, current
output multiplier. As configured, the circuit has its two multi
pliers connected in series. They could also be placed in parallel
with an increase in bandwidth and a reduction in gain. The gain
of the circuit is controlled by Vx, which can range from 0 to
3 V de. Measurements show that this circuit easily supplies 2 V
p-p into a 100 fl load while operating from ±5 V supplies. The
overall bandwidth of the circuit is approximately 7 MHz with
0.5 dB of peaking.

Current limiting in the AD827 (typically 30 mA) limits the out
put voltage in this application to about 3 V p-p across a 100 fl
load. Driving a 50 fl reverse-terminated load divides this value
by two, limiting the maximum signal delivered to a 50 (1 load to
about 1.5 V p-p, which suffices for video signal levels. The dy
namic range of this circuit is approximately 55 dB and is prima
rily limited by feedthrough at low input levels and by the maxi
mum output voltage at high levels.

Guidelines for Grounding and Bypassing
When designing practical high frequency circuits using the
AD827, some special precautions are in order. Both short inter
connection leads and a large ground plane are needed whenever
possible to provide low resistance, low inductance circuit paths.
One should remember to minimize the effects of capacitive cou
pling between circuits. Furthermore, IC sockets should be
avoided. Feedback resistors should be of a low enough value
that the time constant formed with stray circuit capacitances at
the amplifier summing junction will not limit circuit perfor
mance. As a rule of thumb, use feedback resistor values that are
less than 5 kfl. If a larger resistor value is necessary, a small
(<10 pF) feedback capacitor in parallel with the feedback resis
tor may be used. The use of 0.1 pF ceramic disc capacitors is
recommended for bypassing the op amp’s power supply leads.

Each half of the AD827 serves as an I/V converter and converts
the output current of one of the two multipliers in the AD539
into an output voltage. Each of the AD539’s two multipliers
contains two internal 6 kfl feedback resistors; one is connected
between the CHI output and Zl, the other between the CHI
output and Wl. Likewise, in the CH2 multiplier, one of the
feedback resistors is connected between CH2 and Z2 and the
other is connected between CH2 and Z2. In Figure 25, Zl and
Wl are tied together, as are Z2 and W2, providing a 3 kfl feed
back resistor for the op amp. The 2 pF capacitors connected
between the AD539’s Wl and CHI and W2 and CH2 pins are
in parallel with the feedback resistors and thus reduce peaking
in the VCA’s frequency response. Increasing the values of C3
and C4 can further reduce the peaking at the expense of reduced

INPUT RANGE:
10MVTO3V (55dB)

AD539
CONTROL

HF COMP
CH 1
IN
+vs
-Vs
CH2
IN
INPUT
COM
OUTPUT
COM

W1

2pF_
It £
t
c3]

15
Z1
CH1 14
OUT
13
BASE
COM 12
CH2 11
OUT
Z2 10
9
W2

COAX LINE

output

2||H
c4

•PINOUT SHOWN IS FOR MINI-DIP PACKAGE
V 2V
VouT AT TERMINATION RESISTOR, RT = —---- °
8V2
V 2V
VO1JT AT PIN & OF AD827 = -2---°UT
4V2

Figure 25. A Wide Range Voltage-Controlled Amplifier Circuit
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ANALOG
DEVICES

High Speed, Low Noise Video Op Amp
AD829

FEATURES
High Speed
120 MHz Bandwidth, Gain = -1
230 V/ps Slew Rate
90 ns Settling Time to 0.1%
Ideal for Video Applications
0.02% Differential Gain
0.04° Differential Phase
Low Noise
2 nV/VHz Input Voltage Noise
1.5 pA/Vfiz Input Current Noise
Excellent DC Precision
1 mV max Input Offset Voltage (Over Temp)
0.3 pV/°C Input Offset Drift
Flexible Operation
Specified for ±5 V to ±15 V Operation
±3 V Output Swing into a 150 fl Load
External Compensation for Gains 1 to 20
5 mA Supply Current

PRODUCT DESCRIPTION
The AD829 is a low noise (2 nV/VHz), high speed op amp with
custom compensation that provides the user with gains from ± 1
to ±20 while maintaining a bandwidth greater than 50 MHz.
The AD829’s 0.04° differential phase and 0.02% differential gain
performance at 3.58 MHz and 4.43 MHz, driving reverseterminated 50 fl or 75 fl cables, makes it ideally suited for pro
fessional video applications. The AD829 achieves its 230 V/|is
uncompensated slew rate and 750 MHz gain bandwidth product
while requiring only 5 mA of current from the power supplies.
The AD829’s external compensation pin gives it exceptional ver
satility. For example, compensation can be selected to optimize
the bandwidth for a given load and power supply voltage. As a
gain-of-two line driver, the -3 dB bandwidth can be increased
to 95 MHz at the expense of 1 dB of peaking. In addition, the
AD829’s output can also be clamped at its external compensa
tion pin.
The AD829 has excellent de performance. It offers a minimum
open-loop gain of 30 V/mV into loads as low as 500 fl, low in
put voltage noise of 2 nV/yHz, and a low input offset voltage
of 1 mV maximum. Common-mode rejection and power supply
rejection ratios are both 120 dB.

AD829 CONNECTION DIAGRAM
8-Pin Plastic Mini-DIP (N),
Cerdip (Q) and SOIC (R) Packages
OFFSET
NULL
V+

OUTPUT
cCOMP

The AD829 provides many of the same advantages that a tran
simpedance amplifier offers, while operating as a traditional
voltage feedback amplifier. A bandwidth greater than 50 MHz
can be maintained for a range of gains by changing the external
compensation capacitor. The AD829 and the transimpedance
amplifier are both unity gain stable and provide similar voltage
noise performance (2 nV/\/Hz). However, the current noise of
the AD829 (1.5 pA/\/Hz) is less than 10% of the noise of tran
simpedance amps. Furthermore, the inputs of the AD829 are
symmetrical.
PRODUCT HIGHLIGHTS
1. Input voltage noise of 2 nV/\/Hz, current noise of 1.5
pA/\/Hz and 50 MHz bandwidth, for gains of 1 to 20, make
the AD829 an ideal preamp.

2. Differential phase error of 0.04° and a 0.02% differential gain
error, at the 3.58 MHz NTSC and 4.43 MHz PAL and SE
CAM color subcarrier frequencies, make it an outstanding
video performer for driving reverse-terminated 50 fl and
75 fl cables to ± 1 V (at their terminated end).
3. The AD829 can drive heavy capacitive loads.

4. Performance is fully specified for operation from ±5 V to
±15 V supplies.
5. Available in plastic, cerdip, and small outline packages.
Chips and MIL-STD-883B parts are also available.

The AD829 is also useful in multichannel, high speed data con
version where its fast (90 ns to 0.1%) settling time is of impor
tance. In such applications, the AD829 serves as an input buffer
for 8-to-10-bit A/D converters and as an output I/V converter
for high speed D/A converters.
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(@ Ta = +25°C and Vs = ±15 V de, unless otherwise noted)
Model

Conditions

INPUT OFFSET VOLTAGE

vs

Min

AD829J
Typ

±5 V, ±15 V

0.2

±5 V, ±15 V

0.3

±5 V, ±15 V

3.3

7
8.2

±5 V, ±15 V

50

500
500

±5 V, ±15 V

0.5

Tmin to Tm.v

Offset Voltage Drift
INPUT BIAS CURRENT

Tm,n to T™,
INPUT OFFSET CURRENT

Tm,„ to Tmav

Offset Current Drift
OPEN-LOOP GAIN

Vo = ±2.5 V
F-load = 500 11
Tmin to T„„
Rload = 150 fl
VOUT = ±10V
F-i.oad ~ 1 kfl
T„,„ to Tmo,
Rload = 500 fl

DYNAMIC PERFORMANCE
Gain Bandwidth Product

Full Power Bandwidth1' 2

Slew Rate2

Settling Time to 0.1%

Phase Margin2

Vo = 2 V p-p
Rload ~ 500 fl
Vo = 20 V p-p
F-load = 1 kfl
R-LOAD = 500 Q
l^LOAD = 1 kfl
Av = -19
-2.5 V to +2.5 V
10 V Step
Cload = 10 pF
l^LOAD = 1 ki)

30
20

40

V/mV
V/mV
V/mV

100

100

±15 V
±5 V
±15 V

3.6
150
230

3.6
150
230

MHz
V/ps
V/ps

±5 V
±15 V
±15 V

65
90

65
90

ns
ns

60

60

Degrees

0.02

0.02

%

50
20

0.04

±5 V
±15 V

±15 V

f = 1 kHz

±15 V
±5 V

0.04

Degrees

100
100
96

120
120

100
100
96

120
120

dB
dB
dB

98
94

120

98
94

120

dB
dB

2

2

nV/VHz

1.5

1.5

pA/\/Hz

+4.3
-3.8
+ 14.3
-13.8

+4.3
-3.8
+ 14.3
-13.8

V
V
V
V

3.6
3.0
1.4
13.3
12.2
32

±v
±v
±v
±v
±v
mA

13
5
1.5

13
5
1.5

kfl
pF
pF

2

2

Mil

±15 V
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65

MHz

f = 1 kHz

Av = +l,f = 1 kHz

30
20

25

INPUT CURRENT NOISE

CLOSED-LOOP OUTPUT
RESISTANCE

65

25

INPUT VOLTAGE NOISE

Short Circuit Current

0.5

±5 V

Vs = ±4.5 V to ±18 V
Tmin to Tmax

INPUT CHARACTERISTICS
Input Resistance (Differential)
Input Capacitance (Differential)4
Input Capacitance (Common Mode)

nA
nA
nA/’C

MHz
MHz

POWER SUPPLY REJECTION

FlOAD

500
500

600
750

Vcm

Fload

50

600
750

COMMON-MODE REJECTION

Fload

nA
pA

±5 V
±15 V

±15 V

“ 500 fl
150 fl
= 50 fl
~ 1 kfl
= 500 fl

7
9.5

85

= 100 fl
= 50 pF

Fload ~

3.3

0.3

85

Fload

Ri.oad

mV
mV
pV/°C

V/mV
V/mV
V/mV

50
20

DIFFERENTIAL PHASE ERROR3

OUTPUT VOLTAGE SWING

Units

0.5
0.5

0.1

1
1

40

±15 V

INPUT COMMON-MODE
VOLTAGE RANGE

AD829 A/S
Max
Typ

±15 V

■^LOAD = 100 (1
Ccomp = 50 pF

= ±2.5 V
Vcm = ± 12 V
Tmi„ tO Tmax

Min

±5 V

DIFFERENTIAL GAIN ERROR3

Ccomp

Max

±5 V
±5 V
±5 V
±15 V
±15 V
±5 V, ±15 V

3.0
2.5

12
10

3.6
3.0
1.4
13.3
12.2
32

3.0
2.5

12
10

AD829
Model

Conditions

AD829J
Min
Typ

Vs

POWER SUPPLY
Operating Range
Quiescent Current

±4.5
±5 V

5

±15 V

5.3

Tm,„ to Tm„

Tmln to T^

Number of Transistors

TRANSISTOR COUNT

Max

Min

±18
6.5
8.0
6.8
8.3

AD829 A/S
Typ
Max

±4.5
5
5.3

46

±18
6.5
8.278.7
6.8
8.5/9.0

Units
V
mA
mA
mA
mA

46

NOTES
'Full Power Bandwidth = Slew Rate/2 tr VPEAK.
’Tested at Gain = +20, CcOMP = 0 pF.
’3.58 MHz (NTSC) and 4.43 MHz (PAL & SECAM).
’Differential input capacitance consists of l.5 pF package capacitance plus 3.5 pF from the input differential pair.
Specifications subject to change without notice.

METALIZATION PHOTO

ABSOLUTE MAXIMUM RATINGS1
Supply Voltage .................................................................... ±18V
Internal Power Dissipation2
Plastic (N) .................................................................1.3 Watts
Small Outline (R)...................................................... 0.9 Watts
Cerdip (Q) .................................................................1.3 Watts
Input Voltage .......................................................................... ±Vs
Differential Input Voltage3............................................ ±6 Volts
Output Short Circuit Duration...................................... Indefinite
Storage Temperature Range Q......................... -65°C to +150°C
Storage Temperature Range N, R.................. —65°C to +125°C
Operating Temperature Range
AD829J..................................................................... 0 to +70°C
AD829A ........................................................... -40°C to +85°C
AD829S........................................................... -55°C to +125°C
Lead Temperature Range (Soldering 60 sec) ..................+300°C

Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
NULL

NULL

NOTES
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated
in the operational section of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
’Maximum internal power dissipation is specified so that Tj does not exceed
+ 175°C at an ambient temperature of +25°C.
Thermal characteristics:
8-pin plastic package: 0JA = 100°C/watt (derate at 8.7 mW/°C)
8-pin cerdip package: 0JA = 110°C/watt (derate at 8.7 mW/°C)
8-pin small outline package: 0JA = 155°C/watt (derate at 6 mW/°C).
’If the differential voltage exceeds 6 volts, external series protection resistors
should be added to limit the input current.

ORDERING GUIDE

Model

Temperature
Range

Package
Description

AD829JN
AD829JR
AD829AQ
AD829SQ
AD829SQ/883B

0 to +70°C
0 to + 70°C
-40°C to +85°C
-55°C to +125°C
-55°C to +125°C

8-Pin
8-Pin
8-Pin
8-Pin
8-Pin

Plastic Mini-DIP
Plastic SOIC
Cerdip
Cerdip
Cerdip

Package
*
Options

(N-8)
(R-8)
(Q-8)
(Q-8)
(Q-8)

*See Section 20 for package outline information.
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Typical Performance Characteristics

Figure 1. Input Common-Mode
Range vs. Supply Voltage

Figure 2. Output Voltage Swing vs.
Supply Voltage

Figure 3. Output Voltage Swing vs.
Resistive Load

Figure 4. Quiescent Current vs.
Supply Voltage

Figure 5. Input Bias Current vs.
Temperature

Figure 6. Closed-Loop Output Im
pedance vs. Frequency

TEMPERATURE - *C

Figure 7. Quiescent Current vs.
Temperature
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Figure 8. Short Circuit Current
Limit vs. Temperature

Figure 9. -3 dB Bandwidth vs.
Temperature

ANALOG
DEVICES
FEATURES
Wideband AC Performance
Gain Bandwidth Product: 400 MHz (Gain > 10)
Fast Settling: 100 ns to 0.01% for a 10 V Step
Slew Rate: 400 V/ps
Stable at Gains of 10 or Greater
Full Power Bandwidth: 6.4 MHz for 20 V p-p into a
500 H Load
Precision DC Performance
Input Offset Voltage: 0.3 mV max
Input Offset Drift: 3 p.V/°C typ
Input Voltage Noise: 4 nV/\ Hz
Open-Loop Gain: 130 V/mV into a 1 kfl Load
Output Current: 50 mA min
Supply Current: 12 mA max
APPLICATIONS
Video and Pulse Amplifiers
DAC and ADC Buffers
Line Drivers
Available in 14-Pin Plastic DIP, Hermetic Cerdip
Packages and Chip Form
MIL-STD-883B Processing Available

PRODUCT DESCRIPTION
The AD840 is a member of the Analog Devices’ family of wide
bandwidth operational amplifiers. This high speed/high precision
family includes, among others, the AD841, which is unity-gain
stable, and the AD842, which is stable at a gain of two or
greater and has 100 mA minimum output current drive. These
devices are fabricated using Analog Devices’ junction isolated
complementary bipolar (CB) process. This process permits a
combination of de precision and wideband ac performance previ
ously unobtainable in a monolithic op amp. In addition to its
400 MHz gain bandwidth product, the AD840 offers extremely
fast settling characteristics, typically settling to within 0.01% of
final value in 100 ns for a 10 volt step.

Wideband,
Fast Settling Op Amp
AD840
AD840 CONNECTION DIAGRAMS

Plastic DIP (N) Package
and
Cerdip (Q) Package

LCC (E) Package

d
5

NC = NO CONNECT

the AD840 makes it the preferred choice for data acquisition
applications which require 12-bit accuracy. The AD840 is also
appropriate for other applications such as high speed DAC and
ADC buffer amplifiers and other wide bandwidth circuitry.

APPLICATION HIGHLIGHTS
1. The high slew rate and fast settling time of the AD840 make
it ideal for DAC and ADC buffers, line drivers and all types
of video instrumentation circuitry.
2. The AD840 is truly a precision amplifier. It offers 12-bit ac
curacy to 0.01% or better and wide bandwidth, performance
previously available only in hybrids.
3. The AD840’s thermally balanced layout and the high speed
of the CB process allow the AD840 to settle to 0.01% in
100 ns without the long “tails” that occur with other fast op
amps.

The AD840 remains stable over its full operating temperature
range at closed-loop gains of 10 or greater. It also offers a low
quiescent current of 12 mA maximum, a minimum output cur
rent drive capability of 50 mA, a low input voltage noise of
4 nV/v/Hz and a low input offset voltage of 0.3 mV maximum
(AD840K).

4. Laser wafer trimming reduces the input offset voltage to
0.3 mV max on the K grade, thus eliminating the need for
external offset nulling in many applications. Offset null pins
are provided for additional versatility.

The 400 V/ps slew rate of the AD840, along with its 400 MHz
gain bandwidth, ensures excellent performance in video and
pulse amplifier applications. This amplifier is ideally suited for
use in high frequency signal conditioning circuits and wide
bandwidth active filters. The extremely rapid settling time of

6. The AD840 is an enhanced replacement for the HA2540.

5. Full differential inputs provide outstanding performance in
all standard high frequency op amp applications where circuit
gain will be 10 or greater.

OPERA TIONAL AMPLIFIERS 2-251

SPECIFICATIONS 1

(@ +25°C and ±15 V de, unless otherwise noted)

Model

Conditions

AD840J
Min Typ Max
0.2

INPUT OFFSET VOLTAGE1

0.1

5
3.5

INPUT BIAS CURRENT

0.1

INPUT OFFSET CURRENT

8

3.5

0.4

0.1

VCM= ±10V
Tmin “ Tmax

±10
90

±10
106
90

12
110

85

Vo = ±10 V
Rl.OAD = 1
T„,n - Tm.v
Rload ~ 500 fl

75

Tmi„ - Tmax

50

100
75
100
75

— 500 fl
Tmin - Tm„
VOUT= ±10 V
Open Loop

±10
50

±10
50

Full Power Bandwidth2

Rise Time
Overshoot3
Slew Rate3
Settling Time3 -10 V Step

0.2
0.3

0.1

100
50

±10

12
115

90

8
12

pA
pA

0.4
0.6

pA
pA

130
80

30
2

kfl
pF

12
110

V
dB
dB

4
10

nV/v'Hz
pV rms

130
80

V/mV
V/mV
V/mV
V/mV

85

4
10

4
10

OPEN LOOP GAIN

FREQUENCY RESPONSE
Gain Bandwidth Product

3.5

30
2

30
2

f = 1 kHz
10 Hz to 10 MHz

Current
Output Resistance

5
6

Units
mV
mV
pV/°C

Differential Mode

INPUT VOLTAGE NOISE
Wideband Noise

OUTPUT CHARACTERISTICS
Voltage

2

5

0.5

Tmin - Tmax

0.3
0.7

AD840S
Min Typ Max
0.2
1

3

10

Tmin - Tmax

INPUT VOLTAGE RANGE
Common Mode
Common-Mode Rejection

1
1.5

Tm,„ - T__

Offset Drift

INPUT CHARACTERISTICS
Input Resistance
Input Capacitance

AD840K
Min Typ Max

100
50

130
100

75
50

Rload

VOUT = 90 mV p-p
Av = -10
Vo = 20 V p-p
Rload — 500 fl
Ay = -10
Ay = -10
Ay = -10
Ay = -10
to 0.1%
to 0.01%

5.5

350

±10
50

15

15

15

V
mA
fl

400

400

400

MHz

6.4
10
20
400

MHz
ns
%
V/ps

6.4
10
20
400

5.5

350

6.4
10
20
400

5.5

350

80
100

80
100

80
100

ns
ns

190
350

190
350

ns
ns

OVERDRIVE RECOVERY

-Overdrive
+Overdrive

190
350

DIFFERENTIAL GAIN

f = 4.4 MHz

0.025

0.025

0.025

%

DIFFERENTIAL PHASE

f = 4.4 MHz

0.04

0.04

0.04

Degree

POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current
Power Supply Rejection Ratio

±15

±15

±5
10.5

90

Tmi„ - Tmax

80

PACKAGE OPTIONS5
Cerdip (Q-I4)
Plastic (N-14)
LCC (E-20A)6
J and S Grade Chips
Also Available

±5
10.5

14

Tmin - T„„
Vs = ±5 V to ±18 V

TEMPERATURE RANGE
Rated Performance4

±18
12

0

94
86

100

+75

0

AD840JQ
AD840JN

NOTES
‘Input offset voltage specifications are guaranteed after 5 minutes at TA = +25°C.
2FuIl power bandwidth - slew rate/2-rr VPEAK.
’Refer to Figures 22 and 23.
4“S” grade Tmin-Tmax specifications are tested with automatic test equipment at TA = -55°C and TA = +125°C.
’See Section 20 for package outline information.
6Contact factory for availability.
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units.
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±15

±18
12
14

100

±5
10.5

90
80

+75
AD840KQ
AD840KN

-55

±18
12
16

100

+ 125
AD840SQ

AD840SE

Specifications subject to change without notice.

V
V
mA
mA
dB
dB

°C

AD840
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage................................................................ ± 18V
Internal Power Dissipation2
Plastic (N) .................................................................... 1.5W
Cerdip (Q).................................................................... 1.3W
Input Voltage....................................................................... ± Vs
Differential Input Voltage....................................................±6V
Storage Temperature Range
Q................................................................... -65°C to +150°C
N................................................................... -65°C to +125°C
Junction Temperature (Tj) .............................................. + 175°C
Lead Temperature Range (Soldering 60sec).................... + 300°C

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).

0 099(2.52)
BALANCE

BALANCE

NOTES
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those
indicated in the operational section of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect
device reliability.
2Maximum internal power dissipation is specified so that Tj does not exceed
+ 175°C at an ambient temperature of + 25°C.
Thermal Characteristics:
8jc
Cerdip Package 35°C/W
Plastic Package 30°C/W

8ja
110°C/W
95°C/W

®SA

38°C/W Recommended Heat Sink:
Aavid Engineering ©#602B
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Typical Characteristics

(at +25°C and Vs % ±15 V, unless otherwise noted)

LOAD RESISTANCE - 11

Figure 1. Input Common-Mode
Range vs. Supply Voltage

Figure 2. Output Voltage Swing
vs. Supply Voltage

Figure 3. Output Voltage Swing
vs. Load Resistance

/
OUTPUT IMPEDANCE - !l

z
/
z
/

/

z
0.01
1 9k

Figure 5. Input Bias Current vs.
Temperature

1 VI
FREQUENCY - Hz

M

Figure 6. Output Impedance vs.
Frequency

-

1
o
J

co

QUIESCENT CURRENT

N

mA

W

A

£

Figure 4. Quiescent Current vs.
Supply Voltage

10 Ok

z

-6 0 -40

-20

0
20
40
60
TEMPERATURE - #C

80

100

120 140

Figure 7. Quiescent Current vs.
Temperature
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Figure 8. Short-Circuit Current
Limit vs. Temperature

Figure 9. Gain Bandwidth Product
vs. Temperature

AD840

FREQUENCY - Hz

Figure 10. Open-Loop Gain and
Phase Margin Phase vs. Frequency

Figure 13. Common-Mode
Rejection vs. Frequency

Figure 16. Harmonic Distortion vs.
Frequency

SUPPLY VOLTAGE - ±V

Figure 11. Open-Loop Gain vs.
Supply Voltage

Figure 14. Large Signal Frequency
Response

Figure 17. Input Voltage Noise
Spectral Density

Figure 12. Power Supply Rejection
vs. Frequency

Figure 15. Output Swing and
Error vs. Settling Time

Figure 18. Slew Rate vs.
Temperature
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Figure 19a. Inverting Amplifier
Configuration (DIP Pinout)

Figure 19b. Inverter Large Signal
Pulse Response

Figure 19c. Inverter Small Signal
Pulse Response

Figure 20a. Noninverting Amplifier
Configuration (DIP Pinout)

Figure 20b. Noninverting Large
Signal Pulse Response

Figure 20c. Noninverting Small
Signal Pulse Response

OFFSET NULLING
The input offset voltage of the AD840 is very low for a high
speed op amp, but if additional nulling is required, the circuit
shown in Figure 21 can be used.

Figure 21. Offset Nulling (DIP Pinout)
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Applying the AD840
AD840 SETTLING TIME
Figures 22 and 24 show the settling performance of the AD840
in the test circuit shown in Figure 23.

Settling time is defined as:
The interval of time from the application of an ideal step
function input until the closed-loop amplifier output has
entered and remains within a specified error band.

This definition encompasses the major components which comprise
settling time. They include (1) propagation delay through the
amplifier; (2) slewing time to approach the final output value;
(3) the time of recovery from the overload associated with slewing;
and (4) linear settling to within the specified error band.

Expressed in these terms, the measurement of settling time is
obviously a challenge and needs to be done accurately to assure
the user that the amplifier is worth consideration for the
application.

Figure 23 shows how measurement of the AD840’s 0.01% set
tling in 100 ns was accomplished by amplifying the error signal
from a false summing junction with a very high speed propri
etary hybrid error amplifier specially designed to enable testing
of small settling errors. The device under test was driving a
420 fl load. The input to the error amp is clamped in order to
avoid possible problems associated with the overdrive recovery
of the oscilloscope input amplifier. The error amp amplifies the
error from the false summing junction by 11, and it contains a
gain vernier to fine trim the gain.
Figure 24 shows the “long-term” stability of the settling charac
teristics of the AD840 output after a 10 V step. There is no evi
dence of settling tails after the initial transient recovery time.
The use of a junction isolated process, together with careful lay
out, avoids these problems by minimizing the effects of transis
tor isolation capacitance discharge and thermally induced shifts
in circuit operating points. These problems do not occur even
under high output current conditions.

OUTPUT
5V/DIV

OUTPUT
ERROR
0.02%/DIV

Figure 24. AD840 Settling Demonstrating No Settling Tails
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GROUNDING AND BYPASSING
In designing practical circuits with the AD840, the user must
remember that whenever high frequencies are involved, some
special precautions are in order. Circuits must be built with
short interconnect leads. Large ground planes should be used
whenever possible to provide a low resistance, low inductance
circuit path, as well as minimizing the effects of high frequency
coupling. Sockets should be avoided, because the increased
inter-lead capacitance can degrade bandwidth.
Feedback resistors should be of low enough value to assure that
the time constant formed with the circuit capacitances will not
limit the amplifier performance. Resistor values of less than
5 kfl are recommended. If a larger resistor must be used, a
small (+10 pF) feedback capacitor in connected parallel with the
feedback resistor, RF, may be used to compensate for these
stray capacitances and optimize the dynamic performance of the
amplifier in the particular application.
Power supply leads should be bypassed to ground as close as
possible to the amplifier pins. A 2.2 p.F capacitor in parallel
with a 0.1 p.F ceramic disk capacitor is recommended.

CAPACITIVE LOAD DRIVING ABILITY
Like all wideband amplifiers, the AD840 is sensitive to capaci
tive loading. The AD840 is designed to drive capacitive loads of
up to 20 pF without degradation of its rated performance. Ca
pacitive loads of greater than 20 pF will decrease the dynamic
performance of the part although instability should not occur
unless the load exceeds 100 pF. A resistor in series with the out
put can be used to decouple larger capacitive loads.
USING A HEAT SINK
The AD840 draws less quiescent power than most high speed
amplifiers and is specified for operation without a heat sink.
However, when driving low impedance loads the current to the
load can be 4 to 5 times the quiescent current. This will create a
noticeable temperature rise. Improved performance can be
achieved by using a small heat sink such as the Aavid Engineer
ing #602B.
HIGH SPEED DAC BUFFER CIRCUIT
The AD840’s 100 ns settling time to 0.01% for a 10 V step
makes it well suited as an output buffer for high speed D/A con
verters. Figure 25 shows the connections for producing a 0 to
+10.24 V output swing from the AD568 35 ns DAC. With the
AD568 in unbuffered voltage output mode, the AD840 is placed
in noninverting configuration. As a result of the 1 kfl span re
sistor provided internally in the AD568, the noise gain of this
topology is 10. Only 5 pF is required across the feedback (span)
resistor to optimize settling.

Figure 25. 0 to + 10.24 V DAC Output Buffer

INPUT SQUARE WAVE
SCALE IV DIVISON

OVERDRIVEN OUTPUT
SCALE: 10VDIVISION

TIME: 200ns DIVISION

Figure 26. Overdrive Recovery

OVERDRIVE RECOVERY
Figure 26 shows the overdrive recovery capability of the AD840.
Typical recovery time is 190 ns from negative overdrive and
350 ns from positive overdrive.
Figure 27. Overdrive Recovery Test Circuit
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ANALOG
DEVICES
FEATURES
AC PERFORMANCE
Unity-Gain Bandwidth: 40 MHz
Fast Settling: 110 ns to 0.01%
Slew Rate: 300 V/ps
Full Power Bandwidth: 4.7 MHz for 20 V p-p into a
500 fl Load
DC PERFORMANCE
Input Offset Voltage: 1 mV max
Input Voltage Noise: 13 nV/VHz typ
Open-Loop Gain: 45V/mV into a 1 kfl Load
Output Current: 50 mA min
Supply Current: 12 mA max

APPLICATIONS
High Speed Signal Conditioning
Video and Pulse Amplifiers
Data Acquisition Systems
Line Drivers
Active Filters
Available in 14-Pin Plastic DIP, Plastic SOIC, Hermetic
Cerdip and TO-8 Metal Can Packages and Chip Form
Chips and MIL-STD-883B Parts Available

PRODUCT DESCRIPTION
The AD841 is a member of the Analog Devices family of wide
bandwidth operational amplifiers. This high speed/high preci
sion family includes, among others, the AD840, which is stable
at a gain of 10 or greater, and the AD842, which is stable at a
gain of two or greater and has 100 mA minimum output current
drive. These devices are fabricated using Analog Devices’ junc
tion isolated complementary bipolar (CB) process. This process
permits a combination of de precision and wideband ac perfor
mance previously unobtainable in a monolithic op amp. In addi
tion to its 40 MHz unity-gain bandwidth product, the AD841
offers extremely fast settling characteristics, typically settling to
within 0.01% of final value in 110 ns for a 10 volt step.
Unlike many high frequency amplifiers, the AD841 requires no
external compensation. It remains stable over its full operating
temperature range. It also offers a low quiescent current of
12 mA maximum, a minimum output current drive capablity of
50 mA, a low input voltage noise of 13 nV/\/Hz and low input
offset voltage of 1 mV maximum.

The 300 V/p.s slew rate of the AD841, along with its 40 MHz
gain bandwidth, ensures excellent performance in video and
pulse amplifier applications. This amplifier is well suited for use
in high frequency signal conditioning circuits and wide band
width active filters. The extremely rapid settling time of the

Wideband, Unity-Gain Stable,
Fast Settling Op Amp
AD841
AD841 CONNECTION DIAGRAMS
Plastic DIP (N) Package
and
Cerdip (Q) Package
NC

NC
BALANCE
V

OUTPUT
NC
NC
NOTE CAN TIED TO
NC ■ NO CONNECT

LCC (E) Package

NC = NO CONNECT

AD841 makes it the preferred choice for data acquisition appli
cations which require 12-bit accuracy. The AD841 is also appro
priate for other applications such as high speed DAC and ADC
buffer amplifiers and other wide bandwidth circuitry.
APPLICATION HIGHLIGHTS
1. The high slew rate and fast settling time of the AD841 make
it ideal for DAC and ADC buffers, and all types of video
instrumentation circuitry.

2. The AD841 is a precision amplifier. It offers accuracy to
0.01% or better and wide bandwidth performance previously
available only in hybrids.
3. The AD841’s thermally balanced layout and the speed of the
CB process allow the AD841 to settle to 0.01% in 110 ns
without the long “tails” that occur with other fast op amps.
4. Laser wafer trimming reduces the input offset voltage to
1 mV max on the K grade, thus eliminating the need for ex
ternal offset nulling in many applications. Offset null pins are
provided for additional versatility.

5. The AD841 is an enhanced replacement for the HA2541.
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(@ +25°C and ±15 V de, unless otherwise noted)
Model

Min

Conditions

AD841J
Typ
0.8

INPUT OFFSET VOLTAGE1

T„in-Tm„

3.5
T* min-T
* max
0.1

Input Offset Current

Tm.n-Tma,

INPUT VOLTAGE RANGE
Common Mode
Common Mode Rejection

VCM = ±10V
Tmin-T™,

OPEN-LOOP GAIN

Vo= ±10 V
R-load—500 O
Tnun-T^

OUTPUT RESISTANCE

FREQUENCY RESPONSE
Unity Gain Bandwidth
Full Power Bandwidth2
Rise Time3
Overshoot3
Slew Rate3
Settling Time - 10 V Step

0.5

Min

1.0
3.3

3.5
0.1

AD841S
Max
Typ

0.5

35
8
10
0.4
0.5

2.0
5.5

3.5
0.1

Units
mV
mV

nVFC

35
5
6
0.2
0.3

200
2

200
2

f = 1 kHz
10 Hz to 10 MHz

Current

2.0
5.0

AD841K
Max
Typ

8
12
0.4
0.6

fA
fA
fA
fA

Differential Mode

INPUT VOLTAGE NOISE
Wideband Noise

OUTPUT CHARACTERISTICS
Voltage

Min

35

Offset Drift
INPUT BIAS CURRENT

INPUT CHARACTERISTICS
Input Resistance
Input Capacitance

Max

Rload—500

Vout

± 10
86
80

±10
103
100

12
100

15
47

15
47
25
12

±10
86
80

12
109

25
20

45

25
12

45

200
2

kfl
pF

12
100

V
dB
dB

15
47

nV/yUz
p.V rms

45

V/mV
V/mV

fl

= ±10V

±10
50

±10
50

V
mA

±10
50

Open Loop

5

5

5

fl

Vout = 90 mV p-p
Vo = 20 V p-p
^load—500 (1
Av = -1
Av = -1
Av = -1
Av = -1
to 0.1%
to 0.01%

40

40

40

MHz

4.7
10
10
300

MHz
ns
%
V/jrs

3.1

200

3.1

4.7
10
10
300

200

4.7
10
10
300

3.1

200

90
110

90
110

90
110

ns
ns

OVERDRIVE RECOVERY

-Overdrive
+Overdrive

200
700

200
700

200
700

ns
ns

DIFFERENTIAL GAIN
Differential Phase

f = 4.4 MHz
f = 4.4 MHz

0.03
0.022

0.03
0.022

0.03
0.022

%
Degree

POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current

Power Supply Rejection Ratio

±15

±15
±5

11
Tml„-Tm„
Vs = ±5 V to ±18 V
Tm,„-Tmax

TEMPERATURE RANGE
Rated Performance4
PACKAGE OPTIONS5
LCC (E-20A)6
Cerdip (Q-14)
Plastic (N-14)
TO-8 (H-12)
J and S Grade Chips
Also Available

86
80

±18
12
14

11
90
86

100

+75

0

±5

AD841JQ
AD841JN
AD841JH

±15

±18
12
14

100

0
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11

+75

AD841KQ
AD841KN
AD841KH

AD841J CHIP

±18
12
16

100

86
80

NOTES
’Input offset voltage specifications are guaranteed after 5 minutes at TA = +25°C.
2Full power bandwidth = Slew Rate/2ir VPEAK.
’Refer to Figure 19.
4“S” grade Tmin and Tmax specifications are tested with automatic test equipment at TA = -55°C and TA = +125°C.
5See Section 20 for package outline information.
6Contact factory for availability.
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units.

Specifications subject to change without notice.

±5

-55

+ 125

AD841SE
AD841SQ

AD841SH
AD841S CHIP

V
V
mA
mA
dB
dB

°C

AD841
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage................................................................... ±18 V
Internal Power Dissipation2
TO-8 (H) ........................................................................ 1.4 W
Plastic (N)........................................................................ 1.5 W
Cerdip (Q)........................................................................ 1.3 W
Input Voltage .......................................................................... ±VS
Differential Input Voltage................................................. ±6 V
Storage Temperature Range
Q, H..............................
-65°C to +150°C
N........................................................
-65°C to + 125°C
Junction Temperature........................................................ +175°C
Lead Temperature Range (Soldering 60 sec) .................. +300°C

NOTES
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those
indicated in the operational section of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect
device reliability.
2Maximum internal power dissipation is specified so that Tj does not exceed
+ 175°C at an ambient temperature of +25°C.
Thermal Characteristics:
®SA

0JC

Cerdip Package 35°C/W 110°C/W 38°C/W Recommended Heat Sink:
TO-8 Package 30°C/W 100°C/W 37°C/W Aavid Engineering c#602B
Plastic Package 30°C/W 95°C/W

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
L

0.099

r

,2-51

r

J

1
BALANCE

SUBSTRATE CONNECTED TO +V<
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Typical Characteristics (at +25°C and Vs = ±15 V, unless otherwise noted.

Figure 2. Output Voltage Swing
vs. Supply Voltage

Figure 1. Input Common-Mode
Range vs. Supply Voltage

Figure 3. Output Voltage Swing
vs. Load Resistance

r
O

0

S
10
15
SUPPLY VOLTAGE - s Volts

20

FREQUENCY - Hi

Figure 5. Input Bias Current vs.
Temperature

Figure 6. Output Impedance
vs. Frequency

QUIESCENT CURRENT - mA

Figure 4. Quiescent Current vs.
Supply Voltage

-60 -40

-20

0
20
40
60
TEMPERATURE - "C

80

100

120 140

Figure 7. Quiescent Current vs.
Temperature
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AMBIENT TEMPERATURE - X

Figure 8. Short-Circuit Current
Limit vs. Temperature

Figure 9. Gain Bandwidth Product
vs. Temperature

AD841

FREQUENCY - Hz

Figure 10. Open-Loop Gain and
Phase Margin vs. Frequency

Figure 13. Common-Mode
Rejection vs. Frequency

Figure 11. Open-Loop Gain vs.
Supply Voltage

Figure 14. Large Signal Frequency
Response

Figure 12. Power Supply Rejection
vs. Frequency

Figure 15. Output Swing and
Error vs. Settling Time

TEMPERATURE - "C

Figure 16. Harmonic Distortion vs.
Frequency

Figure 17. Slew Rate vs.
Temperature

Figure 18. Input Noise Voltage
Spectral Density
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Rf = 1kil

Rb

12011

Figure 20a. Unity-Gain Buffer Amplifier
Configuration (DIP Pinout)

Figure 20b. Buffer Large Signal
Pulse Response

OFFSET NULLING
The input offset voltage of the AD841 is very low for a high
speed op amp, but if additional nulling is required, the circuit
shown in Figure 21 can be used.

Figure 20c. Buffer Small Signal
Pulse Response

INPUT CONSIDERATIONS
An input resistor (RIN in Figure 20) is recommended in circuits
where the input to the AD841 will be subjected to transient or
continuous overload voltages exceeding the ±6 V maximum dif
ferential limit. This resistor provides protection for the input
transistors by limiting the maximum current that can be forced
into the input.
For high performance circuits it is recommended that a resistor
(Rb in Figures 19 and 20) be used to reduce bias current errors
by matching the impedance at each input. The output voltage
error caused by the offset current is more than an order of mag
nitude less than the error present if the bias current error is not
removed.

Figure 21. Offset Nulling (DIP Pinout)
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Applying the AD841
AD841 SETTLING TIME
Figures 22 and 24 show the settling performance of the AD841
in the test circuit shown in Figure 23.

Settling time is defined as:
The interval of time from the application of an ideal step
function input until the closed-loop amplifier output has
entered and remains within a specified error band.

This definition encompasses the major components which com
prise settling time. They include (1) propagation delay through
the amplifier; (2) slewing time to approach the final output
value; (3) the time of recovery from the overload associated with
slewing and (4) linear settling to within the specified error band.

associated with the overdrive recovery of the oscilloscope input
amplifier. The error amp gains the error from the false summing
junction by 10, and it contains a gain vernier to fine trim the
gain.

Figure 24 shows the “long term” stability of the settling charac
teristics of the AD841 output after a 10 V step. There is no evi
dence of settling tails after the initial transient recovery time.
The use of a junction isolated process, together with careful lay
out, avoids these problems by minimizing the effects of transis
tor isolation capacitance discharge and thermally induced shifts
in circuit operating points. These problems do not occur even
under high output current conditions.

Figure 22. AD841 0.01% Settling Time

Expressed in these terms, the measurement of settling time
is obviously a challenge and needs to be done accurately to
assure the user that the amplifier is worth consideration for the
application.

GROUNDING AND BYPASSING
In designing practical circuits with the AD841, the user must
remember that whenever high frequencies are involved, some
special precautions are in order. Circuits must be built with
short interconnect leads. Large ground planes should be used
whenever possible to provide a low resistance, low inductance
circuit path, as well as minimizing the effects of high frequency
coupling. Sockets should be avoided because the increased inter
lead capacitance can degrade bandwidth.

Feedback resistors should be of low enough value to assure that
the time constant formed with the circuit capacitances will not
limit the amplifier performance. Resistor values of less than
5 kfl are recommended. If a larger resistor must be used, a
small (<10 pF) feedback capacitor in parallel with the feedback
resistor, RF, may be used to compensate for these stray capaci
tances and optimize the dynamic performance of the amplifier in
the particular application.

Power supply leads should be bypassed to ground as close as
possible to the amplifier pins. A 2.2 pF capacitor in parallel
with a 0.1 pF ceramic disk capacitor is recommended.

Measurement of the AD841’s 0.01% settling in 110 ns was ac
complished by amplifying the error signal from a false summing
junction with a very high speed proprietary hybrid error ampli
fier specially designed to enable testing of small settling errors.
The device under test was driving a 500 fl load. The input to
the error amp is clamped in order to avoid possible problems

CAPACITIVE LOAD DRIVING ABILITY
Like all wideband amplifiers, the AD841 is sensitive to capaci
tive loading. The AD841 is designed to drive capacitive loads of
up to 20 pF without degradation of its rated performance. Ca
pacitive loads of greater than 20 pF will decrease the dynamic
performance of the part although instability should not occur
unless the load exceeds 100 pF (for a unity-gain follower). A
resistor in series with the output can be used to decouple larger
capacitive loads.
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Figure 25 shows a typical configuration for driving a large ca
pacitive load. The 51 fl output resistor effectively isolates the
high frequency feedback from the load and stabilizes the circuit.
Low frequency feedback is returned to the amplifier summing
junction via the low pass filter formed by the 51 fl resistor and
the load capacitance, CL.

If termination is not used, cables appear as capacitive loads. If
this capacitive load is large, it should be decoupled from the
AD841 by a resistor in series with the output (see above:
Driving a Capacitive Load).

Figure 26. Line Driver Configuration

Figure 25. Circuit for Driving a Large Capacitive Load

USING A HEAT SINK
The AD841 draws less quiescent power than most precision
high speed amplifiers and is specified for operation without a
heat sink. However, when driving low impedance loads, the cur
rent to the load can be 4 to 5 times the quiescent current. This
will create a noticeable temperature rise. Improved performance
can be achieved by using a small heat sink such as the Aavid
Engineering #602B.
TERMINATED LINE DRIVER
The AD841 functions very well as a high speed line driver of
either terminated or unterminated cables. Figure 26 shows the
AD841 driving a doubly terminated cable in a follower configu
ration. The AD841 maintains a typical slew rate of 300 V/ps,
which means it can drive a ±10 V, 4.7 MHz signal or a ±3 V,
15.9 MHz signal.

OVERDRIVE RECOVERY
Figure 27 shows the overdrive recovery capability of the AD841.
Typical recovery time is 200 ns from negative overdrive and
700 ns from positive overdrive.

OVERDRIVEN
OUTPUT: 10V/DIV

INPUT SQUARE
WAVE: 1VDIV

Figure 27. Overdrive Recovery

The termination resistor, Rr, (when equal to the characteristic
impedance of the cable) minimizes reflections from the far end
of the cable. A back-termination resistor (RBT, also equal to the
characteristic impedance of the cable) may be placed between
the AD841 output and the cable in order to damp any stray sig
nals caused by a mismatch between RT and the cable’s charac
teristic impedance.This will result in a “cleaner” signal, but
since 1/2 the output voltage will be dropped across RBT, the op
amp must supply double the output signal required if there is
no back termination. Therefore the full power bandwidth is cut
in half.
Figure 28. Overdrive Recovery Test Circuit
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Wideband, High Output Current,
Fast Settling Op Amp

AD842
FEATURES
AC PERFORMANCE
Gain Bandwidth Product: 80 MHz (Gain = 2)
Fast Settling: 100 ns to 0.01% for a 10 V Step
Slew Rate: 375 V/ps
Stable at Gains of 2 or Greater
Full Power Bandwidth: 6.0 MHz for 20 V p-p

DC PERFORMANCE
Input Offset Voltage: 1 mV max
Input Offset Drift: 14 p.V/°C
Input Voltage Noise: 9 nV/VHz typ
Open-Loop Gain: 90 V/mV into a 500 Q Load
Output Current: 100 mA min
Quiescent Supply Current: 14 mA max

AD842 CONNECTION DIAGRAMS
Plastic DIP (N) Package
and
Cerdip (Q) Package

TO-8 (H)
Package

LCC (E) Package

APPLICATIONS
Line Drivers
DAC and ADC Buffers
Video and Pulse Amplifiers
Available in Plastic DIP and Hermetic Metal Can,
Hermetic Cerdip Packages and in Chip Form
MIL-STD-883B Parts Available

NC = NO CONNECT

PRODUCT DESCRIPTION
The AD842 is a member of the Analog Devices family of wide
bandwidth operational amplifiers. This family includes, among
others, the AD840 which is stable at a gain of 10 or greater and
the AD841 which is unity-gain stable. These devices are fabri
cated using Analog Devices’ junction isolated complementary
bipolar (CB) process. This process permits a combination of de
precision and wideband ac performance previously unobtainable
in a monolithic op amp. In addition to its 80 MHz gain band
width, the AD842 offers extremely fast settling characteristics,
typically settling to within 0.01% of final value in less than
100 ns for a 10 volt step.

The AD842 also offers a low quiescent current of 13 mA, a high
output current drive capability (100 mA minimum), a low input
voltage noise of 9 nV\/Hz and a low input offset voltage (1 mV
maximum).
The 375 V/p.s slew rate of the AD842, along with its 80 MHz
gain bandwidth, ensures excellent performance in video and
pulse amplifier applications. This amplifier is ideally suited for
use in high frequency signal conditioning circuits and wide
bandwidth active filters. The extremely rapid settling time of

the AD842 makes this amplifier the preferred choice for data
acquisition applications which require 12-bit accuracy. The
AD842 is also appropriate for other applications such as high
speed DAC and ADC buffer amplifiers and other wide band
width circuitry.

APPLICATION HIGHLIGHTS
1. The high slew rate and fast settling time of the AD842 make
it ideal for DAC and ADC buffers amplifiers, lines drivers
and all types of video instrumentation circuitry.

2. The AD842 is a precision amplifier. It offers accuracy to
0.01% or better and wide bandwidth; performance previously
available only in hybrids.
3. Laser-wafer trimming reduces the input offset voltage of
1 mV max, thus eliminating the need for external offset null
ing in many applications.
4. Full differential inputs provide outstanding performance in
all standard high frequency op amp applications where the
circuit gain will be 2 or greater.

5. The AD842 is an enhanced replacement for the HA2542.
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SPECIFICATION S (@ +25°C and ±15 V de, unless otherwise noted)
Model

Conditions

Min

INPUT OFFSET VOLTAGE1

AD842J
Typ
0.5

Tm,n-Tm„

Offset Drift
Tmi„-Tm„

0.1

Input Offset Current
Tnw.-T™

INPUT VOLTAGE RANGE
Common Mode
Common-Mode Rejection

VCM= ±10 V
Tmin-Tmax

f = 1 kHz
10 Hz to 10 MHz

OPEN-LOOP GAIN

Vo= ±10 V
LOAD” 500 Q
T^n-T^

FREQUENCY RESPONSE
Gain Bandwidth Product
Full Power Bandwidth2
Rise Time’
Overshoot3
Slew Rate3
Settling Time3

Differential Gain
Differential Phase

Rload^SOO fl
VO(JT = ±10 V
Open Loop

VOUT = 90 mV
Vo = 20 V p-p
Ri.oad—500 fl
Avcl = —2
Avet. = — 2
Avcl = -2
10 V Step
to 0.1%
to 0.01%
f = 4.4 MHz
f = 4.4 MHz

POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current

Power Supply Rejection Ratio

± 10
86
80

0.3

8
10
0.4
0.5

3.5
0.05

±10
90
86

115

300

50
25

8
12
0.4
0.6

pA
pA
pA
pA

14

0.1

±10
86
80

115

90

40
20

100
2.0

kfl
pF

115

V
dB
dB

9
28

nV/VHz
pV rms

90

V/mV
V/mV

±10
100
5

5

80

80

80

MHz

6
10
20
375

MHz
ns
%
V/ps

80
100
0.015
0.035

ns
ns
%
Degree

6
10
20
375

13

PACKAGE OPTIONS5
Plastic (N-14)
Cerdip (Q-14)
TO-8 (H-12A)
LCC6 (E-20A)
J and S Grade Chips
Also Available

mV
mV
pV/°C

5

4.7

300

±5
13
90
86

+75

AD842JN
AD842JQ
AD842JH

300

±15

±18
14
16

100

0

4.7

6
10
20
375

80
100
0.015
0.035

±15

TEMPERATURE RANGE
Rated Performance4

4.2

±15

±18
14
16

105

0

13
86
80

+75
AD842KN
AD842KQ
AD842KH

±5

±18
14
19

100

-55

+ 125

AD842SQ
AD842SH
AD842SE

NOTES
'Input offset voltage specifications are guaranteed after 5 minutes at TA = +25°C.
2FPBW Slew Rate/2~ VreAK.
■’Refer to Figures 22 and 23.
4“S” grade Tmin and Tma)l specifications are tested with automatic test equipment at TA = -55°C and TA = + 125°C.
5See Section 20 for package outline information.
6Contact factory for availability.
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from
those tests are used to calculate outgoing quality levels.
Specifications subject to change without notice.
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Units

1.5
3.5

V
mA
fl

80
100
0.015
0.035

86
80

5
6
0.2
0.3

±10
100

±5
Tmin-Tm.„
Vs = ±5 V to ±15 V
Tmin-TIwix

0.5

9
28

90

AD842S
Max
Typ

1.0
1.5

100
2.0

± 10
100

4.7

Min

14

9
28
40
20

AD842K
Max
Typ

1.5
2.5

100
2.0

Differential Mode

INPUT VOLTAGE NOISE
Wideband Noise

OUTPUT CHARACTERISTICS
Voltage
Current

Min

14

4.2

INPUT BIAS CURRENT

INPUT CHARACTERISTICS
Input Resistance
Input Capacitance

Max

V
V
mA
mA
dB
dB

°C

AD842
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage................................................................... ±18 V
Internal Power Dissipation2
Plastic (N)........................................................................ 1.5 W
Cerdip (Q)........................................................................ 1.1 W
TO-8................................................................................ 1.3 W
Input Voltage .......................................................................... ±VS
Differential Input Voltage...................................................... ±6 V
Storage Temperature Range
Q, H................................................................ -65°C to +150°C
N..................................................................... -65°C to +125°C
Junction Temperature...................................................... + 175°C
Lead Temperature Range (Soldering 60 sec) .................. +300°C

NOTE
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indicated
in the operational section of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
2Maximum internal power dissipation is specified so that Tj does not exceed
+ 150°C at an ambient temperature of +25°C.
Thermal Characteristics:
®jc
Plastic Package 33°C/W
Cerdip Package 35°C/W
TO-8 Package
30°C/W

®JA

®SA

85°C/W
110°C/W
100°C/W

38°C/W
27°C/W

Recommended heat sink: Aavid Engineering
*:

#602B

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).

0 106(2.68) --------------

BALANCE
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Typical Characteristics (at +25°C and Vs = ±15 V, unless otherwise noted.)

LOAD RESISTANCE - II

SUPPLY VOLTAGE - - Volts

Figure 1. Input Common-Mode
Range vs. Supply Voltage

Figure 2. Output Voltage Swing
vs. Supply Voltage

Figure 3. Output Voltage Swing
vs. Load Resistance

Figure 4. Quiescent Current vs.
Supply Voltage

Figure 5. Input Bias Current vs.
Temperature

Figure 6. Output Impedance vs.
Frequency

Figure 7. Quiescent Current vs.
Temperature

Figure 8. Short-Circuit Current
Limit vs. Temperature

Figure 9. Gain Bandwidth Product
vs. Temperature
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AD842

Figure 10. Open-Loop Gain and
Phase Margin vs. Frequency

Figure 11. Open-Loop Gain vs.
Supply Voltage

Figure 13. Common-Mode
Rejection vs. Frequency

Figure 14. Large Signal Frequency
Response

Figure 16. Harmonic Distortion vs.
Frequency

Figure 17. Input Voltage vs.
Frequency

Figure 12. Power Supply Rejection
vs. Frequency

Figure 15. Output Swing and
Error vs. Settling Time

Figure 18. Slew Rate vs.
Temperature
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Figure 19a. Inverting Amplifier
Configuration (DIP Pinout)

Figure 20a. Noninverting Amplifier
Configuration (DIP Pinout)

Figure 19b. Inverter Large Signal
Pulse Response

Figure 20b. Noninverting Large Signal
Pulse Response

— — — BBBBB

Figure 19c. Inverter Small Signal
Pulse Response

Figure 20c. Noninverting Small
Signal Pulse Response

OFFSET NULLING
The input offset voltage of the AD842 is very low for a high
speed op amp, but if additional nulling is required, the circuit
shown in Figure 21 can be used.

Figure 21. Offset Nulling
(DIP Pinout)
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Applying the AD842
AD842 SETTLING TIME
Figures 22 and 24 show the settling performance of the AD842
in the test circuit shown in Figure 23.
Settling time is defined as:
The interval of time from the application of an ideal step
function input until the closed-loop amplifier output has
entered and remains within a specified error band.

This definition encompasses the major components which com
prise settling time. They include: (1) propagation delay through
the amplifier; (2) slewing time to approach the final output
value; (3) the time of recovery from the overload associated with
slewing; and (4) linear settling to within the specified error
band.

Expressed in these terms, the measurement of settling time
is obviously a challenge and needs to be done accurately to
assure the user that the amplifier is worth consideration for the
application.

Figure 23 shows how measurement of the AD842’s 0.01% set
tling in 100 ns was accomplished by amplifying the error signal
from a false summing junction with a very high-speed propri
etary hybrid error amplifier specially designed to enable testing
of small settling errors. The device under test was driving a
300 fl load. The input to the error amp is clamped in order to
avoid possible problems associated with the overdrive recovery
of the oscilloscope input amplifier. The error amp gains the
error from the false summing junction by 15, and it contains a
gain vernier to fine trim the gain.
Figure 24 shows the “long term” stability of the settling charac
teristics of the AD842 output after a 10 V step. There is no evi
dence of settling tails after the initial transient recovery time.
The use of a junction isolated process, together with careful lay
out, avoids these problems by minimizing the effects of transis
tor isolation capacitance discharge and thermally induced shifts
in circuit operating points. These problems do not occur even
under high output current conditions.
GROUNDING AND BYPASSING
In designing practical circuits with the AD842, the user must
remember that whenever high frequencies are involved, some

Figure 24. AD842 Settling Demonstrating No Settling
Tails

special precautions are in order. Circuits must be built with
short interconnect leads. Large ground planes should be used
whenever possible to provide a low resistance, low inductance
circuit path, as well as minimizing the effects of high frequency
coupling. Sockets should be avoided because the increased inter
lead capacitance can degrade bandwidth.
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2.2>xF

Feedback resistors should be of low enough value to assure that
the time constant formed with the circuit capacitances will not
limit the amplifier performance. Resistor values of less than
5 kfl are recommended. If a larger resistor must be used, a
small (< 10 pF) feedback capacitor connected in parallel with the
feedback resistor, RF, may be used to compensate for these
stray capacitances and optimize the dynamic performance of the
amplifier in the particular application.

Power supply leads should be bypassed to ground as close as
possible to the amplifier pins. A 2.2 p.F capacitor in parallel
with a 0.1 p.F ceramic disk capacitor is recommended.
CAPACITIVE LOAD DRIVING ABILITY
Like all wideband amplifiers, the AD842 is sensitive to capaci
tive loading. The AD842 is designed to drive capacitive loads
of up to 20 pF without degradation of its rated performance.
Capacitive loads of greater than 20 pF will decrease the dynamic
performance of the part although instability should not occur
unless the load exceeds 100 pF.

Figure 25. Line Driver Configuration

OVERDRIVE RECOVERY
Figure 26 shows the overdrive recovery capability of the AD842.
Typical recovery time is 80 ns from negative overdrive and
400 ns from positive overdrive.

USING A HEAT SINK
The AD842 draws less quiescent power than most precision
high speed amplifiers and is specified for operation without a
heat sink. However, when driving low impedance loads, the cur
rent to the load can be 10 times the quiescent current. This will
create a noticeable temperature rise. Improved performance can
be achieved by using a small heat sink such as the Aavid Engi
neering #602B.

TERMINATED LINE DRIVER
The AD842 is optimized for high speed line driver applications.
Figure 25 shows the AD842 driving a doubly terminated cable
in a gain-of-2 follower configuration. The AD842 maintains a
typical slew rate of 375 V/|xs, which means it can drive a
±10 V, 6.0 MHz signal or a ±3 V, 19.9 MHz signal.
The termination resistor, RT, (when equal to the characteristic
impedance of the cable) minimizes reflections from the far end
of the cable. A back-termination resistor (RBT, also equal to the
characteristic impedance of the cable) may be placed between
the AD842 output and the cable in order to damp any stray sig
nals caused by a mismatch between RT and the cable’s charac
teristic impedance. This will result in a “cleaner” signal. With
this circuit, the voltage on the line equals VIN because one half
of VOUT is dropped across RBT.

OVERDRIVEN OUTPUT:
10V/DI VISION

INPUT SQUARE WAVE:
1V/DIVISION

TIME: 100ns/DIVISION

Figure 26. Overdrive Recovery

The AD842 has ± 100 mA minimum output current and, there
fore, can drive ±5 V into a 50 f) cable.

The feedback resistors, Rj and R2, must be chosen carefully.
Large value resistors are desirable in order to limit the amount
of current drawn from the amplifier output. But large resistors
can cause amplifier instability because the parallel resistance
R1 ||R2 combines with the input capacitance (typically 2-5 pF) to
create an additional pole. Also, the voltage noise of the AD842
is equivalent to a 5 kfl resistor, so large resistors can signifi
cantly increase the system noise. Resistor values of 1 kfl or
2 kfl are recommended.

If termination is not used, cables appear as capacitive loads and
can be decoupled from the AD842 by a resistor in series with
the output.
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Figure 27. Overdrive Recovery Test Circuit

34 MHz, CBFET
Fast Settling Op Amp

ANALOG
DEVICES

AD843
FEATURES
AC PERFORMANCE
Unity Gain Bandwidth: 34 MHz
Fast Settling: 135 ns to 0.01%
Slew Rate: 250 V/jis
Stable at Gains of 1 or Greater
Full Power Bandwidth: 3.9 MHz
DC PERFORMANCE
Input Offset Voltage: 1 mV max (AD843K/B)
Input Bias Current: 0.6 nA typ
Input Voltage Noise: 19 nV/V'Hz
Open Loop Gain: 30 V/mV into a 500 fl Load
Output Current: 50 mA min
Supply Current: 13 mA max
Available in 8-Pin Plastic Mini-DIP & Cerdip
Packages and 12-Pin Hermetic Metal Cans
Chips and MIL-STD-883B Parts Also Available

APPLICATIONS
High Speed Sample-and-Hold Amplifiers
High Bandwidth Active Filters
High Speed Integrators
High Frequency Signal Conditioning

AD843 CONNECTION DIAGRAMS

Plastic (N) Package and Cerdip (Q) Package

BALANCE

V+
OUTPUT
NC

TO-8 (H) Package

LCC (E) Package

i
S

i
S

*> *t i
NC = NO CONNECT

PRODUCT DESCRIPTION
The AD843 is a fast settling, 34 MHz, CBFET input op amp.
The AD843 combines the low (0.6 nA) input bias currents char
acteristic of a FET input amplifier while still providing a
34 MHz bandwidth and a 135 ns settling time (to within 0.01%
of final value for a 10 volt step). The AD843 is a member of the
Analog Devices’ family of wide bandwidth operational amplifi
ers. These devices are fabricated using Analog Devices’ junction
isolated complementary bipolar (CB) process. This process per
mits a combination of de precision and wideband ac perform
ance previously unobtainable in a monolithic op amp.
The 250 V/jxs slew rate and 0.6 nA input bias current of the
AD843 ensure excellent performance in high speed sample-andhold applications and in high speed integrators. This amplifier is
also ideally suited for high bandwidth active filters and high fre
quency signal conditioning circuits.

Unlike many high frequency amplifiers, the AD843 requires
no external compensation and it remains stable over its full
operating temperature range. It is available in five performance
grades: the AD843J and AD843K are rated over the commercial
temperature range of 0 to +70°C. The AD843A and AD843B
are rated over the industrial temperature range of -40°C to
+ 85°C. The AD843S is rated over the military temperature
range of -55°C to +125°C and is available processed to MILSTD-883B, Rev. C.

The AD843 is offered in either 8-pin plastic DIP or hermetic
cerdip packages or in a 12-pin metal can. Chips are also
available.
PRODUCT HIGHLIGHTS
1. The high slew rate, fast settling time and low input bias
current of the AD843 make it the ideal amplifier for 12-bit
D/A and A/D buffers, for high speed sample-and-hold amp
lifiers and for high speed integrator circuits. The AD843
can replace many FET input hybrid amplifiers such as the
LH0032, LH4104 and OPA600.

2. Fully differential inputs provide outstanding performance in
all standard high frequency op amp applications such as sig
nal conditioning and active filters.

3. Laser wafer trimming reduces the input offset voltage to
1 mV max (AD843K and AD843B).

4. Although external offset nulling is unneccesary in many
applications, offset null pins are provided.
5. The AD843 does not require external compensation at closed
loop gains of 1 or greater.
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(@ Ta +25°C and ±15 V de, unless otherwise noted)
Model

Min

Conditions

Tm,„-Tmov

1.0
1.7
12

Initial (Tj = +25°C)
Warmed-Up1

50
0.8

INPUT OFFSET VOLTAGE1
Offset Drift

INPUT BIAS CURRENT

AD843J/A
Max
Typ

Tmin-T^

INPUT OFFSET CURRENT

Initial (Tj = +25°C)
Warmed-Up1
Tmi„-Tinax

30
0.25

INPUT CHARACTERISTICS
Input Resistance
Input Capacitance

VCM=±10V
Tn.in-T™,

INPUT VOLTAGE NOISE
Wideband Noise
OPEN LOOP GAIN

FREQUENCY RESPONSE
Unity Gain Bandwidth
Full Power Bandwidth2

Rise Time
Overshoot
Slew Rate
Settling Time

Overdrive Recovery

Differential Gain
Differential Phase

40
0.6

2.5
60/160

20
0.2

1.0
23/64

1.0
2.0
35

AD843S
Typ
1.0
3.0
12
50
0.8

1.0
23/65

30
0.25

0.4
9/26

IO10
6

Max

Units

2.0
4.5

mV
mV
pV/°C

2.5
2600

pA
nA
nA

1.0
1025

pA
nA
nA

IO10
6

n
pF

+ 12,
-13

±10

+ 12,
-13

±10

+ 12,
-13

V

60
60

72
72

70
68

76
76

60
60

72
72

dB
dB

19
60

nV/VHz
p.V rms

19
60

19
60

fl

15
10

25
20

20
10

30
25

15
10

30
25

V/mV
V/mV

Rload—500

fl

±10

+ 11.5,
-12.6

±10

+ 11.5,
-12.6

±10

+ 11.5,
-12.6

V

= ±10v
Open Loop
Vout

Vo = 20 V p-p
Ria 500 fl
Avcl = -1

2.5

Avcl = -1

AyCL = - 1

50

50

VOUT = 90 mV P-P

160

10 V Step
Avcl ~ — 1
to 0.1%
to 0.01%
-Overdrive
+Overdrive
f = 4.4 MHz
f = 4.4 MHz

POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current
Rejection Ratio
Rejection Ratio

0.5
1.2
12

Min

Vo= ±10 V

Tmin-T^

Current
Output Resistance

AD843K/B
Max
Typ

±10

f = 10 kHz
10 Hz to 10 MHz
Rload—500

OUTPUT CHARACTERISTICS
Voltage

2.0
4.0

IO10
6

INPUT VOLTAGE RANGE
Common Mode

COMMON MODE REJECTION

Min

3.9
10
15
250

2.5

160

TEMPERATURE RANGE
Operating, Rated Performance
Commercial (0 to +70°C)
Industrial (-40°C to +85°C)
Military (-55°C to + 125°C)3
PACKAGE OPTIONS4
Plastic (N)
Cerdip (Q)
Metal Can (H)
LCC (E)5
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34

MHz

3.9
10
15
250

3.9
10
15
250

MHz
ns
%
V/|xs

95
135
200
700
0.025
0.025

ns
ns
ns
ns
%
Degree

12
12.3
76
76

AD843J
AD843A

2.5

160

95
135
200
700
0.025
0.025

95
135
200
700
0.025
0.025

65
62

34

34

±15

Tmin-T^,

mA
n

12

±4.5

Tmi.-T„.v
±5 V to ±18 V

12

50

12

±15

±15

±18
13
14

±4.5

70
68

12
12.3
80
80

±18
13
14

±4.5

65
62

12
12.5
76
76

AD843K
AD843B

AD843S

AD843JN
AD843AQ

AD843KN
AD843BQ
AD843BH

AD843SQ
AD843SH
AD843SE

±18
13
16

V
V
mA
mA
dB
dB

AD843
NOTES
'Specifications are guaranteed after 5 minutes at TA = +25°C.
2Full power bandwidth = Slew Rate/2 ttV peak.
’All “S” grade Tmln-Tmax specifications are tested with automatic test equipment at TA = -55°C and TA = +125°C.
’See Section 20 for package outline information.
’Contact factory for availability.
Specifications subject to change without notice.
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels.
All min and max specifications are guaranteed although only those shown in boldface are tested on all production units.

ABSOLUTE MAXIMUM RATINGS1
Supply Voltage..................................................................... ±18V
Internal Power Dissipation2
Plastic Package........................................................... 1.20 Watts
Cerdip Package........................................................... 1.35 Watts
12-Pin Header Package.............................................. 1.80 Watts
Input Voltage...........................................................................±VS
Output Short Circuit Duration...................................... Indefinite
Differential Input Voltage...................................... +VS and -Vs
Storage Temperature Range N....................... — 65°C to +150°C
Storage Temperature Range Q......................... -65°C to +125°C
Operating Temperature Range
AD843J/K ................................................................ 0 to +70°C
AD843A/B........................................................ -40°C to +85°C
AD843S........................................................... -55°C to +125°C
Lead Temperature Range (Soldering 60 sec)..................... 300°C
NOTES
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.
28-Pin Plastic Package: 0JA = 100°C/Watt
8-Pin Cerdip Package: 0JA = 110°C/Watt
12-Pin Header Package: 0JA = 80°C/Watt

METALIZA TION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
1
RAI ALICE

8
BALANCE
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OUTPUT VOLTAGE SWING

-

Volts

Typical Characteristics

Rt = 50011
Ta = +25’C

0

5

10

15

20

LOAD RESISTANCE - ft

SUPPLY VOLTAGE - ± Volts

Figure 1. Input Voltage Range vs.
Supply Voltage

Figure 3. Output Voltage Swing
vs. Load Resistance

Figure 2. Output Voltage Swing
vs. Supply Voltage

100

10

*
8
<
Q
a.
2

1

□
&
□
o

+
0.1

10k

100k

1M

10M

100M

FREQUENCY - Hz

Figure 4. Quiescent Current vs.
Supply Voltage

Figure 5. Input Bias Current vs.
Junction Temperature

Figure 6. Output Impedance vs.
Frequency

JUNCTION TEMPERATURE - "C

Figure 7. Input Bias Current vs.
Common Mode Voltage
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Figure 8. Short Circuit Current
Limit vs. Junction Temperature (Td)

Figure 9. Gain Bandwidth Product
vs. Temperature

Typical Characteristics - AD843

100

1k

10k

100k

1M

10M

100M

FREQUENCY - Hz

Figure 10. Open Loop Gain and
Phase Margin vs. Frequency

Figure 12. Power Supply
Rejection vs. Frequency

Figure 11. Open Loop Gain vs.
Supply Voltage

SETTLING TIME - ns

Figure 13. Common Mode
Rejection vs. Frequency

Figure 14. Large Signal Frequency
Response

10

100

Ik

10k

100k

IM

Figure 15. Output Swing and
Error vs. Settling Time

10M

FREQUENCY - Hz

Figure 16. Harmonic Distortion vs.
Frequency

Figure 17. Input Noise Voltage Spectral
Density

Figure 18. Slew Rate vs.
Temperature
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LOAD RESISTANCE - 11

Figure 19. Open Loop Gain vs.
Resistive Load

Figure 20c. Inverter Small Signal
Pulse Response. CF = 0,
CL = 10 pF

Figure 21a. Unity Gain Inverter
Circuit for Driving Capacitive
Loads
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Figure 20a. Inverting Amplifier
Connection

Figure 20d. Inverter Large Signal
Pulse Response. CF = 5 pF,
CL = 110 pF

Figure 21b. Inverter Cap Load
Large Signal Pulse Response.
CF = 15 pF, CL = 410 pF

Figure 20b. Inverter Large Signal
Pulse Response. CF = 0,
CL = 10 pF

Figure 20e. Inverter Small Signal
Pulse Response. CF = 5 pF,
CL = 110 pF

Figure 21c. Inverter Cap Load
Small Signal Pulse Response.
CF = 15 pF, CL = 410 pF

AD843

Figure 22a. Unity Gain Buffer
Amplifier

Figure 22b. Buffer Large Signal
Pulse Response. CL = 10 pF

Figure 22c. Buffer Small Signal
Pulse Response. CL = 10 pF

Figure 23b. Buffer Cap Load Large
Signal Pulse Response.
CF = 33 pF, CL = 10 pF

Figure 23c. Buffer Cap Load Small
Signal Pulse Response.
CF = 33 pF, CL = 10 pF

Figure 23d. Buffer Cap Load Large
Signal Pulse Response.
CF = 33 pF, CL = 110 pF

Figure 23e. Buffer Cap Load Small
Signal Pulse Response.
CF = 33 pF, CL = 110 pF

Figure 23a. Unity Gain Buffer
Circuit for Driving Capacitive
Loads
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DRIVING CAPACITIVE LOADS
Like most high bandwidth amplifiers, the AD843 is sensitive to
capacitive loading. Although it will drive capacitive loads up to
20 pF without degradation of its rated performance, both an
increased capacitive load drive capability and a “cleaner” (non
ringing) pulse response can be obtained from the AD843 by
using the circuits illustrated in Figures 20 to 23. The addition of
a 5 pF feedback capacitor to the unity gain inverter connection
(Figure 20a ) substantially reduces the circuit’s overshoot, even
when it is driving a 110 pF load. This can be seen by comparing
the waveforms of Figures 20b through 20e. To drive capacitive
loads greater than 100 pF, the load should be decoupled from
the amplifier’s output by a 10 fl resistor and the feedback
capacitor, CF, should be connected directly between the amplifi
er’s output and its inverting input (Figure 21a). When using a
15 pF feedback capacitor, this circuit can drive 400 pF with less
than 20% overshoot, as illustrated in Figures 21b and 21c.
Increasing capacitor CF to 47 pF also increases the capacitance
drive capability to 1000 pF, at the expense of a 10:1 reduction
in bandwidth compared with the simple unity gain inverter cir
cuit of Figure 20a.

GROUNDING AND BYPASSING
In designing practical circuits using the AD843, the user must
keep in mind that some special precautions are needed when
dealing with high frequency signals. Circuits must be wired
using short interconnect leads. Ground planes should be used
whenever possible to provide both a low resistance, low induc
tance circuit path and to minimize the effects of high frequency
coupling. IC sockets should be avoided, since their increased
interlead capacitance can degrade the bandwidth of the device.

Power supply leads should be bypassed to ground as close as
possible to the pins of the amplifier. Again, the component leads
should be kept very short. As shown in Figure 24, a parallel
combination of a 2.2 p.F tantalum and a 0.1 p.F ceramic disc
capacitor is recommended.

Unity gain voltage followers (buffers) are more sensitive to
capacitive loads than are inverting amplifiers because there is no
attenuation of the feedback signal. The AD843 can drive 10 pF
to 20 pF when connected in the basic unity gain buffer circuit
of Figure 22a.

The 1 kfl resistor in series with the AD843’s noninverting input
serves two functions: first, together with the amplifier’s input
capacitance, it forms a low pass filter which slows down the
actual signal seen by the AD843. This helps reduce ringing on
the amplifier’s output voltage. The resistor’s second function is
to limit the current into the amplifier when the differential input
voltage exceeds the total supply voltage.
The AD843 will deliver a much “cleaner” pulse response when
connected in the somewhat more elaborate follower circuit of
Figure 23a. Note the reduced overshoot in Figure 23b and 23c
as compared to Figure 22b and 22c.

For maximum bandwidth, in most applications, input and feed
back resistors used with the AD843 should have resistance val
ues equal to or less than 1.5 kfl. Even with these low resistance
values, the resultant RC time constant formed between them
and stray circuit capacitances is large enough to cause peaking in
the amplifier’s response. Adding a small capacitor, CF, as shown
in Figures 20a to 23a will reduce this peaking and flatten the
overall frequency response. CF will normally be less than 10 pF
in value.
The AD843 can drive resistive loads over the range of 500 fl to
x with no change in dynamic response. While a 499 fl load was
used in the circuits of Figures 20-23, the performance of these
circuits will be essentially the same even if this load is removed
or changed to some other value, such as 2 kfl.

Figure 24. Recommended Power Supply Bypassing for
the AD843 (DIP Pinout)

USING A HEAT SINK
The AD843 consumes less quiescent power than most precision
high speed amplifiers and is specified to operate without using a
heat sink. However, when driving low impedance loads, the cur
rent applied to the load can be 4 to 5 times greater than the qui
escent current. This will produce a noticeable temperature rise,
which will increase input bias currents. The use of a small heat
sink, such as the Mouser Electronics #33HSOO8 is recommended.

To obtain the “cleanest” possible transient response when driv
ing heavy capacitive loads, be sure to connect bypass capacitors
directly between the power supply pins of the AD843 and
ground as outlined in “grounding and bypassing.”

Offset Null Configuration (DIP Pinout)
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AD 843
SAMPLE-AND-HOLD AMPLIFIER CIRCUITS
A Fast Switching Sample & Hold Circuit
A sample-and-hold circuit possessing short acquisition time and
low aperture delay can be built using an AD843 and discrete
JFET switches. The circuit of Figure 25 employs five n-channel
JFETs (with turn-on times of 35 ns) and an AD843 op amp
(which can settle to 0.01% in 135 ns). The circuit has an aper
ture delay time of 50 ns and an acquisition time of 1 |is or less.
This circuit is based on a noninverting open loop architecture,
using a differential hold capacitor to reduce the effects of pedes
tal error. The charge that is removed from CHI by Q2 and Q3
is offset by the charge removed from CH2 by Q4 and Q5. This
circuit can tolerate low hold capacitor values (approximately
100 pF), which improve acquisition time, due to the small gateto-drain capacitance of the discrete JFETs. Although pedestal
error will vary with input signal level, making trimming more
difficult, the circuit has the advantages of high bandwidth and
short acquisition times. In addition, it will exhibit some nonlin
earity because both amplifiers are operating with a common
mode input. Amplifier A2, however, contributes less than
0.025% linearity error, due to its 72 dB common mode rejection
ratio.

To make sure the circuit accommodates a wide ± 10 V input
range, the gates of the JFETs must be connected to a potential
near the -15 V supply. The level-shift circuitry (diode D3,
PNP transistor Q7, and NPN transistor Q6) shifts the TTLlevel S/H command to provide for an adequate pinch-off voltage
for the JFET switches over the full input voltage range.
The JFETs Q2, Q3, Q4 and Q5 across the two hold capacitors
ensure signal acquisition for all conditions of VIN and VOUT
when the circuit switches from the sample to the hold mode.
Transistor QI provides an extra stage of isolation between the
output of amplifier Al and the hold capacitor CHI.

When selecting capacitors for use in a sample-and-hold circuit,
the designer should choose those types with low dielectric
absorption and low temperature coefficients. Silvered-mica
capacitors exhibit low (0 to 100 ppm/°C) temperature coefficients
and will still work in temperatures exceeding 200°C. It is also
recommend that the user test the chosen capacitor to insure that
its value closely matches that printed on it since not all capaci
tors are fully tested by their manufacturers for absolute toler
ance.

Figure 25. A Fast Switching Sample-and-Hold Amplifier
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A PING-PONG S/H AMPLIFIER
For improved throughput over the circuit of Figure 25, a “pingpong” architecture may be used. A ping-pong circuit overcomes
some of the problems associated with high speed S/H amplifiers
by allowing the use of a larger hold capacitor for a given sample
rate: this will reduce the associated feedthrough, droop and ped
estal errors.
Figure 26 illustrates a simple, four-chip ping-pong sample-andhold amplifier circuit. This design increases throughput by
using one channel to acquire a new sample while another chan
nel holds the previous sample. Instead of having to reacquire the
signal when switching from hold to sample mode, it alternately
connects the outputs from Channel 1 or from Channel 2 to the
A/D converter. In this case, the throughput is the slew rate and
settling time of the output amplifiers, A2 and A3.
A high speed CB amplifier, Al, follows the input signal. Ul, a
dual wide-band “T” switch, connects the input buffer amp to
one of the two output amplifiers while selecting the complemen
tary amplifier to drive the A/D input. For example, when
“select” is at logic high, Al drives CHI, A2 tracks the input
signal and the output of A3 is connected to the input of the A/D
converter. At the same time, A3 holds an analog value and its
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output is connected to the input of the A/D converter. When
the select command goes to logic LOW, the two output amplifi
ers alternate functions.
Since the input to the A/D converter is the alternated “held”
outputs from Al and A2, the offset voltage mismatch of the two
amplifiers will show up as nonlinearity and, therefore, distortion
in the output signal. To minimize this, potentiometers can be
used to adjust the offsets of the output amplifiers until they are
equal. Alternatively, an autocalibration circuit using two D/A
converters can be employed. This can also be used to calibrateout the effects of offset voltage drift over temperature.

The switch choice, for Ul, is critical in this type of design. The
DG542 utilizes “T” switching techniques on each channel for
exceptionally low crosstalk and for high isolation. The part fur
ther improves these specifications by using ground pins between
the signal pins. With an input frequency of 5 MHz, crosstalk
and isolation are -85 dB and -75 dB, respectively. A limitation
of this switch is that it operates from a maximum -5 V negative
supply, making bipolar operation more difficult. It is recom
mended that amplifiers Al, A2 and A3 operate from the same
-5 V supply to minimize any potential latch-up problems.

Applying the AD843
TO TEKTRONIX I--------7A26
OSCILLOSCOPE
PREAMP
INPUT SECTION
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1FT. 5011 ---------COAXIAL CABLE) VERROR
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Figure 27. Settling Time Test Circuit

MEASURING AD843 SETTLING TIME
Figure 28 shows the dynamic response of the AD843 while
operating in the settling time test circuit of Figure 27. The
input of the settling time fixture is driven by a flat-top pulse
generator. The error signal output from Al, the AD843 under
test, is amplified by op amp A2 and then clamped by two high
speed Schottky diodes.
The error signal is clamped to prevent it from greatly overload
ing the oscilloscope preamp. A Tektronix oscilloscope preamp
type 7A26 was chosen because it will recover from the approxi
mately 0.4 volt overload, quickly enough to allow accurate mea
surement of the AD843’s 135 ns settling time. Amplifier A2 is a
very high speed op amp; it provides a voltage gain of 10, pro
viding a total gain of 5 from the error signal to the oscilloscope
input.

Upper Trace: Amplified Error Voltage (0.01%/Div)
Lower Trace: Output of AD843 Under Test (5 V/Div)
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Applications Circuits
A FAST PEAK DETECTOR CIRCUIT
The peak detector circuit of Figure 29, can accurately capture
the amplitude of input pulses as narrow as 200 ns and can hold
their value with a droop rate of less than 20 p.V/p.s. This circuit
will capture the peak value of positive polarity waveforms; to
detect negative peaks, simply reverse the polarity of the two
diodes.
The high bandwidth and 200 V/jxs slew rate of amplifier A2, an
AD843, allows the detector’s output to “keep up” with its input
thus minimizing overshoot. The low (<1 nA) input current of
the AD843 ensures that the droop rate is limited only by the
reverse leakage of diode D2, which is typically < 10 nA for the
type shown. The low droop rate is apparent in Figure 30. The

detector’s output (top trace) loses slightly over a volt of the 8
volt peak input value (bottom trace) in 75 ms, or a rate of
approximately 16 p.V/p.s

Amplifier Al, an AD847, can drive 680 pF hold capacitor, CP,
fast enough to “catch-up” with the next peak in 100 ns and still
settle to the new value in 250 ns, as illustrated in Figure 31.
Reducing the value of capacitor CP to 100 pF will maximize the
speed of this circuit at the expense of increased overshoot and
droop. Since the AD847 can drive an arbitrarily large value of
capacitance, CP can be increased to reduce droop, at the expense
of response time.

TOP TRACE: PEAK DETECTOR OUTPUT

TOP TRACE: PEAK DETECTOR OUTPUT, 8V

BOTTOM TRACE: INPUT, 8V PEAK (" 125Hz

BOTTOM TRACE: INPUT VOLTAGE. 8V PEAK,
650ns PULSE WIDTH

Figure 30. Peak Detector Response to 125 Hz Pulse Train
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Figure 31. Peak Capture Time

60MHz, 2000V/jis
Monolithic Op Amp
AD844

ANALOG
DEVICES
FEATURES
Wide Bandwidth: 60MHz at Gain of -1
33MHz at Gain of -10
Very High Output Slew Rate: Up to 2000V/ps
20MHz Full Power Bandwidth, 20V pk-pk, RL=500il
Fast Settling: 100ns to 0.1% (10V Step)
Differential Gain Error: 0.03% at 4.4MHz
Differential Phase Error: 0.15° at 4.4MHz
High Output Drive: ±50mA into 5011 Load
Low Offset Voltage: 150p.V max (B Grade)
Low Quiescent Current: 6.5mA

AD844 CONNECTION DIAGRAMS

8-Pin
Plastic (N),
and Cerdip (Q)
Packages
NULL

16-Pin SOIC
(R) Package

NULL

-IN

+V,

+IN

OUTPUT

-Vs

TZ

APPLICATIONS
Flash ADC Input Amplifiers
High Speed Current DAC Interfaces
Video Buffers and Cable Drivers
Pulse Amplifiers

PRODUCT DESCRIPTION
The AD844 is a high speed monolithic operational amplifier fab
ricated using Analog Devices’ junction isolated complementary
bipolar (CB) process. It combines high bandwidth and very fast
large signal response with excellent de performance. Although
optimized for use in current to voltage applications and as an
inverting mode amplifier, it is also suitable for use in many non
inverting applications.
The AD844 can be used in place of traditional op amps, but its
current feedback architecture results in much better ac perfor
mance, high linearity and an exceptionally clean pulse response.
This type of op amp provides a closed-loop bandwidth which is
determined primarily by the feedback resistor and is almost
independent of the closed-loop gain. The AD844 is free from
the slew rate limitations inherent in traditional op amps and
other current-feedback op amps. Peak output rate of change can
be over 2000V/p.s for a full 20V output step. Settling time is
typically 100ns to 0.1%, and essentially independent of gain.
The AD844 can drive 500 loads to ±2.5V with low distortion
and is short circuit protected to 80mA.

PRODUCT HIGHLIGHTS
1. The AD844 is a versatile, low cost component providing an
excellent combination of ac and de performance. It may be
used as an alternative to the EL2020 and CLC400/1.

2. It is essentially free from slew rate limitations. Rise and fall
times are essentially independent of output level.
3. The AD844 can be operated from ±4.5V to ±18V power
supplies and is capable of driving loads down to 5011, as
well as drive very large capacitive loads using an external
network.

4. The offset voltage and input bias currents of the AD844 are
laser trimmed to minimize de errors; Vos drift is typically
lp.V/°C and bias current drift is typically 9nA/°C.
5. The AD844 exhibits excellent differential gain and differen
tial phase characteristics, making it suitable for a variety of
video applications with bandwidths up to 60MHz.

6. The AD844 combines low distortion, low noise and low drift
with wide bandwidth, making it outstanding as an input
amplifier for flash A/D converters.

The AD844 is available in four performance grades and three
package options. In the 16-pin SOIC (R) package, the AD844J
is specified for the commercial temperature range of 0 to +70°C.
The AD844A and AD844B are specified for the industrial
temperature range of -40°C to +85°C and are available in the
cerdip (Q) package. The AD844A is also available in an 8-pin
plastic mini-DIP (N). The AD844S is specified over the military
temperature range of -55°C to + 125°C and is available in the
cerdip (Q) package. “A” and “S” grade chips and devices pro
cessed to MIL-STD-883B, REV. C are also available.
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SPECIFICATIONS (@ T +25°C and Vs= ±15V de, unless otherwise noted)
a

AD844J/A
Model
INPUT OFFSET VOLTAGE1
Tmin-Tm„
vs. Temperature
vs. Supply
Initial
Tmin-Tmax
vs. Common Mode
Initial
Tmin-Tmax
INPUT BIAS CURRENT
-Input Bias Current1
Tmin-T„„
vs. Temperature
vs. Supply
Initial
Tmin-Tmax
vs. Common Mode
Initial
Tmin-Tm„
+ Input Bias Current1
Tmin-Tmax
vs. Temperature
vs. Supply
Initial
Tmin-Tmax
vs. Common Mode
Initial
Tmin-Tmax

Conditions

Min

Typ

Max

50
75
1

300
500

4
4

20

10
10

35

200
800
9

450

175
220

90
110
150
350
3

Min

AD844B
Max
Typ

Min

AD844S
Max
Typ

Units

5

50
125
1

300
500
5

nV
pV
pV/°C

10
10

4
4

20
20

jcV/V
|XV/V

10
10

20

10
10

35
35

J1V/V
|xV/V

150
750
9

250
1100
15

200
1900
20

450
2500
30

nA
nA
nA/°C

250

175
220

200
240

175
220

250
300

nA/V
nA/V

160

90
110
100
300
3

110
150
200
500
7

90
120
100
800
7

160
200
400
1300
15

nA/V
nA/V
nA
nA
nA/°C

80
100

120

80
120

150
200

nA/V
nA/V

120
190

90
140

150
200

nA/V
nA/V

50
10

65

n
MQ

50
75

150
200

1
4

5V-18V

4

VCm=±10V

1500

20

5V-18V

VCM=±10V

400
700

5V-18V
80
100

150

90
130

150

50
10

65

100

VCm=±10V

INPUT CHARACTERISTICS
Input Resistance
- Input
+ Input
Input Capacitance
-Input
+ Input
Input Voltage Range
Common Mode

7

90
130

7

2
2

50
10

7

2
2

2
2

pF
pF

V

±10

±10

±10

65

INPUT VOLTAGE NOISE

fslkHz

2

2

2

nV/VHz

INPUT CURRENT NOISE
-Input
+ Input

f>lkHz
f>lkHz

10
12

10
12

10
12

pA/VHz
pA/\/Hz

3.0
1.6
4.5

MH
Mil
pF

OPEN LOOP TRANSRESISTANCE

VOUT=±10V
Rload= 50011

Tm,n-Tmax
Transcapacitance

2.2
1.3

3.0
2.0
4.5

2.8
1.6

3.0
2.0
4.5

2.2
1.3

DIFFERENTIAL GAIN ERROR2

f=4.4MHz

0.03

0.03

0.03

%

DIFFERENTIAL PHASE ERROR2

f= 4.4MHz

0.15

0.15

0.15

Degree

60
33

60
33

60
33

MHz
MHz

0.005

0.005

0.005

%

100
100

100
100

100
100

ns
ns

110
100

110
100

110
100

ns
ns

FREQUENCY RESPONSE
Small Signal Bandwidth
’Gain = -1
4Gain=-10

TOTAL HARMOMIC DISTORTION
SETTLING TIME
10V Output Step
Gain=-1, toO.1%5
Gain=-10, toO.1%6
2V Output Step
Gain= -1, to 0.1%5
Gain=-10, to 0.1%6
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f=100kHz,
2V rms5

±15V Supplies

±5V Supplies

AD844
AD844J/A
Model

Conditions

Min

OUTPUT SLEW RATE

Overdriven
Input

1200 2000

FULL POWER BANDWIDTH
Vout=20V p-p5
^out=2V p-p5

VS=±15V
VS=±5V
THD=3%

OUTPUT CHARACTERISTICS
Voltage
Short Circuit Current
Tmi„-T„av
Output Resistance

^load=5000

Max

Min

10

6.5
7.5

Min

11
80
60
15

10

±18
7.5
8.5

10

±4.5

±18
7.5
8.5

6.5
7.5

AD844S
Max
Typ

1200 2000

20
20

11
80
60
15

±4.5

AD844B
Max
Typ

1200 2000

20
20

Open Loop

POWER SUPPLY
Operating Range
Quiescent Current
Tmin-T^

Typ

Units

V/|xs

20
20

MHz
MHz

11
80
60
15

±V
mA
mA
n

±4.5

6.5
8.5

±18
7.5
9.5

V
mA
mA

NOTES
‘Rated performance after a 5 minute warmup at TA=25°C.
2Input signal 285mV p-p carrier (40 IRE) riding on 0 to 642mV (90 IRE) ramp. RL=100fl; Rl, R2=300fl.
’Input signal OdBm, CL=10pF, RL=500fl, Rl = 500fl, R2=500(1 in Figure 26.
4Input signal OdBm, CL=10pF, RL=500Q, Rl = 500fl, R2 = 50(i in Figure 26.
5CL=10pF, Rl=500(1, Rl = lkfl, R2=lkfl in Figure 26.
6CL=10pF, Rl=500(1, Rl=500(l, R2=50fi in Figure 26.
Specifications subject to change without notice. All min and max specifications are guaranteed.
Specifications shown in boldface are tested on all production units at final electrical test.

ABSOLUTE MAXIMUM RATINGS1
Supply Voltage ..................................................................... ±18V
Power Dissipation2 ........................................................
1.1W
Output Short Circuit Duration...................................... Indefinite
Common Mode Input Voltage.......................
±VS
Differential Input Voltage ........................................................ 6V
Inverting Input Current
Continuous.......................................................................... 5mA
Transient............................................................................. 10mA
Storage Temperature Range Q......................... -65°C to +150°C
N, R.................... -65°C to + 125°C
Lead Temperature Range (Soldering 60sec).................... + 300°C

NOTES
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.
28-Pin Plastic Package: 0JA= 100°C/Watt
8-Pin Cerdip Package: 0JA=11O°C/Watt
16-Pin SOIC Package: 0JA=1OO°C/Watt

METALIZATION PHOTO
Dimensions shown in inches and (mm).
Contact factory for latest dimensions.
2

ORDERING GUIDE1’ 2
Temperature
Range

Mini-DIP
(N-8)

Cerdip
(Q-8)

AD844AN

AD844AQ
AD844BQ

Commercial
0 to +70°C
Industrial
-40°C to +85°C

Military
-55°C to +125°C

SOIC
(R-16)

AD844JR

AD844SQ
AD844SQ-883B

NOTES
'“A” and “S” grade chips are also available.
2See Section 20 for package outline information.
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Typical Characteristics (TA= +25°C and V$= ±15V unless otherwise noted)

INPUT FREQUENCY - Hz

Figure 1. -3dB Bandwidth vs.
Supply Voltage R1 = R2 = 5000

SUPPLY VOLTAGE - iVolts

Figure 4. Noninverting Input Voltage
Swing vs. Supply Voltage

Figure 2. Harmonic Distortion
vs. Frequency, R1 = R2= 1kfl

Figure 3. Transresistance
vs. Temperature

SUPPLY VOLTAGE - iVolts

Figure 5. Output Voltage Swing
vs. Supply Voltage

Figure 6. Quiescent Supply Current
vs. Temperature and Supply Voltage

INPUT BIAS CURRENT

-

= s15 v —

s= ±5V

___
-60 -40

-20

0

+20

+40

+60

+80 + 100 • 120 ► 140

TEMPERATURE - C

Figure 7. Inverting Input Bias Cur
rent (lBN) and Noninverting Input
Bias Current (lBP) vs. Temperature
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Figure 8. Output Impedance
vs. Frequency, Gain=-1, R1 = R2= 1kQ

Figure 9. -3dB Bandwidth vs.
Temperature, Gain=-1,
R1 =R2=1k(2

AD844
Inverting Gain of 1 AC Characteristics

Figure 10. Inverting Amplifier,
Gain of -1 (R1=R2)

Figure 11. Gain vs. Frequency for
Gain = -1, RL = 5000, CL - OpF

Figure 13. Large Signal Pulse
Response, Gain=-1, R1 = R2= 1kO

Figure 12. Phase vs. Frequency
Gain = — 1, RL= 5000, CL = OpF

Figure 14. Small Signal Pulse
Response, Gain--1, R1 -R2= 1kO

Inverting Gain of 10 AC Characteristics
Rt =50011

V

/

Rl=50» ’

w
Ml

100k

Figure 15. Gain of -10 Amplifier

IM
10M
FREQUENCY - Hz

Figure 16. Gain vs. Frequency,
Gain = -10

100M
FREQUENCY - MHz

Figure 17. Phase vs. Frequency,
Gain=-10
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Inverting Gain of 10 Pulse Response

EMM—M
iiiinriiii

Response, Gain--10, RL = 500(1

Figure 19. Small Signal Pulse
Response, Gain=-10, RL= 500(1

Noninverting Gain of 10 AC Characteristics

Figure 20. Noninverting Gain of
+ 10 Amplifier

Figure 21. Gain vs. Frequency,
Gain= + 10

Figure 22. Phase vs. Frequency,
Gain= + 10

Kmnzan

■Qaavasaaa

Figure 23. Noninverting Amplifier Large Signal
Pulse Response, Gain= +10, RL = 500(1

Figure 24. Small Signal Pulse
Response, Gain= + 10, RL= 500(1
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AD844
UNDERSTANDING THE AD844
The AD844 can be used in ways similar to a conventional op
amp while providing performance advantages in wideband appli
cations. However, there are important differences in the internal
structure which need to be understood in order to optimize the
performance of the AD844 op amp.
Open Loop Behavior
Figure 25 shows a current feedback amplifier reduced to essen
tials. Sources of fixed de errors such as the inverting node bias
current and the offset voltage are excluded from this model and
are discussed later. The most important parameter limiting the
de gain is the transresistance, Rt, which is ideally infinite. A
finite value of Rt is analogous to the finite open loop voltage
gain in a conventional op amp.
The current applied to the inverting input node is replicated by
the current conveyor so as to flow in resistor Rt. The voltage
developed across Rt is buffered by the unity gain voltage fol
lower. Voltage gain is the ratio Rt/ RIN. With typical values of
Rt=3MO and RIN=50O, the voltage gain is about 60,000. The
open loop current gain is another measure of gain and is deter
mined by the beta product of the transistors in the voltage fol
lower stage (see Figure 28); it is typically 40,000.

The closed loop transresistance is simply the parallel sum of RI
and Rt. Since RI will generally be in the range 5000 to 2kO
and Rt is about 3MO the closed loop transresistance will be only
0.02% to 0.07% lower than RI. This small error will often be
less than the resistor tolerance.
When RI is fairly large (above 5kO) but still much less than Rt,
the closed loop HF response is dominated by the time constant
RICt. Under such conditions the AD844 is over-damped and
will provide only a fraction of its bandwidth potential. Because
of the absence of slew rate limitations under these conditions,
the circuit will exhibit a simple single pole response even under
large signal conditions.

In Figure 26, R3 is used to properly terminate the input if de
sired. R3 in parallel with R2 gives the terminated resistance. As
RI is lowered, the signal bandwidth increases, but the time con
stant RICt becomes comparable to higher order poles in the
closed loop response. Therefore, the closed loop response be
comes complex, and the pulse response shows overshoot. When
R2 is much larger than the input resistance, RIN, at Pin 2, most
of the feedback current in RI is delivered to this input; but as
R2 becomes comparable to RIN, less of the feedback is absorbed
at Pin 2, resulting in a more heavily damped response. Conse
quently, for low values of R2 it is possible to lower RI without
causing instability in the closed loop response. Table I lists com
binations of RI and R2 and the resulting frequency response for
the circuit of Figure 26. Figure 13 shows the very clean and fast
± 10V pulse response of the AD844.

Figure 25. Equivalent Schematic

The important parameters defining ac behavior are the trans
capacitance, Ct, and the external feedback resistor (not shown).
The time constant formed by these components is analogous to
the dominant pole of a conventional op amp, and thus cannot be
reduced below a critical value if the closed loop system is to be
stable. In practice, Ct is held to as low a value as possible (typi
cally 4.5pF) so that the feedback resistor can be maximized
while maintaining a fast response. The finite RIN also affects the
closed loop response in some applications as will be shown.
The open loop ac gain is also best understood in terms of the
transimpedance rather than as an open loop voltage gain. The
open loop pole is formed by Rt in parallel with Ct. Since Ct is
typically 4.5pF, the open loop comer frequency occurs at about
12kHz. However, this parameter is of little value in determining
the closed loop response.

Response as an Inverting Amplifier
Figure 26 shows the connections for an inverting amplifier.
Unlike a conventional amplifier the transient response and the
small signal bandwidth are determined primarily by the value of
the external feedback resistor, RI, rather than by the ratio of
R1/R2 as is customarily the case in an op amp application. This
is a direct result of the low impedance at the inverting input. As
with conventional op amps, the closed loop gain is -R1/R2.

Figure 26. Inverting Amplifier

Gain

RI

R2

-1
-1
-2
-2
-5
-5
-10
-10
-20
-100
+ 100

IkO
5000
2kO
lkfl
5kfl
5000
IkO
5000
IkO
5kO
5kO

IkO
5000
IkO
5000
IkO
1000
1000
500
500
500
50

BW (MHz)
35
60
15
30
5.2
49
23
33
21
3.2
9

GBW (MHz)
35
60
30
60
26
245
230
330
420
320
900 (See Page 9.)

Table I.
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Response as an I-V Converter
The AD844 works well as the active element in an operational
current to voltage converter, used in conjunction with an exter
nal scaling resistor, Rl, in Figure 27. This analysis includes the
stray capacitance, Cs, of the current source, which might be a
high speed DAC. Using a conventional op amp, this capacitance
forms a “nuisance pole” with Rl which destabilizes the closed
loop response of the system. Most op amps are internally com
pensated for the fastest response at unity gain, so the pole due
to Rl and Cs reduces the already narrow phase margin of the
system. For example, if Rl were 2.5k£i a Cs of 15pF would
place this pole at a frequency of about 4MHz, well within the
response range of even a medium speed operational amplifier. In
a current feedback amp this nuisance pole is no longer deter
mined by Rl but by the input resistance, RIN. Since this is
about 50(1 for the AD844, the same 15pF forms a pole 212MHz
and causes little trouble. It can be shown that the response of
this system is:
K Rl

VOUT = -ISlg (1 + sTd)(1+sTn)

where K is a factor very close to unity and represents the finite
de gain of the amplifier, Td is the dominant pole and Tn is the
nuisance pole:

Rt
K = =—
Rt+Rl
Td = KRICt
Tn = RinCs

(assuming RIN << RD

Using typical values of Rl=lk(l and Rt = 3M(l, K is 0.9997; in
other words, the “gain error” is only 0.03%. This is much less
than the scaling error of virtually all DACs and can be
absorbed, if necessary, by the trim needed in a precise system.
In the AD844, Rt is fairly stable with temperature and supply
voltages, and consequently the effect of finite “gain” is negligi
ble unless high value feedback resistors are used. Since that
would result in slower response times than are possible, the rela
tively low value of Rt in the AD844 will rarely be a significant
source of error.
VvV
R1

Figure 27. Current to Voltage Converter

Circuit Description of the AD844
A simplified schematic is shown in Figure 28. The AD844 dif
fers from a conventional op amp in that the signal inputs have
radically different impedance. The noninverting input (Pin 3)
presents the usual high impedance. The voltage on this input is
transferred to the inverting input (Pin 2) with a low offset volt
age, ensured by the close matching of like polarity transistors
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Figure 28. Simplified Schematic

operating under essentially identical bias conditions. Laser trim
ming nulls the residual offset voltage, down to a few tens of mi
crovolts. The inverting input is the common emitter node of a
complementary pair of grounded base stages and behaves as a
current summing node. In an ideal current feedback op amp the
input resistance would be zero. In the AD844 it is about 5011.
A current applied to the inverting input is transferred to a com
plementary pair of unity-gain current mirrors which deliver the
same current to an internal node (Pin 5) at which the full output
voltage is generated. The unity-gain complementary voltage fol
lower then buffers this voltage and provides the load driving
power. This buffer is designed to drive low impedance loads
such as terminated cables, and can deliver ± 50mA into a 50(1
load while maintaining low distortion, even when operating at
supply voltages of only ±6V. Current limiting (not shown) en
sures safe operation under short circuited conditions.

It is important to understand that the low input impedance at
the inverting input is locally generated, and does not depend on
feedback. This is very different from the “virtual ground” of a
conventional operational amplifier used in the current summing
mode which is essentially an open circuit until the loop settles.
In the AD844, transient current at the input does not cause
voltage spikes at the summing node while the amplifier is set
tling. Furthermore, all of the transient current is delivered to
the slewing (TZ) node (Pin 5) via a short signal path (the
grounded base stages and the wideband current mirrors).
The current available to charge the capacitance (about 4.5pF)
at TZ node, is always proportional to the input error current, and
the slew rate limitations associated with the large signal response
of op amps do not occur. For this reason, the rise and fall
times are almost independent of signal level. In practice, the
input current will eventually cause the mirrors to saturate.
When using ±15V supplies, this occurs at about 10mA (or
±2200V/|jls). Since signal currents are rarely this large, classical
“slew rate” limitations are absent.

This inherent advantage would be lost if the voltage follower
used to buffer the output were to have slew rate limitations. The
AD844 has been designed to avoid this problem, and as a result
the output buffer exhibits a clean large signal transient response,
free from anomalous effects arising from internal saturation.

Applying the AD844
Response as a Noninverting Amplifier
Since current feedback amplifiers are asymmetrical with regard
to their two inputs, performance will differ markedly in nonin
verting and inverting modes. In noninverting modes, the large
signal high speed behavior of the AD844 deteriorates at low
gains because the biasing circuitry for the input system (not
shown in Figure 28) is not designed to provide high input volt
age slew rates.
However, good results can be obtained with some care. The
noninverting input will not tolerate a large transient input; it
must be kept below ±1V for best results. Consequently this
mode is better suited to high gain applications (greater than
x 10). Figure 20 shows a noninverting amplifier with a gain of
10 and a bandwidth of 30MHz. The transient response is shown
in Figures 23 and 24. To increase the bandwidth at higher
gains, a capacitor can be added across R2 whose value is approx
imately the ratio of Rl and R2 times Ct.

Figure 30. AC Response for Gain= 100, Configuration
Shown in Figure 29

USING THE AD844
Board Layout
As with all high frequency circuits considerable care must be
used in the layout of the components surrounding the AD844. A
ground plane, to which the power supply decoupling capacitors
are connected by the shortest possible leads, is essential to
achieving clean pulse response. Even a continuous ground plane
will exhibit finite voltage drops between points on the plane,
and this must be kept in mind in selecting the grounding points.
Generally speaking, decoupling capacitors should be taken to a
point close to the load (or output connector) since the load cur
rents flow in these capacitors at high frequencies. The +In and
-In circuits (for example, a termination resistor and Pin 3)
must be taken to a common point on the ground plane close to
the amplifier package.
Figure 29. Noninverting Amplifier Gain=100, Optional
Offset Trim Is Shown

Noninverting Gain of 100
The AD844 provides very clean pulse response at high nonin
verting gains. Figure 29 shows a typical configuration providing
a gain of 100 with high input resistance. The feedback resistor is
kept as low as practicable to maximize bandwidth, and a peak
ing capacitor (CPK) can optionally be added to further extend
the bandwidth. Figure 30 shows the small signal response with
CPK = 3nF, Rt =500fl and supply voltages of either ±5V or
±15V. Gain bandwidth products of up to 900MHz can be achieved
in this way.
The offset voltage of the AD844 is laser trimmed to the 50jiV
level and exhibits very low drift. In practice, there is an addi
tional offset term due to the bias current at the inverting input
(IBN) which flows in the feedback resistor (Rl). This can
optionally be nulled by the trimming potentiometer shown in
Figure 29.

Use low impedance capacitors (AVX SR305C224KAA or equiva
lent) of 0.22p.F wherever ac coupling is required. Include either
ferrite beads and/or a small series resistance (approximately
4.70) in each supply line.

Input Impedance
At low frequencies, negative feedback keeps the resistance at the
inverting input close to zero. As the frequency increases, the
impedance looking into this input will increase from near zero to
the open loop input resistance, due to bandwidth limitations,
making the input seem inductive. If it is desired to keep the
input impedance flatter, a series RC network can be inserted
across the input. The resistor is chosen so that the parallel sum
of it and R2 equals the desired termination resistance. The
capacitance is set so that the pole determined by this RC net
work is about half the bandwidth of the op amp. This network
is not important if the input resistor is much larger than the ter
mination used, or if frequencies are relatively low. In some
cases, the small peaking that occurs without the network can be
of use in extending the -3dB bandwidth.
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Driving Large Capacitive Loads
Capacitive drive capability is lOOpF without an external net
work. With the addition of the network shown in Figure 31, the
capacitive drive can be extended to over 10,000pF, limited by
internal power dissipation. With capacitive loads, the output
speed becomes a function of the overdriven output current limit.
Since this is roughly ± 100mA, under these conditions, the max
imum slew rate into a lOOOpF load is ±100V/p.s. Figure 32
shows the transient response of an inverting amplifier
(Rl = R2=lkfl) using the feed forward network shown in Figure
31, driving a load of lOOOpF.

D1. D2 IN6263 OR EQUIV SCHOTTKY DIODE

Figure 33. Settling Time Test Fixture

Figure 31. Feed Forward Network for Large
Capacitive Loads

DC Error Calculation
Figure 34 shows a model of the de error and noise sources for
the AD844. The inverting input bias current, IBN, flows in the
feedback resistor. IBP, the noninverting input bias current, flows
in the resistance at Pin 3 (RP), and the resulting voltage (plus
any offset voltage) will appear at the inverting input. The total
error, Vo, at the output is:

/ Rl
VO-(IBP Rp+VOs + IBN Rin) H +

Since IBN and IBP are unrelated both in sign and magnitude,
inserting a resistor in series with the noninverting input will not
necessarily reduce de error and may actually increase it.
Rl
-vw

Figure 32. Driving WOOpF CL with Feed Forward Network
of Figure 31

Settling Time
Settling time is measured with the circuit of Figure 33. This
circuit employs a false summing node, clamped by the two
Schottky diodes, to create the error signal and limit the input
signal to the oscilloscope. For measuring settling time, the ratio
of R6/R5 is equal to R1/R2. For unity gain, R6 = R5 = lkfl, and
R, = 500fl. For the gain of -10, R5 = 5011, R6 = 50011 and R,
was not used since the summing network loads the output with
approximately 2750. Using this network in a unity-gain configu
ration, settling time is 100ns to 0.1% for a -5V to +5V step
with CL= lOpF.

Figure 34. Offset Voltage and Noise Model for the AD844

Noise
Noise sources can be modeled in a manner similar to the de bias
currents, but the noise sources are Inn, Inp, Vn, and the
amplifier-induced noise at the output, VON, is:

Overall noise can be reduced by keeping all resistor values to a
minimum. With typical numbers, Rl=R2=lk, RP=0,
Vn=2nV/v"Hz, Inp= 10pA/\/Hz, Inn= 12pA/\/Hz, VON calcu
lates to 12nV/\/Hz. The current noise is dominant in this case,
as it will be in most low gain applications.
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Applications - AD844
Video Cable Driver Using ±5 Volt Supplies
The AD844 can be used to drive low impedance cables. Using
±5V supplies, a 10011 load can be driven to ±2.5V with low
distortion. Figure 35a shows an illustrative application which
provides a noninverting gain of 2, allowing the cable to be
reverse-terminated while delivering an overall gain of +1 to the

load. The -3dB bandwidth of this circuit is typically 30MHz.
Figure 35b shows a differential gain and phase test setup.
In video applications, differential-phase and differential-gain
characteristics are often important. Figure 35c shows the varia
tion in phase as the load voltage varies. Figure 35d shows the
gain variation.

Figure 35b. Differential Gain/Phase Test Setup

Vou, - IRE

Vou, -IRE

Figure 35c. Differential Phase for the Circuit of Figure 35a

Figure 35d. Differential Gain for the Circuit of Figure 35a

High Speed DAC Buffer
The AD844 performs very well in applications requiring
current-to-voltage conversion. Figure 36 shows connections for
use with the AD568 current output DAC. In this application the
bipolar offset is used so that the full scale current is ±5.12mA,
which generates an output of ±5.12V using the lkfl application
resistor on the AD568. Figure 37 shows the full scale transient
response. Care is needed in power supply decoupling and

grounding techniques to achieve the full 12-bit accuracy and
realize the fast settling capabilities of the system. The unmarked
capacitors in this figure are 0.1 jxF ceramic (for example, AVX
Type SR305C104KAA), and the ferrite inductors should be
about 2.5jiH (for example, Fair-Rite Type 2743002122). The
AD568 data sheet should be consulted for more complete details
about its use.

Figure 36. High Speed DAC Amplifier

Figure 37. DAC Amplifier Full-Scale
Transient Response
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20MHz Variable Gain Amplifier
The AD844 is an excellent choice as an output amplifier for the
AD539 multiplier, in all of its connection modes. (See AD539
data sheet for full details.) Figure 38 shows a simple multiplier
providing the output:

where Vx is the “gain control” input, a positive voltage of from
0 to +3.2V (max) and VY is the “signal voltage”, nominally
±2V FS but capable of operation up to ±4.2V. The peak out
put in this configuration is thus ±6.7V. Using all four of the
internal application resistors provided on the AD539 in parallel
results in a feedback resistance of 1.5k(l, at which value the
bandwidth of the AD844 is about 22MHz, and is essentially
independent of Vx. The gain at VX=3.16V is +4dB.

Figure 39 shows the small signal response for a 50dB gain con
trol range (Vx=+10mV to +3.16V). At small values of Vx,
capacitive feedthrough on the PC board becomes troublesome,
and very careful layout techniques are needed to minimize this
problem. A ground strip between the pins of the AD539 will be
helpful in this regard. Figure 40 shows the response to a 2V
pulse on VY for VX= + 1V, +2V and +3V. For these results, a
load resistor of 500(1 was used and the supplies were ±9V. The
multiplier will operate from supplies between ±4.5V and
± 16.5V.
Disconnecting Pins 9 and 16 on the AD539 alters the denomina
tor in the above expression to IV, and the bandwidth will be
approximately 10MHz, with a maximum gain of lOdB. Using
only Pin 9 or Pin 16 results in a denominator of 0.5V, a band
width of 5MHz and a maximum gain of 16dB.

•Vx AND V, INPUTS MAY OPTIONALLY
BE TERMINATED - TYPICALLY BY
USING A SOO OR 750 RESISTOR
to GROUND

Figure 38. 20MHz VGA Using the AD539

Figure 39. VGA AC Response
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Figure 40. VGA Transient Response with
VX=1V, 2V, and 3V

ANALOG
DEVICES

Precision, 16 MHz
CBFET Op Amp

AD845
FEATURES
Replaces Hybrid Amplifiers in Many Applications

AC PERFORMANCE:
Settles to 0.01% in 350 ns
100 V/ps Slew Rate
12.8 MHz min Unity-Gain Bandwidth
1.75 MHz Full-Power Bandwidth at 20 V p-p
DC PERFORMANCE:
0.25 mV max Input Offset Voltage
5 pV/°C max Offset Voltage Drift
0.5 nA Input Bias Current
250 V/mV min Open-Loop Gain
4 p.V p-p max Voltage Noise, 0.1 Hz to 10 Hz
94 dB min CMRR
Available in Plastic Mini-DIP and Hermetic
Cerdip Packages

PRODUCT DESCRIPTION
The AD845 is a fast, precise, N channel JFET input, mono
lithic operational amplifier. It is fabricated using Analog
Devices’ complementary bipolar (CB) process. Advanced laser
wafer trimming technology enables the very low input offset
voltage and offset voltage drift performance to be realized. This
precision, when coupled with a slew rate of 100 V/jxs, a stable
unity-gain bandwidth of 16 MHz, and a settling time of 350 ns
0.01%—while driving a parallel load of 100 pF and 500 fl —
represents a combination of features unmatched by any FET
input IC amplifier. The AD845 can easily be used to upgrade
many existing designs which use BiFET or FET input hybrid
amplifiers and, in some cases, those which use bipolar input op
amps.
The AD845 is ideal for use in applications such as active filters,
high speed integrators, photo diode preamps, sample-and-hold
amplifiers, log amplifiers, and in buffering A/D and D/A con
verters. The 250 p.V max input offset voltage makes offset null
ing unnecessary in many applications. The common mode rejec
tion ratio of 110 dB over a ±10 V input voltage range represents
exceptional performance for a JFET input high speed op amp.
This, together with a minimum open-loop gain of 250 V/mV
ensures that 12-bit performance is achieved, even in unity-gain
buffer circuits.

AD845 CONNECTION DIAGRAM
Plastic Mini-DIP (N) Package
and Cerdip (Q) Package

NOTE: PIN 4 CONNECTED TO CASE
NC = NO CONNECT

The AD845 conforms to the standard op amp pinout except that
offset nulling is to V+. The AD845J and AD845K grade de
vices are available specified to operate over the commercial 0 to
+70°C temperature range. AD845A and AD845B devices are
specified for operation over the -40°C to +85°C industrial tem
perature range. The AD845S is specified to operate over the full
military temperature range of -55°C to +125°C. Both the in
dustrial and military versions are available in 8-pin cerdip pack
ages. The commercial version is available in an 8-pin plastic
mini-DIP. “J” grade chips are also available.

PRODUCT HIGHLIGHTS
1. The high slew rate, fast settling time, and de precision of the
AD845 make it ideal for high speed applications requiring
12-bit accuracy.
2. The performance of circuits using the LF400, OP-42, OP-44,
OP-16, OP-17, HA2520/2/5, HA2620/2/5, 3550, OPA605,
and LH0062 can be upgraded in most cases.
3. The AD845 is unity-gain stable and internally compensated.

4. The AD845 is specified while driving 100 pF/500 (1 loads.
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(@ +25°C and ±15 V de, unless otherwise noted)
Model
Conditions

Min

INPUT OFFSET VOLTAGE1
Initial Offset

VD845J/A
Typ
0.7

Tm,n-Tm„
Offset Drift

INPUT BIAS CURRENT2
Initial
INPUT OFFSET CURRENT
Initial

Min

AD845K/B
Typ

1.5
2.5
20

0.1
1.5

AD845S
Typ

Max

Units

0.25
0.4
5.0

0.25

1.0
2.0
10

mV
mV
pV/°C

Max

Min

Vcm=0V
Tm,„-Tmax

0.75

2
45/75

0.5

1
18/38

0.75

2
500

nA
nA

Vcm = 0 V
Tm,„-Tm,x

25

300
3/6.5

15

100
1.2/2.6

25

300
20

pA
nA

INPUT CHARACTERISTICS
Input Resistance
Input Capacitance

INPUT VOLTAGE RANGE
Differential
Common Mode
Common-Mode Rejection

Max

10"
4.0

10“
4.0

VCM = ±10 V

±10
86

±20
+ 10.5/—13
110

+ 10
94

±20
+ 10.5/-13
113

±10
86

10“
4.0

kfl
pF

±20
+ 10.5/-13
110

V
V
dB

INPUT VOLTAGE NOISE

0.1 to 10 Hz
f = 10 Hz
f = 100 Hz
f = 1 kHz
f = 10 kHz
f = 100 kHz

4
80
60
25
18
12

4
80
60
25
18
12

4
80
60
25
18
12

pV p-p
nV/\,Hz
nV/VHz
nV/vHz
nV/VHz
nV/VHz

INPUT CURRENT NOISE

f = 1 kHz

0.1

0.1

0.1

pA/\ Hz

OPEN-LOOP GAIN

Vo= ±10 V
500
250

V/mV
V/mV
V/mV

Tm,„-Tm„

OUTPUT CHARACTERISTICS
Voltage
Current
Output Resistance
FREQUENCY RESPONSE
Small Signal
Full Power Bandwidth5
Rise Time
Overshoot
Slew Rate
Settling Time

200
100
70

500
250

250
125
75

200
100
50

500
250

±12.5

Unity Gain
Vo= ±10 V
Rload = 500 II

12.8

16

80

1.75
20
20
100

50
5

V
mA
n

±12.5

±12.5

Rload-500 fl
Short Circuit
Open Loop

50
5

50
5

13.6

16

94

1.75
20
20
100

MHz

13.6

16

94

1.75
20
20
100

MHz
ns
%
V/jis

350
250

ns
ns
ns
ns

10 V Step
Cload = 1^0 pF
l^LOAD ~ 500 I)
to 0.01%
to 0.1%

350
250

DIFFERENTIAL GAIN

f = 4.4 MHz

0.04

0.04

0.04

%

DIFFERENTIAL PHASE

f = 4.4 MHz

0.02

0.02

0.02

Degree

POWER SUPPLY
Rated Performance
Operating Range
Rejection Ratio
Quiescent Current

350
250

±15

±15

Vs = ±5 to ±15 V
Tmin to Tm„

±4.75
88

±18
110
10

500

12

±4.75
95

±15

±18

113
10

500

12

±4.75
88

±18
110
10

12

V
V
dB
mA

NOTES
‘Input offset voltage specifications are guaranteed after 5 minutes of operation at TA = + 25°C.
2Bias current specifications are guaranteed maximum at either input after 5 minutes of operation at TA = +25°C.
’FPBW=slew rate/2ir V peak.
4“S” grade Tml„-Tm,s are tested with automatic test equipment at TA = -55’C and TA = + 125°C.
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test. Results from these tests
are used to calculate outgoing quality levels.
Specifications subject to change without notice.
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AD845
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage..................................................................... ±18V
Internal Power Dissipation2
Plastic Mini-DIP ...................................................... 1.6 Watts
Cerdip.............................................................. ..
1.4 Watts
Input Voltage ...........................................................................±VS
Output Short-Circuit Duration.....................................Indefinite
Differential Input Voltage...................................... +VS and -Vs
Storage Temperature Range
Q..................................................................... -65°C to +150°C
N..................................................................... -65°C to +125°C
Lead Temperature Range (Soldering 60 sec)................... +300°C
NOTES
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indi
cated in the operational sections of this specification is not implied. Expo
sure to absolute maximum rating conditions for extended periods may affect
device reliability.
2Mini-DIP package: 0JA = 100°C/watt; cerdip package: 0JA = 110°C/watt.

ORDERING GUIDE*
Temperature
Range

Mini-DIP Package
(N-8)

Commercial
0 to + 70°C

AD845JN
AD845KN

Industrial
-40°C to +85°C

Cerdip Package
(Q-8)

AD845AQ
AD645BQ

Military
AD845SQ
-55°C to +125°C
AD845SQ/883B
“J” Grade Chips Are Also Available.
NOTE
*See Section 20 for package outline information.

METALIZATION PHOTOGRAPH
Dimensions shown in inches and (mm).
Contact factory for latest dimensions.

OUTPUT
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Typical Characteristics

LOAD RESISTANCE - I)

Figure 1. Input Voltage Swing
vs. Supply Voltage

Figure 2. Output Voltage Swing
vs. Supply Voltage

Figure 3. Output Voltage Swing
vs. Resistive Load

a

SUPPLY VOLTAGE - i Volts

Figure 4. Quiescent Current vs.
Supply Voltage

Figure 7. Input Bias Current vs.
Common-Mode Voltage
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TEMPERATURE - eC

Figure 5. Input Bias Current vs.
Temperature

Figure 8. Short-Circuit Current
Limit vs. Temperature

Figure 6. Magnitude of Output
Impedance vs. Frequency

Figure 9. Unity-Gain Bandwidth
vs. Temperature

AD845

Figure 10. Open-Loop Gain and
Phase Margin vs. Frequency

Figure 13. Common-Mode Rejec
tion vs. Frequency

Figure 11. Open-Loop Gain vs.
Supply Voltage

Figure 12. Power Supply Rejection
vs. Frequency

Figure 14. Large Signal Frequency
Response

FREQUENCY - Hz

Figure 16. Harmonic Distortion
vs. Frequency

Figure 17. Input Noise Voltage
Spectral Density
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Figure 19. Recommended Power
Supply Bypassing

Figure 20. AD845 Simplified
Schematic

Figure 21. Offset Null Configuration

Figure 22a. Unity-Gain Follower

Figure 22b. Unity-Gain Follower
Large Signal Pulse Response

Figure 22c. Unity-Gain Follower
Small Signal Pulse Response

Figure 23a. Unity-Gain Inverter

Figure 23b. Unity-Gain Inverter
Large Signal Pulse Response

Figure 23c. Unity-Gain Inverter
Small Signal Pulse Response
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Applying the AD845
MEASURING AD845 SETTLING TIME
The Figure 24 shows the AD845 settling time performance.
This measurement was accomplished by driving the amplifier
in the unity-gain inverting mode with a fast pulse generator.
The input summing junction was measured using false nulling
techniques.
Settling time is defined as:
The interval of time from the application of an ideal
step function input until the closed-loop amplifier output
has entered and remains within a specified error band.

Components of settling time include:
1. Propagation time through the amplifier
2. Slewing time to approach the final output value
3. Recovery time from overload associated with the slewing
4. Linear settling to within a specified error band.

A HIGH SPEED INSTRUMENTATION AMP
The three op amp instrumentation amplifier circuit shown in
Figure 26 can provide a range of gains from unity up to 1000
and higher. The instrumentation amplifier configuration features
high common-mode rejection, balanced differential inputs and
stable, accurately defined gain. Low input bias currents and fast
settling are achieved with the FET input AD845.

Most monolithic instrumentation amplifiers do not have the high
frequency performance of the circuit in Figure 26. The circuit
bandwidth is 10.9 MHz at a gain of 1 and 8.8 MHz at a gain of
10; settling time for the entire circuit is 900 ns to 0.01% for a
10 V step (Gain = 10).

The capacitors employed in this circuit greatly improve the
amplifier’s settling time and phase margin.

These individual components can easily be seen in Figure 24.
Settling time is extremely important in high speed applications
where the current output of a DAC must be converted to a volt
age. When driving a 500 fl load in parallel with a 100 pF capac
itor, the AD845 settles to 0.1% in 250 ns and to 0.01% in
310 ns.

Figure 26. High Performance, High Speed Instrumen
tation Amplifier

3 OP-AMP IN-AMP

Upper Trace: Output of AD845 Under Test (5 V/Div)
Lower Trace: Error Voltage (1 mV/Div)

Gain

RG

Small Signal
Bandwidth

Settling Time
to 0.01%

1
2
10
100

Open
2k
226(1
20(1

10.9 mHz
8.8 mHz
2.6 mHz
290 kHz

500 ns
500 ns
900 ns
7.5 p.s

Note: Resistors around the amplifiers’ input pins need to be small enough in
value so that the RC time constant they form, with stray circuit capacitance,
does not reduce circuit bandwidth.

Table I. Performance Summary for the Three Op Amp
Instrumentation Amplifier Circuit
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Applying the AD845

Figure 27. The Pulse Response of the Three Op Amp
Instrumentation Amplifier. Gain = 1, Horizontal Scale:
0.5 ms/Div; Vertical Scale: 5 V/Div

DRIVING THE ANALOG INPUT OF AN A/D
CONVERTER
An op amp driving the analog input of an A/D converter, such
as that shown in Figure 29, must be capable of maintaining a
constant output voltage under dynamically changing load condi
tions. In successive-approximation converters, the input current
is compared to a series of switched trial currents. The compari
son point is diode clamped but may deviate several hundred
millivolts resulting in high frequency modulation of A/D input
current. The output impedance of a feedback amplifier is made
artificially low by the loop gain. At high frequencies, where the
loop gain is low, the amplifier output impedance can approach
its open-loop value. Most IC amplifiers exhibit a minimum
open-loop output impedance of 25 fl due to current limiting
resistors. A few hundred microamps reflected from the change
in converter loading can introduce errors in instantaneous input
voltage. If the A/D conversion speed is not excessive and the
bandwidth of the amplifier is sufficient, the amplifier’s output
will return to the nominal value before the converter makes its
comparison. However, many amplifiers have relatively narrow
bandwidth yielding slow recovery from output transients. The
AD845 is ideally suited to drive high resolution A/D converters
with 5 jjls on longer conversion times since it offers both wide
bandwidth and high open-loop gain.

Figure 28a. Settling Time of the Three Op Amp Instru
mentation Amplifier. Horizontal Scale:200 ns/Div; Vertical
Scale, Positive Pulse Input: 5 V/Div; Output Settling:
1 m V/Div

Figure 29. AD845 As ADC Unity Gain Buffer

mentation Amplifier. Horizontal Scale: 200 ns/Div; Vertical
Scale, Negative Pulse Input: 5 V/Div; Output Settling:
1 m V/Div
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ANALOG
DEVICES
FEATURES

AC PERFORMANCE
Small Signal Bandwidth: 80 MHz (Av = -1)
Slew Rate: 450 V/p.s
Full Power Bandwidth: 6.8 MHz at 20 V p-p,
Rl = 500 fl
Fast Settling: for 10 V Step: 110 ns to 0.01%,
80 ns to 0.1%
Differential Gain: <0.01% @ 4.4 MHz
Differential Phase: <0.028° @ 4.4 MHz
Total Harmonic Distortion (THD): 0.0005% @ 100 kHz
Open-Loop Transimpedance: 200 Mfl
Input Voltage Noise: 2 nV/\ Hz
DC PERFORMANCE
Input Offset Voltage: 75 pV max (B Grade)
Input Offset Drift: 3.5 p.V/°C max (B Grade)
Quiescent Supply Current: 6.5 mA max
APPLICATIONS
High Speed DAC Buffers
Multiflash ADC Error Amplifiers
Flash ADC Buffers
Coaxial Cable Drivers
High Performance Audio Circuitry
Available in Plastic Mini-DIP, Hermetic Cerdip, and
Hermetic Metal Can Packages
MIL-STD-883B Parts Available

450 V/jjls, Precision,
Current-Feedback Op Amp
AD846
AD846 CONNECTION DIAGRAM

Plastic Mini-DIP (N) Package
and
Cerdip (Q) Package
Top View

NC = NO CONNECT

Other advantages include: low input errors and high open-loop
transresistance (200 Mfl) into a 500 fl load, ensuring true 12-bit
de accuracy for closed-loop gains from -1 to gains greater than
— 100. This combination of ac and de performance makes the
AD846 an excellent choice for buffering precision high speed
DACs and flash ADCs.

The AD846 is available in three performance grades. The
AD846A and AD846B are rated over the industrial temperature
range of -40°C to +85°C. The AD846S is rated over the full
military temperature range of -55°C to +125°C and is available
processed to MIL-STD-883B, Rev C.

PRODUCT DESCRIPTION
The AD846 is a monolithic, very high speed operational ampli
fier offering high performance. Although technically classed as
a current-feedback or transimpedance amplifier, it may be used
in much the same way as traditional op amps while providing
significant performance benefits. Employing Analog Devices’
junction isolated complementary bipolar (CB) process, the
AD846 achieves true “12-bit” (0.01%) precision on critical ac
and de parameters, a level of performance unmatched by ampli
fiers fabricated using either the dielectrically isolated (DI) or
other bipolar processes.

Extended reliability PLUS screening is available specified over
the commercial temperature range. PLUS screening includes
168 hour burn-in as well as other environmental and physical
tests. The AD846 is available in two types of 8-pin package:
plastic mini-DIP and hermetic cerdip. “A” and “S” grade chips
are also available.

The AD846 offers significant advantages over conventional high
speed operational amplifiers. It maintains a nearly constant
bandwidth and settling time to 0.01% over a wide range of
closed-loop gains. This makes the AD846 ideal for amplifying
the residue in multiple-pass analog-to-digital converters.

2. For closed-loop gains of -1 to -100, the high speed perfor
mance of the AD846 is achieved without sacrificing full
12-bit de precision.

PRODUCT HIGHLIGHTS
1. The AD846 achieves settling times of 110 ns to 0.01% for
gains of —1 to -10, with a 450 V/|is slew rate, while con
suming only 5 mA of supply current.

3. The AD846 is well suited to line driver and video buffer ap
plications where the properties of low distortion and high
slew rate are required.
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(@ +25°C and ±15 V de, unless otherwise noted)
Model
INPUT OFFSET VOLTAGE1
Initial
T„,„-Tm.v
vs. Temperature
vs. Supply (PSSR)
Initial
Tmln-Tmax
vs. Common Mode
Initial
Tm,„-Tmax

INPUT BIAS CURRENT1
- Input Bias Current
Initial
T,n,„-Tmax
vs. Temperature
vs. Supply
Initial
Tm,n-T,nax
vs. Common Mode
Initial
Tmi„-Tmax
+ Input Bias Current
Initial
Tn,,„-Tmax
vs. Temperature
vs. Supply
Initial
Tmin-Tmax
vs. Common Mode
Initial
Tmln-Tmax

Conditions

Min

25
50
0.8

Vcm

FREQUENCY RESPONSE
Small Signal Bandwidth
(-3dB)
Full Power Bandwidth4
Rise Time
Overshoot
Slew Rate
Settling Time
10 V Step, Av = -1

TOTAL HARMONIC
DISTORTION5

AD846B
Typ
25
50
0.8

200
350

5

Max

Min

75
125
3.5

AD846S
Typ

Max

Units

25
100
1

200
350
5.5

FV
jxV

pV/°C

110
110

125
120

120
116

125
120

110
94

125
116

dB
dB

110
110

125
120

120
116

125
120

110
94

125
116

dB
dB

150
450
6

450
1200
20

100
400
6

250
750
17

150
1000
9

450
1500
20

nA
nA
nA/°C

9
11

15
20

9
11

10
15

9
11

15
25

nA/V
nA/V

5
5

10
15

3
3

5
7

5
5

10
20

nA/V
nA/V

3
4
15

15
20
80

3
4
15

5
7
45

3
5
15

15
20
80

pA
P-A
nA/°C

5
5

15
20

5
5

10
15

5
5

15
20

nA/V
nA/V

5
5

15
15

3
3

10
10

5
5

15
20

nA/V
nA/V

5 V-18 V2

VCM = ±10 V

5 V-18 V2

Vcm=

±10V

50
10

50
10

50
10

n
kfl

2
2

2
2

2
2

pF
pF

±10

±10

±10

V

F = 1 kHz

2

2

2

nV/vHz

1 kHz
1 kHz

20
6

20
6

20
6

pA/\/Hz
pA/\/Hz

200

Mil
Mil

Vout

= ±10 V

Tm,„-T,nax
OUTPUT CHARACTERISTICS
Voltage
Current
Output Resistance

Min

= ±10 V

INPUT VOLTAGE RANGE
Common Mode

OPEN LOOP
TRANSRESISTANCE

Max

5 V-18 V2

INPUT CHARACTERISTICS
Input Resistance
-Input
+Input
Input Capacitance
-Input
+Input

INPUT VOLTAGE NOISE
Input Current Noise
- Input
+ Input

AD846A
Typ

= 500 n
Short Circuit
Open Loop
Ri.oad

100
50

200

150
75

200

100
50

65
16

65
16

65
16

V
mA
II

± 10

±10

±10

Av = -1 RF = 1 k
Av = -10 RF = 875 H
Av = -30 Rk = 875 fl
Vout = 20 V p-p
Rj = 500 n
Av = -1
Av= -1
Av= -1

80
31
15

80
31
15

80
31
15

MHz
MHz
MHz

6.8
10
20
450

6.8
10
20
450

6.8
10
20
450

MHz
ns
%
V/ps

to 0.1%
to 0.01%

80
110

80
110

80
110

ns
ns

F = 100 kHz

0.0005

0.0005

0.0005

%
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AD846
AD846A
Typ

Model

Conditions

DIFFERENTIAL GAIN

F = 4.4 MHz, RL = 100 fl

0.01

0.01

AD846S
Typ
0.01

DIFFERENTIAL PHASE

F = 4.4 MHz, RL = 100 O

0.028

0.028

0.028

POWER SUPPLY
Rated Performance
Operating Range
Quiescent Current

Trnin-T^,

Min

AD846B
Max

Min

±15

±5

5

TRANSISTOR COUNT

Typ

Max

Min

±5

5

±18
6.5

72

72

Units

%
Degree

±15

±15

± 18
6.5

Max

±5

±18
7

5

V
V
mA

72

NOTES
'Input Offset Voltage Specifications are guaranteed after 5 minutes at TA = +25°C.
2Test Conditions: +VS = 15 V, -Vs = 5 V to 18 V and +VS = 5 V to 18 V, -Vs = ±15 V.
’Bias Current Specifications are guaranteed maximum after 5 minutes at TA = +25°C.
4FPBW = Slew Rate/2 -it Vpeak.
’Total Harmonic Distortion.
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test.
Results from those tests are used to calculate outgoing quality levels.
Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS1
Operating Temperature Range
Supply Voltage..................................................................... ±18V
AD846A/B........................................................ -40°C to +85°C
Internal Power Dissipation2
AD846S...........................................................-55°C to +125°C
Plastic Package.........................................................
1.3WLead Temperature Range (Soldering 60 sec) ..................+300°C
Cerdip Package.................................................................. 1.3 W
NOTES
Input Voltage3 ..................................................................... ±18V
'Stresses above those listed under “Absolute Maximum Ratings” may cause
Common-Mode Input Voltage....................................... |VS| -3 V
permanent damage to the device. This is a stress rating only; the functional
Output Short Circuit Duration.......................................Indefinite
operation of the device at these or any other conditions above those indi
cated
in the operational sections of this specification is not implied. Expo
Differential Input Voltage.......................................................... ±1V
sure to absolute maximum rating conditions for extended periods may affect
Continuous Input Current
device reliability.
Inverting or Noninverting............................................2.0 mA
2Plastic Package: flJA = 90°C/Watt.
Storage Temperature Range Q......................... -65°C to +150°C
Cerdip Package: 0JA = 110°C/Watt.
Storage Temperature Range N......................... -65°C to +125°C
’For supply voltages less than ±18 V, the absolute maximum input voltage is
equal to the supply voltage.

ORDERING GUIDE
*

METALIZATION PHOTOGRAPH
Dimensions shown in inches and (mm).
Consult factory for latest dimensions.

+ VS
7

Temperature
Range

Mini-DIP
(N-8)

Cerdip
(Q-8)

Industrial
-40°C to +85°C

AD846AN
AD846BN

AD846AQ
AD846BQ

Military
-55°C to +125°C

AD846SQ
AD846SQ/883B

“A” and “S” grade chips are also available.
*See Section 20 for package outline information.

6 OUTPUT

5 COMPENSATION

0.104
(2.64)

4
-Vs
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Typical Characteristics
20

A

15
RL = 2kH
+ 25
*C

+ VquT

10

y

5

5

10

15

20

SUPPLY VOLTAGE - ± Volts

Figure 7. Input Voltage Swing
vs. Supply

TEMPERATURE - "C

Figure 4. Quiescent Supply Current
vs. Temperature

Figure 2. Output Voltage Swing
vs. Supply

SUPPLY VOLTAGE - ± Volts

Figure 3. Quiescent Current
vs. Supply Voltage

LOAD RESISTANCE - 11

Figure 5. Output Voltage Swing vs.
Resistive Load

Figure 6. Large Signal Frequency
Response

V$ = ±15V
+ 25 C

SUPPLY VOLTAGE - ±Volts

Figure 7. Open-Loop Trans
impedance vs. Supply
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COMMON MODE VOLTAGE - Volts

Figure 8. Positive Input Bias Current
vs. Common-Mode Voltage

COMMON MOOE VOLTAGE - Volts

Figure 9. Negative Input Bias Current
vs. Common-Mode Voltage

AD846
3.0

<s.
i

2

?

2.5
2.0

□
Z
s

1.5

>

z

”

1.0

z
x

05

<
co

0

□

I -0.5

-1.0
-60 - 40 - 20

0

+ 20 + 40 + 60 + 80 +100+120 + 140

TEMPERATURE - X

Figure 10. Positive Input Bias
Current vs. Temperature

Figure 13. Common-Mode Rejection
vs. Frequency

Figure 11. Negative Input Bias
Current vs. Temperature

Figure 14. Input Noise Voltage
Spectral Density

TEMPERATURE - X

Figure 16. Short Circuit Current
Limit vs. Temperature

Figure 17. Slew Rate vs.
Temperature

FREQUENCY - Hr

Figure 12. Power Supply Rejection
vs. Frequency

Figure 15. Inverting Input Noise
Current Spectral Density

INPUT ERROR SIGNAL - mV
(AT SUMMING JUNCTION)

Figure 18. Slew Rate vs. Input
Error Signal
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Typical Characteristics, Inverting Gain of 1

•PLUS 2pF SCOPE
PROBE CAPACITANCE
INPUT FREQUENCY - Hz

Figure 19b. Large Signal Pulse
Response, Gain of -1

Figure 20. Normalized Output Ampli
tude vs. Frequency vs. Load

PHASE SHIFT

-

Deg

Figure 19a. Inverting Amplifier,
Gain of 1

Figure 21. Phase Shift vs. Frequency

Figure 22. Total Harmonic Distortion
vs. Frequency

Figure 23. Settling Time
vs. Step Size

FREQUENCY - Hz

Figure 24. 3 dB Bandwidth vs.
Supply Voltage
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Figure 25. Output Impedance
vs. Frequency

Figure 26. 3 dB Bandwidth vs.
Temperature

Typical Characteristics,Inverting Gain of 10 - AD846
90911

•PLUS 2pF SCOPE
PROBE CAPACITANCE

Figure 27a. Inverting Amplifier,
Gain of 10

Figure 29. Phase vs. Frequency
vs. Load

Figure 27b. Large Signal Pulse
Response, Gain of 10

Figure 28. Normalized Output Ampli
tude vs. Frequency vs. Load

Figure 31. Settling Time vs.
Step Size

Figure 30. Harmonic Distortion
vs. Frequency

34

24

22 I

I

I

-60 - 40 - 20

FREQUENCY - Hi

Figure 32. 3 dB Bandwidth vs.
Supply Voltage

Figure 33. Output Impedance
vs. Frequency

I
0

I

I

I

I

I

I

+ 20 + 40 + 60 + 80 +100 +120 + 140

TEMPERATURE - "C

Figure 34. 3 dB Bandwidth vs.
Temperature
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Applying the AD846
POWER SUPPLY CONSIDERATIONS
The power supply connections to the AD846 must maintain a
low impedance to ground over a bandwidth of 40 MHz or more.
This is especially important when driving a significant resistive
or capacitive load, since all current delivered to the load comes
from the power supplies. Multiple high quality bypass capacitors
are recommended for each power supply line in any critical
application. A 0.1 pF ceramic and a 2.2 p.F electrolytic capaci
tor as shown in Figure 35 placed as close as possible to the
amplifier (with short lead lengths to power supply common) will
assure adequate high frequency bypassing, in most applications.
A minimum bypass capacitance of 0.1 pF should be used for
any application. At high temperatures, it is advisable to powerup the positive power supply before the negative.

Figure 35.

Recommended Power Supply Bypassing

THEORY OF OPERATION
The AD846 differs from conventional operational amplifiers in
that it is a transimpedance device rather than a conventional
voltage amplifier. Figure 36 is a simplified schematic of the
AD846. The input stage consists of a pair of transistors, QI and
Q2, which are biased by two diode-connected transistors, Q3
and Q4. Transistors QI and Q2 have their emitters connected
together, and this common point functions as the inverting
input of the amplifier. Correspondingly, the common connection
of the two biasing diodes acts as the noninverting input.

Because the input error signal developed is in the form of a cur
rent, not a voltage, the AD846 differs from conventional opera
tional amplifiers. This also means that, unlike most operational
amplifiers which rely on negative feedback to produce a “virtual
ground” at the inverting input terminal, this terminal explicitly
has a low impedance.
A unique circuit approach allows the AD846 to realize an open
loop transimpedance of close to 200 MH. This is nearly three
orders of magnitude greater than that of any other operational
transimpedance amplifier and results in extremely high levels of
de precision.

As an example, the output voltage gain error is approximately
equal to the value of the feedback resistor divided by the value
of the open-loop transimpedance of the amplifier. That is, when
using a 1 kfl feedback resistor, this error is one part in 200,000.
For a transimpedance amplifier with 1 MH transimpedance, this
error is only one part in 1000; such an amplifier would barely be
able to achieve 10-bit precision.

Figure 36. AD846 Simplified Schematic

When operated as a closed-loop amplifier, feedback error cur
rent, IIN, flows into the inverting input terminal and is con
veyed via current mirrors (transistors Q5, Q6, Q7, and Q8) to
the compensation capacitor, CCOMP. The voltage developed
across CCOMP is buffered by the output stage, consisting of
transistors Q9-Q12.
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Figure 39 is a simplified three-terminal model for the AD846.
Figure 40 is a simplified three-terminal model for a conventional
voltage op amp. The action of current feedback serves to modify
the behavior of the amplifier under closed-loop conditions. The
feedback resistor, RF, is somewhat analogous to the input
stage transconductance of a conventional voltage amplifier; and
therefore, if the value of RF is held constant, the closed-loop
bandwidth also remains virtually constant, independent of
closed- loop voltage gain.

AD846
A simple equation can, therefore, be used to determine the
bandwidth of an amplifier employing the AD846 in the invert
ing configuration.

3 dB Bandwidth =

Rf

23
+ 0.05 (1 + Gl

where: The 3 dB bandwidth is in MHz
G is the closed-loop inverting gain of the AD846
Rf is the feedback resistance in kfl.

Figure 39. AD846 Three-Terminal Model

NOTE: This equation applies only for values of RF between
10 kfl and 100 kfl, and for R[ OAD greater than 500 fl. For
RF = 1 kfl the bandwidth should be estimated from Figure 41.

Figure 41 illustrates the closed-loop voltage gain vs. frequency
of the AD846 for various values of feedback resistor. For com
parison purposes, the characteristic of a conventional amplifier
having an 80 MHz unity gain bandwidth is also shown.

Figure 40. Op Amp Three-Terminal Model

A more detailed examination of the closed-loop transfer function
of the AD846 results in the following equation:

FREQUENCY - Hz

Compare this to the equation for a conventional op amp:

Closed-Loop Gain G(s| =

A.s

CcOMP
Sm

where: CCOMP is the internal compensation capacitor of the am
plifier; gM is the input stage transconductance of the
amplifier.
In the case of the voltage amplifier, the closed-loop bandwidth
decreases directly with increasing values of (1 + RF/RS), the
closed-loop gain. However, for the transimpedance amplifier,
the situation is different. At low gains, where (1 + RF/RS) RIN
is small compared to RF, the closed-loop bandwidth is con
trolled by the internal compensation capacitance of 7 pF and the
value of RF, and not by the closed-loop gain. At higher gains,
where (1 + RF/RS) Rin *s much larger than RF, the behavior is
that of a conventional operational amplifier in which the input
stage transconductance is equal to the inverting terminal input
impedance of the transimpedance amplifier (RIN = 50 fl).

Figure 41. Closed-Loop Voltage Gain vs. Frequency for
Various Values of RF

For the case where RF - 1 kfl and Rs = 100 fl (closed-loop
gain of -10), the closed-loop bandwidth is approximately
28 MHz. It should also be noted that the use of a capacitor to
shunt RF, a normal practice for stabilizing conventional op
amps, will cause this amplifier to become unstable because the
closed-loop bandwidth will increase beyond the stable operating
frequency.

A similar approach can be taken to calculate the noise perfor
mance of the amplifier. A simplified noise model is shown in
Figure 42.
The equivalent mean-square output noise voltage spectral
density will equal:

W =

W +

+ 4kTRP] + 4kT RF(^r +
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Where:

RP is the external resistance placed in series with the
noninverting input
RF is the feedback resistor
Rs is the source resistor
INN is the noise current in the inverting input
INP is the noise current in the noninverting input
VN is the input noise voltage.

feedback resistor will help reduce overshoot; but when operating
at noninverting gains below 3, this same capacitance will cause
instability.

Typical values for these parameters ((S 1 kHz) in pA/\ Hz are:
^nn = 20, IPN = 6, VN = 2.

Or, referring to the signal input, the equivalent mean-square
input voltage noise is:
2
V/jV2

- (jRf Aviv!2

+

[V.v2 +

lRPIw? + 4kTRp]

+ 4‘rRS(1 + £)
Resistor RP is required for both inverting and noninverting (fol
lower) operation, to insure stable operation. The amplifier’s
noninverting input current (flowing through RP of 100 fl) will
typically add less than 300 p.V to the AD846’s input offset volt
age. This can be trimmed-out using the optional network shown
in Figure 44. The following table gives recommended values
for RP.

Supply Voltage
6
6
6
5
5

V to 15 V
V to 15 V
V to 15 V
V
V

Gain (RF/RS)

Recommended
Value for RP

1-10
10-20
20-200
1-10
10-200

100 fl
47 fl
0 fl
47 fl
0 fl

Figure 43. AD846 Noninverting Amplifier Configuration

USING THE COMPENSATION PIN OF THE AD846
Additional compensation may be provided for the AD846 by
applying an external capacitance between Pin 5 and analog
ground (Figure 44). The nominal value of the AD846’s internal
compensation capacitor is 7 pF. For a given value of feedback
resistance (RF), any added external capacitance reduces the
amplifier’s slew rate and bandwidth proportionally.

Figure 44. AD846 Inverting Amplifier Showing External
Compensation Connection, RP and Optional Vos Trim

Figure 42. Op Amp Simplified Noise Model

In addition to providing for external compensation, Pin 5 may
be used to clamp the output of the amplifier, as shown in Fig
ure 45. The output can be clamped anywhere within the output
range (approximately ±10 V) of the amplifier. The input should
also be clamped as a precaution against damaging the amplifier’s
input transistors.

NONINVERTING GAIN OPERATION
The AD846 can be used as a noninverting amplifier or voltage
follower, operating at gains between 1 and 200. A minimum
value of RF equal to 1 kfi should be employed. For low gains (1
to 2), the input signal should be applied to the AD846’s nonin
verting input through a 100 fl series resistor; this will help
reduce peaking. The best transient response will occur when the
amplifier’s output level is below 5 V peak to peak.
At closed-loop gains of 3 or more, the input resistor is not
required unless peak signals greater than 3 V will be applied.
The amplifier’s bandwidth can be determined by using the
inverting amplifier’s bandwidth equation or from Figure 41. For
example, at a gain of +10 (RF = 1 kfi, Rs = 100 fl) the band
width of the AD846 will be approximately 20 MHz; at a gain of
+100, (RF = 1 kfi, Rs = 10 fl) it will be 6 MHz. At gains of 3
or greater, a small capacitor (2 pF-5 pF) connected across the
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Figure 45. AD846 Used as a Clamped Amplifier

This compensation node may also be used as an additional out
put terminal as in the precision transconductance amplifier
application of Figure 46.

AD846

Figure 46. A Precision Transconductance Amplifier

The AD846 can be used in either the inverting transconductance
mode as shown in Figure 46, or in a noninverting mode with Rs
grounded and Vs applied to the noninverting terminal. The cur
rent output is essentially constant over a compliance range of
± 10 V at the compensation node. The output current (from Pin
5) is limited to about ± 1 mA due to internal saturation. Under
these circumstances the normal output pin provides a buffered
version of the compensation node output voltage. Output load
impedance of 500 fl or greater will not affect the accuracy of the
transconductance conversion.
THE AD846 IN A 2 MHz, 12-BIT SUBRANGING A/D
CONVERTER CIRCUIT
The combination of fast settling times at high gains and low de
errors make the AD846 ideal for use as an error amplifier in
high speed, 12-bit subranging A-D applications. In the circuit of
Figure 47, an AD842 serves as an input amplifier. First pass
conversion is accomplished, in a straightforward manner, deter
mining the top 7 bits. The latch then holds these top 7 bits
which are applied to a 7 bit, 12-bit accurate DAC and also to
the highest 7 bits of the adder (note that a sample-and-hold
should be used ahead of this converter to minimize errors due to
its 500 ns acquisition time). In the second pass, the input
switches SI and S2 and S3 are set to state 2. The DAC output is
then subtracted from the input signal and the resulting differ
ence is then amplified by an AD846 gain of 32 follower. This
gain, together with a l/64th scale offset, insures a unipolar resi
due which can be converted by the flash A-D. Conversion is
accomplished via switches SI, S2 and S3 in state 1. Switch SI
connects the input signal of the AD846 residue amplifier to
ground which minimized overload recovery time.

1 = FIRST PASS, MSB TO BIT 7
2 = 2ND PASS, BIT 7 TO LSB,
PLUS OVERLAP BITS 6 4 7
•R1 AND R2-311 RATIO TO 0.01% OR BETTER

THE AD846 AS AN OPEN-LOOP LEVEL SHIFTER
The AD846 can also be used for open-loop level shifting. As
shown in Figure 48, resistor Rs is used to develop an input cur
rent which is proportional to the input voltage, VIN. This cur
rent flows from the compensation node (Pin 5) developing a
voltage across resistor Rc (Rc is equal in value to resistor Rs)
which, rather than being grounded, has one end tied to refer
ence voltage V2. The voltage appearing at Pin 5 is, therefore,
voltage VIN plus voltage V2 and will directly follow changes in
VIN. By scaling resistor R< , a level shift with voltage gain can
be produced.
In addition, the normal voltage output at Pin 6 is approximately
equal to the voltage at Pin 5 thus providing a low impedance,
buffered output for the level shifter.

Figure 48. AD846 Connected as a Level Shift Amplifier

THE AD846 AS A HIGH SPEED DAC BUFFER
The AD846 will enable the AD568 12-bit DAC to develop a
10 V output step which settles to within 0.025 percent of its
final value in about 100 ns. This AD846/AD568 combination is
shown in the circuit of Figure 49. Correct power supply decou
pling is essential: a 2.2 pF tantalum capacitor connected in par
allel with a 0.1 pF to 0.01 pF ceramic disc capacitor is usually
sufficient. These should be placed as close to the power supply
pins as possible. Also, a ground plane should be employed; this
ensure that there is a low impedance signal path to ground
which allows the fastest possible output settling. In 12-bit sys
tems with the AD846 operating at gains of 10 or less, inade
quate supply decoupling can cause the output settling to degrade
from 100 ns to as much as 300 ns, with a 10 V output step

AD568

Figure 47. Block Diagram of a 2 MHz, 12-Bit Subranging
A/D Converter

Figure 49. The AD846 Serving as a DAC Buffer
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ANALOG
DEVICES
FEATURES
50 MHz Unity Gain Bandwidth
4.8 mA Supply Current
300 V/ps Slew Rate
120 ns Settling Time to 0.1% for a 10 V Step
0.04% Differential Gain
0.19° Differential Phase
Drives Capacitive Loads
DC Performance
5.5 V/mV Open-Loop Gain into a 1 kfl Load
1 mV max Input Offset Voltage

Performance Specified for ±5 V and ±15 V
Operation
Available in Plastic, Hermetic Cerdip and
Small Outline Packages; Chips and
MIL-STD-883B Processing Available
Available in Tape and Reel in Accordance with
EIA-481A Standard
Dual Version Available: AD827
APPLICATIONS
Unity Gain Buffer
Cable Drivers
8- and 10-Bit Data Acquisition Systems
Video and RF Amplification
Signal Generators

PRODUCT DESCRIPTION
The AD847 is a high speed, low power monolithic operational
amplifier. The AD847 achieves its combination of fast ac and
good de performance by utilizing Analog Devices’ junction iso
lated complementary bipolar (CB) process. This process enables
the AD847 to achieve its high speed while only requiring
4.8 mA of current from the power supplies.

The AD847 is a member of Analog Devices’ family of high
speed op amps. This family includes, among others, the AD848,
which is stable at a gain of five or greater, and the AD849,
which offers 725 MHz of gain bandwidth at gains of 25 or
greater. For more demanding applications, the AD840, AD841
and AD842 offer even greater precision and greater output cur
rent drive.

High Speed, Low Power
Monolithic Op Amp
AD847
AD847 CONNECTION DIAGRAM

Plastic (N)
Small Outline (R) and
Cerdip (Q) Packages

NULL

1

-IN

2

+ IN

-Vs

E
E

AD847

TOP VIEW

8

NULL

7

+ VS

6

OUTPUT

5

NC

NC = NO CONNECT

APPLICATION HIGHLIGHTS
1. The high slew rate and fast settling time of the AD847 make
it ideal for all types of video instrumentation circuitry, fast
DAC and flash ADC buffers, and line drivers.

2. As a buffer, the AD847 offers a full-power bandwidth of
30 MHz (for 2 V p-p with Vs = ±5 V) making it outstand
ing as an input buffer for flash A/D converters.
3. In order to meet the needs of both video and data acquisition
applications, the AD847 is optimized and tested for ±5 V
and ±15 V power supply operation.
4. The low power and small outline packaging of the AD847
make it very well suited for high density applications such as
multiple pole active filters.

5. The AD847 is internally compensated for unity gain opera
tion and remains stable when driving any capacitive load.
6. Laser wafer trimming reduces the input offset voltage to less
than 1 mV maximum on all AD847 grades, thus eliminating
the need for external offset nulling in many applications.

7. The AD847 is an enhanced replacement for the LM6161
series and can function as a pin for pin replacement for many
high speed amplifiers such as the HA2544, HA2520/2/5 and
the EL2020.

The AD847 also has good de performance. When operating with
±5 V supplies, it offers an open loop gain of 3,500 V/V (with a
500 fl load) and low input offset voltage of 1 mV maximum
(A/S grades). Common mode rejection is a minimum of 80 dB.
Output voltage swing is ±3 V even into loads as low as 150 fl.
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(@ Ts = +25°C, unless otherwise noted)
Model

Conditions
INPUT OFFSET VOLTAGE1

Vs

Min

AD847J
Typ

±5 V

0.5

±5 V,
±15 V

3.3

Tm,„ to Tmav

±5 V,
±15 V

50

Vo = 5 V p-p
RL = 500 fl,
Vo= 20 V p-p,
RI = lkfl

Slew Rate3

= 1 kfl
-2.5 V to +2.5 V
10 V Step, Av = 21
Cload = 10 pF
Rload ~ 1 kfl
f = 4.4 MHz
f = 4.4 MHz
Rload

Phase Margin

Differential Gain
Differential Phase

2
1

3.3

5

nA

15

300

50

7.5

nA

300

nA

400

nA
nA/°C

0.3
2
1

3.5

V/mV
V/mV
V/mV

3.5

1.6

1.6
3
1.5

3
1.5

5.5

5.5

V/mV
V/mV

±5 V
±15 V

35
50

35
50

MHz
MHz

±5 V

12.7

12.7

MHz

4.7
200
300
65
120

MHz
V/ps
V/ps
ns
ns

50
0.04
0.19

Degree
%
Degree

±15 V
±5 V
±15 V
±5 V
±15 V
±15 V

225

f = 10 kHz

±15 V

INPUT CURRENT NOISE

f = 10 kHz

±15 V
±5 V

4.7
200
300
65
120

225

50
0.04
0.19

±15 V
±15 V

INPUT VOLTAGE NOISE

INPUT COMMON MODE
VOLTAGE RANGE

mV
mV
pV/°C

±15 V

±5 V
±15 V

VCm

Vcm

POWER SUPPLY REJECTION

6.6

Units

1
4

±5 V

= 62.5 V
= ±12 V
Tm.n tO Tmax
Vs = ±5 V to ±15 V
Tmin to Tmax

COMMON MODE REJECTION

0.5

0.3

DYNAMIC PERFORMANCE
Unity Gain Bandwidth

Settling Time to 0.1%

1
3.5

400

Tm,„ to Tm„

Offset Current Drift
Vo = ±2.5 V
Rload= 500 fl
Tmin to Tm„
Rload = 150 O
VOUT= ±WV
Rload = 1 kfl
Tmin tO Tmax

AD847A/S
Max
Typ

7.2

Tmin tO Tmax
INPUT OFFSET CURRENT

Full Power Bandwidth2

Min

15

Offset Drift

INPUT BIAS CURRENT

OPEN LOOP GAIN

Max

78
78
75

95
95

80
80
75

95
95

dB
dB
dB

75
72

86

75
72

86

dB
dB

15

15

nV/vffi

1.5

1.5

pA/VHz

+4.3
-3.4
+ 14.3
-13.4

+4.3
-3.4
+ 14.3
-13.4

V
V
V
V

3.6
3

±15 V

32

32

±V
±V
±v
±v
mA

INPUT RESISTANCE

300

300

kfl

INPUT CAPACITANCE

1.5

1.5

pF

15

15

fl

OUTPUT VOLTAGE SWING

Rload

= 500 fl

Rload

~ 500 fl

Short-Circuit Current

OUTPUT RESISTANCE

±5 V
±5 V
±15 V
±15 V
±15 V

3.0
2.5
12
10

Open Loop

POWER SUPPLY
Operating Range
Quiescent Current

± 4.5
±5 V

4.8

±15 V

5.3

Tm,n to Tma,

Tmin '0 Tmax

3.0
2.5
12
10

3.6
3

±18
6.0
7.3
6.3
7.6

±4.5

NOTES
'Input Offset Voltage Specifications are guaranteed after 5 minutes at TA = + 25°C.
2Full Power Bandwidth = Slew Rate/2ir VPEAK.
’Slew Rate is measured on rising edge.
All min and max specifications are guaranteed. Specifications in boldface are 100% tested at final electrical test.
Specifications subject to change without notice.
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4.8
5.3

±18
5.7
7.0/7.8
6.3
7.6/8.4

V
mA
mA
mA
mA

AD847
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage................................................................... ±18 V
Internal Power Dissipation2
Plastic (N) .................................................................. 1.2 Watts
Small Outline (R)........................................................ 0.8 Watts
Cerdip (Q) .................................................................. 1.1 Watts
Input Voltage ..................................................... ±VS Differential
Input Voltage.......................................................................... 6 V
Storage Temperature Range Q......................... -65°C to +150°C
N, R........................................................
-65°C to + 125°C
Junction Temperature...........................................................175°C
Lead Temperature Range (Soldering 60 sec)..................... 300°C

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).

0.064
(1 Ml
NULL

NOTE

‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indi
cated in the operational section of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect
device reliability.
2Mini-DIP Package: 6JA = 100°C/Watt
Cerdip Package: 0JA = 110°C/Watt
Small Outline Package: 0JA = 155°C/Watt

ORDERING GUIDE'

Model

AD847JN
AD847JR
AD847AQ
AD847SQ
AD847SQ/883B
AD848J/A/S
AD849J/A/S

Gain
Bandwidth
MHz

50
50
50
50
50
175
725

Minimum
Stable
Gain

1
1
1
1
1
5
25

Maximum
Offset Voltage
mV

1
1
1
1
1
1
1

Temperature
Range - °C

Package
Options2

0 to +70
0 to +70
-40 to +85
-55 to +125
-55 to +125
See AD848 Data Sheet
See AD849 Data Sheet

Plastic (N-8)
SOIC (R-8)
Cerdip (Q-8)
Cerdip (Q-8)
Cerdip (Q-8)

NOTES
‘J and S grade chips also available. AD847JR available in tape and reel.
2See Section 20 for package outline information.
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Typical Characteristics (@ + 25°C and Vs = ± 15V, unless otherwise noted)
30

g
i
<5
o>
I
8

+ VouT/'

VOUT

D
O

RIOad = 50011

ol------------------------------------------- --------------SUPPLY VOLTAGE - ± Volts

5
10
15
SUPPLY VOLTAGE - ± Volts

Figure 1. Input Common-Mode
Range vs. Supply Voltage

Figure 2. Output Voltage Swing
vs. Supply Voltage

Figure 4. Quiescent Current vs.
Supply Voltage

Figure 5. Input Bias Current vs.
Temperature

0

20

10

100
1k
LOAD RESISTANCE - Il

10k

Figure 3. Output Voltage Swing
vs. Load Resistance

Figure 6. Output Impedance vs.
Frequency

E '

z
IX
o 5

QUIESC

2

Vs- ±5V

- 60 - 40

- 20

20
40
60
80
TEMPERATURE - #C

100

120 140

Figure 7. Quiescent Current vs.
Temperature
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Figure 8. Short-Circuit Current
Limit vs. Temperature

Figure 9. Gain Bandwidth Product
vs. Temperature

AD847

LOAD RESISTANCE - Il

Figure 10. Open-Loop Gain and
Phase Margin vs. Frequency

Figure 13. Common-Mode
Rejection vs. Frequency

Figure 16. Harmonic Distortion vs.
Frequency

Figure 11. Open-Loop Gain vs.
Load Resistance

Figure 14. Large Signal Frequency
Response

Figure 17. Input Voltage Noise
Spectra! Density

FREQUENCY-Hz

Figure 12. Power Supply Rejection
vs. Frequency

Figure 15. Output Swing and
Error vs. Settling Time

Figure 18. Slew Rate vs.
Temperature
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Figure 19. Inverting Amplifier
Configuration

Figure 19a. Inverter Large
Signa! Pulse Response

Figure 19b. InverterSmall
Signal Pulse Response

RB
12511

Figure 20. Noninverting Amplifier
Configuration

Figure 20a. Noninverting
Large Signa! Pulse Response

Figure 20b. Noninverting
Small Signal Pulse Response

OFFSET NULLING
The input offset voltage of the AD847 is very low for a high
speed op amp, but if additional nulling is required, the circuit
shown in Figure 21 can be used.
INPUT CONSIDERATIONS
An input resistor (Rin in Figure 20) is recommended in circuits
where the input to the AD847 will be subjected to transient or
continuous overload voltages exceeding the ± 6V maximum
differential limit. This resistor provides protection for the input
transistors by limiting the maximum current that can be forced
into bases.
Figure 21. Offset Nulling
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For high performance circuits it is recommended that a resistor
(Rb in Figures 19 and 20) be used to reduce bias current errors
by matching the impedance at each input. The offset voltage
error caused by the offset current is more than an order of
magnitude less.

Applications - AD847
THEORY OF OPERATION
The AD847 is fabricated on Analog Devices’ proprietary com
plementary bipolar (CB) process which enables the construction
of pnp and npn transistors with similar fTs in the 600MHz to
800MHz region. The AD847 circuit (Figure 22) includes an npn
input stage followed by fast pnps in the folded cascade intermediate
gain stage. The CB pnps are also used in the current amplifying
output stage. The internal compensation capacitance that makes
the AD847 unity gain stable is provided by the junction capaci
tances of transistors in the gain stage.

VIDEO LINE DRIVER
The AD847 functions very well as a low cost, high speed line
driver of either terminated or unterminated cables. Figure 23
shows the AD847 driving a doubly terminated cable in a follower
configuration.
The termination resistor, RT, (when equal to the characteristic
impedance of the cable) minimizes reflections from the far end
of the cable. While operating off ± 5V supplies, the AD847
maintains a typical slew rate of 200V/jis, which means it can
drive a ± IV, 30MHz signal on the terminated cable.

A back-termination resistor (RBT, also equal to the characteristic
impedance of the cable) may be placed between the AD847
ouput and the cable in order to damp any reflected signals caused
by a mismatch between Ry and the cable’s characteristic
impedance. This will result in a “cleaner” signal, although it
requires that the op amp supply ± 2V to the output in order to
achieve a ± IV swing at the line.

Figure 22. AD847 Simplified Schematic

The capacitor, Cp, in the output stage mitigates the effect of
capacitive loads. At low frequencies and with low capacitive
loads, the gain from the compensation node to the output is
very close to unity. In this case Cp is bootstrapped and does not
contribute to the compensation capacitance of the part. As the
capacitive load is increased, a pole is formed with the output
impedance of the output stage. This reduces the gain, and there
fore, Cf is incompletely bootstrapped. Some fraction of Cp
contributes to the compensation capacitance, and the unity gain
bandwidth falls. As the load capacitance is increased, the
bandwidth continues to fall, and the amplifier remains stable.

Figure 23. Video Line Driver

Often termination is not used, either because signal integrity
requirements are low or because too many high frequency signals
returned to ground contaminate the ground plane. Unterminated
cables appear as capacitive loads. Since the AD847 is stable into
any capacitive load as a follower, it will not oscillate if the cable
is not terminated; however pulse integrity will be degraded.
Figure 24 shows the AD847 driving lOOpF and lOOOpF loads.

GROUNDING AND BYPASSING
In designing practical circuits with the AD847, the user must
remember that whenever high frequencies are involved, some
special precautions are in order. Circuits must be built with
short interconnect leads. A large ground plane should be used
whenever possible to provide a low resistance, low inductance
circuit path, as well as minimizing the effects of high frequency
coupling. Sockets should be avoided because the increased inter
lead capacitance can degrade bandwidth.

Feedback resistors should be of low enough value to assure that
the time constant formed with the capacitances at the amplifier
summing junction will not limit the amplifier performance.
Resistor values of less than 5kfl are recommended. If a larger
resistor must be used, a small (<10pF) feedback capacitor in
parallel with the feedback resistor, Rp, may be used to compensate
for the input capacitances and optimize the dynamic performance
of the amplifier.

Figure 24. AD847 Driving a Capacitive Load

Power supply leads should be bypassed to ground as close as
possible to the amplifier pins. 0.1 p.F ceramic disc capacitors are
recommended.
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FLASH ADC INPUT BUFFER
The 35MHz unity gain bandwidth of the AD847 when operated
with ± 5V supplies makes it an excellent choice for buffering
the input of high speed flash A/D converters, such as the
AD9048.

Figure 25 shows the AD847 as a unity inverter for the input to
the AD9048.

HIGH SPEED DAC BUFFER
The wide bandwidth and fast settling time of the AD847 makes
it a very good output buffer for high speed current-output D/A
converters like the ADDAC-08. Figure Z1 shows the ADDAC-08
with the AD847 as the current to voltage converter. In this
unipolar configuration the output swing ranges from 0.00V to
+ 9.96V.

Figure 26 shows the full scale settling time of this circuit when
the digital codes are changed from all Is to all Os. For the + 9.96V
to 0.00V output change shown 1LSB = 40mV the overall settling
time of the circuit is 140ns.
The variable feedback capacitor, Cf, is used to optimize the
settling time of the circuit by compensating for the additional
pole created by RF and the stray capacitance at the inverting
input pin. A - 10.0V to + 9.92V bipolar output is achievable
by connecting a lOkfl resistor between the AD587 output and
the AD847 input and replacing RF with a lOkfl resistor.

AD847
OUTPUT

DIGITAL
INPUT

Figure 25. Flash ADC Input Buffer
Figure 26. Settling Time for ADDAC-08 and AD847
Combination
+vs

Figure 27. High Speed DAC Buffer
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High Speed, Low Power
Monolithic Op Amps

AD848/AD849
FEATURES
725MHz Gain Bandwidth - AD849
175MHz Gain Bandwidth - AD848
4.8mA Supply Current
300V/pS Slew Rate
80ns Settling Time to 0.1% for a 10V Step - AD849
Differential Gain: AD848 = 0.07%, AD849 = 0.08%
Differential Phase: AD848 = 0.08°, AD849 = 0.04°
Drives Capacitive Loads

DC PERFORMANCE
3nV/VHz Input Voltage Noise - AD849
85V/mV Open Loop Gain into a 1kfl Load - AD849
1mV max Input Offset Voltage
Performance Specified for ±5V and ±15V Operation
Available in Plastic, Hermetic Cerdip and Small Outline
Packages. Chips and MIL-STD-883B Parts Available.
Tape and Reel Also Available

APPLICATIONS
Cable Drivers
8- and 10-Bit Data Acquisition Systems
Video and RF Amplification
Signal Generators

PRODUCT DESCRIPTION
The AD848 and AD849 are high speed, low power monolithic
operational amplifiers. The AD848 is internally compensated so
that it is stable for closed loop gains of 5 or greater. The AD849
is fully decompensated and is stable at gains greater than 24.
The AD848 and AD849 achieve their combination of fast ac and
good de performance by utilizing Analog Devices’ junction iso
lated complementary bipolar (CB) process. This process enables
these op amps to achieve their high speed while only requiring
4.8mA of current from the power supplies.
The AD848 and AD849 are members of Analog Devices’ family
of high speed op amps. This family includes, among others, the
AD847 which is unity gain stable, with a gain bandwidth of
50MHz. For more demanding applications, the AD840, AD841
and AD842 offer even greater precision and greater output cur
rent drive.
The AD848 and AD849 have good de performance. When oper
ating with ±5V supplies, they offer open loop gains of 13V/mV

AD847/AD847
CONNECTION DIAGRAM

Plastic (N), Small Outline (R) and
Cerdip (Q) Packages

OUTPUT

NC = NO CONNECT

(AD848 with a 50011 load) and low input offset voltage of lmV
maximum. Common-mode rejection is a minimum of 92dB.
Output voltage swing is ±3V even into loads as low as 1500.
APPLICATIONS HIGHLIGHTS
1. The high slew rate and fast settling time of the AD848 and
AD849 make them ideal for video instrumentation circuitry,
low noise preamps and line drivers.

2. In order to meet the needs of both video and data acquisition
applications, the AD848 and AD849 are optimized and tested
for ±5V and ±15V power supply operation.
3. Both amplifiers offer full power bandwidth greater than
20MHz (for 2V p-p with ±5V supplies).

4. The AD848 and AD849 remain stable when driving any
capacitive load.
5. Laser wafer trimming reduces the input offset voltage to
lmV maximum on all grades, thus eliminating the need for
external offset nulling in many applications.

6. The AD848 is an enhanced replacement for the LM6164
series and can function as a pin-for-pin replacement for many
high speed amplifiers such as the HA252O/2/5 and EL2020 in
applications where the gain is 5 or greater.
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SPECIFICATIONS (@T*=+25°C, unless otherwise noted)
Model

Conditions

Min

3.3

6.6
7.2

±5V, ±15V
±5V, ±15V
±5V, ±15V

50

Tmin to Tmax

300
400

VO=±2.5V

±5V

Tmin to Tmax
INPUT OFFSET CURRENT

Offset Current Drift

VO = 2V p-p,
Rl = 500(1
Vo = 20V p-p,
Rt = lkfl

Slew Rate

12
8

6.6/5
7.5

P-A
nA

50

300
400

nA
nA
nA/°C
V/mV
V/mV
V/mV

13

8
12
8/6

20

20

V/mV
V/mV

±5V
±15V

125
175

125
175

MHz
MHz

±5V

24

24

MHz

±15V
±5V
±15V
±5V
±15V
±15V

4.7
200
300
65
100

4.7
200
300
65
100

MHz
V/p.s
V/jis
ns
ns

DIFFERENTIAL PHASE

f=4.4MHz

±15V

COMMON-MODE REJECTION

Vcm = ±2.5V

±5V
±15V

Vcm = ± 12V
Tmin to Tmax

9
7/5

13
8

DIFFERENTIAL GAIN

Phase Margin

3.3

±15V

'^(1
-2.5V to +2.5V
10V Step, Av= -4
Cload= 10pF
Rload= '^(1
f= 4.4MHz
Rload =

Settling Time to 0.1%

mV
mV
mV
mV
iivrc

0.3

0.3

Units

1
2.3
2
3.5

0.2
0.5

7

7

Tm,„ to Tmax
Avcl—5

AD848A/S
Max
Typ

7

9

Tmin to Tm.„
RLOad =15011
''out = — 10V

Min

1
2.3
1.5
3.0

±5V, ±15V
±5V, ±15V

Offset Drift
INPUT BIAS CURRENT

Full Power Bandwidth2

Max

0.2
0.5

Tmin to Tmax

DYNAMIC PERFORMANCE
Gain Bandwidth

AD848J
Typ

±5V
±15V
±5V
±15V
±5V, ±15V

INPUT OFFSET VOLTAGE1

OPEN LOOP GAIN

vs

225

±15V

225

60

60

Degrees

0.07

0.07

%

0.08

Degree

92
92
88

105
105

92
92
88

105
105

dB
dB
dB

85
80

98

85
80

98

dB
dB

0.08

POWER SUPPLY REJECTION

VS = ±4.5V to ±18V
Tml„ to Tmax

INPUT VOLTAGE NOISE

f = 10kHz

±15V

5

5

nV/VHz

INPUT CURRENT NOISE

f= 10kHz

±15V

1.5

1.5

pA/\/Hz

±5V

+ 4.3
-3.4
+ 14.3
-13.4

+ 4.3
-3.4
+ 14.3
-13.4

V
V
V
V

3.6
3
1.4

±v
±v
±v
±v
±v

INPUT COMMON-MODE
VOLTAGE RANGE

±15V
OUTPUT VOLTAGE SWING

^LOAD = 500(1
Rload = 150(1
Rload = 50(1
Rload= 1^1
Rload = 500(1

±5V
±5V
±5V
±15V
±15V

3.0
2.5

3.0
2.5

3.6
3
1.4

12
10

12
10
32

32

mA

INPUT RESISTANCE

70

70

kfl

INPUT CAPACITANCE

1.5

1.5

pF

15

15

(1

±15V

SHORT CIRCUIT CURRENT

OUTPUT RESISTANCE

Open Loop

POWER SUPPLY
Operating Range
Quiescent Current

±4.5
±5V

4.8

±15V

5.1

Tmin to Tmax
Tnin tO T^

±18
6.0
7.4
6.8
8.0

±4.5
4.8

5.1

±18
6.0
7.4/8.3
6.8
8.0/9.0

V
mA
mA
mA
mA

NOTES
'Input offset voltage specifications are guaranteed after 5 minutes at TA = +25°C.
2Full power bandwidth = slew rate/2ir VreAK. Refer to Figure 1.
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. All others are guaranteed but
not necessarily tested.
Specifications subject to change without notice.
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AD848/AD849
Model

Conditions
INPUT OFFSET VOLTAGE1

Tmin tO T^
Offset Drift

INPUT BIAS CURRENT
Tmin tO Tmax

INPUT OFFSET CURRENT
Tmin to Tm„
Offset Current Drift
OPEN LOOP GAIN

DYNAMIC PERFORMANCE
Gain Bandwidth

Full Power Bandwidth2

±5V, ±15V
±5V, ±15V

3.3

6.6
7.2

±5V, ±15V
±5V, ±15V
±5V, ±15V

50

300
400

AVcl—25

±5V
±15V

Rload =

Phase Margin

0.3
0.3

±5V

VO = 2V p-p,
RL = 500ft
Vo = 20V p-p,
RL=lkft

-2.5V to +2.5V
10V Step, Av =-24
Cload= 10pF

Min

AD849A/S
Max
Typ

1
1
1.3
1.3

mV
mV
mV
mV
nV/“C

3.3

6.6/5
7.5

nA
nA

50

300
400

nA
nA
nA/°C

2

0.3

0.3

50

30
20/15

V/mV
V/mV
V/mV

50
32

32

Units

0.75
0.75
1.0
1.0

0.1
0.1

2

30
20

±15V
85

V/mV
V/mV

520
725

520
725

MHz
MHz

±5V

20

20

MHz

±15V
±5V
±15V
±5V
±15V
±15V

4.7
200
300
65
80

4.7
200
300
65
80

MHz
V/|xs
V/p.s
ns
ns

45
30

225

Rload= irj i

DIFFERENTIAL GAIN

f= 4.4MHz

±15V

DIFFERENTIAL PHASE

f= 4.4MHz

±15V

COMMON-MODE REJECTION

VCm=±2.5V

±5V
±15V

VCm = ± 12V
Tmin to Tmax

Max

±5V
±15V
±5V
±15V
±5V, ±15V

VO=±2.5V
^LOAD ~ 50011
Tmin to Tmax
Rload = 1500
vOUT=±iov
Rload = ikfl
Tmin to T^

Slew Rate
Settling Time to 0.1%

Vs

AD849J
Min Typ

45
30/25

85

225

60

60

Degrees

0.08

0.08

%

0.04

Degree

100
100
96

115
115

100
100
96

115
115

dB
dB
dB

98
94

120

98
94

120

dB
dB

0.04

POWER SUPPLY REJECTION

VS=±4.5V to ±18V
Tmin to Tmax

INPUT VOLTAGE NOISE

f= 10kHz

±15V

3

3

nV/\/Hz

INPUT CURRENT NOISE

f= 10kHz

±15V

1.5

1.5

pA/VHz

±5V

+4.3
-3.4
+ 14.3
-13.4

+ 4.3
-3.4
+ 14.3
-13.4

V
V
V
V

3.6
3
1.4

±v
±v
±v
±v
±v

INPUT COMMON-MODE
VOLTAGE RANGE

±15V

OUTPUT VOLTAGE SWING

^LOAD ~ 500Q
Rload =

500
IkO
^LOAD = 500D
RlOAD =

±5V
±5V
±5V
±15V
±15V

3.0
2.5

3.0
2.5

3.6
3
1.4

12
10

12
10
32

32

mA

INPUT RESISTANCE

25

25

kft

INPUT CAPACITANCE

1.5

1.5

pF

15

15

ft

±15V

SHORT CIRCUIT CURRENT

OUTPUT RESISTANCE

Open Loop

POWER SUPPLY
Operating Range
Quiescent Current

±4.5
±5V

4.8

±15V

5.1

to T™.

Tmn to Tmax

±18
6.0
7.4
6.8
8.0

±4.5
4.8

5.1

±18
6.0
7.4/8.3
6.8
8.0/9.0

V
mA
mA
mA
mA

NOTES
*Input offset voltage specifications are guaranteed after 5 minutes at TA = +25°C.
2FulI power bandwidth = slew rate/2iT VPEAK. Refer to Figure 2.
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. All others are guaranteed but
not necessarily tested.
Specifications subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS1
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
Supply Voltage....................................................................... ±18V
operation of the device at these or any other conditions above those
Internal Power Dissipation2
indicated in the operational section of this specification is not implied.
Plastic (N)............................................................................... 1.1WattsExposure to absolute maximum rating conditions for extended periods may
Small Outline (R) .......................................................0.9 Watts
affect device reliability.
Cerdip (Q)............................................................................... 1.1Watts2Mini-DIP Package: 0JA = 110°C Watt.
Cerdip Package: 0JA = 110°C Watt.
Input Voltage.......................................................................... ±VS
Small Outline Package: 0JA = 155°C Watt.
Differential Input Voltage...................................................... + 6V
Storage Temperature Range Q...........................-65°C to +150°C
N, R................................................................. -65°C to + 125°C
Junction Temperature.........................................................+ 175°C
Lead Temperature Range (Soldering 60sec).................... + 300°C

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions. (AD848 and AD849 are identical
except for the part number in the upper right.)
Dimensions shown in inches and (mm).

SUBSTRATE CONNECTED TO +V,

ORDERING GUIDE

Model

Gain
Bandwidth
MHz

Min
Stable
Gain

Max
Offset Voltage
mV

Temperature
Range - °C

Package Option1’2

AD848JN
AD848JR
AD848AQ
AD848SQ
AD848SQ/883B

175
175
175
175
175

5
5
5
5
5

1
1
1
1
1

0 to +70
0 to +70
-40 to +85
-55 to +125
-55 to +125

Plastic (N-8)
SOIC (R-8)
Cerdip (Q-8)
Cerdip (Q-8)
Cerdip (Q-8)

AD849JN
AD849JR
AD849AQ
AD849SQ
AD849SQ/883B

725
725
725
725
725

25
25
25
25
25

1
1
0.75
0.75
0.75

0 to +70
0 to +70
-40 to +85
-55 to +125
-55 to +125

Plastic (N-8)
SOIC (R-8)
Cerdip (Q-8)
Cerdip (Q-8)
Cerdip (Q-8)

AD847J/A/S

50

1

1

See AD847 Data Sheet

NOTE
‘Plastic SOIC (R) available in tape and reel. AD848 available in S grade chips. AD849 available in
J and S grade chips.
2See Section 20 for package outline information.
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AD848/AD849

Figure 1. AD848 Inverting Amplifier Configuration

Figure 1a. AD848 Large Signal
Pulse Response

Figure 1b. AD848 Small Signal
Pulse Response

Figure 2. AD849 Inverting Amplifier Configuration

Figure 2a. AD849 Large Signal
Pulse Response

Figure 2b. AD849 Small Signal
Pulse Response

OFFSET NULLING
The input voltage of the AD848 and AD849 are very low for
high speed op amps, but if additional nulling is required, the
circuit shown in Figure 3 can be used.
For high performance circuits it is recommended that a resistor
(Rb in Figures 1 and 2) be used to reduce bias current errors by
matching the impedance at each input. The offset voltage error
caused by the input currents is decreased by more than an order
of magnitude.

Figure 3. Offset Nulling
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Typical Characteristics (@ +25°C and VS=±15V, unless otherwise noted)
30

o
1M

. ------------ ------- —I—I------------10M

■

--------—LJ
100M

LOAD RESISTANCE - Il

INPUT FREQUENCY-Hz

Figure 4. Quiescent Current vs.
Supply Voltage (AD848 and AD849)

Figure 5. Large Signal Frequency
Response (AD848 and AD849)

Figure 6. Output Voltage Swing vs.
Load Resistance (AD848 and AD849)

Figure 8. Open Loop Gain vs.
Load Resistance (AD849)

Figure 9. Output Swing and
Error vs. Settling1 Time (AD848)

Figure 11. Short Circuit Current
Limit vs. Temperature (AD848
and AD849)

Figure 12. Input Bias Current vs.
Temperature (AD848 and AD849)

95

90

65 L_J___
10

1111
____ —LU_____ ____ ___ L J_ J
100
1k
10k
LOAD RESISTANCE - ft

Figure 7. Open Loop Gain vs.
Load Resistance (AD848)

7

< 6
E
z
8
ac
□ 5

Z

5
° 4

v,= ±5V

-60 -40

-20

M
*0
60
8
TEMPERATURE - X

100

120 140

Figure 10. Quiescent Current vs.
Temperature (AD848 and AD849)
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AD848/AD849

Figure 16. Harmonic Distortion vs.
Frequency (AD848)

Figure 17. Harmonic Distortion vs.
Frequency (AD849)

Figure 18. Slew Rate vs. Temperature
(AD848 and AD849)

FREQUENCY-Hl

Figure 19. Power Supply Rejection
vs. Frequency (AD848)

Figure 20. Power Supply Rejection
vs. Frequency (AD849)

Figure 21. Common-Mode
Rejection vs. Frequency
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Applications
GROUNDING AND BYPASSING
In designing practical circuits with the AD848 or AD849, the
user must remember that whenever high frequencies are
involved, some special precautions are in order. Circuits must be
built with short interconnect leads. A large ground plane should
be used whenever possible to provide a low resistance, low in
ductance circuit path, as well as minimizing the effects of high
frequency coupling. Sockets should be avoided because the in
creased interlead capacitance can degrade bandwidth.
Feedback resistors should be of low enough value to assure that
the time constant formed with the capacitances at the amplifier
summing junction will not limit the amplifier performance. Re
sistor values of less than 5kO are recommended. If a larger re
sistor must be used, a small (< lOpF) feedback capacitor in
parallel with the feedback resistor, RF, may be used to compen
sate for the input capacitances and optimize the dynamic perfor
mance of the amplifier.

Power supply leads should be bypassed to ground as close as
possible to the amplifier pins. 0.1 p.F ceramic disc capacitors are
recommended.

VIDEO LINE DRIVER
The AD848 functions very well as a low cost, high speed line
driver of either terminated or unterminated cables. Figure 22
shows the AD848 driving a doubly terminated cable.
The termination resistor, RT, (when equal to the characteristic
impedance of the cable) minimizes reflections from the far end
of the cable. While operating off ±5V supplies, the AD848
maintains a typical slew rate of 200V/ps, which means it can
drive a ± IV, 24MHz signal on the terminated cable.

Figure 23. AD848 Driving a Capacitive Load

Often termination is not used, either because signal integrity
requirements are low or because too many high frequency sig
nals returned to ground contaminate the ground plane. Untermi
nated cables appear as capacitive loads. Since the AD848 and
AD849 are stable into any capacitive load, the op amp will not
oscillate if the cable is not terminated; however pulse integrity
will be degraded. Figure 23 shows the AD848 driving both
lOOpF and lOOOpF loads.

LOW NOISE PRE-AMP
The input voltage noise spectral densities of the AD848 and the
AD849 are shown in Figure 24. The low wideband noise and
high gain bandwidths of these devices makes them well suited as
pre-amps for high frequency systems.

A back-termination resistor (RBT, also equal to the characteristic
impedance of the cable) may be placed between the AD848 out
put and the cable in order to damp any reflected signals caused
by a mismatch between R r and the cable’s characteristic imped
ance. This will result in a “cleaner” signal, although it requires
that the op amp supply ±2V to the output in order to achieve a
± IV swing at the line.

Input voltage noise will be the dominant source of noise at the
output in most applications. Other noise sources can be mini
mized by keeping resistor values as small as possible.
Figure 22. Video Line Driver
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Ultrahigh Frequency
Operational Amplifier
AD5539

ANALOG
DEVICES
FEATURES
Improved Replacement for Signetics SE/NE5539

AD5539 CONNECTION DIAGRAM
Plastic DIP (N) Package
or Cerdip (Q) Package

AC PERFORMANCE
Gain Bandwidth Product: 1.4 GHz typ
Unity Gain Bandwidth: 220 MHz typ
High Slew Rate: 600 V/ps typ
Full Power Response: 82 MHz typ
Open-Loop Gain: 47 dB min, 52 dB typ
DC PERFORMANCE
All Guaranteed DC Specifications Are 100% Tested
For Each Device Over Its Full Temperature
Range - For All Grades and Packages
Vos: 5 mV max Over Full Temperature Range
(AD5539J)
lB: 20 pA max (AD5539J)
CMRR: 70 dB min, 85 dB typ
PSRR: 100 pV/V typ
MIL-STD-883B Parts Available

PRODUCT DESCRIPTION
The AD5539 is an ultrahigh frequency operational amplifier de
signed specifically for use in video circuits and RF amplifiers.
Requiring no external compensation for gains greater than 5, it
may be operated at lower gains with the addition of external
compensation.
As a superior replacement for the Signetics NE/SE5539, each
AD5539 is 100% de tested to meet all of its guaranteed de speci
fications over the full temperature range of the device.

INVERTING
INPUT
NC

FREQUENCY
COMPENSATION
NC

V+
NC

OUTPUT

PRODUCT HIGHLIGHTS
1. All guaranteed de specifications are 100% tested.
2. The AD5539 drives 50 fl and 75 fl loads directly.

3. Input voltage noise is less than 4 nV\/Hz.

4. Low cost RF and video speed performance.
5. ±2 volt output range into a 150 fl load.
6. Low cost.

7. Chips available.

The high slew rate and wide bandwidth of the AD5539 provide
low cost solutions to many otherwise complex and expensive
high frequency circuit design problems.
The AD5539 is available specified to operate over either the
commercial (AD5539JN/JQ) or military (AD5539SQ) tempera
ture range. The commercial grade is available either in 14-pin
plastic or cerdip packages. The military version is supplied in
the cerdip package. Chip versions are also available.
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SPECIFICATIONS

(@ +25°C and Vs = ±8 V de, unless otherwise noted)

Parameter

Min

AD5539J
Typ

Max

Min

AD5539S
Max
Typ

Units

INPUT OFFSET VOLTAGE
Initial Offset1
Tmin to Tmax

2

5
6

2

3
5

mV
mV

INPUT OFFSET CURRENT
Initial Offset2
Tmin to Tmax

0.1

2
5

0.1

1
3

pA
pA

INPUT BIAS CURRENT
Initial2
Vcm = 0
Either Input
Tmjn to Tmax

6

20

6

13

pA

25

pA

40

FREQUENCY RESPONSE
Re = 150 fl3
Small Signal Bandwidth
Acl = 24
Gain Bandwidth Product
Ao, = 26 dB
Full Power Response
Acl = 24
Acl = 7
Acl = 20
Settling Time (1%)
Slew Rate
Large Signal Propagation Delay
Total Harmonic Distortion
RL = =°
R, = 100 fl3
Vout = 2 V p-p
ACl = 7, f = 1 kHz

220

220

MHz

1400

1400

MHz

68
82
65
12
600
4

68
82
65
12
600
4

MHz
MHz
MHz
ns
V/ps
ns

0.010
0.016

0.010
0.016

%
%

INPUT IMPEDANCE

100

100

kfl

OUTPUT IMPEDANCE (f <10 MHz)

2

2

fl

250

250

mV

2.5

2.5

V

85

dB
dB

5

5

pV

4

4

nVv'Hz

INPUT VOLTAGE RANGE
Differential5
(Max Nondestructive)
Common Mode Voltage
(Max Nondestructive)
Common Mode Rejection Ratio
AVcm = 1.7 V
Rs = 100 fl
Tmin to Tmax

70
60

INPUT VOLTAGE NOISE
Wideband RMS Noise (RTI)
BW = 5 MHz; Rs = 50 fl
Spot Noise
F = 1 kHz; Rs = 50 fl
OPEN-LOOP GAIN
Vo = +2.3 V, -1.7 V
R, = 150 fl3
RL = 2 kfl
Tmin to Tmax -RL = 2 kfl
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47
47
43

70
60

85

52

58
58
63

47
48
46

52

58
57
60

dB
dB
dB

AD5539
Parameter

OUTPUT CHARACTERISTICS
Positive Output Swing
Rl = 150 fl3
RL = 2 kft
Tmin to Tmax with
Rl = 2 kfl
Negative Output Swing
Rr = 150 fl3
RL = 2 kfl
Tmi„ to T„o„ with
RL = 2 kfl

Min

+2.3
+ 2.3

TEMPERATURE RANGE
Operating,
Rated Performance
Commercial (0 to +70°C)
Military (~55°C to +125°C)

PACKAGE OPTIONS6
Plastic (N-14)
Cerdip (Q-14)
J and S Grade Chips Available

Min

+ 2.3
+2.5

+2.8
+ 3.3

AD5539S
Max
Typ

-2.2
-2.9

V

-2.2
-2.9

-1.7
-1.7
-1.5

±10

14
11

100

-1.7
-2.0

V
V

-1.5

V

±10

V
V

17
18
14
15

mA
mA
mA
mA

1000
2000

nv/v
I1V/V

±8

±8

Units

V
V

+2.8
+3.3

+ 2.3

+ 2.3

POWER SUPPLY (No Load, No Resistor to -Vs)
Rated Performance
±4.5
Operating Range
Quiescent Current
Initial Irc +
Tmin to Tmax
Initial IccTmin to Tmax

PSRR
Initial
Tmin tO Tmax

AD5539J
Max
Typ

±4.5

18
20
15
17

14

1000
2000

100

11

AD5539JN, AD5539JQ

AD5539SQ
AD5539JN
AD5539JQ

AD5539SQ

NOTES
'Input Offset Voltage specifications are guaranteed after 5 minutes of operation at TA = +25°C.
2Bias Current specifications are guaranteed maximum at either input after 5 minutes of operation at TA = +25°C.
3RX = 470 fl to -Vs.
‘Externally compensated.
’Defined as voltage between inputs, such that neither exceeds +2.5 V, —5.0 V from ground.
6See Section 20 for package outline information.
Specifications subject to change without notice.
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those tests are
used to calculate outgoing quality levels.
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ABSOLUTE MAXIMUM RATINGS1
Supply Voltage..................................................................... ±10V
Internal Power Dissipation ............................................ 550 mW
Input Voltage ...................................................... +2.5 V, —5.0 V
Differential Input Voltage................................................. 0.25 V
Storage Temperature Range Q....................... — 65°C to +150°C
Storage Temperature Range N......................... -65°C to +125°C
Operating Temperature Range
AD5539JN................................................................0 to +70°C
AD5539JQ ................................................................0 to +70°C
AD5539SQ...................................................... -55°C to +125°C
Lead Temperature Range (Soldering 60 Seconds) .......... 300°C
NOTES
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated
in the operational section of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.

OFFSET NULL CONFIGURATION

OUTPUT NULL RANGE = +VS |

I TO - Vs ( -?L_

\ "NULL /
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\ "NULL

Typical Characteristics - AD5539

Figure 1. Output Voltage Swing
vs. Supply Voltage

Figure 2. Output Voltage Swing
vs. Load Resistance

Figure 3. Maximum CommonMode Voltage vs. Supply Voltage

FREQUENCY - Hz

Figure 4. Positive Supply Current
vs. Supply Voltage

Figure 7. Common-Mode
Rejection Ratio vs. Frequency

Figure 5. Input Voltage vs. Output
Voltage for Various Temperatures

Figure 8. Harmonic Distortion
vs. Frequency - Low Gain

Figure 6. Low Frequency Input
Noise vs. Frequency

Figure 9. Harmonic Distortion
vs. Frequency - High Gain
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-2.5

Figure 10. Full Power Response

Figure 11. Deviation from Ideal Gain
vs. Closed-Loop Voltage Gain

(?)

TP

Figure 12. AD5539 Circuit

FUNCTIONAL DESCRIPTION
The AD5539 is a two-stage, very high frequency amplifier. Dar
lington input transistors QI, Q4 -Q2, Q3 form the first stage —
a differential gain amplifier with a voltage gain of approximately
50. The second stage, Q5, is a single-ended amplifier whose in
put is derived from one phase of the differential amplifier out
put; the other phase of the differential output is then summed
with the output of Q5. The all NPN design of the AD5539 is
configured such that the emitter of Q5 is returned, via a small
resistor to ground; this eliminates the need for separate level
shifting circuitry.
The output stage, consisting of transistors Q9 and Q10, is a
Darlington voltage follower with a resistive pull-down. The bias
section, consisting of transistors Q6, Q7 and Q8, provides a sta
ble emitter current for the input section, compensating for tem
perature and power supply variations.
SOME GENERAL PRINCIPLES OF HIGH FREQUENCY
CIRCUIT DESIGN
In designing practical circuits with the AD5539, the user must
remember that whenever very high frequencies are involved,
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some special precautions are in order. All real-world applications
circuits must be built using proper RF techniques: the use of
short interconnect leads, adequate shielding, groundplanes, and
very low profile IC sockets. In addition, very careful bypassing
of power supply leads is a must.

Low-impedance transmission line is frequently used to carry
signals at RF frequencies: 50 fl line for telecommunications pur
poses and 75 fl for video applications. The AD5539 offers a rel
atively low output impedance; therefore, some consideration
must be given to impedance matching. A common matching
technique involves simply placing a resistor in series with the
amplifier output that is equal to the characteristic impedance of
the transmission line. This provides a good match (although at a
loss of 6 dB), adequate for many applications.

All of the circuits here were built and tested in a 50 fl system.
Care should be taken in adapting these circuits for each particu
lar use. Any system which has been properly matched and ter
minated in its characteristic impedance should have the same
small signal frequency response as those shown in this data
sheet.

Applying the AD5539
APPLYING THE AD5539
The AD5539 is stable for closed-loop gains of 4 or more as an
inverter and at (noise) gains of 5 or greater as a voltage follower.
This means that whenever the AD5539 is operated at noise gains
below 5, external frequency compensation must be used to in
sure stable operation.

The following sections outline specific compensation circuits
which permit stable operation of the AD5539 down to follower
(noise) gains of 3 (inverting gains of 2) with corresponding
-3 dB bandwidths up to 390 MHz. External compensation is
achieved by modifying the frequency response to the AD5539’s
external feedback network (i.e., by adding lead-lag compensa
tion) so that the amplifier operates at a noise gain of 5 (or more)
at frequencies over 44 MHz, independent of signal gain.

AD5539 when operating at a noise gain of 7. Under these condi
tions, excess phase shift causes nearly 10 dB of peaking at
150 MHz.

Figure 15 illustrates the use of both lead and lag compensation
to permit stable low-gain operation. The AD5539 is shown con
nected as an inverting amplifier with the required external com
ponents added to provide stability and improve high frequency
response. The stray capacitance between the amplifier summing
junction and ground, Cx, represents whatever capacitance is as
sociated with the particular type of op amp package used plus
the stray wiring capacitance at the summing junction.

Evaluating the lead capacitance first (ignoring RLAG and CLAG
for now): the feedback network, consisting of R2 and CLEAD,
has a pole frequency equal to:
___________ 1___________
2ir

(Clead

+ Cx) 1^1 II ^2)

(1)

and a zero frequency equal to:

Fb

1

2tt |7?1 x

Clead^

(2)

Usually, frequency FA is made equal to Fb; that is, (RlCx) = (R2
Clead)> in a manner similar to the compensation used for an
attenuator or scope probe. However, if the pole frequency, FA,
will lie above the unity gain crossover frequency (440MHz),
then the optimum location of Fb will be near the crossover

Figure 13. Small Signal Open-Loop Gain
and Phase vs. Frequency

GENERAL PRINCIPLES OF LEAD AND LAG
COMPENSATION
The AD5539 has its first pole or breakpoint in its open-loop
frequency response at about 10 MHz (see Figure 13). At fre
quencies beyond 100 MHz, phase shift increases such that the
output lags the input by 180° — well before the unity gain
crossover frequency. Therefore, severe peaking (and possible
oscillation) will result if the AD5539 is operated at noise gains
below 5, unless external compensation is employed. Figure 14
shows the uncompensated closed-loop frequency response of the

Figure 15. Inverting Amplifier Model Showing Both Lead
and Lag Compensation

Figure 14. AD5539 Uncompensated Response, ClosedLoop Gain = 7

Figure 16. A Model of the Feedback Network of the
Inverting Amplifier
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The lag network (RLag> Clag) increases the feedback attenua
tion, i.e.: the amplifier operates at a higher noise gain, above
some frequency, typically one tenth of the crossover frequency.
As an example, to achieve a noise gain of 5 at frequencies above
44 MHz, for the circuit of Figure 15, would require a network
of:

KI
(4K1/K2) -1

''LAG

(3)

and . . .

Clag -

1

2rr

Rlag 144

x 106l

(4)

It is worth noting that an RLAG resistor may be used alone, to
increase the noise gain above 5 at all frequencies. However, this
approach has the disadvantage of also increasing the de offset
and low frequency noise errors by an amount equal to the in
crease in gain, in this case, by a factor of 5.

SOME PRACTICAL CIRCUITS
The preceding general principles may now be applied to some
actual circuits.
A General Purpose Inverter Circuit
Figure 17 is a general purpose inverter circuit operating at a
gain of -2.

Figure 18. Response of the (Figure 17) Inverter Circuit
without a Lag Compensation Network

A lag network (Figure 15) can be added to improve the response
of this circuit even further as shown in Figures 19 and 20. In
almost all cases, it is imperative to make capacitor CLEAD ad
justable; in some cases, CLAG must also be variable. Otherwise,
component and circuit capacitance variations will dominate cir
cuit performance.

For this circuit, the total capacitance at the inverting input is
approximately 3 pF; therefore, CLEAD from Equations 1 and 2
needs to be approximately 1.5 pF. As shown in Figure 17, a
small trimmer is used to optimize the frequency response of this
circuit. Without a lag compensation network, the noise gain of
the circuit is 3.0 and, as shown in Figure 18, the output ampli
tude remains within ±0.5 dB to 170 MHz and the -3 dB band
width is 200 MHz.

Figure 19. Response of the (Figure 17) Inverter Circuit
with an RLAG Compensation Network Employed

Figure 17. A General Purpose Inverter Circuit

Figure 20. Response of the (Figure 17) Inverter Circuit
with an RLAG and a CLAG Compensation Network
Employed
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AD5539
Figures 21 and 22 show the small and large signal pulse re
sponses of the general purpose inverter circuit of Figure 17,
with Clead=1.5 pF, RLAg=330 and CLAG=3.5 pF.

Figure 21. Small Signal Pulse Response of the (Figure 17)
Inverter Circuit. Vertical Scale: 50 mV/div; Horizontal
Scale: 5 ns/div

Figure 23. A Gain of 2 Inverter Circuit with the CLEAD
Capacitor Connected to Pin 12

Figure 24 shows the response of the circuit of Figure 23 for
each connection of CLEAD. Lag components may also be added
to this circuit to further tailor its response, but, in this case, the
results will be slightly less satisfactory than connecting CLEAD
directly to the output, as was done in Figure 17.
+ 20

1—r-r-|

r—r-r-i

r-r-TT

r—r-ri

? +10

Figure 22. Large Signal Response of the (Figure 17)
Inverter. Vertical Scale: 200 mV/div, Horizontal Scale:
5 ns/div
A CLEAD capacitor may be used to limit the circuit bandwidth
and to achieve a single pole response free of overshoot
100k

If this option is selected, it is recommended that a CLEAD be
connected between Pin 12 and the summing junction, as shown
in Figure 23. Pin 12 provides a separately buffered version of
the output signal. Connecting the lead capacitor here avoids the
excess output-stage phase shift and subsequent oscillation prob
lems (at approx. 350 MHz) which would otherwise occur when
using the circuit of Figure 17 with a CLEAD of more than about
2 pF.

1M

10M
FREQUENCY - Hz

100M

1G

Figure 24. Response of the Circuit of Figure 23 with
O'LEAD = 10 pF
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A General Purpose Voltage Follower Circuit
Noninverting (voltage follower) circuits pose an additional com
plication, in that when a lag network is used, the source imped
ance will affect the noise gain. In addition, the slightly greater
bandwidth of the noninverting configuration makes any excess
phase shift due to the output stage more of a problem.

For example, a gain of 3 noninverting circuit with CLEAD con
nected normally (across the feedback resistor — Figure 25) will
require a source resistance of 200 fl or greater to prevent UHF
oscillation; the extra source resistance provides some damping as
well as increasing the noise gain. The frequency response plot of
Figure 26 shows that the highest -3 dB frequency of all the
applications circuits can be achieved using this connection, un
fortunately, at the expense of a noise gain of 14.2.

Figure 27. A Gain of 3 Follower Circuit with Both CLEAD
and Rlag Compensation

100k

Figure 25. A Gain of 3 Follower with Both Lead and Lag
Compensation

IM

10M
FREQUENCY - Hz

100M

1G

Figure 28. Response of the Gain of 3 Follower with CLEAD,
Clag and Rlag

These same principles may be applied when capacitor CLEAD is
connected to Pin 12 (Figure 29). Figure 30 shows the bandwidth
of the gain of 3 amplifier for various values of RLAG. R can be
seen from these response plots that a high noise gain is still
needed to achieve a reasonably flat response (the smaller the
value of RLag> the higher the noise gain). For example, with a

Figure 26. Response of the Gain of 3 Follower Circuit

Adding a lag capacitor (Figure 27) will greatly reduce the mid
band and low frequency noise gain of the circuit while sacrific
ing only a small amount of bandwidth as shown in Figure 28.

Figure 29. A Gain of 3 Follower Circuit with CLEAD Compensation Connected to Pin 12
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220 fl Rlag and a 50 fl source resistance, the noise gain will be
12.8, because the source resistance affects the noise gain.

A Video Amplifier Circuit with 20 dB Gain (Terminated)
High gain applications (14 dB and up) require only a small lead
capacitance to obtain flat response. The 26 dB (20 dB termi
nated) video amplifier circuit of Figure 33 has the response
shown in Figure 34 using only approximately 0.5-1 pF lead ca
pacitance. Again, a small CLEAD can be connected, either to the
output or to Pin 12 with very little difference in response.

2

FREQUENCY - Hl

Figure 30. Response of the Gain of 3 Follower Circuit with
CLEAD Connected to Pin 12

Figures 31 and 32 show the small and large signal responses of
the circuit of Figure 29.

Figure 33. A 20 dB Gain Video Amplifier for 75 Li Systems

Figure 31. The Small-Signal Pulse Response of the Gain
of 3 Follower Circuit with RLAG and CLEAD Compensation
to Pin 12. Vertical Scale: 50 mV/div.; Horizontal Scale:
5 ns/div

Figure 34. Response of the 20 dB Video Amplifier

to Pin 12. Vertical Scale: 200 mV/div; Horizontal Scale:
5 ns/div
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In color video applications, the quality of differential gain and
differential phase response is very important. Figures 35 and 36
show a circuit and test setup to measure the AD5539’s response
to a modulated ramp signal (0-90 IRE p-p ramp, 40 IRE p-p
modulation, 4.4 MHz).

Figures 37 and 38 show the differential gain and phase response.

CARRIER
WAVEFORM

WAVEFORM

Figure 35. Differential Gain and Phase Measurement
Circuit

MEASURING AD5539 SETTLING TIME
Measuring the very rapid settling times associated with AD5539
can be a real problem for the designer; proper component layout
must be used and appropriate test equipment selected. In addi
tion, both cable dispersion (a function of cable losses) and the
quality of termination (SWR) directly affect the measurement.
The circuit of Figure 39 was used to make a “brute force”
AD5539 settling time measurement. The fixture containing the
circuit was connected directly — using a male BNC connector
(but no cable) — onto the front of a 50 fl input oscilloscope
preamp. A digital mainframe was then used to capture, average,
and expand the error signal. Most of the small-scale waveform
aberrations shown on the figure were caused by the oscilloscope
itself, especially the glitch at 15 ns. The pulse source used for
this measurement was an EH-SPG2000 pulse generator set for a
1 ns rise-time; it was coupled directly to the circuit using 18" of
microwave 50 fl hard line.

SYNC
OUT

HP3314A
GENERATOR

RAMP
WAVEFORM

Figure 36. Differential Gain and Phase Test Setup

Figure 39. AD5539 Settling Time Test Circuit

Figure 37. Differential Gain vs. Ramp Amplitude
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AD5539
APPLICATIONS SUMMARY CHART

Gain = - 1 to - 5
Circuit of Fig. 17

Gain = - 1 to — 5
Circuit of Fig. 23

Gain = +2 to + 53
Circuit of Fig. 27

Gain = + 2 to + 54
Circuit of Fig. 29

Gain < - 5
Gain > + 5

R1

R2‘

R2
G

2k

S
R1
_4
>-l
*
R2

R2
G

2k

R2
G-l

2k

R2
G-l

2k

R2
G
R
G- 1

Clead2

Clag2

rlag

GAIN

GAIN
FLATNESS
(TRIMMED)

-3dB
BANDWIDTH

- ----------------------2tr(44x 106)RLAG

3pF
G

-2

±0.2dB

200MHz

s
R1
1-1
*
~4
R2

1
“2ir(44xl0‘)R1.AG

3pF
G

-2

± ldB

180MHz

<

-

3pF
G-l

+3

± ldB

390MHz

NA

3pF
G-l

+3

±0.5dB

340MHz

R1

10— — 1
R2
5

R1

1
2ir(44x 1O‘)R,.ag

10—-1
R2

1.5k

NA

NA

Trimmer5

-20

±0.2dB

80MHz

1.5k

NA

NA

Trimmer5

+ 20

+ 0.2dB

80MHz

G = Gain NA = Not Applicable
1 Values given for specific results summarized here - applications can be adapted for values different than those specified.
2It is recommended that Clead and CLag be trimmers covering a range that includes the computed value above.
3Rsource =2000.
4Rsource =500.
5Use Voltronics CPA2 0.1-2.5pF Teflon Trimmer Capacitor (or equivalent).

The photos of Figures 40 and 41 demonstrate how the AD5539
easily settles to 1% (1 mV) in less than 12 ns; settling to 0.1%
(100 |iV) requires less than 25 ns.

Circuit - Falling Edge. Vertical Scale: 5 ns/div.; Horizontal
Scale: 500 p.V/div

Figure 41. Error Signal from AD5539 Settling Time Test
Circuit - Rising Edge. Vertical Scale: 5 ns/div.; Horizontal
Scale: 500 nV/div

Figure 42 shows the oscilloscope response of the generator alone,
set up to simulate the ideal test circuit error signal (Figure 43).

Driven by the Test Generator. Vertical Scale: 5 ns/div.;
Horizontal Scale: 500 fiV/div

Figure 43. A Simulated Ideal Test Circuit Error Signal
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Figure 44. A Wide Bandwidth Voltage-Controlled Amplifier

A 50 MHz VOLTAGE-CONTROLLED AMPLIFIER
Figure 44 is a circuit for a 50 MHz voltage-controlled amplifier
(VCA) suitable for use in high quality video-speed applications.
This circuit uses the AD5539 as an output amplifier for the
AD539, a high bandwidth multiplier. The outputs from the two
signal channels of the AD539 are applied to the op amp in a
subtracting configuration. This connection has two main advan
tages: first, it results in better rejection of the control voltage,
particularly when over-driven (Vx<0 or Vx>3.3 V). Secondly,
it provides a choice of either noninverting or inverting re
sponses, using either input Vyi or VY2, respectively. In this cir
cuit, the output of the op amp will equal:
Vx (Vyi ~ Vn)
for Vx>0
2V
Hence, the gain is unity at Vx = +2 V. Since Vx can over
range to +3.3 V, the maximum gain in this configuration is
about 4.3 dB. (Note: If Pin 9 of the AD539 is grounded, rather
than connected to the output of the 5539N, the maximum gain
becomes 10 dB.)

VOUT~

The bandwidth of this circuit is over 50 MHz at full gain, and is
not substantially affected at lower gains. Of course, when Vx is
zero (or slightly negative, to override the residual input offset)
there is still a small amount of capacitive feedthrough at high
frequencies; therefore, extreme care is needed in laying out the
PC board to minimize this effect. Also, for small values of Vx,
the combination of this feedthrough with the multiplier output
can cause a dip in the response where they are out of phase.
Figure 45 shows the ac response from the noninverting input,
with the response from the inverting input, VY2, essentially
identical. Test conditions: VY1 = 0.5 V rms for values of Vx
from +10 mV to +3.16 V; this is with a 75 fl load on the out
put. The feedthrough at Vx = -10 mV is also shown.
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FREQUENCY - MHz

Figure 45. AC Response of the VCA at Different Gains
VY = 0.5 V RMS

The transient response of the signal channel at Vx = +2 V,
VY = VOUT = + or -1 V is shown in Figure 46; with the VCA
driving a 75 fl load. The rise and fall times are both approxi
mately 7 ns.

A few final circuit details: in general, the control amplifier com
pensation capacitor for Pin 2, Cc, must have a minimum value
of 3000 pF (3 nF) to provide both circuit stability and maxi
mum control bandwidth. However, if the maximum control
bandwidth is not needed, then it is advisable to use a larger
value of Cc, with typical values between 0.01 and 0.1 p.F. Like
many aspects of design, the value of Cc will be a tradeoff:
higher values of Cc will lower the high frequency distortion,
reduce the high frequency crosstalk and improve the signal
channel phase response. Conversely, lower values of Cc will pro
vide a higher control channel bandwidth at the expense of de
graded linearity in the output response when amplitude
modulating a carrier signal.

AD5539
connected between a linear control input (Pin 1) and a logarith
mic node, the settling time of the control channel with a pulse
input will vary with different control input step levels.
Diode DI clamps the logarithmic control node at Pin 2 of the
AD539, (preventing this point from going too negative); this
diode helps decrease the circuit recovery time when the control
input goes below ground potential.

FEEDTHROUGH, VIDEO SWITCH
Figure 47 shows how the AD539/5539 combination can be used
to create a fast video speed switch suitable for many high fre
quency applications including color key switching. It features
both inverting and noninverting inputs and can provide an out
put of ±1 V into a reverse-terminated 75 fl load (or ±2 V into
150 fl). An optional output offset adjustment is provided. The
input range of the video switch is the same as the output range:
± 1 V at either input generates ± 1 V (noninverting) or +1 V
(inverting) across the 75 fl load. The circuit provides a gain of
about 1, when “ON,” or zero when “OFF.”

Figure 46. Transient Response of the Voltage-Controlled
Amplifier Vx = +2 Volts, VY = ± 1 Volt

The control channel bandwidth will vary in inverse proportion
to the value of Cc, providing a typical bandwidth of 2 MHz
with a C( of 0.01 p.F and a Vx voltage of +1.7 volts.

Both the bandwidth and pulse response of the control channel
can be further increased by using a feedforward capacitor, Cff,
with a value between 5 and 20 percent of Cc. Cff should be
carefully adjusted to give the best pulse response for a particular
step input applied to the control channel. Note that since Cff is

1011
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The differential configuration uses both channels of the AD539
not only to provide alternative input phases, but also to elimi
nate the switching pedestal due to step changes in the output
current as the AD539 is gated on or off.
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Figure 47. An Analog Multiplier Video Switch
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Figure 49 shows the response to a pulse of 0 to +1 V on the
signal channel. With the control input held at zero, the rise time
is under 10 ns. The response from the inverting input is similar.

The differential-gain and differential-phase characteristics of this
switch are compatible with video applications. The incremental
gain changes less than 0.05 dB over a signal window of 0 to
+1 V, with a phase variation of less than 0.5 degree at the sub
carrier frequency of 3.58 MHz. The noise level of this circuit
measured at the 75 fl load is typically 200 p.V in a 0 to 5 MHz
bandwidth or approximately 100 nV per root hertz. The noise
spectral density is essentially flat to 40 MHz.

Figure 48. The Control Response of the Video Switcher
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The waveforms shown in Figures 48 and 49 were taken across a
75 fl termination; in both photos, the signal of 0 to +1 V (in
this case, an offset sine wave at 1 MHz) was applied to the non
inverting input. In Figure 48, the envelope response shows the
output being fully switched in about 50 ns. Note that the output
is ON when the control input is zero (or more negative) and
OFF for a control input of +1 V or more. There is very little
control-signal breakthrough.

Figure 49. The Signal Response of the Video Switcher

ANALOG
DEVICES

Wide Bandwidth, Fast Settling
Operational Amplifier

AD9610
FEATURES
Ultrastable Unity Gain Bandwidth (100MHz)
Bandwidth Is Independent of Gain Settings
18ns Settling to 0.1%
Low Power Dissipation (630mW)
Complete Overdrive Protection
Low Distortion (THD: -59dBc @ 20MHz,
-78dBc
5MHz, -lOOdBc (a 10kHz)
Excellent DC Specifications
Available Processed to MIL-STD 883

AD9610 FUNCTIONAL BLOCK DIAGRAM

APPLICATIONS
Driving Flash Converters
High Speed DAC 1/V Converters
Radar, IF Processors
Broadband, Digital Radio
Photodiode Preamps (FLIR)
ATE/Pulse Generators
Imaging/Display Drivers
G=-

= -5(

GENERAL DESCRIPTION
The AD9610 is a fast settling, wide bandwidth, de coupled,
operational amplifier which combines superior de specifications
and exceptional dynamic performance with impeccable spectral
purity (harmonic distortion, intermodulation distortion, noise,
etc.) over the full bandwidth. This combination provides re
markable versatility and utility for high speed designers.

Thin-film technology and innovative design techniques help
assure stable operation over the complete operating temperature
range. Input offset voltage is ±0.3mV, with 5p.V/°C drift; input
bias currents are ± 15p.A with ±30nA/°C drift.
Unique internal architecture employing current feedback keeps
the AD9610 inherently stable over its complete gain range and
assures wide bandwidth at all gain settings. With G = — 1, — 3dB
bandwidth is 120MHz; with G = — 10, - 3dB bandwidth is
100MHz. When G= -50, the -3dB bandwidth is 60MHz.
Slew rate, fall time and settling time are also independent of
gain.

Frequency domain performance for the AD9610 is unmatched.
The part can be used in applications requiring wide spurious
free dynamic range. At 10kHz total harmonic distortion (THD)
is - lOOdBc; at 1MHz the THD is — 85dBc; at 20MHz the
THD is -59dBc. Third order intermodulation distortion is
similarly impressive, which is often required in communications
applications.
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AD9610 Inverting Gain

The design of the AD9610 makes it easy to apply. The unit
requires no external compensation. An internal 1.5k(l feedback
resistor is available to the user by connecting Pin 4 to Pin 11.
This resistor is trimmed for gain accuracy and should be used
when the full bandwidth of the amplifier is required. To achieve
higher gains, and for lower bandwidth applications, an external
resistor can be used. Pins 2 and 8 are bypass pins and should be
connected to ground through 33 - 50(1 resistors and 0.1 p.F
ceramic capacitors; effective decoupling of the power supplies is
also important to obtain optimum high frequency performance.

Two temperature ranges are available. The AD9610BH is
guaranteed over a case temperature range of - 25°C to + 85°C;
the AD9610TH is for a range of -55°C to + 125°C. The
AD9610TH/883B boasts the same specifications as the TH
grade but is processed to the latest REV of MIL-STD-883.
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SPECIFICATIONS
DC ELECTRICAL CHARACTERISTICS (±v= ±i5va= -io:rin=i5oouRf=i5kn:Nor^)
Parameter (Conditions)

y Offset Voltage

#
#
#
v/

Offset Voltage Tc3
Input Bias Current
Inverting
Noninverting
Input Bias Current Tc3
Inverting
Noninverting
Inverting Impedance
Noninverting
Impedance
Capacitance
Common-Mode Input
Internal Feedback Resistor (RF)

CMRR (Rf = 150011; Rin = 1500; AVS = 5V)
Common-Mode Sensitivity (CMS),5
Referred to Input (AVS = 5V)
-CMS
+ CMS
CMSvoltage

1,2,3
2,3

±0.3
±5

±4.0

±1.0

±2.5

±4.0
±25

±1.0

±2.5
±25

mV
pV/°C

1,2,3
1,2,3

±5
± 15

±56
±75

±15
±50

±35
±62

±56
±75

±15
±50

±35
±62

HA
jxA

2,3
2,3

±70
±30
20

±330
±200

nA/°C
nA/°C
fl

200k
2
±5
1500

PSSvOLTAGE

-PSS
+ PSS

±330
±200

±5

±5
1490/
1510

±5
1490/
1510

±5

±5

±25
>35

>35

±25
>35

±25
>35

>35

±25
>35

±5

fl
pF
V

fl
ppm/°C
dB
dB

>50
>60

4,5,6
4,5,6
4,5,6

3
3
62
0.05
±10
±50

8
8
a 50

8
8
>50

8
8
>50

8
8
>50

8
8
>50

8
8
>50

>-9
> ±50

>
9
*
>±50

>-9
>±50

><9
>±50

>-9
>±50

>-9
>±50

>1.5
21
630
>50
>60

>0.7
s27
==810
>35

>0.9
<25
<750
>35

>0.7
<27
<810
>35

>0.7
<27
<810
>35

>0.9
<25
<750
>35

>0.7
<27
<810
>35

Mil
mA
mW
dB
dB

65
3
3

50
8
8

50
8
8

50
8
8

50
8
8

50
8
8

50
8
8

dB
P.A/V
jiA/V

1,2,3

# Output Current
(Continuous)
Open Loop Transimpedance Gain (2000 Load)
y Supply Current6
Power Consumption6
y Power Supply Rejection Ratio (PSRR)4
PSRR(Rf= 15000; Rin= 1500; AVS= 10V)
Power Supply Sensitivity (PSS),7
Referred to Input (AVs = 10V)

-55°C

4,5,6

# Output Impedance (de to 100kHz)

y Output Voltage Swing (Ri.oad = 2000)

AD9610TH2
Min/Max (a>
+ 25°C
+125’C Units

AD9610BH/TH
Typical
@ + 25°C

# R], Temperature Coefficient

y Common-Mode Rejection Ratio (CMRR)4

AD9610BH1
Min/Max @
— 25°C
+ 25°C
+ 85°C

SubGroup

4,5,6
1,2,3
4,5,6

4,5,6
4,5,6
4,5,6

P.A/V
piA/V
dB
n
V
mA

AC ELECTRIC AL C H AR ACTERI STI CS (± v = ± i sv; = -1 o: rin=i soii, rf=i .5kn: r^=200W
Bandwidth ( - 3dB) (VOut = 100mV p-p)
/ G=-10
Amplitude of Peaking:
y DCto60MHz
# >60MHz
# Phase Nonlinearity (de to 45MHz)
# Rise (Fall) Time (VOut = 5V Step)
# Slew Rate (Volt = 1 SV Step)
# Settling Time to 0.1% (G= - 10;
5V Output Step)
# Settling Time to 0.02% (G= - 10;
5V Output Step)
# Overshoot Amplitude (VOut = 5V Output Step)
# Propagation Delay
y Total Harmonic Distortion (Freq. = 20 MHz;
Output Voltage = 2V p-p)
# Input Noise (Ri.oad = 10011)
Voltage (5MHz to 150MHz)
Current (5MHz to 150MHz)
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4,5,6

>100

>80

>80

>80

>80

>80

>80

MHz

4,5,6

0
0
1
<3.5
>3.5

<0.4
<0.6

<0.2
<0.3

<1.0
si.8

<0.4
<0.6

<0.2
<0.3

sl.O
<1.8

<4
>3

<4
>3

<4.3
>2.4

<4
>3

<4
&3

<4.3
>2.4

dB
dB
0
ns
kV/fis

18

<29

<25

<29

<29

<25

<29

ns

30
<4
3.3

<14
<4.0

<8
<4.0

<18
<4.0

<14
<4.0

<8
<4.0

<18
<4.0

ns
%
ns

55

50

50

50

50

50

50

dB

0.7
23

<1.2
<29

<1.5
<30

<2.0
S35

<1.2
<29

<1.5
<30

<2.0
<35

nV/VHz
pA/VHz

4,5,6

AD9610
SubGroup

Parameter
OTHER INFORMATION
Case to Ambient, 0ca8
(Still Air; No Heat Sink)
Case to Ambient, 0ca8
(500 LFPM Air; No Heat Sink)
MTBF9

AD9610BH/TH
AD9610BH
Typical
Min/Max @
+ 85°C
@ + 25°C
— 25°C
+ 25°C

AD9610TH
AD9610TH/883B
Min/Max @
— 55°C
+ 25°C
+ 125°C

Units

65

*

*

★

*

*

*

°C/W

38

★

*

*

★

*

*

°c/w

2:1.48 X106

*

*

★

*

★

hours

PACKAGE OPTION10
TO-8(H12-A)

*

AD9610BH

AD9610TH
AD9610TH/883B

NOTES
J 100% tested (See Notes 1 and 2).
# Specifications guaranteed by design; not tested.
‘Specification same as AD9610BH/TH typical specification.
'AD9610BH parameters preceded by a check (/) are tested at +25°C ambient temperature; performance is guaranteed over the
industrial temperature range (-25°C to + 85°C) case temperature.
’AD9610TH & AD9610TH/883B parameters preceded by a check (7) are tested at 55°C case, +25°C ambient, and + 125°C case temperatures.
The AD9610TH/883B is processed to the latest revision of MIL Standard 883.
’Offset voltage Tc and bias current Tc are guaranteed over the respective temperature ranges.
4CMRR and PSRR apply only for stated conditions.
5CMS values can be used to determine the CMRR for specific gain settings according to the following worst case relationships:

‘Supply current and power dissipation numbers are for quiescent operation (input is grounded). Values increase with
higher frequency operation.
7PSS values can be used to determine the PSRR for specific gain settings according to the following worst case relationships
(See diagram in 5 above):
AV0UI = [-PSS] [Rf] (AVsupnvl + [ + PSS] [R2] [l +

] [AVsumvl + [PSSv(Xt) [l +

] [AVsumvJ

WHERE AVsupply — A —VSUPplY OR A + VSUPPLY
PSRR = -20 LOG

______ AVqut______

( 1 +

* AVjuppiv )

’Recommended maximum junction temperature is + 165“C. See Thermal Model.
’MTBF calculated using MIL-HNBK 217D; Ground Fixed; Temperature (case)= +70°C.
l0See Section 20 for package outline information.
Specifications subject to change without notice.

EXPLANATION OF GROUP A MILITARY SUBGROUPS
Subgroup 1 - Static tests at + 25°C.
Subgroup 2 - Static tests at maximum rated temperature.
Subgroup 3 - Static tests at minimum rated temperature.
Subgroup 4 - Dynamic tests at + 25°C.
Subgroup 5 - Dynamic tests at maximum rated temperature.
Subgroup 6 - Dynamic tests at minimum rated temperature.

ABSOLUTE MAXIMUM RATINGS
Supply Voltages (± Vs)........................................................ ± 18V
Operating Temperature Range (case)
AD9610BH................................................. - 25°C to + 85°C
AD9610TH/TH/883B................................... -55°Cto + 125°C

Subgroup 7 - Functional tests at + 25°C.
Subgroup 8 - Functional tests at maximum and minimum
rated temperatures.
Subgroup 9 - Switching tests at + 25°C.
Subgroup 10 - Switching tests at maximum rated temperatures.
Subgroup 11 - Switching tests at minimum rated temperatures.
Subgroup 12 - Periodically sample tested.

Power Dissipation.......................................... See Thermal Model
Junction Temperature.................................................... + 165°C
Storage Temperature Range............................. — 65°C to + 150°C
Lead Temperature (soldering, 10 sec).......................... +300°C
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AD9610 LIFE TEST/BURN-IN CIRCUIT

THIS MICROCIRCUIT IS COVERED BY TECHNOLOGY GROUP (I.) PER MIL M-38510

THEORY OF OPERATION
The advantages of the transimpedance AD9610 Operational
Amplifier become easier to understand when its operation is
compared to the operation of conventional high-speed op amps.

The operation of the AD9610 Operational Amplifier is similar
to a standard voltage-input differential amplifier in terms of
setting gain and calculating noise. The primary difference between
the two types is a low-impedance inverting input on the AD9610;
this causes the unit to use current feedback, rather than voltage
feedback, to achieve signal amplification.

Figure 1 and the discussion which follows help make a comparison
between the AD9610 and “conventional” devices.
Two equations are necessary to describe the amplifier shown in
Figure 1.

For purposes of discussion, assume the amplifier shown in
Figure 1 exhibits a single-pole frequency response. When it
does, A(w) = Ao/(1 +jorr) where Ao = open loop gain; and
1/t = the roll-off frequency. When these terms are substituted
into Equation C, the result is:

Based on the idea that

1 + | AoRinRs/(rsrf + rinrf + rinrs) |
is approximately equal to
AoR.nRs/(rsrf + rinrf + rinrs)

and G (closed loop gain) = R|./RIN, it becomes possible to
simplify and substitute terms in the above equation to obtain:
Volt _ __________ -G_____________
Vin
.
1^tRf f 1
111
Ao [RIN Rs
RfJ

Figure 1.

One equation is a rudimentary amplifier transfer function:
~ Vour ~ A(w) Vs
(Equation A)

and the other sums the currents at the inverting input:
°IN

Vs + Vs-Vqvt
Rs
Rp

(Equation B)

Rearranging and reducing Equation B; and substituting from
Equation A results in a third equation:

The fundamental difference between the AD9610 and traditional
amplifiers becomes apparent at this point.
In traditional voltage-imput amplifiers, the input resistance (Rs)
approaches infinity. Consequently, 1/Rs approaches zero; and
the term RP (1/Rin + 1/Rs + 1/Rf) simplifies to the term
RP (1/Rin + 1/RF). The latter can be reduced further to (G+ 1).
When substitutions are made, the gain/frequency relationship
for a traditional amplifier design is expressed as:

- A(0))RsRf/(RsRf + rinrf + rinrs)

1 + A(a>)RINRs/(RsRF + rinrf + rinrs)

(Equation C)

Volt _

- G______

V» ’ i + !2I[G+i]
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AD9610
There is a dramatically different result for the AD9610.

This difference is because the value of Rs in the transimpedance
amplifier is only 2011. This is important when one realizes
Rs II Rin II Rf; and Rs <<<Rin and/or RF. In this case,
(1/Rs + 1/Rin + 1/Rf) ““ 1/Rs- Substituting terms, a direct
comparison with traditional amplifer relationships can be made:

Figure 3.

Both amplifier types yield similar algebraic results, but there is
one critical difference in how they are obtained.

AD9610 FUNCTIONAL DESCRIPTION
Refer to Figure 4, AD9610 Functional Circuit.

As shown above, the closed loop gain (G) of the traditional
amplifier is multiplied by the frequency-dependent term of the
denominator; this means increasing frequencies or closed loop
gain accelerates the gain roll-off.

In the AD9610, however, the constant Rf/Rs is multiplied by
the frequency-dependent term; this means bandwidth remains
relatively constant for any given value of gain.

Inside the AD9610, the design includes a 1.5kfl feedback resistor
to help reduce the effect of stray capacitances and make it easier
to apply the amplifier. This internal RF means the gain of the
AD9610 is set by varying R/N.
The differences in the architecture of the AD9610 vis-a-vis a
traditional op amp cause its closed-loop frequency response to
be considerably different from conventional units.

Figure 2 pictures a typical plot for a traditional single-pole
amplifier.

Figure 4. AD9610 Functional Circuit

The most prominent characteristic illustrated in this model of
the unit is the combination of a high-impedance noninverting
terminal and a low-impedance inverting terminal. This is achieved
by buffering the noninverting terminal to create a high-impedance
input; while maintaining a low impedance through the 2011
characteristic of the inverting input.
Figure 2.

As shown, increasing the closed loop gain of a traditional op
amp decreases the bandwidth of the amplifier; the precise amount
of change will be determined by the actual roll-off characteristics
of the op amp.

By contrast, the frequency response of the AD9610 changes
very little when the gain is changed. Refer to Figure 3.
Variations in gain (established by varying values of RIN) have
only a negligible effect on the bandwidth of the amplifier.

(NOTE: For a more complete explanation of the mathematics involved
in comparing conventional op amps and the AD9610, refer to the
Analog Devices application note entitled “Using the AD9610 Trans
impedance Amplifier”)

Because of the low input impedance of the inverting input, all
of the input signal voltage is impressed across the input resistor
(Rin in Figure 6); this causes a direct voltage-to-current conversion
to take place.

Conventional op amps use a volts/volts transfer function,
while the transfer function of the AD9610 is volts/pA (or
resistance).

Signal current flowing in the inverting terminal (Pin 5) will flow
through the 20fl resistor. The voltage developed across this
input impedance becomes the input signal for the internal
amplifier.

As a result of this action, the input current is converted to an
output voltage; this is the reason for the open loop transfer
function being expressed in ohms.
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To compensate for variations in offset voltage and current in the
AD9610, both a voltage source and a current source are included
in the unit. Input offset voltage (Vos) >s a de error which appears
at the output as [Vos (1 + Rf/Rin)]- In a similar fashion, the
input bias current (Ios) reflects as a de error which appears at
the output as [los (Rf)].
The current source connected to the inverting terminal effectively
models the input offset current; and although bias currents flow
in both terminals, the inverting input bias current is dominant.
The combined actions of the internal voltage and current sources
effectively compensate for discrepancies in offset voltage and
current.
Power supply voltages applied to the AD9610 are separated,
with one set of terminals designated for the output transistors
(Pins 10 and 12) and another set for the internal amplifier
(Pins 1 and 9). This splitting of the voltages makes it possible to
limit voltage swings and current at the output, and helps regulate
the junction temperatures of the output transistors.

APPLYING THE AD9610 OP AMP
In applying the AD9610 op amp, there are certain precautions
which must be observed to protect the unit from damage:

Isolation provided by the series resistor makes it possible for the
AD9610 to drive loads well outside its design limits, but at
some loss of speed. Isolating the capacitive load from the output
of the amplifier is particularly useful when driving flash A/D
converters.
The power supplies for the AD9610 must be decoupled effectively
to obtain maximum performance from the device. Recommended
choices are a 0.1 pF ceramic capacitor and a lOpF tantalum
capacitor in parallel on each supply. These connections show up
in Figures 6 and 7 which illustrate the connections for inverting
and noninvertering operation, respectively. Decoupling compo
nents should always be connected as closely as possible to the
amplifier’s voltage supply pins.

1. Shorting either power supply input pin (Pin 10 or Pin 12) to
the output (Pin 11) will destroy the device.
2. Shorting the output (Pin 11) to ground will destroy the device;
no internal protection is provided.

As explained earlier, the noninverting input of the AD9610
Operational Amplifier is a high impedance. This requires that it
be driven from a low-impedance source, or connected to ground.
Driving this input from a high impedance detracts from the
wide bandwidth performance; connecting it to ground avoids
the possibility of closed-loop ac peaking.
Because the internal biasing network of the AD9610 is connected
to the + V and - V supply pins, it is important that these pins
have adequate decoupling. Nominal supply voltages for the
AD9610 are ± 15V, but this can be reduced to a lower limit of
± 12V without serious degradation of high-speed performance.
When ± 12V supplies are used, output voltage swings from the
amplifier must be reduced.

Bypass Pins 2 and 8 should be decoupled to ground through
33 - 50(1 resistors and 0.1 pF capacitors to maintain stability on
the bias network.

Feedback resistor RF is internal to the AD9610 and has been
precisely adjusted to allow the widest possible range of operating
conditions. While it is possible to use an external feedback
resistor for the device, the user is urged to avoid the temptation
to “tune” performance with this technique because it will inevitably
detract from ac performance.

If the expected output voltage swings are small, it is possible to
operate the ouput stages from ± 5V supplies; this will reduce
power dissipation and junction temperatures on the output
transistors. For this, the ±5V and ± 15V supplies must be
decoupled separately.

A massive low-impedance ground plane is essential for optimum
performance from the AD9610 because it provides a moderate
level of shielding and helps reduce the effects of distributed
capacitance.
But the benefits of a large ground plane can be diminished if
components are grounded at multiple points on the ground
plane. Single-point grounding is always preferred for high-speed
circuits to avoid the possibility of voltage differentials which
might result from multiple grounds.

The best high-frequency performance is obtained from the AD9610
when total output capacitance is minimized. Realistically, this is
not always possible; but performance can be improved with a
5 - 30(1 resistor in series with the output as shown in Figure 5.
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Figure 7. AD9610 Noninverting Operation

AD9610
As shown in Figures 6 and 7, bypass Pins 2 and 8 should be
decoupled individually with a 33 - 500 resistor and 0.1 jlF
capacitor in series to ground. Without this decoupling, power
supply and common-mode rejection ratios (PSRR and CMRR)
may be degraded. In some applications, the lack of this decoupling
may show up as very high-frequency “ringing” on the output.
Rmatch in Figures 6 and 7 is used to match the output impedance
of the driving source.

AD9610 PERFORMANCE
In the following section, graphs and photographs depict typical
performance of the AD9610 for various characteristics.

AD9610 POWER DISSIPATION
Quiescent power supply currents for the AD9610 are ±21mA.
Supply currents this low allow the unit to be operated over a
wide temperature range without damage. For high-temperature
operation and long-term stability, however, the user is urged to
use a heat sink. Two acceptable models for TO-8 packages are
the Thermalloy 2240 and the IERC Up-TO8-48CB.

AD9610 Frequency Response (Av= ± 1, ±2, ±5, ± 10,
±50)

Figure 8. Junction Temp. Rise vs. Load Current

The data in this illustration are typical characteristics when the
AD9610 is operated from ± 15V supplies. Assume the desired
output from the op amp is ± 10V swings at ±50mA currents.
For this combination, maximum junction temperature will be
100°C above the ambient temperature.
FREQUENCY - MHr

Since maximum allowable junction temperature is + 165°C, the
maximum ambient temperature which can be tolerated is + 65°C.
If there is a possibility the ambient may exceed this limit, heat
sinking and/or heat removal is required. Additional details on
the thermal characteristics of the unit are included in the AD9610
Thermal Model. (For more information on thermal protection,
consult the Analog Devices application note “Using the AD9610
Transimpedance Amplifier”.)

AD9610 Frequency Response (Av=±1, ±2, ±5, ±10,
±50)

vL.

1 08
1 04
1.00
096

0.92

0 88
0 84
0 80
0 76

8

9

10

11

12

13

14

15

16

Vce-±V

NOTE: xx, « NPN OR PNP

Bandwidth vs. l/cc

IFOR POSITIVE Vout AND Vcc. THIS IS POWER IN NPN OUTPUT STAGE
FOR NEGATIVE Voot AND Vcc. THIS IS POWER IN PNP OUTPUT STAGE
Icol = VOUT Rioad or 3 0mA. WHICHEVER IS GREATER
FEEDBACK RESISTOR R, IS INCLUDED IN Rlo>)
TjtPNP) = Ppnp <210 +• Oca) + (Pqircuit + Pnpn) (0 ca) + T.. SIMILAR FOR Tj(npn)

AD9160 Thermal Model
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100

Small-Signal Output Resistance vs. Frequency (G- - 10)

Small-Signal Output Phase Shift vs. Frequency (G= - 10)

Information in graphs above can be used to obtain effective
output impedance versus frequency.

GAIN= -10; 5V OUTPUT, ERROR WINDOW l±5mV| = 0.1%; 5ns/DIV

AD9610 Settling Time

GAIN =-10. 136mV/DIV; 10ns/DIV

AD9610 Small-Signal Pulse Response

GAIN =-10; 3.4V/DIV; 10ns/DIV

AD9610 Large-Signa! Pulse Response
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ORDERING INFORMATION
Three models of the AD9610 Operational Amplifier are available.
The AD9610BH is specified for operation over a case temperature
range of — 25°C to + 85°C; the AD9610TH is intended for
applications in which case temperature may be between — 55°C
and + 125°C. Specifications for the AD9610TH and the
AD9610TH/883B are the same; the latter unit is processed per
MIL-STD-883B.

ANALOG
DEVICES
FEATURES
Usable Closed-Loop Gain Range: ±1 to ±40
Low Distortion: -67 dBc (2nd) at 20 MHz
Small Signal Bandwidth: 190 MHz (Av = +3)
Large Signal Bandwidth: 150 MHz at 4 V p-p
Settling Time: 10 ns to 0.1%; 14 ns to 0.02%
Overdrive and Output Short Circuit Protected
Fast Overdrive Recovery
DC Nonlinearity 10 ppm

APPLICATIONS
Driving Flash Converters
D/A Current-to-Voltage Converters
IF, Radar Processors
Baseband and Video Communications
Photodiode, CCD Preamps

GENERAL DESCRIPTION
The AD9617 is a current feedback amplifier which utilizes a
proprietary architecture to produce superior distortion and de
precision. It achieves this along with fast settling, very fast slew
rate, wide bandwidth (both small signal and large signal) and
exceptional signal fidelity. The device achieves -67 dBc 2nd
harmonic distortion at 20 MHz while maintaining 190 MHz
small signal and 150 MHz large signal band widths.
These attributes position the AD9617 as an ideal choice for driv
ing flash ADCs and buffering the latest generation of DACs.
Optimized for applications requiring gain between ±1 to ±15,
the AD9617 is unity gain stable without external compensation.

Additional benefits of the AD9617B and T grades include input
offset voltage of 500 jiV and temperature coefficient (TC) of
3 p.V/°C. These accuracy performance levels make the AD9617
an excellent choice for driving emerging high resolution
(12-16 bits), high speed analog-to-digital converters and flash
converters.

Low Distortion, Precision,
Wide Bandwidth Op Amp
*
AD9617
AD9617 PIN CONFIGURATION

NOTE: FOR BEST SETTLING TIME AND DISTOR
TION PERFORMANCE, USE OPTIONAL SUPPLY
CONNECTIONS. PERFORMANCE INDICATED IN
SPECIFICATIONS IS BASED ON SUPPLY CON
NECTIONS TO THESE PINS.

systems such as radar, SIGINT, and ESM systems. The supe
rior slew rate, low overshoot and fast settling of the AD9617
allow the device to be used in pulse applications such as com
munications receivers and high speed ATE. Most monolithic op
amps suffer in these precision pulse applications due to slew rate
limiting.
The AD9617 is available in five performance grades and three
package styles. The AD9617J operates over the range of 0 to
+ 70°C and is available in either an 8-pin plastic mini-DIP or an
8-lead plastic small outline package (SOIC). The AD9617A and
B versions are rated over the industrial temperature range of
-40°C to +85°C. The AD9617S and T versions are rated over
the military temperature range of -55°C to +125°C and are
available processed to MIL-STD-883B. A, B, S and T grades
are available in 8-pin hermetic ceramic DIPs and 8-pin hermetic
ceramic surface mount gull-wing carriers.

The AD9617 offers outstanding performance in high fidelity,
wide bandwidth applications in instrumentation ranging from
network and spectrum analyzers to oscilloscopes and in military

'Patent pending.
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS1
Supply Voltages (±VS)........................................................... ±7 V
Common Mode Input Voltage.................................................±VS
Differential Input Voltage.................................................... 3 V
Continuous Output Current2............................................ 70 mA
Operating Temperature Ranges
AD9617JN/JR...........................................................0 to +70°C
AD9617AQ/BQ................................................. -40°C to +85°C
*
AD9617SQ/TQ/SZ/TZ/883B
....................... -55°C to +125°C

DC ELECTRICAL CHARACTERISTICS
Parameter
Input Offset Voltage5, 6
Input Offset Voltage TC6
Input Bias Current6
Inverting
Noninverting
Input Bias Current TC6
Noninverting
Inverting
Input Resistance
Noninverting
Input Capacitance
Noninverting
Common Mode Input Range

Common Mode Rejection Ratio
Power Supply Rejection Ratio
Open Loop Gain
To
Nonlinearity
Output Voltage Range
Output Impedance
Output Current (50 fl Load)

Conditions

T = T,^
T = Tmin to +256C
AVS = ±5%

At de
At de

At de
T = + 25°C to Tmax
T = Tmin

(Unless otherwise noted, Av = +3; ±VS = ±5 V; RF = 400 fl; RL0AD = 100 fl)

Temp

Test
Level

MU
Sub4

AD9617JN/JR
Min Typ Max

AD9617AQ/
*SQ/SZ/883B
Min Typ Max

AD9617BQ/
TQ/TZ/883B
*
Min Typ Max

Units

+25°C
Full

I
IV

1

-1.1 +0.5 + 2.2
-4 +3 + 25

-1.1 + 0.5 +2.2
-4 + 3 + 25

+0.0 +0.5 + 1.1
-4 + 3 +25

mV
gWC

+25°C
+25°C

I
I

1
1

-50 0
-25 +5

-50 0
-25 + 5

-25 0
-15 + 5

pA
>iA

Full
Full

IV
IV

+25°C

V

+ 25°C
—
—
Full
Full

V
II
II
II
II

+25°C
+25°C
+25°C
+25°C
«-

V
IV
II
V
II
II

AC ELECTRICAL CHARACTERISTICS
Parameter

FREQUENCY DOMAIN
Bandwidth (-3 dB)
Small Signal
Large Signal
Bandwidth Variation vs. Av
Amplitude of Peaking (<50 MHz)

Amplitude of Peaking (>50 MHz)
Amplitude of Roll-Off (<75 MHz)
Phase Nonlinearity
2nd Harmonic Distortion

3rd Harmonic Distortion

Input Noise Voltage
Inverting Input Noise Current
Average Equivalent Integrated
Input Noise Voltage

+ 50
+ 35

-50 + 30 + 125
-50 + 50 + 150

-50 + 30 + 125
-50 + 50 + 150

60

2
1, 3
4, 5, 6
4, 5, 6

1,
3

2

±1.4
±1.7
50
50

+ 50
+ 35

-50 + 30 + 125
-50 + 50 + 150

60

1.5
±1.5
±1.8
60
60

±1.4
±1.7
50
50

500
10
±3.4 ±3.8
0.07
60
50

1.5
±1.5
±1.8
60
60

±1.4
±1.7
50
50

500
10
±3.4 ±3.8
0.07
60
50

+25
+ 20

nA/°C
nA/°C

60

kll

1.5
±1.5
±1.8
60
60

pF
V
V
dB
dB

500
10
±3.4 ±3.8
0.07
60
50

kfl
PPm
V
fl
mA
mA

(Unless otherwise noted, Av = +3; ±VS = ±5 V; RF = 400 fl; RL0AD = 100 fl)

Conditions

Temp

Test
Level

Vout ^2 V p-p
Vout = 4 V p-p
Av = -1 to ±15
T = Tmm to +25°C
T = Traax
T = Tm,„ to +25°C
T = Tmax

de to 75 MHz
2 V p-p; 4.3 MHz
2 V p-p; 20 MHz
2 V p-p; 60 MHz
2 V p-p; 4.3 MHz
2 V p-p; 20 MHz
2 V p-p; 60 MHz
10 MHz
10 MHz

Full
Full
+ 25°C
<<««Full
+25°C
Full
Full
Full
Full
Full
Full
+ 25°C
+ 25°C

II
IV
V
II
II
II
II
II
V
IV
IV
II
IV
IV
II
V
V

0.1 to 200 MHz

+25°C

V
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Storage Temperature
AD9617JN/JR...............................................-65°C to +125°C
*
AD9617AQ/BQ/SQ/TQ/SZ/TZ/883B
. . . -65°C to +150°C
Junction Temperature3
AD9617JN/JR ................................................................... 150°C
*
AD9617AQ/BQ/SQ/TQ/SZ/TZ/883B
............................ 175°C
Lead Soldering Temperature (10 Seconds)....................... +300°C

Mil
Sub4

AD9617JN/JR
Min Typ Max

4, 5, 6

145

4,
4,
4,
4,
4,

5,6
5, 6
5, 6
5, 6
5,6

4, 5, 6

4, 5, 6

190
150
40
0
0
0
0
0.1
0.5
-86
-67
-51
-83
-69
-54
1.2
29

55

-78
-59
-43
-75
-61
-46

AD9617AQ/
*SQ/SZ/883B
Min Typ Max

AD9617BQ/
*TQ/TZ/883B
Min Typ Max

145
115

145
115

190
150
40
0
0
0
0
0.1
0.5
-86
-67
-51
-83
-69
-54
1.2
29
55

0.3
0.6
0.8
1.0
0.6

-78
-59
-43
-75
-61
-46

190
150
40
0
0
0
0
0.1
0.5
-86
-67
-51
-83
-69
-54
1.2
29
55

0.3
0.6
0.8
1.0
0.6

-78
-59
-43
-75
-61
-46

Units

MHz
MHz
MHz
dB
dB
dB
dB
dB
Degree
dBc
dBc
dBc
dBc
dBc
dBc
n V/v (Hz)
pA/v'(Hz)

p.V, rms

AD9617
Parameter
TIME DOMAIN
Slew Rate
Rise/Fall Time
VOUT = 2 v Step
Vout = 4 V Step
vout = 4 v Step
Overshoot
Settling Time
To 0.1%
To 0.02%
To 0.1%
To 0.02%
2 x Overdrive Recovery to
±2 mV of Final Value
Propagation Delay
Differential Gain’
Differential Phase7

AD9617JN/JR
Min Typ Max

Mil
Sub4

AD9617AQ/
*SQ/SZ/883B
Min Typ Max

AD9617BQ/
TQ/TZ/883B
*
Min Typ Max

Units

1100 1400

1100 1400

V/jjls

Conditions

Temp

Test
Level

VOUT = 4 V Step

Full

IV

1400

Full

2.0
2.4
2.4
3

2.0
2.4
2.4
3

2.5
3.3
3.5
14

2.0
2.4
2.4
3

2.5
3.3
3.5
14

ns
ns
ns
%

15
23
16
24

10
14
11
16

15
23
16
24

ns
ns
ns
ns

T = +25°C to Tm,x
T = Tmin
Vout = 2 V Step

«Full

IV
IV
IV
IV

Vout
VOUT
VOUT
Vout

Full
Full
Full
Fuh

IV
IV
IV
IV

10
14
11
16

10
14
11
16

+25°C
+25°C
Full
Full

V
V
V
V

50
2
<0.01
0.01

50
2
<0.01
0.01

Full
Full

II
II

34
34

34
34

=
=
=
=

2
2
4
4

V
V
v
V

Step
Step
Step
Step

VIN = 1.7 V Step

POWER SUPPLY REQUIREMENTS
Quiescent Current
+ Is
"Is

1, 2, 3
1. 2. 3

48
48

ns
ns
%
Degree

50
2
<0.01
0.01

48
48

34
34

48
48

mA
mA

NOTES
’Absolute maximum ratings are limiting values to be applied individually and beyond which the serviceability of the circuit may be impaired. Functional
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability.
’Output is short circuit protected to ground, but not to supplies. Continuous short circuit to ground may affect device reliability.
’Typical thermal impedances (part soldered onto board):
Mini-DIP: 0JA = 140°C/W; 0JC = 30°C/W. Side Brazed/Cerdip: 0JA = 110°C/W; 0JC = 20°C/W. SOIC Package: 0JA = 150°C/W; 0JC = 30°C/W.
Ceramic Gull Wing: 0JA = 120°C/W; 0JC = 20°C/W.
4Military subgroups apply only to military qualified devices.
’Measured with respect to the inverting input.
“Typical is defined as the mean of the distribution.
’Frequency = 4.3 MHz; RL = 150 fl; Av = +3.
EXPLANATION OF TEST LEVELS
*Consult factory regarding MIL-883 parts in “Z” packages.
Test Level
Specifications subject to change without notice.

EXPLANATION OF MILITARY SUBGROUPS

Subgroup 1 - Static tests at +25°C.
(5% PDA calculated against Subgroup 1 for high-rel versions.)
Static tests at maximum rated operating
Subgroup 2
temperature.
Static tests at minimum rated operating
Subgroup 3
temperature.
Dynamic tests at +25°C.
Subgroup 4
Dynamic tests at maximum rated operating
Subgroup 5
temperature.
Dynamic tests at minimum rated operating
Subgroup 6
temperature.
Functional tests at +25°C.
Subgroup 7
Functional tests at maximum and minimum
Subgroup 8
rated temperatures.
Switching tests at +25°C.
Subgroup 9
Switching tests at maximum rated operating
Subgroup 10
temperature.
Switching tests at minimum rated operating
Subgroup 11
temperature.
Periodically sample tested.
Subgroup 12

I - 100% production tested.
II - 100% production tested at +25°C and sample tested at
specified temperatures. AC testing of J grade devices done
on sample basis.
III - Sample tested only.
IV - Parameter is guaranteed by design and characterization
testing.
V - Parameter is a typical value only.
VI - All devices are 100% production tested at +25°C. 100%
production tested at temperature extremes for extended
temperature devices; sample tested at temperature
extremes for commercial/industrial devices.
ORDERING INFORMATION
Model

Temperature
Range

Package Options1

AD9617JN
AD9617JR
AD9617AQ
AD9617BQ
AD9617SQ
AD9617TQ
AD9617SQ/883B
AD9617TQ/883
*
AD9617SZ
*
AD9617TZ

0 to +70°C
0 to +70°C
-40°C to +85°C
-40°C to +85°C
-55°C to +125°C
-55°C to +125°C
-55°C to +125°C
-55°C to +125°C
-55°C to +125°C
-55°C to +125°C

Plastic DIP (N-8)
SOIC (R-8)
Cerdip (Q-8)
Cerdip (Q-8)
Cerdip (Q-8)
Cerdip (Q-8)
Cerdip (Q-8)
Cerdip (Q-8)
Ceramic Gull Wing
*
(Z-8)
Ceramic Gull Wing
*
(Z-8)

NOTES
♦Consult factory regarding MIL-883 parts in “Z” packages.
’See Section 20 for package outline information.
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THEORY OF OPERATION
The AD9617 has been designed to combine the key attributes of
traditional “low frequency” precision amplifiers with exceptional
high frequency characteristics that are independent of closedloop gain. Previous “high frequency” closed-loop amplifiers have
low open loop gain relative to precision amplifiers. This results
in relatively poor de nonlinearity and precision, as well as exces
sive high frequency distortion due to open loop gain roll-off.
Operational amplifiers use two basic types of feedback correc
tion, each with advantages and disadvantages. Voltage feedback
topologies exhibit an essentially constant gain bandwidth prod
uct. This forces the closed-loop bandwidth to vary inversely
with closed-loop gain. Moreover, this type design typically slew
rate limits in a way that causes the large signal bandwidth to be
much lower than its small signal characteristics.

DC GAIN CHARACTERISTICS
A simplified equivalent schematic is shown below. When operat
ing the device in the inverting mode, the input signal error cur
rent (IE) is amplified by the open loop transimpedance gain
(To). The output signal generated is equal to To x IE. Nega
tive feedback is applied through RF such that the device oper
ates at a gain (G) equal to -RF/RP

Noninverting operation is similar, with the input signal applied
to the high impedance buffer (noninverting) input. As before,
an output (buffer) error current (IE) is generated at the low im
pedance inverting input. The signal generated at the output is
fed back to the inverting input such that the external gain is
(1+Rf/Ri). The feedback mechanics are identical to the voltage
feedback topology when exact equations are used.

A newer approach is to use current feedback to realize better
dynamic performance. This architecture provides two key at
tributes over voltage feedback configurations: (1) avoids slew
rate limiting and therefore large signal bandwidth can approach
small signal performance; and (2) low bandwidth variation ver
sus gain settings, due to the inherently low open loop inverting
input resistance (Rs).
The AD9617 uses a new current feedback topology that over
comes these limitations and combines the positive attributes of
both current feedback and voltage feedback designs. These de
vices achieve excellent high frequency dynamics (slew, BW and
distortion) along with excellent low frequency linearity and good
de precision.

DIE CONNECTIONS

-INPUT

+INPUT

□
□

□ □
□
□
□ □ □

-vs

-vs
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aw

Equivalent Circuit

+VS

TOP VIEW
(Not to Scale)

DIE SIZE = 53 x 67 x 15 mils

-O *o

OUTPUT

AD9617
The major difference lies in the front end architecture. A voltage
feedback amplifier has symmetrical high resistance (buffered)
inputs. A current feedback amplifier has a high noninverting
resistance (buffered) input and a low inverting (buffer output)
input resistance. The feedback mechanics can be easily devel
oped using current feedback and transresistance open loop gain
T(s) to describe the I/O relationship. (See typical specification
chart.)
DC closed-loop gain for the AD9617 can be calculated using the
following equations:

Vp
-Rp/R/
V/ * 1 + l/LG

inverting

(1)

Vo
1 + Rp/Ri
V~N ~ 1 + l/LG

noninverting

(2)

1
Where: LG ~

Rs(Rf

+ Rsll^z)
T(s)(/?s||R/)

Because the noninverting input buffer is not ideal, input resis
tance Rs (at de) is gain dependent and is typically higher for
noninverting operation than for inverting operation. Rs will ap
proach the same value (=7 fl) for both at input frequencies
above 50 MHz. Below the open loop corner frequency, the non
inverting Rs can be approximated as:
Rs (noninverting) « 7 +
where:

TN

Ao

(4)

Inverting Rs below the open loop comer frequency can be ap
proximated as:

TN
Ao

The inverting and noninverting dynamic characteristics are simi
lar. When driving the noninverting input, the inverting input
capacitance (Cj) will cause the noninverting closed-loop band
width to be higher than the inverting bandwidth for gains less
than two (2). In the remaining cases, inverting and noninverting
responses are nearly identical.

For best overall dynamic performance, the value of the feedback
resistor (RF) should be 400 ohms. Although bandwidth reduces
as closed-loop gain increases, the change is relatively small due
to low equivalent series input impedance, Zs. (See typical per
formance charts.) The simplified equations governing the de
vice’s dynamic performance are shown below.

Closed-Loop Gain vs. Frequency:
(noninverting operation)
1

Vo
VS *

7
*
(6)
+ 1

ST

where: t = RpX-Cc = 0.9 ns(Rp = 400 fl)

Slew Rate «•

Aq — Open Loop Voltage Gain S»G x 600

Rs (inverting) = 7 +

AC GAIN CHARACTERISTICS
Closed-loop bandwidth at high frequencies is determined prima
rily by the roll-off of T(s). But circuit layout is critical to mini
mize external parasitics which can degrade performance by
causing premature peaking and/or reduced bandwidth.

RpKCc

x e~'vRfKCc

(7)

where: K = 1 + —
Rl

(5)

where: Ao = 40,000.

The AD9617 approaches this condition. With To = 1 x 106 fl,
Rl = 500 fl and Rs = 25 fl (de), a gain error no greater than
0.05% typically results for G = -1 and 0.15% for G = -40.
Moreover, the architecture linearizes the open loop gain over its
operating voltage range and temperature resulting in >16 bits of
linearity.

DC Nonlinearity vs. VOUT
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Increasing Bandwidth at Low Gains
By reducing RF, wider bandwidth and faster pulse response can
be attained beyond the specified values, although increased over
shoot, settling time and possible ac peaking may result. As a
rule of thumb, overshoot and bandwidth will increase by 1%
and 8%, respectively, for a 5% reduction in RF at gains of ± 10.
Lower gains will increase these sensitivities.
Equations 6 and 7 are simplified and do not accurately model
the second order (open loop) frequency response term which is
the primary contributor to overshoot, peaking and nonlinear
bandwidth expansion. (See Open Loop Bode Plots.) The user
should exercise caution when selecting RF values much lower
than 400 Cl. Note that a feedback resistor must be used in all
situations, including those in which the amplifier is used in a
noninverting unity gain configuration.
Increasing Bandwidth at High Gains
Closed loop bandwidth can be extended at high closed loop gain
by reducing RF. Bandwidth reduction is a result of the feedback
current being split between Rs and R,. As the gain increases
(for a given RF), more feedback current is shunted through R„
which reduces closed loop bandwidth (see Equation 6). To
maintain specified BW, the following equations can be used to
approximate RF and Rj for any gain from ±1 to ±15.

RF = 424 ± 8 G
(+ for inverting and — for noninverting)

Rl ■

424 - 8 G
O - 1

(noninverting)

R' ~

424 + 8 G
G

(inverting)

(8)

(9)

+io ----------------------------------------- -----------------------------------------

+ 10

-10 --------------------------------------------------

-1.0

-55°C

+25°C

+ 125°C

DC Accuracy

amplifiers. Typically, IBn is 5 p.A and VIO is +0.5 mV (1 sigma
= 0.3 mV), which means that the de output error can be
reduced by making RN »» 100 Cl. Note that the offset drift will
not change significantly because the IBn TC is relatively small.
(See specification table.)

The effective noise at the output of the amplifier can be deter
mined by taking the root sum of the squares of Equation 11 and
applying the spectral noise values found in the typical graph sec
tion. This applies to noise from the op amp only. Note that
both the noise figure and equivalent input offset voltages im
prove as the closed loop gain is increased (by keeping RF fixed
and reducing R, with RN = 0 fl).

(10)

G = Closed Loop Gain.
Bandwidth Reduction
The closed loop bandwidth can be reduced by increasing RF.
Equations 6 and 7 can be used to determine the closed loop
bandwidth for any value RF. Do not connect a feedback capaci
tor across RF, as this will degrade dynamic performance and
possibly induce oscillation.

DC Precision and Noise
Output offset voltage results from both input bias currents and
input offset voltage. These input errors are multiplied by the
noise gain term (1 + RF/R,) and algebraically summed at the
output as shown below.
Capacitive Load Figure
Vo= V/o x

1+

±IBn x Rn x

1+

— IBi x Rp

(11)

Since the inputs are asymmetrical, IBi and IBn do not correlate.
Canceling their output effects by making RN = Rf||Rj will not
reduce output offset errors, as it would for voltage feedback

Capacitive Load Considerations
Due to the low inverting input resistance (Rs) and output buffer
design, the AD9617 can directly handle input and/or output
load capacitances of up to 20 pF. See the chart below.

Rf
aw

Output Offset Voltage

^SERIES ~

Input/Output Capacitance Comparisons
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AD9617
A small series resistor can be used at the output of the amplifier
and outside of the feedback loop to facilitate driving larger ca
pacitive loads or for obtaining faster settling time. For capacitive

To preserve the amplifier’s full bandwidth, the noninverting
input should be driven from a low impedance source. To obtain
a gain of +1, a feedback resistor must be used or device reliabil
ity will be diminished.

A recommended circuit for an inverting amplification is shown
in Figure 2.
Closed-loop gain for inverting configurations is determined by
the value of Rj per the following equation:
(13)

LAYOUT CONSIDERATIONS
As with all high performance amplifiers, printed circuit layout is
critical in obtaining optimum results with the AD9617. The
ground plane in the area of the amplifier should cover as much
of the component side of the board as possible. Each power
supply trace should be decoupled close to the package with at
least a 3.3 p.F tantalum and a low inductance, 0.1 jiF ceramic
capacitor.

Recommended R_

APPLYING THE AD9617
The superior frequency and time domain specifications of the
AD9617 make it an obvious choice for driving flash converters
and buffering the outputs of high speed DACs. Its outstanding
distortion and noise performance make it well suited as a driver
for analog to digital converters (ADCs) with resolutions as high
as 16 bits.

All lead lengths for input, output and the feedback resistor
should be kept as short as possible. All gain setting resistors
should be chosen for low values of parasitic capacitance and in
ductance, i.e., microwave resistors and/or carbon resistors.

Typical circuits for inverting and noninverting applications are
shown in Figures 1 and 2.

Stripline techniques should be used for lead lengths in excess of
one inch. Sockets should be avoided if possible because of their
stray inductance and capacitance. If sockets are necessary, indi
vidual pin sockets such as AMP p/n 6-330808-3 should be used.
These contribute far less stray reactance than molded socket as
semblies.

Closed-loop gain for noninverting configurations is determined
by the value of R, according to the equation:

An evaluation board is available from Analog Devices at nominal
cost.

COMPLIANCE INFORMATION
The AD9617SQ/SZ/TQ/TZ/883B
*
devices are classified within
Microcircuits Group 49,Technology Group D (operational am
plifiers) and are constructed in accordance with MIL-STD-883.
They are electrostatic sensitive and fall within electrostatic sensi
tivity classification Class 1. Percent Defective Allowance (PDA)
is computed based on Subgroup 1 of the specified Group A test
list. Quality Assurance (QA) screening is in accordance with Al
ternate Method A of Method 5005.
The following apply: Burn-In per 1015; Life Test per 1005;
Electrical Testing per 5004. (Note: Group A electrical testing
assumes TA = Tc = Tj.) MIL-STD-883-compliant devices are
marked with “C” to indicate compliance.

Figure 1. Noninverting
Operation

Figure 2. Inverting
Operation

‘Consult factory regarding MIL-883 parts in “Z” packages.
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Typical Performance

(Ay = +3; ±VS = ±5 V; RF = 400 D, unless otherwise noted)

Noninverting Frequency Response

Inverting Frequency Response

Open Loop Transimpedance Gain
[T(s) Relative to 1fi]

10
15

1
H

20
25
30

r

® 35
40

\

//
t /q
/

CMRR
45
50

55
60
100

1k

10k

100k

r

//
V

PSRR

1

1M

10M

100M

FREQUENCY - Hz

CMRR and PSRR

FREQUENCY - MHz

Harmonic Distortion

TIME - ns

Settling Time

TIME - Hs

Long Term Settling Time

FREQUENCY - MHz

FREQUENCY - Hz

Frequency Response vs. RLOAD

Equivalent Input Noise

10ns/DIVISION

10ns/DIVISION

FREQUENCY - MHz

Intermodulation Distortion (IMD)
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Large Signal Pulse Response

Small Signal Pulse Response

ANALOG
DEVICES
FEATURES
Usable Closed-Loop Gain Range: +5/-1 to ±100
Low Distortion: -63 dBc (2nd) at 20 MHz
Small Signal Bandwidth: 160 MHz (Av = +10)
Large Signal Bandwidth: 150 MHz at 5 V p-p
Settling Time: 10 ns to 0.1%; 14 ns to 0.02%
Overdrive and Output Short Circuit Protected
Fast Overdrive Recovery
DC Nonlinearity 5 ppm
APPLICATIONS
Driving Flash Converters
DI A Current to Voltage Converters
IF, Radar Processors
Baseband and Video Communications
Photodiode, CCD Preamps

GENERAL DESCRIPTION
The AD9618 is a current feedback amplifier which utilizes a
proprietary architecture to produce superior distortion and de
precision. It achieves this along with fast settling, very fast slew
rate, wide bandwidth (both small signal and large signal), and
exceptional signal fidelity. The device achieves -63 dBc 2nd
harmonic distortion at 20 MHz while maintaining 160 MHz
small signal and 150 MHz large signal bandwidths.
These attributes position the AD9618 as an ideal choice for driv
ing flash ADCs and buffering the latest generation of DACs.
Optimized for applications requiring gain between + 5/-1
to ±40, the AD9618 is unity gain stable without external
compensation.
Additional benefits of the AD9618B and T grades include
input offset voltage of 500 p.V and temperature coefficient (TC)
of 3 p.V/°C. These accuracy performance levels make the
AD9618 an excellent choice for driving emerging high resolution
(12-16 bits), high speed analog to digital converters and flash
converters.

Low Distortion, Precision,
Wide Bandwidth Op Amp
*
AD9618
AD9618 PIN CONFIGURATION

NOTE FOR BEST SETTLING TIME AND DISTOR
TION PERFORMANCE, USE OPTIONAL SUPPLY
CONNECTIONS PERFORMANCE INDICATED IN
SPECIFICATIONS IS BASED ON SUPPLY CON
NECTIONS TO THESE PINS

systems such as radar, SIGINT, and ESM systems. The supe
rior slew rate, low overshoot, and fast settling of the AD9618
allow the device to be used in pulse applications such as com
munications receivers and high speed ATE. Most monolithic op
amps suffer in these precision pulse applications due to slew rate
limiting.
The AD9618 is available in five performance grades and three
package styles. The AD9618J operates over the range of 0 to
+70°C and is available in either an 8-pin plastic mini-DIP or an
8 lead plastic small outline package (SOIC). The AD9618A and
B versions are rated over the industrial temperature range of
-40°C to +85°C. The AD9618S and T versions are rated over
the military temperature range of -55°C to +125°C; and are
available processed to MIL-STD-883B. A, B, S and T grades
are available in 8-pin hermetic ceramic DIPs and 8-pin hermetic
surface mount gull-wing carriers.

The AD9618 offers outstanding performance in high fidelity,
wide bandwidth applications in instrumentation ranging from
network and spectrum analyzers to oscilloscopes, and in military

‘Patent pending.
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SPECIFICATIONS
Storage Temperature
AD9618JN/JR................................................ -65°C to +125°C
*
AD9618AQ/BQ/SQ/TQ/SZ/TZ/883B
.... -65°C to +150°C
Junction Temperature3
AD9618JN/JR .................................................................. 150°C
*
AD9618AQ/BQ/SQ/TQ/SZ/TZ/883B
............................ 175°C
Lead Soldering Temperature (10 Seconds)....................... +300°C

ABSOLUTE MAXIMUM RATINGS1
Supply Voltages (±VS)...........................................................±7 V
Common Mode Input Voltage................................................ ±VS
Differential Input Voltage.................................................... 3 V
Continuous Output Current2 ............................................ 70 mA
Operating Temperature Ranges
AD9618JN/JR.......................................................... 0 to +70°C
AD9618AQ/BQ................................................ -40°C to +85°C
*
AD9618SQ/TQ/SZ/TZ/883B
.......................-55°C to +125°C
__

DC ELECTRICAL CHARACTERISTICS
Parameter

Input Offset Voltage5’ 6
Input Offset Voltage TC6
Input Bias Current6
Inverting
Noninverting
Input Bias Current TC6
Noninverting
Inverting
Input Resistance
Noninverting
Input Capacitance
Noninverting
Common Mode Input Range
Common Mode Rejection Ratio
Power Supply Rejection Ratio
Open Loop Gain
To
Nonlinearity
Output Voltage Range
Output Impedance
Output Current (50 fl Load)

Conditions

T = Tm„
T = Tmin to + 25°C

AVS = ±5%
At de
At de
At de
T = +25°C to Tm.x
T = Tmin

(Unless otherwise noted, Av = +10; ±VS = ±5 V; RF = 1000 fl;
Ru» = ioom

Temp

Test
Level

MU
Sub4

AD9618JN/JR
Min Typ Max

AD9618AQ/
*SQ/SZ/883B
Min Typ Max

AD9618BQ/
*TQ/TZ/883B
Min Typ Max

Units

+25°C
Full

I
IV

1

-1.1 +0.5 + 2.2
-4 + 3 +25

-1.1 +0.5 + 2.2
-4 + 3 + 25

0.0
-4

mV
pV/°C

+ 25°C
+ 25°C

I
I

1
1

-45 0
-25 + 5

-45 0
-25 + 5

-20 0
-13 +5

Full
Full

IV
IV

+ 25°C

V

+ 25°C

—
Full
Full

V
II
II
II
II

+ 25°C
+ 25°C
+25°C
+25°C

V
V
II
V

*-

II
II

-50 + 30 + 125
-50 +40 + 130

±1.0
±1.4
50
50

L2
3

3
5
±3.3 ±3.7
0.08
60
50

Parameter

Amplitude of Peaking (>50 MHz)
Amplitude of RoU-Off (<75 MHz)
Phase Nonlinearity
2nd Harmonic Distortion

3rd Harmonic Distortion

Input Noise Voltage
Inverting Input Noise Current

Conditions

Temp

Vout s 2 V p-p
Vout s 5 V p-p
Av = -1 to ±40
T = Tmin to +25°C
T = Tm„
T = Tmin to +25°C
T = Tm„

Full
Full
+ 25°C

de to 75 MHz
2 V p-p; 4.3 MHz
2 V p-p; 20 MHz
2 V p-p; 60 MHz
2 V p-p; 4.3 MHz
2 V p-p; 20 MHz
2 V p-p; 60 MHz
10 MHz
10 MHz
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—
*—
<Full
+ 25°C
Full
Full
Full
Full
Full
Full
+ 25°C
+ 25°C

n”'ed

±1.0
±1.4
50
50

AD9618JN/JR
Min Typ Max

II
IV
V
II
II
II
II
II
V
IV
IV
II
IV
IV
II
V
V

4, 5, 6

130

5,
5,
5,
5,
5,

6
6
6
6
6

4, 5, 6

4, 5, 6

nA
pA

nA/°C
nA/°C

75

kfl

1.5
±1.2
±1.5
60
60

pF
V
V
dB
dB
Mil
PPm
V
fl
mA
mA

3
5
±3.3 ±3.7
0.08
60
50

= +'°: ±,s = ±s,i= 1 kl!:

MU
Sub4

4,
4,
4,
4,
4,

±1.0
±1.4
50
50

3
5
±3.3 ±3.7
0.08
60
50

Test
Level

160
150
35
0
0
0
0
0.5
0.5
-83
-63
-51
-85
-70
-62
1.2
24

1.5
±1.2
±1.5
60
60

+20
+ 18

-50 + 30 + 125
-50 +40 + 130

75

1.5
±1.2
±1.5
60
60

2
1, 3
4, 5, 6
4, 5, 6

+45
+ 35

-50 + 30 - 125
-50 +40 + 130

75

AC ELECTRICAL CHARACTERISTICS ("C
FREQUENCY DOMAIN
Bandwidth (-3 dB)
Small Signal
Large Signal
Bandwidth Variation vs. Av
Amplitude of Peaking (<50 MHz)

+45
+ 35

+0.5 + 1.1
+ 3 +25

AD9618AQ/
*SQ/SZ/883B
Min Typ Max

130
120

-75
-55
-43
-77
-62
-54

160
150
35
0
0
0
0
0.5
0.5
-83
-63
-51
-85
-70
-62
1.2
24

AD9618BQ
*TQ/TZ/883B
Min Typ Max

130
120

0.4
0.7
0.6
1.2
1.2

-75
-55
-43
-77
-62
-54

160
150
35
0
0
0
0
0.5
0.5
-83
-63
-51
-85
-70
-62
1.2
24

0.4
0.7
0.6
1.2
1.2

-75
-55
-43
-77
-62
-54

Units

MHz
MHz
MHz
dB
dB
dB
dB
dB
Degree
dBc
dBc
dBc
dBc
dBc
dBc
nV/v(Hz)
pA/v^Hz)

AD9618
AD9618JN/JR
Min Typ Max

MU
Sub4

AD9618AQ/
*SQ/SZ/883B
Min Typ Max

AD9618BQ/
*TQ/TZ/883B
Min Typ Max

Parameter

Conditions

Temp

Test
Level

Average Equivalent Integrated
Input Noise Voltage

0.1 to 200 MHz

+25°C

V

38

= 4 V Step

Full

IV

1800

T = +25°C to
T = Tm,„
VOVT = 2 V Step

Full
«—
Full

IV
IV
IV
IV

2.2
2.3
2.3
2

2.2
2.3
2.3
2

2.6
2.8
3.1
10

2.2
2.3
2.3
2

2.6
2.8
3.1
10

ns
ns
ns
%

Step
Step
Step
Step

Full
Full
Full
Full

IV
IV
IV
IV

9
14
10
16

9
14
10
16

15
23
16
24

9
14
10
16

15
23
16
24

ns
ns
ns
ns

+25°C
+25°C
Full
Full

V
V
V
V

50
2
0.01
0.02

50
2
0.01
0.02

Full
Full

II
II

TIME DOMAIN
Slew Rate
Rise/Fall Time
VOUT = 2 V Step
Voirr = 5 V Step

Overshoot
Settling Time
To 0.1%
To 0.02%
To 0.1%
To 0.02%
2 x Overdrive Recovery to
±2 mV of Final Value
Propagation Delay
Differential Gain7
Differential Phase7

vout

VOUT = 2
VOUT = 2
vout = 4
Vout = 4

V
V
V
V

VIN = 0.6 V Step

POWER SUPPLY REQUIREMENTS
Quiescent Current
+Is
-Is

1, 2, 3
1, 2, 3

31
31

38

31
31

43
43

pV, rms

38

1400 1800

V/ps

1400 1800

ns
ns
%
Degree

50
2
0.01
0.02

43
43

31
31

Units

43
43

mA
mA

NOTES
‘Absolute maximum ratings are limiting values to be applied individually and beyond which the serviceability of the circuit may be impaired. Functional
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability.
’Output is short circuit protected to ground, but not to supplies. Continuous short circuit to ground may affect device reliability.
’Typical thermal impedances (part soldered onto board):
Mini-DIP: 0JA = 140°C/W; 0JC = 30°C/W.
EXPLANATION OF TEST LEVELS
Side Brazed/Cerdip: 0JA = 110°C/W; 0JC = 20°C/W.
Test Level
SOIC Package: 0JA = BO’C/W; 0JC = 30’C/W.
Ceramic Gull Wing: 0JA = 120°C/W; 0JC = 20°C/W.
I - 100% production tested.
•Military subgroups apply only to military qualified devices.
II - 100% production tested at +25°C and sample tested at
’Measured with respect to the inverting input.
specified temperatures. AC testing of J grade devices done
“Typical is defined as the mean of the distribution.
’Frequency = 4.3 MHz; RL = 150 fl; Av = +10.
on sample basis.
•Contact factory regarding MIL-883 parts in “Z” packages.
III - Sample tested only.
Specifications subject to change without notice.

EXPLANATION OF MILITARY SUBGROUPS

Subgroup 1 - Static tests at +25°C.
(5% PDA calculated against Subgroup 1 for high-rel versions.)
Static tests at maximum rated operating
Subgroup 2
temperature.
Static tests at minimum rated operating
Subgroup 3
temperature.
Dynamic tests at +25°C.
Subgroup 4
Dynamic tests at maximum rated operating
Subgroup 5
temperature.
Dynamic tests at minimum rated operating
Subgroup 6
temperature.
Functional tests at +25°C.
Subgroup 7
Functional tests at maximum and minimum
Subgroup 8
rated temperatures.
Switching tests at +25°C.
Subgroup 9
Switching tests at maximum rated operating
Subgroup 10
temperature.
Switching tests at minimum rated operating
Subgroup 11
temperature.
Periodically sample tested.
Subgroup 12

IV - Parameter is guaranteed by design and characterization
testing.
V - Parameter is a typical value only.
VI - All devices are 100% production tested at +25°C. 100%
production tested at temperature extremes for extended
temperature devices; sample tested at temperature
extremes for commercial/industrial devices.

Model

ORDERING INFORMATION
Temperature
Range
Package Options1

AD9618JN
AD9618JR
AD9618AQ
AD9618BQ
AD9618SQ
AD9618TQ
AD9618SQ/883B
AD9618TQ/883B
*
AD9618SZ
*
AD9618TZ

0 to +70°C
0 to +70°C
-40°C to +85°C
-40°C to +85°C
-55°C to +125°C
-55°C to +125°C
-55°C to +125°C
-55°C to + 125°C
-55°C to +125°C
-55°C to +125°C

Plastic DIP (N-8)
SOIC (R-8)
Cerdip (Q-8)
Cerdip (Q-8)
Cerdip (Q-8)
Cerdip (Q-8)
Cerdip (Q-8)
Cerdip (Q-8)
Ceramic Gull Wing (Z-8)
Ceramic Gull Wing (Z-8)

NOTES
•Contact factory regarding MIL-883 parts in “Z” packages.
‘See Section 20 for package outline information.
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THEORY OF OPERATION
The AD9618 has been designed to combine the key attributes of
traditional “low frequency” precision amplifiers with exceptional
high frequency characteristics that are independent of closedloop gain. Previous “high frequency” closed-loop amplifiers have
low open loop gain relative to precision amplifiers. This results
in relatively poor de nonlinearity and precision, as well as exces
sive high frequency distortion due to open loop gain roll-off.
Operational amplifiers use two basic types of feedback correc
tion, each with advantages and disadvantages. Voltage feedback
topologies exhibit an essentially constant gain bandwidth prod
uct. This forces the closed-loop bandwidth to vary inversely
with closed-loop gain. Moreover, this type design typically slew
rate limits in a way that causes the large signal bandwidth to be
much lower than its small signal characteristics.

DC GAIN CHARACTERISTICS
A simplified equivalent schematic is shown below. When operat
ing the device in the inverting mode, the input signal error cur
rent (IE) is amplified by the open loop transimpedance gain
(To). The output signal generated is equal to To x IE. Nega
tive feedback is applied through RF such that the device oper
ates at a gain (G) equal to -RF/R].
Noninverting operation is similar, with the input signal applied
to the high impedance buffer (noninverting) input. As before,

A newer approach is to use current feedback to realize better
dynamic performance. This architecture provides two key at
tributes over voltage feedback configurations: (1) avoids slew
rate limiting and therefore large signal bandwidth can approach
small signal performance; and (2) low bandwidth variation ver
sus gain settings, due to the inherently low open loop inverting
input resistance (Rs).
The AD9618 uses a new current feedback topology that over
comes these limitations and combines the positive attributes of
both current feedback and voltage feedback designs. These de
vices achieve excellent high frequency dynamics (slew, BW and
distortion) along with excellent low frequency linearity and good
de precision.

DIE CONNECTIONS

□ □
♦vs

-INPUT

TOP VIEW
(Not to Scale)

OUTPUT
+ INPUT

-v,

-Vs

DIE SIZE = 53 x 67 x 15 mils
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an output (buffer) error current (IE) is generated at the low im
pedance inverting input. The signal generated at the output is
fed back to the inverting input such that the external gain is
(1+ Rf/Rj). The feedback mechanics are identical to the voltage
feedback topology w'hen exact equations are used.

The major difference lies in the front end architecture. A voltage
feedback amplifier has symmetrical high resistance (buffered)
inputs. A current feedback amplifier has a high noninverting
resistance (buffered) input and a low inverting (buffer output)
input resistance. The feedback mechanics can be easily devel
oped using current feedback and transresistance open loop gain
T(s) to describe the I/O relationship. (See typical specification
chart.)

AD9618
DC closed-loop gain for the AD9618 can be calculated using the
following equations:
— R.p/R[
1 + 1/LG

G

Vo
V,

G

1 + Rf/R/
Vo
VN ~ 1 + 1/LG

inverting

(1)

noninverting

(2)

1
Rs{Rf + R$||R/I
---- =» --------------------LG
T(sHRs(|R/)
Because the noninverting input buffer is not ideal, input resis
tance Rs (at de) is gain dependent and is typically higher for
noninverting operation than for inverting operation. Rs will ap
proach the same value (=9 (1) for both at input frequencies
above 50 MHz. Below the open loop corner frequency, the non
inverting Rs can be approximated as:
wnpr?'

Rs {noninverting] = 9 +

T[s]

■Ao

(4)

de

AC GAIN CHARACTERISTICS
Closed-loop bandwidth at high frequencies is determined prima
rily by the roll-off of T(s). But circuit layout is critical to mini
mize external parasitics which can degrade performance by
causing premature peaking and/or reduced bandwidth.

The inverting and noninverting dynamic characteristics are simi
lar. When driving the noninverting input, the inverting input
capacitance (C() will cause the noninverting closed-loop band
width to be higher than the inverting bandwidth for gains less
than five (5). In the remaining cases, inverting and noninverting
responses are nearly identical.
For best overall dynamic performance, the value of the feedback
resistor (RF) should be 1000 fl. Although bandwidth reduces as
closed-loop gain increases, the change is relatively small due to
low equivalent series input impedance, Zs. (See typical perfor
mance charts.) The simplified equations governing the device’s
dynamic performance are shown below.

Closed-Loop Gain vs. Frequency:
(noninverting operation)

where: Ao=Open Loop Voltage Gain =» Gx-350
Inverting Rs below the open loop corner frequency can be ap
proximated as:

Rs [inverting] =» 9 +

Ao

Vo
Vs

1 +

Rt

(6)

+ 1

(5)

where: Ao = 140,000

=10 ns (Rp~l Afl)

where: r=RF
Cc
*

AV0

X

q-i/RfKCc

Rs

where: R=7+—
Rl

DC Nonlinearity vs. VOUT

The AD9618 approaches this condition. With To = 3 x 106 fl
and Rs = 32 fl (de), a gain error of 0.04% typically results for
G = — 1 and 0.11% for G = -100. Moreover, the architecture
linearizes the open loop gain over its operating voltage range and
temperature resulting in >16 bits of linearity.
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Increasing Bandwidth at Low Gains
By reducing RF, wider bandwidth and faster pulse response can
be attained beyond the specified values, although increased over
shoot, settling time, and possible ac peaking may result. As a
rule of thumb, overshoot and bandwidth will increase by 1%
and 8%, respectively, for a 5% reduction in RF at gains of ±10.
Equations 6 and 7 are simplified and do not accurately model
the second order (open loop) frequency response term which is
the primary contributor to overshoot, peaking, and nonlinear
bandwidth expansion. (See Open Loop Bode Plots.) The user
should exercise caution when selecting RF values much lower
than 1000 fl. Note that a feedback resistor must be used in all
situations.

Increasing Bandwidth at High Gains
Closed-loop bandwidth can be extended at high closed-loop gain
by reducing RF. Bandwidth reduction is a result of the feedback
current being split between Rs and R,. As the gain increases
(for a given RF), more feedback current is shunted through R,,
which reduces closed-loop bandwidth (see Equation 6). To
maintain specified BW, the following equations can be used to
approximate RF and R! for any gain from = +5/-1 to ±40.

rf

=

1100 ± 8 G
(+ for inverting and — for noninverting)

1100 - 10 G
G - 1
1100 + 10 G
Rr ~
G
G = Closed-Loop Gain.

(noninverting)

R, -

(inverting)

(8)

(9)

IBn

Vlo

«**

-55°C

+ 125°C

+25°C

DC Accuracy

plifiers. Typically, IBn is 5 jiA and VIO is +0.5 mV (1 sigma =
0.3 mV), which means that the de output error can be reduced
by making RN <* 100 fl. Note that the offset drift will not
change significantly because the IBn TC is relatively small. (See
specification table.)
The effective noise at the output of the amplifier can be deter
mined by taking the root sum of the squares of Equation 11 and
applying the spectral noise values found in the typical graph sec
tion. This applies to noise from the op amp only. Note that
both the noise figure and equivalent input offset voltage improve
as the closed-loop gain is increased (by keeping RF fixed and
reducing R, with RN = 0 fl).

(10)

Bandwidth Reduction
The closed-loop bandwidth can be reduced by increasing RF.
Equations 6 and 7 can be used to determine the closed-loop
bandwidth for any value RF. Do not connect a feedback capaci
tor across RF, as this will degrade dynamic performance and
possibly induce oscillation.

DC Precision and Noise
Output offset voltage results from both input bias currents and
input offset voltage. These input errors are multiplied by the
noise gain term (1 + Rf/Rj) and algebraically summed at the
output as shown below.
Capacitive Load Figure
Vo = V/o x

1+

—IBn x Ry x /1 +

±IBi xRp

(11)

Since the inputs are asymmetrical, IBi and IBn do not correlate.
Canceling their output effects by making RN = Rf||Rj will not
reduce output offset errors, as it would for voltage feedback am-

Capacitive Load Considerations
Due to the low inverting input resistance (Rs) and output buffer
design, the AD9618 can directly handle input and/or output
load capacitances of up to 10 pF. See the chart below.

Rf
AW

-O V

’OUT

INPUT CAPACITANCE (CLI)

Output Offset Voltage

CAPACITIVE LOAD (CL)

RstRltS = 0U

Input/Output Capacitance Comparisons
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AD9618
A small series resistor can be used at the output of the amplifier
and outside of the feedback loop to facilitate driving larger
capacitive loads or for obtaining faster settling time. For capaci
tive loads above 10 pF, RSeries should be considered.

To preserve the amplifier’s full bandwidth, the noninverting
input should be driven from a low impedance source.

A recommended circuit for an inverting amplification is shown
in Figure 2.
Closed-loop gain for inverting configurations is determined by
the value of R, per the following equation:
(13)

LAYOUT CONSIDERATIONS
As with all high performance amplifiers, printed circuit layout is
critical in obtaining optimum results with the AD9618. The
ground plane in the area of the amplifier should cover as much
of the component side of the board as possible. Each power
supply trace should be decoupled close to the package with at
least a 3.3 p.F tantalum and a low inductance, 0.1 p-F ceramic
capacitor.
All lead lengths for input, output, and the feedback resistor
should be kept as short as possible. All gain setting resistors
should be chosen for low values of parasitic capacitance and in
ductance, i.e., microwave resistors and/or carbon resistors.

Recommended RSeries vs- Gt

APPLYING THE AD9618
The superior frequency and time domain specifications of the
AD9618 make it an obvious choice for driving flash converters
and buffering the outputs of high speed DACs. Its outstanding
distortion and noise performance make it well suited as a driver
for analog-to-digital converters (ADCs) with resolutions as high
as 16 bits.

Typical circuits for inverting and noninverting applications are
shown in Figures 1 and 2.

Stripline techniques should be used for lead lengths in excess of
one inch. Sockets should be avoided if possible because of their
stray inductance and capacitance. If sockets are necessary, indi
vidual pin sockets such as AMP p/n 6-330808-3 should be used.
These contribute far less stray reactance than molded socket as
semblies.

An evaluation board is available from Analog Devices for a
nominal charge.

Closed-loop gain for noninverting configurations is determined
by the value of R, according to the equation:

G = 1 +

(12)

MIL-STD-883 COMPLIANCE INFORMATION
The AD9618SQ/SZ/TQ/TZ/883B
*
devices are classified within
Microcircuits Group 49,Technology Group D (operational am
plifiers) and are constructed in accordance with MIL-STD-883.
They are electrostatic sensitive and fall within electrostatic sensi
tivity classification Class 1. Percent Defective Allowance (PDA)
is computed based on Subgroup 1 of the specified Group A test
list. Quality Assurance (QA) screening is in accordance with Al
ternate Method A of Method 5005.
The following apply: Burn-In per 1015; Life Test per 1005;
Electrical Testing per 5004. (Note: Group A electrical testing
assumes TA = Tc = Tj.) MIL-STD-883-compliant devices are
marked with “C” to indicate compliance.
Figure 1. Noninverting
Operation

Figure 2. Inverting
Operation

^Consult factory regarding MIL-883 parts in “Z” packages.
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Typical Performance

(Av = +10; ±VS = ±5V; Rf = 1 kil, unless otherwise noted)

1

GAIN
“77

A

1

Av ■ +20
PHASE

/

Av = + 00 <

0

40

80

120

160

200

FREQUENCY - MHz

FREQUENCY - MHz

Inverting Frequency Response

Open-Loop Transimpedance Gain
[T(s) Relative to 112]

CMRR and PSRR

—
GAIN

r

Rl

R,

50011

10011 v"

PHASE

Rt » son z

FREQUENCY - MHz

Harmonic Distortion

FREQUENCY - MHz

FREQUENCY - Hz

Frequency Response vs. RLOAO

Equivalent Input Noise

Large Signal Pulse Response
2-374 OPERATIONAL AMPLIFIERS

Small Signal Pulse Response

ANALOG
DEVICES
FEATURES
Excellent Gain Accuracy: 0.995 V/V
Wide Bandwidth: 600 MHz
Slew Rate: 2300 V/g.s
Ultralow Distortion
-73 dBc @ 20 MHz
—90 dBc @ 2.3 MHz
Fast Settling Time: 8 ns to 0.02%
Low Noise: 2.4 nV/\ Hz

APPLICATIONS
IF/Communications
Impedance Transformations
Drives Flash ADCs
Line Driving

Low Distortion, 600 MHz
Closed-Loop Buffer Amp
*
AD9620
AD9620 PIN CONFIGURATION
OUTPUT
GROUND

AD9620 DIE LAYOUT
60 (length) x 50 (width) x 15 (height) mils

GENERAL DESCRIPTION
The AD9620 is a monolithic, unity gain buffer amplifier that
sets new standards in gain accuracy, wide bandwidth and low
distortion. Its large signal bandwidth, ultralow distortion over
frequency, and drive capabilities of the AD9620 make this
buffer an ideal driver for flash ADCs. Other applications which
require increased current drive at unity voltage gain, such as
cable driving, also benefit from the AD9620’s performance.

In addition to innovative (patent pending) feedback architecture,
special packaging techniques improve dynamic performance ljy»
minimizing the reactive effects associated with standard pack
ages. The result is -73 dBc harmonic suppression at 20 MHz,
and -90 d Be at 2.3 MHz. The AD9620 also outperforms other
amplifiers, including its predecessor AD9630, in terms of small
signal pulse response and de linearity. These features make the
AD9620 the premier driver for high-speed, high-resolution
ADCs.
Available in side-brazed ceramic DIP packages, the “A” suffix
unit is guaranteed for -40°C to +85°C operating temperatures;
the “S” suffix device is guaranteed from -55°C to +125°C.
AD9620 die are de tested at +25°C.

ORDERING INFORMATION

AD9620AD
AD9620SD
AD9620 Chips

Temperature
Range

Description

-40°C to +85°C
-55°C to +125°C
+25°C

8-Pin DIP
8-Pin DIP
Die

Package
*
Option
D-8
D-8

'See Section 20 for package outline information.

*Patent(s) Pending.

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS1
Supply Voltages (±VS)......................................................... ±7 V
Input Voltage Range................................................................ ±VS
Continuous Output Current2 ............................................ 70 mA
Operating Temperature Ranges
AD9620AD ...................................................... -40°C to +85°C
AD9620SD...................................................... -55°C to +125°C

Storage Temperature
AD9620AD ................................................... -65°C to +150°C
AD9620SD...................................................... -65°C to + 150°C
Junction Temperature3 ...................................................... +175°C
Lead Soldering Temperature (10 seconds)4 .................. + 300°C

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, ±VS = ± 5 V; R,N = 50 ft, RL0AD = 100 fl)
Parameter

DC SPECIFICATIONS
Output Offset Voltage
Offset Voltage TC
Input Bias Current
Bias Current TC
Input Resistance
Input Capacitance
Gain
Output Voltage Range
Output Current (50 fl Load)
Output Impedance
Power Supply Rejection Ratio
DC Nonlinearity

Conditions

Temp

Vout = 2 V p-p

+25°C
Full
+25°C
Full
+25°C
+ 25°C
+ 25°C

Min

AD9620AD
Typ
Max

Min

±2
TBD
±15
TBD

TBD
TBD

At DC«
AVS = ±5%
A 2 V Full Scale

FREQUENCY DOMAIN
Bandwidth (-3 dB)
Small Signal
Large Signal
Amplitude of Peaking
Amplitude of Rolloff
Group Delay
Phase Nonlinearity
2nd Harmonic Distortion
3rd Harmonic Distortion

Spectral Input Noise Voltage
Integrated Output Noise Voltage

TIME DOMAIN
Slew Rate
Rise/Fall Time

Overshoot
Settling Time
To 0.1%
To 0.02%_________________
SUPPLY CURRENTS
fee (+Is)
I EE (~Is)

AD9620SD
Typ
Max

Units

±2
TBD
±15
TBD
500
1.0
0.995
±2.4
50
0.4
65
0.01

mV
jxV/°C
p.A
nA/°C
kfl
pF
V/V
V
mA
fl
dB
%

Vout - SOWp
VOUT = 4Vp-p
<150 MHz
<150 MHz
DC to 150 MHz
DC to 150 MHz
2 V p-p; 2.3 MHz
2 V p-p; 20 MHz
2 V p-p; 2.3 MHz
2 V p-p; 20 MHz
2 V p-p; 60 MHz
10 MHz
0.1 to 200 MHz

+25“C
r25°C
Full
Full
+ 25°C
+25°C
Full
Full
Full
Full
Tmax
+25°C
+25°C

500
150
0.8
0.3
0.7
0.7
-90
-73
-92
-78

500
150
0.8
0.3
0.7
0.7
-90
-73
-92
-78

2.4
32

2.4
32

MHz
MHz
dB
dB
ns
Degree
dBc
dBc
dBc
dBc
dBc
nV/VHz
fiV

Vout —
=
=
=

Step
Step
Step
Step

+ 25°C
+ 25°C
+ 25°C
Full

2300
0.8
1.5
3

2300
0.8
1.5
3

V/jis
ns
ns
%

Vout = 2 V Step
Vqut = 2 V Step

+25°C
+ 25°C

4.5
8

4.5
8

ns
ns

Vcc = +5 V
VEE = -5 V

Full
Full

38
38

38
38

mA
mA

vout
Vout
Vout

5
1
4
2

V
V
V
V

NOTES
'Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional opera
bility is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability.
2Output is short-circuit protected to ground, but not to supplies. Prolonged short circuit to ground may affect device reliability.
’Typical side-brazed thermal impedances (part soldered onto board): 0JA = 110°C/W; 0JC = 20°C/W.
Specifications subject to change without notice.

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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ANALOG
DEVICES

FEATURES
Excellent Gain Accuracy: 0.99 V/V
Wide Bandwidth: 750 MHz
Slew Rate: 1200 V/|is
Low Distortion
-66 dBc @ 20 MHz
-80 dBc @ 4.3 MHz
Settling Time
5 ns to 0.1%
8 ns to 0.02%
Low Noise: 2.4 nV/Vfiz

Improved Source for CLC-110

APPLICATIONS
IF/Communications
Impedance Transformations
Drives Flash ADCs
Line Driving

GENERAL DESCRIPTION
The AD9630 is a monolithic buffer amplifier that utilizes inno
vative (patent pending) closed-loop design techniques to achieve
exceptional gain accuracy, wide bandwidth, and low distortion.
Slew rate limiting has been overcome as indicated by the
1200 V/jjls slew rate; this improvement allows the user greater
flexibility in wideband and pulse applications. The second har
monic distortion terms for an analog input tone of 4.3 MHz and
20 MHz are -80 dBc and -66 dBc, respectively. Clearly, the
AD9630 establishes a new standard by combining in one part
outstanding de and dynamic performance.

Low Distortion, 750 MHz
Closed-Loop Buffer Amp
*
AD9630
AD9630 PIN CONFIGURATION

“OPTIONAL+VS '“OPTIONAL-Vs

NC = NO CONNECT

NOTE: FOR BEST SETTLING TIME PERFORMANCE
USE OPTIONAL POWER SUPPLIES. ALL SPECIFICATIONS
ARE BASED ON USING SINGLE ±VS CONNECTIONS
EXCEPT FOR SETTLING TIME TO 0.02% AND SMALL
SIGNAL S21. CONSULT THE FACTORY FOR VERSIONS
WITH OPTIONAL POWER SUPPLY PINS DISCONNECTED
INTERNAL TO THE PACKAGE.

The AD9630 is available in four 8-pin package styles including
Plastic DIP (N), Ceramic DIP (Q), SOIC (R), and Ceramic
SOIC (Z). Both Ceramic packages are processed to MIL-STD883; consult with the factory concerning availability. The “A”
grades are guaranteed for -40°C to +85°C; “S” grades are guar
anteed from -55°C to +125°C. Die are de tested at 25°C.

AD9630 DIE LAYOUT
OPTIONAL

The large signal bandwidth, low distortion over frequency, and
drive capabilities of the AD9630 make the buffer an ideal flash
ADC driver. The AD9630 provides better signal fidelity than
many of the flash ADCs that it has been designed to drive.
Other applications which require increased current drive at
unity voltage gain such as cable driving benefit from the
AD9630’s performance.

Die Dimensions

optional

60 x 50x15 mils

•Patent(s) Pending
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SPECIFICATIONS
Storage Temperature
AD9630AN/AR . . .
AD9630SZ/SQ/AQ .
Junction Temperature3
AD9630AN/AR . .
AD9630SZ/SQ/AQ

ABSOLUTE MAXIMUM RATINGS
*
Supply Voltages (±VS)........................................................ ±7 V
Continuous Output Current2.................. ......................... 70 mA
Temperature Range over Which Specifications Apply
AD9630AN/AR/AQ.........................................-40°C to +85°C
AD9630SZ/SQ ..............................................-55°C to +125°C
Lead Soldering Temperature (10 sec).............................. + 300°C

ELECTRICAL CHARACTERISTICS
Parameter
DC SPECIFICATIONS
Output Offset Voltage
Offset Voltage TC
Input Bias Current
Bias Current TC
Input Resistance
Input Resistance
Input Capacitance
Gain
Gain
Output Voltage Range
Output Current (50 fl Load)
Output Current (50 fl Load)
Output Impedance
PSRR
DC Nonlinearity

FREQUENCY DOMAIN
Bandwidth (-3 dB)
Small Signal
Small Signal
Large Signal
Large Signal
Output Peaking
Output Rolloff
Group Delay
Linear Phase Deviation
2nd Harmonic Distortion

3rd Harmonic Distortion

Spectral Input Noise Voltage
Integrated Output Noise

TIME DOMAIN
Slew Rate
Rise/Fall Time

Overshoot Amplitude
Settling Time
To 0.1%
To 0.1%
To 0.02%
To 0.02%
Differential Gain
Differential Phase

SUPPLY CURRENTS
Vcc ( + Is)
VEE (-Is)

-65°C to + 150°C
-65°C to + 150°C
............. + 150°C
............. + 175°C

(Unless otherwise noted, ±VS = ± 5 V; R,N = 50 fl, RL0A0 = 100 fl)
Temp

Test
Level

Mil
Sub4

AD9630A/N/R/Q
Min
Max
Typ

I
IV
I
IV
II
VI
V
II
VI
VI
II
VI
V
VI
V

1

1, 2
3

-8
-25
-25
-100
300
150

1, 2
3
1, 2, 3
1, 2
3

0.983
0.980
+ 3.2
50
40

At de
AVS= ±5%
±2 V Full Scale

+25°C
Full
+ 25°C
Full
+25 to T^
T^
+25°C
+25 to Tmax
T^
Full
+25 to Tmax
Tmin
+25°C
Full
+25°C

4, 5, 6

44

Vo£0.7 V p-p
Vo£0.7 V j^p
Vo = 5 V p-p
Vo = 5 V p-p
£200 MHz
£200 MHz
de to 150 MHz
de to 150 MHz
2 V p-p; 4.3 MHz
2 V p-p; 20 MHz
2 V p-p; 60 MHz
2 V p-p; 4.3 MHz
2 V p-p; 20 MHz
2 V p-p; 60 MHz
2 V p-p; 60 MHz
10 MHz
100 kHz - 200 MHz

Tmin to 25
Tmax
Tmin to 25
Tmax
Full
Full
+25°C
+25°C
Full
Full
Full
Full
Full
Tmln to +25
Tmax
+25°C
+25°C

II
II
IV
IV
II
II
V
V
IV
IV
II
IV
IV
II
II
V
V

4,6
5

400
330
80
70

Conditions

Vout
Vqut

= 2 V p-p
= 2 V ^p

= 5
~ 1
VOut = 1
Vout = 5
VOUT = 5
Vout = 2

V
V
V
V
V
V

Step
Step
Step
Step
Step
Step

+ 25°C
Tmin to +25
Tmax
Tmln to +25
Tmax
Full

IV
IV
IV
IV
IV
IV

=
=
VOUT =
Vout =
4.4 MHz
4.4 MHz

V
V
V
V

Step
Step
Step
Step

Tmin to +25
Tmax
Tmin to +25
T„,ak
+25°C
+25°C

IV
IV
IV
IV
V
V

Full
Full

II
II

Vout

Vout

Vout

Vout

2
2
2
2

Vcc = +5 V
VEE = -5 V
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1

4, 5, 6
4, 5, 6

4, 5, 6

4,6
5

800

1, 2, 3
1, 2, 3

±3
±8
±2
= 20
450
250
1.0
0.990
0.985
±3.6

+8
+25
+25
+ 100

-3.2

0.6
55
0.03

750
550
120
105
0.4
0
0.7
0.7
-80
-66
-52
-86
-75
-50
-46
2.4
32
1200
0.9
1.1
3.9
4.5
2

AD9630S/Q/Z
Min
Max
Typ

-8
-25
-25
-100
300
150

0.983
0.980
+3.2
50
40
44

400
330
80
70

1.2
0.3

-74
-59
-43
-79
-68
-43
-40

800
1.3
1.6
5.4
6.1
12

Units

0.6
55
0.03

mV
pv/^c
pA
nA/°C
kfl
kfl
pF
V/V
V/V
V
mA
mA
fl
dB
%

750
550
120
105
0.4
0
0.7
0.7
-80
-66
-52
-86
-75
-50
-46
2.4
32

MHz
MHz
MHz
MHz
dB
dB
ns
Degrees
dBc
dBc
dBc
dBc
dBc
dBc
dBc
nV/VHz
nV

±3
±8
±2
±20
450
250
1.0
0.990
0.985
±3.6

1200
0.9
1.1
3.9
4.5
2

+8
+25
+25
+ 100

-3.2

1.2
0.3

-74
-59
-43
-79
-68
-43"
-40

1.3
1.6
5.4
6.1
12

V/ps
ns
ns
ns
ns
%

5
7
8
12
0.015
0.025

8
12
13
18

5
7
8
12
0.015
0.025

8
12
13
18

ns
ns
ns
ns
%
Degree

19
19

26
26

19
19

26
26

mA
mA

AD9630
NOTES
‘Absolute maximum ratings are limiting values to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional opera
bility is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability.
’Output is short-circuit protected to ground, but not to supplies. Prolonged short circuit to ground may affect device reliability.
’Typical thermal impedances (part soldered onto board):
SOIC (R):
0JA = 150°C/W; 0JC = 50°C/W.
Mini-DIP (N): 0)A = 110°C/W; 0JC = 30°C/W.
Ceramic Gull Wing (Z): 0JA = 100’C/W; 0JC = 20°C/W.
Cerdip (Q):
0)A = 110°C/W; 0JC = 20°C/W.
’Military subgroups apply only to military qualified devices.

EXPLANATION OF TEST LEVELS

Test Level
I
100% Production tested.
II
100% Production tested at +25°C and sample tested at
specified temperatures. AC testing of AN and AR grades
done on sample basis only.
III Sample tested only.

IV

V
VI

Parameter is guaranteed by design and characterization
testing.
Typical value.
S versions are 100% production tested at temperature
extremes. Other grades are sample tested at extremes.

EXPLANATION OF MILITARY SUBGROUPS

Subgroup 1
Static tests at +25°C.
(5% PDA calculated against Subgroup 1 for high-rel versions)
Static tests at maximum rated operating
Subgroup 2
temperature.
Static tests at minimum rated operating
Subgroup 3
temperature.
Subgroup 4
Dynamic tests at +25°C.
Dynamic tests at maximum rated operating
Subgroup 5
temperature.
Dynamic tests at minimum rated operating
Subgroup 6
temperature.

Subgroup
Subgroup

7
8

Subgroup
Subgroup

9
10

Subgroup

11

Subgroup

12

Functional tests at +25°C.
Functional tests at maximum and minimum
rated temperatures.
Switching tests at +25°C.
Switching tests at maximum rated operating
temperature.
Switching tests at minimum rated operating
temperature.
Periodically sample tested.

ORDERING INFORMATION
Model

Temperature
Range

AD9630AN
AD9630AR
AD9630AQ
AD9630SZf

-40°C
-40°C
-40°C
-55°C

AD9630SQI
AD9630 Chips

-55°C to +125°C
+25°C

to
to
to
to

+85°C
+85°C
+85°C
+125°C

Description
8-Pin Plastic
8-Pin SOIC
8-Pin Cerdip
8-Pin Ceramic
Gull Wing
8-Pin Cerdip
Dice

Package
*
Options

N-8
R-8
Q-8
Z-8
Q-8

NOTES
*See Section 20 for package outline information.
•[Consult factory about MIL-STD-883 compliant devices.
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HInc[7]

w

10pF^

AD9630
TOP VIEW
(Not to Scale)

25pF
SOpF^^s.

NC = NO CONNECT

$

AD9630 Burn-In Circuit

THEORY OF OPERATION
The AD9630 is a wide-bandwidth, closed-loop, unity-gain buffer
which makes use of a new voltage-feedback architecture (Patent
Pending). This architecture brings together wide bandwidth and
high slew rate along with exceptional de linearity. Most previous
wide bandwidth buffers achieved their bandwidth by utilizing an
open-loop topology which sacrificed both de linearity and fre
quency distortion when driven into low load impedances. The
design’s high loop correction factor radically improves de linear
ity and distortion characteristics without diminishing bandwidth.
This, in combination with high slew rate, results in exception
ally low distortion over a wide frequency range.

The AD9630 is an excellent choice to drive high speed and high
resolution analog-to-digital Converters. Its output stage is de
signed to drive high speed flash converters with minimal or no
series resistance. A current booster built into the output driver
helps to maintain low distortion.

Parasitic or load capacitance (>7 pF) connected directly to the
AD9630 output will result in frequency peaking. A small series
resistor (Rs) connected between the buffer output and capacitive
load will negate this effect. Figure 1 shows the optimal value of
Rs as a function of CL to obtain the flattest frequency response.
Figure 2 illustrates frequency response for various capacitive
loads utilizing the recommended Rs.

<1MHz

100MHz

200MHz

Figure 2. Frequency Response vs. CL
with Recommended Rs

In pulse mode applications, with Rs equal to approximately
12 ohms, capacitive loads of up to 50 pF can be driven with
minimal settling time degradation.

The output stage has short circuit protection to ground. The
output driver will shut down if more than approximately
130 mA of instantaneous sink or source current is reached. This
level of current ensures that output clipping will not result when
driving heavy capacitive loads during high slew conditions.
Though average load currents above 70 mA may reduce device
reliability.

LAYOUT CONSIDERATIONS
Due to the high frequency operation of the AD9630 attention to
board layout is necessary to achieve optimum dynamic perfor
mance. A two ounce copper ground plane on the top side of the
board is recommended; it should cover as much of the board as
possible with appropriate openings for supply decoupling capaci
tors as well as for load and source termination resistors. (See
Figure 3.)

Figure 1. Recommended Rs vs. CL
•SEE PINOUTS

“SEE FIGURE 1

Figure 3. AD9630 Application Circuit
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300MHz

Cl

AD9630
Optimum settling time and ac performance results will be
achieved with surface mount 0.1 p.F supply decoupling ceramic
chip capacitors mounted within 50 mils of the corresponding
device pins with the other side soldered directly to the ground
plane. For best high resolution (<0.02%) settling times, the op
tional power supply pins should be decoupled as shown above.
If the optional power supply pins are not used, they should be
left open.

If surface mount capacitors cannot be used, radial lead ceramic
capacitors with leads less than 30 mils long are recommended.
Low frequency power supply decoupling is necessary and can be
accomplished with 4.7 p.F tantalum capacitors mounted within
0.5 inches of the supply pins. Due to the series inductance of
these capacitors interacting with the 0.1 p.F capacitors and
power supply leads, high frequency oscillations might appear on
the device output. To avoid this occurrence, the power supply
leads should be tightly twisted (if appropriate). Ferrite beads
mounted between the tantalum and ceramic capacitors will serve
the same purpose.

and prevent external RF interference. If the source and drive
electronics require “remote” operation (> 1 inch from the
AD9630), the PC board line impedances should be matched
with the buffer input and output resistances. Basic micro strip
techniques should be observed. RIN and Rs should be connected
as close to the AD9630 as possible.
With only minimal pulse overshoot and ringing, the AD9630
can drive terminated cables directly without the use of an output
termination resistor (Rs). Termination resistors (Rs and RIN)
can be either standard carbon composition or microwave type.
For matching characteristic impedances, precision microwave
resistor of 1% or better tolerance are preferred.
The AD9630 should be soldered directly to the PC board with
as little vertical clearance as possible. The use of zero insertion
sockets is strongly discouraged because of the high effective pin
inductances. Use of this type socket will result in peaking and
possibly induce oscillation. Consult the factory about the avail
ability of an evaluation board, AD9630/PCB.

All unused pins (except the optional power supply pins) should
be connected to ground to reduce pin-to-pin capacitive coupling

PHASE

-

Degrees

Typical Performance Curves

VOLTS

Input Impedance

FREQUENCY - MHz

Output Impedance

BIAS CURRENT- MA

Endpoint DC Linearity Error

FREQUENCY - MHz

PSRR vs. Frequency

Offset Voltage and Bias Current vs.
Temperature
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-1
R L« 5042
R L« 10DU

0

Forward Gain and Phase

Small-Signal Pulse Response

40

80
120
FREQUENCY - MHz

160

200

Frequency Response vs. RLOAD

Short-Term Settling Time

Long-Term Settling Time

FREQUENCY - MHz

Large-Signal Pulse Response
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Harmonic Distortion VOur - 4 V p-p

Harmonic Distortion VOUT = 2 V p-p

Ultralow Offset
Voltage Op Amp

ANALOG
DEVICES

AD OP-07
FEATURES
Ten Times More Gain than Other OP-07 Devices
(3.0M min)
Ultralow Offset Voltage: 10g.V
Ultralow Offset Voltage Drift: 0.2p.V/°C
Ultrastable vs. Time: 0.2jiV/°C
Ultralow Noise: 0.35jjlV p-p
No External Components Required
Monolithic Construction
High Common-Mode Input Range: ± 14.0V
Wide Power Supply Voltage Range: ±3V to ±18V
Fits 725, 108A/308A Sockets
Military Parts and Plus Parts Available
8-Pin Plastic Mini-DIP, Cerdip, TO-99 Hermetic
Metal Can, or SOIC
Available in Wafer-Trimmed Chip Form
Surface Mount (SOIC) Available in
Tape and Reel

AD OP-07 CONNECTION DIAGRAMS
Plastic Mini-DIP (N) Package
and
Cerdip (Q) Package

TO-99 (H) Package

OUTPUT

NC = NO CONNECT
TOP VIEW

Small Outline (R) Package
“I___ OFFSET
8 ~I"1 NULL

PRODUCT DESCRIPTION
The AD OP-07 is an improved version of the industry-standard
OP-07 precision operational amplifier. A guaranteed minimum
open-loop voltage gain of 3,000,000 (AD OP-07A) represents
an order of magnitude improvement over older designs; this
affords increased accuracy in high closed-loop gain applica
tions. Typical input offset voltages as low as 10/xV, typical
bias currents of 0.7nA, internal compensation and device pro
tection eliminate the need for external components and
adjustments. An input offset voltage temperature coefficient
of 0.2pV/°C (typ) and long-term stability of 0.2gV/month
(typ) eliminate recalibration or loss of initial accuracy.

A true differential operational amplifier, the AD OP-07 has a
high common-mode input voltage range (±13V, min) common
mode rejection ratio (typically up to 126dB) and high differen
tial input impedance (5OMJ2 typ); these features combine to
assure high accuracy in noninverting configurations. Such
applications include instrumentation amplifiers, where the
increased open-loop gain maintains high linearity at high
closed-loop gains.
The AD OP-07 is available in five performance grades. The AD
OP-07 E, AD OP-O7C and AD OP-07D are specified for opera
tion over the 0 to +70° C temperature range, while the AD
OP-07A and AD OP-07 are specified for -55°C to +125°C
operation. All devices are available in either the TO-99
hermetically sealed metal cans or the hermetically sealed
cerdip packages, while the industrial grades are also available
in plastic 8-pin mini-DIPs, and plastic surface mount (SOIC).

OUTPUT
sri i nc

NC = NO CONNECT
TOP VIEW

PRODUCT HIGHLIGHTS
1. Increased open-loop voltage gain (3.0 million, min) results
in better accuracy and linearity in high closed-loop gain
applications.

2. Ultralow offset voltage and offset voltage drift, combined
with low input bias currents, allow the AD OP-07 to main
tain high accuracy over the entire operating temperature
range.

3. Internal frequency compensation, ultralow input offset
voltage and full device protection eliminate the need for
additional components. This reduces circuit size and com
plexity and increases reliability.
4. High input impedances, large common mode input voltage
range and high common mode rejection ratio make the
AD OP-07 ideal for noninverting and differential instrumen
tation applications.
5. Monolithic construction along with advanced circuit design
and processing techniques result in low cost.
6. The input offset voltage is trimmed at the wafer stage. Un
mounted chips are available for hybrid circuit applications.
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(Ta= +25°C, Vs= ±15V, unless otherwise specified)
AD OP-07E

Model

AD OP-07D

AD OP-07C

Min

Typ

4,000
4,000
1,000

1,200
1,000
300

4,000
4,000
1,000

± 13.0
± 12.8
± 12.0
± 12.6
60

±12.0
±11.5

± 13.0
± 12.8

±11.0

± 12.6
60

Max

Max

Min

Typ

5,000
4,500
1,000

1,200
1,000
300

±12.0
±11.5

R<>

± 13.0
± 12.8
± 12.0
± 12.6
60

FREQUENCY RESPONSE
Closed Loop Bandwidth
Slew Rate

BW
SR

0.6
0.17

INPUT OFFSET VOLTAGE
Initial

Vos

30
45
±4

75
130

60
85
±4

150
250

60
85
±4

150
250

TCVos

0.3
0.3
0.3

1.3
1.3
1.5

0.5
0.4
0.4

1.8
1.6
2.0

0.7
0.7
0.5

2.5
2.5
3.0

0.5
0.9
8

3.8
5.3
35

0.8
1.6
12

6.0
8.0
50

0.8
1.6
12

6.0
8.0
50

±1.2
± 1.5
13

±4.0
±5.5
35

± 1.8
±2.2
18

±7.0
±9.0
50

±2.0
± 3.0
18

± 12
± 14
50

Parameter

Symbol

Min

Typ

OPEN LOOP GAIN

Avo

2,000
1,800
300

OUTPUT CHARACTERISTICS
Maximum Output Swing

Vom

±12.5
±12.0
±10.5
± 12.0

Open-Loop Output Resistance

Adjustment Range
Average Drift
No External Trim
With External Trim
Long Term Stability
INPUT OFFSET CURRENT
Initial
Average Drift

INPUT BIAS CURRENT
Initial

Average Drift

INPUT RESISTANCE
Differential
Common Mode

tcvosn
V<)s/Time
Ios

TCIos
Ib

tcib

Rin

15

Rincm

INPUT NOISE
Voltage
Voltage Density

en P-P
en

Current
Current Densitv

in P-P
In

Max

±11.0

50
160
0.35
10.3
10.0
9.6
14
0.32
0.14
0.12

0.6
0.17

0.6
0.17

8

0.6
18.0
13.0
11.0
30
0.80
0.23
0.17

7

33
120

0.38
10.5
10.2
9.8
15
0.35
0.15
0.13

31
120
0.38
10.5
10.2
9.8
15
0.35
0.15
0.13

0.65
20.0
13.5
11.5
35
0.90
0.27
0.18

INPUT VOLTAGE RANGE
Common Mode

CMVR

±13.0
± 13.0

± 14.0
± 13.5

±13.0
± 13.0

± 14.0
± 13.5

±13.0
±13.0

± 14.0
± 13.5

Common-Mode Rejection
Ratio

CMRR

106
103

123
123

100
97

120
120

94
94

110
106

90
86

3.5
105
6.0
104
100

90
86

3.5
105
6.0
104
100

POW'ER SUPPLY
Current, Quiescent
Power Consumption

Rejection Ratio

Iq
Pt,
PSRR

94
90

OPERATING TEMPERATURE
RANGE

Tmin,Tm„

PACKAGE OPTIONS’
SOIC(R-8)
Plastic Mini-DIP (N-8)
Cerdip (Q-8)
TO-99 (H-08A)

0

3.0
90
6.0
107
104

4.0
120
9.0

+ 70

ADOP-07EN
ADOP-07EQ
ADOP-07EH

0

5.0
150
9.0

+ 70

0

ADOP-07CR
ADOP-07CN
ADOP-07CQ
ADOP-07CH

NOTES
'Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of
power. Additionally, the AD O P-07 A offset voltage is guaranteed fully warmed up.
2Long-Term Input Offset Voltage Stability refers to the averaged trend line of Vos vs. Time over extended periods of time
and is extrapolated from high temperature test data. Excluding the initial hour of operation, changes in VOs during the first
30 operating days are typically 2.5p.V - Parameter is not 100% tested: 90% of units meet this specification.
3Sce Section 20 for package outline information.
Specifications subject to change without notice.
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0.65
20.0
13.5
11.5
35
0.90
0.27
0.18

5.0
150
9.0

+ 70

ADOP-07DN
ADOP-07DQ
ADOP-07DH

AD OP-07
AD OP-07

AD OP-07A
Min

Typ

Test Conditions

Units

5,000
4,000
1,000

2,000
1,500
300

5,000
4,000
1,000

Ri &2kH,Vo= ± 10V
R! ^2kll,Vo = ± 10V,Tm,ntoTmax
R,. = 50011, Vo = ±0.5V,Vs= ±3V

V/mV
V/mV
V/mV

± 13.0
± 12.8
±12.0
±12.6
60

±12.5
±12.0
±10.5
±12.0

±13.0
± 12.8
± 12.0
±12.6
60

Rt^lOkll
Rj »2kll
R^lkll
Rt »2kfl,Tm,ntoTmax
Vo = 0,Io = 0

V
V
V
V
11

0.6
0.17

A vet = + 1.0
R,»2k

MHz
V/fAS

Min

Typ

3,000
2,000
300

±12.5
±12.0
±10.5
±12.0

Max

0.6
0.17

30

Max

10
25
±4

25
60'

30
60
±4

75
200 ‘

Note 1
Tmi„ toTm„
RP = 20kll

nV
nV
mV

0.2
0.2
0.2

0.6
0.6
1.0

0.3
0.3
0.2

1.3
1.3
1.0

Tmin to Tmax
Rp = 20kll,Tm,n tO Tmax
Note 2

nV/°C
nV/’C
nV/Month

0.3
0.8
5

2.0
4.0
25

0.4
1.2
8

2.8
5.6
50

TmmtoTmax
TmmtoTmax

nA
nA
pA/"C

±0.7
± 1.0
8

±2.0
±4.0
25

±1.0
±2.0
13

±3.0
±6.0
50

TmmtoTmax
TmintoTmax

nA
nA
pA/°C

80
200

0.35
10.3
10.0
9.6
14
0.32
0.14
0.12

20

0.6
18.0
13.0
11.0
30
0.80
0.23
0.17

Mil
Gil

60
200
0.35
10.3
10.0
9.6
14
0.32
0.14
0.12

0.6
18.0
13.0
11.0
30
0.80
0.23
0.17

0.1Hz to 10Hz
fo=10Hz
f„=100Hz
f<>= 1kHz
O.lHztolOHz
fo= 10Hz
fo = 100Hz
f„ = 1kHz

nV p-p
nV/VHz
nV/VHz
nV/VHz
pAp-p
pA/VHz
pA/\/Hz
pA/VHz

±13.0
±13.0

± 14.0
±13.5

±13.0
±13.0

±14.0
±13.5

TmmtoTmax

V
V

110
106

126
123

110
106

126
123

Vcm=

VCM= ±CMVR
±CMVR, TmmtoTmax

dB
dB

100
94

3.0
90
6.0
110
106

VS=±15V
VS=±15V
VS=±3V
Vs= ±3Vto ± 18V
Vs = ± 3V to ± 18V, Tmm to Tmax

mA
mW
mW
dB
dB

-55

4.0
120
8.4
100
94

+ 125

ADOP-07AQ
ADOP-07AH

-55

30
90
6.0
110

4.0
120
8.4

106
+ 125

°C

ADOP-07Q
ADOP-07H

Specifications shown in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.
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ABSOLUTE MAXIMUM RATINGS
Supply Voltage.................................................................± 22V
Internal Power Dissipation (Note 1)
500mW
Differential Input Voltage................................................ ± 30V
Input Voltage.......................................................................... ±VS
Output Short Circuit Duration................................ Indefinite
Storage Temperature Range............................. -65°Cto + 150°C
Operating Temperature Range
AD OP-07A, AD OP-07 .......................... - 55°C to + 125°C
AD OP-07E, AD OP-07C, AD OP-07D .... 0 to +70°C
Lead Temperature Range (Soldering 60sec).................... +300°C

CHIP DIMENSIONS AND BONDING DIAGRAM
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
0 110 (2.791
+Vs

NULL

NOTE
Note 1: Maximum package power dissipation vs. ambient temperature.
Maximum Ambient
Derate Above Maximum
Package Type
Temperature for Rating
Ambient Temperature
TO-99(H)
80°C
7.1mW/°C
Mini-DIP(N)
36°C
5.6mW/°C
Cerdip(Q)
75°C
6.7m W/°C
NULL

-INPUT

+ INPUT

-Vs

THE AD OP-07 IS AVAILABLE IN WAFER TRIMMED CHIP FORM FOR
PRECISION HYBRIDS CONSULT THE FACTORY FOR DETAILS.

AD OP-07 ORDERING GUIDE*
Model

Package
Options

Temperature
Range (°C)

Max Initial
Offset (jjlV)

Max Offset
Drift (jiV/°C)

ADOP-07EH
ADOP-07EN
ADOP-07EQ
ADOP-07CH
ADOP-07CN
ADOP-07CQ
ADOP-07CR
ADOP-07DH
ADOP-07DN
ADOP-07DQ
AD OP-07AH
ADOP-07AQ
ADOP-07H
ADOP-07Q

TO-99
Mini-DIP
Cerdip
TO-99
Mini-DIP
Cerdip
SOIC
TO-99
Mini-DIP
Cerdip
TO-99
Cerdip
TO-99
Cerdip

Oto +70
0 to +70
0 to + 70
Oto +70
Oto +70
Oto +70
0 to + 70
0 to + 70
0 to +70
0 to +70
-55 to + 125
-55 to + 125
-55 to +125
-55 to + 125

75
75
75
150
150
150
150
150
150
150
25
25
75
75

1.3
1.3
1.3
1.8
1.8
1.8
1.8
2.5
2.5
2.5
0.6
0.6
1.3
1.3

NOTE
1 A, C and D grade chips are also available. AD OP-07CR available in tape and reel
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Applying the AD 0P-07
The AD OP-07 may be directly substituted for other OP-07’s
as well as 725, 108/208/308, 1O8A/2O8A/3O8A, 714, OP-05
or LM11 devices, with or without removal of external fre
quency compensation or offset nulling components. If used to
replace 741 devices, offset nulling components must be re-

moved (or referenced to +Vg). Input offset voltage of the AD
OP-07 is very low, but if additional nulling is required, the cir
cuit shown in Figure 1 is recommended.
The AD OP-07 provides stable operation with load capaci
tances up to 500pF and ±10V swings; larger capacitances
should be decoupled with 5OJ2 resistor.

Stray thermoelectric voltages generated by dissimilar metals
(thermocouples) at the contacts to the input terminals can pre
vent realization of the drift performance indicated. Best opera
tion will be obtained when both input contacts are maintained
at the same temperature, preferably close to the temperature
of the device’s package.

Figure 1. Optional Offset Nulling Circuit and
Power Supply Bypassing

Performance Curves

Although the AD OP-07 features high power supply rejection,
the effects of noise on the power supplies may be minimized
by bypassing the power supplies as close to pins 4 and 7 of the
AD OP-07 as possible, to load ground with a good-quality
O.OlgF ceramic capacitor as shown in Figure 1.

(typical @ Ta = +25°C, Vs = ±15V, AD OP-07 Grade Device unless otherwise noted)

Vout,5V/DIV
AD OP-07 Open-Loop Gain Curve

1SEC/DIV

AD OP-07 Low Frequency Noise (See Test Circuit,
on the Previous Page)

Open-Loop Gain vs. Temperature

OPERATIONAL AMPLIFIERS 2-387

Typical Performance Curves
28

1

Closed-Loop Response for Various Gain Configurations

Input Wideband Noise vs. Bandwidth (0.1kHz to Frequency
Indicated)

10
100
FREQUENCY - kHz

1000

Maximum Undistorted Output vs. Frequency

Offset Voltage vs. Time

CMRR vs. Frequency

PSRR vs. Frequency

Power Consumption vs. Power Supply

Output Voltage vs. Load Resistance
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Ultralow Noise,
Precision Op Amp

ANALOG
DEVICES

AD OP-27
FEATURES
Ultralow Noise: 80nV p-p (0.1Hz to 10Hz),
3nV/VHz at 1kHz
Ultralow Offset Voltage Drift: 0.2p.V/°C
High Offset Stability Over Time: 0.2pV/month
High Slew Rate: 2.8V/ps
High Gain Bandwidth Product: 8MHz
Low Offset Voltage: 10p.V
High CMRR: 126dB Over ±11V Input Voltage Range
Fits OP-07, OP-05, OP-06, 5534, 725, 714 and
741 Sockets
Military Grade and Plus Parts Available
8-Pin Plastic Mini-DIP, Cerdip, TO-99 Hermetic
Metal Can or Chip Form
Available in Wafer-Trimmed Chip Form

PRODUCT DESCRIPTION
The AD OP-27 offers the combined features of high precision,
ultralow noise and high speed in a monolithic bipolar operational
amplifier. State-of-the-art performance for high accuracy ampli
fication of very low level signals, where inherent device noise
can be the limiting factor, is attainable with the AD OP-27. As
a device directly compatible with other low noise op amps, the
AD OP-27 features industry standard de performance; typical
input offset voltages of 10p.V and typical input offset voltage
temperature coefficients of 0.2p.V/°C. The super low input voltage
noise performance of the AD OP-27 is characterized by an en
P-P (typ) of 80nV (0.1Hz to 10Hz), an en (typ) of 3.0nV/VHz
(at 1kHz) and a 1/f noise corner frequency of 2.7Hz. AC specifi
cations including a 2.8V/ps (typ) slew rate and an 8MHz (typ)
gain bandwidth product are possible without sacrificing de accu
racy. Long-term stability is assured by an input offset voltage
drift specification of 0.2p.V/month.

Source resistance related errors with the AD OP-27 are minimized
by a low input bias current at ambient of ± lOnA (typ) and an
input offset current of 7nA (typ). An input bias current cancellation
circuit limits bias and offset currents over the extented temperature
range to ±20nA (typ) and 15nA (typ), respectively. Other factors
inducing input referred errors such as power supply variations
and common-mode voltages are attenuated by a PSRR and
CMRR of at least 120dB.

AD OP-27 CONNECTION DIAGRAMS
Plastic Mini-DIP (N) Package
and
Cerdip (Q) Package

TO-99
(H) Package

OFFSET NULL [T

3 OFFSET NULL

INVERTING FT
INPUT I—_

*
V

NONINVERTING FT
INPUT L—

OUTPUT

v-E

3 N/C
TOP VIEW

TOP VIEW
NOTE: PIN 4 CONNECTED TO CASE

PRODUCT HIGHLIGHTS
1. Precision amplification of very low level, low frequency voltage
inputs is enhanced by ultralow input voltage noise.
2. The AD OP-27 maintains high de accuracy over an extended
temperature range due to ultra-low offset voltage, offset
voltage drift and input bias current.

3. Internal frequency compensation, factory adjusted offset
voltage and full device protection eliminate the need for
additional components. Circuit size and complexity are reduced
while reliability is increased.

4. Long-term stability and accuracy is assured with low offset
voltage drift over time.
5. Input referred errors are greatly reduced by superior common
mode and power supply rejection characteristics.

6. Monolithic construction along with advanced circuit design
and processing techniques result in low cost.

The AD OP-27 is available in six performance grades. The AD
OP-27E, AD OP-27F and AD OP-27G are specified for operation
over the — 25°C to + 85°C temperature range, while the AD
OP-27A, AD OP-27B and AD OP-27C are specified for -55°C
to + 125°C operation. All devices are available in either the
TO-99 hermetically sealed metal cans or the hermetically sealed
cerdip packages, while the E, F and G grades are also available
in plastic mini-DIPs.
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(Ta= +25°C, Vs= ± 15V, unless otherwise specified)
Model

Symbol

Min

Typ

OPEN LOOP GAIN

Avo

700
400
200
450

OUTPUT CHARACTERISTICS
Voltage Swing

Vo

±11.5

±10.0
±11.0

Open-Loop Output Resistance

Ro

FREQUENCY RESPONSE
Gain Bandwidth Product
Slew Rate

GBW
SR

INPUT OFFSET VOLTAGE
Initial

Vos

Average Drift
Long Term Stability
Adjustment Range
INPUT BIAS CURRENT
Initial
INPUT OFFSET CURRENT
Initial

INPUT NOISE
Voltage
Voltage Density

Current Density

INPUT VOLTAGE RANGE
Common Mode

5.0
1.7

TCVOS
Vos/Time

Ib

los

enp-p
en

in

CMVR

±11.0

CMRR

100
96

INPUT RESISTANCE
Differential
Common Mode

POWERSUPPLY
Rated Performance
Operating
Current, Quiescent
Rejection
Power Consumption

Rin
Rincm

0.8

PSR

Pd

OPERATING TEMPERATURE FIANGE
T^n.T^
PACKAGE OPTIONS3
Plastic Mini-DIP (N-8)
Cerdip (Q-8)
TO-99 (H-08A)
A, C and G Grade Chips
Also Available

Max

AD OP-27E

Typ

1,500
1,500
500
1,000

1,000
800
250
700

1,800
1,500
700
1,300

±13.5
±11.5
±13.3
70

±12.0
±10.0
± 11.4

±13.8
±11.5
±13.5
70

±12.0
±10.0
±11.7

±13.8
±11.5
±13.6
70

8.0
2.8

5.0
1.7

8.0
2.8

5.0
1.7

8.0
2.8

100
220
1.8
2.0

Min

Typ

1,000

1,800
1,500
700
1,500

800
250
750

20
40
0.3
0.3
±4.0

60

±12
± 18

±55

140
1.3
1.5
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10
20
0.2
0.2
±4.0

25
60
0.6

± 10
±14

±40

1.0

±80

12
20

75

9
14

50
85

7
10

35

135

0.09
3.8
3.3
3.2
1.7
1.0
0.4

0.25
8.0
5.6
4.5
0.6

0.08
3.5
3.1
3.0
1.7
1.0
0.4

0.18
5.5
4.5
3.8
4.0
2.3
0.6

0.08
3.5
3.1
3.0
1.7
1.0
0.4

0.18
5.5
4.5
3.8
4.0
2.3
0.6

±150

±12.3
±11.8

±11.0

120
118

106

4
2

1.2

±10.5

102

32

170
+ 85

-25

ADOP-27GN
ADOP-27GQ
ADOP-27GH

±12.3
±11.8

±11.0
±10.5

±12.3
±11.8

123
121

114

126
124

5
2.5

1.5

±15
±(4-18)
3.0
1
2
90

5.6
20

±95

-25

110

4.6
10
16

140
+ 85

-25

ADOP-27FN
ADOP-27FQ
ADOP-27FH

±60

50

6
3
±15
±(4-18)
3.0
1
2
90

NOTES
‘Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of
power. A and E grades are guaranteed fully warmed up.
2Long-Term Input Offset Voltage Stability refers to the average trend line of VOs vs. time after the first 30 days.
’See Section 20 for package outline information.
Specifications subject to change without notice.

Max

±15
±25

±15
±(4-18)
3.3
2
2
100

Iq

Max

Min

30
55
0.4
0.4
±4.0

±10.5

Common-Mode Rejection
Ratio

AD OP-27F

AD OP-27G

Parameter

4.6
10
15

140
+ 85

ADOP-27EN
ADOP-27FQ
ADOP-27EH

AD OP-27
AD OP-27B

AD OP-27C
Min

Typ

700
400

1,500
1,500
500
800

200

300

Max

Min

Typ

1,000
800

1,800
1,500
700
1,000

250

500

Conditions

Units

1,800
1,500
700
1,200

RI>2kO,VOUT= ±10V
RLslkft,VOuT= ±10V
RL = 600(1, VOut= ± 1V,VS= ±4V
RL3=2k(l, VOUT = ± 10V, Ta = min to mat

V/mV
V/mV
V/mV
V/mV

AD OP-27i

Max

Min

Typ

1,000
800
250

600

Max

±11.5
±10.0
±10.5

±13.5
±11.5
±13.0
70

±12.0
±10.0
±11.0

±13.8
±11.5
±13.2
70

±12.0
±10.0
±11.5

±13.8
±11.5
±13.5
70

RL>2kn
RL2®600(1
RLs=2kfl,Ta = min to max
Iout = 0A, Vout = 0V

V
V
V
(1

5.0

8.0
2.8

5.0
1.7

8.0
2.8

5.0
1.7

8.0
2.8

RL2»2k(l

MHz
V/p.s

(Note 1)
Ta = min to max
Ta = min to max
(Note 2)
Rp=10k(l

nV
nV
nV/’C
nV/month
mV

1.7

10
30
0.2
0.2
±4.0

25

± 55
±95

±10
±20

±40
±60

Ta = min to max

nA
nA

9
22

50
85

7
15

35
50

Ta = min to max

nA
nA

0.08
3.5
3.1
3.0
1.7
1.0
0.4

0.18
5.5
4.5

0.08
3.5
3.1
3.0
1.7
1.0
0.4

0.18
5.5
4.5
3.8
4.0
2.3

0.1Hz tolOHz
fo=10Hz
fo = 30Hz
fo=1000Hz
fo=10Hz
fo=30Hz
fo=1000Hz

nVp-p
nV/Vth
nV/VHz
nV/VHz
pA/VHz
pA/VHz
pA/VHz

20
50
0.3
0.3
±4.0

60
200
1.3

±80
±150

±12
±28

12
30

75
135

0.09
3.8
3.3
3.2
1.7
1.0
0.4

0.25
8.0
5.6
4.5

30
70
0.4
0.4
±4.0

100
300

±15
±35

1.8
2.0

0.6

1.5

3.8
4.0
2.3
0.6

60

0.6
1.0

0.6

±11.0
±10.2

±12.3
±11.5

±11.0
±10.3

±12.3
±11.5

±11.0
±10.3

±12.3
±11.5

Ta = min to max

V
V

100
94

120
116

106
100

123
119

114
108

126
122

VCM=±11V
Vcm = ± 10V, Ta = min to max

dB
dB

0.8

4
2

1.2

5
2.5

1.5

6
3

M(1
GO

±15
±(4-18)
3.0
1
2
90

V
V
mA
nV/v
jiV/V
mW

±15
±(4-18)
3.3
2
4
100

5.6
20
51
170
+ 125

-55

ADOP-27CQ
ADOP-27CH

±15
±(4-18)
3.0
1
2
90

4.6
10
20
140
+ 125

-55

ADOP-27BQ
ADOP-27BH

4.6
10
16
140
+ 125

-55

VS=±15V
Vs=±4Vto±18V
Vs = ± 4.5 V to ± 18V,Ta = min to max

VOut = 0V

°C

ADOP-27AQ
ADOP-27AH

Specifications shown in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.
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ABSOLUTE MAXIMUM RATINGS
Supply Voltage..................................................................± 18V
Internal Power Dissipation (Note 1) .......................... 500m W
Input Voltage........................................................................... ±VS
Output Short Circuit Duration................................. Indefinite
Differential Input Voltage (Note 2)....................................±0.7V

Differential Input Current (Note 2)................................. ± 25mA
Storage Temperature Range............................. -65°Cto + 150°C
Operating Temperature Range
AD OP-27A, AD OP-27B, AD OP-27C . -55°C to + 125°C
AD OP-27E, AD OP-27F, AD OP-27G . - 25°C to + 85°C
Lead Temperature Range (Soldering 60sec).................... 300°C

NOTES:
Note 1: Maximum package power dissipation vs. ambient temperature.
Maximum Ambient
Derate Above Maximum
Package Type
Temperature for Rating
Ambient Temperature
TO-99 (H)
80”C
7.1mW/°C
Mini-DIP (N)
36'C
5.6mW/°C
Cerdip(Q)
75°C
6.7mW/°C
Note 2: The AD OP-27’s inputs are protected by back-to-back diodes. To achieve low noise current limiting resistors could
not be used. If the differential input voltage exceeds ± 0.7V, the input current should be limited to 25mA.

CHIP DIMENSIONS AND BONDING DIAGRAM

AD OP-27 ORDERING GUIDE1

Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
-------------- 0 100 (2.54) ---------------NULL
V+
0
7

12
3
4
NULL
-INPUT, ♦ INPUT
VTHE AD OP-27 IS AVAILABLE IN WAFER TRIMMED CHIP FORM
CONSULT THE FACTORY FOR DETAILS

Model

Package
Options

Temperature
Range (°C)

Max Initial
Offset (pV)

Max Offset
Drift (pV/°C)

ADOP-27GH
ADOP-27GN
ADOP-27GQ
ADOP-27FH
ADOP-27FN
ADOP-27FQ
ADOP-27EH
ADOP-27EN
ADOP-27EQ

TO-99
Mini-DIP
Cerdip
TO-99
Mini-DIP
Cerdip
TO-99
Mini-DIP
Cerdip

-25 to +85
- 25 to + 85
-25 to +85
-25 to +85
-25 to +85
-25 to +85
-25 to+85
-25 to +85
-25 to +85

100
100
100
60
60
60
25
25
25

1.8
1.8
1.8
1.3
1.3
1.3
0.6
0.6
0.6

ADOP-27CH
ADOP-27CQ
ADOP-27BH
ADOP-27BQ
ADOP-27AH
ADOP-27AQ

TO-99
Cerdip
TO-99
Cerdip
TO-99
Cerdip

-55 to + 125
-55 to+ 125
-55 to + 125
-55 to+ 125
-55 to + 125
-55to + 125

100
100
60
60
25
25

1.8
1.8
1.3
1.3
0.6
0.6

NOTE
1A, C and G grade chips also available.
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AD OP-27
APPLICATION NOTES FOR THE AD OP-27
The AD OP-27 can be used in the sockets of many of the popular
precision bipolar input operational amplifiers on the market.
Elimination of external frequency compensation or nulling cir
cuitry may be possible in many cases. In 741 replacement situa
tions, if nulling has been implemented, it should be modified or
removed for optimum AD OP-27 performance.

In applications where the initial factory adjusted input offset
voltage provides insufficient accuracy, further offset trimming
can be accomplished with the resistor network shown in Figure
1. The adjustment range attainable using a lOkfl potentiometer
will be ± 4mV. If a smaller adjustment range is required, the
sensitivity of the nulling can be increased by using a smaller
potentiometer in series with fixed resistors). For example, a
lkfl pot in series with two 4.7kfl resistors will yield a ±28OjiV
range.

Figure 1. Optional Offset Nulling Circuit and Power Supply
Bypassing

Zeroing the initial offset with potentiometers other than lOkfl,
but between lkfl and IMO, will introduce an additional input
offset voltage temperature drift error of from 0.1 to 0.2p.V/°C.
Additionally, by intentionally trimming in a de level shift a
voltage dependent offset drift will be created. It will be approxi
mately the input offset voltage at 25°C divided by 300 (in p.V/
°C).
Parasitic thermocouple EMF’s can be generated where dissimilar
metals meet the contacts to the input terminals of the AD OP-27.
These temperature dependent voltages can manifest themselves
as drift type errors. Optimized temperature performance will be
obtained when both contacts are maintained at the same temper
ature—a temperature close to the device’s package.

Output stability with the AD OP-27 is possible with capacitive
loads of up to 2000pF and ± 10V output swings. Larger capaci
tances should be decoupled with a 50fl resistor.
High closed loop gain and excellent linearity can be achieved by
operating the AD OP-27 within an output current range of
± 10mA. Minimizing output current will provide the highest
linearity.

SLEW RATE DISCUSSION
In unity gain buffer applications with feedback resistances of
less than lOOfl where the input is driven with a fast, large (greater
than IV) pulse, the output waveform will appear as in Figure 3.

Figure 3. Unity Gain Buffer/Pulsed Operation

During the initial portion of the output slew the input protection
back-to-back diodes effectively short the output to the input. A
current limited only by the output short circuit protection will
be drawn from the source. After the input diodes saturate, the
amplifier will slew at its nominal 2.8V/p.s. With feedback resis
tances of more than 5000 the output is capable of handling the
current requirements without limiting (less than 20mA at 10V)
and the amplifier will stay in the linear region.

As with all operational amplifiers a feedback resistance of greater
than 2kO will create a pole with the input capacitance (8pF).
Additional phase shift will be introduced and the phase margin
will be reduced. A small capacitor (20 to 50pF) in parallel with
the feedback resistor will alleviate this problem.

CAUTION: NOISE MEASUREMENTS
Precise measurement of the extremely low input noise associated
with the AD OP-27 is a difficult task. In order to observe the
rated noise in the 0.1Hz to 10Hz frequency range the following
cautions should be exercised.
(1) The test time to measure 0.1Hz to 10Hz noise should not
exceed 10 seconds. As shown in the noise test frequency response
plot in this data sheet the 0.1Hz comer is only defined by a
single zero. A test time of 10 seconds acts as an additional zero
to eliminate noise contributions from frequencies lower than
0.1Hz.

(2) Warm-up for a least five minutes will eliminate temperature
induced effects. During the first few minutes the offset voltage
typically increases 4p.V. In a 10 second measurement interval
prior to temperature stabilization the reading could include
several nanovolts of warm-up offset error in addition to the
noise.
(3) For reasons similar to (2) the device under test should be
well shielded from air currents or other heat sinks to eliminate
the possibility of temperature changes over time invalidating the
measurements. Sudden motion in the vicinity or physical contact
with the package can also increase the observed noise.

An input voltage noise spectral density test is recommended
when measuring noise on a large number of units. Because the
1/f noise comer frequency is around 3Hz, a 1kHz noise voltage
density measurement combined with a 0.1Hz to 10Hz peak-to-peak
noise reading will guarantee 1/f and white noise performance
over the rated frequency spectrum.
Figure 2. Burn-In Circuit
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Typical Performance Curves (@ T =+25°C, V =±15V)
a

s

FREQUENCY - Hi

Input Voltage Noise Spectra! Density

Comparison of Op Amp Input Voltage
Noise Spectrums

Input Wideband Noise vs. Bandwidth
(0.1Hz to Frequency Indicated)

I
-50

-25

0

25

50

75

100

125

TEMPERATURE - °C

SUPPLY VOLTAGE - ±V

Input Voltage Noise vs. Temperature

Input Voltage Noise vs. Supply Voltage

Input Current Noise Spectra! Density

FREQUENCY - Hz

Total Noise vs. Source Impedance

0.1Hz to 10Hz Noise Test Frequency
Response

0.1Hz to 10Hz p-p Voltage Noise

0.1Hz to 10Hz Noise Test Bandpass Filter (Voltage Gain = 50,000)
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AD OP-27

WARM UP TIME - Minutes

Input Offset Voltage Turn-On Drift vs.
Warm-Up Time

Long Term Offset Stability @
Temperature

FREQUENCY - Hi

Slew Rate, Gain Bandwidth Product
and Phase Margin vs. Temperature

Open Loop Gain vs. Supply Voltage

LOAD RESISTANCE - Mi

Undistorted Output Swing vs.
Frequency

Output Swing vs. Load Resistance

Input Bias Current vs. Temperature

FREQUENCY - MHz

Open Loop Gain vs. Load Resistance

ELAPSEO TIME FROM SHORT - Minutes

Output Short Circuit Current vs. Time
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Small Signal Overshoot vs.
Capacitive Load

Unity Gain Follower Pulse Response
(Small Signal)

Unity Gain Follower Pulse Response
(Large Signal)

0
FREQUENCY - Hz

Power Supply Rejection Ratio
vs. Frequency

Supply Current vs. Supply Voltage

FREQUENCY - Hz

CMRR vs. Frequency
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5

10
15
SUPPLY VOLTAGE - ±V

20

Common-Mode Input Range vs.
Supply Voltage

ANALOG
DEVICES

Ultralow Noise, High Speed,
Precision Op Amp (AVCL>5)

AD OP-37
FEATURES
Ultralow Noise: 80nV p-p (0.1Hz to 10Hz),
3nV/VHz at 1kHz
High Speed: 17V/ps
High Gain Bandwidth Product: 63MHz
Ultralow Offset Voltage Drift: 0.2pV/°C
High Offset Stability Over Time: 0.2pV/month
Low Offset Voltage: 10pV
High CMRR: 126dB Over ±11V Input Voltage Range
Fits OP-07, OP-05, OP-06, 5534, LH0044,
5130, 3510, 725, 714 and 741 Sockets
in Gains > 5
Military Grade and Plus Parts Available
8-Pin Plastic Mini-DIP, Cerdip or TO-99 Hermetic
Metal Can
Available in Wafer-Trimmed Chip Form

PRODUCT DESCRIPTION
The AD OP-37 offers the combined features of high precision,
ultralow noise and high speed in a monolithic bipolar operational
amplifier. High speed, accurate amplification of very low level
signals, where inherent device noise can be the limiting factor,
is attainable with the AD OP-37 in applications requiring gains
greater than or equal to five. This instrumenation grade op amp
features industry standard de performance; typical input offset
voltages of 10p.V and typical input offset voltage temperature
coefficients of 0.2p,V/°C. The super low input voltage noise
performance of the AD OP-37 is characterized by an en p-p
(typ) of 80nV (0.1Hz to 10Hz), an en (typ) of 3.0nV/VHz (at
1kHz) and a 1/f noise corner frequency of 2.7Hz. High speed
performance is assured by a typical 17V/ps slew rate and a
typical 63MHz gain bandwidth product. Long-term stability
is guaranteed by an input offset voltage drift specification of
0.2p.V/month.
Source resistance related input errors with the AD OP-37 are
minimized by a low input bias current of ± lOnA (typ) and an
input offset current of 7nA (typ). An input bias current cancellation
circuit restricts bias and offset currents over the extended tem
perature range to ±20nA (typ) and 15nA (typ), respectively.
Other factors inducing input referred errors such as power
supply variations and common-mode voltages are attenuated by
a PSRR and CMRR of 120dB.

AD OP-37 CONNECTION DIAGRAMS

TO-99
(H)Package

Plastic Mini-DIP (N) Package
and
Cerdip (Q) Package
OFFSET NULL
V*

OUTPUT
N/C

TOP VIEW

TOP VIEW

The AD OP-37 is available in six performance grades. The AD
OP-37E, AD OP-37F and AD OP-37G are specified for operation
over the - 25°C to + 85°C temperature range, while the AD
OP-37A, AD OP-37B and AD OP-37C are specified for -55°C
to + 125°C operation. All devices are available in either the
TO-99 hermetically sealed metal cans or the hermetically sealed
cerdip packages, while the industrial grades are also available in
plastic mini-DIPs.

PRODUCT HIGHLIGHTS
1. High speed accurate amplification (gains a 5) of very low
level low frequency voltage inputs is enhanced by a high gain
bandwidth product and ultralow input voltage noise.

2. The AD OP-37 maintains high de accuracy over an extended
temperature range due to ultralow offset voltage, offset voltage
drift and input bias current.
3. Internal frequency compensation, factory adjusted offset
voltage and full device protection eliminate the need for
additional components. Circuit size and complexity are reduced
while reliability is increased.
4. Long-term stability and accuracy is assured with low offset
voltage drift over time.

5. Input referred errors are greatly reduced by superior common
mode and power supply rejection characteristics.
6. Monolithic construction along with advanced circuit design
and processing techniques result in low cost.
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(Ta= +25°C, Vs= ± 15V, unless otherwise specified)
Model

AD OP-37G

Parameter

Symbol

Min

Typ

OPEN LOOP GAIN

A vo

700
400
200
450

OUTPUT CHARACTERISTICS
Voltage Swing

Vo

Open-Loop Output Resistance

Ro

FREQUENCY RESPONSE
Gain Bandwidth Product
Slew Rate

INPUT OFFSET VOLTAGE
Initial

Average Drift
Long-Term Stability
Adjustment Range

GBW

SR

AD OP-37F

Min

Typ

1,500
1,500
500
1,000

1,000
800
250
700

±11.5
±10.0
±11.0

± 13.5
±11.5
± 13.3
70

45
11

63
40
17

Vos

TCVos
Vos/Time

Max

AD OP-37E

Min

Typ

1,800
1,500
700
1,300

1,000
800
250
750

1,800
1,500
700
1,500

±12.0
±10.0
±11.4

± 13.8
±11.5
± 13.5
70

±12.0
±10.0
±11.7

± 13.8
±11.5
±13.6
70

45

63
40
17

45

63
40
17

11

Max

11

Max

’

30
55
0.4
0.4
±4.0

100
220
1.8
2.0

20
40
0.3
0.3
±4.0

60
140
1.3
1.5

10
20
0.2
0.2
±4.0

25
60
0.6
1.0

INPUT BIAS CURRENT
Initial

Ib

±15
±25

±80
± 150

± 12
±18

±55
±95

± 10
± 14

±40
±60

INPUT OFFSET CURRENT
Initial

los

12
20

75
135

9
14

50
85

7
10

35
50

INPUT NOISE
Voltage
Voltage Density

e„ P-P
en

0.09
3.8
3.3
3.2
1.7
1.0
0.4

0.25
8.0
5.6
4.5
0.6

0.08
3.5
3.1
3.0
1.7
1.0
0.4

0.18
5.5
4.5
3.8
4.0
2.3
0.6

0.08
3.5
3.1
3.0
1.7
1.0
0.4

0.18
5.5
4.5
3.8
4.0
2.3
0.6

Current Density

in

INPUT VOLTAGE RANGE
Common Mode

CMVR

±11.0
±10.5

± 12.3
±11.8

±11.0
± 10.5

± 12.3
±11.8

±11.0
± 10.5

± 12.3
±11.8

Common-Mode Rejection
Ratio

CMRR

100
96

120
118

106
102

123
121

114
110

126
124

Rin
Rincm

0.8

4
2

1.2

5
2.5

1.5

6
3

INPUT RESISTANCE
Differential
Common Mode

POWER SUPPLY
Rated Performance
Operating
Current, Quiescent
Rejection
Power Consumption

±15
±(4-18)
3.3
2
2
100

•q

PSR

Pa

OPERATING TEMPERATURE RANGE
Tmin,Tmax

PACKAGE OPTIONS ’
Plastic Mini-DIP(N-8)
Cerdip (Q-8)
TO-99 (H-08)
C and G Grade Chips
Also Available

-25

± 15
±(4-18)
3.0
1
2
90

5.6
20
32
170

+ 85
ADOP-37GN
ADOP-37GQ
ADOP-37GH

-25

± 15
±(4-18)
3.0
1
2
90

4.6
10
16
140

+ 85

-25

ADOP-37FN
ADOP-37FQ
ADOP-37FH

NOTES
'Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of
power. A and E grades are guaranteed fully warmed up.
’Long-Term Input Offset Voltage Stability refers to the average trend line of Vos vs. time after the first 30 days.
’See Section 20 for package outline information.
Specifications subject to change without notice.
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4.6
10
15
140
+ 85

ADOP-37EN
ADOP-37EQ
AD OP-37EH

AD OP-37
AD OP-37B

AD OP-37C

Min

700
400

200
300

Typ
1,500
1,500
500
800

Max

Min
1,000
800

250
500

Typ
1,800
1,500
700
1,000

±11.5
±10.0
±10.5

±13.5
±11.5
±13.0
70

±12.0
±10.0
±11.0

±13.8
±11.5
±13.2
70

45

63
63
17

45
11

63
40
17

11

30
70
0.4
0.4
±4.0

100
300

1.8
2.0

AD OP-37A

Max

Min

1,000
800

250
600

60
200

Conditions

Units

RL>2kn,Vour= ±10V
RL2=lkn,VouT=±10V
Rl = 6000, Vout = ± 1V, Vs = ± 4V
RL>2kO, VOut = ± 10V,Ta = min tomax

V/mV
V/mV
V/mV
V/mV

Max

±12.0
±10.0
±11.5

±13.8
±11.5
±13.5
70

RLa=2kO
RL3*600n
RL>2kO,Ta = min to max
Iout = 0A, Vqut = 0V

V
V
V
o

45

63
40
17

fo=10kHz
fo=lMHz
RL2»2kO

MHz
MHz
V/p.s

(Note 1)
Ta = min to max
Ta = min to max
(Note 2)
Rp=10kO

nV
nV
nV/°C
nV/month
mV

11

20
50
0.3
0.3
±4.0

Typ
1,800
1,500
700
1,200

1.3
1.5

10
30
0.2
0.2
±4.0

25
60
0.6

1.0

±15
±35

±80
±150

±12
±28

± 55
± 95

±10
±20

±40
±60

Ta = min to max

nA
nA

12
30

75
135

9
22

50
85

7
15

35
50

Ta = min to max

nA
nA

0.09
3.8
3.3
3.2
1.7
1.0
0.4

0.25
8.0
5.6
4.5

0.08
3.5
3.1
3.0
1.7
1.0
0.4

0.18
5.5
4.5
3.8
4.0
2.3
0.6

0.08
3.5
3.1
3.0
1.7
1.0
0.4

0.18
5.5
4.5
3.8
4.0
2.3
0.6

0. lHzto 10Hz
fo=10Hz
fo = 30Hz
fo= 1000Hz
fo=10Hz
fo=30Hz
fo= 1000Hz

nV p-p
nV/VHz
nV/VHz
nV/VlO
pA/VHz
pA/VHz
pA/VHz

0.6

±12.3
±11.5

±11.0

± 10.3

± 12.3
±11.5

±11.0

±10.2

±10.3

±12.3
±11.5

Ta = min to max

V
V

100
94

120
116

106
100

123
119

114
108

126
122

VCM=±11V
Vcm = ± 10V, Ta = min to max

dB
dB

0.8

4
2

1.2

5
2.5

1.5

6
.3

MO
GO

±15
±(4-18)
3.0
1
2
90

V
V
mA
nV/v
nV/v
mW

±11.0

±15
±(4-18)
3.3
2
4
100
-55

±15
±(4-18)
3.0
1
2
90

5.6
20
51
170

+ 125

ADOP-37CQ
ADOP-37CH

-55

4.6
10
20
140

+ 125

-55

ADOP-37BQ
ADOP-37BH

4.6
10
16
140

+ 125

VS=±15V
Vs=±4Vto±18V
Vs= ±4.5V to ± 18V,Ta = mintomax
VOut = 0V

°C

ADOP-37AQ
ADOP-37AH

Specifications shown in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.
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ABSOLUTE MAXIMUM RATINGS
Supply Voltage..................................................................± 18V
Internal Power Dissipation (Note 1) .......................... 500mW
Input Voltage........................................................................... ±VS
Output Short Circuit Duration..................................... Indefinite
Differential Input Voltage (Note 2) . ............................. ±0.7V

Differential Input Current (Note 2)..................................±25mA
Storage Temperature Range............................. -65°C to + 150°C
Operating Temperature Range
AD OP-37A, AD OP-37B, AD OP-37C . -55°C to + 125°C
AD OP-37E, AD OP-37F, AD OP-37G . - 25°C to + 85°C
Lead Temperature Range (Soldering 60sec).................... 300°C

NOTES:
Note 1: Maximum package power dissipation vs. ambient temperature.
Maximum Ambient
Derate Above Maximum
Package Type
Temperature for Rating
Ambient Temperature
TO-99 (H)
80°C
7.1mW/°C
Mini-DIP (N)
36°C
5.6mW/°C
Cerdip (Q)
75°C
6.7mW/°C
Note 2: The AD OP-37’s inputs are protected by back-to-back diodes. To achieve low noise current limiting resistors could
not be used. If the differential input voltage exceeds ± 0.7V, the input current should be limited to 25mA.

CHIP DIMENSIONS AND BONDING DIAGRAM
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
0.100 (2.541
NULL
0

VI
7

I

I

12
NULL
-INPUT

3
+ INPUT

4
V-

THE AO 0P-37 IS AVAILABLE IN WAFER-TRIMMED CHIP FORM CONSULT THE FACTORY FOR DETAILS.

AD OP-37 ORDERING GUIDE*

Model

Package
Options2

Temperature
Range (°C)

Max Initial
Offset (jjlV)

Max Offset
Drift (p.V/°C)

ADOP-37GH
ADOP-37GN
ADOP-37GQ
ADOP-37FH
ADOP-37FN
ADOP-37FQ
ADOP-37EH
ADOP-37EN
ADOP-37EQ

TO-99
Mini-DIP
Cerdip
TO-99
Mini-DIP
Cerdip
TO-99
Mini-DIP
Cerdip

-25 to+85
-25 to +85
-25 to +85
-25 to+85
-25 to +85
- 25 to + 85
-25 to +85
-25 to +85
-25 to +85

100
100
100
60
60
60
25
25
25

1.8
1.8
1.8
1.3
1.3
1.3
0.6
0.6
0.6

ADOP-37CH
ADOP-37CQ
ADOP-37BH
ADOP-37BQ
ADOP-37AH
ADOP-37AQ

TO-99
Cerdip
TO-99
Cerdip
TO-99
Cerdip

-55 to + 125
-55 to + 125
-55 to + 125
-55 to + 125
-55 to + 125
-55 to+ 125

100
100
60
60
25
25

1.8
1.8
1.3
1.3
0.6
0.6

NOTES
’C and G grade chips also available.
2 See Section 20 for package outline information.
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AD OP-37
APPLICATION NOTES FOR THE AD OP-37
The AD OP-37 can be used in the sockets of many of the popular
precision bipolar input operational amplifiers on the market.
Elimination of external frequency compensation or nulling cir
cuitry may be possible in many cases. In 741 replacement situa
tions, if nulling has been implemented, it should be modified or
removed for correct AD OP-37 performance.
In applications where the initial factory adjusted input offset
voltage provides insufficient accuracy, further offset trimming
can be accomplished with the resistor network shown in Figure
1. The adjustment range attainable using a lOkfl potentiometer
will be ±4mV. If a smaller adjustment range is required, the
sensitivity of the nulling can be increased by using a smaller
potentiometer in series with fixed resistor(s). For example, a
lkfl pot in series with two 4.7kfl resistors will yield a ±280pV
range.

High closed loop gain and excellent linearity can be achieved by
operating the AD OP-37 within an output current range of
± 10mA. Minimizing output current will provide the highest
linearity.

Figure 2. Burn-In Circuit

CAUTION: NOISE MEASUREMENTS
Precise measurement of the extremely low input noise associated
with the AD OP-37 is a difficult task. In order to observe the
rated noise in the 0.1 Hz to 10Hz frequency range the following
cautions should be exercised.

Figure 1. Optional Offset Nulling Circuit

Zeroing the initial offset with potentiometers other than lOkfl,
but between lkfl and lMfl, will introduce an additional input
offset voltage temperature drift error of from 0.1 to 0.2pV/°C.
Additionally, by intentionally trimming in a de level shift a
voltage dependent offset drift will be created. It will be approxi
mately the input offset voltage at 25°C divided by 300 (in jjlV/
°C).

Parasitic thermocouple EMF’s can be generated where dissimilar
metals meet the contacts to the input terminals of the AD OP-37.
These temperature dependent voltages can manifest themselves
as drift type errors. Optimized temperature performance will
be obtained when both contacts are maintained at the same
temperature.
Although the AD OP-37 features high-power supply rejection,
the effects of noise on the power supplies may be minimized by
bypassing the power supplies as close to Pins 4 and 7 of the AD
OP-37 as possible, to load ground with a good quality 0.01 pF
ceramic capacitor as shown in Figure 1.

(1) The test time to measure 0.1Hz to 10Hz noise should not
exceed 10 seconds. As shown in the noise test frequency response
plot in this data sheet the 0.1 Hz corner is only defined by a
single zero. A test time of 10 seconds acts as an additional zero
to eliminate noise contributions from frequencies lower than
0.1Hz.
(2) Warm-up for a least five minutes will eliminate temperature
induced effects. During the first few minutes the offset voltage
typically increases 4pV. In a 10 second measurement interval
prior to temperature stabilization the reading could include
several nanovolts of warm-up offset error in addition to the
noise.
(3) For reasons similar to (2) the device under test should be
well shielded from air currents or other heat sinks to eliminate
the possibility of temperature changes over time invalidating the
measurements. Sudden motion in the vicinity or physical contact
with the package can also increase the observed noise.
An input voltage noise spectral density test is recommended
when measuring noise on a large number of units. Because the
1/f noise corner frequency is around 3Hz, a 1kHz noise voltage
density measurement combined with a 0.1 Hz to 10Hz peak-to-peak
noise reading will guarantee 1/f and white noise performance
over the rated frequency spectrum.
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Typical Performance Curves

(@Ta=+25°C, Vs=±15V)

FREQUENCY - Hi

FREQUENCY - Hl

Input Voltage Noise Spectra! Density

BANDWIDTH - kHz

Comparison of Op Amp Input Voltage
Noise Spectrums

TEMPERATURE - *C

Input Wideband Noise vs. Bandwidth
(0.1Hz to Frequency Indicated)

SUPPLY VOLTAGE - tV

Input Voltage Noise vs. Temperature

Input Current Noise Spectral Density

0 01

SOURCE IMPEDANCE - 11

Total Noise vs. Source Impedance

0.1

10
FREQUENCY - Hl

10

100

0.1 Hz to 10Hz Noise Test Frequency

0.1Hzto 10Hzp-p Voltage Noise

0.1Hz to 10Hz Noise Test Bandpass Filter (Voltage Gain = 50,000)
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AD OP-37

1
s "
15
1M

AD OP-37C

x.

AD OP-37B

■ 2
AD P-37A
□

-5

-5

-2

0

25

0

100

125

TEMPERATURE - •c

Long Term Offset Stability @
Temperature

Input Bias Current vs. Temperature

TEMPERATURE - *C

Open-Loop Gain and Phase Shift vs.
Frequency

Input Offset Current vs. Temperature

/

1.8

/

1.8
>
X
> 14

Z

3 u

/

8
z ”

5

0.8

/

0.6

1

Slew Rate, Gain Bandwidth Product
and Phase Margin vs. Temperature

Undistorted Output Voltage
Swing vs. Frequency

1.0
10
LOAD RESISTANCE - kH

10

Open-Loop Gain vs. Supply Voltage

Open-Loop Gain vs. Load Resistance

Output Swing vs. Load Resistance

Output Short Circuit Current vs. Time
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Large Signal Pulse Response
(Av = 5, Rl =2k)

15
25
TOTAL SUPPLY VOLTAGE - V

Power Supply Rejection Ratio
vs. Frequency

Small Signal Pulse Response
(Ay = 5, Rl =2k)

36

Supply Current vs. Supply Voltage

SUPPLY VOLTAGE - tV

Common-Mode Input Range vs.
Supply Voltage

6

CMRR vs. Frequency
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Slew Rate vs. Resistive Load

12

18
24
30
TOTAL SUPPLY VOLTAGE - V

36

Slew Rate vs. Supply Voltage
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Boldface Type: Product recommended for new design.

Comparators

Selection Guide

Orientation
Comparators
A voltage comparator compares two voltages and provides an
output that is a function of their difference. For the products in
this section, the output of an ideal comparator has two stable
states representing the sign of the difference. Thus, the output
will be a logic “1” if the voltage at the input labelled “ + ” is
greater than the voltage at the input labelled “ —,” and logic
“0” for the opposite case.

In addition, practical comparators have a small amount of hysteresis
(internal or external) to help keep noise from causing the output
to bounce around, and most have a latch, which makes it possible
to freeze the output at the state it has at a given instant of time,
in response to a logic signal. Since the comparator is producing
a digital decision, its outputs are generally compatible with
either TTL or ECL.

A comparator is used wherever some action depends on whether
a voltage is - or becomes - greater or less than another voltage usually a reference. Since it is in effect a 1-bit A/D converter,
the comparator is the basic element of virtually all A/D converters,
as well as a sign-magnitude adjunct. Because the voltage that is
compared with a reference can be the linearly varying output of
an integrator with constant input, a comparator can be used in
analog-based event timing. The comparator is also an element of
pulse-width modulators, peak detectors, delay generators, switch
drivers, etc.

Aside from its op-amp related specifications, such as bias current,
offset & drift and the various logic-related timing and interface
specs, the key comparator spec is propagation delay, the time
required for the output to reach the 50% point of a transition,
after the net input has crossed the offset voltage - when driven
by a square wave to a prescribed value of input overdrive, usually
5mV or lOmV.

A comparator is essentially a fast, high-gain amplifier whose
output is always at an upper or lower limit, except when switching.
The simplest comparator would be an open-loop-connected,
uncompensated, high-gain, high-slew-rate op amp with excellent
offset & drift characteristics, fast recovery from overdrive and
an overdrive-protected input.

The Selection Guide classifies Analog Devices comparators by
propagation delay, presence or absence of a latch and interface
logic compatibility. It also indicates the presence of dual com
parators, each comprising two independent comparators on
a single monolithic chip. Pairs of comparators may be used
for window measurements, as well as for simple two-in-one
space-saving.
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ANALOG
DEVICES
FEATURES
45 ns max Propagation Delay
Single +5 V or Dual ±15 V Supply Operation
CMOS or TTL Compatible Output
250 p.V max Input Offset Voltage
500 pV max Input Hysteresis Voltage
15 V max Differential Input Voltage
On-Board Latch
60 mW Power Dissipation
Available in 8-Pin Plastic and Hermetic Cerdip
Packages and Chip Form
MIL-STD-883B Processing Available
APPLICATIONS
Zero-Crossing Detectors
Overvoltage Detectors
Pulse-Width Modulators
Precision Rectifiers
Discrete A/D Converters
Delta-Sigma Modulator A/Ds

PRODUCT DESCRIPTION
The AD790 is a fast (45 ns), precise voltage comparator, with a
number of features that make it exceptionally versatile and easy
to use. The AD790 may operate from either a single +5 V sup
ply or a dual ±15 V supply. In the single-supply mode, the
AD790’s inputs may be referred to ground, a feature not found
in other comparators. In the dual-supply mode it has the unique
ability of handling a maximum differential voltage of 15 V across
its input terminals, easing their interfacing to large amplitude
and dynamic signals.
This device is fabricated using Analog Devices’ Complementary
Bipolar (CB) process - which gives the AD790’s combination of
fast response time and outstanding input voltage resolution
(1 mV max). To preserve its speed and accuracy, the AD790
incorporates a “low glitch” output stage that does not exhibit
the large current spikes normally found in TTL or CMOS out
put stages. Its controlled switching reduces power supply distur
bances that can feed back to the input and cause undesired
oscillations. The AD790 also has a latching function which
makes it suitable for applications requiring synchronous
operation.

Fast, Precision
Comparator
AD790
AD790 CONNECTION DIAGRAM

8-Pin Plastic Mini-DIP
and Cerdip
^logic

OUTPUT

GROUND
LATCH

PRODUCT HIGHLIGHTS
1. The AD790’s combination of speed, precision, versatility and
low cost makes it suitable as a general purpose comparator in
analog signal processing and data acquisition systems.
2. Built-in hysteresis and a low-glitch output stage minimize the
chance of unwanted oscillations, making the AD790 easier to
use than standard open-loop comparators.

3. The hysteresis combined with a wide input voltage range en
ables the AD790 to respond to both slow, low level (e.g.,
10 mV) signals and fast, large amplitude (e.g., 10 V) signals.

4. A wide variety of supply voltages are acceptable for operation
of the AD790, ranging from single + 5 V to dual +5 V/ -12 V,
±5 V, or +5 V/±15 V supplies.
5. The AD790’s power dissipation is the lowest of any compara
tor in its speed range.

6. The AD790’s output swing is symmetric between VLOGIC
and ground, thus providing a predictable output under a
wide range of input and output conditions.

The AD790 is available in five performance grades. The
AD790J and the AD790K are rated over the commercial
temperature range of 0 to +70°C. The AD790A and AD790B
are rated over the industrial temperature range of -40°C to
+ 85°C. The AD790S is rated over the military temperature
range of -55°C to + 125°C and is available processed to MILSTD-883B, Rev. C.
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SPECIFICATIONS

DUAL SUPPLY (Operation @ +25°C and +VS = +15 V, -Vs =
Parameter

Conditions

RESPONSE CHARACTERISTIC
Propagation Delay, tPD

100 mV Step
5 mV Overdrive
Tm,n to Tmax

OUTPUT CHARACTERISTICS
Output HIGH Voltage, VOH

Output LOW Voltage, VOL

1.6 mA Source
6.4 mA Source
Tm,„ to Tma,
1.6 mA Sink
6.4 mA Sink
Tmin to Tmax

Min

40

4.3
4.3/4.3

0.2
Tmin to Tmav
T„„„ to Tmav
Either Input
Tm,n to Tmax

0.3

0.4
2.5
0.04

Offset Current
Tm,„ to T,nax

Power Supply
Rejection Ratio de
Input Voltage Range
Differential Voltage
Common Mode
Common Mode
Rejection Ratio

Vs ±20%
Tmin to Tmov

80
76

-10 v<vCM
< + 10 V
Tml„ to Tma,

Tm,„ to Tm„
Tmin to Tm„

Logic Supply
Quiescent Current
+vs
-Vs
Vlogic

Vlogic = 5 V
Tm,„ to Tm„
Tmin to Tmax

+VS = 15 V
-Vs = -15 V
Vlogic = 5 V

Tmin to Tmax

PACKAGE OPTIONS4
Plastic (N-8)
Cerdip (Q-8)

0.4
1.8
0.02

88
85

0.25
0.5
0.5
3.5
4.5
0.15
0.2

±vs
+ VS-2V

0.4
2.5
0.04

80
76

100
93

-vs

0.2
0.3

ns
ns

0.5
0.5

V
V
V
V
V

1.0
1.5
0.65
5
7
0.25
0.4

mV
mV
mV
nA
nA
nA
nA

4.65
4.45
0.35
0.44

0.5
0.5

45
60

dB
dB

90
85
±vs
-VS-2V

-Vs

105

80

95

dB

76

90
20||2

85

100
20||2

76

88
20||2

dB
Mll||pF

25
5

35
10
0.8

2.3

5
7

25
5

35
10
0.8

2.3

3.5
5

4.5
4.0

33
7

8
4
2

10
5
3.3
242

0 to +70/-40 to +85
AD790JN
AD790AQ

35
10
0.8

2.3

5
8

ns
ns
V
V
nA
nA

33
7

V
V

10
5
3.3
242

mA
mA
mA
mW

1.6

1.6

1.6

25
5

4.5
4.0

33
7

8
4
2

10
5
3.3
242

0 to +70/- 40 to +85
AD790KN
AD790BQ

4.7
4.2

8
4
2

-55 to +125

AD790SQ

NOTES
'Defined as the average of the input voltages at the low to high and high to low transition points. Refer to Figure 14.
2Defined as half the magnitude between the input voltages at the low to high and high to low transition points. Refer to Figure 14.
3+Vs must be no lower than (VLOG1C -0.5 V) in any supply operating conditions, except during power up.
4See Section 20 for package outline information.
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final test.

Specifications subject to change without notice.
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V
V

88

Power Dissipation
TEMPERATURE RANGE
Rated Performance

0.3

4.3
4.3

Units

95

Tmin to Tmax

SUPPLY CHARACTERISTICS
Diff Supply Voltage3

0.05

AD790S
Typ Max
40

45
45/50

4.65
4.45
0.35
0.44

Min

80

Input Impedance
LATCH CHARACTERISTICS
Latch Hold Time, tH
Latch Setup Time, ts
LOW Input Level,VIL
HIGH Input Level, VIH
Latch Input Current

1.0
1.5
0.6
5
6.5
0.25
0.3

AD790K/B
Typ Max
40

0.5
O.5/O.5

±vs
+Vs-2 V

-v<

Min

4.3
4.3

90
88

Vs<±15 V

-15 V, VLOG,C = +5 V unless otherwise noted)

45
45/50

4.65
4.45
0.35
0.44

INPUT CHARACTERISTICS
Offset Voltage'
Hysteresis2
Bias Current

AD790J/A
Typ Max

°C

AD790
SINGLE SUPPLY (Operation @ +25°C and +VS = VLOG1C = +5 V, -Vs = 0 unless otherwise noted)1
Parameter

Conditions

RESPONSE CHARACTERISTIC
Propagation Delay, tPD

100 mV Step
5 mV Overdrive
Tm n t<> Tmax

OUTPUT CHARACTERISTICS
Output HIGH Voltage, VOH

Output LOW Voltage, VOL

1.6 mA Source
6.4 mA Source
Tm „ to Tma,
1.6 mA Sink
6.4 mA Sink
Tm „ to T^

AD790J/A
Typ Max

Min

45

0.35
0.44

INPUT CHARACTERISTICS
Offset Voltage2

Hysteresis3
Bias Current

0.45
Tm „ to Tm.v
Tm „ to Tmav
Either Input
Tm „ to Tma,

0.3

0.5
2.7

Tm „ to Tm„

4.5 VsVs<5.5 V
Tm „ tO Tmax

Input Voltage Range
Differential Voltage
Common Mode
Input Impedance

LATCH CHARACTERISTICS
Latch Hold Time, tH
Latch Setup Time, ts
LOW Input Level,VIL
HIGH Input Level, VIH
Latch Input Current

80
76/76

TEMPERATURE RANGE
Rated Performance

PACKAGE OPTIONS5
Plastic (N-8)
Cerdip (Q-8)
S Grade Chips Available

0.35
0.3

0.02

0.25
0.3
86
82

±vs
+Vs-2 V

0

Tm „ to Tma.

35
10
0.8

2.3

5
7

±vs
+Vs-2 V

Tm n '0 Tmax

7
12
60

0 to +70/-40 to +85
AD790JN
AD790AQ

0.7
2.7
0.04

80
76

ns
ns

0.5
0.5

V
V
V
V
V

1.5
2.0
1.0
5
8
0.25
0.4

mV
mV
mV
pA
pA
pA
pA

dB
dB

90
85
±vs
+Vs-2 V

V
V
MflllpF

25
5

35
10
0.8

2.3

5
8

ns
ns
V
V
pA
pA

7
12
60

V
mA
mW

0

20||2

25
5

35
10
0.8

2.3

3.5
5

1.6

1.6

1.6

10

0.3

2O||2

25
5

4.5

0.45

4.5
10

7
12
60

0 to +70/- 40 to +75

AD790KN
AD790BQ

Units

50
65

4.65
4.45
0.35
0.44

0.5
0.5

0.6
0.85
0.65
3.5
5
0.15
0.2

AD790S
Typ Max
45

4.3
4.3

100
93

0

2O||2

Tm „ to Tmav
Tm „ to Tmax

0.5
2.0

Min

50
50/60

4.65
4.45
0.35
0.44

0.5
0.5

90
88

Tm n '0 Tmax

SUPPLY CHARACTERISTICS
Supply Voltage4
Quiescent Current
Power Dissipation

45

4.3
4.3

1.5
2.0
0.75
5

AD790K/B
Typ Max

7
0.04

Offset Current

Power Supply
Rejection Ratio de

50
50/60

4.65
4.45

4.3
4.3

Min

4.7

10

-55 to + 125

°C

AD790SQ

NOTES
‘Pin 1 tied to Pin 8, and Pin 4 tied to Pin 6.
’Defined as the average of the input voltages at the low to high and high to low transition points. Refer to Figure 14.
’Defined as half the magnitude between the input voltages at the low to high and high to low transition points. Refer to Figure 14.
4—Vs must not be connected above ground.
5See Section 20 for package outline information.
Specifications subject to change without notice.
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final test.
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ABSOLUTE MAXIMUM RATINGS1 2
Supply Voltage................................................................... ±18 V
Internal Power Dissipation2 ............................................ 500 mW
Differential Input Voltage.............................................. ±16.5 V
Output Short Circuit Duration...................................... Indefinite
Storage Temperature Range
N..................................................................... -65°C to +125°C
Q..................................................................... -65°C to + 150°C
Lead Temperature Range (Soldering 60 sec) ............... + 300°C

Logic Supply Voltage................................................................7 V
NOTES
‘Stresses above those listed under “Absolute Maximum Ratings" may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indi
cated in the operational sections of this specification is not implied. Expo
sure to absolute maximum rating conditions for extended periods may affect
device reliability.
■’Thermal characteristics: plastic N-8 package: 0JA = 90°C/watt; ceramic Q-8
package: 0JA = 110°C/watt, 0JC - 22°C/watt.

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
Call factory for chip specifications.

Figure 1. Basic Dual Supply
Configuration

ORDERING GUIDE

Grade

Temperature
Range

AD790JN
AD790KN
AD790AQ
AD790BQ
AD790SQ
AD790SQ/883B
AD790S Chips

0 to +70°C
0 to +70°C
-40°C to +85°C
-40°C to +85°C
-55°C to +125°C
-55°C to +125°C
-55°C to +125°C

Figure 2. Basic Single Supply
Configuration

PULSE
GENERATOR

Figure 3. Response Time Test Circuit
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Typical Characteristics - AD790

Figure 4. Propagation Delay vs.
Overdrive

Figure 5. Propagation Delay vs.
Load Capacitance

Figure 8. Propagation Delay vs.
Temperature

Figure 10. Output High Voltage vs.
Source Current

Figure 11. Total Supply Current vs.
Temperature

Figure 9. Output Low Voltage vs.
Sink Current

OUTPUT HIGH VOLTAGE

- Volts

Figure 7. Propagation Delay vs.
Source Resistance

Figure 6. Propagation Delay vs.
Fanout (LSTTL and CMOS)

t„ = HOLD TIME
tpo = COMPARATOR RESPONSE TIME

Figure 12. Latch Timing

COMPARATORS 3-9

CIRCUIT DESCRIPTION
The AD790 possesses the overall characteristics of a standard
monolithic comparator: differential inputs, high gain and a logic
output. However, its function is implemented with an architec
ture which offers several advantages over previous comparator
designs. Specifically, the output stage alleviates some of the lim
itations of classic “TTL” comparators and provides a symmetric
output. A simplified representation of the AD790 circuitry is
shown in Figure 13.

VH = HYSTERESIS VOLTAGE

Vos = input OFFSET VOLTAGE

Figure 14. Hysteresis Definitions

hysteresis range. This built-in hysteresis allows the AD790 to
avoid oscillation when an input signal slowly crosses the ground
level.

Figure 13. AD790 Block Diagram

The output stage takes the amplified differential input signal
and converts it to a single-ended logic output. The output swing
is defined by the pull-up PNP and the pull-down NPN. These
produce inherent rail-to-rail output levels, compatible with
CMOS logic, as well as TTL, without the need for clamping to
internal bias levels. Furthermore, the pull-up and pull-down
levels are symmetric about the center of the supply range and
are referenced off the VLOGIC supply and ground. The output
stage has nearly symmetric dynamic drive capability, yielding
equal rise and fall times into subsequent logic gates.
Unlike classic TTL or CMOS output stages, the AD790 circuit
does not exhibit large current spikes due to unwanted current
flow between the output transistors. The AD790 output stage
has a controlled switching scheme in which amplifiers Al and
A2 drive the output transistors in a manner designed to reduce
the current flow between QI and Q2. This also helps minimize
the disturbances feeding back to the input which can cause
troublesome oscillations.

The output high and low levels are well controlled values
defined by VLOGIC (+5 V), ground and the transistor equivalent
“Schottky” clamps and are compatible with TTL and CMOS
logic requirements. The fanout of the output stage is shown in
Figure 6 for standard LSTTL or HCMOS gates. Output drive
behavior vs. capacitive load is shown in Figure 5.
HYSTERESIS
The AD790 uses internal feedback to develop hysteresis about
the input reference voltage. Figure 14 shows how the input off
set voltage and hysteresis terms are defined. Input offset voltage
(Vos) is the difference between the center of the hysteresis
range and the ground level. This can be either positive or nega
tive. The hysteresis voltage (VH) is one-half the width of the

3-10 COMPARATORS

SUPPLY VOLTAGE CONNECTIONS
The AD790 may be operated from either single or dual supply
voltages. Internally, the VLOGIC circuitry and the analog front
end of the AD790 are connected to separate supply pins. If dual
supplies are used, any combination of voltages in which + VS >
VLOgic ~ 0-5 V and -Vs £ 0 may be chosen. For single sup
ply operation (i.e. +VS = VLOGIC), the supply voltage can be
operated between 4.5 V and 7 V. Figure 15 shows some other
examples of typical supply connections possible with the
AD790.

BYPASSING AND GROUNDING
Although the AD790 is designed to be stable and free from
oscillations, it is important to properly bypass and ground the
power supplies. Ceramic 0.1 p.F capacitors are recommended
and should be connected directly at the AD790’s supply pins.
These capacitors provide transient currents to the device during
comparator switching. The AD790 has three supply voltage
pins, +VS, —Vs and VLOGIC. It is important to have a common
ground lead on the board for the supply grounds and the GND
pin of the AD790 to provide the proper return path for the
supply current.

LATCH OPERATION
The AD790 has a latch function for retaining input information
at the output. The comparator decision is “latched” and the
output state is held when Pin 5 is brought low. As long as Pin 5
is kept low, the output remains in the high or low state , and
does not respond to changing inputs. Proper capture of the
input signal requires that the timing relationships shown in Fig
ure 12 are followed. Pin 5 should be driven with CMOS or TTL
logic levels.
The output of the AD790 will respond to the input when Pin 5
is at a high logic level. When not in use, Pin 5 should be con
nected to the positive logic supply. When using dual supplies, it
is recommended that a 510 fl resistor be placed in series with
Pin 5 and the driving logic gate to limit input currents during
power up.

Applying the AD790
temperature. The width and length of the PC board trace deter
mine the resistance of the trace and consequently the trip cur
rent level.
Ilimit = 10 mV/RSENSE
Rsense = rho (trace length/trace width)

rho = resistance of a unit square of trace

Figure 15. Typical Power Supply Connections

Window Comparator for Over-Voltage Detection
The wide differential input range of the AD790 makes it suit
able for monitoring large amplitude signals. The simple over
voltage detection circuit shown in Figure 16 illustrates direct
connection of the input signal to the high impedance inputs of
the comparator without the need for special clamp diodes to
limit the differential input voltage across the inputs.
Figure 17. Ground Referred Overload Detector Circuit

SIGN 1 = HIGH
0 - LOW

OVERRANGE = 1

Precision Full-Wave Rectifier
The high speed and precision of the AD790 make it suitable for
use in the wide dynamic range full-wave rectifier shown in Fig
ure 18. This circuit is capable of rectifying low level signals as
small as a few mV or as high as 10 V. Input resolution, propa
gation delay and op amp settling will ultimately limit the maxi
mum input frequency for a given accuracy level. Total compara
tor plus switch delay is approximately 100 ns, which limits the
maximum input frequency to 1 MHz for clean rectification.

Figure 16. Overvoltage Detector

Single Supply Ground Referred Overload Detector
The AD790 is useful as an overload detector for sensitive loads
that must be powered from a single supply. A simple ground
referenced overload detector is shown in Figure 16. The com
parator senses a voltage across a PC board trace and compares
that to a reference (trip) voltage established by the comparator’s
minus supply current through a 2.7 fl resistor. This sets up a
10 mV reference level that is compared to the sense voltage. The
minus supply current is proportional to absolute temperature
and compensates for the change in the sense resistance with
COMPARATORS 3-11

•A RESISTOR UP TO 10k<2 MAYBE USED TO
REDUCE THE SOURCE AND SINK CURRENT OF
THE DRIVER. HOWEVER, THIS WILL SLIGHTLY
LOWER THE MAXIMUM USABLE CLOCK RATE.

Figure 19. A Bipolar to CMOS TTL Line Receiver

Bipolar to CMOS/TTL
It is sometimes desirable to translate a bipolar signal (e.g.,
±5 V) coming from a communications cable or another section
of the system to CMOS/TTL logic levels; such an application is
referred to as a line receiver. Previously, the interface to the bi
polar signal required either a dual (±) power supply or a refer
ence voltage level about which the line receiver would switch.
The AD790 may be used in a simple circuit to provide a unique
capability: the ability to receive a bipolar signal while powered
from a single +5 V supply. Other comparators cannot perform
this task. Figure 19 shows a 1 kfl resistor in series with the in
put signal which is then clamped by a Schottky diode, holding
the input of the comparator at 0.4 V below ground. Although
the comparator is specified for a common mode range down to
—Vs, (in this case ground)it is permissible to bring one of the
inputs a few hundred mV below ground. The comparator
switches around this level and produces a CMOS/TTL compati
ble swing. The circuit will operate to switching frequencies of
20 MHz.
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Ultrafast
TTL Comparators
AD9696/AD9698

ANALOG
DEVICES
FEATURES
4.5 ns Propagation Delay
200 ps Maximum Propagation Delay Dispersion
Single +5 V or ±5 V Supply Operation
Complementary Matched TTL Outputs
APPLICATIONS
High Speed Line Receivers
Peak Detectors
Window Comparators
High Speed Triggers
Ultrafast Pulse Width Discriminators

AD9696/AD9698 FUNCTONAL BLOCK DIAGRAMS

AD9696/AD9698 Architecture

NONINVERTING

AD9696
-O Q OUTPUT

-O Q OUTPUT
INVERTING
INPUT

LATCH
ENABLE

GENERAL DESCRIPTION
The AD9696 and AD9698 are ultrafast TTL-compatible voltage
comparators able to achieve propagation delays previously possi
ble only in high performance ECL devices. The AD9696 is a
single comparator providing 4.5 ns propagation delay, 200 ps
maximum delay dispersion and 1.7 ns setup time. The AD9698
is a dual comparator with equally high performance; both de
vices are ideal for critical timing circuits in such applications as
ATE, communications receivers and triggers.

AD9698
NONINVERTING

LATCH
ENABLE

NONINVERTING

Both devices allow the use of either a single +5 V supply or
±5 V supplies. The choice of supplies determines the common
mode input voltage range available: —2.2 V to +3.7 V for ±5 V
operation, +1.4 V to +3.7 V for single +5 V supply operation.

The differential input stage features high precision, with offset
voltages which are less than 2 mV and offset currents less than
1 p.A. A latch enable input is provided to allow operation in ei
ther sample-and-hold or track-and-hold applications.
The AD9696 and AD9698 are both available as commercial tem
perature range devices operating from ambient temperatures of 0
to +70°C, and as extended temperature range devices for ambi
ent temperatures from -55°C to +125°C. Both versions are
available screened to MIL-STD-883 class B. Contact the factory
for information regarding higher reliability screening.

LATCH
ENABLE

Package options for the AD9696 include a 10-pin TO-100 metal
can, an 8-pin ceramic DIP, an 8-pin small outline plastic pack
age and an 8-pin plastic DIP. The AD9698 is available in a
16-pin ceramic DIP a 16-pin plastic DIP and a 16-pin small out
line plastic package.
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage (+VS/-VS)......................................... +7 V/-7 V
Input Voltage Range............................................................±5 V
Differential Input Voltage....................................................5.4 V
Latch Enable Voltage........................................... -0.5 V to +VS
Output Current (Continuous)......................................... 20 mA
Power Dissipation............................................................ 600 mW

Operating Temperature Range2
AD9696/AD9698KH/KN/KQ/KR3......................... 0 to +70°C
AD9696/AD9698TH/TQ3 ............................ -55°C to +125°C
Storage Temperature Range ............................ -65°C to +150°C
Junction Temperature
KH/KQ/TH/TQ Suffixes ............................................ + 175°C
KN/KR Suffixes........................................................... +150°C
Lead Soldering Temperature (10 sec)............................ + 300°C

n
rrrTDiPAi puadaptcdiqtipc
upp,y otherwise
Voltaees =indicated)
"52 v and +50 V: load as specified in Note 4'
tLtblKIbAL
bnAKAbltKIollbo (Sunless
0 to +70°C
AD9696/AD9698
KH/KN/KQ/KR’
Min
Typ Max

-55°C to +125°C
AD9696/AD9698
TH/TQ3
Min
Typ Max

1.0

1.0

Temp

Test
Level

Military
Subgroups

+25°C
Full
Full
+25°C
Full
+25°C
Full
+25°C

I
VI
V
I
VI
I
VI
V

1
2, 3

Full
Full

VI
VI

L 2, 3
1, 2, 3

-2.2
+ 1.4

Full
Full

VI
VI

1, 2, 3
1,2,3

80
57

LATCH ENABLE INPUT
Logic “1” Voltage Threshold
Logic “0” Voltage Threshold
Logic “1” Current
Logic “0” Current

Full
Full
Full
Full

VI
VI
VI
VI

1,2,3
1, 2, 3
1, 2, 3
1, 2, 3

2.0

DIGITAL OUTPUTS
Logic “1” Voltage (Source 4 mA)
Logic “0” Voltage (Sink 10 mA)

Full
Full

VI
VI

1, 2, 3
1, 2, 3

2.7

Full
Full
+ 25°C
+25°C
+ 25°C

IV
IV
IV
IV
IV

9,
9,
9,
9,

+ 25°C
+ 25°C

V
IV

+ 25°C
+25°C
+25°C

IV
IV
IV

Parameter

INPUT CHARACTERISTICS
Input Offset Voltage6

Input Offset Voltage Drift
Input Bias Current
Input Offset Current

Input Capacitance
Input Voltage Range
±5.0 V
+ 5.0 V
Common Mode Rejection Ratio
±5.0 V
+ 5.0 V

SWITCHING PERFORMANCE
Propagation Delay (tPD)7
Input to Output HIGH
Input to Output LOW
Latch Enable to Output HIGH
Latch Enable to Output LOW
Delta Delay Between Outputs
Propagation Delay Dispersion
10 mV to 100 mV Overdrive
100 mV to 1.0 V’ Overdrive
Latch Enable
Pulse Width [tPW(E)]
Setup Time (ts)
Hold Time (tH)
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10
16

1
2, 3
1
2, 3

0.4

2.0
3.0

10
16

55
110
1.0
1.3

0.4

+ 3.7
+ 3.7

-2.2
+ 1.4
80
57

85
63

+ 3.7
+ 3.7

3.5
3
3

mV
mV
|xV/°C
rxA
fxA
jjlA
jiA
pF

V
V
dB
dB

85
63

0.8
10
1

V
V
|iA
nA

2.0

0.8
10
1

11
11
11
11

55
110
1.0
1.3

3

3

10,
10,
10,
10,

2.0
3.0

Units

3.5
0.4

0.5

3.5
0.4

0.5

V
V

4.5
4.5
6.5
6.5
0.5

7.0
7.0
8.5
8.5
1.5

4.5
4.5
6.5
6.5
0.5

7.0
7.0
8.5
8.5
1.5

ns
ns
ns
ns
ns

100
100

200

100
100

200

ps
ps

2.5
1.7
1.9

2.7

3.5
3
3

2.5
1.7
1.9

ns
ns
ns

AD9696/AD9698
Parameter
POWER SUPPLY8
Positive Supply Current9
AD9696
AD9698
Negative Supply Current10
AD9696
AD9698
Power Dissipation
AD9696 +5.0 V
AD9696 ±5.0 V
AD9698 +5.0 V
AD9698 ±5.0 V
Power Supply Rejection Ratio11

0 to +70°C
AD9696/AD9698
KH/KN/KQ/KR3
Min
Typ Max

-55°C to +125°C
AD9696/AD9698
TH/TQ3
Min
Typ Max

Temp

Test
Level

Military
Subgroup5

Full
Full

VI
VI

1,2,3
1,2,3

26
52

32
64

26
52

32
64

Full
Full

VI
VI

1, 2, 3
1,2,3

2.5
5.0

4.0
8.0

2.5
5.0

4.0
8.0

Full
Full
Full
Full
+ 25°C
Full

V
V
V
V
VI

130
146
260
292
1,2,3

NOTES
'Absolute maximum ratings are limiting values, to be applied individually,
and beyond which the serviceability of the circuit may be impaired.
Functional operability is not necessarily implied. Exposure to absolute
maximum rating conditions for an extended period of time may affect
device reliability.
2Typical thermal impedances:
AD9696 Metal Can
0)A = 170°C/W; 0JC = 50°C/W
AD9696 Ceramic DIP
0JA = 110°C/W; 0JC = 20°C/W
AD9696 Plastic DIP
0JA = 160°C/W; 0jC = 30°C/W
AD9696 Plastic SOIC
0JA = 180°C/W; 0JC = 30°C/W
0JA = 90°C/W; 0JC = 25°C/W
AD9698 Ceramic DIP
AD9698 Plastic DIP
0JA = 100oC/W; 0JC = 20°C/W
0JA = 120°C/W; 0jc = 20°C/W
AD9698 Plastic SOIC

EXPLANATION OF TEST LEVELS
Test Level
I - 100% production tested.
II - 100% production tested at +25°C, and sample tested
at specified temperatures.
III - Sample tested only.
IV - Parameter is guaranteed by design and characterization
testing.
V - Parameter is a typical value only.
VI - All devices are 100% production tested at +25°C. 100%
production tested at temperature extremes for extended
temperature devices; sample tested at temperature exremes for commercial/industrial devices.

AD9696/AD9698 ORDERING INFORMATION
Model

Package

Temperature

Package
*
Options

AD9696KH
AD9696KN
AD9696KR
AD9696KQ
AD9696TH
AD9696TQ
AD9698KN
AD9698KR
AD9698KQ
AD9698TQ

TO-100 Can
Plastic DIP
SOIC
Cerdip
TO-100 Can
Cerdip
Plastic DIP
SOIC
Cerdip
Cerdip

0 to +70°C
0 to +70°C
0 to +70°C
0 to + 70°C
-55°Cto +125°C
-55°C to +125°C
0 to +70°C
0 to +70°C
0 to +70°C
-55°C to +125°C

H-10A
N-8
R-8
Q-8
H-10A
Q-8
N-16
R-16
Q-16
Q-16

70
65

130
146
260
292

70
65

Units
( + 5.0 V)
mA
mA
(-5.2 V)
mA
mA
mW
mW
mW
mW
dB
dB

’Suffixes KH and TH apply only to model AD9696; AD9698 not available
in metal can.
4Load circuit has 420 fl from +VS to output; 460 fl from output to ground.
’Military subgroups apply only to military-qualified devices.
6Rs5=100 fl.
’Propagation delays tested with 100 mV pulse; 20 mV overdrive.
’Supply voltages should remain stable within ±5% for normal operation.
Output not loaded.
’Specification applies to both +5 V and ±5 V supply operation.
'"Specification applies to only ±5 V supply operation.
"Measured with nominal values ±5% of +VS and -Vs.
Specifications subject to change without notice.

EXPLANATION OF MILITARY SUBGROUPS

Subgroup 1

Subgroup 2
Subgroup 3
Subgroup 4
Subgroup 5

Subgroup 6

-

Subgroup 7
Subgroup 8

-

Subgroup 9 Subgroup 10 -

Subgroup 11 Subgroup 12 -

Static tests at +25°C.
(5% PDA calculated against Subgroup 1 for
high-rel versions)
Static tests at maximum rated operating
temperature.
Static tests at minimum rated operating
temperature.
Dynamic tests at +25°C.
Dynamic tests at maximum rated operating
temperature.
Dynamic tests at minimum rated operating
temperature.
Functional tests at +25°C.
Functional tests at maximum and minimum
rated temperatures.
Switching tests at +25°C.
Switching tests at maximum rated operating
temperature.
Switching tests at minimum rated operating
temperature.
Periodically sample tested.

*See Section 20 for package outline information.
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PIN CONFIGURATIONS
Plastic DIP (N) and
Ceramic DIP (R) Packages
[SOIC (R) Package Pinouts shown in (

TO-lOO Metal Can (H) Package
LATCH
ENABLE

)]

Q10ut (N/C) [T

16]

Q20ut (LATCH ENABLE 1)

qw(-vs)[7

15]

Q20Ut (GROUND)

GROUND (-IN,) [T
LATCH ENABLE 1 (+IN,) [7

N/C (+IN2) [T

u] GROUND

(Q1out)

AD9698
TOP VIEW
(Not to Scale)

u] LATCH ENABLE 2

(Q10Ut)

12] N/C (Q20ut)

-Vs HN2) [7

ii] +VS (Q20ut)

-IN, (*V S)[7

io] -IN2 (GROUND)

♦ IN, (N/C) [T

T] +INj (LATCH ENABLE 2)

AD9696/AD9698 PIN DESCRIPTIONS

Name

Function

Qi OUT

One of two complementary outputs. Q1Out
and LATCH ENABLE 1 is at logic LOW.

QI OUT

One of two complementary outputs. QI out will be at l°g'c HIGH if voltage at -IN, is greater than voltage at +IN,
and LATCH ENABLE 1 is at logic LOW.

GROUND

Analog and digital ground return. All GROUND pins should be connected together and to a low impedance ground
plane near the comparator.

LATCH
ENABLE 1

Output at QIout will track differential changes at the inputs when LATCH ENABLE 1 is at logic LOW.
When LATCH ENABLE 1 is at logic HIGH, the output at Q1Out will reflect the input state at the application of the
latch command, delayed by the Latch Enable Setup Time (ts). Since the architecture of the input stage (see block
diagram) is faster than the logic of the latch stage, data will typically be latched if applied to the comparator(s) within
1.7 ns after the latch. This is the Setup Time (ts); for guaranteed performance, ts must be 3 ns.

be at logic HIGH if voltage at +IN, is greater than voltage at -IN,

N/C

No internal connection to comparator.

-Vs
-IN,

Negative power supply connection; nominally —5.2 V.

+ IN,

Noninverting input of differential input stage for Comparator #1.

Inverting input of differential input stage for Comparator #1.

+IN2

Noninverting input of differential input stage for Comparator #2.

-in2

Inverting input of differential input stage for Comparator #2.

+VS
LATCH
ENABLE 2

Positive power supply connection; nominally +5 V.

Output at Q2out will track differential changes at the inputs when LATCH ENABLE 2 is at logic LOW.
When LATCH ENABLE 2 is at logic HIGH, the output at Q2OUT will reflect the input state at the application of the
latch command, delayed by the Latch Enable Setup Time (ts). Since the architecture of the input stage (see block
diagram) is faster than the logic of the latch stage, data will typically be latched if applied to the comparator(s) within
1.7 ns after the latch. This is the Setup Time (ts); for guaranteed performance, ts must be 3 ns.

Q^OUT

One of two complementary outputs. Q2OUT will be at logic HIGH if voltage at —IN2 is greater than voltage at + IN2
and LATCH ENABLE 2 is at logic LOW.

Q2qut

One of two complementary outputs. Q2OUT will be at logic HIGH if voltage at +IN2 is greater than voltage at — IN2
and LATCH ENABLE 2 is at logic LOW.
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AD9696/AD9698

ts - MINIMUM SETUP TIME (Typically 1.7ns)
tH - MINIMUM HOLD TIME (Typically 1.9ns)
tpo - INPUT TO OUTPUT DELAY
tpo (E) - LATCH ENABLE TO OUTPUT DELAY

tpw<E> - MINIMUM LATCH ENABLE PULSE WIDTH (Typically 2.5ns)
Vos - INPUT OFFSET VOLTAGE

VOo - OVERDRIVE VOLTAGE

AD9696/AD9698 Timing Diagram

DIE LAYOUT AND MECHANICAL INFORMATION
Die Dimensions AD9696 ....................... 59x71xl5(±2) mils
AD9698 ........................ 79x 109x 15 (±2) mils
Pad Dimensions............................................................,4x4 mils
Metalization................................................................. Aluminum
Backing................................................................................... None
Substrate Potential....................................................................-Vs
Passivation........................................................................... Nitride
♦vs

*vs

+vs

THEORY OF OPERATION
Refer to the block diagram of the AD9696/AD9698 compara
tors. The AD9696 and AD9698 TTL voltage comparator archi
tecture consists of five basic stages: input, latch, gain, level shift
and output. Each stage is designed to provide optimal perfor
mance and make it easy to use the comparators.
The input stage operates with either a single +5-volt supply, or
with a +5-volt supply and a -5.2-volt supply. For optimum
power efficiency, the remaining stages operate with only a single
+5-volt supply. The input stage is an input differential pair
without the customary emitter follower buffers. This configura
tion increases input bias currents but maximizes the input volt
age range.

A latch stage allows the most recent output state to be retained
as long as the latch input is held high. In this way, the input to
the comparator can be changed without any change in the out
put state. As soon as the latch enable input is switched to
LOW, the output changes to the new value dictated by the sig
nal applied to the input stage.
9696

The gain stage assures that even with small values of input volt
age, there will be sufficient levels applied to the following stages
to cause the output to switch TTL states as required. A level
shift stage between the gain stage and the TTL output stage
guarantees that appropriate voltage levels are applied from the
gain stage to the TTL output stage.

(
LATCH
ENABLE 1

-vs
GROUND
-IN,

q1out

♦IN,

q1out

Q2 OUT

Q2 OUT

Only the output stage uses TTL logic levels; this minimum use
of TTL circuits maximizes speed and minimizes power con
sumption. The outputs are clamped with Schottky diodes to as
sure that the rising and falling edges of the output signal are
closely matched.
The AD9696 and AD9698 represent the state of the art in high
speed TTL voltage comparators. Great care has been taken to
optimize the propagation delay dispersion performance. This
assures that the output delays will remain constant despite vary
ing levels of input overdrive. This characteristic, along with
closely matched rising and falling outputs, provides extremely
consistent results at previously unattainable speeds.

GROUND

♦Vs

*VS

>VS

LATCH
ENABLE 2
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APPLICATIONS
Window Comparator
In a wide range of applications, it is necessary to determine
when a signal’s voltage level is within (or outside) a particular
voltage range. ATE, transient detectors, communications receiv
ers, ESM and other equipment all require this type of informa
tion. Figure 1 shows a versatile window comparator which
combines very high speed, TTL compatibility and ease of
application.

To establish a “window” with upper and lower voltage thresh
olds, two comparators are required. The circuit which is shown
uses the AD9698 dual ultrafast TTL comparator; this means a
substantial cost and space savings versus the same design using
two single comparators. Additionally, since the AD9698 contains

two tightly matched comparators on a single IC, superior de and
propagation time skew performance can be achieved.

The window is established by providing the desired +VREF to
the noninverting input of the top comparator and placing the
lower limit, -VREF, at the inverting input on the bottom com
parator. The signal of interest is strapped across the remaining
inputs. The outputs are connected to an AND gate. When a
signal resides inside the window established by the references,
the output of the gate goes high. Whenever the signal is outside
the window, the output is low. An indication of a signal above
or below the reference levels can be monitored at the compara
tors’ complementary outputs.

Figure 1. AD9698 Used as Window Detector

Crystal Oscillator
Oscillators are used in a wide variety of applications from audio
circuits to waveform generators; from ATE triggers and tele
communications transceivers to radar. Figure 2 shows a versatile
and inexpensive oscillator. The circuit uses the AD9696, in a
positive feedback mode, and is capable of generating accurate
and stable oscillations with frequencies ranging from 1 MHz to
more than 40 MHz.
To generate oscillations from 1 to 25 MHz, a fundamental mode
crystal is used without the de blocking capacitor and choke. The
parallel capacitor on the inverting input is selected for stability
(0.1 pF for 1-10 MHz; 220 pF for frequencies above 10 MHz).
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When generating frequencies using a nonfundamental mode
crystal, a choke and de blocking capacitor are added. As an ex
ample, a 36 MHz oscillator can be achieved by using a 36 MHz
crystal operating on its third overtone. To suppress oscillation at
the 12 MHz fundamental, the value of the choke is chosen to
provide a low reactive impedance at the fundamental frequency
while maintaining a high reactive impedance at the desired out
put frequency (for 36 MHz operation, L = 1.8 pH). The shunt
capacitor at the inverting input has a value of 220 pF for a sta
ble 36 MHz frequency.

AD9696/AD9698

OSCILLATOR
OUTPUT

Figure 2. AD9696 Oscillator Circuit
(Based on DIP Pinouts)

LAYOUT CONSIDERATIONS
When working with high speed circuits, proper layout is critical.
Analog signal paths should be kept as short as possible and be
properly terminated to avoid reflections. In addition, digital sig
nal paths should be kept short, and run lengths should be
matched to avoid propagation delay mismatch. All analog signals
should be kept as far away from digital signal paths as possible;
this reduces the amount of digital switching noise that might be
capacitively coupled into the analog section of the circuit.

In high speed circuits, layout of the ground circuit is the most
important factor. A single, low impedance ground plane, on the
component side of the board, will reduce noise in the circuit
ground. It is especially important to maintain continuity of the
ground plane under and around the AD9696 or AD9698.

Sockets limit the dynamic performance of the device and should
be used only for prototypes or evaluation.
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ANALOG
DEVICES

Ultrafast Comparators
AD96685/AD96687

FEATURES
2.5ns Propagation Delay
0.5ns Latch Setup Time
90dB CMRR
+ 5V, -5.2V Supply Voltages

AD96685/AD96687 FUNCTIONAL BLOCK DIAGRAMS

APPLICATIONS
High Speed Triggers
High Speed Line Receivers
Peak Detectors
Threshold Detectors

GENERAL DESCRIPTION
The AD96685 and the AD96687 are ultrafast voltage comparators.
The AD96685 and the AD96687 are manufactured in a high
performance bipolar process which allows improved speed and
de accuracy. The AD96685 is a single comparator with a 2.5ns
propagation delay, 50ps dispersion, and the AD96687 is an
equally fast dual comparator.

Both devices employ a high precision differential input stage
with a common-mode range from - 2.5V to + 5.0V. The AD96685
and the AD96687 provide complementary digital outputs which
are fully ECL compatible. The output stage is capable of driving
500 terminated transmission lines given the 30mA output drive
capacity. In addition to this, a latch enable input is provided,
allowing operation in either a sample-hold mode or a track-hold
mode.

THE OUTPUTS ARE OPEN EMITTERS. REQUIRING EXTERNAL
PULL-DOWN RESISTORS. THESE RESISTORS MAY BE IN THE
RANGE OF 5011-20011 CONNECTED TO - 2.OV; OR 20011-200011
CONNECTED TO -5.2V.

AD96687

The AD96685 and the AD96687 are both available as an industrial
temperature range device, — 25°C to + 85°C, and as an extended
temperature range device, — 55°C to + 125°C. The AD96685 is
available in a 10-pin TO-lOO metal can, a 16-pin ceramic package,
a 16-pin SOIC, and a 20-pin PLCC. The AD96687 is available
in a 16-pin ceramic package, a 16-pin SOIC and a 20-pin PLCC.
Both comparators are also available in an extended temperature
range LCC package.

ORDERING INFORMATION

Device

Type

Temperature Range

AD96685BH
AD96685BP
AD96685BQ
AD96685BR
AD96685TE/883
AD96685TH/883
AD96685TQ/883
AD96687BP
AD96687BQ
AD96687BR
AD96687TE/883
AD96687TQ/883

Single
Single
Single
Single
Single
Single
Single
Dual
Dual
Dual
Dual
Dual

— 25°Cto
-25°Cto
-25°Cto
-25°Cto
-55°Cto
-55°Cto
-55°Cto
-25°Cto
-25°Cto
- 25°C to
-55°Cto
- 55°Cto

+85°C
+85°C
+85°C
+85°C
+ 125°C
+ 125°C
+ 125°C
+85°C
+85°C
+ 85°C
+ 125°C
+ 125°C

Description

Package
*
Options

10-Pin Can, Industrial
20-Pin PLCC, Industrial
16-Pin DIP, Industrial
16-Pin SOIC, Industrial
20-Pin LCC, Extended Temperature
10-Pin Can, Extended Temperature
16-Pin DIP, Extended Temperature
20-Pin PLCC, Industrial
16-Pin DIP, Industrial
16-Pin SOIC, Industrial
20-Pin LCC, Extended Temperature
16-Pin DIP, Extended Temperature

H-10A
P-20A
Q-16
R-16
E-20A
H-10A
Q-16
P-20A
Q-16
R-16
E-20A
Q-16

*See Section 20 for package outline information.
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS1
Operating Temperature Range3
AD96685/87/BH/BQ/BP/BR .................... - 25°C to + 85°C
AD96685/87/TE/TH/TQ............................. - 55°C to + 125°C
Storage Temperature Range............................. — 55°C to + 150°C
Junction Temperature.................................................... + 175°C
Lead Soldering Temperature (lOsec).......................... +300°C

Positive Supply Voltage ( + VS).......................................... +6.5V
Negative Supply Voltage (-Vs).......................................... —6.5V
Input Voltage Range2............................................................. ± 5V
Differential Input Voltage................................................... 5.5V
Latch Enable Voltage.............................................
- Vs to OV
Output Current..................................................................... 30mA

ELECTRICAL CHARACTERISTICS (Positive Supply Voltage = + 5.0V; Negative Supply Voltage = - 5.2V, unless otherwise stated)
Parameter
INPUT CHARACTERISTICS
Input Offset Voltage5

Industrial Temp. Range -25°C to + 85“C
Mil’
AD96687BQ/BP/BR
Test Sub AD96685BH/BQ/BP/BR
Max
Max
Temp Level Grouj Min
Min
Typ
Typ
I

1
2,3

1

2
3

Military Temp. Range — 55®C to +125'
*C
AD96685TE.THTQ883
Min

2
3

Typ

Max

1

2
3

AD96687TE/TQ/883
Min

Typ

Max

Units

1

2
3

mV
mV
pV/°C
p.A
pA

+ 25°C
Full
Full
+ 25°C
Full
+ 25°C
Full
+ 25°C
+ 25°C
Full
Full

I
VI
V
I
VI
I
VI
V
V
VI
VI

1,2,3
4,5,6

-2.5
80

ENABLE INPUT
Logic “1” Voltage
Logic “0” Voltage
Logic “1” Current
Logic “0” Current

Full
Full
Full
Full

VI
VI
VI
VI

1,2,3
1,2,3
1,2,3
1,2,3

-1.1

DIGITAL OUTPUTS7
Logic “1” Voltage
Logic “0” Voltage

Full
Full

VI
VI

1,2,3
1,2,3

-1.1

+ 25°C
+ 25°C
+ 25°C
+ 25°C
+ 25°C

IV
IV
IV
IV
V

9
9
9
9

2.5
2.5
2.5
2.5
50

3.5
3.5
3.5
3.5

2.5
2.5
2.5
2.5
50

3.5
3.5
3.5
3.5

2.5
2.5
2.5
2.5
50

3.5
3.5
3.5
3.5

2.5
2.5
2.5
2.5
50

3.5
3.5
3.5
3.5

ns
ns
ns
ns
ps

12
12
12

2.0
0.5
0.5

3.0
1.0
1.0

2.0
0.5
0.5

3.0
1.0
1.0

2.0
0.5
0.5

3.0
1.0
1.0

2.0
0.5
0.5

3.0
1.0
1.0

ns
ns
ns

8
15
70

9
18

15
31
70

18
36

8
15
70

9
18

15
31
70

18
36

mA
mA
dB

Input Offset Drift
Input Bias Current

Input Offset Current
Input Resistance
Input Capacitance
Input Voltage Range6
Common-Mode Rejection Ratio

SWITCHING PERFORMANCE7
Propagation Delays8
Input to Output HIGH
Input to Output LOW
Latch Enable to Output HIGH
Latch Enable to Output LOW
Dispersion9
Latch Enable
Minimum Pulse Width
Minimum Setup Time
Minimum Hold Time

POWER SUPPLY10
Positive Supply Current (+ 5.0V)
Negative Supply Current! - 5.2V)
Power Supply Rejection Ratio11

+ 25°C IV
+ 25°C IV
+ 25°C IV
Full
Full
Full

VI
VI
VI

20
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1
2,3
1
2,3

0.1

0.1

1,2,3
1,2,3
4,5,6

+ 5.0

90

-2.5
80

5Rs=100H.

10
13
1.0
1.2

0.1

+ 5.0

10
16
1.0
1.2

0.1

-2.5
80

+ 5.0
90

-2.5
80

+ 5.0

90

-1.5

60

60

pA
kfl
pF
V
dB
V
V
pA
pA

-1.5

V
V

- 1.1

-1.1

-1.5

m-A

-1.5
40
5

-1.1
-1.5
40
5

-1.5
40
5

-1.1

10
16
1.0
1.2

200
2

-1.1

-1.1

60

20
7

200
2

90

-1.5

60

20
7

200
2

-1.5
40
5

6Input Voltage Range can be extended to -3.3V if -V$ = -6.0V.
’Outputs terminated through 500 to -2.0V.
’Propagation delays measured with lOOmV pulse (lOmV overdrive), to
50% transition point of the output.
’Change in propagation Delay from lOOmV to IV input overdrive.
,0Supply voltages should remain stable within ± 5% for normal operation.
“Measured at ±5% of +V$ and -Vs.
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10
13
1.0
1.2

200
2

NOTES
‘Absolute maximum ratings are limiting values, to be applied individually,
and beyond which serviceability of the circuit may be impaired. Functional
operation under any of these conditions is not necessarily implied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.
’Under no circumstances should the input voltages exceed the supply
voltages.
^Typical thermal impedances . . .
AD96685 Metal Can
eM = 172°C/W; 0|c = 52°C/W
0JA = 115°C/W; 0JC = 57”C/W
AD96685 Ceramic
AD96685 LCC
6)a = 172“C/W; 0JC = 65°C/W
0)A = 17O°C/W;0jC = 6O°C/W
AD96685SOIC
AD96685 PLCC
eJA = 88°C/W; 0JC = 45°C/W
0j A = 115°C/W; 0JC = 57OCW
AD96687 Ceramic
0|a = 82’C/W;0jc = 31“C/W
AD96687 LCC
0jA = 92°C/W; 0jc = 47°C/W
AD96687SOIC
e,A = 81oC/W;0Jc = 45°C/'X'
AD96687PLCC
4Military subgroups apply to military qualified components only.

Specifications subject to change without notice.
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EXPLANATION OF TEST LEVELS
Test Level
I - 100% production tested.
II - 100% production tested at + 25°C, and sample tested
at specified temperatures.
III - Sample tested only.
IV - Parameter is guaranteed by design and characterization
testing.
V - Parameter is a typical value only.
VI - All devices are 100% production tested at+25°C;
100% production tested at temperature extremes for
extended temperature devices; sample tested at
temperature extremes for commercial/industrial
devices.

AD96685/AD96687
EXPLANATION OF GROUP A MILITARY SUBGROUPS
Subgroup
Subgroup
Subgroup
Subgroup

1-Static tests at+25°C.
2-Static tests at max ratedoper, temp.
3-Static tests at min ratedoper, temp.
4-Dynamic tests at+25°C.

Pin Name

+vs
NONINVERTING INPUT

INVERTING INPUT
LATCH ENABLE

LATCH ENABLE

-Vs
Q

Q

GROUND 1
GROUND2

Subgroup 5-Dynamic tests at max ratedoper, temp. Subgroup 9-Switching tests at +25°C.
Subgroup 6-Dynamic tests at min ratedoper, temp. Subgroup 10-Switchingtestsatmaxratedoper. temp.
Subgroup 7-Functional tests at+25°C.
Subgroup 11 -Switching tests at min rated oper. temp.
Subgroup 8-Functional tests at max and min rated
Subgroup 12-Periodically sample tested.
oper. temp.

FUNCTIONAL DESCRIPTION
Description
-Positive supply terminal, nominally +5.0V.
- Noninverting analog input of the differential input stage. The NONINVERTING INPUT must
be driven in conjunction with the INVERTING INPUT.
- Inverting analog input of the differential input stage. The INVERTING INPUT must be driven
in conjunction with the NONINVERTING INPUT.
- In the “compare” mode (logic HIGH), the output will track changes at the input of the comparator.
In the “latch” mode (logic LOW), the output will reflect the input state just prior to the comparator
being placed in the “latch” mode. LATCH ENABLE must be driven in conjunction with LATCH
ENABLE for the AD96687.
- In the “compare” mode (logic LOW), the output will track changes at the input of the comparator.
In the “latch” mode (logic HIGH), the output will reflect the input state just prior to the comparator
being placed in the “latch” mode. LATCH ENABLE must be driven in conjunction with
LATCH ENABLE for the AD96687.
-Negative supply terminal, nominally -5.2V.
- One of two complementary outputs. Q will be at logic HIGH if the analog voltage at the NON
INVERTING INPUT is greater than the analog voltage at the INVERTING INPUT (provided
the comparator is in the “compare” mode). See LATCH ENABLE and LATCH ENABLE (AD96687
only) for additional information.
- One of two complementary outputs. Q will be at logic LOW if the analog voltage at the NONIN
VERTING INPUT is greater than the analog voltage at the INVERTING INPUT (provided the
comparator is in the “compare” mode). See LATCH ENABLE and LATCH ENABLE (AD96687
only) for additional information.
- One of two grounds, but primarily associated with the digital ground. Both grounds should be
connected together near the comparator.
- One of two grounds, but primarily associated with the analog ground. Both grounds should be
connected together near the comparator.
PIN DESIGNATIONS

AD96685BQ/TQ/BR

AD96687BQ/TQ/BR
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SYSTEM TIMING DIAGRAM

ts
tH
IPD

Ipd(E)

INPUT
VOLTAGE

tpw(E)
Vos
VoD

-

Minimum Setup Time
Minimum Hold Time
Input to Output Delay
LATCH ENABLE to Output Delay
Minimum LATCH ENABLE Pulse Width
Input Offset Voltage
Overdrive Voltage

DIE LAYOUT AND MECHANICAL INFORMATION
GROUND 1

+ VS

I

\

GROUND 2

/

NONINVERTING
INPUT

INVERTING____
INPUT

LATCH ENABLE

LATCH ENABLE

Die Dimensions
Pad Dimensions
Metalization
Backing
Substrate Potential
Passivation
Die Attach
Bond Wire

44 x 50 x 15 (±2) mils
4x4 mils
Aluminum
None
-Vs
Oxynitride
Gold Eutectic
1.25 mil, Aluminum; Ultrasonic Bonding
or lmil, Gold, Gold Ball Bonding

Die Dimensions
Pad Dimensions
Metalization
Backing
Substrate Potential
Passivation
Die Attach
Bond Wire

77x60x 15(±2)mils
4x4 mils
Aluminum
None
-Vs
Oxynitride
Gold Eutectic
1.25 mil, Aluminum; Ultrasonic Bonding
or lmil, Gold, Gold Ball Bonding

AD96685

-Vs

LATCH ENABLE

------ GROUND

-Vs------

INVERTING
INPUT

-------Q

NONINVERTING
INPUT

------ Q

NONINVERTING
INPUT

-------Q

INVERTING
INPUT

------ Q

------ GROUND

+ VS------

______ /
LATCH ENABLE
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AD96687

AD96685/AD96687
APPLICATIONS INFORMATION
The AD96685/87 comparators are very high speed devices.
Consequently, high speed design techniques must be employed
to achieve the best performance. The most critical aspect of any
AD96685/87 design is the use of a low impedance ground plane.
Another area of particular importance is power supply decoupling.
Normally, both power supply connections should be separately
decoupled to ground through 0.1 pF ceramic and 0.001 pF mica
capacitors. The basic design of comparator circuits makes the
negative supply somewhat more sensitive to variations. As a
result more attention should be placed on insuring a “clean”
negative supply.
The LATCH ENABLE input is active LOW (latched). If the
latching function is not used, the LATCH ENABLE input
should be grounded (ground is an ECL logic HIGH). The
LATCH ENABLE input of the AD96687 should be tied to
— 2.0V or left “floating,” to disable the latching function. An
alternate use of the LATCH ENABLE input is as a hysteresis
control input. By varying the voltage at the LATCH ENABLE
input for the AD96685 and the differential voltage between both
latch inputs for the AD96687, small variations in the hysteresis
can be achieved.

Occasionally, one of the two comparator stages within the AD96687
will not be used. The inputs of the unused comparator should
not be allowed to “float.” The high internal gain may cause the
output to oscillate (possibly affecting the other comparator which
is being used) unless the output is forced into a fixed state. This
is easily accomplished by insuring that the two inputs are at
least one diode drop apart, while also grounding the LATCH
ENABLE input.

The best performance will be achieved with the use of proper
ECL terminations. The open-emitter outputs of the AD96685/87
are designed to be terminated through 500 resistors to —2.0V,
or any other equivalent ECL termination. If high speed ECL
signals must be routed more than a few centimeters, MicroStrip
or StripLine techniques may be required to insure proper transition
times and prevent output ringing.
The AD96685/87 have been specifically designed to reduce
propagation delay dispersion over an input overdrive range of
lOOmV to IV. Propagation delay dispersion is the change in
propagation delay which results from a change in the degree of
overdrive (how far the switching point is exceeded by the input).
The overall result is a higher degree of timing accuracy since
the AD96685/87 is far less sensitive to input variations than
most comparator designs.
MIL-STD-883 COMPLIANCE INFORMATION
The AD96685TE/TH/TQ/883B and AD96687TE/TQ/883B
devices are classified within Microcircuits Group 50, Technology
Group D (Bipolar Comparators); and are constructed in accordance
with the latest revision of MIL-STD-883. The AD96685 and
AD96687 are electrostatic sensitive and fall within electrostatic
sensitivity classification Class 1. Percent Defective Allowance
(PDA) is computed based on Subgroup 1 of the specified Group
A test list. Quality Assurance (QA) screening is in accordance
with Alternate Method A of Method 5005.
The following apply: Burn-In per 1015; Life Test per 1005;
Electrical Testing per 5004. (Note: Group A electrical testing
assumes Ta = Tc = Tj.) MIL-STD-883-compliant devices are
makred with “C” to indicate compliance to the latest revision of
the standard.

Typical Applications
HIGH SPEED SAMPLING CIRCUIT

HIGH SPEED WINDOW COMPARATOR
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Boldface Type: Product recommended for new design.

Instrumentation Amplifiers

Selection Guide

Orientation
Instrumentation Amplifiers
An instrumentation amplifier is a committed “gain block” that
measures the difference between the voltages existing at its two
input terminals, amplifies it by a precisely set gain - usually
from 1V/V to 1000V/V or more - causes the result to appear
between a pair of terminals in the output circuit. Referring to
Figure 1,
Vs - VR = G(V+ - V")

An ideal differential instrumentation amplifier responds only to
the difference between the input voltages. If the input voltages
are equal (V+ = V- = VCM, the common-mode voltage), the
output of the ideal instrumentation amplifier will be zero.

SPECIFYING INSTRUMENTATION AMPLIFIERS
The instrumentation amplifier chosen for a given application
will be the lowest cost device that satisfies the performance and
environmental requirements. In addition to the products listed
here, which are recommended for new designs, a number of
older products are still available; data sheets are available upon
request. It is essential that the designer have a firm understanding
of the specifications of instrumentation amplifiers and of the
contributions of the various sources of error to the total error.
The data sheets provide much useful application data on these
devices, as well as examples of basic error analyses.

Definitions of the key specifications follow a brief discussion of
instrumentation-amplifier architectures. For more complete
information on the fundamentals and applications of instrumen
tation amplifiers, a number of publications are available from
Analog Devices.1,2
INSTRUMENTATION AMPLIFIER ARCHITECTURE
Basic Analog Devices instrumentation amplifiers have two highimpedance input terminals, a set of terminals for gain program
ming, an “output” terminal and a pair of feedback terminals,
labeled sense and reference, as well as terminals for power supply
and offset trim. Gain is programmable in three ways:

An amplifier circuit which is optimized for performance as an
instrumentation amplifier gain block has high input impedance,
low offset and drift, low nonlinearity, stable gain and low effective
output impedance. It is commonly used for applications which
capitalize on these advantages. Examples include: transducer
amplification - for thermocouples, strain-gage bridges, current
shunts and biological probes; preamplification of small differential
signals superimposed on high common-mode voltages, signal
conditioning and (moderate) isolation for data acquisition; and
signal translation for differential and single-ended signals wherever
the common “ground” is noisy or of questionable integrity.
Single-ended software-programmable gain amplifiers, such as
the AD526, with fixed binary gains of 1, 2, 4, 8, etc., are often
listed with instrumentation amplifiers. They are used in systems
having a “clean” signal ground to provide appropriate amounts
of digitally controlled gain to normalize the level of the output
signal to correspond to a large fraction of the input range of an
A/D converter; they can thus be used as components of a floating
point A/D conversion system to preserve accuracy over a wide
dynamic range. See also “Data-Acquisition Subsystems” in the
Data Conversion Products Databook.

Instrumentation amplifiers are usually chosen in preference to
user-assembled op-amp circuitry because they offer optimized,
specified performance in low-cost, easy-to-use, compact packages.
If the application calls for high common-mode voltages (typically,
voltages in excess of the amplifier supply voltage), or if isolation
impedances must be very high (e.g., 101OI1, with galvanic isolation,
as in medical and industrial applications), the designer should
consider an isolation amplifier.
NOTES
'Application Note: “A User’s Guide to IC Instrumentation Amplifiers,”
by J. Riskin, available upon request.
transducer Interfacing Handbook, D.H. Sheingold, ed., 1980. $14.50,
Analog Devices, Inc., P.O. Box 9106, Norwood, MA 02062-9106

• The gain of basic amplifiers, such as the AD521, AD522
and AD625, is established by connecting resistors externally.
Such circuits are generally used for dedicated fixed-gain
applications.
• Pin-programmable amplifiers, such as the AD524 and AD624,
have a set of internal resistors; a limited set of fixed gains in
the range of 1 to 1,000 are chosen by appropriately intercon
necting the resistors via external pins. The connections can be
fixed or switched via DIP switches or reed relays (if CMOS
switches are used, the on resistance of the switches must be
considered in series with the internal gain resistors).
• Digitally (or “software-”) programmable amplifiers are com
pletely self-contained, with gains set by a 2-, 3- or 4-bit digital
control word. These devices include the AD365 (with gains of
1, 10, 100, 500) and the AD526 (with binary gains of 1-16,
cascadable to 256).

Except for the AD521, the differential input amplifiers use
variations of the well known three-op-amp configuration, con
sisting of a differential input-output gain stage and a subtractor
stage. Gain (<S1V/V) is set by the choice of a single gain-setting
resistor, RG. When the sense (Vs) feedback terminal is connected
to the output terminal, and the reference terminal (Vr) is connected
to power common, the output voltage appears between the
output terminal and power common.
The Vs and VR terminals may be used for remote sensing - to
establish precise outputs in the presence of line drops; they may
be used with an inside-the-loop booster follower to obtain power
amplification without loss of accuracy; and they may be used to
establish an output current that is precisely proportional to the
difference signal. A voltage applied to the VR terminal will bias
the output by a predetermined amount. It is important always
to maintain very low impedance (in relation to the specified Vs
and VR input impedances) when driving the Vs and VR inputs,
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in order not to introduce common-mode, gain, and/or offset
errors. In devices using the 3-amplifier configuration, the VR
terminal is sometimes used for “tweaking” common-mode
rejection.
SPECIFICATIONS
Specification tables are generally headed by the legend: “specifi
cations are typical at Vs = ± 15V, Ri. = 2kfl, and TA = + 25°C,
unless otherwise specified.” This tells the user that these are the
normal operating conditions under which the device is tested.
Deviations from these conditions might degrade (or improve)
performance. When deviations from the “normal” conditions
are likely (such as a change in temperature), the significant
effects are usually indicated within the specs. “Typical” means
that the manufacturer’s characterization process has shown this
number to be in the middle of a distribution.
Specifications not discussed in detail are self-explanatory and
require only a basic knowledge of electronic measurements.
Such specs are not uniquely applicable to instrumentation amps.

GAIN: These specifications refer to the linear transfer function
of the device; for example, the AD524 gain equation is:
G = 1 +

40,000
Ro

v/v

The value of RG for a given gain value is:
Rg =

WOO

G-l

For example, if G is to be 200V/V,

Rg = 201 ohms.

Gain Range: Specified at 1 to 1,000, for example, resistorprogrammable devices may work at higher gains (1V/V is
minimum, except for the AD521), but the manufacturer does
not specify performance outside the range. In practice, noise
and drift may make higher gains impractical for a given device.
Equation Error (or “Gain Accuracy”): The number given by this
specification describes deviation from the gain equation when
Rg is at its nominal value. The user can trim the gain or compensate
for gain error elsewhere in the overall system. Systems using
microprocessors (or computers, or other digital “intelligence”)
can be made self-calibrating, to take into account the lumped
gain errors of all the stages in the analog portion of the system,
from transducer to A/D converter.
Nonlinearity (or Gain Nonlinearity): Nonlinearity is defined as
the deviation from a straight line on the plot of output vs. input.
The magnitude of linearity error is the maximum deviation from
a “best-straight line,” with the output swinging through its fullscale range. Nonlinearity is usually specified in percent of full-scale
output range.

‘There is a good explanation of the specification of offset in the
Application Note: “A User’s Guide to IC Instrumentation
Amplifiers,” by J. Riskin, available upon request.
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Gain vs. Temperature: These numbers give the deviations from
the gain equation as a function of temperature.

SETTLING TIME is defined as that length of time required
for the output voltage to approach and remain within a certain
(±) tolerance of its final value. It is usually specified for a fast
step that will drive the output through its full-scale range, and
it includes slewing time. Since several factors contribute to the
overall settling time, fast settling to 0.1% does not necessarily
mean proportionally fast settling to 0.01%, nor is settling time
necessarily proportional to gain. Principal contributing factors
include slew-rate limiting, underdamping (ringing) and thermal
gradients (long tails).
GAIN-BANDWIDTH PRODUCT (GBWP) - the product of
the highest gain and its corresponding bandwidth - is a rough
figure of merit for bandwidth as an aid to the preliminary screening
process. However, since gain and bandwidth are not necessarily
in exact inverse proportion, it can be a misleading specification,
especially at the lower gains, if interpreted literally.

VOLTAGE OFFSET: Voltage offset and common-mode rejection
(see below) specifications are often considered the key figures of
merit for instrumentation amplifiers. While initial offset can be
adjusted to zero, shifts in offset voltage with time and temperature
introduce errors. Systems that involve “intelligent” processors
can correct for offset errors in the whole measurement chain,
but such applications are still relatively infrequent; in most
applications, the instrumentation amplifier’s contribution to
system offset error must be defined.

Voltage offset and offset drift in instrumentation amplifiers are
functions of gain.1 The offset, measured at the output, is equal
to a constant plus a term proportional to gain. For an amplifier
with specified performance over a gain range from 1 to 1,000,
the constant is essentially the offset at unity gain, and the pro
portionality term (or slope) is equal to the change in output
offset between G = 1 and G = 1,000, divided by 999. To refer
offset to the input (RTI), divide the total output offset by the
gain. Since offset at a gain of 1,000 is dominated by the proportional
term, the slope is often called the “RTI offset, G = 1,000.” At
any value of gain, the offset is equal to the unity-gain offset plus
the product of the gain and the “RTI offset.”
The same considerations apply to the offset drift. For example,
the maximum RTI drift of the AD624C is specified at O.25p.V/°C.
Thus, the output drift is (O.25|xV/°C x G) + 10p.V/°C at any
gain, G, in the range.

Voltage offset as a function of power supply level is also specified
RTI at one or more gain settings.

INPUT BIAS AND OFFSET CURRENTS: Input bias currents
are those currents needed to bias the input transistors of a de
amplifier or to supply the junction leakage of FETs. FET-input
devices have lower bias currents than those using bipolar tran
sistors, but FET leakage currents increase dramatically with
temperature, approximately doubling every 11°C. Since bias
currents can be considered as a source of voltage offset (when
multiplied by source resistance), the change in bias currents is
of more concern than the magnitude of the bias currents. Input
offset current is the difference between the two input bias
currents.

Important Note
Although instrumentation amplifiers have differential
inputs, there must be a return path for the bias
currents. If it is not provided, those currents will
charge stray capacitances, causing the output to
drift uncontrollably or to saturate. Therefore, when
amplifying outputs of “floating” sources, such as
transformers and thermocouples, as well as ac-coupled
sources, there must still be a path from each input
to common, or to the guard terminal. If a de return
path is impracticable, an isolator must be used.

COMMON-MODE REJECTION (CMR) is a measure of the
change in output voltage when both inputs are changed by
equal amounts. CMR is usually specified for a full-range common
mode voltage change (CMV) at a given frequency, and a specified
imbalance of source impedance (e.g. lkfl source unbalance, at
60Hz). CMR is a logarithmic expression of the common-mode
rejection ratio (CMRR): CMR = 20 log10 (CMRR). The common
mode rejection ratio is defined as the ratio of the signal gain, G,
to the ratio of common-mode signal appearing at the output to
the input CMV.
In most instrumentation amplifiers, the CMR increases with
gain because the front-end configuration does not amplify
common-mode signals, and the amount of common-mode signal
appearing at the output stays relatively constant as the signal
gain (G) increases.

However, at higher gains, amplifier bandwidth decreases. Since
differences in phase shift through the differential input stage
will show up as common-mode errors, CMR becomes more
frequency-dependent at high gains.
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ANALOG
DEVICES
FEATURES
Software Programmable Gain (1, 10, 100, 500)
Low Input Noise (0.2|iV p-p)
Low Gain Error (0.05% max)
Low Nonlinearity (0.005% max)
Low Gain Drift (10ppm/°C max)
Low Offset Drift (2pV/°C RTI max)
Fast Settling (15ps @ Gain 100)
Small 16-Pin Metal DIP

APPLICATIONS
Digitally Controlled Gain Amplifier
Auto-Gain Ranging Amplifier
Wide Dynamic Range Measurement System
Gain Selection/Channel Amplifier
Transducer/Bridge Amplifier
Test Equipment

Programmable Gain & T/H
DAS Amplifier
AD365
AD365 FUNCTIONAL BLOCK DIAGRAM

T/H

TH IN

IA OUT

+ VS

-Vs

DO

DI

HIGHLIGHTS
The AD365 is a two stage data acquisition system (DAS) front
end consisting of a digitally selectable gain amplifier followed by
an independent track/hold amplifier. The programmable gain
amplifier features differential inputs for excellent common-mode
rejection, high open loop gain for superior linearity, and fast
settling for use in multiplexed high speed systems. The track/hold
amplifier features high open loop gain for 12-bit compatible
linearity, internal hold capacitor for high reliability, and fast
acquisition time for use with multichannel systems. Both amplifiers
are capable of being used separately and are specified as inde
pendent function blocks.
GENERAL DESCRIPTION
The AD365 is comprised of the AD625 monolithic precision
instrumentation amplifier to provide a precision differential
input, the AD7502 monolithic CMOS multiplexer to handle
gain switching, a precision thin-film resistor network, and the
AD585 monolithic track and hold amplifier with internal hold
capacitor.

DGND

The input stage provides high common-mode rejection, low
noise, fast settling at all gains, and low drift over temperature.
The gains of 1, 10, 100, and 500 are digitally selected with the
two gain control lines which are 5V CMOS compatible.
The track and hold amplifier section is ideally suited for high
speed 12-bit applications where fast settling, low noise, and low
sample-to-hold offset are critical. The T/H mode is controlled
with a single input line which can be tied to the status output
line of the accompanying A/D converter.
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SPECIFICATIONS

(typical @ Vs = ± 15V, RL = 2kfl and T* = +25°C unless otherwise specified)

AD365AM

Min

PGA GAIN
*
Inaccuracy
@G=l,10,100
@G=500
Nonlinearity
@G=1,10,100
@G = 500
Drift
@G=1
@G= 10,100,500

PGA OFFSET (May be Nulled at Input and Output)
Input Offset Voltage (RTI)
vs. Temperature
vs. Common-Mode Voltage
vs. Supply Voltage
Output Offset Voltage (RTO)
vs. Temperature
vs. Common-Mode Voltage
vs. Supply Voltage
PGA INPUT
Common- Mode and Differential Impedance
Differential Input Voltage, Linear
Common-Mode Voltage, Linear
Input Stage Noise 0.1 to 10Hz
Input Stage Noise Density @ 1kHz
Bias Current
vs. Temperature
Offset Current
vs. Temperature
Noise Current (0.1 to 10Hz)

PGA OUTPUT
Voltage 2kflLoad
Output Impedance
Short Circuit Current
Capacitive Load
Output Stage Noise 0.1 to 10Hz
Output Stage Noise Density @ 1kHz
Guard Voltage
Guard Offset

10

10

PGA DYNAMIC RESPONSE
Small Signal - 3dB
G=1
G=10
G=100
G = 500
Full Power Bandwidth G = 1 @ Vo = 20V p-p
Slew Rate
Settling Time to0.01%@ Vo = 20V p-p
G=l,10
G=100
G = 500
Gain Switching Time
Overdrive Recovery Time ViN= 15V@G = 1
PGA DIGITAL INPUTS
Logic Low
Logic High
Current, I[NH or IINE

4-S INSTRUMENTATION AMPLIFIERS

Typ

Max

Units

0.02
0.04

0.05
0.1

%
%

0.005
0.01

%
%

1
3

5
10

ppm/°C
ppm/°C

25
0.1
0.5
1
1
30
60
60

200
2
3.2
10
5
150
316
316

nV
pV/°C
pV/V
pV/V
mV
pV/°C
pV/V
pV/V

lolls
12
12 -VDIFF x G/2
0.2
4
5
50
50
20
2
20
60

n||pF
V
V
pV p-p
nV/VHz
nA
pA/°C
nA
pA/°C
pAp-p

12
0.2
25
500
10
75
(V + IN + V_lN)/2
-550

V
fl
mA
pF
pV p-p
nV/VHz
V
mV

800
400
150
40
60
4

kHz
kHz
kHz
kHz
kHz
V/ps

8
12
40
1.5
7
0
3.0
0.01

10
15
50

pis
pis
pis
pis
pis

0.8
+ VS
1

V
V
pA

AD365
AD365AM

Min

Typ

)00k

200k

Max

Units

TRACK AND HOLD AMPLIFIER SECTION
TRANSFER CHARACTERISTICS
Open Loop Gain V<>= 10V, R| - 2k
Nonlinearity (« G = + 1
Output Voltage R|, = 2kl 1
Capacitive Load
Short Circuit Current

0.005
10

12
100
25

TRACK MODE DYNAMICS
Acquisition Time to0.01% 10V Step
20V Step
Small Signal Bandwidth - 3dB
Full Power Bandwidth (20V p-p)
Slew Rate

2
4
2
120
10

TRACK/HOLD SWITCHING
Aperture Time
Aperture Uncertainty
Switching T ransient
Settling Time to 2m V

35
0.5
40
0.5

HOLD MODE
Droop Rate (a + 25°C
fromTAMBii-N rto T.max
Feedthrough
Pedestal, Offset (<t + 25°C
O ver Temperature

0.3
Doubles/10°C
25
2
3

T/H ANALOG INPUT
Bias Current
Over Temperature
Offset Voltage
Over Temperature
vs. Common Mode
vs. Supplies
Input Impedance
Noise Density (a 1kHz
NoiseO.lHzto 10Hz

T/H DIGITAL INPUT CHARACTERISTICS
Logic Low (Hold Mode)
Logic High (Track Mode)
Input Current
AD365 POWER REQUIREMENTS
Positive Supply Range
Negative Supply Range
Quiescent Current
Power Dissipation
Warm-Up Time to Specification
Ambient Operating Temperature
Package Thermal Resistance (flja)
AD365 ABSOLUTE MAXIMUM RATINGS
Positive Supply + Vs
Negative Supply -Vs
Analog Input Voltage
Analog Input Current
Digital Input Voltage
T/H Differential Vin
Storage Temperature
Lead Soldering, 10 Sec
Short Circuit Duration

3
5

M-s
JXS

MHz
kHz
V/jis
ns
ns
mV
PLS

1

3

0.1
0.2

25
100
1012||10
50
10

0
2.0
10

+ 11
- 11
12
360
5

nA
nA
mV
mV
jjlV/V
pV/V
O||pF__
nV/\ Hz
pV p-p

0.8
+ VS
50

V
V
P-A

+ 17
-17
16
550

V
V
mA
mW
Minutes
°C
°C/W

60
-0.3
+ 0.3
-Vs
-10
-0.3

;

V/sec
V/sec
jiV/V
mV
mV

2
5
2
3
100
316

+ 85

-25

-65

V/V
% FSR
V
pF
mA

+ 17
- 17
+ VS
+ 10
+ VS
±30
+ 150
300

Vdc
Vdc
V
mA
V
V
°C
°C

Indefinite

PACKAGE OPTION2
DH-16B
NOTE
'Gain= 10,100 and 500 are trimmed and tested ratiometric toG = 1.
2 See Section 20 for package outline information.
Specifications subject to change without notice.
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Typical Characteristics (@ + 25°C unless otherwise noted)

I
G = 10
I . .....
G = 100. 500

g

z

H

i

10

O
>

o 10.0

1

80(

0.1
5
10
15
SUPPLY VOLTAGE - ±V

20

Figure 1. AD365 Quiescent
Current vs. Supply Voltage

10

100
1k
FREQUENCY - Hz

°

i

£
□
U 12.0

10k

Figure 2. PGA RTI Noise
Spectra! Density vs. Gain

100k

§

z
K

CURRENT NOISE SPECTRAL DENSITY

1000
I-

E 14.0

S

<

-

i

IaVHz

16 0

1

10

100
1k
FREQUENCY - Hz

10k

Figure 3. PGA Input Current
Noise

FREQUENCY - Hz

Figure 4. PGA CMRR vs.
Frequency RTI, Zero to 1kFl
Source Imbalance

Figure 5. PGA Large Signal
Frequency Response

Figure 7. PGA Offset Voltage,
RTI, Turn On Drift

Figure 8. PGA PSRR vs.
Frequency

Current vs. Temperature
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Figure 11. PGA Large Signal
Pulse Response and Settling
Time, G = 100

Figure 6. PGA Gain vs.
Frequency

Figure 9. PGA Settling Time
to 0.01%

Figure 12. Sample-to-Hold
Settling Time

100k

Theory of Operation - AD365
The AD365 PGA section uses the AD625 monolithic instrumen
tation amplifier based on a modification of the classic three-op-amp
approach. Monolithic construction and laser-wafer-trimming
allow the tight matching and tracking of circuit components.
This insures the high level of performance inherent in this circuit
architecture.

A preamp stage (Q1-Q4) provides additional gain to Al and A2.
Feedback from the outputs of Al and A2 forces the collector
currents of Q1-Q4 to be constant, thereby, impressing the input
voltage across Rg This creates a differential voltage at the outputs
of Al and A2 which is given by the gain (2Rf/Rg + 1) times
the differential portion of the input voltage. The unity gain
subtractor, A3, removes any common-mode signal from the
output voltage yielding a single ended output, Vout> referred to
the potential at the reference pin.
Digital gain control is provided using the DO and DI inputs
(pins 14 and 15) which are decoded internally in the gain switching
AD7502 as shown in Figure 15 below. The switch selects the
resistance Rg from the laser trimmed resistor network according
to the following gain select table.

DI

DO

PGA GAIN

0
0
1
1

0
1
0
1

1
10
100
500

Figure 14. Input Protection Circuit for PGA

necessary to protect the PGA under all overload conditions at
any gain. The diodes to the supplies are only necessary if input
voltages outside of the range of the supplies are encountered.

REFERENCE TERMINAL
The reference terminal may be used to offset the output by up
to ±2V. This is useful when the load is “floating” or does not
share a ground with the rest of the system. It also provides a
direct means of injecting a precise offset. It must be remembered,
however, that the total output swing, to be shared between
signal and reference offset, should be ± 10 volts (from ground).

The PGA section reference terminal must be presented with
nearly zero impedance. Any significant resistance, including
those caused by PC layouts or other connection techniques, will
increase the gain of the noninverting signal path, thereby, upsetting
the common-mode rejection of the In-Amp. Inadvertent ther
mocouple connections created in the sense and reference lines
should also be avoided as they will directly affect the output
offset voltage and output offset voltage drift.

In the AD625, a reference source resistance will unbalance the
CMR trim by the ratio of 10kfl/RREF- For example, if the reference
source impedance is ID, CMR will be reduced to 80dB (lOkfl/lfl
= 80dB). An operational amplifier may be used to provide the
low impedance reference point as shown in Figure 15. The
input offset voltage characteristics of that amplifier will add
directly to the output offset voltage performance of the in
strumentation amplifier.

Figure 13. Simplified Circuit of the PGA

INPUT PROTECTION
Differential input amplifiers frequently encounter input voltages
outside of their linear range of operation. There are two consid
erations when applying input protection for the PGA; 1) that
continuous input current must be limited to less than 10mA and
2) that input voltages must not exceed either supply by more
than one diode drop (approximately 0.6V @ 25°C).
Under differential overload conditions there is (Rg + 300)11 in
series with two diode drops (approximately 1.2V) between the
plus and minus inputs, in either direction. With no external
protection and Rq very small (i.e., 800 @ G = 500), the maximum
overload voltage the PGA can withstand, continuously, is ap
proximately ± 5V. Figure 14 shows the external components
Figure 15. Software Controllable Offset
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The circuit of Figure 15 also shows a CMOS DAC operating in
the bipolar mode and connnected to the reference terminal to
provide software controllable offset adjustments. The total offset
range is equal to ± (VREE/2 x R5/R4). To be symmetrical about
OV, R3 must be equal to 2 x R4.
The offset per bit is equal to the total offset range divided by
2N, where N = number of bits of the DAC. The range of offset
for Figure 15 is ± 120mV, and the offset is incremented in steps
of 0.9375mV/LSB.
INPUT AND OUTPUT OFFSET VOLTAGE
Offset voltage specifications are often considered a figure of
merit for instrumentation amplifiers. While initial offset may be
adjusted to zero, shifts in offset voltage due to temperature
variations will cause errors. Intelligent systems can often correct
for this factor with an auto-zero cycle, but this requires extra
circuitry.
Offset voltage and offset voltage drift each have two components:
input and output. Input offset is that component of offset that
is generated at the input stage. Measured at the output it is
directly proportional to gain, i.e., input offset as measured at
the output at G = 100 is 100 times greater than that measured
at G = 1. Output offset is generated at the output and is constant
for all gains. Input errors dominate at high gains and output
errors dominate at low gains.

cables are used to minimize noise. This technique can create
common-mode rejection errors unless the shield is properly
driven. Figure 17 shows active data guards which are configured
to improve ac common-mode rejection by “bootstrapping” the
capacitances of the input cabling, thus minimizing differential
phase shift.
GROUNDING
In order to isolate low level analog signals from a noisy digital
environment, many data-acquisition components have two or
more ground pins. These grounds must eventually be tied together
at one point. It would be convenient to use a single ground line,
however, current through ground wires and pc runs of the circuit
card can cause hundreds of millivolts of error. Therefore, separate
ground returns should be provided to minimize the current flow
from the sensitive points to the system ground (see Figure 18).
Since the AD365 output voltage is developed with respect to the
potential on the reference terminal, it can solve many grounding
problems.

By separating these errors, one can evaluate the total error inde
pendent of the gain. For a given gain, both errors can be combined
to give a total error referred to the input (RTI) or output (RTO)
by the following formula:

Total Error RTI = input error + (output error/gain)
Total Error RTO = (Gain x input error) + output error
The AD365 provides for input offset voltage adjustment (see
Figure 16). This simplifies nulling in very high precision appli
cations and minimizes offset voltage effects in switched gain
applications. In such applications the input offset is adjusted
first at the highest programmed gain, then the output offset is
adjusted at G = 1. If only a single null is desired, the input
offset null should be used. The most additional drift when using
only the input offset null is 0.9p.V/°C, RTO.

Output offset adjustment is normally provided by the A/D con
verter offset adjustment which will compensate for the output
offset of the PGA, offset of the T/H amplifier, and offset of the
A/D.

Figure 16. Input Voltage Offset Adjustment

COMMON-MODE REJECTION
In an instrumentation amplifier, degradation of common-mode
rejection is caused by a differential phase shift due to differences
in distributed stray capacitances. In many applications shielded

Figure 17. Common-Mode Shield Driver
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Figure 18. Basic Grounding Practice

GROUND RETURNS FOR BIAS CURRENTS
Input bias currents are those currents necessary to bias the
input transistors of a de amplifier. There must be a direct return
path for these currents, otherwise they will charge external
capacitances, causing the output to drift uncontrollably or saturate.
Therefore, when amplifying “floating” input sources such as
transformers, or ac-coupled sources, there must be a de path
from each input to ground as shown in Figure 19.

Figure 19a. Ground Returns for Bias Currents with
Transformer Coupled Inputs

Figure 19b. Ground Returns for Bias Currents with ac
Coupled Inputs

AD365
AUTO-ZERO CIRCUITS
In many applications it is necessary to maintain high accuracy.
At room temperature, offset effects can be nulled by the use of
offset trimpots. Over the operating temperature range, however,
offset nulling becomes a problem. For these applications the
auto-zero circuit of Figure 20 provides a hardware solution.

Figure 21. Pictorial Showing Various T/H Characteristics

TRACK-TO-HOLD TRANSITION
The aperture delay time is the time required for the track-and-hold
amplifier to switch from track to hold. Since this is effectively a
constant, it may be tuned out. If however, the aperture delay
time is not accounted for then errors of the magnitude as shown
in Figure 22 will result.

OTHER CONSIDERATIONS
One of the more overlooked problems in designing ultra-low-drift
de amplifiers is thermocouple induced offset. In a circuit comprised
of two dissimilar conductors (i.e., copper, kovar), a current
flows when the two junctions are at different temperatures.
When this circuit is broken, a voltage known as the “Seebeck”
or thermocouple emf can be measured. Standard IC lead material
(kovar) and copper form a thermocouple with a high thermoelectric
potential (about 35p.V°C). This means that care must be taken
to insure that all connections (especially those in the input circuit
of the AD365) remain isothermal. This includes the input leads
(1, 2). In addition, the user should also avoid air currents over
the circuitry since slowly fluctuating thermocouple voltages will
appear as “flicker” noise.

The base emitter junction of an input transistor can rectify outof-band signals (i.e., RF interference). When amplifying small
signals, these rectified voltages act as small de offset errors. In
the case of a resistive transducer, a capacitor across the input
working against the internal resistance of the transducer may
suffice to provide an RC filter. These capacitances may also be
incorporated as part of the external input protection circuit (see
section on input protection). As a general practice every effort
should be made to match the extraneous capacitance at pins 1
and 2, to preserve high ac CMR.

THEORY OF OPERATION - T/H SECTION
In sampled data systems there are a number of limiting factors
in digitizing high frequency signals accurately. Figure 21 shows
pictorially the track-and-hold errors that are the limiting factors.
In the following discussions of error sources the errors will be
divided into the following groups: 1. Track-to-Hold Transition,
2. Hold Mode and 3. Hold-to-Track Transition.

Figure 22. Aperture Delay Error vs. Frequency

To eliminate the aperture delay as an error source the track-to-hold
command may be advanced with respect to the input signal.

Once the aperture delay time has been eliminated as an error
source then T/H trigger uncertainty/jitter and internal aperture
jitter which are the variations in aperture delay time from sampleto-sample remain. The aperture jitter is a true error source and
must be considered. The aperture jitter is a result of noise within
the switching network which modulates the phase of the hold
command and is manifested in the variations in the value of the
analog input that has been held. The aperture error which results
from this jitter is directly related to the dV/dt of the analog
input.

The error due to aperture jitter is easily calculated as shown
below. The error calculation takes into account the desired
accuracy corresponding to the resolution of the N-bit A/D
converter.
max

tt

2~(n + 1)
(Aperture Jitter)
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For an application with a 12-bit A/D converter with a 10V full
scale to a 1/2LSB error maximum:
F

2~(12 + D

x max

n (0.5 x 10~9)

77.7kHz

that a sampled data system must sample, convert and acquire
the next point at a rate at least twice the signal frequency. Thus
the maximum input frequency is equal to

f_________ I__________
MAX

Track-to-hold offset is caused by the transfer of charge to the
holding capacitor via the gate capacitance of the switch when
switching into hold. Since the gate capacitance couples the
switch-control voltage applied to the gate on to the hold capacitor,
the resulting track-to-hold offset is a function of the logic level
applied to the gate and the change in the gate capacitance over
temperature.
HOLD MODE
In the hold mode there are two important specifications that
must be considered; feedthrough and the droop rate. Feedthrough
errors appear as an attenuated version of the input at the output
while in the hold mode. Hold-Mode feedthrough varies with
frequency, increasing at higher frequencies. Feedthrough is an
important specification when a track and hold follows an analog
multiplexer that switches among many different
channels.

2(Tacq + Tconv + Tap)

Where TAcq is the acquisition time of the sample-to-hold
amplifier, Tap is the maximum aperture time (small enough to
be ignored) and TCOnv is the conversion time of the A/D
converter.

DATA ACQUISITION SYSTEMS
The fast acquisition time of the AD365 when used with a high
speed A/D converter allows accurate digitization of high frequency
signals and high throughput rates in multichannel data acquisition
systems. The AD365 can be used with a number of different
A/D converters to achieve high throughput rates. Figures 23
and 24 show the use of an AD365 with the AD578 and

Hold-mode droop rate is the change in output voltage per unit
of time while in the hold mode. Hold mode droop originates as
leakage from the hold capacitor, of which the major leakage
current contributors are switch leakage current and bias current.
The rate of voltage change on the capacitor dV/dt is the ratio of
the total leakage current IL to the hold capacitance CHd dVouT ,,, . ,c .
Il(pA)
Droop Rate = —-,---- (Volts/Sec) = ----------dt
CH(pF)

For the AD365 in particular;

Droop Rate =

lOOpA
= 1 V/sec maximum
lOOpF

Figure 23. A/D Conversion System, 117.6kHz Throughput
58.8kHz Max Signal Input

Additionally the leakage current doubles for every I0°C increase
in temperature above 25°C; therefore, the hold-mode droop rate
characteristic will also double in the same fashion.
Since a track and hold is used typically in combination with an
A/D converter, then the total droop in the output voltage has to
be less than 1/2LSB during the period of a conversion. The
maximum allowable signal change on the input of an A/D converter
is:
AV max =

Full Scale Voltage
2(N + 1)

Once the maximum AV is determined then the conversion time
of the A/D converter (tcoNv) is required to calculate the maximum
allowable dV/dt.
dV max _ AV max
dt
tcONV
The maximum dVjnax a$ shown by tbe previous equation is
the limit not only at 25°C but at the maximum expected operating
temperature range. Therefore, over the operating temperature
range the following criteria must be met (Toperation — 25°C)
= AT.
(ATC)

dV 25°C
_ io°c
dV max
—;------ x 2
<----- —
dt
dt

HOLD-TO-TRACK TRANSITION
The Nyquist theorem states that a band-limited signal which is
sampled at a rate at least twice the maximum signal frequency
can be reconstructed without loss of information. This means
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Figure 24. 12-Bit A/D Conversion System, 26.3kHz
Throughput Rate, 13.1kHz Max Signa! Input

ANALOG
DEVICES

Integrated Circuit
Precision Instrumentation Amplifier
AD521

FEATURES

AD521 PIN CONFIGURATION

Programmable Gains from 0.1 to 1000
Differential Inputs
High CMRR: 110dBmin
Low Drift: 2pV/°C max (L)
Complete Input Protection, Power ON and Power OFF
Functionally Complete with the Addition of Two Resistors
Internally Compensated
Gain Bandwidth Product: 40MHz
Output Current Limited: 25mA
Very Low Noise: 0.5gV p-p, 0.1 Hz to 10Hz, RTI @ G = 1000
Chips are Available

PRODUCT DESCRIPTION
The AD521 is a second generation, low cost, monolithic IC
instrumentation amplifier developed by Analog Devices. As a
true instrumentation amplifier, the AD521 is a gain block with
differential inputs and an accurately programmable input/
output gain relationship.

The AD521 IC instrumentation amplifier should not be con
fused with an operational amplifier, although several manu
facturers (including Analog Devices) offer op amps which can
be used as building blocks in variable gain instrumentation
amplifier circuits. Op amps are general-purpose components
which, when used with precision-matched external resistors,
can perform the instrumentation amplifier function.
An instrumentation amplifier is a precision differential volt
age gain device optimized for operation in a real world envi
ronment, and is intended to be used wherever acquisition of a
useful signal is difficult. It is characterized by high input im
pedance, balanced differential inputs, low bias currents and
high CMR.

As a complete instrumentation amplifier, the AD521 requires
only two resistors to set its gain to any value between 0.1 and
1000. The ratio matching of these resistors does not affect the
high CMRR (up to 120dB) or the high input impedance (3 X
1O9J2) of the AD521. Furthermore, unlike most operational
amplifier-based instrumentation amplifiers, the inputs are
protected against overvoltages up to ±15 volts beyond the
supplies.

+70°C. The “S” grade guarantees performance to specification
over the extended temperature range: -55°C to +125°C.

PRODUCT HIGHLIGHTS
1. The AD521 is a true instrumentation amplifier in integrated
circuit form, offering the user performance comparable to
many modular instrumentation amplifiers at a fraction of
the cost.
2. The AD521 has low guaranteed input offset voltage drift
(2gV/° C for L grade) and low noise for precision, high gain
applications.

3. The AD521 is functionally complete with the addition of
two resistors. Gain can be preset from 0.1 to more than
1000.
4. The AD521 is fully protected for input levels up to 15V
beyond the supply voltages and 30V differential at the
inputs.
5. Internally compensated for all gains, the AD521 also offers
the user the provision for limiting bandwidth.
6. Offset nulling can be achieved with an optional trim pot.
7. The AD521 offers superior dynamic performance with a
gain-bandwidth product of 40MHz, full peak response of
100kHz (independent of gain) and a settling time of 5gs
to 0.1% of a 10V step.

The AD521 IC instrumentation amplifier is available in four
different versions of accuracy and operating temperature range.
The economical “J” grade, the low drift “K” grade, and the
lower drift, higher linearity “L” grade are specified from 0 to
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(typical @ Vs = ±15V, R| = 2kJ2and Ta = 25°C unless otherwise specified)
AD521SD

MODEL

GAIN
Range (For Specified Operation, Note 1)
Equation
Error from Equation
Nonlinearity (Note 2)
1CGC1000
Gain Temperature Coefficient
OUTPUT CHARACTERISTICS
Rated Output
Output at Maximum Operating Temperature
Impedance
DYNAMIC RESPONSE
Small Signal Bandwidth (±3dB)
G = 1
G= 10
G = 100
G = 1000
Small Signal. ±1.0% Flatness
G= 1
G = 10
G = 100
G = 1000
Full Peak Response (Note 3)
Slew Rate. 1CGC1000
Settling Time (any 10V step to within lOmV of Final Value)
G = 1
G = 10
G = 100
G = 1000
Differential Overload Recovery (±30V Input to within
lOmV of Final Value) (Note 4)
G = 1000
Common Mode Step Recovery (30V Input to within
lOmV of Final Value) (Note 5)
C> = 1000

AD521LD

(AD521SD/883B)

0.2% max
±(3 ±0.05G)ppm/°C

0.1% max
*

±(15 ±0.4G)ppm/°C

±10V, ±10mA min
± 10V
5mA min
o.m

*
*

AD521JD
1 to 1000
G = RS/RGV/V
(±0.25-0.0040%

>2MHz
300kHz
200kHz
40kHz

*
•
*
*

*
*
*
*

10ps

*

50ps

•

lOps

0.005VOSo/%

INPUT CURRENTS
Input Bias Current (either input)
vs. Temperature
vs. Supply
Input Offset Current
vs. Temperature

NOISE
Voltage RTO (p-p) @ 0.1Hz to 10Hz (Note 10)
RMS RTO, 10Hz to 10kHz
Input Current, rms, 10Hz to 10kHz

•
•
*

75kHz
26kHz
24kHz
6kllz
100k Hz
10V//ZS

VOLTAGE OFFSET (may be nulled)
Input Offset Voltage (VqS|)
vs. Temperature
vs. Supply
Output Offset Voltage (Vqsq)
vs. Temperature
vs. Supply (Note 6)

INPUT
Differential Input Impedance (Note 7)
Common Mode Input Impedance (Note 8)
Input Voltage Range for Specified Performance
(with respect to ground)
Maximum Voltage without Damage to Unit, Power ON
or OFF Differential Mode (Note 9)
Voltage at either input (Note 9)
Common Mode Rejection Ratio, DC to 60Hz with lkQ
source unbalance
G= 1
G = 10
G = 100
G = 1000

AD521KD

1.5mV max (0.5mV typ)
5pV/°C max (1.5/jV/ C typ)

l.OmV max (0.5mV typ)
2pV/°C max

•
200mV max (30mV typ)
150pV/°C max (50^VrC typ)
•

lOOmV max
75^V/°C max

••

80nA max
lnA/°C max
2%/V
20nA max
250pA/°C max

40nA max
500pA/°C max

••
••

••
••

•
lOnA max
125pA/°C max

••
••

••

3 x 10’ai|1.8pF
6x 101 °Q||3.0pF

•
•

±10V

•

30V
Vs ±15V

•
•

70dB min (74dB typ)
90dB min (94dB typ)
lOOdB min (104dB typ)
lOOdB mm (llOdB tvp)

74dB min (80dB typ)
94dB min (JOOdB typ)
104dB min (114dB typ)
llOdB min (120dB tVD>

••
••
•*
••

••
••
••

3mV max (2mV typ)
15pV/°C max (7juV/’C typ)
3pV/%
400mV max (200mV typ)
400jtV/°C max (150^V?C typ)

v(O.5G)3 t(225)!uV
V(1-2G)J +(50)’mV
15pA (rms)

REFERENCE TERMINAL
Bias Current
Input Resistance
Voltage Range
Gain to Output

3pA
10MT2
±10V
1

POWER SUPPLY
Operating Voltage Range
Quiescent Supply Current

±5V to±18V
5mA max

TEMPERATURE RANGE
Specified Performance
Operating
Storage

0 to +70°C
-25°Cto +85°C
-65°C to +150°C

-55°Cto +125°C
-55°Cto *
125°C
•

PACKAGE OPTION1
Ceramic (D-14)

NOTES
' See Section 20 for package outline information.
•Specifications same as AD521JD.
••Specifications same as AD521KD.
Specifications subject to change without notice.
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AD521JD

AD521KD

AD521LD

AD521SD

Applying the AD521
NOTES:
1. Gains below 1 and above 1000 are obtained by simply ad
justing the gain setting resistors. (Input voltage should be re
stricted to ±10V for gains equal to or less than 1.)

2. Nonlinearity is defined as the ratio of the deviation from
the “best straight line” through a full scale output range of
±9 volts. With a combination of high gain and ±10 volt output
swing, distortion may increase to as much as 0.3%.

3. Full Peak Response is the frequency below which a typical
amplifier will produce full output swing.
4. Differential Overload Recovery is the time it takes the ampli
fier to recover from a pulsed 30V differential input with 15 V
of common mode voltage, to within lOmV of final value. The
test input is a 30V, 10/ts pulse at a 1kHz rate. (When a differ
ential signal of greater than 11V is applied between the inputs,
transistor clamps are activated which drop the excess input
voltage across internal input resistors. If a continuous overload
is maintained, power dissipated in these resistors causes temper
ature gradients and a corresponding change in offset voltage,
as well as added thermal time constant, but will not damage
the device.)

5. Common Mode Step Recovery is the time it takes the amp
lifier to recover from a 30V common mode input with zero
volts of differential signal to within lOmV of final value. The
test input is 30V, lOgs pulse at a 1kHz rate. (When a com

mon mode signal greater than V§ -0.5 V is applied to the
inputs, transistor clamps are activated which drop the excessive
input voltage across internal input resistors. Power dissipated
in these resistors causes temperature gradients and a correspon
ding change in offset voltage, as well as an added thermal time
constant, but will not damage the device.)
6. Output Offset Voltage versus Power Supply includes a
constant 0.005 times the unnulled output offset per percent
change in either power supply. If the output offset is nulled,
the output offset change versus supply change is substantially
reduced.

7. Differential Input Impedance is the impedance between the

4
8. Common Mode Input Impedance is the impedance from
either input to the power supplies.
9. Maximum Input Voltage (differential or at either input) is
30V when using ±15 V supplies. A more general specification is
that neither input may exceed either supply (even when
Vg = 0) by more than 15 V and that the difference between the
two inputs must not exceed 30V. (See also Notes 4 and 5.)
10. 0.1Hz to 10Hz Peak-to-Peak Voltage Noise is defined as
the maximum peak-to-peak voltage noise ovserved during 2
of 3 separate 10 second periods with the test circuit of Fig
ure 8.

DESIGN PRINCIPLE
Figure 1 is a simplified schematic of the AD521. A differential
input voltage, Vjn, appears across Rg causing an imbalance in
the currents through Qj and Q2, AI=Vjn/Rg. That imbalance
is forced to flow in Rs because the collector currents of Q3
and Q4 are constrained to be equal by their biasing (current
mirror). These conditions can only be satisfied if the differen
tial voltage across Rs (and hence the output voltage of the
AD521) is equal to Al X Rs- The feedback amplifier, Apg
Vjn
performs that function. Therefore, Vout ~ — X Rs or
Vout_ Rs
Vin
Rg -
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APPLICATION NOTES FOR THE AD521
These notes ensure the AD521 will achieve the high level of
performance necessary for many diversified IA applications.

1. Gains below 1 are realized by adjusting the gain setting
resistors as shown in Figure 2 (the resistor, Rg between
pins 10 and 13 should remain 100kf2 ±15%, see application
note 3). For best results, the input voltage should be re
stricted to ±10V even though the gain may be less than 1.
See Figure 6 for gains above 1000.
2. Provide a return path to ground for input bias currents. The
AD521 is an instrumentation amplifier, not an isolation
amplifier. When using a thermocouple or other “floating”
source, this return path may be provided directly to ground
or indirectly through a resistor to ground from pins 1 and/
or 3, as shown in Figure 3. If the return path is not pro
vided, bias currents will cause the output to saturate. The
value of the resistor may be determined by dividing the
maximum allowable common mode voltage for the appli
cation by the bias current of the instrumentation amplifier.

a). Transformer Coupled, Direct Return

b). Thermocouple, Direct Return
Rs

c). AC Coupled, Indirect Return

Figure 3. Ground Returns for "Floating" Transducers

Figure 2. Operating Connections for AD521

3. The resistors between pins 10 and 13, (Rscale) must equal
lOOkQ ±15% (Figure 2). If RgcALE's too low (below 85kf2)
the output swing of the AD521 is reduced. At values below
80kf2 and above 120k£2 the stability of the AD521 may be
impaired.

4. Do not exceed the allowable input signal range. The line
arity of the AD521 decreases if the inputs are driven within
5 volts of the supply rails, particularly when the device is
used at a gain less than 1. To avoid this possibility, atten
uate the input signal through a resistive divider network and
use the ADS21 as a buffer, as shown in Figure 4. The resis
tor R/2 matches the impedance seen by both AD521 in
puts so that the voltage offset caused by bias currents will
be minimized.
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Rs

1.

2.

INCREASE Rq TO PICK UP GAIN LOST BY R
DIVIDER NETWORK
INPUT SIGNAL MUST BE REDUCED IN
PROPORTION TO POWER SUPPLY VOLTAGE LEVEL

Figure 4. Operating Conditions for Vn\pA/s= 10V

AD521
5. Use the compensation pin (pin 9) and the applicable com
pensation circuit when the amplifier is required to drive a
capacitive load. It is worth mentioning that coaxial cables
can “invisibly” provide such capacitance since many popu
lar coaxial cables display capacitance in the vicinity of 3 Op F
per foot.
This compensation (bandwidth control) feature permits the
user to fit the response of the AD521 to the particular appli
cation as illustrated by Figure 5. In cases of extremely high
load capacitance the compensation circuit may be changed
as follows:

1.
2.
3.
4.

Reduce 680ft to 24ft
Reduce 330ft to 7.5ft
Increase lOOOpF to O.ljzF
Set Cx to lOOOpF if no compensation was originally
used. Otherwise, do not alter the original value.

This allows stable operation for load capacitances up to
3000pF, but limits the slew rate to approximately 0.16V/gs.

6. Signals having frequency components above the Instrumen
tation Amplifier’s output amplifier closed-loop bandwidth
will be transmitted from V- to the output with little or no
attenuation. Therefore, it is advisable to decouple the Vsupply line to the output common or to pin 11?

errors into two categories. Those errors which simply add to
the output signal and are unaffected by the gain|can be classi
fied as output errors. Those which act as if they are associated
with the input signal, such that their effect at the output is
proportional to the gain, can be classified as input errors.

As an illustration, a typical AD521 might have a +30mV output
offset and a -0.7mV input offset. In a unity gain configuration,
the total output offset would be +29.3mV or the sum of the
two. At a gain of 100, the output offset would be -40mV or:
30mV + 100(-0.7mV) = -40mV.

By separating these errors, one can evaluate the total error
independent of the gain settings used, similar to the situation
with the input offset specifications on an op amp. In a given
gain configuration, both errors can be combined to give a total
error referred to the input (R.T.I.) or output (R.T.O.) by the
following formula:
Total Error R.T.I. = input error + (output error/gain)
Total Error R.T.O. = (Gain x input error) + output error
The offset trim adjustment (pins 4 and 6, Figure 2) is associ
ated primarily with the output offset. At any gain it can be
used to introduce an output offset equal and opposite to the
input offset voltage multiplied by the gain. As a result, the
total output offset can be reduced to zero.

As shown in Figure 6, the gain range on the AD521 can be
extended considerably by adding an attenuator in the sense
terminal feedback path (as well as adjusting the ratio, Rs/Rg)Since the sense terminal is the inverting input to the output
amplifier, the additional gain to the output is controlled by
Rl and R2. This gain factor is 1 + R2/R1.

Cx

1OOirft when ff is the desired bandwidth.

(ft in kHz, Cx in gF)
Figure 5. Optional Compensation Circuit

INPUT OFFSET AND OUTPUT OFFSET
When specifying offsets and other errors in an operational
amplifier, it is often convenient to refer these errors to the
inputs. This enables the user to calculate the maximum error
he would see at the output with any gain or circuit configura
tion. An op amp with lmV of input offset voltage, for
example, would produce IV of offset at the output in a gain
of 1000 configuration.

Figure 6. Circuit for utilizing some of the unique features of the
AD521. Note that gain changes introduced by changing R1 and
R2 will have a minimum effect on output offset if the offset is
carefully nulled at the highest gain setting.

In the case of an instrumentation amplifier, where the gain is
controlled in the amplifier, it is more convenient to separate

* For further details, refer to “An I.C. User’s Guide to Decoupling,
Grounding, and Making Things Go Right for a Change,” by A.
Paul Brokaw. This application note is available from Analog Devices
without charge upon request.
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Where offset errors are critical, a resistor equal to the parallel
combination of Rj and R2 should be placed between pin 11
and Vref • This minimizes the offset errors resulting from the
input current flowing in Rj and R2 at the sense terminal. Note
that gain changes introduced by changing the R1/R2 attenua
tor will have a minimum effect on output offset if the offset
is carefully nulled at the highest gain setting.
When a predetermined output offset is desired, Vref can be
placed in series with pin 11. This offset is then multiplied by
the gain factor 1 + R2/R1 as shown in the equation of
Figure 6.

Figure 7. Ground loop elimination. The reference input, Pin 11,
allows remote referencing of ground potential. Differences in
ground potentials are attenuated by the high CMRR of the
AD521.

Figure 8. Test circuit for measuring peak to peak noise in the
bandwidth 0.1Hz to 10Hz. Typical measurements are found by
reading the maximum peak to peak voltage noise of the device
under test (D. U. T.) for 3 observation periods of 10 seconds each.
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ANALOG
DEVICES

High Accuracy Data Acquisition
Instrumentation Amplifier

AD522
FEATURES
Performance
Low Drift: 2.0mV/°C (AD522B)
Low Nonlinearity: 0.005% (G = 100)
High CMRR: >110dB (G = 1000)
Low Noise: 1.5jzV p-p (0.1 to 100Hz)
Low Initial Vqs: 100pV (AD522B)
Versatility
Single-Resistor Gain Programmable: 1 < G < 1000
Output Reference and Sense Terminals
Data Guard for Improving ac CMR
Value
Internally Compensated
No External Components except Gain Resistor
Active Trimmed Offset, Gain, and CMR

PRODUCT DESCRIPTION
The AD522 is a precision IC instrumentation amplifier designed
for data acquisition applications requiring high accuracy
under worst-case operating conditions. An outstanding com
bination of high linearity, high common mode rejection, low
voltage drift, and low noise makes the ADS22 suitable for
use in many 12-bit data acquisition systems.
An instrumentation amplifier is usually employed as a bridge
amplifier for resistance transducers (thermistors, strain gages,
etc.) found in process control, instrumentation, data processing,
and medical testing. The operating environment is frequently
characterized by low signal-to-noise levels, fluctuating tempera
tures, unbalanced input impedances, and remote location which
hinders recalibration.
The AD522 was designed to provide highly accurate signal con
ditioning under these severe conditions. It provides output off
set voltage drift of less than 10|uV/oC, input offset voltage drift
of less than 2.0/2V/°C, CMR above 80dB at unity gain (llOdB
at G = 1000), maximum gain nonlinearity of 0.001% at G = 1,
and typical input impedance of 1O9J2.

AD522 FUNCTIONAL BLOCK DIAGRAM
14-Pin DIP
+INPUT I 1

R GAIN |~7

-INPUT |~~3~

NULL |~T

“I
\ad 522

v-[7

NULL [T

OUTPUT F7

I

u]

R GAIN

3
3
3

SENSE

DATA GUARD

REF

/

N.C.

3
3

GND (CASE)

V+

This excellent performance is achieved by combining a proven
circuit configuration with state-of-the-art manufacturing tech
nology which utilizes active laser trimming of tight-tolerance
thin-film resistors to achieve low cost, small size and high relia
bility. This combination of high value with no-compromise per
formance gives the AD522 the best features of both mono
lithic and modular instrumentation amplifiers, thus providing
extremely cost-effective precision low-level amplification.
The AD522 is available in three versions with differing accu
racies and operating temperature ranges; the “A”, and “B”
are specified from -25°C to +85°C, and the “S” is guaran
teed over the extended aerospace temperature range of -55 C
to +125 C. All versions are packaged in a 14-pin DIP and are
supplied in a pin configuration similar to that of the popular
AD521 instrumentation amplifier.
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1

(typical @ +Vs = ±15V, R| = 2kJ2 & Ta = +25°C unless otherwise specified)

AD522AD

MODEL
GAIN
Gain Equation

AD522BD

AD522SD

1 + 2(10s)

Rg
1 to 1000

Gain Range
Equation Error
G= 1
G = 1000
Nonlinearity, max (see Fig. 4)
G = 1
G = 1000

0.2% max
1.0% max

0.05% max
0.2% max

0.005%
0.01%

0.001%
0.005%

vs. Temp, max
G= 1
G = 1000

2ppm/°C (lppm/ C typ)
50ppm/°C (25ppm/°C typ)

OUTPUT CHARACTERISTICS
Output Rating

±10V ® 5mA

DYNAMIC RESPONSE (see Fig. 6)
Small Signal (-3dB)
G= 1
G = 100
Full Power GBW
Slew Rate
Settling Time to 0.1%, G = 100
to 0.01%, G“ 100
to 0.01%, G = 10
to 0.01%, G = 1

300kHz
3kHz
1.5kHz
O.lV/gs
0.5ms
5 ms
2ms
0.5ms

VOLTAGE OFFSET
Offsets Referred to Input
Initial Offset Voltage
(adjustable to zero)
G= 1
vs. Temperature, max (see Fig. 3)
G = 1
G = 1000
1 <G < 1000
vs. Supply, max
G= 1
G « 1000
INPUT CURRENTS
Input Bias Current
Initial max, +25°C

vs. Temperature
Input Offset Current
Initial max, +25 C
vs. Temperature
INPUT
Input Impedance
Differential
Common Mode
Input Voltage Range
Maximum Differential Input, Linear
Maximum Differential Input, Safe
Maximum Common Mode, Linear
Maximum Common Mode Input, Safe
Common Mode Rejection Ratio,
Min @ ±10V, lkH Source
Imbalance (see Fig. 5)
G = 1 (de to 30Hz)
G = 10 (de to 10Hz)
G = 100 (de to 3Hz)
G = 1000 (de to 1Hz)
G = 1 to 1000 (de to 60Hz)
NOISE
Voltage Noise, RTI (sec Fig. 4)
0.1 Hz to 100Hz (p-p)
G= 1
G = 1000
10Hz to 10kHz (rms)
G» 1

••

•

•
•

±400pV max (±200/^V typ)

±200pV max(±100pVtyp)

±200gV max (±100^1 V typ)

±50/ay/°C(±10pV/°C typ)
±6pV/°C

±25jlV/°C (±5pV/°C typ)
±2(1V/°C

±100/2V/°C (±10mV/°C typ)
±6/iV/°C

±(2p6)MV/°C

±(22 + 2)pV/°C

±(2^ + 6Hiv/»c

+20pV/%
1.0gV/°C

0.5flV/°C

±25nA
±100pA/°C

•

•

±20nA
+ 100pA/°C

io’n
io’n
±10V
±20V
±10V
±15V

75dB (90dB typ)
90dB (lOOdB typ)
lOOdB (llOdB typ)
lOOdB (120dB typ)
75dB (88dB typ)

80dB (lOOdB typ)
95dB (llOdB typ)
lOOdB (120dB typ)
1 lOdB (>120dB typ)
80dB (88dB typ)

15mV

•

1.5/iV

75dB (90dB typ)
90dB (llOdB typ)
lOOdB (120dB typ)
lOOdB (>120dB typ)

•

15mV

TEMPERATURE RANGE
Specified Performance
Operating
Storage

-25°C to +85°C
-55°C to+125°C
-65°C to +150°C

POWER SUPPLY
Power Supply Range
Quiescent Current, max @ ±15V

±(5 to 18)V
±10mA

±8mA

AD522AD

AD522BD

-55°Cto +125°C
•

•

PACKAGE OPTIONS2
Ceramic (DH-14B)

NOTES
* Specification!guaranteed after 10 minute warm-up.
1 See Section 20 for package outline information.

•Specifications same as AD522A.
••Specifications same as AD522B
Specifications subject to change without notice.
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AD522SD

Applying the AD522
GENERAL APPLICATION CONSIDERATIONS
Figure 1 illustrates the AD522 wiring configuration when used
in a typical bridge amplifier application. In any low-level, high
impedance, noise-dominated environment, proper shielding and
grounding are requisite for optimum performance; a recommen
ded technique is shown.

sensing. These points can also be used to trim the device CMR,
add an output booster, or to offset the output to a reference
level. These applications are illustrated in following sections.

It is good practice to place Rq within several inches of the
AD522. Longer leads will increase stray capacitance and cause
phase shifts that will degrade CMR at higher frequencies. For
frequencies below 10Hz, a remote Rq is generally acceptable;
no stability problems are caused. Bear in mind that a leakage
impedance of 2OOMJ2 between Rq pins will cause an 0.1% gain
error at G = 1. Unity gain is not trimmable.

TYPICAL APPLICATION AND ERROR BUDGET ANALYSIS
(See Figure 1 and Table 1)
A floating transducer with a 0 to 1 volt output has a lk£2 source
imbalance. A noisy environment induces a one volt 0 to 60Hz
common mode signal in the ground return. This signal must be
amplified to interface with a data acquisition system calibrated
for a 0 to 10 volt signal range. The operating temperature range
is 0 to +50°C and an AD522B is to be used. Table I lists error
sources and their effect on system accuracy.

MENTS.
4. NO TRIM REQUIRED FOR MOST APPLICATIONS. IF REQUIRED. A 10kQ. 25ppm/‘C. 2S TURN
TRIM POT (SUCH AS VISHAY 1202 Y 10k) IS RECOMMENDED

Figure 1. Typical Bridge Application

Direct coupling of the AD522 inputs makes it necessary to
provide a signal ground return for input amplifier bias currents.
This can be achieved by direct connection as shown, or through
an indirect path of less than 1MS7 resistance such as other sys
tem interconnections.

To minimize noise, shielding should be provided for the input
leads and gain resistor connections. A passive data guard is pro
vided to improve ac common mode rejection by “bootstrap
ping” the capacitance of the input cabling, thus minimizing
differential phase shift. This will also reduce degradation of
system bandwidth.
Balanced design eliminates the need for external bypass capa
citors for most applications. If, however, the power supplies
are remotely located (farther than 10 feet or so) or if they are
likely to carry more than a few millivolts of noise, local filter
ing will enable the user to retain optimal performance.
Reference and sense pins are provided to permit remote load
Error Source

The total effect on absolute accuracy is less than ±0.2%, allowing
adjustment-free 8-bit operation. In computer or microproces
sor controlled data-acquisition systems, automatic recalibration
can nullify gain and offset drifts leaving noise, distortion and
CMR as the only error sources. In this case, full 12-bit opera
tion is achieved.
Gain Errors: Absolute gain errors can be nulled by trimming
RG • Gain drift is a linear effect, not detrimental to resolution
and is caused by the change in value of internal resistors over
the operating temperature range. An “intelligent” system can
correct for these errors with an automatic calibration cycle.
Gain nonlinearity never exceeds 0.002% at G = 10.

Offset Drift & Pins Current Errors: Special care has been taken
in the design of the AD522 input stage to minimize offset drift.
Unless transducer impedances are unbalanced by more than
2k£2, errors caused by offset current drift are negligible com
pared to offset voltage drift. Although initial offset voltages
are laser-nulled for most applications, provisions have been
made to allow further adjustment to correct for initial system
offset. In this example, all offset drifts amount to ±0.014%
and do not effect resolution (can be corrected with an auto
matic calibration cycle).
CMR and Noise Errors: Common mode rejection and noise
performance of instrumentation amplifiers are critical because

Specification

Gain Nonlinearity

±0.002% max, G = 10
(from Spec. Sheet and Fig. 4)

Voltage Drift

25^v/ C_ + 2 OgV/°C = 4.5pV/°C
Gain
R.T.l. = 0.00055%/°C

Effect on Absolute
Accuracy, % of F.S.

±0.002

Effect on Resolution
% of F.S.

±0.002

±0.011

(from Spec. Sheet)
CMR

86dB (from Spec. Sheet, CMR vs. F
vs. G, typical curve)

±0.005

±0.005

Noise, R.T.O.
(0.1 to 100Hz)

15pV (p-p) R.T.O. (from Spec. Sheet,
Noise vs. G typical curve)

±0.0015

±0.0015

Offset Current
Drift

±50pA/ C x lk source imbalance
(Spec. Sheet) = ±50mV/°C «
±1.25gV R.T.l.

±0.000125

Gain Drift
(add 10ppm/°C for
external Rq)

60ppm/°C

±0.15

—

(Spec. Sheet)

Table I. Error Sources
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these errors can not be corrected by calibration. Common mode
rejection of the AD522 is active laser-trimmed to the limits of
thin-film resistor stability. Further trimming could improve
CMR on a short term basis, but regular readjustment would be
necessary to maintain this improvement (see Figure 2). In this
example, untrimmed CMR and noise cause a total error of
±0.0065% of full scale and are the major contributors to reso
lution error.

10ii

Figure 2. Optional CMR Trim

Figure

PERFORMANCE CHARACTERISTICS
Offset Voltage and Current Drift: The AD522 is available in
three drift selections. Figure 3 is a graph of maximum RTO off
set voltage drift vs. gain for all versions. Errors caused by off
set voltage drift can thus be determined for any gain. Offset
current drift will cause a voltage error equal to the product of
the offset current drift and the source impedance unbalance.

Figure 6. Small Signal Frequency Response (-3dB)

SPECIAL APPLICATIONS
Offset and Gain Trim: Gain accuracy depends largely on the
quality of Rq. A precision resistor with a lOpprn/ C tempera
ture coefficient is advised. Offset, like gain, is laser-trimmed to
a level suitable for most applications. If further adjustment is
required, the circuit shown in Figure 1 is recommended. Note
that good quality (25 ppm) pots are necessary to maintain vol
tage drift specifications.
Figure 3. Output Offset Drift (RTO) vs. Gain

Gain Nonlinearity and Noise: Gain nonlinearity increases with
gain as the device loop-gain decreases. Figure 4 is a plot of
typical nonlinearity vs. gain. The shape of the curve can be
safely used to predict worst-case nonlinearity at gains below
100. Noise vs. gain is shown on the same graph.

Figure 4. Gain Nonlinearity and Noise (RTO) vs. Gain

Common Mode Rejection: CMR is rated at ±10V and lk£2
source imbalance. At lower gains, CMR depends mainly on
thin-film resistor stability but due to gain-bandwidth consider
ations, is relatively constant with frequency to beyond 60Hz.
The de CMR improves with increasing gain and is increasingly
subject to phase shifts in limited bandwidth high-gain ampli
fiers. Figure 5 illustrates CMR vs. Gain and Frequency.

Dynamic Performance: Settling time and unity gain bandwidth
are directly proportional to gain. As a result, dynamic perfor
mance can be predicted from the well-behaved curves of
Figure 6.
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CMR Trim: A short-term CMR improvement of up to lOdB at
low gains can be realized with the circuit of Figure 2. Apply a
low-frequency 20/G volt peak-to-peak input signal to both
inputs through their equivalent source resistances and trim the
pot for an ac output null .

Sense Output: A sense output is provided to enable remote
load sensing or use of an output current booster. Figure 7 illu
strates these applications. Being “inside the loop”, booster
drift errors are minimized. When not used, the sense output
should be tied to the output.

Figure 7. Output Current Booster and Buffered Output
Level Shifter

Reference Output: The reference terminal is provided to permit
the user to offset or “level shift” the output level to a datum
compatible with his load. It must be remembered that the total
output swing is ±10 volts to be shared between signal and refer
ence offset. Furthermore, any reference source resistance will
unbalance the CMR trim by the ratio 10k/Rref. For example, if
the reference source impedance is lf2, CMR will be reduced to
80dB (lOkO/112 = 10,000 = 80dB). A buffer amplifier can be
used to eliminate this error, as shown in Figure 7, but the
drift of the buffer will add to output offset drift. When not
used, the reference terminal should be grounded.

►

ANALOG
DEVICES

Precision Instrumentation Amplifier
AD524

FEATURES
Low Noise: 0.3pV p-p 0.1Hz to 10Hz
Low Nonlinearity: 0.003% (G = 1)
High CMRR: 120dB (G = 1000)
Low Offset Voltage: 50pV
Low Offset Voltage Drift: 0.5p.V/°C
Gain Bandwidth Product: 25MHz
Pin Programmable Gains of 1, 10, 100, 1000
Input Protection, Power On - Power Off
No External Components Required
Internally Compensated
MIL-STD-883B, Chips, and Plus Parts Available
16-Pin Ceramic DIP Package and 20-Terminal
Leadless Chip Carriers Available

PRODUCT DESCRIPTION
The AD524 is a precision monolithic instrumentation amplifier
designed for data acquisition applications requiring high accuracy
under worst-case operating conditions. An outstanding combina
tion of high linearity, high common mode rejection, low offset
voltage drift, and low noise makes the AD524 suitable for use in
many data acquisition systems.
The AD524 has an output offset voltage drift of less than 25p.V/°C,
input offset voltage drift of less than 0.5jjlV/°C, CMR above
90dB at unity gain (120dB at G = 1000) and maximum nonlinearity
of 0.003% at G = 1. In addition to the outstanding de specifications
the AD524 also has a 25MHz gain bandwidth product (G =
100). To make it suitable for high speed data acquisition systems
the AD524 has an output slew rate of 5V/jjls and settles in 1 Sjjls
to 0.01% for gains of 1 to 100.

As a complete amplifier the AD524 does not require any external
components for fixed gains of 1, 10, 100 and 1,000. For other
gain settings between 1 and 1000 only a single resistor is required.
The AD524 input is fully protected for both power on and
power off fault conditions.

AD524 FUNCTIONAL BLOCK DIAGRAM

PRODUCT HIGHLIGHTS
1. The AD524 has guaranteed low offset voltage, offset voltage
drift and low noise for precision high gain applications.
2. The AD524 is functionally complete with pin programmable
gains of 1, 10, 100 and 1000, and single resistor programmable
for any gain.
3. Input and output offset nulling terminals are provided for
very high precision applications and to minimize offset voltage
changes in gain ranging applications.

4. The AD524 is input protected for both power on and power
off fault conditions.
5. The AD524 offers superior dynamic performance with a
gain bandwidth product of 25MHz, full power response of
75kHz and a settling time of 1 5jjls to 0.01% of a 20V step
(G = 100).

The AD524 IC instrumentation amplifier is available in four
different versions of accuracy and operating temperature range.
The economical “A” grade, the low drift “B” grade and lower
drift, higher linearity “C” grade are specified from - 25°C to
+ 85°C. The “S” grade guarantees performance to specification
over the extended temperature range — 55°C to + 125°C. Devices
are available in a 16-pin ceramic DIP package and a 20-terminal
leadless chip carrier.
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(@ Vs = ± 15V, RL = 2kfl and TA = +25°C unless otherwise specified)
AD524B

AD524A
Min

Model

Typ

Max

Min

Typ

Max

Min

AD524C
Typ

AD524S
Max

Min

Max

Typ

GAIN

Gain Equation
(External Resistor Gain

40,000
.1
Rc,
+ *J

40,000
1
’
+ 1 ± 20%
R<;
1

Programming)

to 1000

Gain Range (Pin Programmable)

40,000

,1

20%

40,000

20%

Rg
Ito 1000

Ito 1000

Ito 1000

,1
1 ± 20%

Gain Error
G = I

±0.05

±0.03

±0.02

±0.05

G = 10

±0.25

±0.15

±0.1%

±0.25

G = 100

±0.5

±0.35

±0.25

±0.5

G = 1000

±2.0

±1.0

±0.5

±2.0

Nonlinearity

G = 1

±0.01

±0.005

±0.003

±0.01

G = 10,100

±0.01

±0.005

±0.003

±0.01

G = 1000

±0.01

±0.01

±0.01

±0.01

5

Gain vs. Temperature
5

ppm/°C

G - 10

15

10

10

10

ppm/°C

G = 100

35

25

25

25

ppm/°C

G = 1000

100

50

50

50

ppm/°C

5

5

G = 1

VOLTAGE OFFSET (May be Nulled)

250

100

50

100

vs. Temperature

2

0.75

0.5

2.0

Output Offset Voltage

5

3

2.0

3.0

100

50

25

50

Input Offset Voltage

vs. Temperature
Offset Referred to the
Input vs. Supply
G = 1
G = 10
G = 100
G = 1000

70
85
95
100

75

80

75

95

100
110
115

95
105

105
110

no

INPUT CURRENT
Input Bias Current

Input Offset Current

±50

±15

±25

±50

±100

±100

± 100

±100

vs. Temperature

±10

±15

±35

±35

± 100

± 100

±100

± 100

Differential Resistance

10’

10’

10’

10’

Differential Capacitance

Common Mode Resistance

10
10’

10
10’

10
10’

10
10’

Common Mode Capacitance

10

10

10

10

±10

±10

±10

vs. Temperature
INPUT

Input Impedance

Input Voltage Range

Max Differ. Input Linear (VDl)’

12V-(£xVD

Max Common Mode Linear (VCM)
Common Mode Rejection de

)

12V - 5XVO

)

12V-(£xVd

±10

12V - ^xVD )

)

to 60Hz with 1 kfl Source Imbalance

G = 100

70
90
100

G = 1000

no

G = 1

G = 10

100

70
90

no

100

120

no

80

75
95
105
115

OUTPUT RATING

Vout.R,

=2kn

± 10

± 10

± 10

± 10

DYNAMIC RESPONSE

Small Signal - 3dB
G = 1

1

1

1

1

G = 10

400

400

400

400

150

150

G = 100

150

150

G = 1000

25

25

25

25

5.0

5.0

5.0

Slew Rate

5.0

Settling Time to 0.01%, 20V Step

G = Ito 100

15

15

15

15

G = 1000

75

75

75

75

7

7

7

90

90

90

7
90

NOISE

Voltage Noise, 1kHz
R.T.I.

R.T.O.
R.T.I.,0.1 to 10Hz
G= 1

15

15

15

15

G=10

2

2

2

2

0.3

0.3

0.3

0.3

60

60

60

60

G= 100,1000
Current Noise

O.lHzto 10Hz
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nV/VHz
nV/VHz

AD524
Min

Typ

Min

Max

Typ

AD524S

AD524C

AD524B

AD524A

Model

Max

Min

Min

Max

Typ

Typ

Max

Units

SENSE INPUT
kll ±20%

15

p.A

V

± 10

± 10

± 10

±10

20

15

15

15

Voltage Range

20

20

20
IlN

1

1

1

1

%

Rin

40

40

40

40

kll ±20%

11N

15

15

15

15

Gain to Output

REFERENCE INPUT

%

1

1

1

1

Gain to Output

pA

V

10

10

± 10

± 10

Voltage Range

TEMPERATURE RANGE

Specified Performance

25

+ 85

25

♦ 85

25

i 85

55

+ 125

°C

Storage

65

+ 150

65

t 150

65

+ 150

65

+ 150

°C

±15

±18

V

3.5

5.0

mA

POWER SUPPLY

±6

Power Supply Range
Quiescent Current

±15

±18

3.5

5.0

±6

±15

±18

3.5

5.0

±6

± 15

±18

3.5

5.0

±6

PACKAGE OPTIONS2
16-Pin Ceramic (D-16)

AD524AD

AD524BD

AD524CD

AD524SD

LCCDIP(E-20A)

AD524AE

AD524BE

AD524CE

AD524SE

NOTES
’Vni. is the maximum differential input voltage at G = 1 for specified nonlinearity.
VDt at other gains = 10V/G.
VI} = Actual differential input voltage.
Example: G =,10, VD = 0.50
VCM * 12V - (10/2 x 0.50V) - 9.5V
2See Section 20 for package outline information.
Specifications subject to change without notice.

All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test. Results from
those tests are used to calculate outgoing quality levels.

ABSOLUTE MAXIMUM RATINGS
*
Supply Voltage..................................................................... ±18V
Internal Power Dissipation.......................................... 450mW
Input Voltage,
(Either Input Simultaneously) ................ |VinI + |Vs| <36V
Output Short Circuit Duration................................. Indefinite
Storage Temperature Range
D................................................................. -65°C to +150°C
E................................................................. -65°Cto +150°C
Operating Temperature Range
AD524A/B/C............................................. -25°C to +85°C
AD524S....................................................... - 55°C to + 125°C
Lead Temperature Range (Soldering 60 seconds) . . + 300°C

CONNECTION DIAGRAMS

Ceramic (D) Package
jTJrg,

-INPUT [T

"is") OUTPUT NULL

+ INPUT f~2~

~i7] OUTPUT NULL

RG, [T

AD524
INPUT NULL [~4~
SHORT TO
RG,FOR
DESIRED
GAIN

INPUT NULL [~5~

REFERENCE [~6~

-v.e

To] SENSE

♦V.[T

NOTES
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indi
cated in the operational section of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect
device reliability.

METALIZATION PHOTOGRAPH
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).

OUTPUT

INPUT
OFFSET NULL

OUTPUT
OFFSET NULL

Leadless Chip Carrier (E) Package

I i

1

I

3

18 OUTPUT NULL

RG,

17 G • 10 ----

INPUT NULL
AD524
TOP VIEW
(Not to Seale)

NC

16 NC

INPUT NULL

15 G = 100

REFERENCE

14 G = 1000 -J

SHORT TO
RG,FOR
DESIRED
GAIN

X
RG INPUT INPUT

REFERENCE

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE OKA K-PIN CERAMIC PACKAGE

NC = NO CONNECT
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Typical Characteristics
30

oL—1-----—111.
10

Figure 1. Input Voltage Range vs.
Supply Voltage, G = 1

2.

s

Figure 2. Output Voltage Swing vs.
Supply Voltage

.-J—LJJ------

1J

100
Ik
LOAD RESISTANCE -H

10k

Figure 3. Output Voltage Swing vs.
Load Resistance

/ -*

5
o

SUPPLY VOLTAGE - ±V

Figure 4. Quiescent Current vs.
Supply Voltage

POWER SUPPLY VOLTAGE - 1V

Figure 5. Input Bias Current vs.
Supply Voltage

0

Figure 7. Input Bias Current vs.
CMV

1.0

2.0
3.0
4.0
5.0
6.0
WARM-UP TIME - MINUTES

7.0

Figure 6. Input Bias Current vs.
Temperature

8.0

Figure 8. Offset Voltage, RTI, Turn
On Drift

Figure 9. Gain vs. Frequency

X
\
G = 1000'
X

FREQUENCY - Hi

Figure 10. CMRR vs. Frequency RTI,
Zero to 1 k Source Imbalance
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Figure 11. Large Signal Frequency
Response

Figure 12. Slew Rate vs. Gain

Typical Characteristics-AD524

Figure 13. Positive PSRR vs.
Frequency

Figure 14. Negative PSRR vs.
Frequency
0.1 - 10Hz

0.1 - 10Hz

Figure 17. Low Frequency Noise G = 1 (System Gain - 1000)

Figure 18. Low Frequency Noise G = 1000 (System Gain = 100,000)

//r
1%

\

Figure 19. Settling Time Gain = 1

>0.01%

\

*
'1

o

>0.1%

5

x0.1%

10
SETTLING TIME

0.01%

15

20

Figure 21. Settling Time Gain = 10

G = 1

0 1%

/,%

I

J

/
/

0.01%

/

/

\
\ \
\

L
\
1%

0

Figure 22. Large Signal Pulse
Response and Settling Time
G = 10

5

\

0.1%

'■o.ov

10
15
SETTLING TIME-|as

20

Figure 23. Settling Time Gain - 100

Figure 24. Large Signal Pulse
Response and Settling Time
G= 100
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Figure 25. Settling Time Gain = 1000

Figure 29. Simplified Circuit of Amplifier; Gain is Defined as
((R56 + R57)/(RG) + 1. Fora Gain of 1, RG is an Open Circuit
Figure 26. Large Signal Pulse Response and
Settling Time G - WOO
10kll
0.01%

1kll
10T

+ Vs

10kIl
0.1%
Vout

Figure 27. Settling Time Test Circuit

Theory of Operation
The AD524 is a monolithic instrumentation amplifier based on
the classic 3 op amp circuit. The advantage of monolithic con
struction is the closely matched components that enhance the
performance of the input preamp. The preamp section develops
the programmed gain by the use of feedback concepts. The
programmed gain is developed by varying the value of Rg (smaller
values increase the gain) while the feedback forces the collector
currents QI, Q2, Q3 and Q4 to be constant which impresses the
input voltage across Rg.

As Rg is reduced to increase the programmed gain, the trans
conductance of the input preamp increases to the transconductance
of the input transistors. This has three important advantages.
First, this approach allows the circuit to achieve a very high
open loop gain of 3 X 108 at a programmed gain of 1000 thus
reducing gain related errors to a negligible 30ppm. Second, the
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gain bandwith product which is determined by C3 or C4 and
the input transconductance, reaches 25MHz. Third, the input
voltage noise reduces to a value determined by the collector_
current of the input transistors for an RTI noise of 7nV/VHz at
G = 1000.
INPUT PROTECTION
As interface amplifiers for data acquisition systems, instrumen
tation amplifiers are often subjected to input overloads, i.e.,
voltage levels in excess of the full scale for the selected gain
range. At low gains, 10 or less, the gain resistor acts as a current
limiting element in series with the inputs. At high gains the
lower value of Rg will not adequately protect the inputs from
excessive currents. Standard practice would be to place series
limiting resistors in each input, but to limit input current to
below 5mA with a full differential overload (36V) would require
over 7k of resistance which would add lOnVVHz of noise. To
provide both input protection and low noise a special series
protect FET was used.
A unique FET design was used to provide a bidirectional current
limit, thereby, protecting against both positive and negative
overloads. Under nonoverload conditions, three channels CH2,
CH3, CH4j act as a resistance (~lkfl) in series with the input as
before. During an overload in the positive direction, a fourth
channel, CH], acts as a small resistance (~3kfl) in series with
the gate, which draws only the leakage current, and the FET
limits IDSs- When the FET enhances under a negative overload,
the gate current must go through the small FET formed by CHi
and when this FET goes into saturation, the gate current is
limited and the main FET will go into controlled enhancement.
The bidirectional limiting holds the maximum input current to
3mA over the 36V range.

Applying the AD524
INPUT OFFSET AND OUTPUT OFFSET
Voltage offset specifications are often considered a figure of
merit for instrumentation amplifiers. While initial offset may be
adjusted to zero, shifts in offset voltage due to temperature
variations will cause errors. Intelligent systems can often correct
for this factor with an auto-zero cycle, but there are many small
signal high-gain applications that don’t have this capability.
Voltage offset and drift comprise two components each; input
and output offset and offset drift. Input offset is that component
of offset that is directly proportional to gain i.e., input offset as
measured at the output at G = 100 is 100 times greater than at
G = 1. Output offset is independent of gain. At low gains,
output offset drift is dominant, while at high gains input offset
drift dominates. Therefore, the output offset voltage drift is
normally specified as drift at G = 1 (where input effects are
insignificant), while input offset voltage drift is given by drift
specification at a high gain (where output offset effects are neg
ligible). All input-related numbers are referred to the input
(RTI) which is to say that the effect on the output is “G” times
larger. Voltage offset vs. power supply is also specified at one or
more gain settings and is also RTI.

By separating these errors, one can evaluate the total error inde
pendent of the gain setting used. In a given gain configuration
both errors can be combined to give a total error referred to the
input (R.T.l.) or output (R.T.O.) by the following formula:
Total Error R.T.l. = input error + (output error/gain)
Total Error R.T.O. = (Gain x input error) + output error

The AD524 can be configured for gains other than those that
are internally preset; there are two methods to do this. The first
method uses just an external resistor connected between pins 3
and 16 which programs the gain according to the formula
40k
Rg = —---- - (see Figure 31). For best results Rq should be a
G —1
precision resistor with a low temperature coefficient. An external
Rg affects both gain accuracy and gain drift due to the mismatch
between it and the internal thin-film resistors. Gain accuracy is
determined by the tolerance of the external RG and the absolute
accuracy of the internal resistors (± 20%). Gain drift is determined
by the mismatch of the temperature coefficient of RG and the
temperature coefficient of the internal resistors (— 50ppm/°C

4

Figure 31. Operating Connections for G = 20

The second technique uses the internal resistors in parallel with
an external resistor (Figure 32). This technique minimizes the
gain adjustment range and reduces the effects of temperature
coefficient sensitivity.

As an illustration, a typical AD524 might have a + 250pV output
offset and a -50p,V input offset. In a unity gain configuration,
the total output offset would be 200pV or the sum of the two.
At a gain of 100, the output offset would be -4.75mV or:
+ 250jjlV + 100(-50|xV) = -4.75mV.
The AD524 provides for both input and output offset adjustment.
This simplifies very high precision applications and minimize
offset voltage changes in switched gain applications. In such
applications the input offset is adjusted first at the highest pro
grammed gain, then the output offset is adjusted at G = 1.
GAIN
The AD524 has internal high accuracy pretrimmed resistors
for pin programmable gain of 1, 10, 100 and 1000. One of
the preset gains can be selected by pin strapping the appropri
ate gain terminal and RG2 together (for G = 1 RG2 is not
connected).

Figure 32. Operating Connections for G = 20, Low Gain
T.C. Technique

The AD524 may also be configured to provide gain in the output
stage. Figure 33 shows an H pad attenuator connected to the
reference and sense lines of the AD524. Rl, R2 and R3 should
be made as low as possible to minimize the gain variation and
reduction of CMRR. Varying R2 will precisely set the gain
without affecting CMRR. CMRR is determined by the match of
Rl and R3.

OUTPUT
SIGNAL
COMMON

Figure 30. Operating Connections for G = 100
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Table I. Output Gain Resistor Values

COMMON-MODE REJECTION
Common-mode rejection is a measure of the change in output
voltage when both inputs are changed equal amounts. These
specifications are usually given for a full-range input voltage
change and a specified source imbalance. “Common-Mode Re
jection Ratio” (CMRR) is a ratio expression while “Common-Mode
Rejection” (CMR) is the logarithm of that ratio. For example, a
CMRR of 10,000 corresponds to a CMR of 80dB.

INPUT BIAS CURRENTS
Input bias currents are those currents necessary to bias the
input transistors of a de amplifier. Bias currents are an additional
source of input error and must be considered in an total error
budget. The bias currents when multiplied by the source resistance
appear as an offset voltage. What is of concern in calculating
bias current errors is the change in bias current with respect to
signal voltage and temperature. Input offset current is the dif
ference between the two input bias currents. The effect of offset
current is an input offset voltage whose magnitude is the offset
current times the source impedance imbalance.

In an instrumentation amplifier, ac common-mode rejection is
only as good as the differential phase shift. Degradation of ac
common-mode rejection is caused by unequal drops across differing
track resistances and a differential phase shift due to varied
stray capacitances or cable capacitances. In many applications
shielded cables are used to minimize noise. This technique can
create common mode rejection errors unless the shield is properly
driven. Figures 35 and 36 shows active data guards which are
configured to improve ac common mode rejection by “bootstrap
ping” the capacitances of the input cabling, thus minimizing
differential phase shift.

Output
Gain
2
5
10

R2

R1,R3

Nominal
Gain

5kll
2.26kQ 2.02
1.05kIl 2.05kH 5.01
lkfl
4.42k!l 10.1

Although instrumentation amplifiers have differential inputs,
there must be a return path for the bias currents. If this is not
provided, those currents will charge stray capacitances, causing
the output to drift uncontrollably or to saturate. Therefore,
when amplifying “floating” input sources such as transformers
and thermocouples, as well as ac-coupled sources, there must
still be a de path from each input to ground.

TO POWER
SUPPLY
GROUND

Figure 36. Differential Shield Driver

TO POWER
SUPPLY
GROUND

GROUNDING
Many data-acquisition components have two or more ground
pins which are not connected together within the device. These
grounds must be tied together at one point, usually at the system
power-supply ground. Ideally, a single solid ground would be
desirable. However, since current flows through the ground
wires and etch stripes of the circuit cards, and since these paths

DIGITAL
DATA
OUTPUT
POWER

c. AC Coupled
Figure 34. Indirect Ground Returns for Bias Currents
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* IF INDEPENDENT. OTHERWISE
RETURN AMPLIFIER REFERENCE
TO MECCA AT ANALOG P S. COMMON

Figure 37. Basic Grounding Practice

AD524
have resistance and inductance, hundreds of millivolts can be
generated between the system ground point and the data acquisition
components. Separate ground returns should be provided to
minimize the current flow in the path from the sensitive points
to the system ground point. In this way supply currents and
logic-gate return currents are not summed into the same return
path as analog signals where they would cause measurement
errors.

Since the output voltage is developed with respect to the potential
on the reference terminal an instrumentation amplifier can solve
many grounding problems.
SENSE TERMINAL
The sense terminal is the feedback point for the instrument
amplifier’s output amplifier. Normally it is connected to the
instrument amplifier output. If heavy load currents are to be
drawn through long leads, voltage drops due to current flowing
through lead resistance can cause errors. The sense terminal can
be wired to the instrument amplifier at the load thus putting the
IxR drops “inside the loop” and virtually eliminating this error
source.

Any significant resistance from the reference terminal to ground
increases the gain of the noninverting signal path thereby upsetting
the common-mode rejection of the I A.
In the AD524 a reference source resistance will unbalance the
CMR trim by the ratio of 20kfl/RREF. For example, if the reference
source impedance is 111, CMR will be reduced to 86dB (20kfl/
lfl = 86dB). An operational amplifier may be used to provide
that low impedance reference point as shown in Figure 39. The
input offset voltage characteristics of that amplifier will add
directly to the output offset voltage performance of the in
strumentation amplifier.
An instrumentation amplifier can be turned into a voltage-to-current converter by taking advantage of the sense and reference
terminals as shown in Figure 40.

Figure 40. Voltage-to-Current Con verier

Figure 38. AD524 Instrumentation Amplifier with Output
Current Booster

Typically, IC instrumentation amplifiers are rated for a full
± 10 volt output swing into 2kfl. In some applications, however,
the need exists to drive more current into heavier loads. Figure
38 shows how a high-current booster may be connected “inside
the loop” of an instrumentation amplifier to provide the required
current boost without significantly degrading overall performance.
Nonlinearities, offset and gain inaccuracies of the buffer are
minimized by the loop gain of the IA output amplifier. Offset
drift of the buffer is similarly reduced.

REFERENCE TERMINAL
The reference terminal may be used to offset the output by up
to ± 10V. This is useful when the load is “floating” or does not
share a ground with the rest of the system. It also provides a
direct means of injecting a precise offset. It must be remembered
that the total output swing is ± 10 volts to be shared between
signal and reference offset.

By establishing a reference at the “low” side of a current setting
resistor, an output current may be defined as a function of
input voltage, gain and the value of that resistor. Since only a
small current is demanded at the input of the buffer amplifier
A2, the forced current IL will largely flow through the load.
Offset and drift specifications of A2 must be added to the output
offset and drift specifications of the IA.
PROGRAMMABLE GAIN
Figure 41 shows the AD524 being used as a software programmable
gain amplifier. Gain switching can be accomplished with mechani
cal switches such as DIP switches or reed relays. It should be
noted that the “on” resistance of the switch in series with the
internal gain resistor becomes part of the gain equation and will
have an effect on gain accuracy.

Figure 39. Use of Reference Terminal to Provide Output
Offset

When the IA is of the three-amplifier configuration it is necessary
that nearly zero impedance be presented to the reference terminal.

Figure 41. 3 Decade Gain Programmable Amplifier
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The AD524 can also be connected for gain in the output stage.
Figure 42 shows an AD547 used as an active attenuator in the
output amplifier’s feedback loop. The active attenuation presents
a very low impedance to the feedback resistors therefore minimiz
ing the common rejection ratio degradation.

Another method for developing the switching scheme is to use a
DAC. The AD7528 dual DAC which acts essentially as a pair of
switched resistive attenuators having high analog linearity and
symmetrical bipolar transmission is ideal in this application.
The multiplying DAC’s advantage is that it can handle inputs of
either polarity or zero without affecting the programmed gain.
The circuit shown uses an AD7528 to set the gain (DAC A) and
to perform a fine adjustment (DAC B).
AUTO-ZERO CIRCUITS
In many applications it is necessary to provide very accurate
data in high gain configurations. At room temperature the offset
effects can be nulled by the use of offset trimpots. Over the
operating temperature range, however, offset nulling becomes a
problem. The circuit of Figure 44 show a CMOS DAC operating
in the bipolar mode and connected to the reference terminal to
provide software controllable offset adjustments.

■OVOUT

Figure 43. Programmable Output Gain Using a DAC
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In many applications complex software algorithms for auto-zero
applications are not available. For those applications Figure 45
provides a hardware solution.

Error Budget Analysis - AD524
+VS

ERROR BUDGET ANALYSIS
To illustrate how instrumentation amplifier specifications are
applied, we will now examine a typical case where an AD524 is
required to amplify the output of an unbalanced transducer.
Figure 46 shows a differential transducer, unbalanced by 100(1,
supplying a 0 to 20mV signal to an AD524C. The output of the
IA feeds a 14-bit A to D converter with a 0 to 2 volt input
voltage range. The operating temperature range is — 25°C to
+ 85°C. Therefore, the largest change in temperature AT within
the operating range is from ambient to 4- 85°C (85°C — 25°C
= 60°C).

Error Source

AD524C
Specifications

Gain Error
Gain Instability
Gain Nonlinearity
Input Offset Voltage
Input Offset Voltage Drift

±0.25%
25ppm
±0.003%
±50pV,RTI
±0.5pV/°C

Output Offset Voltage1
Output Offset Voltage Drift1

±2.0mV
±25jjlV/°C

Bias Current - Source
Imbalance Error
Bias Current - Source
Imbalance Drift
Offset Current - Source
Imbalance Error
Offset Current - Source
Imbalance Drift
Offset Current - Source
Resistance - Error
Offset Current - Source
Resistance - Drift
Common Mode Rejection
5Vdc
Noise, RTI
(0.1-10Hz)

± 15nA
± 100pA/°C
±10nA

± 100pA/°C

± lOnA
± 100pA/°C
115dB

0.3p.V p-p

In many applications, differential linearity and resolution are of
prime importance. This would be so in cases where the absolute
value of a variable is less important than changes in value. In
these applications, only the irreducible errors (45ppm = 0.004%)
are significant. Furthermore, if a system has an intelligent pro
cessor monitoring the A to D output, the addition of a auto-gain/
auto-zero cycle will remove all reducible errors and may eliminate
the requirement for initial calibration. This will also reduce
errors to 0.004%.

Calculation
±0.25% = 25OOppm
(25ppm/°C)(6O°C) = 1500ppm
± 0.003% = 30ppm
±50pV/20mV= ±2500ppm
(±0.5pV/°C)(60°C) = 30pV
30pV/20mV = 1500ppm
±2.0mV/20mV = lOOOppm
(±25pV/°C)(6O°C) = 1500pV
15OO|iV/2OmV = 750ppm
(±15nA)(100fl) = 1.5p,V
1.5pV/20mV = 75ppm
(± 100pA/°C)(100flX60°C) = 0.6pV
0.6pV/20mV = 30ppm
(± 10nA)(100fl) = lp-V
lpV/20mV = 50ppm
(100pA/°C)(100D)(60oC) = 0.6p.V
0.6pV/20mV = 30ppm
(10nA)(175fl) = 3.5jiV
3.5pV/20mV = 87.5ppm
(100pA/°C)(175fl)(60°C) = lpV
lpV/20mV = 50ppm
115dB = 1.8ppm x 5V = 8.8p.V
8.8jiV/20mV = 444ppm
0.3jxVp-p/20mV = 15ppm

Total Error

Effect on
Absolute
Accuracy
atTA = 25°C

Effect on
Absolute
Accuracy
atTA = 85°C

Effect
on
Resolution

25OOppm
2500ppm

25OOppm
1500ppm
2500ppm

30ppm
-

lOOOppm

1500ppm
lOOOppm

-

-

750ppm

-

75ppm

75ppm

-

-

30ppm

-

50ppm

50ppm

-

-

30ppm

-

87.5ppm

87.5ppm

-

-

50ppm

-

444ppm

444ppm

-

-

-

15ppm

6656.5ppm

10516.5ppm

45ppm

1 Output offset voltage and output offset voltage drift are given as RTI figures.

Table II. Error Budget Analysis of AD524CD in Bridge Application
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Figure 47 shows a simple application, in which the variation of
the cold-junction voltage of a Type J thermocouple-iron( -I- )constantan- is compensated for by a voltage developed in series
by the temperature-sensitive output current of an AD590
semiconductor temperature sensor.
The circuit is calibrated by adjusting RT for proper output
voltage with the measuring junction at a known reference tem

perature and the circuit near 25°C. If resistors with low tempcos
are used, compensation accuracy will be to within ±0.5°C, for
temperatures between + 15°C and + 35°C. Other thermocouple
types may be accommodated with the standard resistance values
shown in the table. For other ranges of ambient temperature,
the equation in the figure may be solved for the optimum values
of Rr and Ra-

value
913512

Figure 47. Cold-Junction Compensation

The microprocessor controlled data acquisition system shown in
Figure 48 includes both auto-zero and auto-gain capability. By
dedicating two of the differential inputs, one to ground and one
to the A/D reference, the proper program calibration cycles can
eliminate both initial accuracy errors and accuracy errors over
temperature. The auto-zero cycle, in this application, converts a

number that appears to be ground and then writes that same
number (8 bit) to the AD7524 which eliminates the zero error
since its output has an inverted scale. The auto-gain cycle converts
the A/D reference and compares it with full scale. A multiplicative
correction factor is then computed and applied to subsequent
readings.

Figure 48. Microprocessor Controlled Data Acquisition System
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►

ANALOG
DEVICES

Software Programmable
Gain Amplifier

AD526
FEATURES
Digitally Programmable Binary Gains from 1 to 16
Two-Chip Cascade Mode Achieves Binary Gain from
1 to 256
Gain Error:
0.01% max. Gain = 1, 2, 4 (C Grade)
0.02% max. Gain = 8, 16 (C Grade)
0.5ppm/°C Drift Over Temperature
Fast Settling Time
10V Signal Change:
0.01% in 4.5ps (Gain = 16)
Gain Change:
0.01% in 5.6|is (Gain = 16)
Low Nonlinearity: ±0.005% FSR max (J Grade)
Excellent DC Accuracy:
Offset Voltage: 0.5mV max (C Grade)
Offset Voltage Drift: 3pV/°C (C Grade)
TTL Compatible Digital Inputs

PRODUCT DESCRIPTION
The AD526 is a single-ended, monolithic software programmable
gain amplifier (SPGA) that provides gains of 1, 2, 4, 8 and 16.
It is complete, including amplifier, resistor network and
TTL-compatible latched inputs, and requires no external
components.

Low gain error and low nonlinearity make the AD526 ideal for
precision instrumentation applications requiring programmable
gain. The small signal bandwidth is 350kHz at a gain of 16. In
addition, the AD526 provides excellent de precision. The FETinput stage results in a low bias current of 50pA. A guaranteed
maximum input offset voltage of 0.5mV max (C grade) and low
gain error (0.01%, G= 1, 2, 4, C grade) are accomplished using
Analog Devices’ laser trimming technology.

AD526 PIN CONFIGURATION

----------------DIG GND |~1~

A0

V1N [T

NULL |~4~
ANALOG GND 2 |~5~
ANALOG GND 1 [~6~
-vs [T

VOUT SENSE JV

Hl
Hl
3 cs
3
3
A1

•

NULL [T

AD526
TOP VIEW
(Not to Scale)

CLK

A2

3
3
3

B
+ V8
Vout

FORCE

APPLICATION HIGHLIGHTS
1. Dynamic Range Extension for ADC Systems: A single
AD526 in conjunction with a 12-bit ADC can provide 96dB
of dynamic range for ADC systems.

2. Gain Ranging Pre-Amps: The AD526 offers complete digital
gain control with precise gains in binary steps from 1 to 16.
Additional gains of 32,64,128 and 256 are possible by cascading
two AD526s.

To provide flexibility to the system designer, the AD526 can be
operated in either latched or transparent mode. The force/sense
configuration preserves accuracy when the output is connected
to remote or low impedance loads.
The AD526 is offered in one commercial (0 to +70°C) grade, J,
and three industrial grades, A, B and C, which are specified
from - 40°C to + 85°C. The S grade is specified from — 55°C to
4- 125°C. The military version is available processed to MIL-STD
883B, Rev C. The J grade is supplied in a 16-pin plastic DIP,
and the other grades are offered in a 16-pin hermetic side-brazed
ceramic DIP.
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(@ V$ = ±15V, Rt = 2kll and T* = +25°C unless otherwise specified)

Min

GAIN
Gain Range
(Digitally Programmable)
Gain Error
G= 1
G=2
G=4
G=8
G = 16
Gain Error Drift
Over Temperature
G= 1
G=2
G=4
G=8
G = 16
Gain Error (Tmin to T„,)
G= 1
G=2
G=4
G=8
G = 16

RATED OUTPUT
Voltage
Current (Vout = - 10V)
Short-Circuit Current
DC Output Resistance
Load Capacitance
(For Stable Operation)
NOISE, ALL GAINS
Voltage Noise, RTI
O.lHztolOHz
Voltage Noise Density, RTI
f= 10Hz
f= 100Hz
f= 1kHz
f = 10kHz

Typ

0.5
0.5
0.5
0.5
1.0

Max

Min

0.5
0.5
0.5
0.5
1.0

Min

Typ

0.5
0.5
0.5
0.5
1.0

2.0
2.0
3.0
5.0
5.0

0.5
0.5
0.5
0.5
1.0

2.0
2.0
3.0
5.0
5.0

Units

0.01
0.01
0.01
0.02
0.02

%
%
%
%
%

2.0
2.0
3.0
5.0
5.0

ppm/°C
ppm/°C
ppm/”C
ppm/°C
ppm°C

0.06
0.06
0.12
0.17
0.17

0.03
0.04
0.04
0.08
0.08

0.02
0.03
0.03
0.05
0.05

0.015
0.015
0.015
0.03
0.03

%
%
%
%
%

0.005
0.001
0.001
0.001
0.001

0.005
0.001
0.001
0.001
0.001

0.005
0.001
0.001
0.001
0.001

0.0035
0.001
0.001
0.001
0.001

%FSR
%FSR
%FSR
%FSR
%FSR

0.01
0.001
0.001
0.001
0.001

0.01
0.001
0.001
0.001
0.001

0.01
0.001
0.001
0.001
0.001

0.007
0.001
0.001
0.001
0.001

% FSR
% FSR
% FSR
%FSR
%FSR

0.5

mV

10

pV/°C

0.8

mV

0.4

1.5

0.25

0.7

0.25

0.5

0.25

5

20

3

10

3

10

3

50

150

50

150

dB

90

84

80

80

0.8

1.0

2.0

50

Max

1,2,4,8,16

0.01
0.02
0.02
0.04
0.04

0.02
0.03
0.03
0.07
0.07

2.0
2.0
3.0
5.0
5.0

Max

Typ

1,2,4,8,16

1,2,4,8,16
0.05
0.05
0.10
0.15
0.15

INPUT BIAS CURRENT
Over Input Voltage Range ± 10V
ANALOG INPUT
CHARACTERISTICS
Voltage Range
(Linear Operation)
Capacitance

Min

1,2,4,8,16

Nonlinearity
G= 1
G=2
G=4
G=8
G = 16
Nonlinearity (Tm,„ to Tmax)
G= 1
G=2
G =4
G=8
G = 16

VOLTAGE OFFSET, ALL GAINS
Input Offset Voltage
Input Offset Voltage Drift Over
Temperature
Input Offset Voltage
T™„ to Tm„
Input Offset Voltage vs. Supply
(Vs ± 10%)

Max

Typ

AD526C

AD526B/S

AD526A

AD526J
Model

150

50

150

pA

±10

± 12
5

±10

±12
5

±10

± 12
5

±10

±12
5

V
pF

±10
±5
15

±12
±10
30
0.002

±10
±5
15

±12
±10
30
0.002

±10
±5
15

±12
±10
30
0.002

±10
±5
15

±12
±10
30
0.002

V
mA
mA
fl

700

700

700

700

pF

3

3

3

3

,uV p-p

70
60
30
25

70
60
30
25

70
60
30
25

70
60
30
25

nVVHz
nVVHz
nVX/Hz
nW Hz

4-38 INSTRUMENTATION AMPLIFIERS

AD526
AD526A

AD526J

Model

Min

DYNAMIC RESPONSE
- 3dB Bandwidth (Small Signal)
G= 1
G=2
G=4
G=8
G = 16
Signal Settling Time to 0.01%
(AVOut=±10V)
G= 1
G=2
G=4
G=8
G= 16
Full Power Bandwidth
G = 1,2,4
G = 8,16
Slew Rate
G = 1,2,4
G = 8,16

DIGITAL INPUTS
(TnuntoTnu,)
Input Current (Vh = 5V)
Logic “1”
Logic “0”

Max

Typ

Min

4
5
5
7
7

2.1
2.5
2.7
3.6
4.1

2.1
2.5
2.7
3.6
4.1

60
2
0

100

Min

140
6
0.8

4
18

6
24

60
2
0

100

fyp

AD526C
Max

Min

2.1
2.5
2.7
3.6
4.1

4
5
5
7
7

2.1
2.5
2.7
3.6
4.1

4
5
5
7
7

140
6
0.8

60
2
0

24

100

Max

140
6
0.8

Units

MHz
MHz
MHz
MHz
MHz

4
5
5
7
7

ps
PS
ps
p-s
p.s

0.10
0.35

MHz
MHz

4
18

6
24

V/ps
V/ps

60
2
0

100

0.10
0.35
4
18

Typ

4.0
2.0
1.5
0.65
0.35

4.0
2.0
1.5
0.65
0.35

0.10
0.35

0.10
0.35
6
24

AD526B/S
Max

4.0
2.0
1.5
0.65
0.35

4.0
2.0
1.5
0.65
0.35

4
18

Typ

140
6
0.8

pA
V
V

TIMING1
(VL = 0.2 V, VH = 3.7V)
A0,Al,A2
Tc
Ts
Th
B
Tc
Ts
Th

50
30
30

50
30
30

50
30
30

50
30
30

ns
ns
ns

50
40
10

50
40
10

50
40
10

50
40
10

ns
ns
ns

TEMPERATURE RANGE
Specified Performance
Storage

0
-65

POWER SUPPLY
Operating Range
Positive Supply Current
Negative Supply Current

PACKAGE OPTIONS2
Plastic (N-16)
Ceramic DIP(D-16)

+ 70
+ 125

-40
-65

±16.5 ±4.5
14
13

±4.5
10
10

+ 85
+ 150

10
10

+ 85/+125
+ 150

- 40/ - 55
-65

±16.5 ±4.5
14
13

10
10

±16.5
14
13

-40
-65
±4.5

10
10

*85
+ 150

°C
°C

±16.5

V
mA
mA

14
13

AD526JN

1 Refer to Figure 35 for definitions.
FSR = Full-Scale Range = 20V.
RTI = Referred to Input.
2See Section 20 for package outline information.

AD526AD

AD526CD

AD526BD AD526SD
AD526SD/883B

Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final
electrical test. All min and max specifications are guaranteed, although only
those shown in boldface are tested on all production units.
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Typical Characteristics

Figure 1. Output Voltage Swing vs.
Supply Voltage, G = 16

Figure 2. Output Voltage Swing vs.
Load Resistance

S
4
m

2 ,0OpA
2

W

0

0
TEM PERATURE

0

14

Figure 4. Input Bias Current vs.
Temperature

Figure 6. Gain vs. Frequency

Figure 5. Input Bias Current vs.
Input Voltage

<
£ 1 0000
I
1

””^60

-20

20

60

100

14

TEMPERATURE - ’C

Figure 9. Normalized Gain vs.
Temperature, Gain = 1

Figure 7. Large Signal Frequency
Response

Figure 10. Noise Spectra! Density
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Figure 11. Nonlinearity vs.
Temperature, Gain = 1

Figure 12. Wideband Output Noise,
G= 16 (Amplified by 10)

AD526

Figure 14. Small Signal Pulse
Response, G=1

Figure 13. Large Signal Pulse
Response and Settling Time
*,
G=1

Figure 16. Small Signal Pulse
Response, G=2

4

Figure 17. Large Signal Pulse
Response and Settling Time*, G=4

Figure 20. Small Signal Pulse
Response, G=8

Figure 19. Large Signal Pulse
Response and Settling Time*, G=8

Figure 22. Small Signal Pulse
Response, Gain =16

Figure 15. Large Signal Pulse
Response and Settling Time
*,
G=2

Figure 23. Total Harmonic Distortion
vs. Frequency, Gain = 16

Figure 21. Large Signal Pulse
Response and Settling Time*,
G=16

Figure 24. Phase Distortion vs.
Frequency, Gain = 16

For Settling Time Traces, 0.01% = 1/2 Vertical Division
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Figure 25. Output Impedance vs.
Frequency

Figure 26. Gain Change Settling
Time*, Gain Change: 1 to 2

Figure 27. Gain Change Settling
Time*, Gain Change 1 to 4

•Scope Traces are:
Top: Output Transition
Middle: Output Settling
Bottom: Digital Input

Figure 28. Gain Change Settling
Time*, Gain Change 1 to 8

Figure 29. Gain Change Settling
Time*, Gain Change 1 to 16

Figure 30. Wideband Noise Test Circuit
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Theory of Operation - AD526
THEORY OF OPERATION
The AD526 is a complete software programmable gain amplifier
(SPGA) implemented monolithically with a drift-trimmed BiFET
amplifier, a laser wafer trimmed resistor network, JFET analog
switches and TTL compatible gain code latches.

A particular gain is selected by applying the appropriate gain
code (see Table I) to the control logic. The control logic turns
on the JFET switch that connects the correct tap on the gain
network to the inverting input of the amplifier; all unselected
JFET gain switches are off (open). The “on” resistance of the
gain switches causes negligible gain error since only the amplifier’s
input bias current, which is less than 150pA, actually flows
through these switches.
The AD526 is capable of storing the gain code, (latched mode),
B, AO, Al, A2, under the direction of control inputs CLK and
CS. Alternatively, the AD526 can respond directly to gain code
changes if the control inputs are tied low (transparent mode).
For gains of 8 and 16, a fraction of the frequency compensation
capacitance (Cl in Figure 32) is automatically switched out of
the circuit. This increases the amplifier’s bandwidth and improves
its signal settling time and slew rate.

Figure 32. Simplified Schematic of the AD526

TRANSPARENT MODE OF OPERATION
In the transparent mode of operation, the AD526 will respond
directly to level changes at the gain code inputs (AO, Al, A2) if
B is tied high and both CS and CLK are allowed to float low.

After the gain codes are changed, the AD526’s output voltage
typically requires 5.5pus to settle to within 0.01% of the final
value. Figures 26 to 29 show the performance of the AD526 for
positive gain code changes.

LATCHED MODE OF OPERATION
The latched mode of operation is shown in Figure 34. When
either CS or CLK go to a logic “1,” the gain code (AO, Al, A2,
B) signals are latched into the registers and held until both CS
and CLK return to “0,” Unused CS or CLK inputs should be tied
to ground. The CS and CLK inputs are functionally and electrically
equivalent.
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TIMING AND CONTROL

CONTROL

GAIN CODE

CONDITION

A2

Al

AO

B

Clk(CS=0)

Gain

X
0
0
0
0
1
X
X
0
0
0
0
1

X
0
0
1
1
X
X
X
0
0
1
1
X

X
0
1
0
1
X
X
X
0
1
0
1
X

X
1
1
1
1
1
0
0
1
1
1
1
1

1
0
0
0
0
0
0
1
1
1
1
1
1

Previous State
1
2
4
8
16
1
1
1
2
4
8
16

Condition

Latched
Transparent
Transparent
Transparent
Transparent
Transparent
Transparent
Latched
Latched
Latched
Latched
Latched
Latched

NOTE: X = Don’t Care

Table I. AD526 Logic Input Truth Table

The specifications on page 3 in combination with Figure 35 give
the timing requirements for loading new gain codes.

GAIN CODE
INPUTS

DIGITAL FEEDTHROUGH
With either CS or CLK or both held high, the AD526 gain
state will remain constant regardless of the transitions at the AO,
Al, A2 or B inputs. However, high-speed logic transitions will
unavoidably feed through to the analog circuitry within the
AD526 causing spikes to occur at the signal output.

This feedthrough effect can be completely eliminated by operating
the AD526 in the transparent mode and latching the gain code
in an external bank of latches (Figure 36).

CLK ORCS

Tc = MINIMUM CLOCK CYCLE
Ts = DATA SETUP TIME
T„ = DATA HOLD TIME

NOTE: THRESHOLD LEVEL FOR
GAINCODE. CS.
AND CLK IS 1.4V.

To operate the AD526 using serial inputs, the configuration
shown in Figure 36 can be used with the 74LS174 replaced by a
serial-in/parallel-out latch, such as the 54LS594.

Figure 35. AD526 Timing

TIMING
SIGNAL

Figure 36. Using an External Latch to Minimize Digital
Feedthrough
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AD526
GROUNDING AND BYPASSING
Proper signal and grounding techniques must be applied in
board layout so that specified performance levels of precision
data acquisition components, such as the AD526, are not
degraded.
As is shown in Figure 37, logic and signal grounds should be
separate. By connecting the signal source ground locally to the
AD526 analog ground Pins 5 and 6, gain accuracy of the AD526
is maintained. This ground connection should not be corrupted
by currents associated with other elements within the system.

CASCADED OPERATION
A cascade of two AD526s can be used to achieve binarily weighted
gains from 1 to 256. If gains from 1 to 128 are needed, no additional
components are required. This is accomplished by using the B
pin as shown in Figure 38. When the B pin is low, the AD526
is held in a unity gain stage independent of the other gain code
values.

Utilizing the force and sense outputs of the AD526, as shown in
Figure 38, avoids signal drops along etch runs to low impedance
loads.

Votrr/Vin

A2

Al

AO

1
2
4
8
16
32
64
128

0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

0

kJ
0
1
0
1

Table II. Logic Table for Figure 38

Figure 37. Grounding and Bypassing

Figure 38. Cascaded Operation
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OFFSET NULLING
Input voltage offset nulling of the AD526 is best accomplished
at a gain of 16, since the referred-to-input (RTI) offset is amplified
the most at this gain and therefore is most easily trimmed. The
resulting trimmed value of RTI voltage offset typically varies
less than 3jxV across all gain ranges.
Note that the low input current of the AD526 minimizes RTI
voltage offsets due to source resistance.

OFFSET NULLING WITH A D/A CONVERTER
Figure 41 shows the AD526 with offset nulling accomplished
with an 8-bit D/A converter (AD7524) circuit instead of the
potentiometer shown in Figure 39. The calibration procedure is
the same as before except that instead of adjusting the poten
tiometer, the D/A converter corrects for the offset error. This
calibration circuit has a number of benefits in addition to elimi
nating the trimpot. The most significant benefit is that calibration
can be under the control of a microprocessor and therefore can
be implemented as part of an autocalibration scheme. Secondly,
dipswitches or RAM can be used to hold the 8-bit word after its
value has been determined. In Figure 42 the offset null sensitivity,
at a gain of 16, is 80p.V per LSB of adjustment, which guarantees
de accuracy to the 16-bit performance level.

Figure 39. Offset Voltage Null Circuit

OUTPUT CURRENT BOOSTER
The AD526 is rated for a full ± 10V output voltage swing into
2kf). In some applications, the need exists to drive more current
into heavier loads. As shown in Figure 40, a high current booster
may be connected “inside the loop” of the SPGA to provide the
required current boost without significantly degrading overall
performance. Nonlinearities, offset and gain inaccuracies of the
buffer are minimized by the loop gain of the AD526 output
amplifier.
Figure 41. Offset Nulling Using a DAC

Figure 40. Current Output Boosting
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Applications - AD526
FLOATING-POINT CONVERSION
High resolution converters are used in systems to obtain high
accuracy, improve system resolution or increase dynamic range.
There are a number of high resolution converters available with
throughput rates of 66.6kHz that can be purchased as a single
component solution; however in order to achieve higher
throughput rates, alternative conversion techniques must be
employed. A floating point A/D converter can improve both
throughput rate and dynamic range of a system.
In a floating point A/D converter (Figure 42), the output data is
presented as a 16-bit word, the lower 12 bits from the A/D
converter form the mantissa and the upper 4 bits from the digital
signal used to set the gain form the exponent. The AD526 pro
grammable gain amplifier in conjunction with the comparator
circuit scales the input signal to a range between half scale and
full scale for the maximum usable resolution.
The A/D converter diagrammed in Figure 42 consists of a pair
of AD585 sample/hold amplifiers, a flash converter, a five-range
programmable gain amplifier (the AD526) and a fast 12-bit A/D
converter (the AD7572). The floating-point A/D converter achieves
its high throughput rate of 125kHz by overlapping the acquisition
time of the first sample/hold amplifier and the settling time of
the AD526 with the conversion time of the A/D converter. The
first sample/hold amplifier holds the signal for the flash autoranger,

which determines which binary quantum the input falls within,
relative to full scale. Once the AD526 has settled to the appropriate
level, then the second sample/hold amplifier can be put into
hold which holds the amplified signal while the AD7572 performs
its conversion routine. The acquisition time for the AD585 is
3p.s, and the conversion time for the AD7572 is 5ps for a total
of 8jis, or 125kHz. This performance relies on the fast settling
characteristics of the AD526 after the flash autoranging (com
parator) circuit quantizes the input signal. A 16-bit register
holds the 3-bit output from the flash autoranger and the 12-bit
output of the AD7572.
The A/D converter in Figure 42 has a dynamic range of 96dB.
The dynamic range of a converter is the ratio of the full-scale
input range to the LSB value. With a floating-point A/D converter
the smallest value LSB corresponds to the LSB of the monolithic
converter divided by the maximum gain of the PGA. The floating
point A/D converter has a full-scale range of 5V, a maximum
gain of 16V/V from the AD526 and a 12-bit A/D converter; this
produces:

LSB = ([FSR/2N]/Gain) = ((5V/4096J/16) = 76;xV. The dynamic
range in dBs is based on the log of the ratio of the full-scale
input range to the LSB; dynamic range = 201og(5V/76p.V) =
96dB.

Figure 42. Floating-Point A/D Converter
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HIGH ACCURACY A/D CONVERTERS
Very high accuracy and high resolution floating-point A/D con
verters can be achieved by the incorporation of offset and gain
calibration routines. There are two techniques commonly used
for calibration, a hardware circuit as shown in Figure 43 and/or
a software routine. In this application the microprocessor is
functioning as the autoranging circuit, requiring software over
head; therefore, a hardware calibration technique was applied
which reduces the software burden. The software is used to set
the gain of the AD526. In operation the signal is converted, and
if the MSB of the AD574 is not equal to a logical 1, the gain is
increased by binary steps, up to the maximum gain. This maximizes
the full-scale range of the conversion process and insures a wide
dynamic range.
The calibration technique uses two point correction, offset and
gain. The hardware is simplified by the use of programmable
magnitude comparators, the 74ALS528s, which can be “burned”

for a particular code. In order to prevent under or over range
hunting during the calibration process, the reference offset and
gain codes should be different from the endpoint codes. A cali
bration cycle consists of selecting whether gain or offset is to be
calibrated then selecting the appropriate multiplexer channel to
apply the reference voltage to the signal channel. Once the
operation has been initiated, the counter, a 74ALS869, drives
the D/A converter in a linear fashion providing a small correction
voltage to either the gain or offset trim point of the AD574.
The output of the A/D converter is then compared to the value
preset in the 74ALS528 to determine a match. Once a match is
detected, the 74ALS528 produces a low going pulse which stops
the counter. The code at the D/A converter is latched until the
next calibration cycle. Calibration cycles are under the control
of the microprocessor in this application and should be imple
mented only during periods of converter inactivity.

+ 5V

* 15V

-15V

+ 5V

AGND

4 5V

Figure 43. High Accuracy A/D Converter
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ANALOG
DEVICES

Precision Instrumentation Amplifier
AD624

FEATURES
Low Noise: 0.2p.V p-p 0.1Hz to 10Hz
Low Gain TC: 5ppm max (G = 1)
Low Nonlinearity: 0.001% max (G = 1 to 200)
High CMRR: 130dB min (G = 500 to 1000)
Low Input Offset Voltage: 25p.V, max
Low Input Offset Voltage Drift: 0.25p.V/°C max
Gain Bandwidth Product: 25MHz
Pin Programmable Gains of 1, 100, 200, 500, 1000
No External Components Required
Internally Compensated

PRODUCT DESCRIPTION
The AD624 is a high precision low noise instrumentation amplifier
designed primarily for use with low level transducers, including
load cells, strain gauges and pressure transducers. An outstanding
combination of low noise, high gain accuracy, low gain temperature
coefficient and high linearity make the AD624 ideal for use in
high resolution data acquisition systems.

The AD624C has an input offset voltage drift of less than 0.25p,V/
°C, output offset voltage drift of less than 10p.V/°C, CMRR
above 80dB at unity gain (130dB at G = 500) and a maximum
nonlinearity of 0.001% at G = 1. In addition to these outstanding
de specifications the AD624 exhibits superior ac performance as
well. A 25MHz gain bandwidth product, 5V/p.s slew rate and
15 pts settling time permit the use of the AD624 in high speed
data acquisition applications.
The AD624 does not need any external components for pre
trimmed gains of 1, 100, 200, 500 and 1000. Additional gains
such as 250 and 333 can be programmed within one percent
accuracy with external jumpers. A single external resistor can
also be used to set the 624’s gain to any value in the range of 1
to 10,000.

PRODUCT HIGHLIGHTS
1. The AD624 offers outstanding noise performance. Input
noise is typically less than 4nV/VHz at 1kHz.
2. The AD624 is a functionally complete instrumentation am
plifier. Pin programmable gains of 1, 100, 200, 500 and 1000
are provided on the chip. Other gains are achieved through
the use of a single external resistor.
3. The offset voltage, offset voltage drift, gain accuracy and
gain temperature coefficients are guaranteed for all pre-trimmed
gains.
4. The AD624 provides totally independent input and output
offset nulling terminals for high precision applications. This
minimizes the effect of offset voltage in gain ranging
applications.
5. A sense terminal is provided to enable the user to minimize
the errors induced through long leads. A reference terminal
is also provided to permit level shifting at the output.
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(@ V$ = ± 15V, RL = 2k£l and TA = +25°C unless otherwise specified)
Model

Min
GAIN
Gain Equation
(External Resistor Gain
Programming)
Gain Range (Pin Programmable)
Gain Error
G= 1
G = 100
G = 200,500
G = 1000
Nonlinearity
G= 1
G = 100,200
G = 500,1000
Gain vs. Temperature
G - 1
G = 100,200
G = 500,1000

VOLTAGE OFFSET (May be Nulled)
Input Offset Voltage
vs. Temperature
Output Offset Voltage
vs. Temperature
Offset Referred to the
Input vs. Supply
G
1
G 100,200
G = 500,1000

AD624A
Typ

Max

Min

AD624B
Typ

Max

Min

AD624C
Typ

.1
rL 40,000
’€"+1J± 20%

r 4O00.1K 20%
I R<;
J

L

Ito 1000

Ito 1000

Ito 1000

40,000 + jl

Max

Min

AD624S
Typ

Max

Units

r 40,000 ,]
L rg +11- 20%

20%

Rc

Ito 1000

±0.05
±0.25
±0.5
±1.0

±0.03
±0.15
±0.35
±1.0

±0.02
±0.1
±0.25
±1.0

±0.05
±0.25
±0.5
±1.0

%
%
%
%

±0.005
±0.005
±0.005

±0.003
±0.003
±0.005

±0.001
±0.001
±0.005

±0.005
±0.005
±0.005

%
%
%

5
10
25

5
10
15

5
10
15

5
10
15

ppm/°C
ppm/°C
ppm/°C

200
2
5
50

75
0.5
3
25

25
0.25
2
10

75
2.0
3
50

pV
pV/”C
mV
pV/'C

70
95
100

80
110
115

75
105
110

dB
dB
dB

75
105

no

INPUTCURRENT
Input Bias Current
vs. Temperature
Input Offset Current
vs. Temperature

±50

±20

±20

±20

±20

INPUT
Input Impedance
Differential Resistance
Differential Capacitance
Common-Mode Resistance
Common-Mode Capacitance
Input Voltage Range1
Max Differ. Input Linear (Vp^)

10’
10
10’
10

10’
10
10’
10

10’
10
10’
10

10’
10
10’
10

n

±10

V

Max Common-Mode Linear (VCM)
Common-Mode Rejection de
to60Hz with lkfl Source Imbalance
G= 1
G = 100,200
G = 500,1000

±50
±35

±10

±10
12V - yxVD )

70
100

no

±35

±10

±10
12V — (HxV0

)

12V — (rxVD

nA
pA"C
nA
pA/°C

pF
n
pF

)

V

dB
dB
dB

70
100

80
110
130

75
105
120

±50

±50
±15

12V-(£xVD )

±50

±15

±25
±50

no

OUTPUT RATING
Vout.Ri.

= 2kO

DYNAMIC RESPONSE
Small Signal - 3dB
G= 1
G = 100
G = 200
G = 500
G = 1000
Slew Rate
Settling Time to 0.01%, 20V Step
G = lto200
G = 500
G = 1000
NOISE
Voltage Noise, 1kHz
R.T.I.
R.T.O.

±10

± 10

± 10

± 10

V

1
150
100
50
25
5.0

1
150
100
50
25
5.0

1
150
100
50
25
5.0

1
150
100
50
25
5.0

MHz.
kHz
kHz
kHz
kHz
V/ps

15
35
75

15
35
75

15
35
75

15
35
75

»1S

M-S

4
75

4
75

4
75

4
75

nV/VHz
nV/x/Hz
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^S

AD624
Model
Min

AD624A
Typ

R.T.I.,0.1 to 10Hz
G=1
G=100
G = 200,500,1000
Current Noise
O.lHztolOHz

Max

Min

AD624B
Typ

Max

Min

AD624C
Typ

Max

Min

AD624S
Typ

Max

Units

10
0.3
0.2

10
0.3
0.2

10
0.3
0.2

10
0.3
0.2

pV p-p
pV p-p
pV p-p

60

60

60

60

pAp-p

SENSE INPUT

Rin
•in

8

Voltage Range
Gain to Output

±10

10
30

12

8

10
30

12

8

± 10

1

10
30

12

8

±10

1

10
30

12

kll
pA
V
%

24

kll
p.A
V
%

+ 125
+ 150

°C
°C

±18

V
mA

± 10
1

1

REFERENCE INPUT

Rin

20
30

16

I|N

Voltage Range
Gain to Output

TEMPERATURE RANGE
Specified Performance
Storage
POWERSUPPLY
Power Supply Range
Quiescent Current

PACKAGE2
Ceramic (D-16)
A and S Grade Chips Available

24

16

20
30

24

16

± 10

± 10

1

1

-25
-65

±15
3.5

±6

AD624A

+ 85
+ 150

-25
-65

±18

±6

5

20
30

24

±15
3.5

20
30

16

±10

± 10

1

+ 85
+ 150

-25
-65

±18

±6

5

AD624B

1

±15
3.5

+ 85
+ 150

-55
-65

±18
5

±6

AD624C

±15
3.5

5

AD624S

NOTES
’VDL *s
maximum differential input voltage at G = 1 for specified nonlinearity. VDL at other gains = 10V/G. VD = actual differential input voltage. Example: G = 10, VD = 0.50.
VCM = 12V - (10/2 x 0.50V) = 9.5V.
2See Section 20 for package outline information.
Specifications subject to change without notice.
Specifications shown in boldface are tested on all production unit at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min and max specifications are
guaranteed, although only those shown in boldface are tested on all production units.

ABSOLUTE MAXIMUM RATINGS
*
Supply Voltage.................................................................± 18V
Internal Power Dissipation.......................................... 420mW
Input Voltage . . . . .......................................................... ± Vs
Differental Input Voltage....................................................... ±VS
Output Short Circuit Duration.....................................Indefinite
Storage Temperate Range............................. -65°C to + 150°C
Operating Temperature Range
AD624A/B/C............................................. -25°C to + 85°C
AD624S....................................................... -55°Cto + 125°C
Lead Temperature (Soldering, 60secs) ........................... +300°C

PIN CONFIGURATION
-INPUT |~i~

16] RG,

.INPUT [T

IS] OUTPUT NULL

rg? r~j~

14| OUTPUT NULL

INPUT NULL [~4~

13] G

100

INPUT NULL |~5~

~12~1 G

200

REFERENCE [~6~

~iF| g

500

-v.|T

+vt [T

•Stresses above those listed under “Absolute Maximum Ratings” may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions above
those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

SHORT TO
RG, FOR
DESIRED
GAIN

10] SENSE
OUTPUT

FOR GAIN OF 1000 SHORT RG, TO PIN 12
AND PINS 11 AND 13 TO RG,
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Typical Characteristics
20

> 15

so£
>
z5

m 10
§

"o

' 25'C

5

10

15

20

SUPPLY VOLTAGE - «V

Figure 1. Input Voltage Range vs.
Supply Voltage, G = 1

INPUT BIAS CURRENT

-

-nA

Figure 3. Output Voltage Swing vs.
Load Resistance

5

10
15
INPUT VOLTAGE - tV

20

Figure 7. Input Bias Current vs.
CMV

Figure 10. CMRR vs. Frequency RTI,
Zero to 1k Source Imbalance
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Figure 9. Gain vs. Frequency

Figure 11. Large Signal Frequency
Response

Figure 12. Positive PSRR vs.
Frequency

AD624

Figure 13. Negative PSRR vs.
Frequency

■EaiHHan

-12 TO 12

OUTPUT
STEP - V

12 TO -12

Figure 16. Low Frequency Voltage
Noise-G = 1 (System Gain = 1000)

Figure 17. Low Frequency Voltage
Noise - G = 1000 (System Gain =
100,000)

0 1%

r

r

/

/

0

5

10
SETTLING TIME -

15

20

Figure 18. Settling Time Gain = 1

0 01%

/

/

\

X

\

\
1%

0

Figure 19. Large Signal Pulse
Response and Settling Time G = 1

Response and Settling Time
G = 500

5

0.1%

° 1%

10
15
SETTLING TIME-ms

20

Figure 20. Settling Time Gain = WO

Figure 21. Large Signal Pulse
Response and Settling Time
G = 100

Figure 24. Large Signal Pulse
Response and Settling Time
G = WOO
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iokn

iksi

iokn

Theory of Operation
The AD624 is a monolithic instrumentation amplifier based on
a modification of the classic three-op-amp instrumentation am
plifier. Monolithic construction and laser-wafer-trimming allow
the tight matching and tracking of circuit components and the
high level of performance that this circuit architecture is capable
of.
A preamp section (Q1-Q4) develops the programmed gain by
the use of feedback concepts. Feedback from the outputs of Al
and A2 forces the collector currents of Q1-Q4 to be constant
thereby impressing the input voltage across Rq.
The gain is set by choosing the value of Rg from the equation,
Gain =
+ 1. The value of Rg also sets the transconductance
of the input preamp stage increasing it asymptotically to the
transconductance of the input transistors as Rg is reduced for
larger gains. This has three important advantages. First, this
approach allows the circuit to achieve a very high open loop
gain of 3 x 108 at a programmed gain of 1000 thus reducing gain
related errors to a negligible 3ppm. Second, the gain bandwidth
product which is determined by C3 or C4 and the input trans
conductance, reaches 25MHz. Third, the input voltage noise
reduces to a value determined by the collector current of the
input transistors for an RTI noise of 4nV/VHz at G > 500.

INPUT CONSIDERATIONS
Under input overload conditions the user will see Rq+ lOOfl
and two diode drops (~1.2V) between the plus and minus inputs,
in either direction. If safe overload current under all conditions
is assumed to be 10mA, the maximum overload voltage is ~ ± 2.5 V.
While the AD624 can withstand this continuously, momentary
overloads of ± 10V will not harm the device. On the other hand
the inputs should never exceed the supply voltage.
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Figure 27. Simplified Circuit of Amplifier; Gain is Defined as
((R56 + R57)/(RG) + 1. For a Gain of 1, RG is an Open Circuit.

The AD524 should be considered in applications that require
protection from severe input overload. If this is not possible,
external protection resistors can be put in series with the inputs
of the AD624 to augment the internal (5011) protection resistors.
This will most seriously degrade the noise performance. For this
reason the value of these resistors should be chosen to be as low
as possible and still provide 10mA of current limiting under
maximum continuous overload conditions. In selecting the value
of these resistors, the internal gain setting resistor and the 1.2
volt drop need to be considered. For example, to protect the
device from a continuous differential overload of 20V at a gain
of 100, 1.9kfl of resistance is required. The internal gain resistor
is 40411; the internal protect resistor is 100(1. There is a 1.2V
drop across DI or D2 and the base-emitter junction of either
QI and Q3 or Q2 and Q4 as shown in Figure 27, 14000
of external resistance would be required (7000 in series with
each input). The RTI noise in this case would be
\/4KTRcxt + (4nV/VHz)2 = 6.2nV/VHz.
INPUT OFFSET AND OUTPUT OFFSET
Voltage offset specifications are often considered a figure of
merit for instrumentation amplifiers. While initial offset may be
adjusted to zero, shifts in offset voltage due to temperature
variations will cause errors. Intelligent systems can often correct
for this factor with an auto-zero cycle, but there are many small
signal high-gain applications that don’t have this capability.

Voltage offset and offset drift each have two components; input
and output. Input offset is that component of offset that is

Applying the AD624
directly proportional to gain i.e., input offset as measured at the
output at G = 100 is 100 times greater than at G = 1. Output
offset is independent of gain. At low gains, output offset drift is
dominant, while at high gains input offset drift dominates.
Therefore, the output offset voltage drift is normally specified
as drift at G = 1 (where input effects are insignificant), while
input offset voltage drift is given by drift specification at a high
gain (where output offset effects are negligible). All input-related
numbers are referred to the input (RTI) which is to say that the
effect on the output is “G” times larger. Voltage offset vs. power
supply is also specified at one or more gain settings and is also
RTI.

By separating these errors, one can evaluate the total error inde
pendent of the gain setting used. In a given gain configuration
both errors can be combined to give a total error referred to the
input (R.T.I.) or output (R.T.O.) by the following formula:

Total Error R.T.I. = input error + (output error/gain)
Total Error R.T.O. = (Gain x input error) + output error

As an illustration, a typical AD624 might have a + 250|iV output
offset and a — 50p_V input offset. In a unity gain configuration,
the total output offset would be 200p.V or the sum of the two.
At a gain of 100, the output offset would be -4.75mV or:
+ 250jjlV + 100( —50p.V) = -4.75mV.
The AD624 provides for both input and output offset adjustment.
This optimizes nulling in very high precision applications and
minimizes offset voltage effects in switched gain applications. In
such applications the input offset is adjusted first at the highest
programmed gain, then the output offset is adjusted at G = 1.

Temperature
Gain
Coefficient
Pin 3
(Nominal) (Nominal)
to Pin

1
100
125
137
186.5
200
250
333
375
500
624
688
831
1000

— 0ppm/°C
- 1.5ppm/°C
- 5ppm/°C
- 5.5ppm/°C
-6.5ppm/°C
- 3.5ppm/°C
- 5.5ppm/°C
- 15ppm/°C
- 0.5ppm/°C
- 10ppm/°C
- 5ppm/°C
- 1.5ppm/°C
+ 4ppm/°C
0ppm/°C

13
13
13
13
12
12
12
12
11
11
11
11
11

Connect Pins

11 to 16
1110 12
11 to 12 to 16
Iltol3
11 to 16
13tol6
13 to 16
11 to 12; 13to 16
16 to 12
16to 12; 13to 11

Table 1.

pins 3 and 16 programs the gain according to the formula
R(, =
(see Figure 29). For best results Rg should be a
precision resistor with a low temperature coefficient. An external
Rg affects both gain accuracy and gain drift due to the mismatch
between it and the internal thin-film resistors R56 and R57.
Gain accuracy is determined by the tolerance of the external Rg
and the absolute accuracy of the internal resistors (±20%). Gain
drift is determined by the mismatch of the temperature coefficient
of Rg and the temperature coefficient of the internal resistors
(- 15ppm/°C typ), and the temperature coefficient of the internal
interconnections.

GAIN
The AD624 includes high accuracy pre-trimmed internal gain
resistors. These allow for single connection programming of
gains of 1, 100, 200 and 500. Additionally, a variety of gains
including a pre-trimmed gain of 1000 can be achieved through
series and parallel combinations of the internal resistors. Table I
shows the available gains and the appropriate pin connections
and gain temperature coefficients.

The gain values achieved via the combination of internal resistors
are extremely useful. The temperature coefficient of the gain is
dependent primarily on the mismatch of the temperature coeffi
cients of the various internal resistors. Tracking of these resistors
is extremely tight resulting in the low gain TC’s shown in
Table I.
If the desired value of gain is not attainable using the internal
resistors, a single external resistor can be used to achieve any
gain between 1 and 10,000. This resistor connected between

Figure 29. Operating Connections for G = 20

The AD624 may also be configured to provide gain in the output
stage. Figure 30 shows an H pad attenuator connected to the
reference and sense lines of the AD624. The values of Rl, R2
and R3 should be selected to be as low as possible to minimize
the gain variation and reduction of CMRR. Varying R2 will
precisely set the gain without affecting CMRR. CMRR is deter
mined by the match of Rl and R3.

Vqut
OUTPUT
SIGNAL
COMMON

Figure 28. Operating Connections for G =200
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NOISE
The AD624 is designed to provide noise performance near the
theoretical noise floor. This is an extremely important design
criteria as the front end noise of an instrumentation amplifier is
the ultimate limitation on the resolution of the data acquisition
system it is being used in. There are two sources of noise in an
instrument amplifier, the input noise, predominantly generated
by the differential input stage, and the output noise, generated
by the output amplifier. Both of these components are present
at the input (and output) of the instrumentation amplifier. At
the input, the input noise will appear unaltered; the output
noise will be attenuated by the closed loop gain (at the output,
the output noise will be unaltered; the input noise will be amplified
by the closed loop gain). Those two noise sources must be root
sum squared to determine the total noise level expected at the
input (or output).

The low frequency (0.1 to 10Hz) voltage noise due to the output
stage is 10p.V p-p, the contribution of the input stage is 0.2p.V
p-p. At a gain of 10, the RTI voltage noise would be lq.V p-p,
(0.2)2. The RTO voltage noise would be 10.2p.V
p-p, vlO2 + (0.2(G))2. These calculations hold for applications
using either internal or external gain resistors.
INPUT BIAS CURRENTS
Input bias currents are those currents necessary to bias the
input transistors of a de amplifier. Bias currents are an additional
source of input error and must be considered in an total error
budget. The bias currents when multiplied by the source resistance
imbalance appear as an additional offset voltage. (What is of
concern in calculating bias current errors is the change in bias
current with respect to signal voltage and temperature.) Input
offset current is the difference between the two input bias currents.
The effect of offset current is an input offset voltage whose
magnitude is the offset current times the source resistance.

Figure 31c. AC Coupled
Figure 31. Indirect Ground Returns for Bias Currents

COMMON-MODE REJECTION
Common-mode rejection is a measure of the change in output
voltage when both inputs are changed by equal amounts. These
specifications are usually given for a full-range input voltage
change and a specified source imbalance. “Common-Mode Re
jection Ratio” (CMRR) is a ratio expression while “Common-Mode
Rejection” (CMR) is the logarithm of that ratio. For example, a
CMRR of 10,000 corresponds to a CMR of 80dB.

In an instrumentation amplifier, ac common-mode rejection is
only as good as the differential phase shift. Degradation of ac
common-mode rejection is caused by unequal drops across differing
track resistances and a differential phase shift due to varied
stray capacitances or cable capacitances. In many applications
shielded cables are used to minimize noise. This technique can
create common-mode rejection errors unless the shield is properly
driven. Figures 32 and 33 shows active data guards which are
configured to improve ac common-mode rejection by “bootstrap
ping” the capacitances of the input cabling, thus minimizing
differential phase shift.

Although instrumentation amplifiers have differential inputs,
there must be a return path for the bias currents. If this is not
provided, those currents will charge stray capacitances, causing
the output to drift uncontrollably or to saturate. Therefore,
when amplifying “floating” input sources such as transformers
and thermocouples, as well as ac-coupled sources, there must
still be a de path from each input to ground, (see Figure 31).

TO POWER
SUPPLY
GROUND

Figure 33. Differential Shield Driver

TO POWER
SUPPLY
GROUNO
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GROUNDING
Many data-acquisition components have two or more ground
pins which are not connected together within the device. These
grounds must be tied together at one point, usually at the system
power supply ground. Ideally, a single solid ground would be
desirable. However, since current flows through the ground
wires and etch stripes of the circuit cards, and since these paths
have resistance and inductance, hundreds of millivolts can be
generated between the system ground point and the data acquisition
components. Separate ground returns should be provided to

AD624

Figure 36. Use of Reference Terminal to Provide Output
Offset
* IF INDEPENDENT. OTHERWISE
RETURN AMPLIFIER REFERENCE
TO MECCA AT ANALOG P S COMMON

Figure 34. Basic Grounding Practice

minimize the current flow in the path from the most sensitive
points to the system ground point. In this way supply currents
and logic-gate return currents are not summed into the same
return path as analog signals where they would cause measurement
errors (see Figure 34).
Since the output voltage is developed with respect to the potential
on the reference terminal an instrumentation amplifier can solve
many grounding problems.

SENSE TERMINAL
The sense terminal is the feedback point for the instrument
amplifier’s output amplifier. Normally it is connected to the
instrument amplifier output. If heavy load currents are to be
drawn through long leads, voltage drops due to current flowing
through lead resistance can cause errors. The sense terminal can
be wired to the instrument amplifier at the load thus putting the
IxR drops “inside the loop” and virtually eliminating this error
source.

When the IA is of the three-amplifier configuration it is necessary
that nearly zero impedance be presented to the reference terminal.
Any significant resistance, including those caused by PC layouts
or other connection techniques, which appears between the
reference pin and ground will increase the gain of the noninverting
signal path, thereby upsetting the common-mode rejection of
the I A. Inadvertent thermocouple connections created in the
sense and reference lines should also be avoided as they will
directly affect the output offset voltage and output offset voltage
drift.

In the AD624 a reference source resistance will unbalance the
CMR trim by the ratio of 10kfl/RREF. For example, if the reference
source impedance is lfl, CMR will be reduced to 80dB (lOkfl/
10 = 80dB). An operational amplifier may be used to provide
that low impedance reference point as shown in Figure 36. The
input offset voltage characteristics of that amplifier will add
directly to the output offset voltage performance of the in
strumentation amplifier.

An instrumentation amplifier can be turned into a voltage-to-current converter by taking advantage of the sense and reference
terminals as shown in Figure 37.

Figure 35. AD624 Instrumentation Amplifier with Output
Current Booster

Typically, IC instrumentation amplifiers are rated for a full
± 10 volt output swing into 2kfl. In some applications, however,
the need exists to drive more current into heavier loads. Figure
35 shows how a current booster may be connected “inside the
loop” of an instrumentation amplifier to provide the required
current without significantly degrading overall performance.
The effects of nonlinearities, offset and gain inaccuracies of the
buffer are reduced by the loop gain of the IA output amplifier.
Offset drift of the buffer is similarly reduced.

REFERENCE TERMINAL
The reference terminal may be used to offset the output by up
to ± 10V. This is useful when the load is “floating” or does not
share a ground with the rest of the system. It also provides a
direct means of injecting a precise offset. It must be remembered
that the total output swing is ± 10 volts, from ground, to be
shared between signal and reference offset.

Figure 37. Voltage-to-Current Converter

By establishing a reference at the “low” side of a current setting
resistor, an output current may be defined as a function of
input voltage, gain and the value of that resistor. Since only a
small current is demanded at the input of the buffer amplifier
A2, the forced current IL will largely flow through the load.
Offset and drift specifications of A2 must be added to the output
offset and drift specifications of the IA.
PROGRAMMABLE GAIN
Figure 38 shows the AD624 being used as a software programmable
gain amplifier. Gain switching can be accomplished with mechani
cal switches such as DIP switches or reed relays. It should be
noted that the “on” resistance of the switch in series with the
internal gain resistor becomes part of the gain equation and will
have an effect on gain accuracy.
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Figure 38. Gain Programmable Amplifier

A significant advantage in using the internal gain resistors in a
programmable gain configuration is the minimization of ther
mocouple signals which are often present in multiplexed data
acquisition systems.

If the full performance of the AD624 is to be achieved, the user
must be extremely careful in designing and laying out his circuit
to minimize the remaining thermocouple signals.
The AD624 can also be connected for gain in the output stage.
Figure 39 shows an AD547 used as an active attenuator in the
output amplifier’s feedback loop. The active attenuation presents
a very low impedance to the feedback resistors therefore minimiz
ing the common-mode rejection ratio degradation.

Figure 40. Programmable Output Gain Using a DAC

AUTO-ZERO CIRCUITS
In many applications it is necessary to provide very accurate
data in high gain configurations. At room temperature the offset
effects can be nulled by the use of offset trimpots. Over the
operating temperature range, however, offset nulling becomes a
problem. The circuit of Figure 41 shows a CMOS DAC operating
in the bipolar mode and connected to the reference terminal to
provide software controllable offset adjustments.

In many applications complex software algorithms for auto-zero
applications are not available. For these applications Figure 42
provides a hardware solution.

Another method for developing the switching scheme is to use a
DAC. The AD7528 dual DAC which acts essentially as a pair of
switched resistive attenuators having high analog linearity and
symmetrical bipolar transmission is ideal in this application.
The multiplying DAC’s advantage is that it can handle inputs of
either polarity or zero without affecting the programmed gain.
The circuit shown uses an AD7528 to set the gain (DAC A) and
to perform a fine adjustment (DAC B).
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AD624
The microprocessor controlled data acquisition system shown in
Figure 43 includes includes both auto-zero and auto-gain capa
bility. By dedicating two of the differential inputs, one to ground
and one to the A/D reference, the proper program calibration
cycles can eliminate both initial accuracy errors and accuracy
errors over temperature. The auto-zero cycle, in this application,
converts a number that appears to be ground and then writes
that same number (8 bit) to the AD7524 which eliminates the
zero error since its output has an inverted scale. The auto-gain
cycle converts the A/D reference and compares it with full scale.
A multiplicative correction factor is then computed and applied
to subsequent readings.

AC BRIDGE
Bridge circuits which use de excitation are often plagued by
errors caused by thermocouple effects, 1/f noise, de drifts in the
electronics, and line noise pick-up. One way to get around these
problems is to excite the bridge with an ac waveform, amplify
the bridge output with an ac amplifier, and synchronously de
modulate the resulting signal. The ac phase and amplitude in
formation from the bridge is recovered as a de signal at the
output of the synchronous demodulator. The low frequency
system noise, de drifts, and demodulator noise all get mixed to
the carrier frequency and can be removed by means of a low
pass filter. Dynamic response of the bridge must be traded off
against the amount of attenuation required to adequately suppress
these residual carrier components in the selection of the filter.

Figure 45 is an example of an ac bridge system with the AD630
used as a synchronous demodulator. The oscilloscope photograph
shows the results of a 0.05% bridge imbalance caused by the
IMeg resistor in parallel with one leg of the bridge. The top
trace represents the bridge excitation, the upper middle trace is
the amplified bridge output, the lower-middle trace is the output
of the synchronous demodulator and the bottom trace is the
filtered de system output.
This system can easily resolve a 0.5ppm change in bridge im
pedance. Such a change will produce a 6.3mV change in the low
pass filtered de output, well above the RTO drifts and noise.
ADDRESS BUS

Figure 43. Microprocessor Controlled Data Acquisition
System

The AC-CMRR of the AD624 decreases with the frequency of
the input signal. This is due mainly to the package-pin capacitance
associated with the AD624’s internal gain resistors. If AC-CMRR
is not sufficient for a given application, it can be trimmed by
using a variable capacitor connected to the amplifier’s RG2 pin
as shown in Figure 45.

WEIGH SCALE
Figure 44 shows an example of how an AD624 can be used to
condition the differential output voltage from a load cell. The
10% reference voltage adjustment range is required to accommo
date the 10% transducer sensitivity tolerance. The high linearity
and low noise of the AD624 make it ideal for use in applications
of this type particularly where it is desirable to measure small
changes in weight as opposed to the absolute value. The addition
of an auto gain/auto tare cycle will enable the system to remove
offsets, gain errors, and drifts making possible true 14-bit
performance.

Figure 44. AD624 Weigh Scale Application

Figure 46. AC Bridge Waveforms
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10V

Figure 47. Typical Bridge Application

ERROR BUDGET ANALYSIS
To illustrate how instrumentation amplifier specifications are
applied, we will now examine a typical case where an AD624 is
required to amplify the output of an unbalanced transducer.
Figure 47 shows a differential transducer, unbalanced by =5(1,
supplying a 0 to 20mV signal to an AD624C. The output of the
IA feeds a 14-bit A to D converter with a 0 to 2 volt input
voltage range. The operating temperature range is - 25°C to
+ 85°C. Therefore, the largest change in temperature AT within
the operating range is from ambient to + 85°C (85°C-25°C
= 60°C).

Error Source

AD624C
Specifications

Gain Error
Gain Instability
Gain Nonlinearity
Input Offset Voltage
Input Offset Voltage Drift

±0.1%
lOppm
±0.001%
±25jiV,RTI
±0.25pV/°C

Output Offset Voltage1
Output Offset Voltage Drift1

±2.0mV
± 10pV/°C

Bias Current - Source
Imbalance Error
Offset Current - Source
Imbalance Error
Offset Current - Source
Resistance-Error
Offset Current - Source
Resistance - Drift
Common Mode Rejection
5Vdc
Noise, RTI
(0.1-lOHz)

± 15nA
± lOnA
± lOnA

± 100pA/°C
115dB

0.22pVp-p

In many applications, differential linearity and resolution are of
prime importance. This would be so in cases where the absolute
value of a variable is less important than changes in value. In
these applications, only the irreducible errors (20ppm = 0.002%)
are significant. Furthermore, if a system has an intelligent pro
cessor monitoring the A to D output, the addition of a auto-gain/
auto-zero cycle will remove all reducible errors and may eliminate
the requirement for initial calibration. This will also reduce
errors to 0.002%.

Calculation
±0.1% = lOOOppm
(10ppm/°C)(60°C) = 600ppm
±0.001% = lOppm
±25p.V/20mV = ± 1250ppm
(±0.25p.V/°C)(60°C) = 15pV
15pV/20mV = 750ppm
±2.0mV/20mV = lOOOppm
(± 10p.V/°C)(60°C) = 600p.V
600pV/20mV = 300ppm
(± 15nA)(5(l) = O.O75pV
0.075p.V/20mV = 3.75ppm
(±10nA)(5(l) = 0.050pV
0.050pV/20mV = 2.5ppm
(10nA)(175(l) = 1.75|xV
1.75jiV/20mV = 87.5ppm
(100pA/°C)(175(l)(60°C) = lpV
lp.V/20mV = 50ppm
115dB = 1.8ppm x 5V = 9p.V
9pV/20mV = 444ppm

0.22pV p-p/20mV = lOppm
Total Error

Effect on
Absolute
Accuracy
atTA = 25°C

Effect on
Absolute
Accuracy
at Ta = 85°C

Effect
on
Resolution

lOOOppm
1250ppm

lOOOppm
600ppm
1250ppm

lOppm
-

1 OOOppm

750ppm
lOOOppm

-

-

300ppm

-

3.75ppm

3.75ppm

-

2.5ppm

2.5ppm

-

87.5ppm

87.5ppm

-

-

50ppm

-

450ppm

450ppm

-

-

-

lOppm

3793.75ppm

5493.75ppm

20ppm

'Output offset voltage and output offset voltage drift are given as RTI figures.

Table II. Error Budget Analysis of AD624CD in Bridge Application
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ANALOG
DEVICES

Programmable Gain
Instrumentation Amplifier

AD625
FEATURES
User Programmed Gains of 1 to 10,000
Low Gain Error: 0.02% max
Low Gain TC: 5ppm/°C max
Low Nonlinearity: 0.001% max
Low Offset Voltage: 25pV
Low Noise 4nV/VRz (at 1kHz) RTI
Gain Bandwidth Product: 25MHz
16-Pin Ceramic or Plastic DIP Package
MIL-Standard Parts Available
Low Cost

PRODUCT DESCRIPTION
The AD625 is a precision instrumentation amplifier specifically
designed to fulfill two major areas of application:
1) Circuits requiring nonstandard gains (i.e., gains not easily
achievable with devices such as the AD524 and AD624).
2) Circuits requiring a low cost, precision software program
mable gain amplifier.
For low noise, high CMRR, and low drift the AD625JN is the
most cost effective instrumentation amplifier solution available.
An additional three resistors allow the user to set any gain from
1 to 10,000. The error contribution of the AD625JN is less than
0.05% gain error and under 5ppm/°C gain TC; performance
limitations are primarily determined by the external resistors.
Common-mode rejection is independent of the feedback resistor
matching.

A software programmable gain amplifier (SPGA) can be configured
with the addition of a CMOS multiplexer (or other switch network),
and a suitable resistor network. Because the ON resistance of
the switches is removed from the signal path, an AD625 based
SPGA will deliver 12-bit precision, and can be programmed for
any set of gains between 1 and 10,000, with completely user
selected gain steps.

AD625 FUNCTIONAL BLOCK DIAGRAM

SENSE

OUTPUT

REFERENCE

PRODUCT HIGHLIGHTS
1. The AD625 affords up to 16-bit precision for user selected
fixed gains from 1 to 10,000. Any gain in this range can be
programmed by 3 external resistors.
2. A 12-bit software programmable gain amplifier can be confi
gured using the AD625, a CMOS multiplexer and a resistor
network. Unlike previous instrumentation amplifier designs,
the ON resistance of a CMOS switch does not affect the gain
accuracy.
3. The gain accuracy and gain temperature coefficient of the
amplifier circuit are primarily dependent on the user selected
external resistors.
4. The AD625 provides totally independent input and output
offset nulling terminals for high precision applications. This
minimizes the effects of offset voltage in gain-ranging
applications.
5. The proprietary design of the AD625 provides input voltage
noise of 4nV/VHz at 1kHz.
6. External resistor matching is not required to maintain high
common-mode rejection.

For the highest precision the AD625C offers an input offset
voltage drift of less than O.25jjlV/°C, output offset drift below
15|iV/°C, and a maximum nonlinearity of 0.001% at G= 1. All
grades exhibit excellent ac performance; a 25MHz gain bandwidth
product, 5Vp.s slew rate and 15p.s settling time.

The AD625 is available in three accuracy grades (A, B, C) for
industrial (-25°C to +85°C) temperature range, two grades (J,
K) for commercial (0 to + 70°C) temperature range, and one (S)
grade rated over the extended ( —55°C to + 125°C) temperature
range.
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(typical @ Vs = ± 15V, RL = 2kil and TA = +25°C unless otherwise specified)
Model

Min

AD625A/J/S
Typ

GAIN
Gain Equation
Gain Range
Gain Error1
Nonlinearity, Gain = 1-256
Gain>256
Gain vs. Temp. Gain< 10001

1
±.035

10,000
±0.05
±0.005
±0.01
5

1
±0.02

NOISE
Voltage Noise, 1kHz
R.T.I.
R.T.O.
R.T.I.,0.1 to 10Hz
G=1
G=10
G= 100
G= 1000
Current Noise
O.lHzto 10Hz
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Max

Units

10,000
±0.02
±0.001
±0.005
5

%
%
%
ppm/°C

2 Rf
Rc ' 1

10,000
±0.03
±0.002
±0.008
5

1

±0.01

250
15
250
10

50
2
50
1

100
10
100
5

nA
nA/°C
nA
nA/°C

50
1
4
20

200
2/2
5
50/50

25
0.25
2
10

50
0.50/1
3
25/40

10
0.1
1
10

25
0.25
2
15

pV
pV/’C
mV
pV/°C

75
90
105
110

±20
±50
±1
±20

±50

±35

75
95
105
115

80
95
110
115

85
100
110
120

±15

±10

75
95
105
115

85
105
115
125

dB
dB
dB
dB
±15

±5

1
4
1
4

± 10
12V -(& xV D)

12V -(;xVo)

xV □)

90
105
120
140

± 10
±50
±1
±20

±25

1
4
1
4

±10

DYNAMIC RESPONSE
Small Signal - 3dB
G = 1 (Rf = 2Okfl)
G= 10
G=100
G=1000
Slew Rate
Settling Time to0.01%,20V Step
G = Ito 200
G = 500
G= 1000

AD625C
Typ

150
2
75
1

12V

OUTPUT RATING

Min

500
20
500
15

1
4
1
4

70
90
100
110

Max

300
5
150
2

±30
±50
±2
±20

INPUT
Input Impedance
Differential Resistance
Differential Capacitance
Common-Mode Resistance
Common-Mode Capacitance
Input Voltage Range
Differ. Input Linear (VDl)2

AD625B/K
Typ

2 Rf
“r^ + 1

75
95
100
110

70
85
95
100

INPUTCURRENT
Input Bias Current
vs. Temperature
Input Offset Current
vs. Temperature

Common-Mode Linear (VCM)
Common-Mode Rejection Ratio de to
60Hz with 1 kfl Source Imbalance
G=1
G = 10
G=100
G=1000

Min

2 Re
_Rg + 1

GAIN SENSE INPUT
Gain Sense Current
vs. Temperature
Gain Sense Offset Current
vs. Temperature

VOLTAGE OFFSET (May be Nulled)
Input Offset Voltage
vs. Temperature
Output Offset Voltage
vs. Temperature
Offset Referred to the
Input vs. Supply
G=1
G=10
G = 100
G=1000

Max

80
100

no
120

90
115
125
140

nA
pA/°C
nA
pA/°C

Gil
pF
GO
pF

V

dB
dB
dB
dB

±10V
@5mA

±10V
@5mA

±10V
@5mA

650
400
150
25
5.0

650
400
150
25
5.0

650
400
150
25
5.0

kHz
kHz
kHz
kHz
V/ps

15
35
75

15
35
75

15
35
75

ps
ps
ps

4
75

4
75

4
75

nV/Vfiz
nV/vik

10
1.0
0.3
0.2

10
1.0
0.3
0.2

10
1.0
0.3
0.2

pVp-p
pV p-p
pVp-p
pVp-p

60

60

60

pA p-p

AD625
Min

Model

AD625A/J/S
Typ

Max

AD625B/K
Typ

Min

Max

Min

AD625C
Typ

Max

Units

SENSE INPUT
Iin

Voltage Range
Gain to Output

±10

±10

±10

kn
rA
V
%

10
30

10
30

10
30

Rin

1*
0.01

1 ±0.01

1 ±0.01

20
30

20
30

20
30

REFERENCEINPUT
Rin

Iin

Voltage Range
Gain to Output

TEMPERATURE RANGE
Specified Performance
J/K Grades
A/B/C Grades
S Grade
Storage
POWERSUPPLY
Power Supply Range
Quiescent Current

PACKAGE OPTIONS5
Ceramic (D-16)
Plastic DIP (N-16)
Leadless Chip Carrier (E-20A)

±10

±10

± 10

1 ±0.01

1 ±0.01

1 ±0.01

+ 70
+ 85
+ 125
+ 150

0
-25
-55
-65

±6to ±18
5
3.5
AD625AD/SD
AD625JN
AD625AE

kn
pA
V
%

0
-25

+ 70
+ 85

-25

+ 85

°C
°C

-65

+ 150

-65

+ 150

°C

±6to ±18
3.5
5
AD625BD
AD625KN

±6to ± 18
5
3.5

V
mA

AD625CD

NOTES
'Gain Error and Gain TC are for the AD625 only. Resistor network errors will add to the specified errors.
2VDi. is the maximum differential input voltage at G = 1 for specified nonlinearity.
VDI at other gains = 10V/G.
VD = actual differential input voltage.
Example: G = 10, Vq = 0.50
VCM= 12V-(10/2 x0.50V) = 9.5V.
'See Section 20 for package outline information.
Specifications subject to change without notice.
All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production
units at final electrical test. Results from those tests are used to calculate outgoing quality levels.

ABSOLUTE MAXIMUM RATINGS1
Supply Voltage..................................................................... ±18V
Internal Power Dissipation.......................................... 450mW
Input Voltage.......................................................................... ±V§
Differential Input Voltage2.................................................... ±VS
Output Short Circuit Duration.....................................Indefinite
Storage Temperature Range D....................— 65°C to + 150°C
Storage Temperature Range N...................... -65°C to + 125°C
Operating Temperature Range
AD625J/K .............................................................. 0to+70°C
AD625A/B/C............................................. -25°C to 4- 85°C

AD625S....................................................... -55°C to + 125°C
Lead Temperature Range
(Soldering, 60 seconds).....................................................+ 300°C
NOTE
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those
indicated in the operational section of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

PIN CONFIGURATIONS

Leadless Chip Carrier (E) Package

Ceramic and Plastic DIP (D and N) Packages

18 RTO NULL

17 RTO NULL
16 NC
15 -GAIN DRIVER
14 SENSE
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Typical Characteristics

LOAD RESISTANCE-Q

Figure 1. Input Voltage Range vs.
Supply Voltage, G = 1

Figure 2. Output Voltage Swing
vs. Supply Voltage

Figure 4. CMRR vs. Frequency
RTI, Zero to 1 kCl Source Imbalance

Figure 5. Large Signal Frequency
Response

Figure 3. Output Voltage Swing
vs. Load Resistance

FREQUENCY - Hz

Figure 8. Negative PSRR vs.
Frequency

Figure 10. Input Bias Current vs.
Temperature
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Figure 11. Overange and Gain
Switching Test Circuit (G—8, G=1)

Figure 6. Gain vs. Frequency

Figure 9. Positive PSRR vs.
Frequency

Figure 12. Gain Overange Recovery

AD625

Figure 13. Quiescent Current vs.
Supply Voltage

Figure 14. RTI Noise Spectral
Density vs. Gain

Figure 15. Input Current Noise

Figure 16. Low Frequency Voltage
Noise. G=1 (System Gam—1000)

Figure 18. Low Frequency Voltage
Noise. G=1000 (System
Gain=100,000)

Figure 19. Large Signal Pulse
Response and Settling Time, G—1

Figure 21. Large Signal Pulse
Response and Settling Time, G= 100

Figure 22. Large Signal Pulse
Response and Settling Time, G = 10

Figure 23. Settling Time Test
Circuit

Figure 24. Large Signal Pulse
Response and Settling Time,
G=1000
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Theory of Operation
The AD625 is a monolithic instrumentation amplifier based on
a modification of the classic three-op-amp approach. Monolithic
construction and laser-wafer-trimming allow the tight matching
and tracking of circuit components. This insures the high level
of performance inherent in this circuit architecture.

A preamp section (Q1-Q4) provides additional gain to Al and
A2. Feedback from the outputs of Al and A2 forces the collector
currents of Q1-Q4 to be constant, thereby, impressing the input
voltage across Rg- This creates a differential voltage at the outputs
of Al and A2 which is given by the gain (2Rf/Rg + 1) times
the differential portion of the input voltage. The unity gain
subtractor, A3, removes any common-mode signal from the
output voltage yielding a single ended output, VOut> referred to
the potential at the reference pin.
The value of Rg is the determining factor of the transconductance
of the input preamp stage. As Rg is reduced for larger gains the
transconductance increases. This has three important advantages.
First, this approach allows the circuit to achieve a very high
open-loop gain of (3x 108 at programmed gains & 500) thus
reducing gain related errors. Second, the gain-bandwidth product,
which is determined by C3, C4, and the input transconductance,
increases with gain, thereby, optimizing frequency response.
Third, the input voltage noise is reduced to a value determined
by the collector current of the input transistors (4nV/VHz).

INPUT PROTECTION
Differential input amplifiers frequently encounter input voltages
outside of their linear range of operation. There are two consid
erations when applying input protection for the AD625; 1) that
continuous input current must be limited to less than 10mA and
2) that input voltages must not exceed either supply by more
than one diode drop (approximately 0.6V (a? 25°C).

Under differential overload conditions there is (Rg + 100)11 in
series with two diode drops (approximately 1.2 V) between the
plus and minus inputs, in either direction. With no external
protection and Rg very small (i.e., 4011), the maximum overload
voltage the AD625 can withstand, continuously, is approximately
±2.5V. Figure 26A shows the external components necessary to
protect the AD625 under all overload conditions at any gain.

Figure 25. Simplified Circuit of the AD625
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The diodes to the supplies are only necessary if input voltages
outside of the range of the supplies are encountered. In higher
gain applications where differential voltages are small, back-toback zener diodes and smaller resistors, as shown in Figure 26b,
provides adequate protection. Figure 26c shows low cost FETs
with a maximum ON resistance of 30011 configured to offer
input protection with minimal degradation to noise, (5.2nV/VHz
compared to normal noise performance of 4nV/VHz).

During differential overload conditions, excess current will flow
through the gain sense lines (pins 2 and 15). This will have no
effect in fixed gain applications. However, if the AD625 is
being used in an SPGA application with a CMOS multiplexer,
this current should be taken into consideration. The current
capabilities of the multiplexer may be the limiting factor in
allowable overflow current. The ON resistance of the switch
should be included as part of Rg when calculating the necessary
input protection resistance.

Applying the AD625
Any resistors in series with the inputs of the AD625 will degrade
the noise performance. For this reason the circuit in Figure 26b
should be used if the gains are all greater than 5. For gains less
than 5, either the circuit in Figure 26a or in Figure 26c can be
used. The two 1.4kO resistors in Figure 26a will degrade the
noise performance to:

V4kTR„, + (4nV/VHz)2 = 7.9nV/VHz
RESISTOR PROGRAMMABLE GAIN AMPLIFIER
In the resistor-programmed mode (Figure 27), only three external
resistors are needed to select any gain from 1 to 10,000. Depending
on the application, discrete components or a pretrimmed network
can be used. The gain accuracy and gain TC are primarily de
termined by the external resistors since the AD625C contributes
less than 0.02% to gain error and under 5ppm/°C gain TC. The
gain sense current is insensitive to common-mode voltage, making
the CMRR of the resistor programmed AD625 independent of
the match of the two feedback resistors, RF.

Selecting Resistor Values
As previously stated each Rp provides feedback to the input
stage and sets the unity gain transconductance. These feedback
resistors are provided by the user. The AD625 is tested and
specified with a value of 20kO for Rp. Since the magnitude of
RTO errors increases with increasing feedback resistance, values
much above 20kO are not recommended (values below lOkO for
Rp may lead to instability). Refer to the graph of RTO noise,
offset, drift, and bandwidth (Figure 28) when selecting the
feedback resistors. The gain resistor (Rg) is determined by the
formula Rg = 2RF/(G-1).

Figure 27. AD625 in Fixed Gain Configuration

A list of standard resistors which can be used to set some common
gains is shown in Table I.

BANDWIDTH

i s&

2

Figure 28. RTO Noise, Offset, Drift, and Bandwidth vs.
Feedback Resistance Normalized to 20k£l

GAIN

Rf

Rg

1
2
5
10
20
50
100
200
500
1000
4
8
16
32
64
128
256
512
1024

20kO
19.6kO
20kO
20kO
20kO
19.6kO
20kO
20.5kO
19.6M1
19.6kO
20kO
19.6kO
20kO
19.6kO
20kO
20kO
19.6kO
19.6kO
19.6kO

00

39.2kO
lOkO
4.42kO
2.1kO
8060
4020
2050
78.70
39.20
13.3kO
5.62kO
2.67kO
1.27kO
6340
3160
1540
76.80
38.30

Table I. Common Gains Nominally within ±0.5% Error
Using Standard 1% Resistors

For single gain applications, only one offset null adjust is necessary;
in these cases the RTI null should be used.
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SENSE TERMINAL
The sense terminal is the feedback point for the AD625 output
amplifier. Normally it is connected directly to the output. If
heavy load currents are to be drawn through long leads, voltage
drops through lead resistance can cause errors. In these instances
the sense terminal can be wired to the load thus putting the
I x R drops “inside the loop” and virtually eliminating this
error source.

The offset per bit is equal to the total offset range divided by
2n, where N = number of bits of the DAC. The range of offset
for Figure 30 is ± 120mV, and the offset is incremented in steps
of 0.9375mV/LSB.

Typically, IC instrumentation amplifiers are rated for a full± 10
volt output swing into 2kfl. In some applications, however, the
need exists to drive more current into heavier loads. Figure 29
shows how a high-current booster may be connected “inside the
loop” of an instrumentation amplifier. By using an external
power boosting circuit, the power dissipated by the AD625 will
remain low, thereby, minimizing the errors induced by self-heat
ing. The effects of nonlinearities, offset and gain inaccuracies of
the buffer are reduced by the loop gain of the AD625’s output

Figure 29. AD625 Instrumentation Amplifier with Output
Current Booster

REFERENCE TERMINAL
The reference terminal may be used to offset the output by up
to ± 10V. This is useful when the load is “floating” or does not
share a ground with the rest of the system. It also provides a
direct means of injecting a precise offset. However, it must be
remembered that the total output swing is ± 10 volts, from
ground, to be shared between signal and reference offset.

Figure 30. Software Controllable Offset

An instrumentation amplifier can be turned into a voltage-tocurrent converter by taking advantage of the sense and reference
terminals as shown in Figure 31.

The AD625 reference terminal must be presented with nearly
zero impedance. Any significant resistance, including those
caused by PC layouts or other connection techniques, will increase
the gain of the noninverting signal path, thereby, upsetting the
common-mode rejection of the In-Amp. Inadvertent thermocouple
connections created in the sense and reference lines should also
be avoided as they will directly affect the output offset voltage
and output offset voltage drift.

In the AD625 a reference source resistance will unbalance the
CMR trim by the ratio of 10kfl/RREF. For example, if the reference
source impedance is lfl, CMR will be reduced to 80dB (lOkfl/lfl
= 80dB). An operational amplifier may be used to provide the
low impedance reference point as shown in Figure 30. The
input offset voltage characteristics of that amplifier will add
directly to the output offset voltage performance of the in
strumentation amplifier.
The circuit of Figure 30 also shows a CMOS DAC operating in
the bipolar mode and connnected to the reference terminal to
provide software controllable offset adjustments. The total offset
range is equal to ± (V[<EE/2 x R5/R4), however, to be symmetrical
about 0V R3 = 2 x R4.
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Figure 31. Voltage-to-Current Converter

By establishing a reference at the “low” side of a current setting
resistor, an output current may be defined as a function of
input voltage, gain and the value of that resistor. Since only a
small current is demanded at the input of the buffer amplifier
Al, the forced current II will largely flow through the load.
Offset and drift specifications of A2 must be added to the output
offset and drift specifications of the In-Amp.

AD625
INPUT AND OUTPUT OFFSET VOLTAGE
Offset voltage specifications are often considered a figure of
merit for instrumentation amplifiers. While initial offset may be
adjusted to zero, shifts in offset voltage due to temperature
variations will cause errors. Intelligent systems can often correct
for this factor with an auto-zero cycle, but this requires extra
circuitry.

common-mode rejection errors unless the shield is properly
driven. Figures 32 and 33 show active data guards which are
configured to improve ac common-mode rejection by “bootstrap
ping” the capacitances of the input cabling, thus minimizing
differential phase shift.

Offset voltage and offset voltage drift each have two components:
input and output. Input offset is that component of offset that
is generated at the input stage. Measured at the output it is
directly proportional to gain, i.e., input offset as measured at
the output at G = 100 is 100 times greater than that measured
at G = 1. Output offset is generated at the output and is constant
for all gains.
The input offset and drift are multiplied by the gain, while the
output terms are independent of gain, therefore, input errors
dominate at high gains and output errors dominate at low gains.
The output offset voltage (and drift) is normally specified at
G = 1 (where input effects are insignificant), while input offset
(and drift) is given at a high gain (where output effects are
negligible). All input-related parameters are specified referred to
the input (RTI) which is to say that the effect on the output is
“G” times larger. Offset voltage vs. power supply is also specified
as an RTI error.
By separating these errors, one can evaluate the total error inde
pendent of the gain. For a given gain, both errors can be combined
to give a total error referred to the input (RTI) or output (RTO)
by the following formula:

Total Error RTI = input error 4- (output error/gain)
Total Error RTO = (Gain x input error) + output error

Figure 33. Differential Shield Driver

GROUNDING
In order to isolate low level analog signals from a noisy digital
environment, many data-acquisition components have two or
more ground pins. These grounds must eventually be tied together
at one point. It would be convenient to use a single ground line,
however, current through ground wires and pc runs of the
circuit card can cause hundreds of millivolts of error. Therefore,
separate ground returns should be provided to minimize the
current flow from the sensitive points to the system ground (see
Figure 34). Since the AD625 output voltage is developed with
respect to the potential on the reference terminal, it can solve
many grounding problems.

The AD625 provides for both input and output offset voltage
adjustment. This simplifies nulling in very high perecision ap
plications and minimizes offset voltage effects in switched gain
applications. In such applications the input offset is adjusted
first at the highest programmed gain, then the output offset is
adjusted at G = 1. If only a single null is desired, the input
offset null should be used. The most additional drift when using
only the input offset null is 0.9jiV/°C, RTO.

COMMON-MODE REJECTION
Common-mode rejection is a measure of the change in output
voltage when both inputs are changed by equal amounts. These
specifications are usually given for a full-range input voltage
change and a specified source imbalance.
In an instrumentation amplifier, degradation of common-mode
rejection is caused by a differential phase shift due to differences
in distributed stray capacitances. In many applications shielded
cables are used to minimize noise. This technique can create

ANALOG
POWER
GROUND

Figure 34. Basic Grounding Practice for a Data Acquisition
System

Figure 32. Common-Mode Shield Driver

GROUND RETURNS FOR BIAS CURRENTS
Input bias currents are those currents necessary to bias the
input transistors of a de amplifier. There must be a direct return
path for these currents, otherwise they will charge external
capacitances, causing the output to drift uncontrollably or saturate.
Therefore, when amplifying “floating” input sources such as
transformers, or ac-coupled sources, there must be a de path
from each input to ground as shown in Figure 35.
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SENSE

Figure 35a. Ground Returns for Bias Currents with
Transformer Coupled Inputs

Figure 35b. Ground Returns for Bias Currents with
Thermocouple Input

Figure 36. Auto-Zero Circuit

over the circuitry since slowly fluctuating thermocouple voltages
will appear as “flicker” noise. In SPGA applications relay contacts
and CMOS mux leads are both potential sources of additional
thermocouple errors.

Figure 35c. Ground Returns for Bias Currents with AC
Coupled Inputs

The base emitter junction of an input transistor can rectify out
of band signals (i.e., RF interference). When amplifying small
signals, these rectified voltages act as small de offset errors. The
AD625 allows direct access to the input transistors’ bases and
emitters enabling the user to apply some first order filtering to
these unwanted signals. In Figure 37, the RC time constant
should be chosen for desired attenuation of the interfering signals.
In the case of a resistive transducer, the capacitance alone working
against the internal resistance of the transducer may suffice.

AUTO-ZERO CIRCUITS
In many applications it is necessary to maintain high accuracy.
At room temperature, offset effects can be nulled by the use of
offset trimpots. Over the operating temperature range, however,
offset nulling becomes a problem. For these applications the
auto-zero circuit of Figure 36 provides a hardware solution.

OTHER CONSIDERATIONS
One of the more overlooked problems in designing ultra-low-drift
de amplifiers is thermocouple induced offset. In a circuit comprised
of two dissimilar conductors (i.e., copper, kovar), a current
flows when the two junctions are at different temperatures.
When this circuit is broken, a voltage known as the “Seebeck”
or thermocouple emf can be measured. Standard IC lead material
(kovar) and copper form a thermocouple with a high thermoelectric
potential (about 35|iV°C). This means that care must be taken
to insure that all connections (especially those in the input circuit
of the AD625) remain isothermal. This includes the input leads
(1, 16) and the gain sense lines (2, 15). These pins were chosen
for symmetry, helping to desensitize the input circuit to thermal
gradients. In addition, the user should also avoid air currents
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Figure 37. Circuit to Attenuate RF Interference

AD625
These capacitances may also be incorporated as part of the external
input protection circuit (see section on input protection). As a
general practice every effort should be made to match the ex
traneous capacitance at pins 15 and 2, and pins 1 and 16, to
preserve high ac CMR.
SOFTWARE PROGRAMMABLE GAIN AMPLIFIER
An SPGA provides the ability to externally program precision
gains from digital inputs. Historically, the problem in systems
requiring electronic switching of gains has been the ON resistance
(Ron) of the multiplexer, which appears in series with the gain
setting resistor Rg- This can result in substantial gain errors and
gain drifts. The AD625 eliminates this problem by making the
gain drive and gain sense pins available (pins 2, 15, 5, 12; see
Figure 39). Consequently the multiplexer’s ON resistance is
removed from the signal current path. This transforms the ON
resistance error into a small nullable offset error. To clarify this
point, an error budget analysis has been performed in Table II
based on the SPGA configuration shown in Figure 39.

Figure 39 shows a complete SPGA feeding a 12-bit DAS with a
0-10V input range. This configuration was used in the error
budget analysis shown in Table II. The gain used for the RTI
calculations is set at 16. As the gain is changed, the ON resistance
of the multiplexer and the feedback resistance will change,
which will slightly alter the values in the table.

Induced Error

Figure 38. SPGA in a Gain of 16

Specification
AD625C
AD75O2KN

Calculation

RTI Offset
Voltage

Gain Sense
Offset
Current
40nA

Switch
Resistance
1700

40nAx 1700 =
6.8pV

6.8jiV

RTI Offset
Voltage

Gain Sense
Current
60nA

Differential
Switch
Resistance
6.80

60nA x 6.80 =
0.41|iV

0.41p.V

RTO Offset
Voltage

Feedback
Resistance
20kO'

Differential
Leakage
Current (Is)2
+ 0.2nA
— 0.2nA

2(0.2nA x 20kO)
= 8p.V/16

0.5p.V

RTO Offset
Voltage

Feedback
Resistance
20kO'

Differential
Leakage
Current
(lour)2
+ InA
- InA

2(lnAx20kO)
= 40p.V/16

2.5,1V

Total error induced by a typical CMOS multiplexer
to an SPGA at 25°C

Figure 38 shows an AD625 based SPGA with possible gains of
1, 4, 16, 64. Rg equals the resistance between the gain sense
lines (pins 2 and 15) of the AD625. In Figure 38, Rg equals the
sum of the two 9750 resistors and the 6500 resistor, or 26000.
Rf equals the resistance between the gain sense and the gain
drive pins (pins 12 and 15, or pins 2 and 5), that is Rp equals
the 15.6kO resistor plus the 3.9kO resistor, or 19.5kO. The
gain, therefore equals:
2Rf
2(19.5kO)
Rg
(2.6kO)
As the switches of the differential multiplexer proceed syn
chronously, Rg and RF change, resulting in the various
programmed gain settings.

Voltage Offset
Induced RTI

10.21pV

NOTES
'The resistor for this calculation is the user provided feedback resistance (Rf). 20kO is
recommended value (see resistor programmable gain amplifier section).
The leakage currents (Is and lour) will induce an offset voltage, however, the offset will
be determined by the difference between the leakages of each “half’ of the differential
multiplexer. The differential leakage current is multiplied by the feedback resistance
(see Note l),to determine offset voltage. Because differential leakage curent is not a
parameter specified on multiplexer data sheets, the most extreme difference (one most
positive and one most negative) was used for the calculations in Table II. Typical
performance will be much better.
*The frequency response and settling will be affected by the ON resistance and internal
capacitance of the multiplexer. Figure 40 shows the settling time vs. ON resistance at
different gain settings for an AD625 based SPGA.
••Switch resistance and leakage current errors can be reduced by using relays.

Table II. Errors Induced by Multiplexer to an SPGA
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running total of the preceding feedback resistors. To illustrate
how the formula can be applied, an example similar to the cal
culation used for the resistor network in Figure 38 is examined
below.

1) Unity gain is treated as a separate case. It is implemented
with separate 20kfl feedback resistors as shown in Figure 41. It
is then ignored in further calculations.
2) Before making any calculations it is advised to draw a resistor
network similar to the network in Figure 41. The network will
have (2 x M) + 1 resistors, where M = number of gains. For
Figure 38 M = 3 (4, 16, 64), therefore, the resistor string will
have 7 resistors (plus the two 20kfl “side” resistors for unity
gain).
3) Begin all calculations with Go = 1 and RFq = 0.

RF1=(2Okfl-RFo) (1-1/4): RFo = O

RF]= 15kU

RF2 = [2Okfl-(RFo+RF1)J (1-4/16):
RFo+ RF] = 15kil.-.Rp2 = 3.75kfl

RF} = [20kU - (RFo + RF1 + Rp2)] (1-16/64):

RFo + RF| + Rf? = 18.75kfl;.RFj = 937.5Q

4) The center resistor (Rg of the highest gain setting), is determined
last. Its value is the remaining resistance of the 40kfl string,
and can be calculated with the equation:
M

Ro= (40kQ- 2 X

rf,)

i-o

Rq = 40kil - 2(RFq + RFj + Rp2 + RF})
40kfl-39.375kO = 625fl

DETERMINING SPGA RESISTOR NETWORK VALUES
The individual resistors in the gain network can be calculated
sequentially using the formula given below. The equation deter
mines the resistors as labeled in Figure 41. The feedback resistors
and the gain setting resistors are interactive, therefore; the formula
must be a series where the present term is dependent on the
preceding term(s). The formula

Rp,.,- <20kn-2 Rf,)(i -<£;>

5) If different resistor values are desired, all the resistors in the
network can be scaled by some convenient factor. However,
raising the impedance will increase the RTO errors, lowering
the total network resistance below 20kfl can result in amplifier
instability. More information on this phenomenon is given in
the RPGA section of the data sheet. The scale factor will not
affect the unity gain feedback resistors. The resistor network in
Figure 38 has a scaling factor of 650/625= 1.04, if this factor is
used on RF[, Rp2, RFj) and Rq, then the resistor values will
match exactly.
6) Round off errors can be cumulative, therefore, it is advised
to carry as many significant digits as possible until all the values
have been calculated.

RF'.'o

can be used to calculate the necessary feedback resistors for any
set of gains. This formula yields a network with a total resistance
of 40kfl. A dummy variable (j) serves as a counter to keep a

Figure 41. Resistors for a Gain Setting Network
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Boldface Type: Product recommended for new design.

Isolation Amplifiers

Selection Guide

Orientation
Isolation Amplifiers
The isolation amplifier (or isolator) has an input circuit that is
galvanically isolated from the power supply and the output
circuit. In the basic two-port form, the output and power circuits
are not isolated from one another; in three-port isolators (see the
figure), the input circuits, output circuits, and power source are
all isolated from one another. In some 3-port isolators, the power
for the output stage must be furnished from the signal’s destination;
however, in the device shown in Figure 1, all internal power is
furnished by its own power source; in addition, a modicum of
auxiliary power is available to power external input and output
circuitry.

Isolators are intended for applications requiring safe, accurate
measurement of voltage or current signals in the presence of
high common-mode voltage (to thousands of volts) with high
CMR, line-receiving of signals transmitted at high impedance in
noisy environments, and for safety in general-purpose measure
ments where de and line-frequency leakage must be maintained
at levels well below certain mandated minima.
*
Principal appli
cations are in electrical environments of the kind associated with
medical equipment, conventional and nuclear power plants,
automatic test equipment and industrial process-control systems.
Analog Devices Isolators described in this section (and in the
Signal Conditioner section) use transformer coupled high-frequency
carrier techniques for the transmission of power to and signals
from the input (and in some cases the output) circuit.
CHOOSING AN ISOLATOR
The choice of isolator depends on the desired functional charac
teristics and the required specifications. Functional characteristics
include such considerations as number of channels in the system,
range of output common-mode (output to power supply), nature
of the front-end amplifier (amplification only or general op-amp
functioning) and the availability of isolated power for additional
external front-end (or back-end) circuitry. Key specifications
include performance specs and “absolute max/min” mandated
safety specifications. Definitions of specifications follow this
section. In addition to the products listed here, which are re
commended for new designs, a number of older products are
still available; data sheets are available upon request. In addition
to the useful applications information on the data sheets published
here, an applications guide,1 available upon request, provides
information useful to the circuit designer.

The devices described in this section are all voltage-output
isolation amplifiers, useful in general-purpose circuit applications
for instrumentation amplifiers or op amps where isolation is a
necessity. In addition to these devices, there are a growing
number of isolators available from Analog Devices that perform
dedicated functions, for use where isolation is necessary or
desirable. Some of their applications can be seen in the Signal
Conditioner section of this book and the Transducer Interfacing
Handbook2. Power Supplies and DC-DC Converters, usually
transformer-coupled, also provide isolation.
‘Examples of such requirements may be found in UL STD 544 and SWC
(Surge Withstand Capability) in IEEE Standard for Transient Voltage
Protection 472-1974.
x Analog Devices Applications Guide to Isolation Amplifiers and Signal
Conditioners
2Sheingold, D.H., ed, Transducer Interfacing Handbook - A guide to
analog signal conditioning. Norwood, MA 02062 (P.O. Box 796):
Analog Devices, Inc., 1980, $14.50
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Figure 1. AD210 Block Diagram

Functional Characteristics: The figure shows the circuit architecture
of a self-contained isolator, Model AD210. The various models
differ, but their properties can be discussed in terms of the
device shown. An isolator of this type requires power from a
two-terminal de supply. An internal oscillator converts the de
power to ac, which is transformer-coupled to the shielded input
section, then converted to de for the input stage and the auxiliary
power output. The ac carrier is also modulated by the amplifier
output, transformer-coupled to the output stage, demodulated
by a phase-sensitive demodulator (using the carrier as the refer
ence), filtered and buffered, using isolated de power (also available
for auxiliary circuitry) derived from the carrier.
The amplifier in this example is an uncommitted op amp, specified
for programmable gains from 1 to 100V/V, as determined by its
feedback circuitry. Since both input terminals are floating, the
amplifier functions effectively as an instrumentation amplifier.
Most of the other devices in this series require just a single
external resistor to set the gain.

In the figure it can be seen that ac power is magnetically coupled
from the oscillator to the output stage. This permits the output
to operate at a de common-mode potential with respect to power
common. An isolator of this type is said to provide three-port
isolation, because there are three isolated ports: input, power
supply and output. Two-port devices are those in which there is
a de connection between the oscillator power supply and the
output stage.
The AD210, as can be seen, is a completely self-contained device.
There are applications for which a degree of “unbundling” can
lead to economy and improved performance. For example, if
there are many input channels to be isolated, economies can be
realized by the use of a common oscillator. In addition, the
common oscillator makes it possible to avoid the possibility of
small errors due to beat frequencies developed by small amounts
of crosstalk in older amplifier designs.

Several synchronized multichannel devices are available. Model
204 is essentially a 202A with a power converter instead of an
oscillator. It requires a pair of leads for an oscillator input,
which can be furnished by an AD246 clock.
SPECIFICATIONS
The illustration on the next page shows a typical specification
block; the specifications of key interest are defined.
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For an initial choice of data sheets to inspect for a given application,
the Selection Guide permits comparison on the basis of these
key characteristics: common-mode voltage, specified gain range
and frequency response. The “Notes” column indicates which
devices require external oscillators (for lower cost in many-channel

applications) and identifies devices that are three-port isolated.
Good starting points are: for high performance, the AD210; for
lowest cost, the AD202 and AD204, depending on whether the
application calls for few or many channels; for military tempera
ture, the AD203; for maximum precision, the AD208; and for
the widest bandwidth, the AD206.

SPECIFICATIONS (typical @ + 25°C, & Vs =
NONLINEARITY - This is the
peak deviation from a best straight
line, expressed as a % of peak-topeak output. Should be considered
when signal fidelity is of prime
importance.

MAX SAFE DIFFERENTIAL
INPUT - Max voltage that can be
safely applied across input terminals.
Important to consider for fail-safe
designs in the presence of high
voltages.

INPUT NOISE - Total noise,
referred to the input. Facilitates
comparison with expected signal
input levels.

ISOLATED POWER OUTPUTS Dual supply voltages, completely iso
lated from the input power supply
terminals, provide the capability to
excite floating input and output signal
conditioners, front-end amplifiers, as
well as remote transducers.

Model

AD2I0AN

GAIN
Range
Error
vs. Temperature (0 to + 70
*C)
(- 25°C to + 85
*C)
vs. Supply Voltage
*
Nonlinearity
Nonlinearity vs. Isolated Supply Load

1V/V-100V/V
±2% max
± 25ppm/°Cmax
± 50ppm/°Cmax
±0.002%/V
±0.025% max
± 0.002%/mA

INPUT VOLTAGE RATINGS
Linear Differential Range
Maximum Safe Differential Input
Max. CMV Input-to-Output
ac, 60Hz, Continuous
de, Continuous
Common-Mode Rejection
60Hz,G- 100V/V
Rss50011 Impedance Imbalance
Leakage Current Input-to-Output
(ai240Vrms,60Hz

2p.Armsmax

INPUT IMPEDANCE
Differential
Common Mode

5GQ||5pF

INPUT BIAS CURRENT
Initial, (a + 25°C
vs. Temperature (0 to ♦ 70°C)
(-25°Cto + 85°C)

30pA typ(4O0pA max)
I OnA max
30nA max

INPUT DIFFERENCE CURRENT
Initial,
+25“C
vs. Temperature (Oto + 70°C)
(- 25°Cto + 85°C)

5pA typ (200pA max)
2nA max
1 On A max

INPUT NOISE
Voltage (I kHz)
(lOHzto 10kHz)
Current (1 kHz)

18nV/VHz
4p. V rms __
O.OIpA/V Hz

(a

FREQUENCY RESPONSE
Bandwidth ( - 3dB)
G» I V/V
G = 100V/V
Settling Time ( ± 10mV,20V Step)
G = 1V/V
G-100V/V
Slew Rate (G- I V/V)

0.012% max

120dB

io,2n

LEAKAGE CURRENT - Maxi
mum input leakage current when
power-line voltage is impressed
on inputs. Vital consideration
for patient safety in medical
applications.

20kHz
15kHz

I50p.s
500>xs
IV/p-s

RATED OUTPUT’
Voltage, 2kQ Load
Impedance
Ripple, (Bandwidth - 100kHz)

± lOVmin
IQ max
lOmV p-p max

ISOLATED POWER OUTPUTS4
Voltage, No Load
Accuracy
Current
Regulation, No Load to Full Ixxad
Ripple

± 15V
± 10%
± 5mA
SeeTcxt
See Text

POWERSUPPLY
Voltage, Rated Performance
Voltage, Operating
Cunent, Quiescent
Current, Full Load - Full Signal

+ I5Vdc ±5%
+ 15V de ± 10%
50mA
80mA

(±5 ± 15/G)mVmax

-25
C
*
to+85°C
- 40°C to + 85°C
-40“Cto + 85°C

1.00 x 2.10 x 0.350
25.4 x 53.3 x 8.9

NOTES
*Specdkaooas same as AD2I0AN
'Nonhneanty is specified as a % denahoo from ■ best straight line
,RTI - Referred to Input
'A reduced signal swing u recommended when both ♦ VIM and ♦ Vqu supplies art
fully loaded. due to supply voltage reduction.
‘See text for detailed information
Speoficaoom subject to change without node
*

Figure 2. Typical Isolator Specifications
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CMV, INPUTS TO OUTPUTS Voltage that may be safely applied
to both inputs with respect to
outputs or power common. Neces
sary consideration in applications
with high CMV input or when
high voltage transients may occur
at the input.

CMR, INPUTS TO OUTPUTS Indicates ability to reject common
mode voltages between inputs
and outputs. Important when
processing small signals riding on
high common-mode voltages.

2500V rms
± 35OOV peak

(±15 ±45/G)mVmax
(± 10 ± 30/G)piV/°C
(± 10 ± 50/G)jiV/°C

PACKAGE DIMENSIONS
Inches
Millimeters

l%max

± 10V
± 15V

OFFSET VOLTAGE (RTI)2
Initial, (a + 25°C
vs. Temperature (Oto + 70°C)
(-25°Cto *
85°C)

TEMPERATURE RANGE
Rated Performance
Operating

+ 15V unless otherwise specified)

AD210BN

OFFSET VOLTAGE REFERRED
TO INPUT - Total input drift is
composed of two sources (input
and output stage drifts) and is
gain (G) dependent. Referring
offsets to the input allows them
to be compared to signal levels.

ANALOG
DEVICES
FEATURES
Small Size: 4 Channels/lnch
Low Power: 35mW (AD204)
High Accuracy: ±0.025% max Nonlinearity (K Grade)
High CMR: 130dB (Gain = 100V/V)
Wide Bandwidth: 5kHz Full-Power (AD204)
High CMV Isolation: ±2000V pk Continuous (K Grade)
(Signal and Power)
Isolated Power Outputs
Uncommitted Input Amplifier

Low Cost, Miniature
Isolation Amplifiers
AD202/AD204
AD202 FUNCTIONAL BLOCK DIAGRAM

APPLICATIONS
Multichannel Data Acquisition
Current Shunt Measurements
Motor Controls
Process Signal Isolation
High Voltage Instrumentation Amplifier

GENERAL DESCRIPTION
The AD202 and AD204 are members of a new generation of
low cost, high performance isolation amplifiers. A new circuit
design, novel transformer construction, and the use of surface
mounted components in an automated assembly process result
in remarkably compact, economical isolators whose performance
in many ways exceeds that previously available from very expensive
devices. The primary distinction between the AD202 and AD204
is that the AD202 is powered directly from + 15 V de while the
AD204 is powered by an externally supplied clock (AD246).
The AD202 and AD204 employ transformer coupling and do
not require the design compromises that must be made when
optical isolators are used: each provides a complete isolation
function, with both signal and power isolation internal to the
module, and they exhibit no long-term parameter shifts under
sustained common-mode stress. Power consumption, nonlinearity,
and drift are each an order of magnitude lower than can be ob
tained from other isolation techniques, and these advantages
are obtained without sacrifice of bandwidth or noise performance.
The design of the AD202 and AD204 emphasizes ease of use in
a broad range of applications where signals must be measured or
transmitted without a galvanic connection. In addition, the low
cost and small size of these isolators makes component-level
circuit applications of isolation practical for the first time.

PRODUCT HIGHLIGHTS
The AD202 and AD204 are full-featured isolators offering numer
ous benefits to the user:

Small Size: The AD202 and AD204 are available in SIP and
DIP form packages. The SIP package is just 0.25" wide, giving
the user a channel density of four channels per inch. The isolation
barrier is positioned to maximize input to output spacing. For
applications requiring a low profile, the DIP package provides a
height of just 0.350".

High Accuracy: With a maximum nonlinearity of ± 0.025% for
the AD202K/AD204K (±0.05% for the AD202J/AD204J) and
low drift over temperature, the AD202 and AD204 provide high
isolation without loss of signal integrity.
Low Power: Power consumption of 35mW (AD204) and 75mW
(AD202) over the full signal range makes these isolators ideal
for use in applications with large channel counts or tight power
budgets.

Wide Bandwidth: The AD204’s full-power bandwidth of 5kHz
makes it useful for wideband signals. It is also effective in appli
cations like control loops, where limited bandwidth could result
in instability.

Excellent Common-Mode Performance: The AD202K/AD204K
provide ± 2000V pk continuous common-mode isolation, while
the AD202J/AD204J provide ± 1000V pk continuous common
mode isolation. All models have a total common-mode input
capacitance of less than 5pF inclusive of power isolation. This
results in CMR ranging from 130dB at a gain of 100 to 104dB
(minimum at unity gain) and very low leakage current (2pA
maximum).
Flexible Input: An uncommitted op amp is provided at the
input of all models. This provides buffering and gain as required,
and facilitates many alternative input functions including filtering,
summing, high-voltage ranges, and current (transimpedance)
input.

Isolated Power: The AD204 can supply isolated power of ± 7.5V
at 2mA. This is sufficient to operate a low-drift input preamp,
provide excitation to a semiconductor strain gage, or to power
any of a wide range of user-supplied ancillary circuits. The
AD202 can supply ±7.5V at 0.4mA which is sufficient to operate
adjustment networks or low-power references and op amps, or
to provide an open-input alarm.

ISOLATION AMPLIFIERS 5-5

SPECIFICATIONS
Model
GAIN
Range
Error
vs. Temperature
vs. Time
vs. Supply Voltage
Nonlinearity (G= 1V/V)1
Nonlinearity vs. Isolated Supply Load

(typical @ + 25°C and Vs = +15V unless otherwise noted)
AD202K

AD204J

AD204K

1V/V-100V/V
± 0.5% typ (± 4% max)
± 20ppm/°C typ (± 45ppm/°C max)
± 50ppm/1000 Hours
±0.01%/V
±0.05% max
± 0.0015%/mA

*
*
*
*
±0.01%/V
±0.025% max
*

*
*
*
±0.01%/V
±0.05% max
*

*
*
*
±0.01%/V
±0.025% max

±5V
±7.5V

*
★

*

*

750V rms
±1000Vpeak

1500V rms
± 2000V peak

750V rms
±1000Vpeak

1500V rms
±2000V peak

AD202J

A

A

INPUT VOLTAGE RATINGS
Linear Differential Range
Max Safe Differential Input
Max CMV Input to Output
ac, 60Hz, Continuous
Continuous (de and ac)
Common-Mode Rejection (CMR), @ 60Hz
Rs = s 1000 (HI & LO Inputs) G = 1
G=100
Rs = s 1 kfl (Input HI, LO, or Both) G = 1
G=100
Leakage Current Input to Output
@240Vrms,60Hz

llOdB
130dB
104dBmin
HOdBmin

llOdB
*
104dB min
*

105dB
*
lOOdBmin
*

2pLArmsmax

*

*

INPUT IMPEDANCE
Differential (G = 1V/V)
Common Mode

io12n

*
*

A

*

2Gfi||4.5pF

*

A

INPUT BIAS CURRENT
Initial, @ + 25°C
vs. Temperature (0 to + 70°C)

±30pA
± lOnA

*

A

INPUT DIFFERENCE CURRENT
Initial, @ + 25°C
vs. Temperature (0 to + 70°C)

± 5pA
±2nA

*

*
*

A

105dB
A

lOOdB min
A

A

A
A

*

*

INPUT NOISE
Voltage, 0.1 to 100Hz
f>200Hz

4p.V p-p
50nV/VHz

*
*

A

*

FREQUENCY RESPONSE
Bandwidth (Vo — 10V p-p, G = 1-50V/V)
Settling Time, to ± lOmV (10V Step)

5kHz
1ms

5kHz
*

2kHz
*

2kHz
*

OFFSET VOLTAGE (RTI)
Initial, @ + 25°C Adjustable to Zero

(±15 ±15/G)mV max

( ± 5 ± 5/G)mV max

(±15 ±15/G)mVmax

(± 5 ± 5/G)mV max

(±io±^)nvrc

*

*

A

RATED OUTPUT
Voltage (Out HI to Out LO)
Voltage at Out HI or Out LO (Ref. Pin 32)
Output Resistance
Output Ripple, 100kHz Bandwidth
5kHz Bandwidth

±5V
±6.5V
3kfl
lOmV pk-pk
0.5mV rms

*

*

A

A

3kfl

*
7kft

A

A

*
7kfl
*

*

*

A

ISOLATED POWER OUTPUT2
Voltage, No Load
Accuracy
Current
Regulation, No Load to Full Load
Ripple

±7.5V
±10%
2mA (Either Output)3
5%
lOOmV pk-pk

A

*

A

*
2mA (Either Output)3

A

A

400p.A Total

400p.A Total

A

A

A

A

A

A

OSCILLATOR DRIVE INPUT
Input Voltage
Input Frequency

15V pk-pk nominal
25kHz nominal

15V pk-pk nominal
25kHz nominal

N/A
N/A

N/A
N/A

POWER SUPPLY (AD2O2 Only)
Voltage, Rated Performance
Voltage, Operating
Current, No Load (Vs = + 15 V)

N/A
N/A
N/A

N/A
N/A
N/A

+ 15V±5%
+ 15V ± 10%
5mA

+ 15V ±5%
+ 15V ± 10%
5mA

TEMPERATURE RANGE
Rated Performance
Operating
Storage

0 to + 70°C
-40°Cto + 85°C
-40°Cto + 85°C

*

A

A

A

A

A

*

A

*

A

•

A

*

vs. Temperature (Oto +70°C)

PACKAGE DIMENSIONS4
SIP Package (Y)
DIP Package (N)

2.08" x 0.250" x 0.625”
2.10" x 0.700" x 0.350"

NOTES
* Specifications same as AD204J.
’Nonlinearity is specified as a % deviation from a best straight line.
21 .Op.F min decoupling required (see text).
J3mA with one supply loaded.
4Width is 0.25" typ, 0.26" max.
Specifications subject to change without notice.
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A

AD202/AD204
PIN DESIGNATIONS
AD202/AD204 SIP PACKAGE
PIN
1

2
3
4
5
6
31
32
33
37
38

AD202/AD204 DIP PACKAGE

FUNCTION

PIN

FUNCTION

+ INPUT
INPUT/VISO COMMON
-INPUT
INPUT FEEDBACK
-Viso OUTPUT
+ V|SO OUTPUT

1
2
3
18
19
20
21
22
36
37
38

+ INPUT
INPUT/V|So COMMON
-INPUT
OUTPUTLO
OUTPUT HI
+15V POWER IN (AD202 ONLY)
CLOCK INPUT (AD204 ONLY)
CLOCK/POWER COMMON
+ V,so OUTPUT
-V|SO OUTPUT
INPUT FEEDBACK

+15V POWER IN (AD202 ONLY)
CLOCK/POWER COMMON
CLOCK INPUT (AD204 ONLY)
OUTPUTLO
OUTPUT HI

AD202/AD204 ORDERING GUIDE
Max CommonMode Voltage (Peak)

Max
Linearity

Model

Package
Option

AD202JY
AD202KY
AD202JN
AD202KN

SIP
SIP
DIP
DIP

1000V
2000V
1000V
2000V

±0.05%
±0.025%
±0.05%
±0.025%

AD204JY
AD204KY
AD204JN
AD204KN

SIP
SIP
DIP
DIP

1000V
2000V
1000V
2000V

±0.05%
±0.025%
±0.05%
±0.025%

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

AD202/AD204 SIP PACKAGE

AD202/AD204 DIP PACKAGE
0.250 (6.3) TYP
0.260 (6.6) MAX

2.100 (53.3) MAX

2.08 (52.8) MAX

AD202/AD204
SIDE VIEW

AD202/AD204

JL

0.018 (0.46)

”

SQUARE

FRONT VIEW

0.010 (0.25)
0.015 (0.38)

H r-

0.10 (2.5) TYP

BOTTOM VIEW

1.30 (33.0)
NOTE
PIN 31 IS PRESENT ONLY ON AD202
PIN 33 IS PRESENT ONLY ON AD204

NOTE
PIN 20 IS PRESENT ONLY ON AD202.
PIN 21 IS PRESENT ONLY ON AD204.

AC1058 MATING SOCKET

NOTE: AMP ZP SOCKET (PIN 2 - 382006 - 3)
MAY BE USED IN PLACE OF THE AC1058.
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SPECIFICATIONS

AD246 PIN DESIGNATIONS
PIN (Y)

(typical @ + 25°C and Vs = +15V unless otherwise noted)

Model

AD246JY

AD246JN

OUTPUT1
Frequency
Voltage
Fan-Out

25kHz nominal
15V p-p nominal
32 max

★

+ 15V ±5%

★

3.5mA
2.2mA

★

0.7mA

★

POWERSUPPLY
REQUIREMENTS
Input Voltage
Supply Current
Unloaded
Each AD204 Adds
Each 1 mA Load on AD204
+ Viso or — Viso Adds

1
2
12
13

PIN(N)
12
1
14
24

FUNCTION
+ 15V POWER IN
CLOCKOUTPUT
COMMON
COMMON

★
★

*

NOTES
‘Specifications the same as the AD246JY.
1 The high current drive output will not support a short to ground.
Specifications subject to change without notice.

DIFFERENCES BETWEEN THE AD202 AND AD204
The primary distinction between the AD202 and AD204 is in
the method by which they are powered: the AD202 operates
directly from + 15V de while the AD204 is powered by a non
isolated externally-supplied clock (AD246) which can drive up
to 32 AD204s. The main advantages of using the externally-clocked
AD204 over the AD202 are reduced cost in multichannel appli
cations, lower power consumption, and higher bandwidth. In

CAUTION
ESD (electrostatic discharge) sensitive device.
Permanent damage may occur on unconnected
devices subject to high energy electrostatic
fields. Unused devices must be stored in con
ductive foam or shunts. The protective foam
should be discharged to the destination socket
before devices are removed.

addition, the AD204 can supply substantially more isolated
power than the AD202.
Of course, in a great many situations, especially where only one
or a few isolators are used, the convenience of stand-alone operation
provided by the AD202 will be more significant than any of the
AD204’s advantages. There may also be cases where it is desirable
to accommodate either device interchangeably, so the pinouts of
the two products have been designed to make that easy to do.

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

AD246JY PACKAGE

AD246JN PACKAGE
0.330(8.4) MAX

0.115 (2.9)

BOTTOM VIEW 13
12
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AD202/AD204

Figure 1a. AD202 Functional Block Diagram

Figure 1b. AD204 Functional Block Diagram
(Pin Designations Apply to the DIP-Style Package.)

INSIDE THE AD202 AND AD204
The AD202 and AD204 use an amplitude modulation technique
to permit transformer coupling of signals down to de (Figure la
and lb). Both models also contain an uncommitted input op
amp and a power transformer which provides isolated power to
the op amp, the modulator, and any external load. The power
transformer primary is driven by a 25kHz, 15V p-p square wave
which is generated internally in the case of the AD202, or supplied
externally for the AD204.

Within the signal swing limits of approximately ± 5V, the output
voltage of the isolator is equal to the output voltage of the op
amp; that is, the isolation barrier has unity gain. The output

signal is not internally buffered, so the user is free to interchange
the output leads to get signal inversion. Additionally, in multi
channel applications, the unbuffered outputs can be multiplexed
with one buffer following the mux. This technique minimizes
offset errors while reducing power consumption and cost. The
output resistance of the isolator is typically 3kfl for the AD204
(7kfl for AD202) and varies with signal level and temperature,
so it should not be loaded (see Figure 2 for the effects of load
upon nonlinearity and gain drift). In many cases a high-impedance
load will be present or a following circuit such as an output
filter can serve as a buffer, so that a separate buffer function
will not often be needed.

OUTPUT LOAD-Mil

Figure 2. Effects of Output Loading

(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP
package pin-out.)
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USING THE AD202 AND AD204
Powering the AD202. The AD202 requires only a single + 15V
power supply connected as shown in Figure 3a. A bypass capacitor
is provided in the module.

Input Configurations. The AD202 and AD204 have been de
signed to be very easy to use in a wide range of applications.
The basic connection for standard unity gain applications, useful
for signals up to ± 5V, is shown in Figure 5; some of the possible
variations are described below. When smaller signals must be

Figure 3a.

Powering the AD204. The AD204 gets its power from an ex
ternally supplied clock signal (a 15V p-p square wave with a
nominal frequency of 25kHz) as shown in Figure 3b.

AD246

Figure 5. Basic Unity-Gain Application

handled, Figure 6 shows how to get gain while preserving a
very high input resistance. The value of feedback resistor RF
should be kept above 20kfl for best results. Whenever a gain of
more than five is taken, a lOOpF capacitor from FB to IN COM
is required. At lower gains this capacitor is unnecessary, but it
will not adversely affect performance if used.

AD246 Clock Driver. The AD246 is a compact, inexpensive
clock driver that can be used to obtain the required clock from
a single 15V supply. Alternatively, the circuit shown in Figure 4
(essentially an AD246) can be used. In either case, one clock
circuit can operate at least 32 AD204s at the rated minimum
supply voltage of 14.25V and one additional isolator can be
operated for each 40mV increase in supply voltage up to 15V. A
supply bypass capacitor is included in the AD246, but if many
AD204s are operated from a single AD246, an external bypass
capacitor should be used with a value of at least IjjlF for every
five isolators used. Place the capacitor as close as possible to the
clock driver.

RF>20kll

Figure 6. Input Connections for Gain > 1

The “noninverting” circuit of Figures 5 and 6 can also be used
to advantage when a signal inversion is needed: just interchange
either the input leads or the output leads to get inversion. This
approach retains the high input resistance of the “noninverting”
circuit, and at unity gain no gain-setting resistors are needed.

(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP
package pin-out.)
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When the isolator is not powered, a negative input voltage of
more than about 2V will cause an input current to flow. If the
signal source can supply more than a few mA under such condi
tions, the 2kfl resistor shown in series with IN + should be
used to limit current to a safe value. This is particularly important
with the AD202, which may not start if a large input current is
present.

AD202/AD204
Figure 7 shows how to accommodate current inputs or sum
currents or voltages. This circuit can also be used when the
input signal is larger than the ± 5V input range of the isolator;
for example, a ± 50V input span can be accommodated with
Rp = 20k and Rs = 200k. Once again, a capacitor from FB to
IN COM is required for gains above 5.

Figure 8a. Adjustments for Noninverting Connection of
Op Amp

Figure 7. Connections for Summing or Current Inputs

Adjustments. When gain and zero adjustments are needed, the
circuit details will depend on whether adjustments are to be
made at the isolator input or output, and (for input adjustments)
on the input circuit used. Adjustments are usually best done on
the input side, because it is better to null the zero ahead of the
gain, and because gain adjustment is most easily done as part of
the gain-setting network. Input adjustments are also to be preferred
when the pots will be near the input end of the isolator (to
minimize common-mode strays). Adjustments on the output
side might be used if pots on the input side would represent a
hazard due to the presence of large common-mode voltages
during adjustment.

Also shown in Figure 8a is the preferred means of adjusting the
gain-setting network. The circuit shown gives a nominal RF of
50kfl, and will work properly for gains of ten or greater. The
adjustment becomes less effective at lower gains (its effect is
halved at G = 2) so that the pot will have to be a larger fraction
of the total Rp at low gain. At G = 1 (follower) the gain cannot
be adjusted downward without compromising input resistance;
it is better to adjust gain at the signal source or after the output.
Figure 8b shows adjustments for use with inverting input circuits.
The zero adjustment nulls the voltage at the summing node.
This method is preferable to current injection because it is less
affected by subsequent gain adjustment. Gain adjustment is
again done in the feedback; but in this case it will work all the
way down to unity gain (and below) without alteration.

Figure 8a shows the input-side adjustment connections for use
with the “noninverting” connection of the input amplifier. The
zero adjustment circuit injects a small adjustment voltage in
series with the low side of the signal source. (This will not work
if the source has another current path to input common or if
current flows in the signal source LO lead). Since the adjustment
voltage is injected ahead of the gain, the values shown will work
for any gain. Keep the resistance in series with input LO below
a few hundred ohms to avoid CMR degradation.

Figure 8b. Adjustments for Summing or Current Input

(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP
package pin-out.)
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Figure 9 shows how zero adjustment is done at the output by
taking advantage of the semi-floating output port. The range of
this adjustment will have to be increased at higher gains; if that
is done, be sure to use a suitably stable supply voltage for the
pot circuit.
There is no easy way to adjust gain at the output side of the
isolator itself. If gain adjustment must be done on the output
side, it will have to be in a following circuit such as an output
buffer or filter.
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Figure 10b. AD202

Figure 9. Output-Side Zero Adjustment

Common-Mode Performance. Figures 10a and 10b show how
the common-mode rejection of the AD202 and AD204 varies
with frequency, gain, and source resistance. For these isolators,
the significant resistance will normally be that the path from the
source of the common-mode signal to IN COM. The AD202
and AD204 also perform well in applications requiring rejection
of fast common-mode steps, as described in the Applications
section.

Dynamics and Noise. Frequency response plots for the AD202
and AD204 are given in Figure 11. Since neither isolator is
slew-rate limited, the plots apply for both large and small signals.
Capacitive loads of up to 470pF will not materially affect frequency
response. When large signals beyond a few hundred Hz will be
present, it is advisable to bypass - ViSO and + Viso to IN COM
with 1 p.F tantalum capacitors even if the isolated supplies are
not loaded.
At 50/60Hz, phase shift through the AD202/AD204 is typically
0.8° (lagging). Typical unit - unit variation is ±0.2° (lagging).
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Figure 10a. AD204

(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP
package pin-out.)
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Figure 11. Frequency Response at Several Gains

AD202/AD204
The step response of the AD204 for very fast input signals can
be improved by the use of an input filter, as shown in Figure
12. The filter limits the bandwidth of the input (to about 5.3kHz)
so that the isolator does not see fast, out-of-band input terms
that can cause small amounts (±0.3%) of internal ringing. The
AD204 will then settle to ±0.1% in about 300 microseconds for
a 10V step.

In applications where more than a few AD204s are driven by a
single clock driver, substantial current spikes will flow in the
power return line and in whichever signal out lead returns to a
low impedance point (usually output LO). Both of these tracks
should be made large to minimize inductance and resistance;
ideally, output LO should be directly connected to a ground
plane which serves as measurement common.
Current spikes can be greatly reduced by connecting a small
inductance (68jiH-100jjlH) in series with the clock pin of each
AD204. Molded chokes such as the Dale IM-2 series, with de
resistance of about 5fl, are suitable.

Figure 12. Input Filter for Improved Step Response

Except at the highest useful gains, the noise seen at the output
of the AD202 and AD204 will be almost entirely comprised of
carrier ripple at multiples of 25kHz. The ripple is typically 2mV
p-p near zero output and increases to about 7mV p-p for outputs
of ±5V (1MHz measurement bandwidth). Adding a capacitor
across the output will reduce ripple at the expense of bandwidth:
for example, 0.05 p-F at the output of the AD204 will result in
1.5mV ripple at ±5V, but signal bandwidth will be down to
1kHz.
When the full isolator bandwidth is needed, the simple two-pole
active filter shown in Figure 13 can be used. It will reduce
ripple to 0.1mV p-p with no loss of signal bandwith, and also
serves as an output buffer.

An output buffer or filter may sometimes show output spikes
that do not appear at its input. This is usually due to clock
noise appearing at the op amp’s supply pins (since most op
amps have little or no supply rejection at high frequencies).
Another common source of carrier-related noise is the sharing of
a ground track by both the output circuit and the power input.
Figure 13 shows how to avoid these problems: the clock/supply
port of the isolator does not share ground or 15V tracks with
any signal circuits, and the op amp’s supply pins are bypassed
to signal common (note that the grounded filter capacitor goes
here as well). Ideally, the output signal LO lead and the supply
common meet where the isolator output is actually measured,
e.g. at an A/D converter input. If that point is more than a few
feet from the isolator, it may be useful to bypass output LO to
supply common at the isolator with a O.ljxF capacitor.

Figure 13. Output Filter Circuit Showing Proper
Grounding

Using Isolated Power. Both the AD202 and the AD204 provide
±7.5V power outputs referenced to input common. These may
be used to power various accessory circuits which must operate
at the input common-mode level; the input zero adjustment pots
described above are an example, and several other possible uses
are shown in the section titled Application Examples.

The isolated power output of the AD202 (400p.A total from
either or both outputs) is much more limited in current capacity
than that of the AD204, but it is sufficient for operating micropower
op amps, low power references (such as the AD589), adjustment
circuits, and the like.
The AD204 gets its power from an external clock driver, and
can handle loads on its isolated supply outputs of 2mA for each
supply terminal ( + 7.5V and —7.5V) or 3mA for a single loaded
output. Whenever the external load on either supply is more
than about 200p.A, a ljiF tantalum capacitor should be used to
bypass each loaded supply pin to input common.

(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP
package pin-out.)
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Up to 32 AD204s can be driven from a single AD246 (or equivalent)
clock driver when the isolated power outputs of the AD204s are
loaded with less than 200jiA each, at a worst-case supply voltage
of 14.25V at the clock driver. The number of AD204s that can
be driven by one clock driver is reduced by one AD204 per
3.5mA of isolated power load current at 7.5V, distributed in
any way over the AD204’s being supplied by that clock driver.
Thus a load of 1.75mA from + Viso to -Viso would also count
as one isolator because it spans 15V.

It is possible to increase clock fanout by increasing supply voltage
above the 14.25V minimum required for 32 loads. One additional
isolator (or 3.5mA unit load) can be driven for each 40mV of
increase in supply voltage up to 15V. Therefore if the minimum
supply voltage can be held to 15V - 1%, it is possible to operate
32 AD204’s and 52mA of 7.5V loads. Figure 14 shows the
allowable combinations of load current and channel count for
various supply voltages.

PCB Layout for Multichannel Applications. The pinout of the
AD204Y has been designed to make very dense packing possible
in multichannel applications. Figure 16a shows the recommended
printed circuit board (PCB) layout for the simple voltage-follower
connection. When gain-setting resistors are present, 0.25" channel
centers can still be achieved, as shown in Figure 16b.

CHANNEL INPUTS
0
1
2^

drhl
T

•<! Yk.

rnTY]TTjl
ppiSiw ■ IJPI

CHANNEL OUTPUTS
TO MUX

Figure 16a.

MINIMUM SUPPLY VOLTAGE

Figure 14. AD246 Fanout Rules

Operation at Reduced Signal Swing. Although the nominal
output signal swing for the AD202 and AD204 is ± 5V, there
may be cases where a smaller signal range may be desirable.
When that is done, the fixed errors (principally offset terms and
output noise) become a larger fraction of the signal, but nonlinearity

Figure 16b.

o

±1

±2

±3

±4

±5

OUTPUT SIGNAL SWING - ±V

Figure 15. Nonlinearity vs. Signa! Swing
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(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP
package pin-out.)

AD202/AD204
Synchronization. Since AD204’s operate from a common clock,
synchronization is inherent. AD202s will normally not interact
to produce beat frequencies even when mounted on 0.25-inch
centers. Interaction may occur in rare situations where a large
number of long, unshielded input cables are bundled together
and channel gains are high. In such cases, shielded cable may
be required or AD204’s can be used.
APPLICATIONS EXAMPLES
Low-Level Sensor Inputs. In applications where the output of
low-level sensors such as thermocouples must be isolated, a lowdrift input amplifier can be used with an AD204, as shown in
Figure 17. A three-pole active filter is included in the design to
get normal-mode rejection of frequencies above a few Hz and to
provide enhanced common-mode rejection at 60Hz. If offset
adjustment is needed, it is best done at the trim pins of the
OP-07 itself; gain adjustment can be done at the feedback
resistor.

The circuit as shown requires a source compliance of at least
5V, but if necessary that can be reduced by using a lower value
of current-sampling resistor and configuring the input amplifier
for a small gain.
High-Compliance Current Source. In Figure 19, an isolator is
used to sense the voltage across current-sensing resistor R to
allow direct feedback control of a high-voltage transistor or FET
used as a high-compliance current source. Since the isolator has
virtually no response to de common-mode voltage, the closed-loop
current source has a static output resistance greater than 1014fl
even for output currents of several mA. The output current
capability of the circuit is limited only by power dissipation in
the source transistor.

Figure 17. Input Amplifier & Filter for Sensor Signals

Note that the isolated supply current is large enough to mandate
the use of lp-F supply bypass capacitors. This circuit can be
used with an AD202 if a low-power op amp is used instead of
the OP-07.

Process Current Input with Offset. Figure 18 shows an isolator
receiver which translates a 4-20mA process current signal into a
0 to + 10V output. A IV to 5V signal appears at the isolator’s
output, and a - IV reference applied to output LO provides the
necessary level shift (in multichannel applications, the reference
can be shared by all channels). This technique is often useful
for getting offset with a follower-type output buffer.

Figure 19. High-Compliance Current Source

(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP
package pin-out.)
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Motor Control Isolator. The AD202 and AD204 perform very
well in applications where rejection of fast common-mode steps
is important but bandwidth must not be compromised. Current
sensing in a full-wave bridge motor driver (Figure 20) is one
example of this class of application. For 200V common-mode
steps (Ijjls rise time) and a gain of 50 as shown, the typical
response at the isolator output will be spikes of ± 5mV amplitude,
decaying to zero in less than IOOjjls. Spike height can be reduced
by a factor of four with output filtering just beyond the isolator’s
bandwidth.

Vloao S 4 V

Figure 21. Floating Current Source

Photodiode Amplifier. Figure 22 shows a transresistance con
nection used to isolate and amplify the output of a photodiode.
The photodiode operates at zero bias, and its output current is
scaled by RF to give a + 5V full-scale output.

Floating Current Source/Ohmmeter. When a small floating
current is needed with a compliance range of up to ± 1000V de,
the AD204 can be used to both create and regulate the current.
This can save considerable power, since the controlled current
does not have to return to ground. In Figure 21, an AD589
reference is used to force a small fixed voltage across R. That
sets the current which the input op amp will have to return
through the load to zero its input. Note that the isolator’s output
isn’t needed at all in this application; the whole job is done by
the input section. However, the signal at the output could be
useful: it’s the voltage across the load, referenced to ground.
Since the load current is known, the output voltage is proportional
to load resistance.

(Circuit figures shown on this page are for SIP style pack
ages. Refer to third page of this data sheet for proper DIP
package pin-out.)
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Figure 22. Photodiode Amplifier

ANALOG
DEVICES

Rugged, Military Temperature Range,
10 kHz Bandwidth Isolation Amplifier
AD203SN

FEATURES
Rugged Design: Meets Stringent MIL-STD-883C
Environmental Test Methods
1004 (Moisture Resistance)
1010 Condition B (Temperature Cycling,
—55°C to + 125°C)
2002 Condition B (Mechanical Shock @ 1,500 g
for 0.5 ms)
2004 (Lead Integrity)
2007 Condition A (Variable Frequency Vibration
@ 20 g)
2015 (Resistance to Solvents)
Reliable Design: Conforms to Stringent Quality and
Reliability Standards
Characterized to the Full Military Temperature Range
-55’C to +125°C Rated Performance
10 kHz Full Power Bandwidth
Low Nonlinearity: ±0.025% max
Wide Output Range: ±10 V min (Into a 2.5 kfl Load)
High CMV Isolation: 1500 V RMS Continuous
Isolated Power: ±15 V DC @ ±5 mA
Small Size: 2.23"x0.83"x0.65"
56.6 mmx21.1 mmx16.5 mm
Uncommitted Input Amplifier
Two-Port Isolation Through Transformer Coupling

ISOLATION AMPLIFIERS
Provide Galvanic Isolation Between the Input and
Output Stages
Eliminate Ground Loops
Reject High Common Mode Voltages and Noise
Protect Sensitive Electronic Signal Processing Systems
from Transient and/or Fault Voltages
APPLICATIONS INCLUDE
Engine Monitoring and Control
Mobile Multichannel Data Acquisition Systems
Instrumentation and/or Control Signal Isolation
Current Shunt Measurements
High Voltage Instrumentation Amplifier

GENERAL DESCRIPTION
The AD203SN is designed and built expressly for use in hostile
operating environments. The AD203SN is also an integral mem
ber of Analog Devices’ AD200 Series of low cost, high perfor
mance, transformer coupled isolation amplifiers. Technological
innovations in circuit design, transformer construction, surface

AD203SN FUNCTIONAL BLOCK DIAGRAM

INPUT PORT *—| |—^ OUTPUT PORT

mount components and assembly automation have resulted in a
rugged, economical, military temperature range isolator that
either retains or improves upon the key performance specifica
tions of the AD202/AD204 line.
The AD203SN provides total galvanic isolation between the
input and output stages of the isolation amplifier, including the
power supplies, through the use of internal transformer cou
pling. The functionally complete design of the AD203SN, pow
ered by a single +15 V de supply, eliminates the need for an
external dc/dc converter. This permits the designer to minimize
the necessary circuit overhead and consequently reduce the over
all design and component costs. Furthermore, the power con
sumption, nonlinearity and drift characteristics of transformer
coupled devices are vastly superior to those achievable with
other isolation technologies, without sacrificing bandwidth or
noise performance. Finally, the AD203SN will maintain its high
operating performance even under sustained common mode
stress.

The design of the AD203SN emphasizes maximum flexibility
and ease of use in a broad range of applications where signals
must be measured or transmitted under high CMV conditions.
The AD203SN has a ± 10 V output range, an uncommitted
input amplifier, an output buffer, a 10 kHz full power band
width and a front-end isolated power supply of ±15 V de @
±5 mA.
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SPECIFICATIONS (typical @+25°C, Vs = +15 V de unless noted otherwise)
GAIN
Range
Error
vs. Temperature1
-55°C to +125°C
-55°Cto +25°C
-40°C to + 25°C
-25°C to +25°C
+25°C to + 125°C
vs. Time
vs. Supply Voltage
Nonlinearity2, G= 1 V/V, ±10 V Output Swing

1 V/V-100 V/V
± 1% typ (±4% max)
50 ppm/°C
100 ppm/°C
80 ppm/°C
60 ppm/°C
5 ppm/°C
±50 ppm/1000 hours
±0.005%/V
±0.012% (±0.025% max)

INPUT VOLTAGE RATINGS
Linear Differential Range
Max CMV Input to Output
AC, 60 Hz, Continuous
Continuous (ac and de)
Common Mode Rejection (CMR) @ 60 Hz
Rs < 100 II (HI & LO Inputs), G = 1 V/V
G = 100 V/V
Rs < 1 kfl (Input, HI, LO or Both), G = 1-100 V/V
Leakage Current, Input to Output (a 240 V rms, 60 Hz

106dB
120dB
96dB (min)
4.Op.A rms (max)

INPUT IMPEDANCE
Differential (G = 1 V/V)
Common Mode

1012 II
2 Gfl||4.5 pF

INPUT BIAS CURRENT
Initial @ +25°C
Current @ + 125°C

30 pA
30 nA

INPUT DIFFERENCE CURRENT
Initial @ +25°C
Current @ +125°C

±5 pA
±5 nA

INPUT NOISE
Voltage, 0.1 Hz to 100 Hz
Voltage, Frequency > 200 Hz

4 p.V p-p
50 nV/\/Hz

FREQUENCY RESPONSE
Bandwidth (VOUT < 20 V p-p, G = 1-100 V/V)
Slew Rate
Settling Time to ±0.10%

10 kHz
0.5 V/jxs
160 p.s

OFFSET VOLTAGE, REFERRED TO INPUT (RTI)
Initial @ +25°C (Adjustable to Zero)
vs. Temperature (-55°C to +125°C)

± (5 + 25/G) mV (max)
± (6 + 100/G) (jcV/°C

RATED OUTPUT3
Voltage (Out HI to Out LO) (S RL = 5.0 kll
Current
Maximum Capacitive Load4
Output Resistance
Output Ripple, 100 kHz Bandwidth
5 kHz Bandwidth

± 10 V (min)
±4 mA
270 pF
0.2 II
15 mV p-p
0.7 mV rms

ISOLATED POWER OUTPUT5
Voltage, No Load
Accuracy
Current (Either Output)
Regulation, No Load to Full Load
Ripple, 100 kHz Bandwidth, Full Load

±15 V
±5%
5 mA
5%
110 mV p-p

POWER SUPPLY
Voltage, Rated Performance
Voltage, Operating Performance6
Current, No Load (Vs = +15 V de)

+ 15 V de (±5%)
+12 V de to +16 V de
20 mA
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±10 V

1500 V rms
±2000 V peak

AD203SN
TEMPERATURE RANGE
Rated Performance
Storage

-55°C to +125°C
-55°C to +125°C

PACKAGE DIMENSIONS
Inches
Millimeters

2.23 x 0.83 x 0.65
56.6 x 21.1 x 16.5

NOTES
‘Refer to Figure 1 for a plot of gain versus temperature.
2For gains greater than 50 V/V, a 100 pF capacitor from the feedback terminal of the input op amp (Pin 38) to the input common terminal (Pin 2) is
recommended in order to minimize the gain nonlinearity. Refer to Figure 17 for a circuit schematic.
’For additional information on the Rated Output parameters, refer to Figure 9 for a plot of the Output Voltage Swing vs. Power Supply Voltage, and
Figure 10 for the Output Current vs. Temperature and Power Supply Voltage relationship.
4For larger capacitive loads, it is recommended that a 4.7 fl resistor be placed in series with the load in order to suppress possible output oscillations.
51.0 p.F (min) decoupling is required.
6Refer to Figure 9 for a plot of output voltage swing versus supply voltage.
Specifications subject to change without notice.

5
OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

AD203SN PIN DESIGNATIONS
PIN
1
2
3
18
19
20
21
22
36
37
38

DESIGNATION
IN +
IN COM
INOUT RTN
OUT HI
PWR IN
NONE
PWR COM
V,so+
V,soFB

FUNCTION
INPUT OP AMP: NONINVERTING INPUT
INPUT COMMON
INPUT OP AMP: INVERTING INPUT
OUTPUT RETURN
OUTPUT SIGNAL
DC POWER SUPPLY INPUT
NONE
DC POWER SUPPLY COMMON
ISOLATED POWER: +DC
ISOLATED POWER: -DC
INPUT OP AMP: OUTPUT/FEEDBACK

PORT
INPUT
INPUT
INPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
INPUT
INPUT
INPUT

CAUTION______________________________________________________________________
ESD (electrostatic discharge) sensitive device. Permanent damage may occur on unconnected
devices subject to high energy electrostatic fields. Unused devices must be discharged to the
destination socket before devices are removed.

Note: Per MIL-STD-883C, Method 3015, this device have been classified as a Category 2 ESD
sensitive device.
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PRODUCT HIGHLIGHTS
Rugged Design. The AD203SN is specifically designed for
applications where ruggedness and high performance are the key
requirements. The ruggedness of the AD203SN design meets
MIL-STD-883C Methods 1004 (Moisture Resistance), 1010
Condition B (Temperature Cycling, -55°C to +125°C), 2002
Condition B (Mechanical Shock @ 1,500 g for 0.5 ms), 2004
(Lead Integrity), 2007 Condition A (Variable Frequency Vibra
tion @ 20 g) and 2015 (Resistance to Solvents).
Engine and vehicular monitor/control systems as well as mobile
instrumentation and control systems are some examples of appli
cations for which the AD203SN is well suited.

Military Temperature Range Rating. With its performance
rated over the —55°C to +125°C MIL specification temperature
range, the AD203SN is an excellent choice in applications where
severe environmental conditions may be encountered. Examples
include engine monitoring/control systems and remote power
line monitoring.
10 kHz Bandwidth. With a full power bandwidth of 10 kHz,
the AD203SN is effective in control loop applications where a
smaller bandwidth could induce control system instabilities.

Excellent Common Mode Performance. The AD203SN pro
vides a 1.5 kV rms continuous common mode isolation. A low
common mode input capacitance of 4.5 pF, inclusive of power
isolation, results in a minimum 96 dB of CMR as well as a very
low leakage current of 4.0 p.A rms (max @ 240 V rms, 60 Hz).
High Accuracy. Exhibiting a maximum nonlinearity of
±0.025% and a low gain temperature coefficient, averaging
50 ppm/°C over the full temperature range, the AD203SN pro
vides high isolation without loss of signal integrity and quality.

Isolated Power. An isolated power supply capable of delivering
±15Vdc@±5 mA is available at the input port of the isola
tor. This permits the AD203SN to power up floating signal con
ditioners, front-end amplifiers or remote transducers at the
input.

Flexible Input Stage. An uncommitted op amp is provided on
the input stage. This amplifier provides input buffering and gain
as needed. It also facilitates a host of alternative input functions
including filtering, summing, high voltage ranges and current
(transimpedance) inputs.

DESCRIPTION OF KEY SPECIFICATIONS
Gain Nonlinearity. Nonlinearity is defined as the peak devia
tion of the output voltage from the best straight line and is ex
pressed as a percent of peak-to-peak output voltage span. The
nonlinearity of the model AD203SN, which operates at a 20 V
p-p output span, is ±0.025% or ±5 mV. Good nonlinearity is
critical for retaining signal fidelity.

Max CMV, Input to Output. Maximum common mode volt
age (CMV) describes the amount of voltage that may be applied
across both input terminals with respect to the output terminals
without degrading the integrity of the isolation barrier. High
input-to-output CMV capability is necessary in applications
where high CMV inputs exist or high voltage transients may
occur at the input.
Common Mode Rejection (CMR). CMR describes the isola
tor’s ability to reject common mode voltages that may exist be
tween the inputs and the outputs. High CMR is required when
it is necessary to process small signals riding on high common
mode voltages.
Leakage Current. This is the current that flows from the in
put common across the isolation barrier to the output common
when the power-line voltage (either 115 V or 240 V rms, 60 Hz)
is impressed on the inputs. Leakage current is dependent on the
magnitude of the coupling capacitance between the input and
the output ports. Line frequency leakage current levels are unaf
fected by the power ON or OFF condition of the AD203SN.

Common Mode Input Impedance. This is defined to be the
impedance seen across either input terminal (i.e., +IN or -IN)
and the input common.

Input Noise. This specification characterizes the voltage noise
levels that are generated internally by the isolation amplifier. In
order to facilitate a comparison between the “isolator back
ground noise” levels and the expected input signal levels the
input noise parameter is referred to the input.
Input noise is a function of the noise bandwidth, i.e., the fre
quency range over which the noise characteristics are measured.

Offset Voltage, Referred to Input (RTI). The offset voltage
describes the isolation amplifier’s total de offset voltage with the
inputs grounded. The offset voltage is referred to the input in
order to allow for a comparison of the de offset voltages with the
expected input signal levels. The total offset comes from two
sources, namely from the input and output stages, and is gain
dependent. To compute the offset voltage, RTI, the isolator is
modelled as two cascaded amplifier stages. The input stage has a
variable gain G while the output isolation stage has a fixed gain
of 1. RTI offset is then given by:

Eos (RTI) = EOSI + EOS2/G
where:

EOsi ~ Total input stage offset voltage
EOs2 = Output stage offset voltage
G

= Input stage gain.

Offset voltage drift, RTI, is calculated in an identical manner.
Isolated Power Output. Dual supply voltages, completely
isolated from the input power supply terminals, provide the
capability to excite floating input signal conditioners as well as
remote transducers.
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AD203SN
PERFORMANCE CHARACTERISTICS
This section details the key specifications of the AD203SN that
exhibit a functional dependence on such variables as frequency,
power supply load, output voltage swing, bypass capacitance
and temperature. Table I summarizes the performance charac
teristics that will be discussed in this section. For the sake of
completeness, a typical dynamic output response of the
AD203SN is included.

ERROR

Gain Temperature Coefficient. Figure 1 presents the
AD203SN’s gain temperature coefficient over the entire -55°C
to +125°C temperature range.

Gain Nonlinearity. The maximum nonlinearity error of the
AD203SN, at a gain of 1 V/V, is specified as ±0.025% or
±5 mV. The nonlinearity performance of the AD203SN is
dependent on the output voltage swing and this dependency is
illustrated in Figure 2. The horizontal axis represents the gain
error, expressed either in percent of peak-to-peak output span
(i.e., % of 20 V) on the left axis or in mV on the right axis. The
vertical axis indicates the magnitude of the output voltage
swing.

TEMPERATURE - "C

Figure 1. Gain (ppm of Span) vs. Temperature (°C)

Figure 2. Gain Nonlinearity Error (% p-p Output Range
and mV) vs. Output Voltage Swing (V), with a Gain of
1 V/V

Note: 1 ppm (part per million) is equivalent to 0.0001%.

Parameter

Key Specifications

As a Function of

Shown In

Gain

Gain (ppm of Span)
Gain Nonlinearity (Expressed in mV
and % of p-p Output)

Temperature (°C)
Output Voltage Swing (V)

Figure 1
Figure 2

Input Voltage Rating

Common Mode Rejection (dB)

Common Mode Signal Frequency
(Hz), Amplifier Gain (V/V) and
Input Source Resistance (Q)

Figure 3

Input Noise

Input Noise (nV/\ Hz)

Frequency (Hz)

Figure 4

Frequency Response

Frequency Response: Gain (dB)
Frequency Response: Phase Shift (Degree)
Dynamic Response

Frequency (Hz)
Frequency (Hz)
N/A

Figure 5
Figure 6
Figure 7

Offset

Output Offset Voltage (mV)

Temperature (°C)

Figure 8

Rated Out

Output Voltage Swing (V)
Output Current (mA)

Supply Voltage (V de)
Supply Voltage (V de)

Figure 9
Figure 10

Isolated Power Supply

Isolated Power Supply Voltage (V)
Isolated Power Supply Ripple (mV p-p)
Isolated Power Supply Ripple (V p-p)

Current Delivered to the Load (mA)
Current Delivered to the Load (mA)
Bypass Capacitance (p.F)

Figure 11
Figure 12
Figure 13

Table I. Performance Characteristics Detailed in the AD203SN Data Sheet
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FREQUENCY - Hz

Figure 3. Common Mode Rejection (CMR) vs. Frequency
(Hz), Gain (V/V) and Resistance (fl)

FREQUENCY - Hz

Figure 4. Input Noise (nV/\Hz) vs. Frequency (Hz)

Figure 5. Gain (dB) as a Function of Frequency (Hz)

FREQUENCY - Hl

Figure 6. Phase Shift (4°) as a Function of Frequency (Hz)

Common Mode Rejection. Figure 3 illustrates the common
mode rejection (CMR), expressed in dB, of the AD203SN
versus frequency (Hz), gain (V/V) and source impedance imbal
ance (fl). To achieve the optimal common mode rejection of
unwanted signals, it is recommended that the source imbalance
be kept as low as possible and that the input circuitry be care
fully laid out so as to avoid adding excessive stray capacitances
at the isolator’s input terminals.
Input Noise. Figure 4 presents the typical input noise charac
teristics, in nV/VHz, of the AD203SN for a frequency range
from 1 Hz to 100 kHz.
Frequency Response: Gain and Phase Shift. Figure 5 illus
trates the AD203SN’s gain as a function of frequency while Fig
ure 6 illustrates the corresponding phase shift vs. frequency.
The AD203SN’s low phase shift and 10 kHz bandwidth perfor
mance make it ideal in power monitoring and control system
applications.
Dynamic Response of the AD203SN. To illustrate the speed,
dynamic range and rapid settling time of the AD203SN, the iso
lator’s output response to a 20 V p-p step function is shown in
Figure 7.
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Figure 7. Dynamic Response of the AD203SN (20 V p-p
Step)

AD203SN
Output Offset Voltage. The AD203SN exhibits a low output
offset voltage temperature coefficient over the +25°C to +125°C
temperature range as shown in Figure 8.

Rated Output. The rated output voltage, across the OUT HI
and OUT LO terminals, for the AD203SN is specified at
± 10 V. This specification applies when the AD203SN is pow
ered by a +15 V de supply. The rated output voltage level is,
however, affected by the input power supply voltage and the
loads placed on the isolated power supply. This dependency is
illustrated in Figure 9.
The current delivered by the output terminals of the AD203SN
will vary as a function of the supply voltage and operating tem
perature. These relationships are illustrated in Figure 10.

Isolated Power. The load characteristics of the AD203SN’s iso
lated power supplies (i.e., +15 V de and -15 V de) are plotted
in Figure 11.

TEMPERATURE - ‘C

Figure 8. Output Offset Voltage (mV) vs. Temperature (°C)
with G=1 V/V

The isolated power supply exhibits some ripple which varies as
a function of the load current. Figure 12 demonstrates this
relationship. The AD203SN has internal bypass capacitors that
optimize the tradeoff between output ripple and power supply
performance, even under full load. If a specific application
requires more bypassing on the isolated power supplies, external
capacitors may be added. Figure 13 plots the isolated power
supply ripple as a function of external bypass capacitance under
full load conditions (i.e., 5 mA).

6

10

11

12

13

14

15

16

SUPPLY VOLTAGE - V DC

LOAD - mA

Figure 9. Output Voltage Swing (±V) vs. Power Supply
Input Voltage (V DC), with a 2.5 k(l Load

SUPPLY VOLTAGE - V DC

Figure 10. Output Current (mA) vs. Supply Voltage (V DC)
and Temperature (°C), with Viso Loaded at 5 mA

Figure 11. Isolated Power Supply Voltage (V DC) vs. Load
(mA)

LOAD - mA

Figure 12. Isolated Power Supply Ripple (mV p-p) vs.
Load (mA)
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The 35 kHz, 30 V p-p square wave carrier used by the
AD203SN is generated by an internal oscillator located in the
output port of the isolator. This oscillator is powered by a
+15 V de supply.

A full wave modulator translates the input signal to the carrier
frequency which is then transmitted across transformer Tl. The
synchronous demodulator in the output port extracts the input
signal from the carrier. The 12 kHz two-pole filter is employed
to minimize output noise and ripple. Furthermore, the filter
serves as a low impedance output buffer.

Figure 13. Isolated Power Supply Ripple (mV p-p) vs. By
pass Capacitance (p.F), with a 5 mA Load on ±VISO, and
Noise Bandwidth of 1 MHz.

The input port of the AD203SN contains an uncommitted input
op amp, a modulator and the power transformer T2. The pri
mary of the power transformer is driven by the 35 kHz square
wave while the secondary, in conjunction with a rectifier net
work, supplies isolated power to the modulator, input op amp
and any external load. The uncommitted input amplifier can be
used to supply gain or to buffer the input signals.

The curves in Figures 12 and 13 were generated by measuring
the power supply ripple over a 1 MHz bandwidth.
CAUTION: The AD203SN does not provide for short circuit
protection of its isolated power supply. A current limiting resis
tor may be placed in series with the isolated power terminals
and the load in order to protect the supply against inadvertent
shorts.

APPLICABLE STANDARDS
The tests and methods employed in the design verification pro
cess are summarized in Table II. A copy of the AD203SN Qual
ity & Reliability Summaries test report, which documents the
results of the tests listed in Table II, is available on request.

Test Method

Test Description

MIL-STD-883C, Method 1004

Moisture Resistance

MIL-STD-883C, Method 1010
Condition B

Temperature Cycling, -55°C
to +125°C

MIL-STD-883C, Method 2002,
Condition B

Mechanical Shock (q 1,500 g
for 0.5 ms

MIL-STD-883C, Method 2003

Solderability of Terminations

MIL-STD-883C, Method 2004

Integrity of Microelectronic
Device Leads

MIL-STD-883C, Method 2007,
Condition A

Variable Frequency Vibration
(q 20 g

MIL-STD-883C, Method 2015

Resistance to Solvents

MIL-STD-883C, Method 3015.5

Electrostatic Discharge
Sensitivity Classification

Analog Devices Product
Reliability Program

MTBF Calculation (per
MIL-HDBK-217D)
and Verification

INPUT PORT ■*—| |—*• OUTPUT PORT

Figure 14. Functional Block Diagram

USING THE AD203SN
Powering the AD203SN. The AD203SN requires only a single
+ 15 V de power supply connected as shown in Figure 15. A
bypass capacitor is provided in the module.

Figure 15. Powering the AD203SN

Unity Gain Input Configuration. The basic unity gain config
uration for input signals of up to ±10 V is shown in Figure 16.

Table II. Tests Used to Verify the Ruggedness, Reliability
and Quality of the AD203SN Design

Per 883C Method 3015.5, the AD203SN has been classified as a
Class 2 ESD (electrostatic discharge) sensitive device. As a Class
2 device, the AD203SN is insensitive to static discharge voltages
of less than 2000 V.
INSIDE THE AD203SN
The functional block diagram of the AD203SN is shown in Fig
ure 14. The AD203SN employs amplitude modulation tech
niques to implement transformer coupling of signals down to de.
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Figure 16. Basic Unity Gain Configuration

AD203SN
Input Configuration for a Gain Greater Than 1 (G>1). When
small input signal levels must be amplified and isolated, Figure
17 shows how to get a gain greater than 1 while continuing to
preserve a very high input impedance.

Inverting, Summing or Current Input Configuration. Figure
19 shows how the AD203SN can accommodate current inputs or
sum currents or voltages.

In this circuit, the gain equation may be written as:
Vo — (1 + RfIRg)*.V$ ig

where
Vo
VSIG
RF
Rg

=
=
=
=

Output Voltage (V)
Input Signal Voltage (V)
Feedback Resistor Value (fl)
Gain Resistor Value (fl).

Note on the 100 pF Capacitor. Whenever a gain of 50 V/\r or
greater is required, a 100 pF capacitor from the FB (input op
amp feedback) terminal to the IN COM (input common) termi
nal, as shown with the dotted lines in Figure 17, is highly rec
ommended. The capacitor acts to filter out switching noise and
will minimize the isolator’s nonlinearity parameter.

Figure 19. Input Configuration for Summing or Current
Input

In this circuit the output voltage equation can be written as:

Vo —

(/$++ V$2//?$2 +...)

where
Output Voltage (V)
Voltage of Input Signal 1 (V)
Voltage of Input Signal 2 (V)
Input Current Source (A)
Feedback Resistor Value (fl)
Source Resistance Associated with Input
RS1 = Signal 1 (fl)
Source Resistance Associated with Input
RS2 = Signal 2 (fl).
The circuit of Figure 19 can also be used when the input signal
is larger than the ±10 V input range of the isolator. For exam
ple, suppose that in Figure 19 only VS1, RS1 and RF are con
nected to the feedback, input and common terminals as shown
by the solid lines in Figure 19. Now, a VS1 with a ±100 V span
can be accommodated with RF = 20 kfl and a total
Rsl = 200 kfl.

Vo =
VS1 ~
VS2 =
Is
=
RF =

Compensating the Uncommitted Input Op Amp. The open
loop gain and phase versus frequency for the uncommitted input
op amp are given in Figure 18. These curves are to be used to
determine the appropriate values for the feedback resistor and
compensation capacitor in order to ensure frequency stability
when a gain greater than unity is required. The final values for
these components should also be chosen so as to satisfy the fol
lowing constraints:

• The current drawn in the feedback resistor (RF) is no greater
than 1 mA.
• The feedback (RF) and gain resistor (RG) result in the desired
amplifier gain.

GAIN AND OFFSET ADJUSTMENTS
General Comments. When gain and offset adjustments are
required, the actual compensation circuit ultimately utilized will
depend on:

• The input configuration mode of the isolation amplifier
(i.e., noninverting or inverting).
• The placement of the adjusting potentiometer (i.e., on the
isolator’s input or output side).

As a general rule:
• Offset adjustments are best accomplished on the isolator’s in
put side, as it is much easier and more efficient to null the
offset ahead of any gain.
• Gain adjustments are mostly easily accomplished as part of
the gain-setting resistor network at the isolator’s input side.
• Input adjustments, of the offset and/or gain, are preferred
when the adjusting potentiometers are as near as possible to
the input end of the isolator (so as to minimize strays).

FREQUENCY - Hz

Figure 18. Open Loop Gain and Phase vs. Frequency for
the Uncommitted Input Op Amp

• Output side adjustments may be necessary under the
conditions where adjusting potentiometers placed on the
input side would present a hazard to the user due to the
presence of high common mode voltages during the adjust
ment procedure.
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• It is recommended that the offset adjustment precedes the
gain adjustment.

Adjustments for the Noninverting Mode of Operation
Offset Adjustment. Figure 20 shows the suggested input adjust
ment connections when the isolator’s input amplifier is config
ured for the noninverting mode of operation. The offset adjust
ment circuit injects a small voltage in series with the low side of
the signal source. The adjustment potentiometer Pl modulates
the injection voltage and is therefore responsible for nulling out
the offset voltage.

Note: • To minimize CMR degradation it is recommended that
the resistor in series with the input LO (i.e., Re) be
below a few hundred ohms.
• The offset adjustment circuit of Figure 20 will not
work if the signal source has another current path to
input common, or if current flows in the signal source
LO lead. If this is the case, use the output adjustment
procedure.
Gain Adjustment. Figure 20 also shows the suggested gain
adjustment circuit. Note that the gain adjustment potentiometer
P2 is incorporated into the gain-setting resistor network at the
isolator’s input.

Figure 20. Input Adjustments for the Noninverting Mode
of Operation

An Rga of 47.5 kfl and a 5 kfl potentiometer, resulting in a
median RF value of 50 kfl (i.e., RGA + P2/2), will work nicely
for gains of 10 V/V or greater. The gain adjustment becomes
less effective at lower gains, in fact it is halved at G = 2 V/V, so
that potentiometer P2 will have to be a larger fraction of the
total Rf. At a gain of 1 V/V attempting to adjust the gain down
wards will compromise the isolator’s input impedance. In this
case it would be better to adjust the gain at the signal source or
after the output.
Input Adjustments for the Inverting Mode of Operation
Offset Adjustment. Figure 21 shows the suggested input adjust-

Figure 21. Input Adjustments for the Inverting Mode of
Operation
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ment connections when the isolator’s input amplifier is config
ured for the inverting mode of operation. Here the offset adjust
ment potentiometer Pl nulls the voltage at the summing node.
This method is preferred over current injection since it is less
affected by any subsequent gain adjustments.

Gain Adjustment. Figure 21 also shows the suggested gain
adjustment circuit. In this circuit, the gain adjustment is made
in the feedback loop using potentiometer P2. The adjustments
will be effective for all gains in the 1 to 100 V/V range.

Output Adjustments
Offset Adjustment. Figure 22 shows the recommended tech
nique for offset adjustment at the output. In this circuit, the
±15 V de voltage is supplied by an independent source. With
reference to the output circuitry shown in Figure 22, the maxi
mum offset adjustment range is given by:

„
Rd* Vs
Eoffset - R^R~O
where, Vs is the power supply voltage. A 20 kfl potentiometer
(Po) should work well in this adjustment circuit.
Gain Adjustment. Since the AD203SN’s output amplifier is
fixed at unity, any desired output gain adjustments can only be
made in a subsequent stage.

Figure 22. Output Side Offset Adjustment Circuit

USING ISOLATED POWER
The AD203SN provides ±15 V de power outputs referred to
the input common. These may be used to power various acces
sory circuits which must operate at the input common mode
level. The input offset adjustment circuits of the previous sec
tion are examples of this need.
The isolated power supply output has a current capacity of
5 mA which should be sufficient to operate adjustment circuits,
references, op amps, signal conditioners and remote transducers.

CAUTION: The AD203SN does not provide for short circuit
protection of its isolated power supply. A current limiting resis
tor may be placed in series with the isolated power terminals
and the load in order to protect the supply against inadvertent
shorts.

APPLICATIONS EXAMPLES
Isolated Process Current to Voltage Converter
Figure 23 shows how the AD2O3SN can be utilized as an iso
lated receiver that translates a 4-20 mA process current signal
input into a 0 to +10 V output. The 25 fl shunt resistor convens the 4-20 mA current into a +100 to +500 mV signal. The
signal is then offset by -100 mV via the use of Po to produce a
0 to +400 mV input. The signal is then amplified by a gain of
25 resulting in the desired 0 to +10 V output. With an open
circuit on the input side, the AD203SN will have -2.5 V on the
output, corresponding to the -100 mV offset voltage multiplied
by a gain of 25 V/V.

AD203SN
Low Level Inputs
In applications where low level signals need to be isolated (ther
mocouples are one such application), a low drift input amplifier
can be used with the AD203SN. Figure 25 illustrates this imple
mentation of the AD203SN. The circuit design also includes a
three-pole active filter which provides for enhanced common
mode rejection at 60 Hz and normal mode rejection of frequen
cies above a few Hz. If any offset adjustments are desired, they
are best done at the trim pins of the low drift input amplifier.
Gain adjustments can be done at the feedback resistor.

Figure 23. Using the AD203SN as an Isolated Process
Current to Voltage Converter

For the circuit of Figure 23, the input to output transfer func
tion can be expressed as:

Vout = 625x/w-2.5 V
where
Vqut = Output Voltage (V)
IIN
= Input Current in milliamps (mA). This current is
limited to the 4 to 20 mA range.
Current Shunt Measurements
In addition to isolating and converting process current signals
into voltage signals, the AD203SN can be used to indicate the
value of any loop current in general. Figure 24 illustrates a typi
cal current shunt measurement application of the AD203SN. A
small sensing resistor RShunt> placed in series with the current
loop, develops a small differential voltage that may be further
scaled to provide an isolator output voltage that is directly pro
portional to the current. The voltage developed across the shunt
can potentially be several hundred to a thousand volts above
ground. In this circuit, the AD203SN provides the necessary
scaling of the shunt signal while providing high common-mode
voltage isolation and high common mode rejection of de and
60 Hz components.

Figure 25. Using the AD203SN with Low Level Inputs

The input-output relationship for the circuit shown in Figure 25
can be written as:

Vout -

V/^x (1+ 50 ^(1//?g)

where
Vqut = Output Voltage (V)
VIN = Low Level Input Voltage (V)
R<;
= Isolation Amplifier Gain Resistance (fl).

Noise Reduction in Data Acquisition Systems
The AD203SN uses amplitude modulation techniques with a
35 kHz carrier to pass both ac and de signals across the isolation
barrier. Some of the carrier’s harmonics are unavoidably passed
through to the isolator output in the form of ripple. In most
cases, this noise source is insignificant when compared to the
measured signal. However, in some applications, particularly
when a fast A/D converter is used following the isolator, it may
be desirable to add filtering at the isolator’s output in order to
reduce the carrier ripple. Figure 26 shows a circuit that will
reduce the carrier ripple through the use of a two-pole output
filter.

Figure 24. Using the AD203SN for Current Shunt
Measurements

The transfer function for the circuit of Figure 24 can be written
as:

Vout = Rshuntx(1+Rf/Rg1xIloop
where
Vout
RSHunt
Rf
Rq
I loop

= Output Voltage (V)
~ Sense or Current Shunt Resistance (O)
= Feedback Resistance (fl)
= Gain Resistance (fl)
= Loop Current (A).

POWER
SUPPLY

Figure 26. Noise Reduction in Data Acquisition Systems
Using the AD203SN
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►

ANALOG 100 kHz Bandwidth, Low Distortion, Internally
DEVICES
Powered Isolation Amplifier
AD206

FEATURES
Wide Bandwidth: 100 kHz, min (Full Signal)
Rapid Slew Rate: 6 V/ps
Fast Settling Time: 12 ps, max
Low Harmonic Distortion: -80 dB @ 1 kHz
Low Nonlinearity: ±0.005%
Wide Output Range: ±10 V
High CMV Isolation: 1.5 kV RMS, min
Buffered Output
Isolated Power: ±15 V DC @ ±10 mA
Performance Rated over the -40°C to +85°C
Temperature Range

AD206 FUNCTIONAL BLOCK DIAGRAM

APPLICATIONS INCLUDE
High Speed Data Acquisition Systems
Transient Monitoring
Power Line Monitoring
Motor Control
Vibration Analysis

GENERAL DESCRIPTION
The AD206 is a high precision, two-port, transformer-coupled
isolation amplifier expressly designed for applications that re
quire the amplification and isolation of extremely fast analog
signals. The innovative circuit and transformer design of the
AD206 ensures the wideband dynamic characteristics»of the
AD206 while preserving the key de performance specification.

PRODUCT HIGHLIGHTS
High Speed Dynamic Characteristics: The AD206 features a
minimum full-signal bandwidth of 100 kHz, a typical slew rate
of 6 V/|is and a maximum settling time of 12 ps. The high
speed performance of the AD206 allows for the amplification
and isolation of dynamic signals.
;

Flexible Input and Buffered Output Stages: An uncommitted
op amp is provided on the input stage of the AD206. This al
lows for input buffering and gain as needed. The AD206 also
features a buffered output stage, allowing it to drive low imped
ance loads.

The AD206 provides total galvanic isolation between the input
and output stages of the isolation amplifier, including the power
supplies, through the use of internal transformer coupling. The y High Accuracy: Exhibiting a typical nonlinearity of ±0.005%
of full-scale range and a total harmonic distortion of -80 dB
functionally complete design of the AD206, powered by a, Apo
1 kHz), the AD206 provides high isolation without
lar ±15 V de supply, eliminates the need for a user ’supplied
| (typical
dc/dc converter or power oscillator. This permits the designer to J loss of signal integrity and quality.
minimize the necessary circuit overhead and consequently re- «
Excellent Common-Mode Performance: The AD206BY
duce the overall design and component costs.
(AD206AY) provides 1.5 kV rms (0.75 kV rms) of common
mode protection. Both grades feature a low common-mode ca
The design of the AD206 emphasizes maximum flexibility and
pacitance of 4.5 pF, inclusive of power isolation, resulting in a
ease of use in a broad range of applications where rapidly vary
typical common-mode rejection specification of 105 dB (1 kfl
ing analog signals must be measured and transmitted under high
source impedance imbalance) as well as a low leakage current of
CMV conditions. The AD206 has a ±10 V output range, a spec
2.0 jxA rms (max @ 240 V rms, 60 Hz).
ified gain range of 1 to 10, a buffered output and a front-end
power supply of ± 15 V de with ±10 mA of current drive
Isolated Power: An unregulated isolated ±15 V de power sup
capability.
ply with ±10 mA of current drive capability is available at the
input port of the AD206. This permits the isolator to power up
floating signal conditioners, front-end amplifiers or remote
transducers at the input.
Performance Rated over the — 40°C to +85°C Temperature
Range: With an extended industrial temperature range rating,
the AD206 is an ideal isolation amplifier for use in industrial
environments.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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(typical @ +25°C, Vs = ±15 V de, 2 kn output load, unless noted otherwise)

GAIN
Range1
Error
vs. Temperature2
0 to +85°C
-40°C to 0°C
vs. Supply Voltage, ± (14.5 V to 16.5 V de)
vs. Isolated Supply Load3
Nonlinearity,4 ± 10 V Output Swing, G = 1
G = 10
INPUT VOLTAGE RATINGS
Linear Differential Range
Max Safe Input Voltage, IN+/IN- to IN COM
Max CMV Input to Output
AC, 60 Hz, Continuous
Continuous (AC & DC)
Common-Mode Rejection (CMR) @ 60 Hz
Rs < 100 fl (HI & LO Inputs), G = 1 V/V
Rs < 1 kfl (Input, HI, LO or Both), G = 1 V/V
Common-Mode Rejection (CMR) @ 1 kHz
Rs < 100 fl (HI & LO Inputs), G = 1 V/V
Rs < 1 kfl (Input, HI, LO or Both), G = 1 V/VB
Common-Mode Rejection (CMR) (o' 10 kHz
Rs < 100 fl (HI & LO Inputs), G = 1 V/V
Rs < 1 kfl (Input, HI, LO or Both), G = 1 V/V
Leakage Current, Input to Output,
@ 240 V RMS, 60 Hz

INPUT IMPEDANCE
Differential (G = 1 V/V)
Common Mode

INPUT OFFSET VOLTAGE
Initial @ + 25°C
vs. Temperature
0 to + 85°C
-40°C to 0°C

OUTPUT OFFSET VOLTAGE
Initial @ +25°C (Adjustable to Zero)
vs. Temperature
0 to + 85°C
-40°C to 0°C
vs. Supply Voltage
vs. Isolated Supply Load3
INPUT BIAS CURRENT
Initial @ +25°C
vs. Temperature
-40°C to + 85°C
INPUT DIFFERENCE CURRENT
Initial @ + 25°C
vs. Temperature
-40°C to + 85°C

INPUT VOLTAGE NOISE
Frequency > 10 Hz

FREQUENCY RESPONSE (2 kfl load)
Full Signal Bandwidth (3 dB Comer, G = 1 V/V,
20 V pk-pk Signal)
Small Signal Bandwidth (3 dB Corner,
G = 1 V/V, 100 mV pk-pk Signal)

AD206A

AD206B

1 V/V to 10 V/V
-0.5% (±2%, max)

★
★

+ 15 ppm/°C ( + 55 ppm/°C, max)
+ 50 ppm/°C (+100 ppm/°C, max)
100 ppm/V
20 ppm/mA
±0.005%, (±0.015%, max)
±0.01%

★
★
★
★
★
★

± 10 V, min
±15 V

★
★

750 V RMS
±1000 VPEAK

1500 V RMS
±2000 VPEAK

120dB(110dB, min)
105 dB

★
★

Lv85dB

M

65 dB

★
★

2 |xA RMS, max

★

16 MO
2 Gfl||4.5 pF

★
★

±400 jxV (±2 mV, max)

★

±2 jiV/°C(±15 pV/°C, max)
±20 pV/°C

★
★

-35 mV (0 to -65 mV, max)

★

±30 pV/°C (±65 pV/°C, max)
±80 pV/°C
±350 pV/V
-35 pV/mA

★
★
★
★

300 nA (650 nA, max)

★

±800 nA, max

★

3 nA (±65 nA, max)

★

300 nA, max

★

20 nV/VHz

*

110 kHz (100 kHz, min)

★

115 kHz

★

80 dB 41V/ 1

t •

★
★

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD206
AD206A

GAIN
Transport Delay
Slew Rate
Rise Time (10% to 90%)
Settling Time to ±0.10% on a 10 V Step
Overshoot
Harmonic Distortion Components, @ 1 kHz
@ 10 kHz
Unity Gain Overload Recovery (±15 V Drive)
Output Overload Recovery Time (G > 5 V/V)

★

2.2 ps5
6 V/ps
3 ps
12 jjls, max
0.5%
-80 dB
-65 dB
5 ps
10 ps

RATED OUTPUT
Voltage (Out HI to Out LO)
Current
Maximum Capacitive Load
Output Resistance
Output Ripple6
1 MHz Bandwidth
50 kHz Bandwidth

ISOLATED POWER OUTPUT
Voltage, No Load
vs. Temperature
0 to +85°C
__ f
*
1
-40°C to 0°C
Accuracy
Current with Rated Supply Voltage Range3, 7
Regulation, No Load to Full Load
Line Regulation
Ripple, 1 MHz Bandwidth, No Load3
Efficiency

AD206B

★
*

★

★
★
★

★
★

★

±10 V
±5 mA, min (into 2 kfl Load)
1,000 pF
1 fl, max

*

★

★

★

10 mV pk-pk
2.5 mV pk-pkjg^|

. a

i IV Va

★

»
★

Av t

*LT
D

+20 mV/°C |V 1
>25 mV/°C
k W5%’ +10%
|1 ±10 mA
-90 mV/mA
gk 290 mV/V
L 50 mV RMS
75%

★
★
★

★

★
★
★
★

POWER SUPPLY
Supply Voltage for Rated Performance
Voltage, Operating8
Current, Quiescent

±14.5 V DC to ±16.5 V DC
±14.25 V DC to ±17 V DC
+ 40 mA/-15 mA

TEMPERATURE RANGE
Rated Performance
Storage

-40°C to +85°C
-40°C to +85°C

*

2.475" x 0.3250" x 0.840", max
62.9 mm x 8.3 mm x 21.3 mm, max

★

PACKAGE DIMENSIONS
SIP Package

★
*
★

★

*

NOTES
‘Although the gain range of the AD206 is specified to be 1 to 10 V/V, the AD206 can accommodate gains of up to 100 V/V. With a gain of 100 V/V there will
be a 20% reduction in the 3 dB bandwidth specification, and the nonlinearity will degrade to ±0.02% (typ). Refer to Figure 12 for a description on how to im
plement a gain of 100 using the AD206.
2The gain temperature coefficient for the AD206 is plotted over the entire -40°C to +85°C rated performance temperature range in Figure 1.
’When the isolated supply load exceeds ± 1 mA, external filter capacitors will be required in order to ensure that the gain, offset and nonlinearity specifications
will be preserved and to keep the isolated supply full load ripple below the specified 50 mV rms. A value of 6.8 pF is recommended.
“Nonlinearity is specified as a percent (of full-scale range) deviation from a best straight line.
’Equivalent to a 0.8° phase shift at 1 kHz.
‘With the ±15 V de power supply pins bypassed by 2.2 pF capacitors at the AD206 pins.
7With an input power supply voltage greater than or equal to ± 15 V de the AD206 may supply up to ±15 mA of current from the isolated power supplies.
Exceeding these currents will increase the dependence of the gain and offset specifications of the AD206 on both the supply voltage and isolated load current.
“Voltages less than 14.25 V de may cause the AD206 to cease operating properly. Voltages greater than 17.5 V de may damage the internal components of the
AD206 and consequently should not be used.
‘Specification is the same as that for the AD206A.
Specifications subject to change without notice.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD206 PIN DESIGNATIONS

Pin

Designation

Function

1
2
3
4
5
6

IN +
IN COM
INFB
-VISO OUT
+VISO OUT

Input Op Amp: Noninverting Input
Input Common
Input Op Amp: Inverting Input
Input Feedback
Isolated Power: -DC
Isolated Power: +DC

36
37
38

TRIM
OUT LO
OUT HI

Output Offset Trim Adjustment
Output Low
Output High

42
43
44

+ 15 V IN
PWR RTN
-15 V IN

DC Power Supply Input: +15 V
DC Power Supply Input Common
DC Power Supply Input: -15 V

CAUTION-------------------------------------------------------------------------------------ESD (electrostatic discharge) sensitive device. Permanent damage may occur
devices subject to high energy electrostatic fields. Unused devices must be stor
foam or shunts. The protective foam should be discharged to the destination sock

L
Dimensi<

V

WARNING!

ML

iwn in inches and (mm),
p
”

f 9

2.475 (62.9)
MAX® MAX DRAFT

0.325 (8.3)
MAX @ MAX
DRAFT
@TOP
0.022 (0.56) |
*

0.325 (8.3)
MAX@MAX
DRAFT (REF)

I—J
0.731 (18.6)

0.094 (2.4)
0.020 (0.5)
0.015(6.4)

0.010
(0.25)
HI*
0.140(3.6)
0.120(3.0)

NOTE: PINS MEASURE °°22, x
(0.56 x 0.25)

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD206
INSIDE THE AD206
The functional block diagram of the AD206 has been shown.
The AD206 employs a double balanced amplitude modulation
technique to implement transformer coupling of signals down
to de. The 430 kHz square wave carrier used by the AD206 is
generated by an internal oscillator located on the output side of
the isolator. This oscillator is powered by the bipolar +15 V de
supply.

Nonlinearity does not change with temperature over the -40°C
to +85°C range and is not dependent on the gain setting for
gains in the rated 1 V/V to 10 V/V range.

The input port of the AD206 contains an uncommitted input op
amp, a modulator and an isolated power supply. The uncommit
ted input amplifier may be used to supply gain or to buffer the
input signals. The primary windings of the power transformer
T2 are driven by the 430 kHz square wave while the secondary,
in conjunction with a rectifier network, supplies isolated power
to the modulator, input op amp and any external load.

A full wave modulator translates the input signal to the carrier
frequency which is then transmitted across the signal trans
former Tl. The synchronous demodulator on the output port
extracts the input signal from the carrier. This signal is then
passed through a Bessel response low pass filter to an output
buffer and is then made available at the output si

Common-Mode Signal Frequency (Hz) and Source Imped
ance Imbalance (Q) for the 10 Hz to 20 kHz Frequency
Range and with a Gain of 1

TEMPERATURE - °C

Figure 1. Gain Error vs. Temperature

INPUT SIGNAL FREQUENCY - kHz

Figure 4. Normalized Gain (dB) as a Function of Input Sig
nal Frequencies (kHz) in the 100 Hz to 150 kHz Range
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Figure 2. Gain Nonlinearity Error (% of Output Span and
mV) vs. Output Voltage Swing for a Gain of 1

FREQUENCY - kHz

Figure 5. Phase Shift (°) and Transport Delay (p.s) vs. In
put Signal Frequencies (kHz) in the 10 Hz to 150 kHz Range

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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To achieve the optimal common-mode rejection of unwanted
signals, it is strongly recommended that the source impedance
imbalance be kept as low as possible and that the input circuitry
be carefully laid out so as to avoid adding excessive stray capaci
tances at the isolator’s input terminals.

Viso LOAD - mA

Figure 8. Isolated Power Supply Ripple (mV pk-pk) vs.
Load (mA) and Bypass Capacitance (pF)

OVERSHOOT

To avoid increasing the sensitivity of the gain and offset
specifications to the supply voltage and isolated load, it is rec
ommended that the isolated power supply load not exceed
± 10 mA.
CMV TESTING
As an assurance of high performance reliability, the CMV rating
for each grade of the AD206 is tested to 120% of its rated isola
tion voltage (1800 V rms for the B Grade and 900 V rms for the
A Grade) for one minute.

UNDERSHOOT

Figure 7. Overshoot/Undershoot Characteristics of the
AD206 to a Full-Scale Step at the Isolator's Input and with
a Gain of 1

POWERING THE AD206
The AD206 is powered by a bipolar ±15 V de power supply
connected as shown in Figure 10. External bypass capacitors
should be provided in the bused applications, as shown in Figure
10. Note that a small signal related current (50 p.A/VOUTPUT)
will flow out of the OUT LO pin (Pin 37). The OUT LO termi
nals should therefore be bused together and referenced at a sin
gle “Analog Star Ground” to the ±15 V de supply common as
illustrated in Figure 10.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD206,

AD206,

The values for the resistors RF and RG should be chosen subject
to the following constraints:

• The total impedance of the gain network should be no greater
than 10 kfl.
• The current drawn in the feedback resistor (RF) is no greater
than 1 mA at ± 10 V. Note that for each mA drawn by the
feedback resistor, the isolated power supply drive capability
will decrease by 1 mA.
• The feedback (RF) and gain resistor (RG) result in the desired
amplifier gain.

It is recommended that the feedback resistor (RF) is bypassed
with a 47 pF capacitor (CF).

Figure 10. Powering the AD206

Power Supply Voltage Considerations. The rated performance
of the AD206 will remain unaffected for power supply voltages
in the ±14.5 V de to ±16.5 V de range. Voltages below
*
♦
±14.25 V de may cause the AD206 to cease operating properly.

Note on the input resistor (RIN): The 2 kfl resistor placed in
series with the input signal source and the IN+ terminal, desig
nated as Rin in Figures 11 and 12, is recommended so as to
limit the current seen at the input terminals of the AD206 to
is not powered.

OUTPUT FILTER,
BUFFER AND
TRIM CIRCUITRY

Note: Power supply voltages greater than 17.5 V de may dam
age the internal components of the AD206 and con
should not be used.
USING THE AD206

Unity Gain Input Configuration. The basic unity gain configu
ration for input signals of up to ±10 V is shown in Figure 11. *
Figure 12. Noninverting Input Configuration for a Gain
Greater than 1

Compensating the Uncommitted Input Op Amp. The open
loop gain and phase versus frequency for the uncommitted input
op amp are given in Figure 13. These curves can be used to de
termine the appropriate values for the feedback resistor and
compensation capacitor in order to ensure frequency stability
when reactive or nonlinear components are used in conjunction
with the uncommitted input op amp.

Figure 11. Basic Unity Gain Configuration

Noninverting Input Configuration for a Gain Greater Than 1
(G>1). When input signal levels must be amplified and iso
lated, Figure 12 shows how to get a gain greater than 1 while
continuing to preserve a very high input impedance.

In this circuit, the gain equation may be written as:
Vo = |1+/?f//?g) x Vsig

where:
Vo = Output Voltage (V),
VSIG = Input Signal Voltage (V),
Rf = Feedback Resistor Value (fl),
Rc - Gain Resistor Value (fl).

FREQUENCY - Hz

Figure 13. Open-Loop Gain and Phase Response for the
Uncommitted Input Op Amp of the AD206

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD206

Figure 14. Summing or Current Input Configuration

Inverting, Summing or Current Input Configuration. Figure
14 shows how the AD206 can accommodate current inputs or
sum currents or voltages.

In this circuit the output voltage equation can be written as:
Vo —

-Rf x Us +

Vst/Rsi + Vs2^S2 + • • • )

where:
V = Output Voltage (V),
V5/ = Voltage of Input Signal 1 (’
VS2 = Voltage of input Signal 2 0
Is = Input Current Source (A),
Rf.. = Feedback Resistor Value (fl) (10 kfl, typ)
R‘52
sl = Source Resistance Associated with Input Signal 1 (fl), 1
RS2 = Source Resistance Associated with Input Signal 2 (ffjr
The circuit of Figure 14 can also be used when the input signal
is larger than the ±10 V input range of the isolator. For exam
ple, suppose that in Figure 14 only VS1, RS1 and RF are con
nected to the feedback, input and common terminals as shown
by the solid lines in Figure 14. Now, a VS1 with a ±50 V span
can be accommodated with RF = 10 kfl and a total R
50 kfl.

as possible to the isolator’s front-end and its impedance should
be kept low. Adjustment ranges should also be kept to a mini
mum since their resolution and stability is dependent on the
actual trim potentiometers used.

• Output side adjustments may be necessary under the conditions where adjusting potentiometers placed on the input side
would present a hazard to the user due to the presence of high
common-mode voltages during the adjustment procedure.

• It is recommended that the offset is adjusted prior to the gain
adjustment.
Input Gain Adjustments for the Noninverting Mode of
Operation. Figure 15 shows the suggested gain adjustment cir
cuit. Note that the gain adjustment potentiometer RP is incorpo
rated into the gain-setting resistor network at the isolator’s
input.
13

X

13

For a ±1% trim range (RP = 1 kfl), let Rc = 0.02 ——---- —
Rg + Rp

GAIN AND OFFSET ADJUSTMENTS
General Comments. The AD206 features a TRIM pin on the
output stage of the isolator. This pin is to be used with usersupplied external circuitry to adjust the output offset of the
AD206. When gain and offset adjustments are required, the ac
tual compensation circuit ultimately utilized will depend on:

• The input configuration mode of the isolation amplifier (i.e.,
noninverting or inverting).
• The placement of the adjusting potentiometer (i.e., on the
isolator’s input or output side).

Figure 15. Input Gain Adjustment Circuit for the
Noninverting Mode of Operation

As a general rule:

• Gain Adjustments are most easily accomplished as part of the
gain-setting resistor network at the isolator’s input side.
• To ensure the highest degree of stability in the gain adjust
ment, the adjusting potentiometers should be located as close

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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Input Gain Adjustments for the Inverting Mode of Operation.
Figure 16 shows the suggested gain adjustment circuit. In this
circuit, the gain adjustment is made in the feedback loop using
potentiometer RP. The adjustments will be effective for all gains
in the 1 to 10 range.

USING ISOLATED POWER
The AD206 provides ±15 V de @ ±10 mA power outputs re
ferred to the input common. These may be used to power vari
ous accessory circuits which must operate at the input common
mode level including input adjustment circuits, references, op
amps, signal conditioners or remote transducers. Figure 18
shows the recommended connections from the isolated power
supplies.

OUTPUT FILTER.
BUFFER AND
TRIM CIRCUITRY

i

6 8pF=p

Figure 16. Input Gain Adjustment Circuit for the Inverting
Mode of Operation

For an approximate ±1% gain trim range,

e i.5M2

■4
sing the Isolated Power Supplies

elivered by the isolated supplies may be increased
the input de supply voltage is increased beyond
and select

while
Rp s 10 kit

CAUTION: The AD206 design does not provide for short cir
cuit protection of its isolated power supply. A current limiting
resistor may be placed in series with the isolated power termi
nals and the load in order to protect the supply against inadvert
ent shorts.

CF = 47 pF
RFV and RjN are selected for a good temperature coefficient
match.
Output Offset Adjustments. Figure 17 illustrates one method
of adjusting the output offset voltage. Since the AD206 exhibits
a nominal output offset of -35 mV, the circuit shown in Figure
17 was chosen to yield an offset correction of from 0 to +73 mV
for a total output offset range of from approximately —35 mV to
+ 38 mV.

Output Gain Adjustments. Since the output amplifier stage of
the AD206 is fixed at unity, any desired output gain adjust
ments can only be made in a subsequent stage.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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INPUTS

OUTPUTS

APPLICATION EXAMPLES
Motor Control. Figure 20 shows an AD206 used in a de motor
controller application. The excellent phase characteristics and
wide bandwidth of the AD206 are ideal for this type of
application.

ISOLATED
MOTOR

:10 VOLTS

ENCODER FEEDBACK

I
MOTOR
CONTROL
UNIT

OPTICAL.
RESOLVER OR
TACHOMETER
ENCODER

Figure 20. Using the AD206 in a Motor Control
Application

Figure 19a. PCB Layout for Multichannel, Unity Gain Ap
plications

Multichannel Data Acquisition
Figure 21 shows the AD206 in a multichannel data acquisition
application. Its wide bandwidth, fast slew and settling character
istics are useful in this type of application. The AD206 can be
used to solve the problem of low level signal measurement over
he signal, rejecting common-mode
long distances - e:
accidental shorts.
noise

Figure 21. Using the AD206 in Multichannel Data
Acquisition Applications

Figure 19b. PCB Layout for Multichannel Applications
with Gain Required on the AD206s

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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ANALOG
DEVICES

High Precision, Low Offset, mV Input
Isolation Amplifier
AD208

FEATURES
Wide Gain Range: 1 to 1000 V/V
Low Nonlinearity: ±0.0125%
Low Input Offset Voltage: ±0.27 mV, max (G = 1000
V/V)
Low Offset Drift: ±1.5 p.V/°C , max (G = 1000 V/V)
High CMV Isolation: 1.5 kV RMS (B Grade)
Isolated Power: ±8.0 V DC with up to ±5 mA
Completely Compatible with the AD204 SIP
Small SIP: 2.08" (52.8 mm) x 0.26" (6.6 mm) x 0.625"
(15.9 mm)
Performance Rated over -40°C to +85°C
APPLICATIONS
Isolated RTD and Thermocouple Applications
mV Signal Amplification and Isolation
Process Instrumentation and Control
Multichannel Data Acquisition

GENERAL DESCRIPTION
The AD208 is a high precision, two-port, transformer-coupled
isolation amplifier expressly designed for applications that re
quire the amplification and isolation of extremely low level (i.e.,
±mV) signals. The innovative front-end circuit design of the
AD208 ensures the low offset characteristics and stable high
gain properties of the AD208. The AD208 is fully compatible
with the SIP style packaging of Analog Devices’ low cost AD204
family of isolation amplifiers.

The AD208 provides total galvanic isolation between the input
and output stages of the isolation amplifier, including the power
supplies, through the use of internal transformer coupling. The
functionally complete design of the AD208, powered by an ex
ternally supplied 15 V pk-pk, 25 kHz clock or the recom
mended AD246 Clock Driver, eliminates the need for a user
supplied dc/dc converter. This permits the designer to minimize
the necessary circuit overhead and consequently reduce the over
all design and component costs.
The design of the AD208 emphasizes maximum flexibility and
ease of use in a broad range of applications where low level sig
nals must be measured and transmitted under high CMV condi
tions. The AD208 has a ±5 V output range, an adjustable gain
range of from 1 to 1,000 V/V and a front-end power supply
of ±8.0 V de with up to ±5 mA of current drive capability.

PRODUCT HIGHLIGHTS
Wide Gain Range. The AD208 features a wide adjustable gain
range of from 1 to 1,000 V/V. The stable high gain properties of
the AD208 allow for the amplification and isolation of signals in
the ±mV range.

AD208 FUNCTIONAL BLOCK DIAGRAM

Flexible Input Stage. An uncommitted op amp is provided on
the input stage of the AD208. This allows for input buffering
and gain as needed. It also facilitates a host of alternative input
functions including filtering, summing, high voltage ranges and
current inputs.
High Accuracy. Exhibiting a typical nonlinearity of ±0.0125%
and a low gain temperature coefficient, averaging ±35 ppm/°C
over the rated temperature range, the AD208 provides high iso
lation without loss of signal integrity and quality.

Low Offset Characteristics. With a maximum initial offset
of ±(0.25 + 15 /G)mV and a maximum offset drift of
±(1.5 + 20 /G) jiV/°C, the AD208 is the ideal isolation ampli
fier solution when low level, ±mV, signals must be measured
and processed.
Excellent Common Mode Performance. The AD208BY pro
vides 1.5 kV rms of common mode protection. Both grades of
the AD208 feature a low common mode capacitance of 5.0 pF,
inclusive of power isolation, that results in a typical common
mode rejection specification of 100 dB (1 kfl source impedance
imbalance) as well as a low leakage current of 2.0 p.A rms (max
@ 240 V rms, 60 Hz).
Isolated Power. An isolated ±8.0 V de power supply with the
capability of delivering typically up to ±5 mA is available at the
input port of the AD208. This permits the isolator to power
floating signal conditioners, front-end amplifiers or remote
transducers at the input.
Performance Rated Over the — 40°C to +85°C Temperature
Range. With its performance rated over the -40°C to +85°C
temperature range the AD208 is an ideal isolation amplifier for
use in industrial environments.
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(typical @ +25°C, Output Load > 1 Mil, Vs = 15 V pk-pk, 25 kHz square wave,
unless noted otherwise)
AD208AY

GAIN
Range
Error (G = 1 V/V)
vs. Temperature1
-40°C to 0°C
0°C to +85°C
vs. Supply Voltage
Nonlinearity2, ±5 V Output Swing, G = 1-1000 V/V
G = 1 V/V

1-1000 V/V
-1.0% (±2.5%, max)

±60 ppm/°C, max
±20 ppm/°C, max
± 100 ppm/V
±0.0125%
±0.03%, max

AD208BY
★
*

★
★
★
★
±0.015%, max

INPUT VOLTAGE RATINGS3
Linear Differential Range
Max Safe Differential Range
Max CMV Input to Output
AC, 60 Hz, Continuous
Continuous (AC & DC)
Common Mode Rejection (CMR) @ 60 Hz
Rs <100 O (HI & LO Inputs),
G = 1 V/V
G = 1,000 V/V
Common Mode Rejection (CMR) (a 60 Hz
RS<1 kil (Input, HI, LO or Both)
G = 1 V/V
G = 1,000 V/V
Leakage Current, Input to Output, @ 240 V rms, 60 Hz

100 dB
120 dB

★
★

100 dB
100 dB
2 p.A rms, max

★
*
★

INPUT IMPEDANCE
Differential (G = 1 V/V)
Common Mode Across the Isolation Barrier

15 MH
2 Gfl| 5 pF

★
★

OFFSET VOLTAGE, REFERRED TO INPUT (RTI)
Initial @ + 25°C (Adjustable to Zero)
vs. Temperature (-40°C to +85°C)
vs. Supply Voltage
Voltage Noise, 0.1 Hz to 100 Hz

±(0.25+15 /G) mV, max
±(1.5 + 20/G) pV/°C, max
±(50+150 /G) pV/Volt
1.0 pV pk-pk

*
*
★
★

INPUT BIAS CURRENT
Initial
+25°C
vs. Temperature (-40°C to + 85°C)
vs. Supply Voltage
Current Noise, 0.1 Hz to 100 Hz

± 10 nA, max
± 100 pA/°C, max
±1 nA/Volt
50 pA pk-pk

★
★
★
★

INPUT DIFFERENCE CURRENT
Initial @ +25°C
vs. Temperature (-40°C to +85°C)

±6 nA
±60 pA/°C

★
★

FREQUENCY RESPONSE
Bandwidth4 (Full Signal, i.e., Vo<10 V pk-pk)
G = 1 V/V
G = 1000 V/V
Slew Rate
Settling Time to ±0.10% on a 10 V Step, G = 1 V/V
Overload Recovery Time5, G = 1000 V/V

4.0 kHz
0.4 kHz
0.1 V/ps
2 ms
5 ms

★
★
★
★
★

±5 V, min
±6 V

750 V rms
± 1000 V peak

*
★
1500 V rms
±2000 V peak

RATED OUTPUT
Voltage (OUT HI to OUT LO)
Maximum Voltage Difference Between OUT HI
and OUT LO or CLK COM (Pin 32)
Output Resistance
Output Ripple, 100 kHz Bandwidth
5 kHz Bandwidth

±5 V

*

±6.5 V
3 kfl
10 mV pk-pk
0.8 mV pk-pk

★
★
★
*

ISOLATED POWER OUTPUT
Voltage, No Load
vs. Temperature (-40°C to +85°C)

±8.0 V
±0.025%/°C

*
★
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AD208AY
ISOLATED POWER SUPPLY (Continued)
Accuracy
Rated Load Current6
Regulation, No Load to Rated Load
Line Regulation
Ripple, Rated Load, 100 kHz Bandwidth
CLOCK DRIVE INPUT OF THE AD2087
Input Voltage
Input Current (No Load on Isolated Supplies)
Frequency
Duty Cycle
PACKAGE DIMENSIONS
SIP Package

TEMPERATURE RANGE
Rated Performance
Storage

AD208BY

±10%
±2.0 mA, min
10%
±10%/Volt
100 mV pk-pk

★

15 V pk-pk ± 5%,
Square Wave
± 10 mA pk
25 kHz ±5%
47.5% to 52.5%

★

★
★
*

★

★
★

★

2.08" x 0.260" x 0.625", max
52.8 mm x 6.6 mm x 15.9 mm,
max

★

-40°C to +85°C
-40°C to +85°C

★

★

★

NOTES
•Specification is the same as that for the AD208AY.
‘This specification represents the average gain drift over the indicated temperature range. Refer to Figure 2 for an illustration of the typical normalized gain
drift for the AD2O8.
’Nonlinearity is specified as a % deviation from a best straight line. For gains greater than 50 V/V, a 100 pF capacitor from the feedback terminal of the input
op amp (Pin 4) to the input common (Pin 2) is recommended in order to minimize the gain nonlinearity. Refer to Figure 30 for a circuit schematic.
}To limit the input current to the AD208 during unpowered or saturated conditions it is recommended that a resistor (typically 2 kfl) be placed in series with
the signal and the input terminal of the AD208. A reasonable value for the current limit would be 2.5 mA.
4Refer to Figure 16 for a graph of the AD208’s 3 dB Bandwidth versus Gain Setting.
’Overload Recovery Time is the time it takes for the isolation amplifier to return to within ±0.10% of its correct value from a saturated condition once the initi
ating overrange signal has been removed. For the AD208, the overload recovery time is determined by applying a +5 V (-5 V) pulse at the input terminals,
when the AD208 is configured for a gain of 1,000 V/V, and then measuring the time it takes for the output to return to zero from its positive (negative) fullscale saturated voltage condition. A 2 kfl resistor placed in series with the signal and the input terminal will reduce the overload recovery time to approximately
2 ms.
6Refer to Figure 17 for a curve illustrating the load drive capabilities of the isolated power supply.
’It is recommended that the AD246 Clock Driver be used to drive the AD208. Refer to the “Powering the AD208 Section” of this data sheet for a detailed de
scription of the AD208’s clock driver input voltage and current requirements.
Specifications subject to change without notice.
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OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

AD208 Pin Designations

AD208 SIP Package
0.250 (6.3) TYP

PIN

DESIGNATION

FUNCTION

1

4

IN+
IN COM
INFB

5
6

V|SO +

NONINVERTING INPUT
INPUT COMMON
INVERTING INPUT
INPUT OP AMP; OUTPUT/FEEDBACK
ISOLATED POWER: -DC OUTPUT
ISOLATED POWER: +DC OUTPUT

32
33
37
38

CLK COM
CLK IN
OUT LO
OUT HI

CLOCK COMMON
CLOCK INPUT
OUTPUT LO
OUTPUT HI

2
3

(241

CAUTION-----------------------------------------------------------------------------------------------------------ESD (electrostatic discharge) sensitive device. Permanent damage may occur on unconnect
ed devices subject to high energy electrostatic fields. Unused devices must be stored in
conductive foam or shunts. The protective foam should be discharged to the destination socket
before devices are removed.

INSIDE THE AD208
The functional block diagram of the AD208 is shown previously.
The AD208 employs amplitude modulation techniques to imple
ment transformer coupling of signals down to de. The primary
side of the power transformer, T2, is driven by the externally
supplied 15 V pk-pk, 25 kHz square wave generator or the
AD246 Clock Driver.
A full wave modulator translates the input signal to the carrier
frequency which is then transmitted across transformer Tl. The
synchronous demodulator in the output port extracts the input
signal from the carrier. The output signal is not internally buff
ered, therefore the user is free to interchange the output leads to
get signal inversion.

AD208, expressed in % of full scale, as a function of the
isolator’s output load (fl). For minimal gain errors, the AD208
is best operated with output loads greater than or equal to
1 Mfl.
Gain Drift. Figure 2 presents the normalized gain drift, from
the gain error measured at +25°C, of the AD208 over the
-40°C to +85°C rated temperature range.

The input port of the AD208 contains an uncommitted input op
amp, a modulator and the isolated power supply. The uncom
mitted input amplifier can be used to supply gain or to buffer
the input signals.
PERFORMANCE CHARACTERISTICS
Gain Error. Figure 1 shows the typical gain error for the

Figure 2. Normalized Gain Error (% of Full Scale) vs. Tem
perature (°C), with Vs = 15 V pk-pk, 25 kHz Square Wave

The effect of the output load on the AD208’s gain temperature
coefficient is shown in Figure 3 for the -40°C to 0°C and 0°C to
+ 85°C temperature ranges. To minimize the gain temperature
coefficient, the AD208 performs best with output loads of
greater than or equal to 1 Mfl.
OUTPUT LOAD - Il

Figure 1. Gain Error Change (% of Full Scale) vs. Output
Load (fi), with Vs = 15 V pk-pk, 25 kHz Square Wave
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AD208
INITIAL GAIN TEMPERATURE COEFFICIENT
WITH AN OPEN CIRCUIT ON THE OUTPUT

-175 --------- ------------- ----------------------------------------------L_l_l--------- --------- Illi
50k 100k
250k 500k 1M
10M
OUTPUT LOAD - 11

Figure 3. Gain Temperature Coefficient (ppm/°C) vs. Out
put Load (fl) and Operating Temperature Range, with Vs
= 15 V pk-pk, 25 kHz Square Wave

Gain Nonlinearity. The typical gain nonlinearity error of the
AD208, at a gain of 1 V/V, is specified as ±0.0125% or
±1.25 mV. The nonlinearity performance of the AD208 is
dependent on the output voltage swing and this dependency is
illustrated in Figure 4. The vertical axis represents the non
linearity error, expressed in % of output span (i.e., % of 10 V)
on the left axis or in mV on the right axis. The horizontal axis
displays the magnitude of the output voltage swing.

Figure 5. Normalized Gain Nonlinearity (% of Output
Span) vs. Temperature (°C), with Vs = 15 V pk-pk, 25 kHz
Square Wave

The nonlinearity of the AD208 is minimized when its output
load is greater than 1 MO, as shown in Figure 6.

Figure 6. Normalized Gain Nonlinearity (% of Output
Span) vs. Output Load (fl) for a Gain of 1 V/V and with
Vs = 15 V pk-pk, 25 kHz Square Wave
Figure 4. Typical Gain Nonlinearity Error (% of Output
Span and mV) vs. Output Voltage Swing for a Gain of
1 V/V and with Vs = 15 V pk-pk, 25 kHz Square Wave

The variation of the AD208’s gain nonlinearity, from that mea
sured at +25°C, over the entire -40°C to +85°C rated tempera
ture range is demonstrated by the curve in Figure 5.

Input Voltage Rating. The linear input voltage range for the
AD208 is specified as ±5 V. This rating applies when the
AD208 is powered by a 15 V pk-pk ±5%, square wave (@
25 kHz). The specified input voltage range is, however, affected
by the clock driver voltage and the load placed on the AD208’s
front-end isolated power supplies. The variation of the input
voltage range as a function of the isolated power supply load and
the clock supply voltage are illustrated by the parametric curves
in Figure 7.
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To achieve the optimal common mode rejection of unwanted
signals, it is strongly recommended that the source impedance
imbalance be kept as low as possible and that the input circuitry
be carefully laid out so as to avoid adding excessive stray capaci
tances at the isolator’s input terminals.
Output Offset Voltage. The normalized output offset voltage
drift from the initial offset measured at +25°C is presented in
Figure 10 over the rated -40°C to +85°C temperature range.
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Figure 7. Input Voltage Range (±V) vs. Load Placed on
the Isolated Power Supplies (mA) and Clock Driver Volt
age (V pk-pk)

Figure 10. Normalized Output Offset Voltage (mV) vs.
Temperature (°C) with an AD208 Gain of 1 V/V, with Vs =
15 V pk-pk, 25 kHz Square Wave

Common Mode Rejection. Figures 8 and 9 illustrate the typi
cal common mode rejection, expressed in dB, of the AD208 as a
function of the common mode signal frequency (kHz) and
source impedance imbalance (kfl) for gains of 1 V/V and
1,000 V/V, respectively.

Input Offset Voltage. The AD208 exhibits an extremely low
input offset voltage temperature coefficient over the -40°C to
+ 85°C temperature range as indicated in Figure 11.

Figure 8. Typical Common Mode Rejection (dB) vs. Com
mon Mode Signal Frequency (kHz) and Source Impedance
Imbalance (kd) for a Gain of 1 V/V
TEMPERATURE - "C

Figure 11. Normalized Input Offset Voltage (pV) vs. Tem
perature (°C), with Vs = 15 V pk-pk, 25 kHz Square Wave

FREQUENCY - Hi

Figure 9. Typical Common Mode Rejection (dB) vs. Com
mon Mode Signal Frequency (kHz) and Source Impedance
Imbalance (kfi) for a Gain of 1,000 V/V
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The typical noise characteristics for the AD208’s uncommitted
input op amp is summarized in Figure 12.

>
c
S

<
»O
>

2

z
10k

1k

100k

FREQUENCY - Hl

Figure 14. Normalized Gain (dB) as a Function of Input
Signal Frequency (Hz)
FREQUENCY - Hl

NOTE: RS1 AND R„ REPRESENT THE SOURCE
IMPEDANCES SEEN BY THE INPUT AMPLIFIER

Figure 12. Typical Input Voltage Noise (nV/y/Hz) vs. Fre
quency for the AD208's Uncommitted Input Op Amp

Input Bias Current. The typical input bias current variation
from the initial bias current at +25°C as a function of tempera
ture is presented in Figure 13.

Figure 15. Phase Shift (Degrees) vs. Input Signal Fre
quency (Hz)

The frequency response performance of the AD208 can also be
characterized in terms of its 3 dB bandwidth versus the desired
gain setting as plotted in Figure 16.

Figure 13. Normalized Input Bias Current (nA) vs.
Temperature (°C)

Frequency Response: Gain and Phase Shift. Figure 14 char
acterizes the AD208’s gain as a function of frequency, while
Figure 15 illustrates the corresponding phase shift versus
frequency.

Figure 16. 3 dB Bandwidth (Hz) vs. AD208 Gain Setting
(V/V)

Isolated Power Supply. The load characteristics of the
AD208’s isolated power supplies are plotted in Figure 17. It is
recommended that the isolated power supply load not exceed
10 mA as permanent damage to the internal power circuitry of
the AD208 may occur.
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CAUTION: The AD208 design does not provide for short cir
cuit protection of its isolated power supply. A current limiting
resistor may be placed in series with the isolated power termi
nals and the load in order to protect the supply against inadvert
ent shorts.

APPLICABLE STANDARDS
As an assurance of high performance reliability, the CMV rating
of each grade of the AD208 is factory tested for one minute to
120% of the appropriate CMV isolation rating (1800 V rms for
the B grade and 900 V rms for the A Grade).

ISOLATED POWER SUPPLY LOAD - mA

Figure 17. Isolated Power Supply Voltage (V DC) vs. Iso
lated Power Supply Load (mA), with Vs = 15 V pk-pk,
25 kHz Square Wave

POWERING THE AD208
The AD208 is powered by an externally supplied 15 V pk-pk,
25 kHz square wave (50% duty cycle) clock signal connected as
shown in Figure 20. An ac coupling capacitor is provided in the
AD208 to level shift the clock signal which in turn generates the
necessary internal de supply voltages and carrier signal.

The isolated power supply exhibits some ripple which varies as a
function of the load placed on the supply terminals. Figure 18
illustrates the functional relationship between the isolated supply
ripple (mV pk-pk) and the resistive load placed on the supplies.

Figure 20. Powering the AD208

The rated performance of the AD208 is specified for a clock
driver square wave signal that meets the following requirements:

• 15 V pk-pk ±5%
• 25 kHz ±5%
• 47.5% to 52.5% duty cycle.
Care must be exercised when using a square wave generator
whose output does not meet the above requirements as the per
formance of the AD208 may be adversely affected.
Figure 18. Isolated Power Supply Ripple (mV pk-pk) vs.
Resistive Load (fl), with Vs = 15 V pk-pk, 25 kHz Square
Wave

The AD208 has internal bypass capacitors that optimize the
tradeoff between output ripple and power supply performance,
even under full load conditions. If a specific application requires
more bypassing of the isolated power supplies, external capaci
tors may be added. Figure 19 plots the isolated power supply
ripple as a function of the external bypass capacitance under
rated load conditions (i.e., ±2 mA).

Clock Driver Voltage Considerations. The rated performance
of the AD208 will remain unaffected for clock driver voltages in
the 14.25 V pk-pk to 15.75 V pk-pk range. Voltage swings be
low 14.25 V pk-pk will result primarily in the derating of the
output voltage and isolated power supply voltage specifications
as shown in Figures 21 and 22, respectively.

Figure 21. Output Voltage Swing (±V) vs. Clock Driver
Voltage (V pk-pk)
Figure 19. Isolated Power Supply Ripple (mV pk-pk) vs.
Bypass Capacitance (p.F) with a ±2 mA Load on the Iso
lated Supplies and a Noise Bandwidth of 100 kHz
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10|xs/DIV

Figure 23. Typical Clock Voltage and Current Waveforms

Figure 22. Isolated Power Supply Voltage (V DC) vs. Clock
Driver Voltage (V pk-pk)

The reduction in the rated output voltage will increase the val
ues for the nonlinearity and gain error parameters of the AD2O8
because of the headroom limits placed on the internal circuitry.
Note: Clock driver voltages greater than 16.5 V pk-pk may
damage the internal components of the AD208 and consequently
should not be used.

Clock Driver Frequency Considerations. The definition of the
clock duty cycle for a two-state rectangular waveform is given
by:
Duty Cycle (%) =

+ TLO) x 100%

where:
Thi = The period of time that the waveform is in the HI
state.
Tlo = The period of time that the waveform is in the LO
state.

The performance of the AD208 will not be adversely affected
by off-nominal clock signals so long as these clock signals are
in the 47.5% to 52.5% duty cycle range and the 23.75 kHz to
26.25 kHz frequency range. To prevent a significant deteriora
tion of the AD208 performance, it is strongly recommended that
the clock driver duty cycle and frequency values ultimately cho
sen to operate the AD208 do not fall outside of the 40% to 60%
and 20 kHz to 30 kHz ranges.
Clock Driver Power Considerations. In selecting and/or de
signing a clock driver for the AD208 isolation amplifier, it
should be noted that the AD208 presents a reactive load to the
clock driver. Consequently, both the average and peak drive
currents to the AD208 clock input must be considered. Figures
23 and 24 illustrate the typical clock driver input voltage and
current waveforms for a single AD208 with its isolated power
supplies unloaded and fully loaded.

10hs/DIV

Figure 24. Typical Clock Voltage and Current Waveforms
for a Single AD208 with a ±2 mA Load on its Isolated
Power Supply

USING THE AD246 CLOCK DRIVER TO POWER THE
AD208
To ensure that the power requirements of the AD208 are satis
fied, Analog Devices suggests the use of the AD246 Clock
Driver. The AD246 is an inexpensive, compact square wave os
cillator that can be used to generate the necessary AD208 clock
signal from a single +15 V de supply. Table I lists the key specifications for the AD246.
AD246JY
OUTPUT
Frequency
Voltage
Duty Cycle
Maximum Safe Current Drive Capability1
Fan Out
Resistance

POWER SUPPLY REQUIREMENTS
Input Voltage
Supply Current
Unloaded
Each AD208 Adds
Each 1 mA Load on AD208
+vtso
-VISO Adds

25 kHz
15 V pk-pk
50%
120 mA
16
15 II

+ 15 V de ± 5%

3.5 mA
4.0 mA
1.12 mA

NOTE
'The high current drive output of the AD246 will not withstand a short to
ground.

Table I. Key Specifications for the AD246 Clock Driver
(Specifications typical @ +25°C and Vs = +15 V DC un
less otherwise noted)
ISOLATION AMPLIFIERS 5-47

The AD246JY is connected to the AD208 oscillator input(s) as
shown in Figure 25. The AC1O58 mating socket can be used
with the AD246JY as demonstrated in Figure 27.
A supply bypass capacitor is included in the AD246, however it
is recommended that an externally supplied bypass capacitor, as
indicated by the dotted circuitry in Figure 26, be used if many
AD208s are to be driven by a single AD246. The suggested ca
pacitance value is 1 p.F for every five AD208s driven. The
placement of the bypass capacitor should be as close as possible
to the AD246 Clock Driver.
AO246JY

In this circuit, the gain equation may be written as:
Vo = (l + R^) x VslG

where:
Vo
VS,G
RF
Rg

=
=
=
=

Output Voltage (V)
Input Signal Voltage (V)
Feedback Resistor Value (fl)
Gain Resistor Value (fl).

The values for the resistors RF and RG should be chosen subject
to the following constraints:

• The current drawn in the feedback resistor (RF) is no greater
than 1 mA. Note that for each mA drawn by the feedback
resistor, the isolated power supply drive capability will de
crease by 1 mA.
• The feedback (RF) and gain resistor (RG) result in the desired
amplifier gain.

USING THE AD208
Unity Gain Input Configuration. The basic unity gain configu
ration for input signals of up to ±5 V is shown in Figure 26.

Note on the 100 pF Capacitor: Whenever a gain of 50 V/V or
greater is required, a 100 pF capacitor from the FB (input op
amp feedback) terminal to the IN COM (input common) termi
nal, as shown with the dotted lines in Figure 27, is highly rec
ommended. The capacitor acts to filter out switching noise and
will minimize the isolator’s nonlinearity parameter.
Note on the 2 kfl Resistor: The 2 kfl resistor placed in series
with the input signal source and the IN+ terminal, designated
as Rin in Figures 26 and 27, is suggested so as to limit the cur
rent seen at the input terminals to 2.5 mA when the AD208 is
OFF. The 2 kfl resistor will also reduce the overload recovery
time to 2 ms.

Compensating the Uncommitted Input Op Amp. The open
loop gain and phase versus frequency for the uncommitted input
op amp is given in Figure 28. These curves can be used to de
termine the appropriate values for the feedback resistor and
compensation capacitor in order to ensure frequency stability
when reactive or nonlinear components are used in conjunction
with the uncommitted input op amp.
Figure 26. Basic Unity Gain Configuration

Input Configuration for a Gain Greater Than 1 (G>1). When
small input signal levels must be amplified and isolated, Figure
27 shows how to get a gain greater than 1 while continuing to
preserve a very high input impedance.

Figure 28. Open Loop Gain and Phase Response for the
Uncommitted Input Op Amp of the AD208
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A capacitor placed in the feedback loop of the input op amp
may increase the nonlinearity of the AD208, particularly for
large gains. A resistor (1 kfl) placed in series with this capacitor
should minimize the capacitor’s effect on nonlinearity.

Signal Inversion. The circuits illustrated in Figures 26 and 29
are “noninverting.” If signal inversion is desired simply inter
change the output leads of the circuits shown in Figures 26 or
27 to get inversion. This approach allows for the retention of
the high input impedance characteristics of the “noninverting”
circuit.
Summing or Current Input Configuration. Figure 29 shows
how the AD208 can accommodate current inputs or sum cur
rents or voltages.

Figure 29. Summing or Current Input Configuration

In this circuit the output voltage equation can be written as:

Vo = — Rf x (Is + VSI/RSI + VS2/Rs2 + • • •)

where:
Vo
VS1
VS2
Is
Rf
RS1
RS2

= Output Voltage (V)
= Voltage of Input Signal 1 (V)
= Voltage of Input Signal 2 (V)
= Input Current Source (A)
= Feedback Resistor (fl)
= Source Resistance Associated with Input Signal 1 (fl)
= Source Resistance Associated with Input Signal 2 (fl).

The circuit of Figure 29 can also be used when the input signal
is larger than the ±5 V input range of the isolator. For example,
suppose that in Figure 29 only VS1, RS1 and RF are connected
to the feedback, input and common terminals as shown by the
solid lines in Figure 29. Now, a VS1 with a ±50 V span can be
accommodated with RF = 20 kfl and RS1 = 200 kfl.
Output Filter Circuit. Except at the highest useful gains, the
noise seen at the output of the AD208 will be almost entirely
comprised of the carrier ripple at multiples of 25 kHz. The
ripple, when measured over a 100 kHz noise bandwidth, is typi
cally 2 mV pk-pk near zero output and increases to approxi
mately 7 mV pk-pk for outputs of ±5 V. The simple two-pole,
5 kHz low-pass Butterworth filter of Figure 30 can be used to
reduce the output ripple of the AD208 to approximately 0.1 mV
pk-pk and serve as an output buffer for the AD208.

An output buffer or filter may sometimes exhibit voltage spikes
on the output even though none were present on the input sig
nal to the buffer/filter. These spikes are usually due to clock

noise appearing at the op amp’s power supply pins, since most
op amps have little or no supply rejection at high frequencies.
Another common source of clock-related noise is from the shar
ing of the ground track by both the output circuit and the
power input. The circuit of Figure 30, shows how to avoid these
clock noise related problems.
Ideally, the output signal LO lead and the supply common
should be tied together at the final signal measurement point as
indicated in Figure 30. It may be useful to bypass the output
LO to the output common with a 0.1 |xF capacitor should the
measurement point be more than a few feet from the isolator.

Figure 30. Output Filter Circuit Showing Proper
Grounding

In multichannel applications where more than a few AD208s are
driven by a single clock driver, substantial current spikes will
flow in the power return line and in whichever signal output
lead returns to a low impedance point (usually OUT LO). Con
sequently, both of these tracks should be made as large and as
short as possible to minimize the track inductance and resis
tance. For best results, OUT LO should be connected directly
to a ground plane that serves as the measurement common.

Current spikes can be greatly reduced by connecting a small in
ductance, 68 pHy to 100 |xHy, in series with the clock drive
input pin of each AD208. Molded chokes, such as the Dale
IM-2 series, with a de resistance of about 5 fl should be suitable
for most applications.
GAIN AND OFFSET ADJUSTMENTS
General Comments. When gain and offset adjustments are re
quired, the actual compensation circuit ultimately utilized will
depend on:

• The input configuration mode of the isolation amplifier (i.e.,
noninverting or inverting).
• The placement of the adjusting potentiometer (i.e., on the
isolator’s input or output side).

As a general rule:
• Offset Adjustments are best accomplished on the isolator’s
input side, as it is much easier and more efficient to null the
offset ahead of any gain.
• Gain Adjustments are most easily accomplished as part of the
gain-setting resistor network at the isolator’s input side.
• To ensure the highest degree of stability in the gain and offset
adjustments, the adjusting potentiometers should be located
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as close as possible to the isolator’s front end. Adjustment
ranges should be kept to a minimum and high quality multi
turn trimming potentiometers should be used.
• Output side adjustments may be necessary under the condi
tions where adjusting potentiometers placed on the input
side would present a hazard to the user due to the presence
of high common mode voltages during the adjustment
procedure.
• It is recommended that the offset adjustment precedes the
gain adjustment.

Input Adjustments for the Inverting Mode of Operation
Offset Adjustment. Figure 32 shows the suggested input
adjustment connections when the isolator’s input amplifier is
configured for the inverting mode of operation. Here the offset
adjustment potentiometer P2 nulls the voltage at the summing
node. This method may be preferred over current injection since
it is less affected by any subsequent gain adjustments. A 100 kfl
P2, 50 kfl Roa and a 100 fl Rc should provide an offset adjust-

Input Adjustments for the Noninverting Mode of Operation
Offset Adjustment. Figure 31 shows the suggested input adjust
ment connections when the isolator’s input amplifier is config
ured for the noninverting mode of operation. The offset
adjustment circuit injects a small voltage in series with the low
side of the signal source. The adjustment potentiometer P2 is
responsible for nulling out the offset voltage. A 100 kfl P2,
50 kfl Roa and a 100 fl Rc should provide an offset adjustment
range (Referred to Input) of about ±15 mV. Since the offset is
zeroed out ahead of the gain, the values given above.for P2, ROA
and R( should work for any gain on the isolator.

Figure 32. Input Adjustments for the Inverting Mode of
Operation

Gain Adjustment. Figure 32 also shows the suggested gain
adjustment circuit. In this circuit, the gain adjustment is made
in the feedback loop using potentiometer Pp The adjustments
will be effective for all gains in the 1 to 1,000 V/V range.
Output Adjustments
Offset Adjustment. Figure 33 shows the recommended tech
nique for offset adjustment at the output. In this circuit, a
±15 V de voltage is supplied by an independent source. With
reference to the output circuitry shown in Figure 33, the maxi
mum offset adjustment range is given by:
Figure 31. Input Adjustment Circuit for the Noninverting
Mode of Operation

Notes:

• To minimize CMR degradation it is recommended that the
resistor R( (shown in Figure 31) be below a few hundred
ohms.
• The offset adjustment circuit of Figure 31 will not work if the
signal source has another current path to input common, or if
current flows in the signal source LO lead. If this is the case,
use the output adjustment procedure.
Gain Adjustment. Figure 31 also shows the suggested gain ad
justment circuit. Note that the gain adjustment potentiometer P,
is incorporated into the gain-setting resistor network at the isola
tor’s input.

To maintain gain trim ranges that are independent of the gain
setting, the potentiometer P! should be proportioned to RF such
that
P\ x 100% _ Desired Gain Adjustment Range
RF
(in % of Output Span)

and
[Rp + P\/2]/R(j + 1 = Desired Gain Setting
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Rc x- Vs

Eoffset - R^TRo
where, Vs is the power supply voltage. A 100 kfl Po, 100 fl Rc
and a 50 kfl Ro should provide an offset adjustment range of
about ±30 mV on the output.

Gain Adjustment. Since the output stage of the AD208 is un
buffered, any desired output gain adjustments can only be made
in a subsequent stage.
USING ISOLATED POWER
The AD208 provides ±8.0 V de power outputs referred to the
input common. These may be used to power various accessory
circuits which must operate at the input common mode level.
The input offset adjustment circuits of the previous section are
examples of this need.
The isolated power output has a current capacity of up to 5 mA
which should be sufficient to operate adjustment circuits, refer
ences, op amps, signal conditioners or remote transducers.

CAUTION: The AD208 design does not provide for short cir
cuit protection of its isolated power supply. A current limiting
resistor may be placed in series with the isolated power termi
nals and the load in order to protect the supply against inadvert
ent shorts.

APPLICATION EXAMPLES
Isolated RTD Signal Processing. The stable high gain proper
ties and low offset drift characteristics make the AD208 an ideal
component for use in isolated RTD signal processing applica
tions. RTD applications typically require the following three
major elements: a stable current excitation source, a lead com
pensation network and a zero suppression network. The circuit
schematic of Figure 34 illustrates how to use the AD208 with a
handful of low power external components to condition, amplify
and isolate low level RTD signals.
In the RTD application shown in Figure 34, the stable current
excitation source needed to drive the RTD consists of a:

•
•
•
•

Dual, single supply op amp (LM358)
Pair of low VGSOFF JFETS (ex. J201)
Low power 2.5 V reference source
Several precision 10 kfl, 1%, 10 ppm/°C resistors.

The dual current sources generate a 250 p.A excitation signal for
the RTD and they also provide about 5 V of compliance with a
±5% gain adjustment range.

Zero suppression is accomplished in Figure 34 by using a simple
ground servo amplifier in combination with the resistor labelled
Rz, while lead wire compensation is realized by remote sensing
the RTD with the ground servo. The current, IS1 develops a
voltage V, that is equal to:
v, = Vo5a, + vz + VLEAD

where the voltages V„ vOSai, vz and VLEAD are as indicated in
Figure 34.
The current IS2, in turn, develops the voltage seen by the input
amplifier of the AD208 and, with reference to the voltages la
belled in Figure 34, VIN is given by:

Vin = Vi

=

~ ^rtd ~ Vlead
+ Vz + Vlead) ~ VRTD ~ VLEAD

= ^OSA, + Vz ~ VRTDThe offset trim circuit can then be used to null out all of the
offset terms. Note that a high quality low power, low offset drift
amplifier should be used for the ground servo amplifier.

The typical sensitivity of a 100 fl platinum RTD with a
0.25 mA current excitation is in the 95 p.V/°C range. Therefore,
using the AD208 isolation amplifier with a gain of 105 V/V will
result in an approximate output sensitivity of 10 mV/°C which
corresponds to a 0 to 500°C RTD range for a 0 to —5 V output
span. If a 0 to +5 V output span is desired, simply reverse the
OUT LO (Pin 37) and OUT HI (Pin 38) terminals of the
AD208 taking care to ensure that the OUT LO pin is now con
nected to the CLK COM terminal.
The gain equation for the circuit of Figure 34 is determined by
the formula given below.
VO (HI} - VO (LO}
_
- CIrtd (LO}}

Is-((Irtd [HI]

F

1

where:
Vo (HI)

Vo (LO)

= AD208 output voltage at the maximum ex
pected temperature seen by the RTD
application
= AD208 output voltage at the minimum ex
pected temperature seen by the RTD
application
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= Resistance of the RTD at the maximum ex
pected temperature
(LO) = Resistance of the RTD at the minimum ex
pected temperature
= RTD resistance at 0°C (100 fl, typ)
= Current of the stable excitation source
(0.25 mA)
= Feedback resistor (10.5 kfl)
= Input resistor (100 fl, 1%, 10 ppm/°C).

Ortd (HI)

Ortd

Rz
Is
RF
Rj

AD208

The circuit of Figure 34 accommodates a 10 mV/°C, unlinear
ized output for a 100 fl platinum RTD. The circuit allows for a
maximum measured temperature range of 500°C. The initial in
put offset is ±1.3 mV (max) which is roughly equivalent to
5.2 fl. The offset adjustment circuit, which has a ±1.5 mV
(RTI) adjustment range, can be used to easily trim out this ini
tial offset. The offset drift of the RTD application shown in
Figure 34 is ±4 jjlV/°C (max) or 0.016 fl/°C.
Thermocouple Applications. Thermocouples provide an inex
pensive and reliable way to measure temperature over a wide
range. Thermocouples require high gain amplification and in
some cases cold junction compensation. The circuit of Figure 35
shows how the stable high gain capability of the AD208 can be
effectively utilized to amplify and isolate the low level voltage
signals from a thermocouple. The AC 1226 Monolithic Cold
Junction Compensator is recommended for use in this applica
tion. The AC 1226 acts to eliminate the cold junction voltage
that is formed between the thermocouple wire and the actual
measurement circuit. The AC 1226 outputs 0 V at 0°C and it
provides the correct compensation slope for many thermocouple
types through user selected taps off of the internal AC 1226
resistor string.
The gain and offset adjustment for the circuit shown in Fig
ure 35 is easily accomplished by first shorting the AD208 inputs
to ground (IN COM) and adjusting the offset potentiometer un
til 0 V is measured at the output. Once the offset has been

Thermo
couple

Maximum
Temperature
Range @ 5 V Out

Type
E
J
K
R
S
T

(°C)

900
750
1,250
1,450
1,450
350

Maximum
vIN
(mV)

68.783
42.283
50.633
16.741
14.973
17.816

•AC1226 THERMOCOUPLE <T/CI INPUT PIN
SELECTION IS DEPENDENT ON THE THERMO
COUPLE TYPE, AS PER THE FOLLOWING
GUIDE:
PIN

T/C TYPE

1
6
7
8

E
R. S
K. T
J

NOTE: ALL RESISTORS ARE 1V10 ppm/X
UNLESS NOTED OTHERWISE

Figure 35. Using the AD208 in an Isolated Thermocouple
Application

nulled out, the gain adjustment can then be initiated by apply
ing an appropriate full-scale voltage, for the thermocouple type
being used, at the input. Then adjust the gain trim until mea
suring + 5 V out. The offset and gain trim do interact slightly
with each other consequently, it would be advisable to recheck
the offset error and readjust it if necessary. The residual error
that may be introduced by the AC1226 at 25°C will be no more
than ±2°C off nominal for all temperature ranges specified in
Table II.

Table II lists the most commonly used thermocouple types along
with their typical temperature ranges and a suggested AD208
gain setting. The table also includes recommended values for the
feedback resistor (RF), the gain trim resistor (Ro^) and the
offset adjustment resistor (Rz) all three of which are shown in
Figure 35.

AD208
Gain Setting

(V/V)
72.69
118.25
98.75
298.6
333.9
280.6

SUGGESTED RESISTOR VALUES
(With Reference to Figure 38)
rf
Rc
Rz
(Mil)
(kft)
(kft)

6.98
11.5
9.53
28.7
32.4
27.4

0.5
1.0
1.0
2.0
2.0
2.0

2.0
2.0
2.0
2.0
2.0
2.0

Table II. Commonly Used Thermocouple Types, Temperature Ranges, AD208 Gain Settings
and Circuit Resistor Values
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ANALOG
DEVICES

Precision, Wide Bandwidth,
3-Port Isolation Amplifier

*
AD210
FEATURES
High CMV Isolation: 2500V RMS Continuous
± 3500V Peak Continuous
Small Size: 1.00" x 2.10" x 0.350"
Three-Port Isolation: Input, Output, and Power
Low Nonlinearity: ±0.012% max
Wide Bandwidth: 20kHz Full-Power (— 3dB)
Low Gain Drift: ±25ppm/°C max
High CMR: 120dB (G = 100V/V)
Isolated Power: ±15V @ ±5mA
Uncommitted Input Amplifier
APPLICATIONS
Multichannel Data Acquisition
High Voltage Instrumentation Amplifier
Current Shunt Measurements
Process Signal Isolation

GENERAL DESCRIPTION
The AD210 is the latest member of a new generation of low
cost, high performance isolation amplifiers. This three-port,
wide bandwidth isolation amplifier is manufactured with surface
mounted components in an automated assembly process. The
AD210 combines design expertise with state-of-the-art manufac
turing technology to produce an extremely compact and economical
isolator whose performance and abundant user features far exceed
those offered in more expensive devices.

The AD210 provides a complete isolation function with both
signal and power isolation supplied via transformer coupling
internal to the module. The AD210’s functionally complete
design, powered by a single + 15V supply, eliminates the need
for an external DC/DC converter, unlike optically coupled isolation
devices. The true three-port design structure permits the AD210
to be applied as an input or output isolator, in single or multi
channel applications. The AD210 will maintain its high per
formance under sustained common-mode stress.
Providing high accuracy and complete galvanic isolation, the
AD210 interrupts ground loops and leakage paths, and rejects
common-mode voltage and noise that may otherwise degrade
measurement accuracy. In addition, the AD210 provides protec
tion from fault conditions that may cause damage to other sections
of a measurement system.

PRODUCT HIGHLIGHTS
The AD210 is a full-featured isolator providing numerous user
benefits including:
High Common-Mode Performance: The AD210 provides 2500V
rms (Continuous) and ± 35OOV peak (Continuous) common-mode
voltage isolation between any two ports. Low input to output

capacitance of 5pF results in a 120dB CMR at a gain of 100,
and a low leakage current (2pA rms max @ 240V rms, 60Hz).
High Accuracy: With maximum nonlinearity of ±0.012%
(B Grade), gain drift of ±25ppm/°C max, and input offset drift
of (± 10±30/G) jxV/°C, the AD210 assures signal integrity while
providing high level isolation.

Wide Bandwidth: The AD210’s full-power bandwidth of 20kHz
makes it useful for wideband signals. It is also effective in appli
cations like control loops, where limited bandwidth could result
in instability.
Small Size: The AD210 provides a complete isolation function
in a small DIP package just 1.00" x 2.10" x 0.350". The low
profile DIP package allows application in 0.5" card racks and
assemblies. The pinout is optimized to facilitate board layout
while maintaining isolation spacing between ports.
Three-Port Design: The AD210’s three-port design structure
allows each port (Input, Output, and Power) to remain indepen
dent. This three-port design permits the AD210 to be used as
an input or output isolator. It also provides additional system
protection should a fault occur in the power source.
Isolated Power: ± 15V (ct> 5mA is available at the input and
output sections of the isolator. This feature permits the AD210
to excite floating signal conditioners, front-end amplifiers and
remote transducers at the input as well as other circuitry at the
output.

Flexible Input: An uncommitted operational amplifier is provided
at the input. This amplifier provides buffering and gain as required,
and facilitates many alternative input functions as required by
the user.

‘Covered by U.S. Patent No. 4,703,283.
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SPECIFICATIONS (typical @ + 25°C, & Vs = +15V unless otherwise specified)
Model

AD210AN

AD210BN

AD210JN

GAIN
Range
Error
vs. Temperature (0 to + 70°C)
( - 25"C to + 85°C)
vs. Supply Voltage
Nonlinearity1
Nonlinearity vs. Isolated Supply Load

1V/V-100V/V
±2% max
±25ppm/°Cmax
± 50ppm/°C max
±0.002%/V
±0.025% max
±0.002%/ mA

*
± l%max

*
*
*
*
*
*
*

INPUT VOLTAGE RATINGS
Linear Differential Range
Maximum Safe Differential Input
Max. CMV Input-to-Output
ac, 60Hz, Continuous
de, Continuous
Common-Mode Rejection
60Hz,G= 100V/V
Rss 5000 Impedance Imbalance
Leakage Current Input-to-Output
(a> 240Vrms, 60Hz
INPUT IMPEDANCE
Differential
Common Mode

±10V
±15V

*
*

25OOV rms
± 35OOV peak

1500V rms
± 2000V peak

120dB
2p.A rms max

iol2n
5Gn||5pF

INPUT BIAS CURRENT
Initial, (a +25°C
vs. Temperature (0 to + 70°C)
(- 25°C to + 85°C)

30pA typ(400pA max)
lOnA max
30nAmax

INPUT DIFFERENCF.CURRENT
Initial, fa + 25°C
vs. Temperature (0 to + 70°C)
<-25°Cto + 85”C)

5pA typ (200pA max)
2nA max
lOnA max

INPUT NOISE
Voltage (1 kHz)
(lOHzto 10kHz)
Current (1 kHz)

l8nV/VHz
4jiV rms
O.OIpA/VHz

FREQUENCY RESPONSE
Bandwidth (- 3dB)
G = 1V/V
G - 100V/V
Settling Time (± 10mV,20V Step)
G= IV/V
G = 100V/V
Slew Rate(G= I V/V)

±0.012% max

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

AC1059 Mating Socket

20kHz
15kHz

150p.s
500p.s
lV/p.s

OFFSET VOLTAGE (RTI)2
Initial, (a> + 25°C
vs. Temperature (Oto +70°C)
( - 25°C to + 85°C)

(±15 ±45/G)mVmax
(± 10 ♦ 30/G)m.V/
*C
(110 ±50/G)ixV/”C

RATED OUTPUT’
Voltage, 2kf I Load
Impedance
Ripple, (Bandwidth - 100k Hz)

± lOVmin
Hl max
lOmV p-p max

ISOLATED POWER OUTPUTS4
Voltage, No Load
Accuracy
Current
Regulation, No Load to Full I .oad
Ripple

± 15V
±10%
± 5mA
See Text
See Text

POWER SUPPLY
Voltage, Rated Performance
Voltage, Operating
Current, Quiescent
Current, Full I.oad - Full Signal

+ 15V de ±5%
+ 15V de ± 10%
50mA
80mA

TEMPERATURE RANGE
Rated Performance
Operating
Storage

-25°Cto+85°C
- 40°C to + 85°C
-40°Cto +85°C

PACKAGE DIMENSIONS
Inches
Millimeters

1 00 x 2.10 x 0.350
25.4 x 53.3 x 8 9

(±5 ± 15/G)mVmax

NOTES
‘Specifications same as AD210AN
'Nonlinearity is specified as a % deviation from a best straight line.
2RTI - Referred to Input
‘A reduced signal swing is recommended when both ♦ V|vs and • Voss supplies are
fully loaded, due to supply voltage reduction.
*See teat for detailed information.
Specifications subject to change without notice.

PIN
1
2
3
4
14
15
16
17
18
19
29
30

DESIGNATION
Vo
OcOM

+ Voss
“Vqss

+ Viss
“ Viss
FB
-IN
IcOM

+ IN
PwrCom
Pwr

FUNCTION
Output
Output Common
+ Isolated Power (a Output
— Isolated Power (a Output
+ Isolated Power @ Input
- Isolated Power @ Input
Input Feedback
-Input
Input Common
+ Input
Power Common
Power Input

WARNING!
ESD SENSITIVE DEVICE

CAUTION
ESD (electrostatic discharge) sensitive device. Per
manent damage may occur on unconnected devices
subject to high energy electrostatic fields.
Unused devices must be stored in conductive foam
or shunts. The protective foam should be dis
charged to the destination socket before devices are
removed.
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AD210
INSIDE THE AD210
The AD210 basic block diagram is illustrated in Figure 1. A
+ 15V supply is connected to the power port, and ± 15V isolated
power is supplied to both the input and output ports via a 50kHz
carrier frequency. The uncommitted input amplifier can be used
to supply gain or buffering of input signals to the AD210. The
fullwave modulator translates the signal to the carrier frequency
for application to transformer Tl. The synchronous demodulator
in the output port reconstructs the input signal. A 20kHz, threepole filter is employed to minimize output noise and ripple.
Finally, an output buffer provides a low impedance output
capable of driving a 2kfl load.

Figure 4 shows how to accommodate current inputs or sum
currents or voltages. This circuit configuration can also be used
for signals greater than ± 10V. For example, a ± 100V input
span can be handled with Rp = 20k(l and Rsi = 200kfl.

Figure 1. AD210 Block Diagram

USING THE AD210
The AD210 is very simple to apply in a wide range of applications.
Powered by a single + 15V power supply, the AD210 will provide
outstanding performance when used as an input or output isolator,
in single and multichannel configurations.

Input Configurations: The basic unity gain configuration for
signals up to ± 10V is shown in Figure 2. Additional input
amplifier variations are shown in the following figures. For
smaller signal levels Figure 3 shows how to obtain gain while
maintaining a very high input impedance.

Adjustments
When gain and offset adjustments are required, the actual circuit
adjustment components will depend on the choice of input
configuration and whether the adjustments are to be made at
the isolator’s input or output. Adjustments on the output side
might be used when potentiometers on the input side would
represent a hazard due to the presence of high common-mode
voltage during adjustment. Offset adjustments are best done at
the input side, as it is better to null the offset ahead of the gain.

Figure 5 shows the input adjustment circuit for use when the
input amplifier is configured in the noninverting mode. This
offset adjustment circuit injects a small voltage in series with the
GAIN

Figure 2. Basic Unity Gain Configuration

The high input impedance of the circuits in Figures 2 and 3 can
be maintained in an inverting application. Since the AD210 is a
three-port isolator, either the input leads or the output leads
may be interchanged to create the signal inversion.
Figure 5. Adjustments for Noninverting Input
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low side of the signal source. This will not work if the source
has another current path to input common or if current flows in
the signal source LO lead. To minimize CMR degradation, keep
the resistor in series with the input LO below a few hundred
ohms.

PCB Layout for Multichannel Applications: The unique pinout
positioning minimizes board space constraints for multichannel
applications. Figure 8 shows the recommended printed circuit
board layout for a noninverting input configuration with gain.

Figure 5 also shows the preferred gain adjustment circuit. The
circuit shows RF of 50kQ, and will work for gains of ten or
greater. The adjustment becomes less effective at lower gains
(its effect is halved at G = 2) so that the pot will have to be a
larger fraction of the total RF at low gain. At G = 1 (follower)
the gain cannot be adjusted downward without compromising
input impedance; it is better to adjust gain at the signal source
or after the output.
Figure 6 shows the input adjustment circuit for use when the
input amplifier is configured in the inverting mode. The offset
adjustment nulls the voltage at the summing node. This is pref
erable to current injection because it is less affected by subsequent
gain adjustment. Gain adjustment is made in the feedback and
will work for gains from 1 to 100V/V.

Figure 8. PCB Layout for Multichannel Applications
with Gain

Synchronization: The AD210 is insensitive to the clock of an
adjacent unit, eliminating the need to synchronize the clocks.
However, in rare instances channel to channel pick-up may
occur if input signal wires are bundled together. If this happens,
shielded input cables are recommended.

Figure 7 shows how offset adjustments can be made at the
output, by offsetting the floating output port. In this circuit,
± 15V would be supplied by a separate source. The AD210’s
output amplifier is fixed at unity, therefore, output gain must
be made in a subsequent stage.

PERFORMANCE CHARACTERISTICS
Common-Mode Rejection: Figure 9 shows the common-mode
rejection of the AD210 versus frequency, gain and input source
resistance. For maximum common-mode rejection of unwanted
signals, keep the input source resistance low and carefully lay
out the input, avoiding excessive stray capacitance at the input
terminals.
180

40 ----------- L———1—1------- ---------- ------------------------- ---------- ------------- ----------10
20
50 60 100
200
500
Ik
2k
5k
10k
FREQUENCY - Hz

Figure 9. Common-Mode Rejection vs. Frequency
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AD210
Phase Shift: Figure 10 illustrates the AD210’s low phase shift
and gain versus frequency. The AD210’s phase shift and wide
bandwidth performance make it well suited for applications like
power monitors and controls systems.

% of Signal Swinf

Figure 10. Phase Shift and Gain vs. Frequency

ERROR

-

Input Noise vs. Frequency: Voltage noise referred to the input
is dependent on gain and signal bandwidth. Figure 11 illustrates
the typical input noise in nV/VHz of the AD210 for a frequency
range from 10 to 10kHz.

Figure 13. Gain Nonlinearity vs. Output Swing

Gain vs. Temperature: Figure 14 illustrates the AD210’s gain
vs. temperature performance. The gain versus temperature
performance illustrated is for an AD210 configured as a unity
gain amplifier.

Figure 11. Input Noise vs. Frequency
1

Gain Nonlinearity vs. Output: Gain nonlinearity is defined as
the deviation of the output voltage from the best straight line,
and is specified as % peak-to-peak of output span. The AD210B
provides guaranteed maximum nonlinearity of ±0.012% with an
output span of ± 10V. The AD210’s nonlinearity performance is
shown in Figure 12.
Gain Nonlinearity vs. Output Swing: The gain nonlinearity of
the AD210 varies as a function of total signal swing. When the
output swing is less than 20 volts, the gain nonlinearity as a
fraction of signal swing improves. The shape of the nonlinearity
remains constant. Figure 13 shows the gain nonlinearity of the
AD210 as a function of total signal swing.

o
!

Figure 14. Gain vs. Temperature

ISOLATION AMPLIFIERS 5-57

Isolated Power: The AD210 provides isolated power at the
input and output ports. This power is useful for various signal
conditioning tasks. Both ports are rated at a nominal ± 15V
at 5mA.

The load characteristics of the isolated power supplies are shown
in Figure 15. For example, when measuring the load rejection
of the input isolated supplies ViSS, the load is placed between
+ Viss and - VISS. The curves labeled VISS and VOss are the
individual load rejection characteristics of the input and the
output supplies, respectively.
There is also some effect on either isolated supply when loading
the other supply. The curve labeled CROSSLOAD indicates the
sensitivity of either the input or output supplies as a function of
the load on the opposite supply.

Under any circumstances, care should be taken to ensure that
the power supplies do not accidentally become shorted.
The isolated power supplies exhibit some ripple which varies as
a function of load. Figure 16a shows this relationship. The
AD210 has internal bypass capacitance to reduce the ripple to a
point where performance is not affected, even under full load.
Since the internal circuitry is more sensitive to noise on the
negative supplies, these supplies have been filtered more heavily.
Should a specific application require more bypassing on the
isolated power supplies, there is no problem with adding external
capacitors. Figure 16b depicts supply ripple as a function of
external bypass capacitance under full load.

CROSSLOAD

VOss
Vqss SIML LTANEOUS

'X.

Viss
VISS SIMU TANEOUS

____________

5

CAPACITANCE

io
CURRENT - mA

Figure 15. Isolated Power Supplies vs. Load

Lastly, the curves labeled VOss simultaneous and Viss simul
taneous indicate the load characteristics of the isolated power
supplies when an equal load is placed on both supplies.
The AD210 provides short circuit protection for its isolated
power supplies. When either the input supplies or the output
supplies are shorted to input common or output common, re
spectively, no damage will be incurred, even under continuous
application of the short. However, the AD210 may be damaged
if the input and output supplies are shorted simultaneously.

Figure 16b. Isolated Power Supply Ripple vs. Bypass
Capacitance (Volts p-p, 1MHz Bandwidth, 5mA Load)

APPLICATIONS EXAMPLES
Noise Reduction in Data Acquisition Systems: Transformer
coupled isolation amplifiers must have a carrier to pass both ac
and de signals through their signal transformers. Therefore,
some carrier ripple is inevitably passed through to the isolator
output. As the bandwidth of the isolator is increased more of
the carrier signal will be present at the output. In most cases,
the ripple at the AD210’s output will be insigificant when compared
to the measured signal. However, in some applications, particularly
when a fast analog-to-digital converter is used following the
isolator, it may be desirable to add filtering; otherwise ripple
may cause inaccurate measurements. Figure 17 shows a circuit
that will limit the isolator’s bandwidth, thereby reducing the
carrier ripple.

LOAD - mA

Figure 16a. Isolated Supply Ripple vs. Load
(External 4.7pF Bypass)
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Figure 17. 2-Pole, Output Filter

AD210
Self-Powered Current Source
The output circuit shown in Figure 18 can be used to create a
self-powered output current source using the AD210. The 2kfi
resistor converts the voltage output of the AD210 to an equivalent
current VOur/2kft. This resistor directly affects the output gain
temperature coefficient, and must be of suitable stability for the
application. The external low power op amp, powered by + VOss
and - Voss, maintains its summing junction at output common.
All the current flowing through the 2kfl resistor flows through
the output Darlington pass devices. A Darlington configuration
is used to minimize loss of output current to the base. The low
leakage diode is used to protect the base-emitter junction against
reverse bias voltages. Using - VOss as a current return allows
more than 10V of compliance. Offset and gain control may be
done at the input of the AD210 or by varying the 2kfl resistor
and summing a small correction current directly into the summing
node. A nominal range of l-5mA is recommended since the
current output cannot reach zero due to reverse bias and leakage
currents. If the AD210 is powered from the input potential, this
circuit provides a fully isolated, wide bandwidth current output.
This configuration is limited to 5mA output current.

the input terminal (cold-junction). Ambient temperature changes
from 0 to +40°C sensed by the AD590, are cancelled out at the
cold junction. Total circuit gain equals 183; 100 and 1.83, from
Al and the AD210 respectively. Calibration is performed by
replacing the thermocouple junction with plain thermocouple
wire and a millivolt source set at 0.0000V (0°C) and adjusting
Ro for Eout equal to 0.000V. Set the millivolt source to
-I-0.02185V (400°C) and adjust Rq for Vout equal to + 4.000V.
This application circuit will produce a nonlinearized output of
about + 10mV/°C for a 0 to +400°C range.

Figure 20. Isolated Thermocouple Amplifier

Precision Floating Programmable Reference
The AD210, when combined with a digital-to-analog converter,
can be used to create a fully floating voltage output. Figure 21
shows one possible implementation.

+ 15V

Figure 18. Self-Powered Isolated Current Source

Isolated V-to-I Converter
Illustrated in Figure 19, the AD210 is used to convert a 0 to
+ 10V input signal to an isolated 4-20mA output current. The
AD210 isolates the 0 to + 10V input signal and provides a prop
ortional voltage at the isolator’s output. The output circuit
converts the input voltage to a 4-20mA output current, which in
turn is applied to the loop load RLoad-

The digital inputs of the AD7541 are TTL or CMOS compatible.
Both the AD7541 and AD581 voltage reference are powered by
the isolated power supply + Viss- Icom should be tied to input
digital common to provide a digital ground reference for the
inputs.
The AD7541 is a current output DAC and, as such, requires an
external output amplifier. The uncommitted input amplifier
internal to the AD210 may be used for this purpose. For best
results, its input offset voltage must be trimmed as shown.
The output voltage of the AD210 will go from 0V to — 10V for
digital inputs of 0 and full scale, respectively. However, since
the output port is truly isolated, Vout and Ocom may be freely
interchanged to get 0 to + 10V.
This circuit provides a precision 0-10V programmable reference
with a ± 3500V common-mode range.

+ 15V

Figure 19. Isolated Voltage-to-Current Loop Converter

Isolated Thermocouple Amplifier
The AD210 application shown in Figure 20 provides amplification,
isolation and cold-junction compensation for a standard J type
thermocouple. The AD590 temperature sensor accurately monitors

Figure 21. Precision Floating Programmable Reference
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Figure 22. Multichannel Data Acquisition Front End

MULTICHANNEL DATA ACQUISITION FRONT-END
Illustrated in Figure 22 is a four-channel data acquisition front-end
used to condition and isolate several common input signals
found in various process applications. In this application, each
AD210 will provide complete isolation from input to output as
well as channel to channel. By using an isolator per channel,
maximum protection and rejection of unwanted signals is obtained.
The three-port design allows the AD210 to be configured as an
input or output isolator. In this application the isolators are
configured as input devices with the power port providing addi
tional protection from possible power source faults.
Channel 1: The AD210 is used to convert a 4-20mA current
loop input signal into a 0-10V input. The 2511 shunt resistor
converts the 4-20mA current into a + 100 to + 500mV signal.
The signal is offset by — lOOmV via Ro to produce a 0 to + 400mV
input. This signal is amplified by a gain of 25 to produce the
desired 0 to 4- 10V output. With an open circuit, the AD210
will show -2.5V at the output.
Channel 2: In this channel, the AD210 is used to condition and
isolate a current output temperature transducer, Model AD590.
At +25°C, the AD590 produces a nominal current of 298.2jjlA.
This level of current will change at a rate of lp.A/°C. At - 17.8°C
(0°F), The AD590 current will be reduced by 42.8jjlA to
+ 255.4jjlA. The AD580 reference circuit provides an equal but
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opposite current, resulting in a zero net current flow, producing
a 0V output from the AD210. At + 100°C ( + 212°F), the AD590
current output will be 373.2p.A minus the 255.4p.A offsetting
current from the AD580 circuit to yield a + 117.8p.A input
current. This current is converted to a voltage via RF and Rg to
produce an output of +2.12V. Channel 2 will produce an output
of + 10mV/°F over a 0 to +212°F span.
Channel 3: Channel 3 is a low level input channel configured
with a high gain amplifier used to condition millivolt signals.
With the AD210’s input set to unity and the input amplifier set
for a gain of 1000, a ± lOmV input will produce a ± 10V at the
AD210’s output.

Channel 4: Channel 4 illustrates one possible configuration for
conditioning a bridge circuit. The AD584 produces a + 10V
excitation voltage, while Al inverts the voltage, producing negative
excitation. A2 provides a gain of 1000V/V to amplify the low
level bridge signal. Additional gain can be obtained by reconfig
uration of the AD210’s input amplifier. ± Viss provides the
complete power for this circuit, eliminating the need for a separate
isolated excitation source.
Each channel is individually addressed by the multiplexer’s
channel select. Additional filtering or signal conditioning should
follow the multiplexer, prior to an analog-to-digital conversion
stage.

►

ANALOG
DEVICES

Precision, Hybrid
Isolation Amplifier
AD295

FEATURES
Low Nonlinearity: ±0.012% max (AD295C)
Low Gain Drift: ±60ppm/°C max
Floating Input and Output Power: ±15V de @ 5mA
Port Isolation: ±2500V CMV (Input to Output)
3Complies with NEMA ICS1-111
Gain Adjustable: 1V/V to 1000V/V
User Configurable Input Amplifier

AD295 FUNCTIONAL BLOCK DIAGRAM

APPLICATIONS
Motor Controls
Process Signal Isolator
High Voltage Instrumentation Amplifier
Multichannel Data Acquisition Systems
Off Ground Signal Measurements

GENERAL DESCRIPTION
The AD295 is a high accuracy, high reliability hybrid isolation
amplifier designed for industrial, instrumentation and medical
applications. Three performance versions are available offering
guaranteed nonlinearity error at 10V p-p output: ±0.05% max
(AD295A), ±0.025% max (AD295B), ±0.012% max (AD295C).
Using a pulse width modulation technique the AD295 provides
3-port isolation between input, output and power supply ports.
Using this technique, the AD295 interrupts ground loops and
leakage paths and minimizes the effect of high voltage transients.
Additionally, floating (isolated) power ± 15V de @ 5mA is
available at both the input and output. The AD295’s gain can
be programmed at the input, output or both sections allowing
for user flexibility. An uncommitted input amplifier allows
configuration as a buffer, inverter, subtractor or differential
amplifier.
The AD295 is provided in an epoxy sealed ceramic 40-pin
package that insures quality performance, high stability and
accuracy. Input/output pin spacing complies with NEMA
(ICS1-111) separation specifications required for many industrial
applications.

WHERE TO USE THE MODEL AD295
Industrial: The AD295 is designed for measuring signals in
harsh industrial environments. The AD295 provides high
accuracy with complete galvanic isolation and protection from
transients or where ground fault currents or high common-mode
voltages are present. The AD295 can be applied in process
controllers, current loop receivers, motor controls and weighing
systems.

Instrumentation: In data acquisition systems the AD295
provides common-mode rejection for conditioning thermocouples,
strain gauges or other low-level signals where high performance
and system protection is required.

Medical: In biomedical and patient monitoring equipment like
diagnostic systems and blood pressure monitors, the AD295
provides protection from lethal ground fault currents. Low level
signal recording and monitoring is achieved with the AD295’s
low input noise (2p.V p-p @ G = 1000V/V) and high CMR
(106dB @ 60Hz).
DESIGN FEATURES AND USER BENEFITS
Isolated Power: Isolated power supply sections at the input and
output provide ± 15V de @ 5mA. Isolated power is load
regulated to 4%. This feature permits the AD295 to excite
floating signal conditioners, front-end buffer amplifiers and
remote transducers at the input and external circuitry at the
output. This eliminates the need for a separate dc/dc converter.

Input Amplifier: The uncommitted input amplifier allows the
user to configure the input as a buffer, inverter, subtractor or
differential amplifier to meet the application need.
Adjustable Gain: Gain can be selected at the input, output or
both. Thus, circuit response can be tailored to the user’s
application. The AD295 provides the user with flexibility
for circuit optimization without requiring external active
components.

Three-Port Isolation: Provides true galvanic isolation between
input, output and power supply ports. Eliminates the need for
power supply and output ports being returned through a
common ground.
Wide Operating Temperature: The AD295 is designed to
operate over the -40°C to + 100°C temperature range with
rated performance over — 25°C to + 85°C.
Leakage: The low coupling capacitance between input and
output yields a ground leakage current of less than 2pA rms at
115V ac, 60Hz. The AD295 meets standards established by
UL STD 544.
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SPECIFICATIONS

(typical @ + 25°C, & Vs = 4- 15V unless otherwise noted)
AD295B

AD295A

Model

GAIN
Range
Open Loop
Accuracy G = 1V/V
vs. Temperature (- 25°C to + 85°C)
G-lV/VtolOOV/V
Nonlinearity (± 5 V Swing) G = 1V-100V/V
INPUT VOLTAGE RATINGS
Linear Differential Range
Max Safe Differential Input
Max CMV (Input to Output)
Continuous ac or de
ac,60Hz, 1 Minute Duration
Max CMV (Input to Power Common/Output
to Power Common)
Continuous ac or de
ac, 60Hz, 1 Minute Duration
CMR, Input to Output 60Hz,G= 1V/V
Rs < lkQ Balanced Source Impedance
Rs < lk Source Impedance Imbalance
Max Leakage Current, Input to Output
(a 115Vac,60Hz

OUTLINE DIMENSIONS
IV/VtolOOOV/V
lOOdB
±1.5%
± 60ppm/°C max
±0.05% max

Dimensions shown in inches and (mm).

±0.025% max

±0.012% max

± 10V min
±15V

± 25OOV peak
25OOV rms

± 2000V peak
2000V rms
106dB
103dB min

2pA rms max

INPUT IMPEDANCE
Differential
Common Mode

5 x 107Il||33pF
H||20pF
*
10

INPUT BIAS CURRENT
Initial, (a +25 °C
vs. Temperature ( - 25°C to + 85°C)

5nA max
-25pA/°Cmax

INPUT DIFFERENCE CURRENT
Initial, (u +25°C
vs. Temperature (- 25°C to + 85°C)

± 2nA max
± 5pA/°C max

INPUT NOISE (Gain = 1000V/V)
Voltage
0.01Hz to 10Hz
lOHzto 1kHz
Current
O.OlHzto 10Hz

AD295C

2pVp-p
lp.V rms
lOpA p-p

FREQUENCY RESPONSE
Small Signal (-3dB)
G = IV/VtolOOV/V
G = 1000V/V
Full Power, 20V p-p Output
G = lV/VtolOOV/V
G = 1000V/V
Slew Rate G = 1 V/V to 100V/V
Settling Time G = 1V/V
(to ± 0.1% for 10V Step)
(to ± 0.1% for 20V Step)

4.5kHz
600Hz

RECOMMENDED MATING SOCKET AC1220

1.4kHz
200Hz
O.lV/ps

PIN DESIGNATIONS

550ps
700ps

OFFSET VOLTAGE, REFERRED TO INPUT

±(3 + ^),nvnux

Initial Cu + 25°C (Adjustable to Zero)

±(10 + ^0)pV/X

vs. Temperature (- 25°C to + 85°C)

\

(jIN/ max

±(3 + ^°Lv/-C

\

^IN/ max

±11.5 + ^-kv/"C
^IN/ max

vs. Supply
RATED OUTPUT
Voltage, 2kD Load
Output Impedance
Output Ripple (10Hz to 10kHz)
(lOHzto 100kHz)

± 10V min
2D (de to 100Hz)
6m V p-p
40m V p-p

ISOLATED POWERSUPPLIES' (Viso, & Vlso2)

Voltage
Accuracy
Current2
Load Regulation (No Load to Full Load)
Ripple, lOOkHzBW

± 15V de
±5%
± 5mA max
-4%
12mV p-p

POWER SUPPLY ( + Vs)
Voltage, Rated Performance
Voltage, Operating
Current, Quiescent (Vs = + 15 V)
With VISO Loaded

+ 15V de ±3%
+ 12V de to + 16V de
40mA
45mA

TEMPERATURE RANGE
Rated Performance
Operating
Storage

-25°Cto + 85
*C
-40°Cto + 100°C
-40°Cto + 100°C

CASE DIMENSIONS

2.rx 0.88-x 0.375-

NOTES
'VISOJ accuracy and regulation 10%.
2± 10mA can be »uppbed by V,joi» lf vis<m »

•Specificauocs same as AD295A.

used.
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NO CONNECTION

PIN
40
39
38
37
36

FUNCTION
INPUT FEEDBACK
+ INPUT
-INPUT
INPUT COM
NO CONNECTION

16

+vs

25

17

POWER COMMON

19
20

+ 15V( + V,so2)

24
23
22
21

OUTPUT COM'
V,502 COM
FILTER
OUTPUT FEEDBACK
OUTPUT
OUTPUT OFFSET TRIM

PIN
1
2
3

Specifkabons subject to change without notice

•
*

5

FUNCTION
+ 15V (+ V,so0
V1SO, COM
- 15V (-V,sod

-t5V(+Vlsojl

Understanding the Isolation Amplifier Performance - AD295
INTERCONNECTIONS AND SHIELDING TECHNIQUE
To preserve the high CMR performance of the AD295, care
must be taken to keep the capacitance balanced about the input
terminals. Use twisted shielded cable for the input signal to
reduce inductive and capacitive pick-up. During circuit layout
or interassembly connections, twisted wire pairs are recommended
for power input and signal output. For basic isolator connections,
see Figure 1. Capacitors C1-C5 are required in all applications
to achieve the low noise rating and provide adequate filtering of
the power supply.

the modulator. If the input signal of Al is zero, the triangle
wave remains symmetrical. If Al moves away from zero, the
triangle wave moves positive or negative becoming asymmetrical.
These modulated signals are converted to a pulsed waveform
and transferred to the output section via Tl. In the output
section the signals are demodulated and filtered. The output
amplifier A2 provides gain and additional filtering.
INTERELECTRODE CAPACITANCE AND TERMINAL
RATINGS
Capacitance: Interelectrode terminal capacitance arises from
stray coupling capacitance effects between the input terminals
and signal output terminals. Each are shunted by leakage resistance
values exceeding 50Gfl. Figure 3 illustrates the AD295’s capaci
tance between terminals.

Terminal Ratings: CMV performance is given in both continuous
ac, or de peak ratings. Continuous peak ratings apply from de
up to the normal full power response frequency. Figure 3 illustrates
the AD295’s ratings between terminals. Note that for the ± 25OOV
rating between the input and output terminals to apply, the
AD295 must be used in a three port configuration. If the output
common is tied to the power common, the input to output
CMV rating is ± 2000V.

Figure 1. Basic Isolator Interconnection

THEORY OF OPERATION
The AD295 obtains its outstanding performance from a pulse
width modulation technique using transformer coupling. This
technique permits both signal and power transfer from input to
the output stage of the isolator. Additionally, this technique
provides higher noise immunity and lower nonlinearity than
obtained from optically coupled or amplitude modulated trans
former coupled techniques.
The three basic sections of the AD295 are shown in Figure 2.
The power section 80kHz oscillator signal is transferred to the
input and output sections via T2. The signal is then rectified
and filtered providing de power for that section’s circuitry and
for external application use. The input section consists of input
amplifier Al and the input modulator attenuator circuit. A
triangular waveform derived from the 80kHz oscillator is sent to

Figure 3. Interelectrode Capacitance and Terminal Ratings

OFFSET AND GAIN ADJUSTMENT PROCEDURE
The calibration procedure, illustrated in Circuits 1 and 2, shows
the recommended techniques that can be used to minimize
output error. In this example, the output span is - 10V to
+ 10V.

Offset Adjustment
1. Configure the AD295 as shown in Circuit 1. G = 1.
2. Apply Ein = 0V de and adjust Ro for Eo = 0 volts.
3. Configure the AD295 as shown in Circuit 2. G= 100.
4. Apply E|N = 0V de and adjust R! for Eo = 0 volts.
5. Repeat steps 1-4 if necessary.

Gain Adjust
6. Apply EiN= +0.1V de adjust R<, for Eo= + 10.000V de.
7. Apply E[n= -0.1V de and measure the output error (see
Curve a.)

OUTPUT VOLTAGE - Volts

Figure 2. Basic Block Diagram
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8. Adjust Rg until the output error is one half that measured
in step 6 (see Curve b).
9. Apply EiN= + 0.1V de and adjust Ro until the output error
is one half that measured in step 7 (see Curve c).
10. Repeat steps 6-9 if necessary.

Input to output gain greater than unity can be independently set
at the input, output, or both. For input gain configuration see
Figures 4b and 4c. Output gain configuration is shown in Figure
4d.

OUTPUT OFFSET
ADJUST

b. Basic Gain Noninverting Configuration

Circuit 1. G = 1
OUTPUT OFFSET
ADJUST

c. Input Gain Inverting Configuration

Circuit 2. G=100

d. Output Gain Noninverting Configuration

SELECTING GAIN
The AD295 basic gain is unity from input to output. All input
signals are attenuated by 2.5 at the input modulator/attenuator
then amplified at the output (see Figure 2).

Figure 4. Input/Output Gain Configurations

The AD295 contains both input and output amplifiers, the
gains of which can be set independently. Figure 4 illustrates the
basic gain configurations. Taking input gain helps dilute output
stage offset drift and is recommended where offset drift is to be
minimized since taking output gain multiplies output drift by
the gain taken. Output gain can be used for improved linearity
and frequency response at the expense of higher offset drift.

PERFORMANCE CHARACTERISTICS
Phase Shift vs. Frequency: The phase shift vs. frequency re
sponse, for the AD295 is shown in Figure 5.

Figure 4a illustrates the basic unity gain configuration. With the
uncommitted input amplifier configured as a buffer and pins 22
and 23 of the output amplifier jumpered, eo = es-

a. Basic Unity Gain Configuration
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CMR vs. Frequency: Input-to-output CMR is dependent on
source impedance imbalance, input signal frequency and amplifier
gain. CMR is rated at 60Hz and lkfl source impedance imbalance
at a gain of 1V/V. Figure 6 illustrates the CMR vs. frequency
for the AD295. CMR approaches 120dB at de with a source
impedance imbalance of lkfl.

AD295

OUTPUT SWING - V/p-p

Figure 9. Typical AD295 - Gain Nonlinearity vs. Output Swing

Input Voltage Noise vs. Bandwidth: Voltage noise referred to
the input is dependent on gain and bandwidth. Figure 7 illustrates
the typical input noise in p.V peak-to-peak in a 10Hz to 10kHz
frequency range.

Full Power Bandwidth vs. Gain: Figure 10 illustrates the full
power bandwidth vs. gain for the AD295. A 1.4kHz full power
response is possible with gain up to 100V/V.

Figure 10. Typical AD295 - Full Power Bandwidth vs. Gain

Figure 7. Typical AD295 - Input Voltage Noise vs.
Bandwidth

Output Voltage Noise vs. Bandwidth: Voltage noise referred to
the output is dependent on gain, bandwidth, input and output
noise contributions. Figure 8 illustrates the typical output noise
in mV peak-to-peak in a 10Hz to 10kHz frequency range.

Small Signal Bandwidth vs. Gain: Figure 11 illustrates the
small signal bandwidth vs. gain for the AD295. The small signal
response remains at 4.5kHz for gain up to 100V/V.

Gm V/V. Gout ■ 1

Figure 11. Typical AD295 - Small Signa! Bandwidth vs. Gain

BANDWIDTH - Hz

Figure 8. Typical AD295 - Output Voltage Noise vs.
Bandwidth

Gain Nonlinearity vs. Output Swing: Linearity error is defined
as the deviation of the output voltage from the best straight line
and is specified as % peak-to-peak of output voltage span, e.g.,
nonlinearity of model AD295A operating at an output span of
10V peak-to-peak (± 5V) is ± 0.05% or ± 5mV. Figure 9 illustrates
the gain nonlinearity for output swing up to ± 10V (20V peak-topeak).

Figure 12. Typical AD295 - Gain Nonlinearity vs. Gain
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Isolated Strain Gauge Using Front End of AD295
The AD295 can be used to condition and isolate differential
signal sources like those present with strain gauge measurements.
Figure 13 illustrates one possible configuration for conditioning
a strain gauge. Amplifiers Al and A2 are powered by the AD295’s
input isolated power supply. This eliminates the need for a
separate dc/dc converter and provides a completely floated differen
tial input. Input gain is selected via R<, and determined by the
input gain formula.

Isolated Voltage-to-Current Loop Converter
Illustrated in Figure 15, the AD295 is used to convert a 0 to
+ 10V input signal to a standard 4-to-20mA current. Here high
common-mode rejection and high common-mode voltage sup
pression are easily obtained with the AD295. The AD295 condi
tions the 0 to + 10V input signal and provides a proportional
voltage at the isolator’s output. This output signal is converted
to a 4-to-20mA current, which in turn is applied to the loop
load Rload-

POWERED BY INPUT
FLOATING SUPPLY
A1/A2 - ADOP 07

Figure 13. Isolated Strain Gage Using Front End of
AD295

Isolated Temperature Measurement with Cold Junction
Compensation
The AD295 can be used to condition, isolate and provide cold
junction compensation of thermocouples in temperature meas
urement applications. With the circuit shown in Figure 14, the
AD590 must be thermally connected to the cold junction terminal
for an accurate temperature measurement of the terminals.
Using this circuit, accurate temperature measurements using the
industry’s popular J type thermocouple can be made.

Figure 14. Isolated Temperature Measurement with Cold
Junction Compensation
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Figure 15. Isolated Voltage-to-Current Loop Converter

Noise Reduction in Data Acquisition Systems
In critical low noise applications like when an isolation amplifier
precedes an analog to-digital converter, it may be desirable to
add filtration, otherwise output ripple may cause inaccurate
conversions. The 2-pole low-pass active filter shown in Figure
16 limits isolator bandwidth of the AD295. The filter will reduce
output ripple and provide smoothing of discontinuous high
frequency waveforms.

Figure 16. 2-Po!e, 2kHz Active Filter

ANALOG
DEVICES

Economy, High Performance,
Self-Contained Isolation Amplifier

284J
FEATURES
Low Cort: $62 (1-24); $43 (1OO's)
Low Nonlinearity: ±0.05% @ 10V pk-pk Output
High Gain Stability: ±0.0075%/°C. ±0.001%/1000 hours

284J FUNCTIONAL BLOCK DIAGRAM

Isolated Power Supply: 18.5V de @ 15mA
High CMR: 110dB min with 5kJ2 Imbalance
High CMV: ±5000Vp^, 10ms Pulse; 12500V de continuous
Small Size: 1.5" x 1.5” x 0.6 "
Adjustable Gain: 1 to 10V/V; Single Resistor Adjust
Meets IEEE Std 472: Transient Protection (SWC)
Meets UL Std 544 Leakage: 2.0pA max @ 115V ac, 60Hz

APPLICATIONS
Biomedical and Patient Monitoring Instrumentation
Ground Loop Elimination in Industrial Control
Off-Ground Signal Measurements
20mA Isolated Current Loop Receiver
4-

GENERAL DESCRIPTION
Model 284J is a low cost isolation amplifier featuring isolated
power, 18.5V de @ 15mA loads, 125OOV de off-ground isola
tion (CMV) and llOdB minimum CMR at 60Hz, 5kf2 source
imbalance, in a compact 1.5" x 1.5" x 0.6" epoxy encapsulated
package. This improved design achieves low nonlinearity of.
10.05% ® 10V pk-pk output, gain stability of 10.0075%/°C
and input offset drift of ±30pV/°C at G = 10V/V. Using modu
lation techniques with reliable transformer isolation, model 284J
will interrupt ground loops, leakage paths and high voltage
transients to ±5kVpk (10ms pulse) providing de to 1kHz (-3dB)
response over an adjustable gain range of 1 V/V to 10V/V.
Model 284J’s fully floating guarded input stage and floating
isolated power for external input circuitry, offers versatility
for both medical and industrial OEM applications.

WHERE TO USE MODEL 284J
Medical Applications: In all biomedical and patient monitoring
equipment such as multi-lead ECG recorders and portable diag
nostic designs, model 284J offers protection from lethal ground
fault currents as well as 5kV defibrillator pulse inputs. Low
level bioelectric signal recording is achieved with model 284J’s
low input noise (8gV p-p) and high CMR (llOdB, min).

Industrial Applications: In computer interface systems, process
signal isolators and high CMV instrumentation, model 284J
offers complete galvanic isolation and protection against dam
age from transients and fault voltages. High level transducer
interface is afforded with model 284J’s 10V pk-pk input signal
capability at a gain of IVIN operation. In portable field designs,
model 284J’s single supply, low power drain of 85mW @ +12V
operation offers long battery operation.

0AIN-” 155^55) '’'"VTOW'"V’

DESIGN FEATURES AND USER BENEFITS
Isolated Power: Dual ±8.5V de @ ±5mA, completely isolated
from the input power terminals (±2500V de isolation), pro
vides the capability to excite floating signal conditioners, front
end buffer amplifiers and remote transducers such as thermis
tors or bridges.

Adjustable Gain: Model 284J’s adjustable gain combined with
its 10V pk-pk output signal dynamic range offers compatibility
with a wide class of input signals. A single external resistor en
ables gain adjustment from 1V/V to 10V/V providing the flexi
bility of applying model 284J in both high level transducer
interfacing as well as low level sensor measurements.
Floating, Guarded Front-End: The input stage of model 284J
can directly accept floating differential signals, such as ECG
biomedical signals, or it may be configured as a high perfor
mance instrumentation front-end to accept signals having CMV
with respect to input power common.
High Reliability: Model 284J is a conservatively designed,
compact module, capable of reliable operation in harsh envi
ronments. Model 284J has a calculated MTBF of over 400,000
hours and is designed to meet MIL-STD-202E environmental
testing as well as the IEEE Standard for Transient Voltage Pro
tection (472-1974: Surge Withstand Capability). As an addi
tional assurance of reliability, every model 284J is factory
tested for CMV and input ratings by application of 5kV pk,
10ms pulses, between input terminals as well as input/output
terminals.

ISOLATION AMPLIFIERS 5-67

(typical @ +25°C and Vs = 4- 15V unless otherwise noted)

OUTLINE DIMENSIONS

284J

MODEL

Dimensions shown in inches and (mm).

GAIN (NON-INVERTING)
Range (50kf2 Load)

1 to 10Y/V
Ga,n=|1+

Formula

lOOkQ
,
10.7kQ + Rj(kQ)

±3%
+0.001%/1000 Hours
±0.0075%/“C

Deviation from Formula
vs. Time
vs. Temperature (0 to +70° C)1
Nonlinearity, G = 1 V/V to 10V/V2

SEE GUARDING

±0.05%
—■ ■

INPUT VOLTAGE RATINGS
Linear Differential Range, G » IV/V
Max Safe Differential Input
Continuous
Pulse. 10ms duration, 1 pulse/lOsec
Max CMV, Inputs to Outputs
AC, 60Hz, 1 minute duration
Pulse, 10ms duration, 1 pulse/lOsec
With 510kf2 in series with Guard
Continuous, ac or de
CMR, Inputs to Outputs, 60Hz, R$ < 5k£2

T

0.62
(16.7)
lx

284J
240Vnns
±65OOVpk max

25OOVnns
±25OOVpk max
iSOOOVpk max
±2500Vpk max

114dB
1 lOdB min

Balanced Source Impedance
5kQ Source Impedance Imbalance
CMR, Inputs to Guard, 60Hz
lkQ Source Impedance Imbalance

----- 1.61 (38.11 MAX------------

±5V min

TH

IF

0.04 (1.02) DIA-»-|

20 TOO
5 TO 6.
|

AC1049
SHIELDED MOUNTING SOCKET

78dB

Max Leakage Current, Inputs to Power Common
2.0/2 A rms max

® 115 V ac. 60Hz
INPUT IMPEDANCE
Differential
Overload
Common Mode

300kQ
5xl0‘°Qll20pr

INPUT DIFFERENCE CURRENT
Initial, ® +25°C
vs. Temperature (0 to +70°C)

±7nA max
±0.1nA/°C

10’Qll70pF

INPUT NOISE
Voltage, G = 10V/V
0.05llz. to 100Hz
10Hz to lkllz
Current
0.05 Hz to 100 Hz

8mV p-p
10/jV rms
5pA p-p

FREQUENCY RESPONSE
Small Signal, -3dB, G = 1 V/V to 10V/V
Slew Rate
Full Power, 10V p-p Output
Gain = 1V/V
Gain = 10V/V
Recovery Time, to ±100gV after Application
of ±65OOVpk Differential Input Pulse
OFFSET VOLTAGE REFERRED TO INPUT
Initial, Qp +25°C, Adjustable to Zero
vs. Temperature (0 to +70°C)

lkllz
25mV//as
700Hz
200Hz
200ms

±( 5 + 20/G)mV
±(15 + 150/G)gV/°C

±lmV/%

vs. Supply Voltage

RATED OUTPUT
Voltage, 50kO Load

±5V min
lkQ

Output Impedance
Output Ripple, 1MHz Bandwidth

5mV pk-pk

ISOLATED POWER OUTPUTS
Voltage, ±5mA Load
Accuracy
Current
Regulation, No Load to Full Load
Ripple, 100kHz Bandwidth

±8.5V de
±5%
±5mA min
+O, -15%
lOOmV p-p

POWER SUPPLY, SINGLE POLARITY3
+ 15Vdc
+(8 to 15.5)Vdc
+10mA

Voltage, Rated Performance
Voltage Operating
Current, Quiescent

TEMPERATURE RANGE
Rated Performance
Operating

0 to +70°C
-25°C to +85°C

-55°C to +85°C

Storage

1.5" x 1.5" xO.62"

CASE DIMENSIONS

NOTES
‘Gain temperature drift is specified as a percentage of output signal level.
2Gain nonlinearity is specified as a percentage of 10V pk-pk output span.
’Recommended power supply, ADI model 904, ±15V
50mA output.
Specifications subject to change without notice.

(ft
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INTERCONNECTION AND GUARDING TECHNIQUES
Model 284J can be applied directly to achieve rated perform
ance as shown in Figure 1 below. To preserve the high CMR
performance of model 284J, care must be taken to keep the
capacitance balanced about the input terminals. A shield
should be provided on the printed circuit board under model
284J as illustrated in the outline drawing above (screened
area). The GUARD (Pin 6) should be connected to this shield.
This guard-shield is provided with the mounting socket, model
AC1049. A recommended guarding technique using model
AC1049 is illustrated in Figure 1. To reduce effective cable
capacitance, cable shield should be connected to the common
mode signal source by connecting the shield as close as possi
ble to the signal low.

Offset Voltage Trim Adjust: The trim adjust circuit shown in
Figure 1 can be used to zero the output offset voltage over the
gain range from 1 to 10V/V. The output terminals, Hl OUT
and LO OUT, can be floated with respect to PWR COM up to
±50Vpk max, offering three-port isolation. A 0.1/uF capacitor
is required from LO OUT to PWR COM whenever the output
terminals are floated with respect to PWR COM. LO OUT can
be connected directly to PWR COM when output offset trim
ming is not required.

Understanding the 284J
THEORY OF OPERATION
The remarkable performance of model 284J is derived from
the carrier isolation technique which is used to transfer both
signal and power between the amplifier’s guarded input stage
and the rest of the circuitry. The block diagram for model 284J
is shown in Figure 2 below.
The 320kJ2 input protection resistor limits the differential in
put current during periods of input amplifier saturation and
also limits the differential fault current to approximately 35pA
in case the preamplifier fails.

The bipolar input preamplifier operates single-ended (non
inverting). Only a difference bias current flows with zero net
bias current. A third wire return path for input bias current is
not required. Gain can be set from 1V/V to 10V/V by chang
ing the gain resistor, R,. To preserve high CMR, the gain resistor
must be guarded. Best performance is achieved by shorting
terminal 2 to terminal 1 and operating model 284J at a gain of
10V/V.
For powering floating input circuitry such as buffer amplifiers,
instrumentation amplifiers, calibration signals and transducers,
dual isolated power is provided. High CMV isolation is achieved
by the low-leakage transformer coupling between the input
preamplifier, modulator section and the output circuitry. Only
the 2OpF leakage capacitance between the floating guarded in
put section and the rest of the circuitry keeps the CMR from
being infinite.

Terminal Ratings: CMV performance is given in both peak
pulse and continuous ac or de peak ratings. Pulse ratings are
intended to support defibrillator and other transient voltages.
Continuous peak ratings apply from de up to the normal full
power response frequencies. Figure 4 and Table 1 illustrate
model 284J’.s ratings between terminals.
(pulse)
(cont.)
(pulse)
(pulse)
(cont.)
(cont.)

REMARKS

RATING

SYMBOL
VI
VI
V2
V2
V2
V3
Z1
1

±65OOVPK (10ms)

±240Vrms
±2500Vpk (10ms)

R(; = 0
±5000VPK (10ms) Rc = 510kJ2

±2500Vpk
*50Vpk
50kML2||20pF
35gA rms

Withstand Voltage, Defibrillator
Withstand Voltage, Steady State
Transient
Isolation. Defibrillator
Isolation. Steady State
Isolation, de
Isolation Impedance
Input Fault Limit, DC to 60kHz

Table 1. Isolation Ratings Between Terminals

Leakage Current Limits: The low coupling capacitance between
inputs and output yields a ground leakage current of less than
2.0gA rms at 115V ac, 60Hz (or 0.02/zA/V ac). As shown in
Figure 5, the transformer coupled modulator signal, through
stray coupling, also creates an internally generated leakage cur
rent of about 5pA rms @ 60kHz. Line frequency leakage cur
rent levels are unaffected by the power on or off condition of
model 284J.
For medical applications, model 284J is designed to improve
on patient safety current limits proposed by F.D.A., U.L.,
A.A.M.I. and other regulatory agencies, (e.g. model 284J com
plies with leakage requirements for the Underwriters Labora
tory STANDARD FOR SAFETY, MEDICAL AND DENTAL
EQUIPMENT as established under UL544 for type A and B
patient connected equipment — reference Leakage Current,
paragraph 27.5).

In patient monitoring equipment, such as ECG recorders,
model 284J will provide adequate isolation without exposing
the patient to potentially lethal microshock hazards. Using
passive components for input protection, this design limits
input fault currents even under amplifier failure conditions.
TEST CIRCUITS & MAX CURRENT LIMITS FOR
ANY SWITCH CLOSURE COMBINATION

Figure 2. Block Diagram — Model 284J

INTERELECTRODE CAPACITANCE, TERMINAL RATINGS
AND LEAKAGE CURRENTS LIMITS
Capacitance: Interelectrode terminal capacitance arising from
stray coupling capacitance effects between the input terminals
and the signal output terminals are each shunted by leakage
resistance values exceeding 50kMf2. Figure 3 illustrates the
CMR ratings at 60Hz and 5kJ2 source imbalance between sig
nal input/output terminals, along with their respective capaci
tance.

•WHEN GUARD TIED TO INPUT COMMON MOOE SOURCE

Figure 3. Model 284J
Terminal Capacitance
and CMR Ratings

Figure 4. Model 284J
Terminal Ratings

Figure 5. Model 284J Leakage Current Performance from Line
Induced and Internally Generated (Modulator) Operating
Conditions
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PERFORMANCE CHARACTERISTICS
Common Mode Rejection: Input-to-Output CMR is dependent
on source impedance imbalance, signal frequency and ampli
fier gain. CMR is rated at 115 V ac, 60Hz and 5kJ2 imbalance
at a gain of 10V/V. Figure 6 illustrates CMR performance as a
function of signal frequency. CMR approaches 146dB at de
with source imbalances as high as 5kJ2. As gain is decreased,
CMR is reduced. At a gain of 1 V/V, CMR is typically 6dB
lower than at a gain of 10V/V.

For lowest noise performance, a low pass filter at the output
should be used to selectively roll-off noise, output ripple and
undesired signal frequencies beyond the bandwidth of interest
(see note 3, Figure 1).
Input Offset Voltage Drift: Total input voltage drift is com
posed of two sources, input and output stage drifts and is gain
dependent. The curve of Figure 9 illustrates the total input
voltage drift over the gain range of 1 to 10V/V.
200

Iz 20
10 I____ __________ _____ _____ _____ _____ _____ _____ _____
123456789
10
GAIN -V/V

Figure 6. Common Mode Rejection vs. Frequency

Figure 7 illustrates the effect of source imbalance on CMR per
formance at 60Hz and Gain = 10V/V. CMR is typically 120dB
at 60Hz and a balanced source. CMR is maintained greater than
8OdB for source imbalances up to lOOkSl.

Figure 9. Input Offset Voltage Drift vs. Gain

Gain Nonlinearity: Linearity error is defined as the peak de
viation of the output voltage from the best straight line and is
specified as a % of peak-to-peak output voltage span; e.g. non
linearity of model 284J operating at an output span of 10V
pk-pk (±5V) is ±0.05% or ±5mV. In applying model 284J,
highest accuracy is achieved by adjustment of gain and offset
voltage to minimize the peak error over the operating output
voltage span. A calibration technique illustrating how to mini
mize output error is shown below. In this example, model 284J
is operating over an output span of +5 V to -5 V and a gain of
5V/V.

Figure 7. Common Mode Rejection vs. Source Impedance
Imbalance

Input Voltage Noise: Voltage noise, referred to input, is de
pendent on gain and bandwidth as illustrated in Figure 8. RMS
voltage noise is shown in a bandwidth from 0.05Hz to the fre
quency shown on the horizontal axis. The noise in a band
width from 0.05Hz to 100Hz is 8pV pk-pk at a gain of 10V/V.
This value is derived by multiplying the rms value at f = 100Hz

BANDWIDTH (-3<JBI - Hz

Figure 8. Input Voltage Noise vs. Bandwidth
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Figure 10. Gain and Offset Adjustment

Applying the 284J
GROUNDING PRACTICES
The more common sources of electrical noise arise from ground
loops, electrostatic coupling and electromagnetic pickup. The
guidelines listed below pertain to guarding low level, millivolt
signals in hostile environments such as current shunt signals in
“heavy industrial” plants.

Guidelines:
• Use twisted shielded cable to reduce inductive and capaci
tive pickup.
• Drive the transducer cable shield, S, with the common mode
signal source, Eq, to reduce the effective cable capacitance
as shown in Figure 11 below. This is accomplished by con
necting the shield point S, as close as possible to the trans
ducer signal low point B. This may not always be possible.
In some cases the shield may be separated from signal low
by a portion of the medium being measured (e.g. pressure
transducer). This will cause a common mode signal, Em> to
be generated by the medium between the shield and the
signal low. The 78dB CMR capability of model 284J between
the input terminals (HI IN and LO IN) and GUARD, will
work to suppress the common mode signal, Em• To avoid ground loops and excessive hum, signal low, B, or
the transducer cable shield, S, should never be grounded at
more than one point.
• Dress unshielded leads short at the connection terminals and
reduce the area formed by these leads to minimize inductive
pickup.

APPLICATIONS IN INDUSTRIAL MEASUREMENT AND
CONTROL SYSTEMS
Remote Sensor Interface: In chemical, nuclear and metal pro
cessing industries, model 284J can be applied to measure and
control off-ground millivolt signals in the presence of
±25OOV de CMV signals. In interface applications such as pH
control systems of on-line process measurement systems such
as pollution monitoring, model 284J offers complete galvanic
isolation to eliminate troublesome ground loop problems. Iso
lated power outputs and adjustable gain add to the application
flexibility of this model.

Figure 13 illustrates how model 284J can be combined with a
low drift, lgV/°C max, front-end amplifier, model AD517K,
to interface low level transducer signals. Model 284J’s isolated
±8.5V de power and front-end guard eliminate ground loops
and preserve high CMR (114dB @ 60Hz).

Figure 13. Input Signal Conditioning Using Isolated Power for
Transducer Buffer Amplifier

Instrumentation Amplifier: Model 284J provides a floating
guarded input stage capable of directly accepting isolated differ
ential signals. The non-inverting, single-ended input stage offers
simple two wire interconnection with floating input signals.

Isolated Power and Output Voltage Swing: Model 284J offers
a floating power supply providing ±8.5 V de outputs with
±5mA output current rating. As shown in Figure 12, the mini
mum voltage output for iV^Q, as well as the maximum load
capability, is dependent on the input power supply, +VS. Fig
ure 12 also illustrates the typical output voltage range as both
input supply, +VS, and the isolated supply loads, ±IL, are
varied. At ±5mA isolated load and Vs = +15V de, model 284J
can provide an output voltage swing of ±7.5V.

Figure 12. Isolated Power (±V[§q) and Output Voltage
Swing (±EO) Versus Power Supply Input (Vs)

In applications where the isolated power is applied to trans
ducers such as bridges which generate differential input signals
with common mode voltages measured with respect to the iso
lated power common, model 284J can be connected as shown
in Figure 14. To achieve high CMR with respect to the ISO PWR
COM, the following trim procedure is recommended.

CMR Trim Procedure
1) Connect a IV pk-pk oscillator between the +IN/-IN and
IN COM terminals as shown in Figure 14.
2) Set the input frequency at 0.5Hz and adjust Rl for mini
mum eo.
3) Set the input frequency at 60Hz and adjust R2 for mini
mum eg.
4) Repeat steps 2 and 3 for best CMR performance.

Figure 14. Application of284J as Instrumentation Amplifier
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APPLICATIONS IN BIOMEDICAL DESIGNS
Cardiac Monitoring: Heart signals can be masked by muscle
noise, electrochemical noise, residual electrode voltages and
60Hz power line pickup. To achieve high performance in cardi
ac monitoring, model 284J’s design provides high CMR in the
de to 100Hz bandwidth and substantial source impedance —
to 5kf2. An especially demanding ECG requirement is that of
fetal heart monitoring as illustrated in Figure 15. The low input
noise of model 284J and the dual CMR ratings are exploited
in this application to extract the fetal ECG signals. The separa
tion between the mother’s and the fetal heartbeat is enhanced
by the 78dB of CMR between the input electrodes and guard,
while the llOdB of CMR from input to output ground screens
out 60Hz pickup and other external interference.

Single Lead ECG Recorder with Leads Off Indicator: In single
lead applications model 284J offers simple two-wire hook-up
to the ECG signal as illustrated in Figure 16. The floating signal
can be connected directly to the HI IN and LO IN terminals
using the GUARD tied to the patients’ right leg for best CMR
performance. Using the isolated power from model 284J an
inexpensive calibration signal is easily provided. In ECG appli
cations, model 284J provides a simple means to determine
whenever a “Leads-Off” condition exists at the input. A “Leads
Off” condition (Rs = °°) will cause the HI OUT terminal to be
at a negative output saturation level; i.e. eQ = -8.5V to -9.5V @
Vs = +15V.

MOTHER'S HEART SIGNALS
VM (TYPICALLY ImVI
SHIELDED CABLE

TO FETAL
HEART
MONITOR

\ FETAL
SIGNALS
VB (=50pV)

GUARD

OFF-GROUND COMMON
MODE VOLTAGE DUE TO
PICKUP LEAKAGE. ETC.
Vcm (»1mV - IQOmV)

Vo = VB ♦ VM/78dB + VCM/110dB

FETAL

MOTHER
ImV

AMPLIFIER'S 78dB INPUT TO SHIELD CMR SEPARATES FETAL HEART BEAT
FROM MOTHER S. WHILE IIOdB INPUT TO-GROUND CMR ATTENUATES 60Hi PICKUP.

Figure 15. Feta! Heartbeat Monitoring

Figure 16. Single Lead ECG Recorder with 1mV Calibration
Circuit and Leads Off Indicator

Multi-Lead ECG Recorder with Right Leg Drive: The small size,
economy and isolated power makes model 284J an ideal isola
tion amplifier for application in clinical ECG recorders. Figure
17 illustrates how this new isolator can be applied in a high
performance, portable multi-lead ECG recorder. In this applica
tion, model 284J’s input is configured as an instrumentation
amplifier with high CMR to the floating input common. The
right leg drive offers improved CMR between input and isola
ted common by driving to zero any CMV existing between
these points. The isolated power, -V|gQ, is used to drive the
lead buffer amplifiers and the front-end, lmV calibration signal.

•USE 1 WATT, 5% CARBON COMPOSITION TYPE; ALLEN BRADLEY RECOMMENDED.

Figure 17. Multilead ECG Recorder Application Using 284J
with Right Leg Drive Output
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ANALOG
DEVICES

High CMV, High Performance,
Synchronized Isolation Amplifiers

286J/281
FEATURES
Low Cost
Single or Multi-Channel Capability Using External Oscillator
Isolated Power Supply: ±15V de @ ±15mA
Low Nonlinearity: 0.05% @ 10V pk-pk Output
High Gain Stability: 0.001%/1000 Hours; 0.0075%/°C
Small Size: 1.5" x 1.5" x 0.62"
Low Input Offset Voltage Drift: 10/tV/°C (Gain = 100V/V)

286J FUNCTIONAL BLOCK DIAGRAM

Wide Input/Output Dynamic Range: 20V pk-pk
High CMV Isolation: 2500V de Continuous
Wide Gain Range: 1 to 100V/V

APPLICATIONS
Ground Loop Elimination in Industrial and Process Control
High Voltage Protection in Data Acquisition Systems
Biomedical and Patient Monitoring Instrumentation
Off-Ground Signal Measurements

GENERAL DESCRIPTION
Model 286J is a low cost, compact, isolation amplifier that is
optimized for single or multi-channel use in data acquisition
systems for industrial and medical applications. A single ex
ternal synchronizing oscillator can drive from 1 to 16 model
286J’s, or a virtually limitless number of model 286’s can be
configured using multiple ganged oscillators. The oscillator
drive circuit can be supplied by the user of specified in a com
pact, low cost, epoxy encapsulated module, model 281, which
also includes a voltage regulator for operation over a wide single
voltage range of +8V to +28V.
In addition to providing multi-channel operation, this new
design features adjustable gain, 1 to 100V/V, dual isolated
power, ±15V de @ ±15mA, ±25OOV de off ground isolation
(CMV) and 1 lOdB minimum CMR at 60Hz, 5kfi source im
balance, in a compact 1.5" x 1.5" x 0.6” epoxy encapsulated
package. Model 286J achieves a low input noise of 8jiV pk-pk
(100Hz bandwidth, G = 100V/V), nonlinearity of ±0.05% @
10V pk-pk output, and an input/output dynamic range of
20V pk-pk.

Using modulation techniques with reliable transformer isola
tion, model 286J will interrupt ground loops, leakage paths,
and high voltage transients to ±5kV pk (10ms pulse), providing
de to 1kHz (-3dB) response.
WHERE TO USE MODEL 286J
Industrial Applications: In multi-channel data acquisition sys
tems, computer interface systems, process signal isolators and
high CMV instrumentation, model 286J offers complete gal
vanic isolation and protection against damage from transients
and fault voltages. High level transducer interface capability
is afforded with model 286J’s 20V pk-pk input signal range at
a gain of 1 V/V operation. In portable multi-channel designs,
model 286J’s single supply, wide range operation (+8V to
+ 16V) offers simple battery operation.

(IVA/ TO 100V/V)

281 FUNCTIONAL BLOCK DIAGRAM

•LEAVE TERMINAL 6 OPEN. WHEN POWER IS APPLIED TO TERMINAL 7.

Medical Applications: In biomedical and patient monitoring
equipment such as multi-channel VCG, ECG, and polygraph
recorders, model 286J offers protection from lethal ground
fault currents as well as 5kV defibrillator pulse inputs. Low
level bioelectric signal recording is achieved with model 286J’s
low input noise (8jtV pk-pk ® G = 100V/V) and high CMR
(llOdB, min @60Hz).

DESIGN FEATURES AND USER BENEFITS
High Reliability: Model 286J is a conservatively designed,
compact module, capable of reliable operation in harsh envi
ronments. Model 286J has a calculated MTBF of 392,125 hours
and is designed to meet MIL-STD-2O2E environmental testing
as well as the IEEE Standard for Transient Voltage Protection
(472-1974: Surge Withstand Capability). As an additional
assurance of reliability, every model 286J is factory tested for
CMV and input ratings by application of 5kV pk, 10ms pulses,
between input terminals as well as input/output terminals.

Isolated Power Supply: Dual ±15V de @ ±15mA, completely
isolated from the input power terminals (±25OOV de isolation),
provides the capability to excite floating signal conditioners,
front end buffer amplifiers as well as remote transducers such
as thermistors or bridges.
Adjustable Gain: A single external resistor enables gain adjust
ment from IV/V to 100V/V providing the flexibility of apply
ing model 286J in both high-level transducer interfacing as
well as low-level sensor measurements.
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SPECIFICATIONS
MODEL

GAIN (NONINVERTING)
Range (50kf2 Load)
Formula

*
286J

Deviation from Formula
vs. Temperature (0 to +70°C)‘

1 to 100V/V
Gain = 1+
(100kQ/(lkn+Ri(kn)l
±4%
±0.0075%/°C

vs. Time
Nonlinearity,2 ±5V Output (G = 1 to 100V/V)
Nonlinearity,2 ±10V Output (G = 1 to 100V/V)

±0.001%/1000 hours
±0.05%
±0.2%

INPUT VOLTAGE RATINGS
Linear Differential Range, G = 1V/V
Max Safe Differntial Input
Continuous
Pulse, 10ms Duration, 1 Pulse/lOsec
Max CMV, Inputs to Outputs
ac, 60Hz, 1 Minute Duration
Pulse, 10ms Duration, 1 Pulse/lOsec
With 510kJ2 in scries with Guard
Continuous, ac or de
CMR, Inputs to Outputs, 60Hz, Rs < 5kS2
Balanced Source Impedance
5kQ Source Impedance Imbalance
CMR, Inputs to Guard, 60Hz
lkfl Source Impedance Imbalance
Max Leakage Current, Inputs to Power Common
® 115V ac 60Hz

OFFSET VOLTAGE, REFERRED TO INPUT
Initial, @ +25°C (Adjustable to zero)
vs. Temperature (0 to +70°C)

At Gain = 100V/V
At Other Gains (1 to 100V/V)
vs. Supply Voltage

240V rms
±6500V pk max

25OOV rms
±25OOV pk max
±5000V pk max
±25OOV pk max

78dB
2.5/2A rms max

±(5 + 45/G) mV

±10pV/°C
±(7 + 25O/G)pV/°C
±lmV/%

INPUT DIFFERENCE CURRENT
Initial, ®+25°C
vs. Temperature (0 to +70°C)

±7nA max
±0. lnA/°C

10sI2l|150pF

tyV pk pk
3.0pV rms

5pA pk-pk

FREQUENCY RESPONSE (Gain: 1V/V to 100V/V)
Small Signal Bandwidth, -3dB
1 OkHz
Slew Rate
25mV//is
Full Power, 10V pk-pk Output
900Hz
Full Power, 20V pk-pk Output
400Hz
Recovery Time, to ±100pV
200ms

RATED OUTPUT
Voltage, 50kQ Load
Output Impedance
Output Ripple, ImHz Bandwidth

±10V min
ikn
20mV pk-pk

OSCILLATOR DRIVE INPUT
*
Input Voltage
Input Frequency

(8 to 16)V pk-pk
100kHz ±5%. max

ISOLATED POWER SUPPLY
Voltage
Accuracy
Current
Regulation, No Load to Full Load
Ripple, 100kHz Bandwidth

±15Vdc
0, -6%
±15mA min
♦0, -10%
200mV pk-pk

POWER SUPPLY, SINGLE POLARITY3

+15Vdc
+(8V de to 16V de)
+ 13mA

TEMPERATURE RANGE
Rated Performance
Storage

0 to +70° C
-55°C to +85°C

CASE DIMENSIONS

1.5" x 1.5" x 0.62"

’ Gain temperature drift is specified as a percentage of output signal level.
’Gain nonlinearity is specified as a percentage of output signal span.
’Recommended power supply, ADI model 904, 115V ® t50mA output.
* Specifications are for model 286J when driven by ADI model 281 oscillator circuit (see Figure 12).
Specifications subject to change without notice.
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SHIELDED MOUNTING SOCKET
AC1054

114dB
110dB min

JOOkfi
5 x 1010S2ll20pF

Voltage, Rated Performance
Voltage, Operating
Current, Quiescent

SEE GUARDING
TECHNIQUES BELOW

±10V min

INPUT IMPEDANCE
Differential
Overload
Common Mode

INPUT NOISE (Gain = 100V/V)
Voltage
0.05Hz to 100Hz
10Hz to 1 kHz
Current
0.05 Hz to 100Hz

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

GUARDING TECHNIQUES
To preserve the high CMR performance of model 286, care
must be taken to keep the capacitance balanced about the in
put terminals. A shield should be provided on the printed cir
cuit board under model 286 as illustrated in the outline drawing
above (screened area). The GUARD (pin 6) must be connected
to this shield. This shield is provided with the mounting socket,
model AC1054 (solder feedthrough wire to the socket guard
pin and copper foil surface.) A recommended guarding tech
nique using model AC1054 is illustrated in Figure 1.

Best CMR performance will be achieved by using twisted,
shielded cable to reduce inductive and capacitive pickup. To
reduce effective cable capacitance, cable shield should be con
nected to the common mode signal source by connecting the
shield as close as possible to signal low as shown in Figure 1.

Understanding the 286J/281
THEORY OF OPERATION
The remarkable performance of model 286J is derived from
the carrier isolation technique which is used to transfer both
signal and power between the amplifier’s guarded input stage
and the rest of the circuitry. The block diagram for model 286J
is shown in Figure 2 below.
The 320kf2 input protection resistor limits the differential in
put current during periods of input amplifier saturation and
also limits the differential fault current to approximately
5 OnA in case the preamplifier fails.

INTERELECTRODE CAPACITANCE, TERMINAL RATINGS
AND LEAKAGE CURRENTS LIMITS
Capacitance: Interelectrode terminal capacitance arising from
stray coupling capacitance effects between the input terminals
and the signal output terminals are each shunted by leakage
resistance values exceeding 50kMQ. Figure 4 illustrates the
CMR ratings at 60Hz and 5kQ source imbalance between sig
nal input/output terminals, along with their respective capaci
tance.

The bipolar input preamplifier operates single-ended (non
inverting). Only a difference bias current flows with zero net
bias current. A third wire return path for input bias current
is not required. Gain can be set from 1V/V to 100V/V by
changing the gain resistor, Rj. To preserve high CMR, the gain
resistor must be guarded. Best performance is achieved by
shorting terminal 2 to terminal 1 and operating model 286J at
again of 100V/V.
For powering floating input circuitry such as buffer amplifiers,
instrumentation amplifiers, calibration signals and transducers,
dual isolated power is provided. High CMV isolation is achieved
by the low-leakage transformer coupling between the input pre
amplifier, modulator section and the output circuitry.

Figure 4. Model 286J
Terminal Capacitance
and CMR Ratings

Terminal Ratings: CMV performance is given in both peak
pulse and continuous ac or de peak ratings. Pulse ratings are
intended to support defibrillator and other transient voltages.
Continuous peak ratings apply from de up to the normal full
power response frequencies. Figure 5 and Table 1 illustrate
model 286J ratings between terminals.
SYMBOL

Figure 2. Block Diagram - Model 286J

OPTIONAL TRIM ADJUSTMENTS
Model 286J can be applied directly to achieve rated perform
ance as shown in Figure 1, on previous page. Additional trim
adjustment capability for bandwidth, output offset voltage and
gain (for gains greater than 100V/V) is easily provided as
shown in Figure 3 (below). The OUT and TRIM terminals can
be floated with respect to PWR COM up to ±50V pk, max of
fering three-port isolation.

The TRIM terminal (pin 11) must be connected to the PWR
COM terminal (pin 8) when not used to adjust the output off
set voltage. A O.lgF capacitor from pin 11 to PWR COM is
recommended whenever the TRIM terminal is used.

- POWER COM

Figure 3. Optional Connections: Offset Voltage Trim Adjust,
Bandwidth (~3dB) Rolloff and Gain Adjust (G>100V/V)

Figure 5. Model 286J
Terminal Ratings

VI
VI
V2
V2
V2
V3
Z1
I

(pulse)
(cont.)
(pulse)
(pulse)
(cont.)
(cont.)

RATING

REMARKS

±6500VPK (10ms)
«4WrmS
±25OOVpk (10ms) Rc = 0
±5000VpK (10ms) Rg - 510ki2
±25OOVPK
±50VpK
50kMf2||20pF
50pA rms

Withstand Voltage, Defibrillator
Withstand Voltage, Steady State
Transient
Isolation, Defibrillator
Isolation, Steady State
Isolation, de
Isolation Impedance
Input Fault Limit, de to 200kHz

Table 1. Isolation Ratings Between Terminals

Leakage Current Limits: The low coupling capacitance between
inputs and output yields a ground leakage current of less than
2.5gA rms at 115 V ac, 60Hz (or 0.02/jA/V ac). As shown in Fig
ure 6, the transformer coupled modulator signal, through stray
coupling, also creates an internally generated leakage current
of about 5pA rms @ 100kHz. Line frequency leakage current
levels are unaffected by the power on or off condition of
model 286J.
For medical applications, model 286J is designed to improve
on patient safety current limits proposed by F.D.A., U.L.,
A.A.M.I. and other regulatory agencies (e.g., model 286J com
plies with leakage requirements for the Underwriters Labora
tory STANDARD FOR SAFETY, MEDICAL AND DENTAL
EQUIPMENT as established under UL544 for type A and B
patient connected equipment — reference Leakage Current,
paragraph 27.5).

In patient monitoring equipment, such as ECG recorders,
model 286J will provide adequate isolation without exposing
the patient to potentially lethal microshock hazards. Using
passive components for input protection, this design limits
input fault currents even under amplifier failure conditions.
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TEST CIRCUITS & MAX CURRENT LIMITS FOR
ANY SWITCH CLOSURE COMBINATION

Figure 6. Model 286J Leakage Current Performance from Line
Induced and Internally Generated (Modulator) Operating
Conditions

PERFORMANCE CHARACTERISTICS
Common Mode Rejection: Input-to-Output CMR is dependent
on source impedance imbalance, signal frequency and amplifier
gain. CMR is rated at 115V ac, 60Hz and 5kJ2 imbalance at a
gain of 100V/V. Figure 7 illustrates CMR performance as a
function of signal frequency. CMR approaches 156dB at de
with source imbalances as high as 5k£2. As gain is decreased,
CMR is reduced. At a gain of 1 V/V CMR is typically 6dB
lower than at gain of 100V/V.

Gain Nonlinearity: Linearity error is defined as the deviation
of the output voltage from the best straight line and is speci
fied as a % of peak-to-peak output voltage span; e.g., nonlinear
ity of model 286J operating at an output span of 10V pk-pk
(±5V) is±0.05%or±5mV. Figure 9 illustrates gain nonlinearity
for any output span to 20V pk-pk (±10V).

Input Voltage Noise: Voltage noise, referred to input, is de
pendent on gain and bandwidth as illustrated in Figure 10.
RMS voltage noise is shown in a bandwidth from 0.05Hz to
the frequency shown on the horizontal axis. The noise in a
bandwidth from 0.05Hz to 100Hz is 8pV pk-pk at a gain of
100V/V. This value is derived by multiplying the rms value at
f = 100Hz shown in Figure 10 (1.2/tV rms) by 6.6.

For best noise performance in particular applications, a low
pass filter at the output should be used to selectively roll-off
noise and undesired signal frequencies beyond the bandwidth

FREQUENCY - Hi

Figure 7. Common Mode Rejection vs. Frequency

Figure 8 illustrates the effect of source imbalance on CMR per
formance at 60Hz at gains of 1 V/V, 10V/V, and 100V/V.
CMR is typically 140dB at 60Hz and a balanced source. CMR
is maintained greater than 80dB for source imbalances up
to 100k£2.

Figure 8. Common Mode Rejection vs. Source Impedance
Imbalance
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BANDWIDTH <-3dB) - Hz

Figure 10. Input Voltage Noise vs. Bandwidth

Input Offset Voltage Drift: Total input drift is composed of
two sources, input and output stage drifts and is gain depend
ent. The curve of Figure 11 illustrates total input drift over the
gain range of 1 to 100V/V.

Applying the 286J/281
REFERENCE EXCITATION OSCILLATOR
When applying model 286J, the user has the option of building
a low cost 100kHz excitation oscillator, as shown in Figure 12,
or purchasing a module from Analog Devices — model 281.

Figure 12. Model 281 100kHz Oscillator — Logic and
Interconnection Diagram

The block diagram of model 281 is shown in Figure 13. An
internal +12V de regulator is provided to permit the user
the option of operating over two, pin selectable, power in
put ranges; terminal 6 offers a range of +14V de to +28V de;
terminal 7 offers an input range of +8V de to +14V de.

SPECIFICATIONS
(typical @ +25°C and Vs = +15V de unless otherwise noted)
MODEL

281

OUTPUT
Frequency
Waveform
Voltage (0 and 0 terminals)
Fan-Out1,2

100kHz ±5%
Squarewave
0to+12V pk
16 max

POWER SUPPLY RANGE3
High Input, Pin 6
Quiescent Current, N.L.
F.L.
Low Input, Pin 7
Quiescent Current, N.L.
F.L.

♦<!4to 28)V de
+5mA
+16mA
+(8 to 14)V de
+ 12mA
♦ 33mA

TEMPERATURE
Rated Performance
Storage

Oto +70°C
-55°C to +85°C

MECHANICAL
Case Size
Weight

1.4" x 0.6" x 0.49"
10 grams

1 Model 286J oscillator drive input represents unity oscillator load.
3 For applications requiring more than 16 286J's, additional 281*s may be used
in a master/slave mode. Refer to Figure 15.
3 Full load consists of 16 model 286J's and 281 oscillator slave.
Specifications subject to change without notice.

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

MODEL 281

•LEAVE TERMINAL 6 OPEN, WHEN POWER IS APPLIED TO TERMINAL 7.

Figure 13. Model 281 Block Diagram

Model 281 oscillator is capable of driving up to 16 model
286J’s as shown in Figure 14. An additional model 281 may
be driven in a slave-mode, as shown in Figure 15, to expand
the total system channels from 16 to 32. By adding additional
model 281’s in this manner, systems of over 1000 channels
may be easily configured.

“
7
5 4 3 2 1
-fl WFF:

0.6 MAX
(15.2)
1
L

BOTTOM VIEW
WEIGHT 10 GRAMS

1
2
3
4

-IL

0.1 <2.54

TERMINA L IDENTIFIC ATION
fowl R COMMON
S SYNC OUTPUT
^OUTPUT
6 .V.: HIGH RANCE ‘114 to 2SIV,,
P OUTPUT
7 *VS LOW RANGE *(B to 14IV-.
SYNC INPUT

MATING SOCKET: CINCH #16 DIP OR EQUIVALENT

GUIDELINES ON EFFECTIVE SHIELDING &
GROUNDING PRACTICES
• Use twisted shielded cable to reduce inductive and capaci
tive pickup.
• Drive the transducer cable shield, S, with the common mode
signal source, EG, to reduce the effective cable capacitance
as shown in Figure 16. This is accomplished by con
necting the shield point S, as close as possible to the trans
ducer signal low point B. This may not always be possible.
In some cases the shield may be separated from signal low
by a portion of the medium being measured (e.g. pressure
transducer). This will cause a common mode signal, EM, to
be generated by the medium between the shield and the sig
nal low. The 78dB CMR capability of model 286J between
the input terminals (HI IN and LO IN) and GUARD, will
work to suppress the common mode signal, EM.
• Dress unshielded leads short at the connection terminals
and reduce the area formed by these leads to minimize in
ductive pickup.
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P.C. CARD SHIELD

isolation to eliminate troublesome ground loop problems.
Isolated power outputs and adjustable gain add to the applica
tion flexibility of this model.

286J

Figure 18 illustrates how model 286J can be combined with a
low drift, 1juV/°C max, front-end amplifier, model AD510K,
to interface low level transducer signals. Model 286J’s isolated
±15V de power and front-end guard eliminate ground loops
and preserve high CMR (llOdB min @ 60Hz).

MEDIUM
COMMON
MODE
VOLTAGE

O.OIpF

GROUND

Figure 16. Transducer — Amplifier Interface

GAIN AND OFFSET TRIM PROCEDURE
In applying the isolation amplifier, highest accuracy is achieved
by adjustment of gain and offset voltage to minimize the peak
error encountered over the selected output voltage span. The
following procedure illustrates a calibration technique which
can be used to minimize output error. In this example, the
output span is +5V to -5V and operation at Gain = 10V/V
is desired.
1. Apply e[N = 0 volts and adjust RQ for eQ = 0 volts.
2. Apply eIN = +0.500V de and adjust R^; for eQ = +5.000V de.
3. Apply e)N = -0.500V de and measure the output error
(see curve a).
4. Adjust RG until the output error is one half that measured
in step 3 (see curve b).
5. Apply +0.500V de and adjust Rq until the output error is
one half that measured in step 4 (see curve c).

-15V

POWER
COM

Figure 18. Input Signal Conditioning Using Isolated Power for
Transducer Buffer Amplifier

Current Loop Receiver: Model 286J can be applied to measure
ment of analog quantities transmitted via 4-20mA current
loops over substantial distances through harsh environments.
Figure 19 shows an application of model 286J as a current
loop receiver. A 25J2 resistor converts the 4-20mA current
input from a remote loop to a 100-500mV differential voltage
input, which the 286J amplifies, isolates, and translates to a
0 to +5V output level at local system ground.

Among the most-helpful characteristics of the 286J in this kind
of measurement are the high common-mode rejection (llOdB
minimum at 60Hz with 5k£2 source unbalance) and the high
common-mode rating (±2500 volts de). The former means low
noise pickup ; the latter means excellent isolation and protec
tion against large transients. The high common-mode rejection,
permitting relatively low input voltage to be used (0.4V span,
in this case), permits the use of a low current-metering resist
ance, which in turn results in low compliance-voltage loading
on the current loop, and therefore permits insertion into exist
ing loops without encountering overrange problems. The gain
of 12.5 provides a substantial output span, and the floating out
put permits biasing to a 0 to 5V range.

APPLICATIONS IN INDUSTRIAL MEASUREMENT AND
CONTROL SYSTEMS
Remote Sensor Interface: In chemical, nuclear and metal proc
essing industries, model 286J can be applied to measure and
control off-ground millivolt signals in the presence of
±25OOVdcCMV signals. In interface applications such as pH
control systems or on-line process measurement systems such
as pollution monitoring, model 286J offers complete galvanic
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Figure 19. Isolated Analog Interfaced to 20mA is Converted
to 0 to +5V at the Output, with Up to ±2500V of Isolation

ANALOG
DEVICES
FEATURES
Low Nonlinearity: ±0.012% max (289L)
Frequency Response: (-3dB) de to 20kHz
(Full Power) de to 5kHz
Gain Adjustable 1 to 100V/V, Single Resistor
3-Port Isolation: +2500V CMV Isolation Input/Output
Low Gain Drift: ±0.005%/°C max

Precision, Wide Bandwidth,
Synchronized Isolation Amplifier
289 FUNCTIONAL BLOCK DIAGRAM

Floating Power Output: ±15V @ ±5mA
120dB CMR at 60Hz: Fully Shielded Input Stage
Meets UL Std. 544 Leakage: 2gA rms max, @ 115V ac, 60Hz

APPLICATIONS
Multi-Channel Data Acquisition Systems
Current Shunt Measurements
Process Signal Isolator
High Voltage Instrumentation Amplifier
SCR Motor Control

GENERAL DESCRIPTION
Model 289 is a wideband, accurate, low cost isolation ampli
fier designed for instrumentation and industrial applications.
Three accuracy selections are available offering guaranteed
gain nonlinearity error at 10V p-p output: ±0.012% max
(289L), ±0,025% max (289K), ±0.05% max (289J). All ver
sions of the 289 provide a small signal frequency response
from de to 20kHz (-3dB) and a large signal response from de
to 5kHz (full power) at a gain of 1V/V. This new design offers
true 3-port isolation, ±25OOV de between inputs and outputs
(or power inputs), as well as 240V rms between power supply
inputs and signal outputs. Using carrier modulation tech
niques with transformer isolation, model 289 interrupts
ground loops and leakage paths and minimizes the effect of
high voltage transients. It provides 120dB Common Mode
Rejection between input and output common. The high CMV
and CMR ratings of the model 289 facilitate accurate measure
ments in the presence of noisy electrical equipment such as
motors and relays.
WHERE TO USE THE MODEL 289
The model 289 is designed to interface single and multichannel
data acquisition systems with de sensors such as thermo
couples, strain gauges and other low level signals in harsh in
dustrial environments. Providing high accuracy with complete
galvanic isolation, and protection from line transients of fault
voltages, model 289’s performance is suitable for applications
such as process controllers, current loop receivers, weighing
systems, high CMV instrumentation and computer inter
face systems.
i
Use the model 289 when data must be acquired from floating
transducers in computerized process control systems. The
photograph above shows a typical multichannel application
allowing potential differences or interrupting ground loops,
among transducers, or between transducers and local ground.

DESIGN FEATURES AND USER BENEFITS
Isolated Power: The floating power supply section provides
isolated ±15V outputs @ ±5mA. Isolated power is regulated to
within ±5%. This feature permits model 289 to excite floating
signal conditioners, front-end buffer amplifiers and remote
transducers such as thermistors or bridges, eliminating the need
for a separate isolated dc/dc converter.

Adjustable Gain: A single external resistor adjusts the model
289’s gain from 1 V/V to 100V/V for applications in high and
low level transducer interfacing.
Synchronized: The model 289 provides a synchronization
terminal for use in multichannel applications. Connecting the
synchronization terminals of model 289s synchronizes their
internal oscillators, thereby eliminating the problem of oscil
lator “beat frequency” interference that sometimes occurs
when isolation amplifiers are closely mounted.
Internal Voltage Regulator: Improves power supply rejection
and helps prevent carrier oscillator spikes from being broad
cast via the isolator power terminal to the rest of the system.

Buffered Output: Prevents gain errors when an isolation ampli
fier is followed by a resistive load of low impedance. Model
289 can drive a 2kf2 load.
Three-Port Isolation: Provides true galvanic isolation between
input, output and power supply ports. Eliminates need for
power supply and output ports being returned through a com
mon terminal.
Reliability: Model 289 is conservatively designed to be capable
of reliable operation in harsh environments. Model 289 has a
calculated MTBF of 271,835 hours. In addition, the model
289 meets UL Std. 544 leakage, 2gA rms @ 115 V ac, 60Hz.

ISOLATION AMPLIFIERS 5-79

(typical @ + 25°C and Vs = ± 14.4V to + 25V de unless otherwise noted)
Model

289J

289L

OUTLINE DIMENSIONS

1 to 100 V/V
_ , . lOkfl
G" 1 *

Formula

Deviation from Formula
vs. Temperature (0 to ♦70°C)’
Nonlinearity, (±5V Swing)2,3

289K

Dimensions shown in inches and (mm).

GAIN (NONINVERTING)
Range

±0.05% max

INPUT VOLTAGE RATINGS
Linear Differential Range (G = 1 V/V)
Max Safe Differential Input
Continuous
1 Minute
Max CMV (Inputs to Outputs)
Continuous ac or de
ac, 60Hz, 1 Minute Duration
CMR, Inputs to Outputs 60Hz
R§ < 1 kf2, Balanced Source Impedance
Rs<lkQ, HI IN Lead Only
Max Leakage Current, Input to Output ®
115V rms, 60Hz ac

±1.5% max
15ppm/°C typ (50ppm/°C max)
±0.025% max
±0.012% max
±10V mm
120V rms
240V rms

±25OOV peak max
25OOV rms

12OdB
104dB min
2/iA rms max

INPUT IMPEDANCE
Differential
Overload
Common Mode

33pFI|10’n
lOOkQ
20pF||5X 1O1OS2

INPUT DIFFERENCE CURRENT
Initial ® +25°C
vs. Temperature (0 to 70°C)

lOnA (75nA max)
0.15nA/°C

INPUT NOISE (GAIN = 100V/V)
Voltage
0.05Hz to 100Hz

8/jV p-p

RATED OUTPUT
Voltage, 2kH Load
Output Impedance
Output Ripple, 0.1MHz Bandwidth
No Signal IN
+ 10VIN

SHIELDED MATING SOCKET
AC1214

SHIELD

±10V min
<in(dc to 100Hz)

5mV p-p
50mV p-p

ISOLATED POWER SUPPLY
Voltage
Accuracy
Current
Regulation No Load to Full Load
Ripple, 0.1MHz Bandwidth, No Load
Full Load

±15V de
±10%
±5mA, min
±5%
25mV p-p
75mV p-p

POWER SUPPLY, SINGLE POLARITY5
Voltage, Rated Performance
Voltage, Operating
Current, Quiescent (® V$ = +15V)

414.4V to +25V
♦8.5V to +25V
+25mA

TEMPERATURE RANGE
Rated Performance
Operating
Storage

0 to ♦70°C
-15°Cto 475OC
-55°Cto +85°C

CASE DIMENSIONS

1.5" X 2.0" X 0.75'

NOTES
1 Gain temperature drift is specified as a percentage of output signal level.
3 Gain nonlinearity is specified as a percentage of 10V pk-pk output span.
3 When isolated power output is used, nonlinearity increases by t0.002%/mA of current drawn.
*G - 1V/V; with 2-pole, 5kHz output filter (see Figure 13).
‘Recommended power supply, ADI model 904, 11 SV 9 50mA output.
Specifications subject to change without notice.
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INTERCONNECTIONS AND SHIELDING
TECHNIQUE
To preserve the high CMR performance of
model 289, care must be taken to keep the
capacitance balanced about the input terminals.
A shield should be provided on the printed cir
cuit board under model 289 as illustrated in the
outline drawing above (screened area). The LO
IN/ISO PWR COM (pin 1) must be connected
to this shield. This shield is provided with the
mounting socket, model AC1214 (solder feedthrough wire to the socket pin 1 and copper
foil surface). A recommended shielding tech
nique using model AC1214 is illustrated in
Figure 1.
Best CMR performance will be achieved by
using twisted, shielded cable for the input signal
to reduce inductive and capacitive pickup. To
further reduce effective cable capacitance, the
cable shield should be connected to the com
mon mode signal source as close to signal low
as possible (see Figure 1).

Understanding the Isolation Amplifier Performance - 289

Figure 3. Model 289
Terminal Capacitance

FOR GAIN > 1V/V. CONNECT GAIN RESISTOR (Ro) BETWEEN PIN 4 ANO PIN 1

GAIN " 1 *

Figure 1. Basic Isolator Interconnection

THEORY OF OPERATION
The remarkable performance of the model 289 is derived from
the carrier isolation technique used to transfer both signal and
power between the amplifier’s input stage and the rest of the
circuitry. A block diagram is shown in Figure 2.

Figure 4. Model 289
Terminal Ratings

Terminal Ratings: CMV performance is given in both peak
pulse and continuous ac, or de peak ratings. Continuous peak
ratings apply from de up to the normal full power response
frequencies. Figure 4 illustrates model 289 ratings between
terminals.
GAIN AND OFFSET TRIM PROCEDURE
The following procedure illustrates a calibration technique
which can be used to minimize output error. In this example,
the output span is +5V to -5V and Gain = 10V/V.

1. Apply Ein = 0 volts and adjust Ro for Eo = 0 volts.

2. Apply Ejn = +0.500V de and adjust Rg for Eo =
+ 5.000V de.
3. Apply Ein - -0.500V de and measure the output error
(see curve a).

4. Adjust Rg until the output error is one-half that measured
in step 3 (see curve b).

5. Apply +0.500V de and adjust Ro until the output error is
one-half that measured in step 4 (see curve c).
c

— **

-J
Figure 2. Model 289 Block Diagram

The input signal is filtered and appears at the input of the non
inverting amplifier, Al. This signal is amplified by Al, with its
gain determined by the value of resistance connected exter
nally between the gain terminal and the input common termi
nal. The output of Al is modulated, carried across the isola
tion barrier by signal transformer Tl, and demodulated. The
demodulated voltage is filtered, amplified and buffered by
amplifier A2, and applied to the output terminal. The voltage
applied to the Vg terminal is set by the regulator to +12V
which powers the 100kHz symmetrical square wave power
oscillator. The oscillator drives the primary winding of trans
former T2. The secondary windings of T2 energize both input
and output power supplies, and drives both the modulator
and demodulator.

-S

-4

-3

-2

-1

0

+1

+2

+3

+4

+5

OUTPUT VOLTAGE - Volt:

Figure 5a. Recommended Offset and Gain Adjustment
for Gains > 1

INTERELECTRODE CAPACITANCE AND TERMINAL
RATINGS
Capacitance: Interelectrode terminal capacitance, arising from
stray coupling capacitance effects between the input terminals
and the signal output terminals, are each shunted by leakage
resistance values exceeding 5OGJ2. Figure 3 illustrates model
289’s capacitance, between terminals.
Figure 5b. Recommended Offset Adjustment for G= 1 V/V
ISOLATION AMPLIFIERS 5-81

PERFORMANCE CHARACTERISTICS
Figure 6 shows the phase shift vs. frequency. The low phase
shift and wide bandwidth of the model 289 make it suitable
for use in SCR Motor Controller and other high frequency
applications.

Gain Nonlinearity: Linearity error is defined as the deviation
of the output voltage from the best straight line and is speci
fied as a % peak-to-peak output voltage span; e.g., nonlin
earity of model 289J operating at an output span of 10V pk-pk
(±5V) is ±0.05% or ±5mV. Figure 9 illustrates gain nonlin-

Figure 6. Typical 289 Phase vs. Frequency
OUTPUT SWING P-P VOLTS

Figure 7 illustrates the effect of source impedance imbalance
on CMR performance at 60Hz for gains of 1V/V, 10V/V, and
100V/V. CMR is typically 12OdB at 60Hz and a balanced
source impedance. CMR is >60dB for source impedance im
balances up to 100kf2.

GA

M- 10-100V/V
--------- 1—
LN • 1V/V

J

Figure 7. Typical 289 Common Mode Rejection vs.
Source Impedance

Input Voltage Noise: Voltage noise, referred to input, is
dependent on gain and bandwidth. Figure 8 shows rms voltage
noise in a bandwidth from 0.05Hz to the frequency shown on
the horizontal axis. The noise in a bandwidth from 0.05Hz to
100Hz is 8/tV pk-pk at a gain of 100V/V. The peak-to-peak
value is derived by multiplying the rms value at F = 100Hz
(1.2/tV rms) by 6.6.
For best noise performance in particular applications, a low
pass filter at the output should be used to selectively roll
off noise and undesired signal frequencies beyond the band
width of interest. Increasing gain will also reduce the noise,
referred to input.

Figure 10. Typical Gain Nonlinearity vs. Gain

Common Mode Rejection: Input-to-output CMR is dependent
on source impedance imbalance, signal frequency and ampli
fier gain. CMR is rated at 115V ac, 60Hz and lkJ2 balanced
source at a gain of 100V/V. Figure 11 illustrates CMR per
formance as a function of signal frequency. CMR approaches
156dB at de with source imbalance as high as lkJ2. As gain is
decreased, CMR is reduced. At a gain of 1V/V, CMR is typi
cally 6dB lower than at a gain of 100V/V.

s

i5

FREQUENCY

Hi

Figure 11. Typical Common Mode Rejection vs. Frequency
at a Gain of 1 V/V, CMR is typically 6dB Lower than at a
Gain of 100V/V

Figure 8. Typical Input Voltage Noise vs. Bandwidth
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Applications - 289
MULTICHANNEL APPLICATIONS
Isolation amplifiers containing internal oscillators may exhibit
a slowly varying offset voltage at the output when used in
multichannel applications. This offset voltage is the result of
adjacent internal oscillators beating together. For example, if
two adjacent isolation amplifiers have oscillator frequencies of
100.0kHz and 100.1kHz respectively, a portion of the dif
ference frequency may appear as a slowly varying output
offset voltage error. Model 289 eliminates this problem by
offering a synchronization terminal (pin 8). When this terminal
is interconnected with other model 289 synchronization ter
minals, the units are synchronized. Alternately, one or more
units may be synchronized to an external 100kHz ±2% square
wave generator by the connection of synchronization termial(s) to that generator. The generator output should be
2.5V—5.0V p-p with lkfi source impedance to each unit.
Use an external oscillator when you need to sync to an ex
ternal 100kHz source, such as a sub-multiple of a micropro
cessor clock. A differential line driver, such as SN75158, can
be used to drive large clusters of model 289. When using the
synchronization pin, keep leads as short as possible and do
not use shielded wire. These precautions are necessary to avoid
capacitance from the synchronization terminal to other points.
It should be noted that units synchronized must share the same
power common to ensure a return path.
APPLICATIONS IN INDUSTRIAL MEASUREMENT AND
CONTROL SYSTEMS
Isolated DAS: In data acquisition systems where multiple
transducers are powered by a single supply and the magnitude
of that supply is low enough for a multiplexer to handle the
voltages on all the transducers, it is economical to multiplex
ahead of an isolator. The fast settling time of the model 289
makes this configuration practical where slower isolators would
not be usable.

Figure 12 shows an application where the difference in voltage
between any two terminals of any of the transducers does not
exceed 30 volts. Though the input of the model 289 is pro
tected against line voltage, its power terminals are not; neither
is the multiplexer so protected. This circuit will not, therefore,
withstand the differential application of line voltage.

Figure 13. 2-Po!e, 5kHz Active Filter

Noise Reduction in Data Acquisition Systems: Transformer
coupled isolators must have a carrier to pass de signals through
their signal transformers. Inevitably some carrier frequency
ripple passes through to the isolator output. As the bandwidth
of an isolator becomes a larger fraction of its carrier frequency,
this ripple becomes more difficult to control. Despite this dif
ficulty, the model 289 produces very low ripple; therefore,
additional filtration will usually be unnecessary. However, in
some applications, particularly where a fast analog-to-digital
converter is used following the isolator, it may be desirable to
add filtration; otherwise, ripple may cause inaccurate conver
sions. The 2-pole low-pass shown in Figure 13 limits isolator
bandwidth to 5kHz, which is the full power bandwidth of the
model 289. Carrier ripple is much reduced. Another beneficial
effect of an output filter is smoothing of discontinuous high
frequency waveforms.
Motor Control and AC Load Control: Phase shift and band
width are important considerations for motor control and ac
load control applications. The model 289 possesses sufficient
bandwidth and acceptable phase shift for such tasks.

Figure 14 shows two model 289’s sensing the armature voltage
and current of a motor. Faithful replicas of the waveforms
of these variables are applied to the motor control. Al oper
ates at unity gain from divided Rl—R3 to deliver an output
that is 1/100 of the armature voltage of the motor. A2
operates at a gain of 100V/V to deliver a voltage 100 times
that developed across the current sensing shunt.

Multiplexer addressing is binary, an enable providing selection
of the circuit shown as a signal source. Optical isolation is pro
vided for digital signals. When several of these circuits are used
for several groups of transducers, the model 289’s should be
synchronized.

♦15V

Figure 14. Isolating a Motor Controller

Figure 12. DAS with MUX Ahead of Isolator
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Figure 15 shows three model 289’s sensing the voltages on the
three phases of an ac load. The Y network shown divides the
voltages of the three phases and creates a neutral for the input
commons of the isolators. The output of each isolator is a
faithful replica of the phase of the waveform it senses. The
isolator outputs provide the feedback necessary for the trig
ger control to correctly fire the triacs. In other applications,
the outputs of the isolators might have been fed to rms-to-dc
converters.

Figure 17 shows the model 289 providing an isolated 4-to20mA output from a 12-bit DAC. Ala provides a -4V refer
ence to the DAC. The digital input causes a portion of DAC
current to flow into OUT1, causing a positive voltage at the
output of Aid. Alb produces a voltage across R4 proportional
to DAC current. Ale and associated circuitry sink a current
which is one-fourth of the full scale current of the DAC,
causing a positive voltage of 1 volt at the output of Aid.
With the code 1111 1111 1111,+5 volts appears at the out
put of Aid. Operation is unipolar with a positive offset. The
output voltage of Aid is reproduced at the output of the
isolator, where the circuitry shown converts it into a 4-to20mA current which may be applied to the load Rl.

Figure 15. Isolating a 3 Phase Load Controller

Isolated DACs: Figure 16 shows a 12-bit DAC with ±5V
isolated output. A buffered -5V reference voltage is provided
to the DAC by Ala, Alb and associated circuitry. The digital
input causes a proportion of DAC current to flow into 0UT1
of the DAC. The remaining DAC current flows into OUT2.
Current flowing into OUT1 causes positive voltage at the out
put of Ale. Current flowing into 0UT2 causes a positive volt
age at the output of Aid, which in turn causes a negative
voltage at the output of Ale. Voltage appearing at the output
of Ale is reproduced at the output of the model 289. R5 and
R8 must be adjusted to produce less than 0.5mV at 0UT1 and
0UT2 of the DAC respectively. R15 may be used to adjust gain
and Rl 1 to adjust offset with the binary code 1000 0000 0000
to zero.
R1 10k

Figure 17. 12-Bit Isolated Process Current DAC

Temperature Measurement: Figure 18 shows the model 289
providing a ground-referred output in an application measuring
the temperature of an object floating at a high common mode
voltage. The AD59O temperature sensor sinks a current of
-IgA/K. This current flows into the gain terminal of the model
289, developing -t-lOmV/K across the internal feedback resistor.
This voltage also appears at the output of the model 289.

The circuitry shown connected by a dotted line may be useful
if an output of 10mV/°C is desired. A current of +273/XA
is sourced through the 8.66k resistor and the potentiometer
cancelling the AD59O current at 0°C (273K), resulting in
OmV at the output at 0°C.

CONNECTIONS TO GAIN TERMINALS SHOULD
BE KEPT AS SHORT AS POSSIBLE

Figure 18. Isolated Temperature Measurement

Figure 16. 12-Bit Isolated Voltage DAC
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►

ANALOG
DEVICES

FEATURES
Low Cost
Multichannel Capability Using External Oscillator (292A)
Isolated Power Supply: ±13V de @ ±5mA (290A) or ±15mA
(292A)
Low Nonlinearity: 0.1% @ 10V pk-pk Output
High Gain Stability: 0.001%/1000 Hours; 0.01%/°C
Small Size: 1.5" X 1.5" X 0.62"
Low Input Offset Voltage Drift: 10mV/°C (Gain = 100V/V)

Low Cost, Single and
Multichannel Isolation Amplifiers
290A/292A
290A/292A FUNCTIONAL BLOCK DIAGRAM

Wide Input/Output Dynamic Range: 20V pk-pk
High CMV Isolation: 1500V de. Continuous
Wide Gain Range: 1 to 100V/V

APPLICATIONS
Ground Loop Elimination in Industrial and Process Control
High Voltage Protection in Data Acquisition Systems
Fetal Heart Biomedical and Monitoring Instrumentation
Off-Ground Signal Measurements
GENERAL DESCRIPTION

Models 290A and 292A are low cost, compact, isolation ampli
fiers that are optimized for single and multichannel industrial
applications, respectively. The model 290A has a self-contained
oscillator and is intended for single channel applications. A
single external synchronizing oscillator can drive up to 16
model 292As or, a virtually limitless number of model 292As
can be configured using multiple oscillators. The user can sup
ply the external oscillator circuit or specify model 281 oscil
lator module, which includes a voltage regulator for operation
over a wide single supply voltage range of +8V to +28V.

Models 29OA and 292A design features include: adjustable gain,
from 1 to 100V/V, dual isolated power, ±13V de, ± 1500V de
off ground isolation, lOOdB minimum CMR at 60Hz, 1 kS2
source imbalance, in a compact 1.5 X 1.5 X 0.6 module.
Models 290A and 292A achieve low input noise of lgV pk-pk
(10Hz bandwidth, G = 100V/V), nonlinearity of ±0.1% @ 10V
pk-pk output, and an input/output dynamic range of 20V
pk-pk.

Using modulation techniques with reliable transformer isola
tion, models 290A and 292A will interrupt ground loops,
leakage paths, and voltage transients, while providing de to
2kHz (-3dB) response.
WHERE TO USE MODELS 290A AND 292A
Industrial Applications: In data acquisition systems, computer

with 20V pk-pk input signal range at a gain of IV/V operation.
In portable single or multichannel designs, single power supply
operation (+8V to +16V) enables battery operation.
DESIGN FEATURES AND USER BENEFITS
Isolated Power: Dual ±13 V de output, completely isolated from

the input power terminals (±1500V de isolation), provides the
capability to excite floating signal conditioners, front end buf
fer amplifiers and remote transducers such as thermistors or
bridges.
Adjustable Gain: Models 290A and 292A adjustable gain offers

compatibility with a wide class of input signals. A single ex
ternal resistor enables gain adjustment from 1V/V to 100V/V
providing flexibility in both high level transducer interfacing
as well as low level sensor measurement applications.
Floating, Guarded Front-End: The input stage of models 290A
and 292A can directly accept floating differential signals or it
may be configured as a high performance instrumentation
front-end to accept signals having CMV with respect to input
power common.
High Reliability: Models 29OA and 292A are conservatively
designed, compact modules, capable of reliable operation in
harsh environments. They have a calculated MTBF of over
400,000 hours and are designed to meet MIL-STD-202E en
vironmental testing as well as the IEEE Standard for Transient
Voltage Protection (472-1974; Surge Withstand Capability).

interface systems, process signal isolators and high CMV instru
mentation, models 290A and 292A offer complete galvanic iso
lation and protection against damage from transients and fault
voltages. High level transducer interface capability is afforded
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SPECIFICATIONS
MODEL

(typical @ +25°C; G = 100V/V and Vs = +15V de, unless otherwise noted)
292A

29OA

GAIN (NONINVERTING)
Range (50kf2 Load)

Gain « 11 +------- lOOkfi
+ Ri(kf2)J
lkQ
±3%
±0.001%/1000 Hours
±0.0075%/°C
±0.1% (±0.25%)’

Formula

Deviation from Formula
vs. Time
vs. Temperature (-25°C to +85°C)’
Nonlinearity, G = 1V/V to 100V/V’

INPUT VOLTAGE RATINGS
Linear Differential Range, G = 1V/V
Max Safe Differential Input
Continuous, 1 min
Max CMV, Inputs to Outputs
ac, 60Hz, 1 Minute Duration
Continuous, ac
Continuous, de
CMR, Inputs to Outputs, 60Hz, Rg < lkft
Balanced Source Impedance
lkQ Hi In Lead Only
Max Leakage Current, Inputs to Power Common
® 115Vac, 60Hz

±5V min (±10V min)
110V rms

1500V rms max
±1000V pk max
±1500V pk max
106dB
lOOdB min

lOpA rms max

INPUT IMPEDANCE
Differential
Overload
Common Mode

lOOkQ
5 X 10l0Q||100pF

INPUT DIFFERENCE CURRENT
Initial, @ +25°C
vs. Temperature (-25°C to +85°C)

+3nA
±0.1nA/°C

10’Q||70pF

INPUT NOISE
Voltage, G = 100V/V
0.01 Hz to 10Hz
10Hz to 1kHz
Current
0.05Hz to 100Hz
FREQUENCY RESPONSE
Small Signal, -3dB, G « 1V/V
Slew Rate
Full Power, 10V p-p Output
Gain ■ IV/V thru 100V/V

OFFSET VOLTAGE REFERRED TO INPUT
Initial, @ + 25°C, Adjustable to Zero
vs. Temperature (-25°C to +85°C)
vs. Supply Voltage

SHIELDED MOUNTING SOCKET
AC1O54

1MV p p
1.5pV rms

5pA p p

2.5kHz
50mV/ps
3.0kHz(1.0kHz)3

2.0kHz(1.0kHz)'

2.85 (72.41 ■

±(5 + 50/G)mV
±(10+ 150/G)/zVrC
±lmV/%

RATED OUTPUT
Voltage, 50k Load
Output Impedance
Output Ripple, 1MHz Bandwidth

±(8 + 25O/G)mV/°C

±5Vmin(±10V min)3

lkfl
10mV pk-pk

OSCILLATOR DRIVE INPUT
Input Voltage
Input Frequency

N/A
N/A

ISOLATED POWER OUTPUTS
Voltage Full Load
Accuracy
Current4

±5mA min

Regulation, No Load to Full Load
Ripple, 100kHz Bandwidth

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

1 to 100 V/V

8 to 16V pk pk
100kHz ±5%, max
±13V de
±5%
±15mA min

+0, -15%

250mV p-p

200m V pp

POWER SUPPLY, SINGLE POLARITY
Voltage, Rated Performance
Voltage, Operating
Current, Quiescent

+15V de
+8V de to + 15.5V de
+20mA

TEMPERATURE RANGE
Rated Performance
Storage

-25°C to +85°C
-55°C to +85°C

CASE DIMENSIONS

*
1.5
X 1.5" X 0.62"

NOTES
* Gain temperature drift is specified as a percentage of output signal level.
’Gain nonlinearity is specified as a percentage of 1OV pk-pk output span.
’These specs apply for a 2OV pk-pk output span.
4Do not load VgQ when operating at output spans greater than 10V pk-pk.
Specifications subject to change without notice.

8WR COM

Figure 1. Model 290A and 292A Terminal Ratings
Symbol
Vi

vV22
V2
Vj
Z1

Rating
±110V rms (cont.)
±1000V pk (cont.)
±1500Vpk (cont.)
±1500V rms(l min)
±50V pk (cont.)
5OGn||2OpF

Remarks

Withstand Voltage, Steady State
Isolation, Steady State, ac
Isolation, Steady State, de
Isolation, ac, 60Hz
Isolation, de
Isolation Impedance

Table I. Isolation Ratings Between Terminals
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Understanding the 290A/292A
THEORY OF OPERATION
The remarkable performance of models 29OA and 292A are
derived from the carrier isolation technique which is used to
transfer both signal and power between the amplifier’s guarded
input stage and the rest of the circuitry. The block diagram for
both models is shown in Figure 2 below.

The bipolar input preamplifier operates single-ended (non
inverting). Only a difference bias current flows with zero net
bias current. A third wire return path for input bias current is
not required. Gain can be set from IV/V to 100V/V by chang
ing the gain resistor, Rj. To preserve high CMR, the gain resis
tor must be guarded. Best performance is achieved by shorting
terminal 2 to terminal 1 and operating the isolator at a gain
of 100 V/V.
For powering floating input circuitry such as buffer amplifiers,
instrumentation amplifiers, calibration signals and transducers,
dual isolated power is provided. High CMV isolation is achieved
by the low-leakage transformer coupling between the input
preamplifier, modulator section and the output circuitry. Only
the lOpF leakage capacitance between the floating input section
and the rest of the circuitry keeps the CMR from being infinite.

Figure 3. Transducer — Amplifier interface

GAIN AND OFFSET TRIM PROCEDURE
In applying the isolation amplifier, highest accuracy is achieved
by adjustment of gain and offset voltage to minimize the peak
error encountered over the selected output voltage span. The
following procedure illustrates a calibration technique which
can be used to minimize output error. In this example, the
output span is +5V to -5V and operation at Gain = 10V/V
is desired.

1. Apply Ein = 0 volts and adjust Rq for Eq = 0 volts.
2. Apply Ein = +0.5V de and adjust Rg for Eq = +5.0V de.
3. Apply Ein = -0.5 V de and measure the output error (see
curve a).
4. Adjust RG until the output error is one half that measured
in step 3 (see curve b).
5. Apply +0.5V de and adjust Rq until the output error is
one half that measured in step 4 (see curve c).

Figure 2. Block Diagram — Models 290A and 292A

GUIDELINES ON EFFECTIVE SHEILDING &
GROUNDING PRACTICES
• Use twisted shielded cable to reduce inductive and capaci
tive pickup.
• Drive the transducer cable shield, S, with the common
mode signal source, Eq, to reduce the effective cable ca
pacitance as shown in Figure 3. This is accomplished by
connecting the shield point S, as close as possible to the
transducer signal low point B. This may not always be pos
sible. In some cases the shield may be separated from signal
low by a portion of the medium being measured (e.g. pres
sure transducer). This will cause a common mode signal,
Em, to be generated by the medium between the shield and
the signal low. The 86dB CMR capability of both models
between the input terminals (HI IN and LO IN) and
GUARD, will work to suppress the common mode signal,
Em• Dress unshielded leads short at the connection terminals
and reduce the area formed by these leads to minimize
inductive pickup.

GAIN RESISTOR. Rj. 1*. S0ppm/°C METAL FILM TYPE IS RECOMMENDED.
FOR GAIN - 1V/V, LEAVE TERMINAL 2 OPEN.
FOR GAIN - 100V/V, SHORT TERMINAL 2 TO TERMINAL 1
GAIN-

1 * ikn
*
R,(kn>

OUTPUT FILTER. 10k« RESISTOR AND CAPACITOR. C.
SELECT C TO ROLLOFF NOISE AND OUTPUT RIPPLE:

/• l-3dBI

2»C (Hkfl)

Figure 4. Gain and Offset Adjustment
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SELECTING BANDWIDTH
In low frequency signal measurements, such as thermocouple
temperature measurements, strain gage measurements and
geophysical instrumentation, an external filter is used to
select bandwidth and minimize output noise.

When used with a buffer amplifier as shown in Figure 5a be
low, a series resistor (Rg) is used to lower the effective value
of the filter capacitor required to achieve very low frequency
(under 200Hz) noise filtering.

Figure 7. Typical Common Mode Rejection vs. Source
Impedance Imbalance
Figure 5a. Selecting Bandwidth with External Capacitor and
Buffer

An active filter, as illustrated in Figure 5b will significantly
improve 60Hz noise reduction at the output by providing a
sharp roll-off characteristic. The 5 Hz 3-pole active filter design
illustrated in Figure 5b, will increase the 60Hz noise reduction
by 50dB. Overall CMR performance of models 290 and 292
and the 5Hz active filter approaches 150dB @ 60Hz and lkS2
imbalance.

PERFORMANCE CHARACTERISTICS
Common Mode Rejection: Input-to-Output CMR is dependent
on source impedance imbalance, signal frequency and ampli
fier gain. CMR is rated at 115V ac, 60Hz and lkf2 imbalance
at a gain of 100V/V. Figure 6 illustrates CMR performance as
a function of signal frequency. CMR approaches 130dB at de
with source imbalances as high as lkI2. As gain is decreased,
CMR is reduced. At a gain of 1V/V, CMR is typically 12dB
lower than at a gain of 100V/V.

Gain Nonlinearity: Linearity error is defined as the deviation
of the output voltage from the best straight line and is specifield as a % of peak-to-peak output voltage span; e.g., nonlinear
ity of models 290A and 292A operating at an output span of
10V pk-pk (±5V) is ±0.1% or ±10mV. Figure 8 illustrates gain
nonlinearity for any output span to 20V pk-pk (±10V).

OUTPUT VOLTAGE - Volt! p-p

Figure 8. Typical Gain Nonlinearity vs. Output Voltage

Input Voltage Noise: Voltage noise, referred to input, is de
pendent on gain and bandwidth as illustrated in Figure 9.
RMS voltage noise is shown in a bandwidth from 0.01Hz to
the frequency shown on the horizontal axis. The noise in a
bandwidth from 0.01Hz to 10Hz is lgV pk-pk at a gain of
100V/V. This value is derived by multiplying the rms value at
f = 10Hz shown in Figure 9 by 6.6.
For best noise performance in particular applications, a low
pass filter at the output should be used to selectively roll-off
noise and undesired signal frequencies beyond the bandwidth
of interest. Increasing gain will also reduce the input noise.

Figure 6. Typical Common Mode Rejection vs. Frequency

Figure 7 illustrates the effect of source imbalance on CMR per
formance at 60Hz and Gain = 100V/V. CMR is typically
llOdB at 60Hz and a balanced source. CMR is maintained
greater than 70dB for source imbalances up to 100k£2.
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BANDWIDTH <-3dB> - Hl

Figure 9. Typical Input Voltage Noise vs. Bandwidth

Multichannel Isolation Amplifier 290A/292A
Input Offset Voltage Drift: Total input drift is composed of
two sources, input and output stage drifts and is gain depend
ent. The curve of Figure 10 illustrates total input drift over
the gain range of 1 to 100V/V.

GAIN-v/v

Figure 13. External Oscillator Interconnection

Figure 10. Typical Input Offset Voltage Drift vs. Gain

REFERENCE EXCITATION OSCILLATOR, MODEL 281
When applying model 292A, the user has the option of building
a low cost 100kHz excitation oscillator, as shown in Figure 11,
or purchasing a module from Analog Devices—model 281.

SPECIFICATIONS
(typical @ +25° C and Vs = +15 V de unless otherwise noted)
MODEL

281

OUTPUT
Frequency
Waveform
Voltage (0 and 0 terminals)
*
Fan-Out
12

100kHz ±5%
Squarewave
0to+12V pk
16 max

POWER SUPPLY RANGE3
High Input, Pin 6
Quiescent Current, N.L.
F.L.
Low Input, Pin 7
Quiescent Current, N.L.
F.L.

+(14 to 28)V de
+5mA
+ 16mA
+(8 to 14)V de
+ 12mA
+ 33mA

TEMPERATURE
Rated Performance
Storage

0 to +70°C
-55°Cto +85°C

1 Model 292A oscillator drive input represents unity oscillator load.
3 For applications requiring more than 16 292As, additional 281s may
be used in a master/slave mode. Refer to Figure 13.
3 Full load consists of 16 model 292As and 281 oscillator slave.
Specifications subject to change without notice.

Figure 11. 100kHz Oscillator Interconnection Diagram

The block diagram of model 281 is shown in Figure 12. An
internal +12V de regulator is provided to permit the user
the option of operating over two, pin selectable, power in
put ranges; terminal 6 offers a range of +14V de to +28V de;
terminal 7 offers an input range of +8V de to +14V de.

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

■LEAVE TERMINAL 6 OPEN. WHEN POWER IS APPLIED TO TERMINAL 7.

Figure 12. Model 281 Block Diagram

Model 281 oscillator is capable of driving up to 16 model
292As. As shown in Figure 13, an additional model 281 may be
driven in a slave-mode to expand the total system channels
from 16 to 32. By adding additional model 28l’s in this man
ner, systems of over 1000 channels may be easily configured.

MATING SOCKET:
CINCH #16 DIP OR EQUIVALENT
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APPLICATIONS IN INDUSTRIAL MEASUREMENT AND
CONTROL SYSTEMS
Remote Sensor Interface: In chemical, nuclear and metal pro
cessing industries, models 29OA and 292A can be applied to
measure and control off-ground millivolt signals in the pres
ence ±1500V de CMV signals. In interface applications such
as pH control systems or on-line process measurement sys
tems such as pollution monitoring, models 290A and 292A
offer complete galvanic isolation to eliminate troublesome
ground loop problems. Isolated power outputs and adjust
able gain add to the application flexibility of these models.

Figure 14 illustrates how model 290A or 292A can be com
bined with a low drift, lgV/°C front-end amplifier, model
AD517L, to interface low level transducer signals. Both
products provide isolated ±13V de power and front-end
guard in addition to eliminating ground loops and pre
serving high CMR (lOOdB @ 60Hz).

Isolated Temperature Measurements: Industrial temperature
measurements are often performed in harsh environments
where line voltages or transients can sometimes be impressed
on the temperature sensor. To provide protection for the deli
cate recording instrumentation, models 290A and 292A can be
applied as shown in Figure 16. The Analog Devices’ AC2626
probe is a temperature sensor whose output is a current di
rectly proportional to absolute temperature. The isolation
amplifier provides the isolated power (+13V de) as well as the
input/output isolation. Zero calibration is performed by
placing the AC2626 probe in a zero temperature bath and
adjusting Rq for Eq to 0 volts. Full scale output adjustment
is performed by placing the AC2626 probe in boiling water
(100°C) and adjusting R§ for 1.000V output.

♦ 13V

ioon
Rs

Figure 16. Isolated Temperature Measurements

Figure 14. Input Signal Conditioning Using Isolated Power for
Transducer Buffer Amplifier

Instrumentation Amplifier: Models 290A and 292A provide
a floating guarded input stage capable of directly accepting
isolated differential signals. The noninverting, single-ended
input stage offers simple two wire interconnection with
floating input signals.

In applications where the isolated power is applied to trans
ducers such as bridges which generate differential input signals
with common mode voltages measured with respect to the iso
lated power common, models 29OA and 292A can be con
nected as shown in Figure 15. To achieve high CMR with
respect to the ISO PWR COM, the following trim procedure
is recommended.
CMR Trim Procedure
1) Connect a IV pk-pk oscillator between the +1N/-IN and
IN COM terminals as shown in Figure 15.
2) Set the input frequency at 0.5Hz and adjust Rl for mini
mum Eo3) Set the input frequency at 60Hz and adjust R2 for mini
mum Eq.
4) Repeat steps 2 and 3 for best CMR performance.

Current Loop Receiver: Model 29OA and 292A can be applied
to measurement of analog quantities transmitted via 4-20mA
current loops over substantial distances through harsh environ
ments. Figure 17 shows an application of model 29OA or 292A
as a current loop receiver. A 25J2 resistor converts the 4-20mA
current input from a remote loop to a 100—500mV differen
tial voltage input, which the isolator amplifies, isolates, and
translates to a 0 to +5V output level at local system ground.

Among the most-helpful characteristics of the isolator in this
kind of measurement are the high common-mode rejection
(lOOdB minimum at 60Hz with lkQ source unbalance) and
the high common-mode rating (±1500 volts de). The former
means low noise pickup; the latter means excellent isolation
and protection against large transients. The high common
mode rejection, permitting relatively low input voltage to be
used (0.4V span, in this case), permits the use of a low current
metering resistance, which in turn results in low compliance
voltage loading on the current loop, and therefore permits in
sertion into existing loops without encountering overrange
problems. The gain of 12.5 provides a substantial output
span, and the floating output permits biasing to a 0 to 5V
range.

Figure 17. Isolated Analog Interface; 4 to 20mA is Converted
to 0 to +5V at the Output, with Up to ± 1500V of Isolation

Figure 15. Application of 290A as Instrumentation Amplifier
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Boldface Type: Product recommended for new design.

Multipliers/Dividers

Analog Multipliers/Dividers

selection buide

Orientation
Analog Multipliers/Dividers
The devices catalogued in this section are high-performance ICs
that accept analog voltages and multiply, divide, square and/or
square-root them, depending on device properties and connections.
Other multiplying devices available from Analog Devices include
digital multipliers (in DSP Products Databook) and multiplying
D/A converters {Data Conversion Products Databook).
Multiplication: For two inputs, Vx and Vy, a multiplier will
provide the output, Eout = VxVy/Eref, where Eref is a dimensional
constant, usually of 10V nominal value. If Eref= 10V, Eout= 10V
when Vx and Vy are 10V. Multipliers are used for modulation
and demodulation, fixed and variable remote gain adjustment,
power measurement and mathematical operations in analog
computing, curve fitting and linearizing.

If the inputs may be of either positive or negative polarity and
the output polarity is in a correct relationship for multiplication,
the device is called a “four-quadrant” multiplier, reflecting the
four quadrants of the X-Y plane.

devices published in this section. In addition to the products
listed here, a number of popular earlier products are still available;
data sheets are available upon request.

Internal Architecture: All of the devices in this section rely on the
logarithmic properties of silicon P-N junctions. An example of
the translinear principle that they embrace can be seen in the
circuitry of a “Gilbert cell,” employed in various forms for
analog multiplication. Its four-quadrant multiplying circuitry
and performance are described in (1), with further references to
the original sources. The input voltages are converted to currents;
the currents are multiplied together and divided by a reference,
and the net output current, IxIy/Ircf, is converted to voltage by
feedback around the output amplifier. The feedback terminals
are available as inputs for applications involving division.

Squaring: If Vx = Vy = V^, a multiplier’s output will be Vin2/Eref.
A four-quadrant multiplier, used as a squarer, will have an out
put that is positive whether Vi„ is positive or negative. Squarers
are useful in frequency doubling, power measurement of constant
loads and mathematical operations.

Division: For a numerator input, Vz, and a denominator input,
Vx, an analog divider will provide the output, Eout =
If Eref = 10V, Eout will be 10V or less for Vz « Vx. Vx is of a
single polarity and will not provide meaningful results if it
approaches zero too closely. If Vz may be of either positive or
negative polarity, the device is described as a “two-quadrant”
divider, and the output will reflect the polarity of Vz. Analog
dividers are used to compute ratios - such as efficiency, attenuation,
or gain; they are also used for fixed and variable remote gain
adjustment, ratiometric measurements and for mathematical
operations in analog computing.

Basic Four-Quadrant Variable-Transconductance Multiplier
Circuit

Square Rooting: For a numerator input,
and a denominator
input, Eo (the output fed back to the denominator input), the
output of a divider is Eo = Eref (V^/EJ; hence Eo = VErefVin.
A square rooter works in one quadrant; some devices require
external diode circuitry to prevent latchup if the input polarity
changes, even momentarily. Square roots are used in vector and
rms computation, to linearize flowmeters, and for mathematical
operations in analog computing.
CHOOSING A MULTIPLIER, DIVIDER, ETC.
A number of devices are listed here, differing in internal ar
chitecture, external functional configuration and performance
specifications. Most have essentially fixed references; the AD538
is a multifunction device that performs the one-quadrant operation,
Eo = V^Vy/Vx)™, where m is an exponent adjustable from 1/5
to 5.

Considerable information on these functions, the nature of devices
to perform them and extensive discussions of their applications
can be found in the Nonlinear Circuits Handbook.' A wealth of
information is also to be found in the data sheets for the individual

'Nonlinear Circuits Handbook, D.H. Sheingold, ed., 1976, 536pp., $5.95,
Analog Devices, Inc., P.O. Box 9106, Norwood, MA 02062-9106

In multifunction devices like the AD538, the feedback currents
of the Vz and Vx input op amps are used to develop logarithmic
voltages across transistor base-emitter junctions; these voltages
are differenced to provide the logarithm of the ratio, Vz/Vx.
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At the user’s choice, this log ratio is either amplified (m>l),
attenuated (m< 1) or unchanged (m = 1), then applied to a product
antilog circuit which adds the logarithm of Vy, then takes the
antilogarithm to produce the output equation,
f vzlm
Vour = Vy{^}

Wideband Multipliers have bandwidths greatly exceeding 1MHz.
The output is generally in the form of current, for maximum
bandwidth (current-to-voltage conversion tends to reduce
bandwidth and is unnecessary in many applications). The user
can choose an appropriate external amplifier - or other circuitry
- to meet the needs of the application. The AD734 is a fourquadrant multiplier/divider with a 10 MHz full power bandwidth
and 0.15% satic accuracy specifications. The AD539 is a dual
multiplier/divider with two independent two-quadrant signal
channels (inputs Y1 and Y2) and a common X-input, which
provides linear control of gain for both channels. Signal bandwidth
is 30MHz and control bandwidth is 5MHz. The AD834 is a
four-quadrant multiplier with 500MHz large-signal bandwidth
and 0.5% static-accuracy specifications. It has differential X and
Y inputs and differential open-collector current output. For
1-volt inputs, its differential output current is ±4mA.
External Functional Configuration: Most of the devices listed
here can be used for multiplication, division, squaring and/or
square-rooting (MDSSR), by the appropriate connection of
external jumpers. Performance of pretrimmed devices is optimized
in specified modes of operation. The data sheets show how
devices are connected for the various modes of operation; where
appropriate, the suggested trim circuits and procedures for
optimizing performance are provided.
Technologies: The devices described in these two volumes are
monolithic integrated circuits. For any application, the user will
evaluate a device on the basis of its performance in the desired
mode(s). The pretrimmed ICs use laser trimming of thin-film-onsilicon chips at the wafer stage and buried-Zener reference cir
cuitry, as well as thermally balanced input stages and “core”
circuitry, for overall maximum errors as low as 0.15%, and high
linearities.

Performance: Multiplier performance, specifications and test
circuitry are described in great detail in the Nonlinear Circuits
Handbook. Here is a brief digest of the factors relating to lowfrequency performance.

An ideal multiplier has an output which is the product of two
input variables, X and Y, divided by the 10V scaling voltage.
However, the practical multiplier is subject to various offset
errors and nonlinearities which must be accounted for in its
application. This discussion is intended to assist the designer in
understanding and interpreting multiplier and divider specifica
tions and obtaining insight into device performance.

In practical (see the simplified single-ended multiplier in the
figure), a multiplier may be considered as having two parts, one
(M) contains the input circuitry and the multiplying cell; the
other is a gain-conditioning op amp, A.

Also summed at the op-amp input is the feedback variable, Z.
In multiplication, Z is connected to the output circuit. In division,
Z and X are the inputs, and Y is connected to the output. The
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Functional Block Diagram of Typical Multiplier/Divider

figure shows a model with 10-volt scale factor used for considering
errors. Xo and Yo are input offset voltages, Zo is the offset-referredto-the-input of the output amplifier, and f(X', Y') is the non
linearity, viewed as the departure from the ideal multiplication,
X'Y'
. The output equation, including the errors is of the form
XY

E° " Tob- ±
Product

rV
L 10B

±

Xoffsct

XY0
10B
^offset

Linear Feedthrough
“Y”
“X”

±

Zo

+

f(X,Y)]

Output Nonlinearity
and
offset
Feedthrough

The errors are included in the bracketed term, except for gain
error, which is the departure of “B”, the gain-error term, from
its nominal value of unity. The effects of input offsets (called
“linear feedthrough”) can be set to zero by adding external
input biases, the output offset can be set to zero by biasing the
output amplifier, and the gain can be externally calibrated by
adjusting the reference or the feedback resistance. The remaining
departure from the ideal output for any combination of input
values is the irreducible linearity error, or nonlinearity, a function
of X and Y that differs from device to device and, with temperature,
within a given device. The component of nonlinearity for X = 0
is called “Y feedthrough” and for Y = 0, it is called “X feedthrough”.

The “total error” specification includes the effects of all these
errors. Although a guide to performance, it may produce an
excessively conservative design in some applications. For example,
output offset is not important if the output is to be capacitively
coupled or the initial offset is nulled. Gain error is not important
if system gain is to be adjusted elsewhere in the system or if
gain is not a critical factor in system performance. If frequent
calibration of offset and scale-factor errors is available (e.g., in a
“smart” instrument, via software) nonlinearity becomes the
limiting parameter. In such cases, improvements in predicted
error can be achieved by using the approximate linearity
equation:
f(X,Y) = |Vx|ex + |Vy|ey

where ex and ey are the specified fractional linearity errors (%/100)
and Vx and Vy are the input signals.

When multipliers are fed back for use in division applications, it
is important to recognize that maximum multiplication errors
are increased approximately in proportion to the inverse of the
denominator voltage (10V/Vx), and bandwidth is decreased in
proportion to denominator voltage. Pretrimmed multipliers used
in such applications, with wide dynamic range of X (i.e., >10:1),
will always benefit greatly by the trimming of offsets, especially
Zo (affects offsets) and Xo (affects gain), for small values of X.

DEFINITIONS OF SPECIFICATIONS
*
Accuracy is defined in terms of total error of the multiplier at
room temperature and constant nominal supply voltage. Total
error includes the sum of the effects of input and output de
offsets, nonlinearity, and feedthrough. Temperature dependence
and supply-voltage effects are specified separately.
Scale Factor: The scale-factor error (or gain error) is the difference
between the average scale factor and the ideal scale factor (e.g.,
(10V)"1). It is expressed in percent of the output signal. Tem
perature dependence is specified.

Output Offset refers to the offset voltage at the output-amplifier
stage. This offset is usually minimized at manufacture and can
be trimmed where high accuracy is desired. Output offset vs.
temperature is also specified.
Linearity Error or Nonlinearity is the maximum difference between
actual and “best-straight-line” theoretical output, for all pairs of
input values, expressed as a percentage of full scale, with all
other de errors nulled. It is the irreducible minimum error. It is
usually expressed in terms of X and Y nonlinearity, with the
named input swinging over its full-scale range and the other
input at (±) 10V. Y nonlinearity is considerably less than X
nonlinearity in simple “Gilbert-cell” multipliers. This specification
includes nonlinear feedthrough.

and has a temperature specification'), and a nonlinear one, which
is irreducible. Feedthrough is usually specified at one frequency
(50Hz) for a 20V p-p sine wave input. It increases with frequency,
and plots of typical feedthrough vs. frequency are provided on
multiplier data sheets.
Noise is specified and measured with both inputs at zero signal
and zero impedance (i.e., shorted). For low-frequency applica
tions, filtering the output of the mulitplier may improve small
signal resolution significantly.

Dynamic Parameters include: small-signal bandwidth, full-power
response, slew(ing) rate, small-signal amplitude error and settling
time.

Small-Signal Bandwidth is the frequency at which the output is
down 3dB from its low-frequency value (i.e., by about 30%) for
a nominal output amplitude of 10% of full scale.
Full-Power Response is the maximum frequency at which the
multiplier can produce the full-scale voltage into its rated load
without noticeable distortion.
Slew(ing) Rate (V/p.s) is the maximum rate of change of output
voltage for the product of a full-scale de voltage and a full-scale
step input.

Small-Signal Amplitude Error is defined in relation to the frequency
at which the amplitude response, or scale-factor, is in error by
1%, measured with a small (10% of full-scale) signal.

Settling Time, for the product of a ± 10V step and 10V de, is
the total length of time the output takes to respond to an input
change and stay within some specified error band of its final
value. Settling time cannot be accurately predicted from any
other dynamic specifications; it is specified in terms of a prescribed
measurement.

X or Y Feedthrough is the signal at the output for any value of X
or Y input in the rated range, when the other input is zero. It
has two components, a linear one, corresponding to an input
offset at the zero input, which can be trimmed out (but can drift

Vector Error is the most sensitive measure of dynamic error. It is
usually specified in terms of the frequency at which a phase
error of 0.01 radians (0.57°) occurs.

AD734

BASIC RELATIONSHIP: (X, - X2) (Y, - Y2) - 10V (Zv Z2)
VKVy - 10V Eo

Multiplier

Eo(-Eo) • 10V V,

Divider

Square Rooter

•These are general definitions. Further definitions are provided as
footnotes to the Specifications tables; they should be read carefully.
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MODULATORS/DEMODULATORS
AD630 Balanced Modulator/Demodulator
The AD630 is a fast, flexible, switched dual-input op amp with
an on-chip comparator. Intended for wideband, low-level, and
wide-dynamic-range instrumentation applications and coherent
systems, it is capable of such analog signal-processing functions
as balanced modulator, balanced demodulator, absolute-value
amplifier, phase detector, square-wave multiplier and two-channel
precision multiplexer. It can be used as a lock-in amplifier,
synchronous detector, rectifier, dual-mode circuit, and much
more. Essentially a complete device with on-chip scaling resistors,
it can be used for these functions with little or no additional
circuitry.
CM OFF

CM OFF

DIFF OFF DIFF OFF
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As a lock-in amplifier, it can recover a 0.1-Hz sine wave, transmitted
as a modulation on a 400-Hz carrier, from a band-limited, clipped
white-noise signal approximately 100,000 times larger - a dynamic
range greater than lOOdB.
It consists of a frequency-compensated op-amp-output stage,
with two identical switched differential front ends (A and B), a
differential comparator that controls the switching and a set of
jumper-programmable matched precision resistors - trimmed to
produce closed-loop gain accuracies to ±0.015% and gain match
(between channels) to ±0.03%. When the net input to the
comparator is positive, front-end A will be selected; when the
comparator input is negative, front-end B is selected. A status
output indicates the state of the comparator.

►

ANALOG
DEVICES

FEATURES
Pretrimmed To ±1.0% (AD532K)
No External Components Required
Guaranteed ±1.0% max 4-Quadrant
Error (AD532K)
Diff Inputs For (Xj-X^ (Y-|-Y2)/10V
Transfer Function
Monolithic Construction, Low Cost

APPLICATIONS
Multiplication, Division, Squaring,
Square Rooting
Algebraic Computation
Power Measurements
Instrumentation Applications
Available in Chip Form

Internally Trimmed
Integrated Circuit Multiplier
AD532
AD532 PIN CONFIGURATIONS

OUT Z NC +V, V,

u v,
17 NC
16 Vo,

PRODUCT DESCRIPTION
The AD532 is the first pretrimmed single chip monolithic
multiplier/divider. It guarantees a maximum multiplying
error of ±1.0% and a ±10V output voltage without the need
for any external trimming resistors or output op amp. Because
the AD532 is internally trimmed, its simplicity of use provides
design engineers with an attractive alternative to modular
multipliers, and its monolithic construction provides
significant advantages in size, reliability and economy. Further,
the AD532 can be used as a direct replacement for other IC
multipliers that require external trim networks (such as the
AD53O).

FLEXIBILITY OF OPERATION
The AD532 multiplies in four quadrants with a transfer
function of(Xi~X2)(Yi—Y2)/10V, divides in two quadrants
with a 10VZ/(Xj—X2) transfer function, and square roots in
one quadrant with a transfer function of ± a/IOVZ. In addi
tion to these basic functions, the differential X and Y inputs
provide significant operating flexibility both for algebraic
computation and transducer instrumentation applications.
Transfer functions, such as XY/10V, (X2-Y2)/10V,±X2/
10V, and lOVZ^Xj—X2) are easily attained, and are ex
tremely useful in many modulation and function generation
applications, as well as in trigonometric calculations for
airborne navigation and guidance applications, where the
monolithic construction and small size of the ADS 32 offer
considerable system advantages. In addition, the high CMRR
(75dB) of the differential inputs makes the ADS 32 especially
well qualified for instrumentation applications, as it can
provide an output signal that is the product of two transducer
generated input signals.

16 NC
14 GND

NC X, NC NC X,

NC ARE NO CONNECT PINS

GUARANTEED PERFORMANCE OVER TEMPERATURE
The AD532J and AD532K are specified for maximum multi
plying errors of ±2% and ±1% of full scale, respectively at
+25°C, and are rated for operation from 0 to +70°C. The
AD5 32S has a maximum multiplying error of ±1% of full
scale at +25°C; it is also 100% tested to guarantee a maximum
error of ±4% at the extended operating temperature limits of
-55°C and +125°C. All devices are available in either the
hermetically-sealed TO-100 metal can, TO-116 ceramic DIP
or LCC packages. J, K and S grade chips are also available.

ADVANTAGES OF ON-THE-CHIP TRIMMING
OF THE MONOLITHIC AD532
1.
True ratiometric trim for improved power supply
rejection.
2.
Reduced power requirements since no networks
across supplies are required.
3.
More reliable since standard monolithic assembly
techniques can be used rather than more complex
hybrid approaches.
4.
High impedance X and Y inputs with negligible
circuit loading.
5.
Differential X and Y inputs for noise rejection and
additional computational flexibility.
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(@ + 25°C, Vs = ± 15V, R>2kfl VK grounded)

Model

Min

AD532J
Typ

Max

Min

AD532K
Typ

Max

Min

AD532S
Typ

Max

Units

MULTIPLIER PERFORMANCE

Total Error (- lOVstX, Ys + 10V)
TA = minto max
Total Error vs Temperature
Supply Rejection (± 15V ± 10%)
Nonlinearity, X (X = 20V pk-pk, Y = 10V)
Nonlinearity, Y (Y = 20V pk-pk, X = 10V)
Feedthrough, X (Y Nulled,
X = 20V pk-pk 50Hz)
Feedthrough, Y (X Nulled,
Y = 20V pk-pk 50Hz)
Feedthrough vs. Temp.
Feedthrough vs. Power Supply

(Xj-X2)(Y|- Y2)

(X -X2)(Y,- Y2)
10V
±0.7
±1.0
±1.5
±0.03
±0.05
±0.5
±0.2

(X|- X2)(Y,- Y2)
10V
±1.5
±2.0
±2.5
±0.04
±0.05
±0.8
±0.3

Transfer Function

10V
±0.5

±1.0
±4.0
±0.04

±0.01
±0.05
±0.5
±0.2

%
%
%AC

VM
%
%

50

200

30

100

30

100

mV

30
2.0
±0.25

150

25
1.0
±0.25

80

25
1.0
±0.25

80

mV
mV p-p/°C
mV/%

DYNAMICS
Small Signal BW (Vqut = 0.1 rms)
1% Amplitude Error
Slew Rate (Volt 20 pk-pk)
Settling Time (to 2%, AVOut = 20V)

1
75
45
1

1
75
45
1

1
75
45
1

MHz
kHz
V/ps
H-S

NOISE
Wideband Noise f = 5Hz to 10kHz
f=5Hzto5MHz

0.6
3.0

0.6
3.0

0.6
3.0

mV (rms)
mV (rms)

±13
1

V
n
mV

OUTPUT
Output Voltage Swing
Output Impedance
1kHz)
Output Offset Voltage
Output Offset Voltage vs. Temp.
Output Offset Voltage vs. Supply
INPUT AMPLIFIERS (X, Y and Z)
Signal Voltage Range (Diff. or CM
Operating Diff)
CMRR
Input Bias Current
X, Y Inputs
X, Y Inputs Tmia to Tjnax
Z Input
Z Input Tm,n toTm„
Offset Current
Differential Resistance

±10

±13
1
±40
0.7
±2.5

±13
1

±10

±10
±30

±30
2.0

0.7
±2.5

±10

±10

40

50

mV/%

±10

V
dB

50

3
10
±10
±30
±0.3
10

1.5
8
±5
±25
±0.1
10

4

1.5
8
±5
±25
±0.1
10

±15

mVI°C

±2.5

4

±15

|iA
M-A
P-A
M-A
P-A
MU

DIVIDER PERFORMANCE
Transfer Function (X j > X2)
Total Error
(Vx = - 10V, - 10VsVzs + 10V)
(Vx = - IV, - 10VsVzs + 10V)

10VZ/(X!-X2)

10VZ/(X|-X2)

±2
±4

10VZ>(X,-X2)

±1
±3

±1
±3

%
%

SQUARE PERFORMANCE
Transfer Function

Total Error

(x,-x2y
10V
±0.8

SQUARE-ROOTER PERFORMANCE
Transfer Function
Total Error (0VsVzs 10V)
POWER SUPPLY SPECIFICATIONS
Supply Voltage
Rated Performance
Operating
Supply Current
Quiescent

PACKAGE OPTIONS1
TO-116(D-14)
TO-lOO(H-lOa)
LCC(E-20A)

(X,-X2H
10V
±0.4

-Viovz

-V10VZ
±1.5

±15
±18

4

6

AD532JD
AD532JH

NOTE
1 Set Section 20 for package outline information.
Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final electr
ical test. Results from those tests are used to calculate outgoing quality levels.
All min and max specifications are guaranteed, although only those shown
in boldface arc tested on all production units.
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±10

AD532KD
AD532KH

%

±15
±18

4

%

-V10VZ
±1.0

±1.0

±15

±10

(Xi-Xj?
10V
±0.4

±10

6

4

AD532SD
AD532SH
AD532SE

±22

V
V

6

mA

AD532
FUNCTIONAL DESCRIPTION
The functional block diagram for the AD532 is shown in
Figure 1, and the complete schematic in Figure 2. In the
multiplying and squaring modes, Z is connected to the output
to close the feedback around the output op amp. (In the
divide mode, it is used as an input terminal.)

The X and Y inputs are fed to high impedance differential
amplifiers featuring low distortion and good common mode
rejection. The amplifier voltage offsets are actively laser
trimmed to zero during production. The product of the two
inputs is resolved in the multiplier cell using Gilbert’s
linearized transconductance technique. The cell is laser
trimmed to obtain Vout = (X^—X2XY1— Y2VIO volts.
The built-in op amp is used to obtain low output impedance
and make possible self-contained operation. The residual
output voltage offset can be zeroed at
in critical applica
tions .... otherwise the
pin should be grounded.

Figure 1. Functional Block Diagram

ORDERING GUIDE

Temperature
Range

Header (H)

Sidebrazed
DIP

Commercial
0 to +70°C

AD532JH
AD532KH

AD532JD
AD532KD

Military
-55°C to +125°C

AD532SH
AD532SH/883B

AD532SD
AD532SD/883B

Leadless
Chip Carrier (E)

Thermal Characteristics.

Chips
AD532J, K

AD532SE
AD532SE/883B

Thermal Characteristics 0JC
eJA
0JC
0JA

=
=
=
=

25°C/W for H-10A
150°C for H-10A
22°C/W for D-14 or E-20A
85°C/W for D-14 or E-20A

AD532S

CHIP DIMENSIONS AND BONDING DIAGRAM
Contact factory for latest dimensions.
Dimensions shown in inches and (mm).
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AD532 PERFORMANCE CHARACTERISTICS
Multiplication accuracy is defined in terms of total error at
+25°C with the rated power supply. The value specified is in
percent of full scale and includes Xjn and Yjn nonlinearities,
feedback and scale factor error. To this must be added such
application-dependent error terms as power supply rejection,
common mode rejection and temperature coefficients
(although worst case error over temperature is specified for
the AD532S). Total expected error is the rms sum of the
individual components, since they are uncorrelated.

AC FEEDTHROUGH
AC Feedthrough is a measure of the multiplier’s zero
suppression. With one input at zero, the multiplier output
should be zero regardless of the signal applied to the other
input. Feedthrough as a function of frequency for the
AD532 is shown in Figure 5. It is measured for the condition
Vx = 0, Vy = 20V(p-p) and Vy = 0, Vx = 20V(p-p) over the
given frequency range. It consists primarily of the second
harmonic and is measured in millivolts peak-to-peak.

Accuracy in the divide mode is only a little more complex. To
achieve division, the multiplier cell must be connected in the
feedback of the output op amp as shown in Figure 13. In this
configuration, the multiplier cell varies the closed loop gain of
the op amp in an inverse relationship to the denominator
voltage. Thus, as the denominator is reduced, output offset,
bandwidth and other multiplier cell errors are adversely af
fected. The divide error and drift are then em • lOV/Xj—X2)
where em represents multiplier full scale error and drift, and
(Xj—X2) is the absolute value of the denominator.
NONLINEARITY
Nonlinearity is easily measured in percent harmonic distortion.
The curves of Figures 3 and 4 characterize output distortion as
a function of input signal level and frequency respectively,
with one input held at plus or minus 10V de. In Figure 4 the
sine wave amplitude is 20V(p-p).

1

234
56
7
89XJT112
PEAK SIGNAL AMPLITUDE VoH«

13

FREQUENCY

Hz

Figure 5. Feedthrough vs. Frequency

COMMON MODE REJECTION
The AD5 32 features differential X and Y inputs to enhance
its flexibility as a computational multiplier/divider. Common
mode rejection for both inputs as a function of frequency is
shown in Figure 6. It is measured with Xj = X2 = 20V(p-p),
(Yj—Y2) = ±10Vdc and Yj = Y2 = 20V(p-p), (Xi-X2) =
±10V de.

14

Figure 3. Percent Distortion vs. Input Signa!

Figure 4. Percent Distortion vs. Frequency
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Figure 7. Frequency Response, Multiplying

Applying the AD532
DYNAMIC CHARACTERISTICS
The closed loop frequency response of the ADS 32 in the
multiplier mode typically exhibits a 3dB bandwidth of
1MHz and rolls off at 6dB/octave thereafter. Response
through all inputs is essentially the same as shown in
Figure 7. In the divide mode, the closed loop frequency
response is a function of the absolute value of the
denominator voltage as shown in Figure 8.

Stable operation is maintained with capacitive loads to
lOOOpF in all modes, except the square root for which
50pF is a safe upper limit. Higher capacitive loads can be
driven if a 100S2 resistor is connected in series with the
output for isolation.

Figure 8. Frequency Response, Dividing

POWER SUPPLY CONSIDERATIONS
Although the AD532 is tested and specified with ±15V de
supplies, it may be operated at any supply voltage from
±10V to ±18V for the J and K versions and ±10V to ±22V
for the S version. The input and output signals must be
reduced proportionately to prevent saturation, however,
with supply voltages below ±15V, as shown in Figure 9.
Since power supply sensitivity is not dependent on external
null networks as in the AD5 30 and other conventionally
nulled multipliers, the power supply rejection ratios are
improved from 3 to 40 times in the AD532.

Figure 10. Spot Noise vs. Frequency

APPLICATIONS CONSIDERATIONS
The performance and ease of use of the AD5 32 is achieved
through the laser trimming of thin film resistors deposited
directly on the monolithic chip. This trimming-on-the-chip
technique provides a number of significant advantages in
terms of cost, reliability and flexibility over conventional
in-package trimming of off-the-chip resistors mounted or
deposited on a hybrid substrate.

First and foremost, trimming on the chip eliminates the
need for a hybrid substrate and the additional bonding wires
that are required between the resistors and the multiplier
chip. By trimming more appropriate resistors on the AD532
chip itself, the second input terminals that were once
committed to external trimming networks (e.g., AD53O) have
been freed to allow fully differential operation at both the X
and Y inputs. Further, the requirement for an input
attenuator to adjust the gain at the Y input has been
eliminated, letting the user take full advantage of the high
input impedance properties of the input differential amplifiers.
Thus, the ADS 32 offers greater flexibility for both algebraic
computation and transducer instrumentation applications.

Finally, provision for fine trimming the output voltage offset
has been included. This connection is optional, however, as
the AD532 has been factory-trimmed for total performance
as described in the listed specifications.
REPLACING OTHER IC MULTIPLIERS
Existing designs using IC multipliers that require external
trimming networks (such as the AD5 30) can be simplified
using the pin-for-pin replaceability of the AD532 by merely
grounding the X2, Yj and Vos terminals. (The Vos terminal
should always be grounded when unused.)

APPLICATIONS
MULTIPLICATION

NOISE CHARACTERISTICS
All AD532s are screened on a sampling basis to assure that
output noise will have no appreciable effect on accuracy.
Typical spot noise vs. frequency is shown in Figure 10.

Figure 11. Multiplier Connection
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For operation as a multiplier, the AD532 should be connected
as shown in Figure 11. The inputs can be fed differentially to
the X and Y inputs, or single-ended by simply grounding the
unused input. Connect the inputs according to the desired
polarity in the output. The Z terminal is tied to the output
to close the feedback loop around the op amp (see Figure 1).
The offset adjust Vos is optional and is adjusted when both
inputs are zero volts to obtain zero out, or to buck out other
system offsets.

SQUARE ROOT

Figure 14. Square Rooter Connection

Figure 12. Squarer Connection

The squaring circuit in Figure 12 is a simple variation of the
multiplier. The differential input capability of the AD532 can
be used, however, to obtain a positive or negative output
response to the input....a useful feature for control
applications, as it might eliminate the need for an additional
inverter somewhere else.

The connections for square root mode are shown in
Figure 14. Similar to the divide mode, the multiplier cell is
connected in the feedback of the op amp by connecting the
output back to both the X and Y inputs. The diode D] is
connected as shown to prevent latch-up as Zjn approaches
0 volts. In this case, the Vos adjustment is made with
Zin = +0.1V de, adjusting Vos to obtain -1.0V de in the
output, Vout = — V10VZ. For optimum performance, gain
(S.F.) and offset (Xo) adjustments are recommended as
shown and explained in Table I.

DIFFERENCE OF SQUARES

DIVISION

Figure 15. Differential of Squares Connection

Figure 13. Divider Connection

The AD5 32 can be configured as a two-quadrant divider by
connecting the multiplier cell in the feedback loop of the
op amp and using the Z terminal as a signal input, as shown
in Figure 13. It should be noted, however, that the output
error is given approximately by 10Vem/(Xi—X2), where em
is the total error specification for the multiply mode; and
bandwidth by fm • (Xj—X2)/10V, where fm is the band
width of the multiplier. Further, to avoid positive feedback,
the X input is restricted to negative values. Thus for singleended negative inputs (OV to -10V), connect the input to X
and the offset null to X2; for single-ended positive inputs
(OV to +10V), connect the input to X2 and the offset null
to Xj. For optimum performance, gain (S.F.) and offset (Xq)
adjustments are recommended as shown and explained in
Table I.
For practical reasons, the useful range in denominator input
is approximately 500mV < | (Xj—X2) I < 10V. The voltage
offset adjust (Vos), if used, is trimmed with Z at zero and
(Xj—X2) at full scale.
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The differential input capability of the AD532 allows for the
algebraic solution of several interesting functions, such as
the difference of squares, X2—Y2/10V. As shown in Figure 15,
the AD5 32 is configured in the square mode, with a simple
unity gain inverter connected between one of the signal
inputs (Y) and one of the inverting input terminals (—Yjn)
of the multiplier. The inverter should use precision (0.1%)
resistors or be otherwise trimmed for unity gain for best
accuracy.

TABLE I

ADJUST PROCEDURE (Divider or Square Rooter)
DIVIDER

With:
Adjust
X
Z
Scale Factor -10V +10V
Xo (Offset) -IV +0.1V

Repeat if required.

Adjust for:
Vout
-10V
-IV

SQUARE ROOTER
With: Adjust for:

+10V
+0.1V

Vout
-10V
-IV

ANALOG
DEVICES
FEATURES
Pretrimmed to ±0.25% max 4-Quadrant Error (AD534L)
All Inputs (X, Y and Z) Differential, High Impedance for
[(X! -X2 XV(-Y2 )/10V] +Z2 Transfer Function
Scale-Factor Adjustable to Provide up to X100 Gain
Low Noise Design: 90pV rms, 10Hz-10kHz
Low Cost, Monolithic Construction
Excellent Long Term Stability
APPLICATIONS
High Quality Analog Signal Processing
Differential Ratio and Percentage Computations
Algebraic and Trigonometric Function Synthesis
Wideband, High-Crest rms-to-dc Conversion
Accurate Voltage Controlled Oscillators and Filters
Available in Chip Form

PRODUCT DESCRIPTION
The AD534 is a monolithic laser trimmed four-quadrant multi
plier divider having accuracy specifications previously found
only in expensive hybrid or modular products. A maximum
multiplication error of ±0.25% is guaranteed for the AD5 34L
without any external trimming. Excellent supply rejection, low
temperature coefficients and long term stability of the on-chip
thin film resistors and buried zener reference preserve accuracy
even under adverse conditions of use. It is the first multiplier
to offer fully differential, high impedance operation on all in
puts, including the Z-input, a feature which greatly increases
its flexibility and ease of use. The scale factor is pretrimmed
to the standard value of 10.00V; by means of an external resis
tor, this can be reduced to values as low as 3 V.

The wide spectrum of applications and the availability of sev
eral grades commend this multiplier as the first choice for all
new designs. The AD5 34J (±1% max error), AD5 34K (±0.5%
max) and AD5 34L (±0.25% max) are specified for operation
over the 0 to +70°C temperature range. The AD5 34S (±1% max)
and AD5 34T (±0.5% max) are specified over the extended
temperature range, -55°C to +125°C. All grades are available
in hermetically sealed TO-100 metal cans and TO-116 ceramic
DIP packages. AD5 34J, K, S and T chips are also available.

PROVIDES GAIN WITH LOW NOISE
The AD5 34 is the first general purpose multiplier capable of
providing gains up to X100, frequently eliminating the need
for separate instrumentation amplifiers to precondition the
inputs. The AD534 can be very effectively employed as a
variable gain differential input amplifier with high common
mode rejection. The gain option is available in all modes, and
will be found to simplify the implementation of many function
fitting algorithms such as those used to generate sine and tan-

Internally Trimmed
Precision IC Multiplier
AD534
AD534 PIN CONFIGURATIONS

TO-116 (D-14)
Package

TO-lOO (H-10A)
Package

77] +Vs

XI

~13~| NC

X2 |~2~

77] OUT

NC |T

AD534

SF [T

TOP VIEW
(Not to Scale)

NC [~5~

77] zi

7o~| Z2

Y1 [~6~

77] nc

Y2 |~7~

T] -vs

NC = NO CONNECT

LCC (E-20A)
Package

NC = NO CONNECT

gent. The utility of this feature is enhanced by the inherent low
noise of the AD534: 90juV, rms (depending on the gain), a
factor of 10 lower than previous monolithic multipliers. Drift
and feedthrough are also substantially reduced over earlier
designs.

UNPRECEDENTED FLEXIBILITY
The precise calibration and differential Z-input provide a
degree of flexibility found in no other currently available mul
tiplier. Standard MDSSR functions (multiplication, division,
squaring, square-rooting) are easily implemented while the
restriction to particular input/output polarities imposed by
earlier designs has been eliminated. Signals may be summed in
to the output, with or without gain and with either a positive
or negative sense. Many new modes based on implicit-function
synthesis have been made possible, usually requiring only ex
ternal passive components. The output can be in the form of a
current, if desired, facilitating such operations as integration.
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SPECIFICATIONS

*=+25°C,
(T

Model

±VS = 15V, R>2kfl)

AD534J
Typ

Min

Max

Min

AD534K
Typ

Max

Min

AD534L
Typ

Max

Units

MULTIPLIER PERFORMANCE

(X -X2)(Y,-

Transfer Function

10V

Total Error'(- IOVsX, Ys+ I0V)
TA^min to max
Total Error vs Temperature
Scale Factor Error
(SF = 10.000V Nominal)2

(X -X2)(Y,-Y2)

Yj) ++ zz 2

10V

±1.0

Temperature-Coefficient of
Scaling Voltage
Supply Rejection (± 15 V ± IV)
Nonlinearity, X (X - 20V pk-pk, Y = 10V)
Nonlinearity, Y(Y = 20V pk-pk, X = 10V)
Feedthrough3, X (Y Nulled,

,
+Zj

(X -X2)(Y,-Y2)
10V
+Zj

±0.5

±0.25

±1.5
±0.022

±1.0
±0.015

±0.5
±0.008

%
%
%/°C

±0.25

±0.1

±0.1

%

±0.02
±0.01
±0.4
±0.2

±0.01
±0.01
±0.2
±0.1

±0.3
±0.1

we

±0.005
±0.01
±0.10
±0.005

%
%
%

±0.12
±0.1

X = 20V pk-pk 50Hz)
Feedthrough3, Y (X Nulled,

±0.3

±0.15

±0.3

±0.05

±0.12

%

Y-20V pk-pk 50Hz)
Output Offset Voltage
Output Offset Voltage Drift

±0.01
±5
200

±0.01
±2
100

±0.1
±15

±0.003
±2
100

±0.1
±10

%
mV

DYNAMICS
Small Signal BW, (VOut “ 0-1 rms)

Wideband Noise f = 10Hz to 5MHz
f= lOHztolOkHz
OUTPUT
Output Voltage Swing
Output Impedance (fs 1kHz)
Output Short Circuit Current
(Rl. ~ 0, TA = min to max)
Amplifier Open Loop Gain (f = 50Hz)

nvrc

1
50
20
2

1
50
20
2

1
50
20
2

MHz
kHz
V/jxs
|1S

0.8
0.4
1
90

0.8
0.4
1
90

0.8
0.4
1
90

pV/VHz
pV/VHz

mV/rms
p.V/rms

1% Amplitude Error (Cload = lOOOpF)
Slew Rate (Vqut 20 pk-pk)
Settling Time (to 1%, A Volt = 20 V)
NOISE
Noise Spectral-Density SF = 10V
SF = 3V4

±30

±11

±11

±11

V

0.1

0.1

0.1

n

30
70

30
70

30
70

mA
dB

± 10
±12
±2
50
±2
100
90
0.8
0.1
10

±10
± 12
±2
50
±2
100
90
0.8
0.05
10

V
V
mV

INPUT AMPLIFIERS (X, Y and Z)s

Signal Voltage Range (Diff. or CM
Operating Diff.)
Offset Voltage X, Y
Offset Voltage Drift X, Y
Offset Voltage Z
Offset Voltage Drift Z
CMRR
Bias Current
Offset Current
Differential Resistance

±10
± 12
±5
100
±5
200
80
0.8
0.1
10

60

±20

±30
70
2.0

±10
±15

70

2.0

±10

p.vrc
±10

2.0
0.2

mV
pV/°C
dB
p.A

MO

DIVIDER PERFORMANCE
(Zj-Zi) + y

Transfer Function (Xj>X2)

10V

(Zi-z.) Y
10V (X,-X2)+r'

(X,-X2)+I'

Total Error1 (X = 10V, - 10VsZ< + 10V)

(X-1V,-IVsZs + IV)
(O.lVsXrslOV,-10VS
ZtslOV)

Y
10V (x,-x2rI]

±0.75
±2.0

±0.35
±1.0

±0.2
±0.8

%
%

±2.5

±1.0

±0.8

%

SQUARE PERFORMANCE

(X, -X^+z,

(X,
Transfer Function
Total Error( -

10V

IOVsXsIOV)

±0.6

SQUARE-ROOTER PERFORMANCE
Transfer Function (Z1 Z2)
Total Error1 (1 V<Z< 10V)
POWER SUPPLY SPECIFICATIONS
Supply Voltage
Rated Performance
Operating
Supply Current
Quiescent

(X,

10V

V10V(Z2

Z,) + X2

±1.0

±15

±8

6

‘

±0.2

V10V(Z2-Z.) + X,

V'10V(Z,-Z,) + X,

±0.5

±0.25

±15
±18

4

10V
±0.3

±8

%

±15
±18

4

%

6

±8

±18

4

6

V
V
mA

PACKAGE OPTIONS6

TO-IOO(H-IOA)
TO-116(D-14)
Chips

AD534JH
AD534JD
AD534J Chips

NOTES
'Figures given are percent of full scale, ± 10V (i.e., 0.01% = lmV).
2 May be reduced down to 3V using external resistor between - Vs and SF.
’Irreducible component due to nonlinearity: excludes effect of offsets.
4Using external resistor adjusted to give SF = 3V.
’See functional block diagram for definition of sections.
6See Section 20 for package outline information.

Specifications subject to change without notice.
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AD534KH
AD534KD
AD534K Chips

AD534I.H
AD534LD

Specifications shown in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.

AD534
AD534S

Model
Min

Typ

AD534T
Max

Min

Typ

Max

Units

MULTIPLIER PERFORMANCE

Total Error1 (- lOVsX, Ys + 10V)

±1.0
±2.0
±0.02

TA = min to max
Total Error vs Temperature
Scale Factor Error
(SF = 10.000V Nominal)2

%/°c

±0.3
±0.1

%
%
%

±0.3

±0.15

±0.3

%

±0.01
±5

±0.01
±2

±0.1
±15

%
mV
pV/°C

Y= 20V pk-pk 50Hz)
Output Offset Voltage
Output Offset Voltage Drift

Wideband Noise f = 10Hz to 5MHz
f= lOHzto 10kHz

%

±0.1

±0.01
±0.2
±0.1

X = 20V pk-pk 50Hz)
Feedthrough’, Y(X Nulled,

NOISE
Noise Spectral-Density SF = 10V
*
SF=3V

%
%
%/“C

±0.005

±0.02
±0.01
±0.4
±0.2

DYNAMICS
Small Signal BW, (VOut = 0.1 rms)
1% Amplitude Error (Ci.oad “ lOOOpF)
Slew Rate (Vout 20 pk-pk)
Settling Time (to 1%, AVout = 20V)

„
Zj

±0.5
±1.0
±0.01

±0.25

Temperature-Coefficient of
Scaling Voltage
Supply Rejection (± 15V ± IV)
Nonlinearity, X (X = 20V pk-pk, Y = 10V)
Nonlinearity, Y (Y = 20V pk-pk, X = 10V)
Feedthrough’, X(Y Nulled,

OUTPUT
Output Voltage Swing
Output Impedance (f^ 1kHz)
Output Short Circuit Current
(Ri. = 0, Ta = min to max)
Amplifier Open Loop Gain (f = 50Hz)

(X,-X2)(Y,-Y2)
10V

(Xj-XzXY.-Y,) ,
10V
+ Zj

Transfer Function

±30
500

300

1
50
20
2

1
50
20
2

MHz
kHz
V/ps
JIS

0.8
0.4
1.0
90

0.8
0.4
1.0
90

mV/rms
H.V/rms

0.1

0.1

V
fl

30
70

30
70

mA
dB

pV/VHz

pV/Vliz

±11

±11

INPUT AMPLIFIERS (X, Y and Z)5

Signal Voltage Range (Diff. or CM
Operating Diff.)
Offset Voltage X,Y
Offset Voltage Drift X,Y
Offset Voltage Z
Offset Voltage Drift Z
CMRR
Bias Current
Offset Current
Differential Resistance

±10
±12
±5
100
±5
60

±10
± 12
±2
150
±2

±20

±30
500

±15
300

90
0.8
0.1
10

70

80
0.8
0.1
10

±10

2.0

2.0

V
V
mV
pV/°C
mV
pV/°C
dB
jiA
p.A
MH

DIVIDER PERFORMANCE

(Z2-Z|) +Y'
,0Vfefe

(Z2-Z|)

Transfer Function (X ( >X2)

10V(x7^)+Y1

Total Error1 (X = 10V, - lOVsZs + 10V)

(X = IV, - lVsZs + IV)
(O.lVrsXtslOV, - lOVs
ZslOV)

±0.75
±2.0

±0.35
±1.0

%
%

±2.5

±1.0

%

SQUARE PERFORMANCE

Transfer Function

(Xl-XzH
10V

Total Error (- IOVsXsIOV)

SQUARE-ROOTER PERFORMANCE
Transfer Function (Z, s Z2)
Total Error1 (1V<Z<1OV)
POWER SUPPLY SPECIFICATIONS
Supply Voltage
Rated Performance
Operating
Supply Current
Quiescent

(Xt-x2y
10V

Z’

,
Zj

%

±0.6

±0.3

V10V(Z2-Z,) + X2

V1OV(Z2-Z!) + X2

±1.0

±0.5

±22

V
V

6

mA

±15

±15
±8

±22

4

%

6

±8
4

PACKAGE OPTIONS6

TO-IOO(H-IOA)
TO-116(D-14)
E-20A
Chips

AD534SH
AD534SD
AD534SE
AD534S Chips

NOTES
‘Figures given arc percent of full scale, ± 10V(i.e.,0.01% = lmV).
2May be reduced down to 3 V using external resistor between - V$ and SF.
’Irreducible component due to nonlinearity: excludes effect of offsets.
4Using external resistor adjusted to give SF = 3V.
5 See functional block diagram for definition of sections.
6See Section 20 for package outline information.

AD534TH
AD534TD
AD534TE
AD534T Chips

Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All
min and max specifications are guaranteed, although only those shown in
boldface are tested on all production units.

Specifications subject to change without notice.
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CHIP DIMENSIONS AND BONDING DIAGRAM

FUNCTIONAL DESCRIPTION

Dimensions shown in inches and (mm).
Contact factory for latest dimensions.
+Vs

X,

Figure 1 is a functional block diagram of the AD534. Inputs
are converted to differential currents by three identical voltageto-current converters, each trimmed for zero offset. The prod
uct of the X and Y currents is generated by a multiplier cell
using Gilbert’s translinear technique. An on-chip “Buried
Zener” provides a highly stable reference, which is laser trim
med to provide an overall scale factor of 10V. The differ
ence between XY/SF and Z is then applied to the high gain
output amplifier. This permits various closed loop configura
tions and dramatically reduces nonlinearities due to the input
amplifiers, a dominant source of distortion in earlier designs.
The effectiveness of the new scheme can be judged from the
fact that under typical conditions as a multiplier the nonlinear
ity on the Y input, with X at full scale (±10V), is ±0.005% of
F.S.; even at its worst point, which occurs when X = ±6.4V,
it is typically only ±0.05% of F.S. Nonlinearity for signals
applied to the X input, on the other hand, is determined al
most entirely by the multiplier element and is parabolic in
form. This error is a major factor in determining the overall
accuracy of the unit and hence is closely related to the
device grade.

OUT

THE AO534 IS AVAILABLE IN LASER TRIMMED CHIP FORM

ABSOLUTE MAXIMUM RATINGS
AD534J, K, L

AD534S, T

Supply Voltage
Internal Power Dissipation
Output Short-Circuit to Ground
Input Voltages, Xj X2 Yj Y2 Zj Z2
Rated Operating Temperature Range

±18V
500mW
Indefinite
±VS
0 to +70 C

±22V

Storage Temperature Range
Lead Temperature, 60s soldering

-65°C to +150°C
+300°C

♦

•
*
-55°C to
+125°C
•
•

•Same as AD534J specs.

OPTIONAL TRIMMING CONFIGURATION
Figure 1. AD534 Functional Block Diagram

The generalized transfer function for the AD534 is given by:
„
/(Xj - X2) (Yj - Y2)
\
Vout = A^------- —-------- - (Z1 - z2))

TO APPROPRIATE
INPUT TERMINAL

A = open loop gain of output amplifier, typically
70dB at de

where

Thermal Characteristics.
Thermal ResistanceOjc =
0JA =
0jc =
0JA =

X, Y, Z = input voltages (full scale = ±SF, peak=
±1.25SF)

25°C/W for H-10A
150°C/W for H-10A
25°C/W for D-14 or E-20A
95°C/W for D-14 or E-20A

SF = scale factor, pretrimmed to 10.00V but
adjustable by the user down to 3 V.

ORDERING GUIDE

Header (H)

Sidebrazed
DIP(D)

0 to + 70°C

AD534JH
AD534KH
AD534LH

AD534JD
AD534KD
AD534LD

- 55°Cto + 125°C

AD534SH
AD534SH/883B
AD534TH
AD534TH/883B

AD534SD
AD534SD/883B
AD534TD
AD534TD/883B

Temperature
Range
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Leadless Chip
Carrier (E)

Chips
AD534J, K Chips

AD534SE
AD534SE/883B
AD534TE
AD534TE/883B

AD534S,T Chips

AD534
In most cases the open loop gain can be regarded as infinite,
and SF will be 10V. The operation performed by the AD534,
can then be described in terms of equation:

(Xj -x2)(Yx -y2)= iov(Zi -z2)
The user may adjust SF for values between 10.00V and 3 V by
connecting an external resistor in series with a potentiometer
between SF and -Vg. The approximate value of the total resist
ance for a given value of SF is given by the relationship:
SF

Rsf = 5.4K ——---10 - SF
Due to device tolerances, allowance should be made to vary
RSp by ±25% using the potentiometer. Considerable reduction
in bias currents, noise and drift can be achieved by decreasing
SF. This has the overall effect of increasing signal gain with
out the customary increase in noise. Note that the peak input
signal is always limited to 1.25SF (i.e., ±5V for SF = 4V) so the
overall transfer function will show a maximum gain of 1.25.
The performance with small input signals, however, is improved
by using a lower SF since the dynamic range of the inputs is
now fully utilized. Bandwidth is unaffected by the use of this
option.

Supply voltages of ±15V are generally assumed. However, satis
factory operation is possible down to ±8V (see curve 1). Since
all inputs maintain a constant peak input capability of ±1.25SF
some feedback attenuation will be necessary to achieve output
voltage swings in excess of ±12V when using higher supply
voltages.

OPERATION AS A MULTIPLIER
Figure 2 shows the basic connection for multiplication. Note
that the circuit will meet all specifications without trimming.
X INPUT
±10V FS
±12V PK

♦V,

Xi

♦ 15V

x2
OUTPUT. ±12V PK
■ <X1-X,)(Y1.Y2)

OUT

10V

AD534

SF

Zl
_ _____
*

z2

Y INPUT
±10V FS
±12V PK

OPTIONAL SUMMING
INPUT, Z. ±10V PK

Yl

*2

-V,

-16V

Figure 2. Basic Multiplier Connection

In some cases the user may wish to reduce ac feedthrough to
a minimum (as in a suppressed carrier modulator) by applying
an external trim voltage (±30mV range required) to the X or Y
input (see Optional Trimming Configuration, page 3). Curve 4
shows the typical ac feedthrough with this adjustment mode.
Note that the Y input is a factor of 10 lower than the X input and
should be used in applications where null suppression is critical.

The high impedance Z, terminal of the AD534 may be used to
sum an additional signal into the output. In this mode the output
amplifier behaves as a voltage follower with a 1MHz small signal
bandwidth and a 20V/ps slew rate. This terminal should
always be referenced to the ground point of the driven system,
particularly if this is remote. Likewise the differential inputs
should be referenced to their respective ground potentials to
realize the full accuracy of the AD5 34.

A much lower scaling voltage can be achieved without any
reduction of input signal range using a feedback attenuator as
shown in Figure 3. In this example, the scale is such that
Vqut ~ XY, so rbat the circuit can exhibit a maximum gain of
10. This connection results in a reduction of bandwidth to
about 80kHz without the peaking capacitor Cp = 200pF. In
addition, the output offset voltage is increased by a factor of
10 making external adjustments necessary in some applications.
Adjustment is made by connecting a 4.7MS2 resistor between
Z1 and the slider of a pot connected across the supplies to
provide ±300mV of trim range at the output.
Feedback attenuation also retains the capability for adding a
signal to the output. Signals may be applied to the high impedX INPUT
+10V FS
±12V PK

V INPUT
±10V FS
±12V PK

Figure 3. Connections for Scale-Factor of Unity

ance Z2 terminal where they are amplified by +10 or to the
common ground connection where they are amplified by +1.
Input signals may also be applied to the lower end of the 10k£2
resistor, giving a gain of -9. Other values of feedback ratio, up
to X100, can be used to combine multiplication with gain.
Occasionally it may be desirable to convert the output to a
current, into a load of unspecified impedance or de level. For
example, the function of multiplication is sometimes followed
by integration; if the output is in the form of a current, a simple
capacitor will provide the integration function. Figure 4 shows
how this can be achieved. This method can also be applied in
squaring, dividing and square rooting modes by appropriate
choice of terminals. This technique is used in the voltage-con
trolled low-pass filter and the differential-input voltage-tofrequency converter shown in the Applications Section.

X INPUT — X,
‘10V F.S.
♦12V PK
Xj

♦Vs

CURRENT-SENSING
RESISTOR, R$,2kft MIN

z
AD534
SF

Za

Y INPUT “““l Y,
±10V F.S.
±12VPK ________
Y2

f HP

’

Zl

-Vs

----- w>-----

1

-----------1

►

>OUT ■
(X, -X2)(Y, -Yj) . 1
10V
RS

,
1
I
1

INTEGRATOR
CAPACITOR
I
(SEE TEXT) \

Figure 4. Conversion of Output to Current

ANALOG MULTIPLIERS/DIVIDERS 6-17

OPERATION AS A SQUARER
Operation as a squarer is achieved in the same fashion as the
multiplier except that the X and Y inputs are used in parallel.
The differential inputs can be used to determine the output
polarity (positive for Xj = Yj and X2 = Y2, negative if either
one of the inputs is reversed). Accuracy in the squaring mode
is typically a factor of 2 better than in the multiplying mode,
the largest errors occurring with small values of output for
input below IV.

If the application depends on accurate operation for inputs
that are always less than ±3V, the use of a reduced value of
SF is recommended as described in the FUNCTIONAL
DESCRIPTION section (previous page). Alternatively, a feed
back attenuator may be used to raise the output level. This is
put to use in the difference-of-squares application to compen
sate for the factor of 2 loss involved in generating the sum
term (see Figure 7).
The difference-of-squares function is also used as the basis for
a novel rms-to-dc converter shown in Figure 14. The averaging
filter is a true integrator, and the loop seeks to zero its input.
For this to occur, (VjN)2 - (Vqut)2 ~ 0 (for signals whose
period is well below the averaging time-constant). Hence Vout
is forced to equal the rms value of Vin. The absolute accuracy
of this technique is very high; at medium frequencies, and for
signals near full scale, it is determined almost entirely by the
ratio of the resistors in the inverting amplifier. The multiplier
scaling voltage affects only open loop gain. The data shown is
typical of performance that can be achieved with an AD5 34K,
but even using an AD534J, this technique can readily provide
better than 1% accuracy over a wide frequency range, even for
crest-factors in excess of 10.

OPERATION AS A DIVIDER
The AD535, a pin for pin functional equivalent to the AD534,
has guaranteed performance in the divider and square-rooter
configurations and is recommended for such applications.
Figure 5 shows the connection required for division. Unlike
earlier products, the AD534 provides differential operation on
both numerator and denominator, allowing the ratio of two
floating variables to be generated. Further flexibility results
from access to a high impedance summing input to Yj. As with
all dividers based on the use of a multiplier in a feedback loop,
the bandwidth is proportional to the denominator magnitude,
as shown in curve 8.
Without additional trimming, the accuracy of the AD534K and
L is sufficient to maintain a 1% error over a 10V to IV denomi
nator range. This range may be extended to 100:1 by simply
reducing the X offset with an externally generated trim voltage
(range required is ±3.5mV max) applied to the unused X input
(see Optional Trimming Configuration). To trim, apply a
ramp of +100mV to +V at 100Hz to both Xj and Zj (if X2
is used for offset adjustment, otherwise reverse the signal po
larity) and adjust the trim voltage to minimize the variation in
the output.
*

XINPUT
(DENOMINATOR)
♦ 10V FS
♦ 12V PK

♦ 15V

♦Vs

Xi

OUTPUT. 112V PK
. 10VIZ; -Z,)
(X,-Xj)
’

X2

AD534

Zl

SF
OPTIONAL
SUMMING INPUT
110V PK
------- •-------I
I

Z-INPUT
(NUMERATOR)
110V FS. 112V PK

Z2

Vi
-15V

-Vs

Y2

Figure 5. Basic Divider Connection

Since the output will be near +10V, it should be ac-coupled for
this adjustment. The increase in noise level and reduction in
bandwidth preclude operation much beyond a ratio of 100
to 1.

As with the multiplier connection, overall gain can be intro
duced by inserting a simple attenuator between the output and
Yj terminal. This option, and the differential-ratio capability
of the AD534 are utilized in the percentage-computer applica
tion shown in Figure 11. This configuration generates an out
put proportional to the percentage deviation of one variable
(A) with respect to a reference variable (B), with a scale of one
volt per percent.
OPERATION AS A SQUARE ROOTER
The operation of the AD534 in the square root mode is shown
in Figure 6. The diode prevents a latching condition which
could occur if the input momentarily changes polarity. As
shown, the output is always positive-, it may be changed to a
negative output by reversing the diode direction and inter
changing the X inputs. Since the signal input is differential, all
combinations of input and output polarities can be realized,
but operation is restricted to the one quadrant associated with
each combination of inputs.
OUTPUT, 112V PK

■ v/IOVIZ, -Z,) ♦ X,

T1
1

Xi

REVERSE
THIS ANDX
INPUTS FOR
NEGATIVE
OUTPUTS

♦Vs

X2
OPTIONAL
SUMMING
INPUT. X.
110V PK
------- ♦-------I
I

1

i

Rl
< (MUST BE
1 PROVIDED)

I
I

AD534

SF

Zl

-

♦

❖

Z-INPUT
10V FS
12V PK

Z2

Y1

V2

-Vs

■15V

Figure 6. Square-Rooter Connection

In contrast to earlier devices, which were intolerant of capaci
tive loads in the square root modes, the AD534 is stable with
all loads up to at least lOOOpF. For critical applications, a small
adjustment to the Z input offset (see Optional Trimming Con
figuration) will improve accuracy for inputs below IV.

•See the AD535 Data Sheet for more details.
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Applications Section - A0534
The versatility of the AD534 allows the creative designer to
implement a variety of circuits such as wattmeters, frequency
doublers and automatic gain controls to name but a few.
OUTPUT

* 11 TOV Ec ""

OUTPUT
A2 -B2
* lOV

THE SF PIN OR A Z-ATTENUATOR CAN BE USED TO PROVIDE OVERALL SIGNAL
AMPLIFICATION. OPERATION FROM A SINGLE SUPPLY IS POSSIBLE: BIAS Y2 TO Vs/2.

Figure 10. Linear AM Modulator

Figure 7. Difference-of-Squares

OUTPUT, ±12V PK
= EC Es

o.iv

OTHER SCALES. FROM 10% PER VOLT TO 0.1% PER VOLT CAN BE OBTAINED BY
ALTERING THE FEEDBACK RATIO.
NOTES:

1)
2)
3)
4)

GAIN IS X10 PER VOLT OF Eq, ZERO TO X50
WIDEBAND (10Hz - 30kHz) OUTPUT NOISE IS 3mV RMS, TYP
CORRESPONDING TO A F.S. S/N RATIO OF 70dB
NOISE REFERRED TO SIGNAL INPUT, WITH Ec - ±5V, IS 60pV RMS, TYP
BANDWIDTH IS DC TO 20kHz, -3dB, INDEPENDENT OF GAIN

Figure 11. Percentage Computer

Figure 8. Voltage-Controlled Amplifier

+vs

X,

♦15V

OUTPUT - (10VI sin 6
“Til
AD534

SF

Z,

z2
Y1

JT

y2

-Vs

-15V

USING CLOSE TOLERANCE RESISTORS AND AD534L, ACCURACY OF FIT IS WITHIN
±0.5% AT ALL POINTS. S IS IN RADIANS.

Figure 9. Sine-Function Generator

Figure 12. Bridge-Linearization Function
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WITH EC • 10V, ADJUST POT TO SET f = 1.000kHz. WITH Ec - 8.0V, ADJUST TRIMMER
CAPACITOR TO SET f = 8.000kHz. LINEARITY WILL TYPICALLY BE WITHIN tO.1% OF
F.S. FOR ANY OTHER INPUT.
DUE TO DELAYS IN THE COMPARATOR, THIS TECHNIQUE IS NOT SUITABLE FOR
MAXIMUM FREQUENCIES ABOVE 10kHz. FOR FREQUENCIES ABOVE 10kHz THE
AD537 VOLTAGE TO FREQUENCY CONVERTER IS RECOMMENDED.

A TRIANGLE WAVE OF *5V PK APPEARS ACROSS THE O.OIpF CAPACITOR. IF USED
AS AN OUTPUT, A VOLTAGE FOLLOWER SHOULD BE INTERPOSED.

Figure 13. Differential-Input Voltage-to-Frequency Converter

WITH 'MODE' SWITCH IN RMS ♦ DC' POSITION, APPLY AN INPUT OF +1.00VDC. ADJUST
ZERO UNTIL OUTPUT READS SAME AS INPUT. CHECK FOR INPUTS OF ±10V, OUTPUT
SHOULD BE WITHIN ±0.05% (5mV).
ACCURACY IS MAINTAINED FROM 60Hz to 100kHz, AND IS TYPICALLY HIGH BY
0.5% AT 1MHz FOR VIN - 4V RMS (SINE, SQUARE OR TRIANGULAR WAVE).

PROVIDED THAT THE PEAK INPUT IS NOT EXCEEDED, CREST FACTORS UP TO AT
LEAST TEN HAVE NO APPRECIABLE EFFECT ON ACCURACY.

INPUT IMPEDANCE IS ABOUT 10kQ; FOR HIGH (10MQ) IMPEDANCE, REMOVE MODE
SWITCH AND INPUT COUPLING COMPONENTS.
FOR GUARANTEED SPECIFICATIONS THE AD536A AND AD636 IS OFFERED
AS A SINGLE PACKAGE RMS TO DC CONVERTER.

Figure 14. Wideband, High-Crest Factor,
RMS-to-DC Converter
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Typical Performance Curves - AD534
(typical at +25°C, with Vs = ±15V de, unless otherwise stated)

NEGATIVE SUPPLY -

Curve 7. Input/Output Signal Range vs. Supply Voltages

Curve 4. AC Feedthrough vs. Frequency

Curve 5. Noise Spectral Density vs. Frequency

Curve 2. Bias Current vs. Temperature (X, Y or Z Inputs)

50 ______________________________ __________ __________ _________
2&
5
7J&
10
SCALING VOLTAGE, SF - Voltt

Curve 6. Wideband Noise vs. Scaling Voltages

Curve 3. Common-Mode Rejection Ratio vs. Frequency
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FREQUENCY - Hz

Curve 7. Frequency Response as a Multiplier
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Curve 8. Frequency Response vs. Divider Denominator
Input Voltage

ANALOG
DEVICES
FEATURES

(£)'

AD538 FUNCTIONAL BLOCK DIAGRAM

m

VOUT = Vy

Real-Time Analog
Computational Unit (ACU)
AD538

Transfer Function

Wide Dynamic Range (Denominator) -1000:1
Simultaneous Multiplication and Division
Resistor-Programmable Powers & Roots
No External Trims Required
Low Input Offsets <100 p.V
Low Error ±0.25% of Reading (100:1 Range)
+2 V and +10 V On-Chip References
Monolithic Construction
APPLICATIONS
One- or Two-Quadrant Mult/Div
Log Ratio Computation
Squaring/Square Rooting
Trigonometric Function Approximations
Linearization Via Curve Fitting
Precision AGC
Power Functions

PRODUCT DESCRIPTION
The AD538 is a monolithic real-time computational circuit
which provides precision analog multiplication, division and ex
ponentiation. The combination of low input and output offset
voltages and excellent linearity results in accurate computation
over an unusually wide input dynamic range. Laser wafer trim
ming makes multiplication and division with errors as low as
0.25% of reading possible, while typical output offsets of
100 p.V or less add to the overall off-the-shelf performance level.
Real-time analog signal processing is further enhanced by the
device’s 400 kHz bandwidth.
The AD538’s overall transfer function is Vo = VY (Vz/Vx)m.
Programming a particular function is via pin strapping. No ex
ternal components are required for one-quadrant (positive input)
multiplication and division. Two-quadrant (bipolar numerator)
division is possible with the use of external level shifting and
scaling resistors. The desired scale factor for both multiplication
and division can be set using the on-chip +2V or +10V refer
ences, or controlled externally to provide simultaneous multipli
cation and division. Exponentiation with an m value from 0.2 to
5 can be implemented with the addition of one or two external
resistors.

Direct log ratio computation is possible by utilizing only the log
ratio and output sections of the chip. Access to the multiple
summing junctions adds further to the AD538’s flexibility. Fi
nally, a wide power supply range of ±4.5 V to ±18 V allows
operation from standard ±5 V, ±12 V and ±15 V supplies.

The AD538 is available in two accuracy grades (A and B) over
the industrial (—25°C to +85°C) temperature range and one
grade (S) over the military (-55°C to +125°C) temperature
range. The device is packaged in an 18-pin TO-118 hermetic
side-brazed ceramic DIP. A-grade chips are also available.

PRODUCT HIGHLIGHTS
1. Real-time analog multiplication, division and exponentiation.
2. High accuracy analog division with a wide input dynamic
range.
3. On-chip +2Vor+10V scaling reference voltages.

4. Both voltage and current (summing) input modes.
5. Monolithic construction with lower cost and higher reliability
than hybrid and modular circuits.
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SPEC 1 Fl C A IONS (Vs = ±15 V, T

a

Parameters

= +25°C unless otherwise specified)

AD538AD
Max
Min Typ

Conditions

AD538BD
Max
Typ

Min

Min

AD538SD
Max
Typ

Units

MULTIPLIER/D1VIDER
PERFORMANCE
Nominal Transfer
Function

V0 = Vv( Vz\"
Vx)

10 V - vx, VY, Vz - 0

400 p.A — Ix> lyj

Total Error Terms
100:1 Input Range1

Wide Dynamic Range2

Exponent (m) Range

OUTPUT
CHARACTERISTICS
Offset Voltage

~0

100 mV £ Vx £ 10 V
100 mV £ VY £ 10 V
100 mV £ Vz £ 10 V
Vz£ 10 Vx, m = 1.0
Ta = Tmin to Tmax

±0.5
±200

±1
±500

±0.25
±100

±0.5
±250

±0.5
±200

±1
±500

% of Reading +
pV

±1
±450

±2
±750

±0.5
±350

±1
±500

±1.25
±750

+2.5
±1000

% of Reading pV

10 mV £ Vx £ 10 V
1 mV £ VY £ 10 V
0 mV £ Vz £ 10 V
Vz£ 10 Vx, m = 1.0
Ta = Tmin to Tm„

±1
±200
±100

±2
±500
±250

±0.5
±100
±750

±1
±250
±150

±1
±200
±200

±2
±500
±250

% of Reading +
pV +
pv x <vY + vzyvx

±1
±450
±450

±3
±750
±750
5

±1
±350
±350

±2
±500
±500
5

±2
±750
±750

±4
±1000
±1000
5

% of Reading +
pV +
pv x (vY + vzyvx

±200
±750

±500
±1000
+ 11

10

pV
pV
V
mA

1.4
400

V/ps
kHz

Ta

= Tmi„ to Tm„

VY = 0, Vc = -600 mV
= Tmio to Tmax
Rt = 2 kfl

0.2

±200
±450

Ta

Output Voltage Swing
Output Current

FREQUENCY RESPONSE
Slew Rate
Small Signal Bandwidth
VOLTAGE REFERENCE
Accuracy
Additional Error
Output Current
Power Supply Rejection
+2 V = VREF
+ 10V = VREF
POWER SUPPLY
Rated
Operating Range’
PSRR

Vo = 25 Ml x

Vo = 25 kCl x

Vo = 25 Ml x

-11
5

10

1

±4.5 V £ Vs£ ±18 V
±13 V £ Vs £ ±18 V
Rl

±4.5 V < Vs < ±18 V
Vx = VY = Vz = 1 V
VOUT = 1V

Quiescent Current

±50
±30

300
200

600
500

Chips

10

1

-11
5

±15
±20
2.5

±25
±30

300
200

600
500

1

±15

0.5

±18
0.1

4.5

7
+85
+ 150

-25
-65

±250
±500
+ 11

0.2

1.4
400

±25
±20
2.5

±4.5

PACKAGE OPTIONS4
Ceramic (D-18)

-11
5

±15

= 2 kfi

TEMPERATURE RANGE
Rated
Storage

±100
±350

1.4
400

100 mV £ 10 VY, Vz,
Vx £ 10 V
VREF = 10 V or 2 V
Ta = Tmin or Tm.v
VREF = 10 V to 2 V

±500
±750
±11

0.2

AD538AD

±4.5
0.05

4.5

7
+ 85
+ 150

AD538BD

±50
±50

mV
mV
mA

300
200

600
500

pV/V
pV/V

0.5

±18
0.1

V
V
%/v

4.5

7

mA

+ 125
+ 150

°C
°C

±15
±18
0.1

-25
-65

±25
±30
2.5

±4.5

-55
-65

AD538SD
AD538SD/883B

AD538A Chips

NOTES

‘Over the 100 mV to 10 V operating range total error is the sum of a percent of reading term and an output offset. With this input dynamic range the
input offset contribution to total error is negligible compared to the percent of reading error. Thus, it is specified indirectly as a part of the percent of reading error.
2The most accurate representation of total error with low level inputs is the summation of a percent of reading term, an output offset and an input offset
multiplied by the incremental gain (VY + Vz)/Vx.
’When using supplies below * 13 V the 10 V reference pin must be connected to the 2 V pin in order for the AD538 to operate correctly.
4See Section 20 for package outline information.
Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels.
AU min and max specifications are guaranteed, although only those shown in boldface are tested on all production units.
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AD538
RE-EXAMINATION OF MULTIPLIER/DIVIDER
ACCURACY
Traditionally, the “accuracy” of (actually the errors of) analog
multipliers and dividers have been specified in terms of percent
of full scale. Thus specified, a 1% multiplier error with a 10 V
full-scale output would mean a worst case error of +100 mV at
“any” level within its designated output range. While this type
of error specification is easy to test, evaluate, and interpret, it
can leave the user guessing as to how useful the multiplier actu
ally is at low output levels, those approaching the specified error
limit (in this case) 100 mV.

The AD538’s error sources do not follow the percent of fullscale approach to specification, thus it more optimally fits the
needs of the very wide dynamic range applications for which it
is best suited. Rather than as a percent of full scale, the
AD538’s error as a multiplier or divider for a 100:1 (100 mV to
10 V) input range is specified as the sum of two error compo
nents: a percent of reading (ideal output) term plus a fixed out
put offset. Following this format the AD538AD, operating as a

multiplier or divider with inputs down to 100 mV, has a maxi
mum error of ±1% of reading ±500 jiV. Some sample total er
ror calculations for both grades over the 100:1 input range are
illustrated in the chart below. This error specification format is
a familiar one to designers and users of digital voltmeters where
error is specified as a percent of reading ± a certain number of
digits on the meter readout.
For operation as a multiplier or divider over a wider dynamic
range (>100:1), the AD538 has a more detailed error specifica
tion which is the sum of three components: a percent of reading
term, an output offset term and an input offset term for the
VY/VX log ratio section. A sample application of this specifica
tion, taken from the chart below, for the AD538AD with VY =
1 V, Vz = 100 mV and Vx = 10 mV would yield a maximum
error of ±2.0% of reading ±500 p.V ±(1 V + 100 mV)/10 mV
x 250 p.V or ±2.0% of reading ±500 p.V ± 27.5 mV. This ex
ample illustrates that with very low level inputs the AD538’s
incremental gain (VY + Vz)/Vx has increased to make the input
offset contribution to error substantial.

AD538 SAMPLE ERROR CALCULATION CHART (Worst Case)

100:1
INPUT
RANGE
Total Error ±% rdg
± Output Vn«

WIDE
DYNAMIC
RANGE
Total Error =
±% rdg
± Output Vns
± Input Vos x
(VY+v2yvx

vv
Input
(in V)

Vz
Input
(in V)

Vx
Input
(in V)

Ideal
Output
(in V)

Total Offset
Error Term
(in mV)

% of Reading
Error Term
(in mV)

Total Error
Summation
(in mV)

Total Error Summation
as a % of the Ideal
Output

10

10

10

10

0.5 (AD)
0.25 (BD)

100 (AD)
50 (BD)

100.5 (AD)
50.25 (BD)

1.0 (AD)
0.5 (BD)

10

0.1

0.1

10

0.5 (AD)
0.25 (BD)

100 (AD;
50 (BD)

100.5 (AD)
50.25 (BD)

1.0 (AD)
0.5 (BD)

1

1

1

1

0.5 (AD)
0.25 (BD)

10 (AD)
5 (BD)

10.5 (AD)
5.25 (BD)

1.05 (AD)
0.5 (BD)

0.1

0.1

0.1

0.1

0.5 (AD)
0.25 (BD)

1 (AD)
0.5 (BD)

1.5 (AD)
0.75 (BD)

1.5 (AD)
0.75 (BD)

1

0.10

0.01

10

28 (AD)
16.75 (BD)

200 (AD)
100 (BD)

228 (AD)
116.75 (BD)

2.28 (AD)
1.17 (BD)

10

0.05

2

0.25

1.76 (AD)
1 (BD)

5 (AD)
2.5 (BD)

6.76 (AD)
3.5 (BD)

2.7 (AD)
1.4 (BD)

5

0.01

0.01

5

125.75 (AD)
75.4 (BD)

100 (AD)
50 (BD)

225.75 (AD)
125.4 (BD)

4.52 (AD)
2.51 (BD)

10

0.01

0.1

1

25.53 (AD)
15.27 (BD)

20 (AD)
10 (BD)

45.53 (AD)
25.27 (BD)

4.55 (AD)
2.53 (BD)

ABSOLUTE MAXIMUM RATINGS
Supply Voltage................................................................... ± 18 V
Internal Power Dissipation......................................... . 250 mW
Output Short Circuit-to-Ground....................................Indefinite
Input Voltages Vx, VY, Vz............................(+VS -1 V), -1 V
Input Currents Ix, IY, Iz, Io ............................................ 1 mA
Operating Temperature Range............................ -25°C to +85°C
Storage Temperature Range ............................ -65°C to +150°C
Lead Temperature, Storage ................................. 60 sec, +300°C
Thermal Resistance
0jC................................................................................. 35°C/W
0JA................................................................................ 120°C/W
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Typical Characteristics

TEMPERATURE - °C

Multiplier Error vs. Temperature
(10 mV < Vx, VY, Vz £ 100 mV)
50

'--------

------------------- 1——---------------------------------- 1000

TEMPERATURE - *C

Divider Error vs. Temperature
(100 mV < Vx, VY, Vz < 10 V)

INPUT FREQUENCY IN Hi

Divider Error vs. Temperature
(10 mV < Vx, VY, Vz < 100 mV)

INPUT FREQUENCY IN Hz

Feedthrough vs. Frequency

DENOMINATOR VOLTAGE. Vx IN VDC

Small Signal Bandwidth vs. Denominator Voltage
(One-Quadrant Mult/Div)
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1 kHz Output Noise Spectral Density vs. DC Output
Voltage

AD538
programming, m is unity. Thus the overall AD538 transfer
function equals:

where 0.2 < m < 5
When the AD538 is used as an analog divider, the VY input can
be used to multiply the ratio Vz/Vx by a convenient scale fac
tor. The actual multiplication by the Vy input signal is accom
plished by adding the log of the VY input signal to the signal at
C which is already in the log domain.

STABILITY PRECAUTIONS
At higher frequencies, the multi-staged signal path of the
AD538, as illustrated in Figure 2, can result in large phase
shifts. If a condition of high incremental gain exists along that
path (e.g., Vo = VY x Vz/Vx = 10 V x 10 mV/10 mV = 10 V
so that AVo/AVx = 1000), then small amounts of capacitive
feedback from Vo to the current inputs Iz or Ix can result in
instability. Appropriate care should be exercised in board
layout to prevent capacitive feedback mechanisms under these
conditions.
FUNCTIONAL DESCRIPTION
As shown in Figures 1 and 2, the Vz and Vx inputs connect
directly to the AD538’s input log ratio amplifiers. This subsec
tion provides an output voltage proportional to the natural log of
input voltage Vz, minus the natural log of input voltage Vx.
The output of the log ratio subsection at B can be expressed by
the transfer function:

(where k = 1.3806 x 10~23 J/K, q = 1.60219 x 10“19 C,
T is in Kelvins)
The log ratio configuration may be used alone, if correctly tem
perature compensated and scaled to the desired output level (see
Applications section).

Under normal operation, the log-ratio output will be connected
directly to a second functional block at input C, the antilog sub
section. This section performs the antilog according to the trans
fer function:

Figure 2. Model Circuit

USING THE VOLTAGE REFERENCES
A stable bandgap voltage reference for scaling is included in the
AD538. It is laser-trimmed to provide a selectable voltage out
put of +10 V buffered (Pin 4), +2 V unbuffered (Pin 5) or any
voltages between +2 V and +10.2 V buffered as shown in Fig
ure 3. The output impedance at Pin 5 is approximately 5 kfl.
Note that any loading of this pin will produce an error in the
+ 10 V reference voltage. External loads on the +2 V output
should be greater than 500 kfl to maintain errors less than 1%.

Vo = VYe

As with the log-ratio circuit included in the AD538, the user

may use the antilog subsection by itself. When both subsections
are combined, the output at B is tied to C, the transfer function
of the AD538 computational unit is:

Vo = Vye

; VB = Vc

which reduces to:

Finally, by increasing the gain or attenuating the output of the
log ratio subsection via resistor programming, it is possible to
raise the quantity Vz/Vx to the mth power. Without external
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In situations not requiring both reference levels, the +2 V out
put can be converted to a buffered output by tying Pins 4 and 5
together. If both references are required simultaneously, the
+ 10 V output should be used directly and the +2 V output
should be externally buffered.
ONE-QUADRANT MULTIPLICATION/DIVISION
Figure 4 shows how the AD538 may be easily configured as a
precision one-quadrant multiplier/divider. The transfer function
VOUT ~ VY (Vz/Vx) allows “three” independent input vari
ables, a calculation not available with a conventional multiplier.
In addition, the 1000:1 (i.e., 10 mV to 10 V) input dynamic
range of the AD538 greatly exceeds that of analog multipliers
computing one-quadrant multiplication and division.

TWO-QUADRANT DIVISION
The two-quadrant linear divider circuit illustrated in Figure 5
uses the same basic connections as the one-quadrant version.
However, in this circuit the numerator has been offset in the
positive direction by adding the denominator input voltage to it.
The offsetting scheme changes the divider’s transfer function
from:

vo-‘0v(g)
to:

{Vz + AVx)
Vo = 10 y
Vx

Vz\
Vx)

As long as the magnitude of the denominator input is equal to
or greater than the magnitude of the numerator input, the cir
cuit will accept bipolar numerator voltages. However, under the
conditions of a 0 V numerator input, the output would incor
rectly equal +14 V. The offset can be removed by connecting
the +10 V reference through resistors Rl and R2 to the output
section’s summing node I at Pin 9 thus providing a gain of 1.4
at the center of the trimming potentiometer. The pot R2 adjusts
out or corrects this offset, leaving the desired transfer function of
10 V (Vz/Vx).

By simply connecting the input Vx (Pin 15) to the +10 V refer
ence (Pin 4), and tying the log-ratio output at B to the antilog
input at C, the AD538 can be configured as a one-quadrant ana
log multiplier with 10 volt scaling. If 2 volt scaling is desired,
Vx can be tied to the +2 V reference.
When the input Vx is tied to the +10 V reference terminal, the
multiplier transfer function becomes:

Vz \

V0 = Vy[ 10 v)

As a multiplier, this circuit provides a typical bandwidth of
400 kHz with values of Vx, VY or Vz varying over a 100:1
range (i.e., 100 mV to 10 V). The maximum error with a
100 mV to 10 V range for the two input variables will typically
be +0.5% of reading. Using the optional Z offset trim scheme,
as shown in Figure 5, this error can be reduced to +0.25% of
reading.

Figure 5. Two-Quadrant Division with 10 V Scaling

VO- K>v(^

LOG RATIO OPERATION
Figure 6 shows the AD538 configured for computing the log of
the ratio of two input voltages (or currents). The output signal
from B is connected to the summing junction of the output
amplifier via two series resistors. The 90.9 fl metal film resis
tor effectively degrades the temperature coefficient of the
±3500 ppm/°C resistor to produce a 1.09 kfl +3300 ppm/°C
equivalent value. In this configuration, the VY input must be
tied to some voltage less than zero (-1.2 V in this case) remov
ing this input from the transfer function.

The typical bandwidth of this circuit is 370 kHz with 1 V to
10 V denominator input levels. At lower amplitudes, the band
width gradually decreases to approximately 200 kHz at the
2 mV input level.

The 5 kfl potentiometer controls the circuit’s scale factor adjust
ment providing a +1 V per decade adjustment. The output off
set potentiometer should be set to provide a zero output with
Vx = Vz = IV. The input Vo adjustment should be set for an
output of 3 V with Vz = 1 mV and Vx = 1 V.

By using the +10 V reference as the VY input, the circuit of
Figure 4 is configured as a one-quadrant divider with a fixed
scale factor. As with the one-quadrant multiplier, the inputs ac
cept only single (positive) polarity signals. The output of the
one-quadrant divider with a +10 V scale factor is:
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AD538
pins A and D. Similarly, a voltage divider which attenuates the
log ratio output between points B and C will program the power
to a value less than one.
SQUARE ROOT OPERATION
The explicit square root circuit of Figure 8 illustrates a precise
method for performing a real time square root computation.
For added flexibility and accuracy, this circuit has a scale factor
adjustment.

The actual square rooting operation is performed in this circuit
by raising the quantity Vz/Vx to the 1/2 power via the resistor
divider network consisting of resistors RB and Rc. For maxi
mum linearity, the two resistors should be 1% (or better) ratiomatched metal film types.

The log ratio circuit shown achieves ±0.5% accuracy in the log
domain for input voltages within three decades of input range:
10 mV to 10 V. This error is not defined as a percent of fullscale output, but as a percent of input. For example, using a
1 V/decade scale factor, a 1% error in the positive direction at
the INPUT of the log ratio amplifier translates into a 4.3 mV
deviation from the ideal OUTPUT (i.e., 1 V x log10 (1.01) =
4.3214 mV). An input error 1% in the negative direction is
slightly different, giving an output deviation of 4.3648 mV.
ANALOG COMPUTATION OF POWERS AND ROO1S
Often it is necessary to raise the quotient of two input signals to
a power or take a root. This could be squaring, cubing, square
rooting or exponentiation to some noninteger power. Examples
include power series generation. With the AD538, only one or
two external resistors are required to set ANY desired power,
over the range of 0.2 to 5. Raising the basic quantity Vz/Vx to a
power greater than one requires that the gain of the AD538’s log
ratio subtractor be increased, via an external resistor between
r,

One volt scaling is achieved by dividing-down the 2 V reference
and applying approximately 1 V to both the VY and Vx inputs.
In this circuit, the Vx input is intentionally set low, to about
0.95 V, so that the VY input can be adjusted high, permitting a
±5% scale factor trim. Using this trim scheme, the output volt
age will be within ±3 mV ±0.2% of the ideal value over a 10 V
to 1 mV input range (80 dB). For a decreased input dynamic
range of 10 mV to 10 V (60 dB) the error is even less; here the
output will be within ±2 mV ±0.2% of the ideal value. The
bandwidth of the AD538 square root circuit is approximately
280 kHz with a 1 V p-p sine wave with a +2 V de offset.
This basic circuit may also be used to compute the cube, fourth
or fifth roots of an input waveform. All that is required for a
given root is that the correct ratio of resistors, Rc and RB, be
selected such that their sum is between 150 fl and 200 fl.

The optional absolute value circuit shown preceding the AD538
allows the use of bipolar input voltages. Only one op amp is re
quired for the absolute value function because the Iz input of
the AD538 functions as a summing junction. If it is necessary to
preserve the sign of the input voltage, the polarity of the op
amp output may be sensed and used after the computation to
switch the sign bit of a D.V.M. chip.
Figure 7. Basic Configurations and Transfer Functions for
the AD538
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TRANSDUCER LINEARIZATION
Many electronic transducers used in scientific, commercial or
industrial equipment monitor the physical properties of a device
and/or its environment. Sensing (and perhaps compensating for)
changes in pressure, temperature, moisture or other physical
phenomenon can be an expensive undertaking, particularly
where high accuracy and very low nonlinearity are important. In
conventional analog systems accuracy may be easily increased by
offset and scale factor trims, however, nonlinearity is usually the
absolute limitation of the sensing device.
With the ability to easily program a complex analog function,
the AD538 can effectively compensate for the nonlinearities of
an inexpensive transducer. The AD538 can be connected between
the transducer preamplifier output and the next stage of moni
toring or transmitting circuitry. The recommended procedure
for linearizing a particular transducer is first to find the closest
function which best approximates the nonlinearity of the device
and then, to select the appropriate exponent resistor value(s).

ARC-TANGENT APPROXIMATION
The circuit of Figure 9 is typical of those AD538 applications
where the quantity Vz/Vx is raised to powers greater than one.
In an approximate arc-tangent function, the AD538 will accu
rately compute the angle that is defined by X and Y displace
ments represented by input voltages Vx and Vz. With accuracy
to within one degree (for input voltages between 100 pV and 10
volts), the AD538 arc-tangent circuit is more precise than con
ventional analog circuits and is faster than most digital tech
niques. For a direct arc-tangent computation that requires fewer
external components refer to the AD639 data sheet. The circuit
shown is set up for the transfer function:

v. =

fwi1-21

where:

The (V8ref-Vs) function is implemented in this circuit by add
ing together the output, Ve, and an externally applied reference
voltage, Ver<:f, via an external AD547 op amp. The 1 pF capaci
tor connected around the AD547’s 100 kfl feedback resistor fre
quency compensates the loop (formed by the amplifier between
Ve and VY).
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The VB/VA quantity is calculated in the same manner as in the
one-quadrant divider circuit, except that the resulting quotient
is raised to the 1.21 power. Resistor RA (nominally 931 fl) sets
the power or m factor.

For the highest arc-tangent accuracy the external resistors Rl
and R2 should be ratio matched, however, the offset trim
scheme shown in other circuits is not required since nonlinearity
effects are the predominant source of error. Also note, that in
stability will occur as the output approaches 90° because, by def
inition, the arc-tangent function is infinite and therefore, the
AD538’s gain will be extremely high.

ANALOG
DEVICES

Wideband Dual-Channel
Linear Multipl ier/D ivider
AD539

FEATURES
Two Quadrant Multiplication/Division
Two Independent Signal Channels
Signal Bandwidth of 60MHz Hout)
Linear Control Channel Bandwidth of 5MHz
Low Distortion (to 0.01%)
Fully-Calibrated, Monolithic Circuit

APPLICATIONS
Precise High Bandwidth AGC and VCA Systems
Voltage-Controlled Filters
Video-Signal Processing
High-Speed Analog Division
Automatic Signal-Leveling
Square-Law Gain/Loss Control

PRODUCT DESCRIPTION
The AD539 is a low-distortion analog multiplier having two
identical signal channels (Y1 and Y2), with a common X-input
providing linear control of gain. Excellent ac characteristics up
to video frequencies and a 3dB bandwidth of over 60MHz are
provided. Although intended primarily for applications where
speed is important the circuit exhibits good static accuracy in
“computational” applications. Scaling is accurately determined
by a band-gap voltage reference and all critical parameters are
laser-trimmed during manufacture.
The full bandwidth can be realized over most of the gain range
using the AD539 with simple resistive loads of up to 100(1.
Output voltage is restricted to a few hundred millivolts under
these conditions. Using external op amps such as the AD5539 in
conjunction with the on-chip scaling resistors, accurate multipli
cation can be achieved, with bandwidths typically as high as
50MHz.
The two channels provide flexibility. In single-channel applications
they may be used in parallel, to double the output current, or in
series, to achieve a square-law gain function with a control
range of over lOOdB, or differentially, to reduce distortion.
Alternatively, they may be used independently, as in audio
stereo applications, with low crosstalk between channels. Voltagecontrolled filters and oscillators using the “state-variable” approach
are easily designed, taking advantage of the dual channels and
common control. The AD539 can also be configured as a divider
with signal bandwidths up to 15MHz.

Power consumption is only 135mW using the recommended
± 5V supplies. The AD539 is available in three versions: the
“J” and “K” grades are specified for 0 to +70°C operation and
“S” grade is guaranteed over the extended range of — 55°C to
+ 125°C. The J and K grades are available in either a hermetic
ceramic DIP (D) or a low cost plastic DIP (N), while the S
grade is available only in ceramic. AD539 J-grade chips are also
available.

DUAL SIGNAL CHANNELS
The signal voltage inputs, VYi and VY2, have nominal full-scale
(FS) values of ±2V with a peak range to ±4.2V (using a negative
supply of 7.5 V or greater). For video applications where differential
phase is critical a reduced input range of ± 1 volt is recommended,
resulting in a phase variation of typically ±0.2° at 3.579MHz
for full gain. The input impedance is typically 400k(l shunted
by 3pF. Signal channel distortion is typically well under 0.1% at
10kHz and can be reduced to 0.01% by using the channels
differentially.
COMMON CONTROL CHANNEL
The control channel accepts positive inputs, Vx, from 0 to +3V
FS, ±3.3V peak. The input resistance is 500(1. An external,
grounded capacitor determines the small-signal bandwidth and
recovery time of the control amplifier; the minimum value of
3nF allows a bandwidth at mid-gain of about 5MHz. Larger
compensation capacitors slow the control channel but improve
the high-frequency performance of the signal channels.

FLEXIBLE SCALING
Using either one or two external op amps in conjunction with
the on-chip 6k(l scaling resistors, the output currents (nominally
± 1mA FS, ± 2.25mA peak) can be converted to voltages with
accurate transfer functions of Vw = -VxVY/2, Vw = — VXVY
or Vw = -2VxVy (where inputs Vx and VY and output Vw
are expressed in volts), with corresponding full-scale outputs of
±3V, ±6V and ± 12V. Alternatively, low-impedance grounded
loads can be used to achieve the full signal bandwidth of 60MHz,
in which mode the scaling is less accurate.
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SPECIFICATIONS (@ T* =25°C, Vs = ± 5V, unless otherwise specified)
Parameter

SIGNAL-CHANNEL DYNAMICS
Minimal Configuration
Bandwidth, - 3dB
Maximum Output
Feedthrough, f<l MHz
f-20MHz
Differential Phase Linearity
- lV<Vydc< ♦ IV
- 2V<Vydc< + 2V
Group Delay
Standard Dual-Channel Multiplier
Maximum Output
Feedthrough, f< 100kHz
Crosstalk (CHI toCH2)
RTO Noise, lOHzto 1MHz
THD + Noise, Vx = + IV,
VY- + 3V
Wide Band Two-Channel Multiplier
Bandwidth, 3dB(LHOO32)
Maximum Output Vx = + 3V
Feedthrough Vx - OV
Wide Band Single Channel VCA
(AD5539)
Bandwidth, - 3dB
Maximum Output
Feedthrough

CONTROL CHANNEL DYNAMICS
Bandwidth, - 3dB
SIGNAL INPUTS, VY1&VY2
Nominal Full-Scale Input
Operational Range, Degraded Performance
Input Resistance
Bias Current
Offset Voltage
(T^ioT™,)
Power Supply Sensitivity

CONTROL INPUT, Vx
Nominal Full-Scale Input
Operational Range, Degraded Performance
Input Resistance1
Offset Voltage
(T^toT™,)
Power Supply Sensitivity
Gain
Absolute Gain Error
CURRENT OUTPUT'
Full-Scale Output Current
Peak Output Current
Output Offset Current
Output Offset Voltage2
Output Resistance1
Scaling Resistors
CHI
CH2

VOLTAGE OUTPUTS, VW1 & VW22
Multiplier T ransfer Function,
Either Channel
Multiplier Scaling Voltage, VL
Accuracy
(TmtotoT,™)
Power Supply Sensitivity
Total Multiplication Error3
TmtatoT^
Control Feedthrough
.
*
Tmto'OT.

Min

Conditions
Reference Figure 6a
RL-50n,Cc = 0.01p.F
+ 0.1 V< Vx< + 3V, VYac
Vx=0,VYac= 1.5 V rms

30

IV rms

AD539J
Typ

Max

Min

30

60
- 10
-75
-55

AD539K
Typ

Max

Min

30

60
-10
-75
-55

AD539S
Typ

Max

Units

60
- 10
-75
55

MHz
dBm
dBm
dBm

±0.2
±0.5
4

±0.2
±0.5
4

±0.2
±0.5
4

Degrees
Degrees
ns

4.5
1

4.5
1

4.5
1

V
mV rms

-40
200
0.02
0.04

-40
200
0.02
0.04

-40
200
0.02
0.04

dB
nV/V Hz
%
%

25
4.5
14

25
4.5
14

25
4.5
14

MHz
Vrms
mV rms

Reference Figure 8
+ 0.1V<Vx< + 3V, Vyac - IV rms
750 Load
Vx- -0.01V,f-5MHz

50
±1
-54

50
±1
-54

50
±1
-54

MHz
V
dB

Cc= 3000pF, Vxdc - +1.5V,
Vxac = lOOmV rms

5

5

5

MHz

±2

±2

±2

V
V
kfl
>iA
mV
mV
mV/V

f= 3.58MHz, Vx- + 3V,
VYac= lOOmV
Vx-+3V,Vyac=IVrms,f 1MHz
Reference Figure 2
Vx- + 3V,Vvac= 1.5V rms
Vx = 0,VYac= 1.5V rms
Vvi = lVnns, Vv, = 0
Vx- + 3V,f<100kHz
Vx= + 1.5V, Vy = 0, Figure 2
f = 10kHz, Vyac = IV rms
f= 10k Hz, VYac= IV rms
Figure 2
+ 0.1V<Vx< + 3V,Vyac- lVrms
Vyac- 1.5Vrms,f- 3MHz
VYac= 1.0Vrms,f-3MHz

- Vss7V

400
10
5
10
2

VX= +3V,Vy = 0
VX-+3V,Vy=0

400
10
5
5
2

30
20

Vx=+3V,Vy= ±2V
Vx= +3.3V,Vv = ±5V,Vs- S7.5V
VX = 0,Vy = 0
Figure 2, Vx-0,Vy = 0

0.2
0.3

±2

4

0.1
0.15

0.4

±1
±2.8
0.2
3
1.2

±2

1.5
10

30
20
35

+ 3.0

+ 3.2

500
1
2
30

±1
±2.8
0.2
3
1.2

2

0.2

±2

1.5
10

500
1
2
30

4
5

0.2
0.25

0.4
0.5

±1
±2.8
0.2
3
1.2

1.5
10

V
V
fl
mV
mV
jiV/V

dB
dB

mA
mA
M-A
mV
kfl
kfl
kfl

6
6

6
6

6
6

Zl.WltoCHI
Z2,W2 toCH2

20
10

+ 3.2

500
1
3
30

400
10
5
15
2

+ 3.0

+ 3.0

+ 3.2

(Figure 2)
Vx- +0.1Vto + 3.0V and
Vy - ± 2V

±4.2

±4.2

±4.2

(Figure 2)

Vx< - + 3V,-2V<Vy<2V

Vx = 0to + 3V,Vy = 0

TEMPERATURE RANGE
Rated Performance

POWERSUPPLIES
Operational Range
Current Consumption
+ VS
-VS

PACKAGE OPTIONS4
Plastic (N-I6)
TO-116 (D-16)
Chips

NOTES
‘Resistance value and absolute current outputs subject to 20% tolerance.
2Spec assumes the external op amp is trimmed for negligible input offset.
’Includes all errors.
4See Section 20 for package outline information.
Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.
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Vw--VxVyWv
1.02
0.98
1.0
2
0.5
1
0.04
1
2.5
2
60
25
30

Vw=-Vx VyATu
0.99
1.01
1.0
0.5
1
0.5
0.04
0.6
1.5
1
30
IS
15

*W = -VxVy/VL0.98
1.0
1.02
0.5
2
3
1.0
0.04
2.5
1
4
2
60
15
60
120

V
%
%
%/V
% FSR
%
mV
mV

•c

0

+ 70

0

+ 70

-55

+ 125

±4.5

±15

±4.5

±15

±4.5

±15

V

10.2
22.2

mA
mA

8.5
18.5

10.2
22.2

AD539JN
AD539JD
AD539J Chips

8.5
18.5
AD539KN
AD539KD

10.2
22.2

8.5
18.5

AD539SD
AD539SD/883B

AD539

AD539 Functional Block Diagram

CIRCUIT DESCRIPTION
Figure 1 is a simplified schematic of the AD539. Q1-Q6 are
large-geometry transistors designed for low distortion and low
noise. Emitter-area scaling further reduces distortion: QI is 3
times larger than Q2; Q4, Q5 are each 3 times larger than Q3,
Q6, and these transistors are twice as large as QI, Q2. A stable
reference current IREF = 1.375mA is produced by a band-gap
reference circuit and applied to the common emitter node of a
controlled-cascode formed by QI and Q2. When Vx = 0, all of
Irep flows in QI, due to the action of the high-gain control
amplifier which lowers the voltage on the base of Q2. As Vx is
raised the fraction of Irep flowing in Q2 is forced to balance the
control current, Vx/2.5k. At the full-scale value of Vx ( + 3V)
this fraction is 0.873. Since the bases of QI, Q4 and Q5 are at
ground potential and the bases of Q2, Q3 and Q6 are commoned,
all three controlled-cascodes divide the current applied to their
emitter nodes in the same proportion. The control loop is stabilized
by the external capacitor, Cc-

GENERAL RECOMMENDATIONS
The AD539 is a high speed circuit and requires considerable
care to achieve its full performance potential. A high-quality
ground plane should be used with the device either soldered
directly into the board or mounted in a low-profile socket. In
the figures used here an open triangle denotes a direct, short
connection to this ground plane; pins 12 and 13 are especially
prone to unwanted signal pick-up. Power supply decoupling
capacitors of 0.1 jiF to l|xF should be connected from pins 4
and 5 to the ground plane. In applications using external high-speed
op amps, separate supply decoupling should be used. It is good
practice to insert small (lOfl) resistors between the primary
supply and the decoupling capacitor.
The control amplifier compensation capacitor, Cc, should likewise
have short leads to ground and a minimum value of 3nF. Unless
maximum control bandwidth is esssential it is advisable to use a
larger value of O.OIjjlF to 0.1 p.F to improve the signal channel
phase response, high-frequency crosstalk and high-frequency
distortion. The control bandwidth is inversely proportional to
this capacitance, typically 2MHz for Cc = 0.01p.F, Vx = 1.7V.
The bandwidth and pulse response of the control channel can
be improved by using a feedforward capacitor of 5% to 20% the
value of Cc between pins 1 and 2. Optimum transient response
will result when the rise/fall time of Vx are commensurate with
the control-channel response time.

Vx should not exceed the specified range of 0 to + 3V. The ac
gain is zero for Vx<0 but there remains a feedforward path (see
Figure 1) causing control feedthrough. Recovery time from
negative values of Vx can be improved by adding a small-signal
Schottky diode with its cathode connected to pin 2 and its anode
grounded. This constrains the voltage swing on Cc- Above Vx
= + 3.2V, the ac gain limits at its maximum value, but any
overdrive appears as control feedthrough at the output.

The power supplies to the AD539 can be as low as ±4.5V and
as high as ± 16.5V. The maximum allowable range of the signal
inputs, VY, is approximately 0.5V above + Vs; the minimum
value is 2.5V above — Vs- To accommodate the peak specified
inputs of ± 4.2V the supplies should be nominally + 5V and
-7.5V. While there is no performance advantage in raising
supplies above these values, it may often be convenient to use
the same supplies as for the op amps. The AD539 can tolerate
the excess voltage with only a slight effect on de accuracy but
dissipation at ± 16.5V can be as high as 535mW and some form
of heat-sink is essential in the interests of reliability.

The signal voltages VY) and VY2 (generically referred to as VY)
are first converted to currents by voltage-to-current converters
with a gm of 575p.mhos; thus, the full-scale input of ±2V becomes
a current of ± 1.15mA, which is superimposed on a bias of
2.75mA, and applied to the common emitter node of controlled
cascode Q3-Q4 or Q5-Q6. As just explained, the proportion of
this current steered to the output node is linearly dependent on
Vx. Thus for full-scale Vx and VY inputs, a signal of ± 1mA
(0.873 x ± 1.15mA) and a bias component of 2.4mA (0.873 x
2.75mA) appear at the output. The bias component absorbed by
the 1.25k resistors also connected to Vx, and the resulting signal
current can be applied to an external load resistor (in which case
scaling is not accurate) or can be forced into either or both of
the 6kfl feedback resistors (to the Z and W nodes) by an external
op amp. In the latter case, scaling accuracy is guaranteed.

TRANSFER FUNCTION
In using any analog multiplier or divider careful attention must
be paid to the matter of scaling, particularly in computational
applications. To be dimensionally consistent a scaling voltage must
appear in the transfer function, which, for each channel of the
AD539 in the standard multiplier configuration (Figure 2) is
Vw = -VXVY/Vu

where the inputs Vx and VY, the output Vw and the scaling
voltage Vu are expressed in a consistent unit, usually volts. In
this case, Vu is fixed by the design to be IV and it is often
acceptable in the interest of simplification to use the less rigorous
expression

Vw = -VXVY
where it is understood that all signals must be expressed in volts,
that is, they are rendered dimensionless by division by (IV).
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The accuracy specifications for Vu allow the use of either of the
two feedback resistors supplied with each channel, since these
are very closely matched, or they may be used in parallel to half
the gain (double the effective scaling voltage), when
Vw = -VxVy/2.

When an external load resistor, RL, is used the scaling is no
longer exact since the internal thin-film resistors, while trimmed
to high ratiometric accuracy, have an absolute tolerance of 20%.
However, the nominal transfer function is

At small values of Vx the offset voltage of the control channel
will degrade the gain/loss accuracy. For example, a ± lmV
offset uncertainty will cause the nominal 40dB attenuation at Vx
= +0.01V to range from 39.2dB to 40.9dB. Figure 3a shows
the maximum gain error boundaries based on the guaranteed
control-channel offset voltages of ±2mV for the AD539K and
±4mV for the AD539J. These curves include all scaling errors
and apply to all configurations using the internal feedback resistors
(W1 and W2; alternatively, Z1 and Z2).

Vw = -VXVY/Vu'
where the effective scaling voltage, Vu' can be calculated for
each channel using the formula Vu' = Vu (5RL + 6.25)/Ru,
where RL is expressed in kilohms. For example, when RL =
100(1, Vu' - 67.5V. Table II provides more detailed data for
the case where both channels are used in parallel. The AD539
can also be used with no external load (output pin 11 or 14
open-circuit), when Vu' is quite accurately 5V.

BASIC MULTIPLIER CONNECTIONS
Figure 2 shows the connections for the standard two-channel
multiplier, using op amps to provide useful output power and
the AD539 feedback resistors to achieve accurate scaling. The
transfer function for each channel is

vw = -VXVY
where inputs and outputs are expressed in volts (see TRANSFER
FUNCTION). At the nominal full-scale inputs of Vx = + 3V,
VY = ±2V the full-scale outputs are ±6V. Depending on the
choice of op amp, their supply voltages usually need to be about
2V more than the peak output. Thus, supplies of at least ± 8V
are required; the AD539 can share these supplies. Higher outputs
are possible if Vx and VY are driven to their peak values of
+ 3.2V and ± 4.2V respectively, when the peak output is ± 13.4V.
This requires operating the op amps at supplies of ± 15V. Under
these conditions it is advisable to reduce the supplies to the
AD539 to ±7.5V to limit its power dissipation; however, with
some form of heat sinking it is permissible to operate the AD539
directly from ±15V supplies.

Figure 3a. Maximum ac Gain Error Boundaries

Distortion is a function of the signal input level (VY) and the
control input (Vx). It is also a function of frequency, although
in practice the op amp will generate most of the distortion at
frequencies above 100kHz. Figure 3b shows typical results at
f = 10kHz as a function of Vx with VY = 0.5 and 1.5V rms.

CONTROL VOLTAGE

NOTE
ALL DECOUPLING CAPACITORS ARE 0 47)iF CERAMIC

Figure 2. Standard Dual-Channel Multiplier

Viewed as a voltage-controlled amplifier, the decibel gain is
simply
G = 20 log Vx
where Vx is expressed in volts. This results in a gain of lOdB at
Vx = + 3.162V, OdB at Vx = + IV, -20dB at Vx = +0.1V,
and so on. In many ac applications the output offset voltage (for
Vx = 0orVY = 0) will not be of major concern; however, it
can be eliminated using the offset nulling method recommended
for the particular op amp, with Vx = VY = 0.
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Figure 3b. Total Harmonic Distortion vs. Control Voltage

In some cases it may be desirable to alter the scaling. This can
be achieved in several ways. One option is to use both the Z
and W feedback resistors (see Figure 1) in parallel, in which
case Vw = - VxVY/2. This may be preferable where the output
swing must be held at ± 3V FS (± 6.75V pk), for example, to
allow the use of reduced supply voltages for the op amps. Alter
natively, the gain can be doubled by connecting both channels
in parallel and using only a single feedback resistor, in which
case Vw = -2VxYy and the full-scale output is ± 12V. Another
option is to insert a resistor in series with the control-channel
input, permitting the use of a large (for example, 0 to + 10V)
control voltage. A disadvantage of this scheme is the need to

AD539
adjust this resistor to accommodate the tolerance of the nominal
500(1 input resistance at pin 1. The signal channel inputs can
also be resistively attenuated to permit operation at higher values
of VY, in which case it may often be possible to partially compensate
for the response roll-off of the op amp by adding a capacitor
across the upper arm of this attenuator.

output at low frequencies and to - 60dB up to 20MHz with
careful board layout. The corresponding pulse response is shown
in Figure 4b for a signal input of Vy of ± 1V and two values of
Vx ( + 3V and +0.1V).

Signal-Channel ac and Transient Response

The HF response is dependent almost entirely on the op amp.
Note that the “noise gain” for the op amp in Figure 2 is determined
by the value of the feedback resistor (6k(l) and the 1.25k(l
control-bias resistors (Figure 1). Op amps with provision for
external frequency compensation (such as the AD301 and AD518)
should be compensated for a closed-loop gain of 6.
The layout of the circuit components is very important if low
feedthrough and flat response at low values of Vx is to be main
tained (see GENERAL RECOMMENDATIONS).

For wide-bandwidth applications requiring an output voltage
swing greater than ± IV, the LH0032 hybrid op-amp is recom
mended. Figure 4a shows the HF response of the circuit of
Figure 2 using this amplifier with Vy = IV rms and other
conditions as shown in Table I. C|. was adjusted for ldB peaking
at Vx = + IV; the -3dB bandwidth exceeds 25MHz. The
effect of signal feedthrough on the response becomes apparent
at Vx = +0.01V. The minimum feedthrough results when Vx
is taken slightly negative to ensure that the residual control-channel
offset is exceeded and the de gain is reliably zero. Measurements
show that the feedthrough can be held to - 90dB relative to full

Figure 4b. Multiplier Pulse Response Using LH0032 Op
Amps
AnWQ2

I.HMU1

± 15V
None
None
900kHz
<lnF

±9V
None
0.25-1.5pF
50MHz
<10pF

±10V
l-5pF
l-4pF
25MHz
<100pF

N/A

- 54dB

-70dB

50pV
120p.V

40pV
620pV

30pV
500jiV

I1

Op Amp Supply Voltages
Op Amp Compensation Capacitor
Feedback Capacitor, Cf
- 3dB Bandwidth, Vx = + IV
Load Capacitance
HF Feedthrough,
Vx = -0.01V,f = 5MHz
rms Output Noise,
Vx = + IV, BW lOHz-lOkHz
Vx= + IV, BW 10Hz-5MHz

In all cases, 0.47p.F ceramic supply-decoupling capacitors were used at each IC
pin, the AD539 supplies were ± 5V and the control-compensation capacitor Cc
was 3nF.
NOTES
‘For the circuit of Figure 2.

Tor the circuit of Figure 8.

Table I. Summary of Operating Conditions and Perform
ance for the AD539 When Used with Various External
Op-Amp Output Amplifiers
Minimal Wide-Band Configurations

Figure 4a. Multiplier HF Response Using LH0032 Op
Amps

The maximum bandwidth can be achieved using the AD539
with simple resistive loads to convert the output currents to
voltages. These currents (nominally ± 1mA FS, ± 2.25mA pk,
into short-circuit loads) are shunted by their source resistance of
1,25k( 1 (each channel). Calculations of load power and effective
scaling-voltage must allow for this shunting effect when using
resistive loads. The output power is quite low in this mode, and
the device behaves more like a voltage-controlled attenuator
than a classical multiplier. The matching of gain and phase
between the two channels is excellent. From de to 10MHz the
gains are typically within ± 0.025dB (measured using precision
50(1 load resistors) and the phase difference within ±0.1°.

Load Resistance

50ft

75ft

100ft

150ft

600ft

O/C

FS Output Voltage

±92.6mV
65.5mV rms
0.086mW
- 10.5dBm
±210mV
148m V rms
0.44mW
-7dBm
67.5V

±134mV
94.7mV rms
0.12mW
-9.2dBm
±300mV
212mV rms
0.6mW
-4.4dBm
46.7V

± 172mV
122mV rms
0.15mW
-8.3dBm
± 388mV
274mV rms
0.75mW
-2.5dBm
36.3V

±242mV
171mV rms
0.195mW
-7.1dBm
± 544mV
385mV rms
ImW
OdBm
25.8V

±612mV
433mV rms
0.312mW
-5.05dBm
±1V
*
±1V
*
10.2V

— - .
±1V
*
±1V
*
5V

FS OutputPower in Load
Pk Output Voltage
Pk OutputPower in Load
Effective Scaling
Voltage, Vu'

±1V
*

*Peak negative voltage swing limited by output compliance.

Table II. Summary of Performance for Minimal Configuration
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For a given load resistance the output power can be quadrupled
by using both channels in parallel, as shown in Figure 5a. The
small-signal silicon diode D connected between ground and pins
12 and 13 provides extra voltage compliance at the output nodes
in the negative direction (to - IV at 25°C); it is not required
if the output swing does not exceed - 300mV. Table II
compares performance for various load resistances, using this
configuration.

Vx = + 3V; the peak deviation is slightly more than 1°. Differential
phase linearity (the stability of phase over the signal window at a
fixed frequency) is shown in Figure 5d for f = 3.579MHz and
various values of Vx. The most rapid variation occurs for VY
above + IV; in applications where this characteristic is critical,
it is recommended that a ground-referenced, negative-going
signal be used.

HtSISTANCt >30011

Figure 5a. Minimal Single-Channel Multiplier

Figure 5b shows the HF response for Figure 5a with the AD539
in a carefully-shielded 500 test-environment; the test system
response was first characterized and this background removed
by digital signal processing to show the inherent circuit response.

Configuration for a Typical Device

Differential Configurations
When only one signal channel must be handled it is often ad
vantageous to use the channels differentially. By subtracting the
CHI and CH2 outputs any residual transient control feedthrough
is virtually eliminated. Figure 6a shows a minimal configuration
where it is assumed that the host system uses differential signals
and a 50fl environment throughout. This figure also shows a
recommended control-feedforward network to improve large-signal

Figure 5b. HF Response in Minimal Configuration

In many applications phase linearity over frequency is important.
Figure 5c shows the deviation from an ideal linear-phase response
for a typical AD539 over the frequency range de to 10MHz, for

Figure 6a. High-Speed Differential Configuration

response time. The control feedthrough glitch is shown in Figure
6b, where the input was applied to CHI and only the output of
CHI was displayed on the oscilloscope. The improvement obtained
when CHI and CH2 outputs are viewed differentially is clear in
Figure 6c. The envelope rise-time is of the order of 40ns.

Lower distortion results when CHI and CH2 are driven by
complementary inputs and the outputs are utilized differentially,
using a circuit such as Figure 7a. Resistors R1 and R2 should
have a value in the range 100 to lOOOfl.
Figure 5c. Phase Linearity Error in Minimal Configuration
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AD539

Figure 6b. Control Feedthrough One Channel of
Figure 6a

Figure 6c. Control Feedthrough Differential Mode,
Figure 6a

They minimize a secondary distortion mechanism caused by a
collector-modulation effect in the controlled cascodes (see CIR
CUIT DESCRIPTION) by keeping the voltage-swing at the
outputs to an acceptable level. Figure 7b shows the improvement
in distortion over the standard configuration (compare Figure
3b). Note that the Z nodes (pins 10 and 15) are returned to the
control input; this prevents the early onset of output-transistor
saturation.

A 50MHz VOLTAGE-CONTROLLED AMPLIFIER
Figure 8 is a circuit for a 50MHz voltage-controlled amplifier
(VCA) suitable for use in high-quality-video-speed applications.
The outputs from the two-signal channels of the AD539 are
applied to the op-amp in a subtracting configuration. This con
nection has two main advantages: first, it results in better rejection
of the control voltage, particularly when over-driven (Vx<0 or
VX>3.3V). Secondly, it provides a choice of either non-inverting
or inverting responses, using either inputs VY) or Vy2 respectively.
In this circuit, the output of the op-amp will equal:

Vx (Vy.-Vy:) for Vx>0
2V
Hence, the gain is unity at Vx= +2V. Since Vx can over-range
to +3.3V, the maximum gain in this configuration is about
4.3dB. (Note: If pin 9 of the AD539 is grounded, rather than
connected to the output of the 5539N, the maximum gain becomes
lOdB.)

Figure 7a. Low-Distortion Differential Configuration

Figure 8. A Wide Bandwidth Voltage-Controlled Amplifier

The — 3dB bandwidth of this circuit is over 50MHz at full gain,
and is not substantially affected at lower gains. Of course, when
Vx is zero (or slightly negative, to override the residual input
offset) there is still a small amount of capacitive feedthrough at
high frequencies; therefore, extreme care is needed in laying out
the PC board to minimize this effect. Also, for small values of
Vx, the combination of this feedthrough with the multiplier
output can cause a dip in the response where they are out of
phase. Figure 9a shows the ac response from the noninverting

Figure 7b. Distortion in Differential Mode Using
LH0032 Op Amp

Even lower distortion (0.01%, or — 80dB) has been measured
using two output op amps in a configuration similar to Figure 2
connected as virtual-ground current-summers (to prevent the
modulation effect). Note that to generate the difference output
it is merely necessary to connect the output of the CHI op amp
to the Z node of CH2. In this way, the net input to the CH2 op
amp is the difference signal, and the low-distortion resultant
appears as its output.

Figure 9a. AC Response of the VCA at Different Gains
VY = 0.5V RMS
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input, with the response from the inverting input, Vy2, essentially
identical. Test conditions: Vyi = 0.5V rms for values of Vx from
+ lOmV to +3.16V; this is with a 75fl load on the output. The
feedthrough at Vx = — lOmV is also shown.
The transient response of the signal channel at Vx= +2V,
Vy = Vout= — IV is shown in Figure 9b; with the VCA driving
a 750 load. The rise and fall-times are approximately 7ns.

Figure 10a. Two-Channe! Divider with 1V Scaling

Vx "0.01V

Figure 9b. Transient Response of the Voltage-Controlled
Amplifier Vx = +2 Volts VY= ± 1 Volt

A more detailed description of this circuit, including differential
gain and phase characteristics, is given in the application note
“Low Cost, Two Chip Voltage-Controlled Amplifier and Video
Switch” available from Analog Devices.

BASIC DIVIDER CONNECTIONS
Standard Scaling
The AD539 provides excellent operation as a two-quadrant
analog divider in wide-band wide gain-range applications, with
the advantage of dual-channel operation. Figure 10a shows the
simplest connections for division with a transfer function of

Vy = -VuVw/Vx
Recalling that the nominal value of Vt; is IV, this can be
simplified to

Vy = -Vw/Vx
where all signals are expressed in volts. The circuit thus exhibits
unity gain for Vx = + IV and a gain of 40dB when Vx =
+ 0.01V.
The output swing is limited to ± 2V nominal full-scale and
±4.2V peak (using a - Vs supply of at least 7.5 V for the AD539).
Since the maximum loss is lOdB (at Vx = 3.162V), it follows
that the maximum input to Vw should be ±6.3V (4.4V rms)
for low distortion applications, and no more than ± 13.4V (9.5V
rms) to avoid clipping. Note that offset adjustment will be needed
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100k

10M

FREQUENCY - Hr

Figure 10b. HF Response of Figure 10a Divider

for the op amps to maintain accurate de levels at the output in
high gain applications: the “noise gain” is 6V/VX, or 600 at Vx
= +0.01V.
The gain-magnitude response for this configuration using the
LH0032 op amps with nominally 12pF compensation (pins 2 to
3) and Cp = 7pF is shown in Figure 10b; of course, other
amplifiers may also be used. Since there is some manufacturing
variation in the HF response of the op amps, and load conditions
will also affect the response, these capacitors should be adjustable:
15pF is recommended for both positions. The bandwidth in
5this configuration is nominally 17MHz at Vx = +3.162V,
4.5MHz at Vx = + IV, 350kHz at Vx = +0.1V and 35kHz at
Vx = +0.01V. The general recommendations regarding the use
of a good ground plane and power-supply decoupling should be
carefully observed.

ANALOG
DEVICES

Balanced Modulator/Demodulator
AD630

FEATURES
Recovers Signal from + lOOdB Noise
2MHz Channel Bandwidth
45V/|is Slew Rate
-120dB Crosstalk @ 1kHz
Pin Programmable Closed Loop Gains of ±1 and ±2
0.05% Closed Loop Gain Accuracy and Match
100pV Channel Offset Voltage (AD630BD)
350kHz Full Power Bandwidth
Chips Available

PRODUCT DESCRIPTION
The AD630 is a high precision balanced modulator which combines
a flexible commutating architecture with the accuracy and tem
perature stability afforded by laser wafer trimmed thin film
resistors. Its signal processing applications include balanced
modulation and demodulation, synchronous detection, phase
detection, quadrature detection, phase sensitive detection, lock-in
amplification and square wave multiplication. A network of on
board applications resistors provides precision closed loop gains
of ± 1 and ±2 with 0.05% accuracy (AD630B). These resistors
may also be used to accurately configure multiplexer gains of
+ 1, +2, +3 or +4. Alternatively, external feedback may be
employed allowing the designer to implement his own high gain
or complex switched feedback topologies.
The AD630 may be thought of as a precision op amp with two
independent differential input stages and a precision comparator
which is used to select the active front end. The rapid response
time of this comparator coupled with the high slew rate and fast
settling of the linear amplifiers minimize switching distortion.
In addition, the AD630 has extremely low crosstalk between
channels of - 100dB @ 10kHz.
The AD630 is intended for use in precision signal processing
and instrumentation applications requiring wide dynamic range.
When used as a synchronous demodulator in a lock-in amplifier
configuration, it can recover a small signal from 100dB of inter
fering noise (see lock-in amplifier application). Although optimized
for operation up to 1kHz, the circuit is useful at frequencies up
to several hundred kilohertz.

Other features of the AD630 include pin programmable frequency
compensation, optional input bias current compensation resistors,
common mode and differential offset voltage adjustment, and a
channel status output which indicates which of the two differential
inputs is active.

PRODUCT HIGHLIGHTS
1. The configuration of the AD630 makes it ideal for signal
processing applications such as: balanced modulation and
demodulation, lock-in amplification, phase detection, and
square wave multiplication.
2. The application flexibility of the AD630 makes it the best
choice for many applications requiring precisely fixed gain,
switched gain, multiplexing, integrating-switching functions,
and high-speed precision amplification.

3. The 100dB dynamic range of the AD630 exceeds that of any
hybrid or IC balanced modulator/demodulator and is com
parable to that of costly signal processing instruments.
4. The op-amp format of the AD630 ensures easy implementation
of high gain or complex switched feedback functions. The
application resistors facilitate the implementation of most
common applications with no additional parts.

5. The AD630 can be used as a two channel multiplexer with
gains of + 1, +2, + 3 or +4. The channel separation of
lOOdB @ 10kHz approaches the limit which is achievable
with an empty IC package.
6. The AD630 has pin-strappable frequency compensation (no
external capacitor required) for stable operation at unity gain
without sacrificing dynamic performance at higher gains.

7. Laser trimming of comparator and amplifying channel offsets
eliminates the need for external nulling in most cases.

ANALOG MULTIPLIERS/DIVIDERS 6-39

(@ +25°C and ±VS = ± 15V unless otherwise specified)
Model

Min
GAIN
Open Loop Gain
± 1, ± 2 Closed Loop Gain Error
Closed Loop Gain Match
Closed Loop Gain Drift

CHANNEL INPUTS
Vin Operational Limit’
Input Offset Voltage
Input Offset Voltage
TmintoT,™
Input Bias Current
Input Offset Current
Channel Separation @ 10kHz
COMPARATOR
Vin Operational Limit’
Switching Window
Switching Window
TmtatoTm,,2
Input Bias Current
Response Time (- 5mV to + 5mV step)
Channel Status
Isink @ Vol = - V$ + 0.4V3
Pull-Up Voltage

AD630J/A
Max
Typ

100

0.1
0.1
2

100
10
100

120

OUTPUT VOLTAGE, (a Rl = 2kfl
TmintoTm,,
Output Short Circuit Current

±10

4

±16.5
5

0
-25

±16.5
5

MHz
V/ps
ps

110
110

dB
dB
Volts
mA

±16.5
5

±10
25

Volts
mA

25

0
-25

N/A

+ 70
+ 85

Supply Voltage............................................................................ ±18V
Internal Power Dissipation............................................ 600mW
Output Short Circuit to Ground ................................. Indefinite
Storage Temperature, Ceramic Package . . . — 65°C to +150°C
Storage Temperature, Plastic Package .... -55°C to + 125°C
Lead Temperature, 10 sec. Soldering.............................. + 300°C
Temperature
Range
Max Junction Temperature.............................................. 4- 150°C

20-Pin Plastic DIP (N)
20-Pin Ceramic DIP (D)
20-Pin Leadless Chip
Carrier (E)

24°C/W
35°C/W

Oja
61°C/W
120°C/W

35°C/W

120°C/W

ORDERING GUIDE
*
Size Brazed
DIP(D-20)

Oto + 70°C

Plastic
DIP(N-20)

Leadless Chip
Carrier (E-20A)

AD630JN
AD630KN

-25°Cto + 85°C

AD630AD
AD630BD

-55’Cto+ 125°C

AD630SD
AD630SD/883B

‘See Section 20 for package outline information.
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°C
°C

+ 125

-55

NOTES
’If one terminal of each differential channel or comparator input is kept within these limits the other terminal may be taken to the positive supply.
2 This parameter guaranteed but not tested.
’Isink@Vol = (-Vs + 1) volt is typically 4mA.
4 Pin 12 Open. Slew rate with Pins 12& 13 shorted is typically 35V/ps.
Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final electri
THERMAL CHARACTERISTICS
cal test. Results from those tests are used to calculate outgoing quality levels. All
min and max specifications are guaranteed, although only those shown in
OjC
boldface are tested on all production units.

ABSOLUTE MAXIMUM RATINGS

mA
Volts

2
45
3

4

±10

+ 70
+ 85

mV
nA
ns

(-Vs + 33V)

90
90
±5

110
110

4

25

Volts
mV

1.6

2
45
3
90
90
±5

pV
nA
nA
dB

±2.5
300

(-Vs +33V)

2
45
3

Volts
pV

1000
300
50

100
200

1.6

105
110

dB
%
%
ppm°C

(-Vs +3V)to( + Vs -1.3V)
±1.5

±2.0
300

100
200

Units

110
0.1
0.1
2

100
10
100

(-Vs + 3V)to( + Vs -1.5V)
±1.5

±2.0
300

Max

(-Vs +4V)to( + Vs -IV)
500

160
300
50

100
10
100

(-Vs + 33 V)

85
90
±5

AD630S
Typ

90

(-Vs+4V)to( + Vs -IV)
100

800
300
50

1.6

OPERATING CHARACTERISTICS
Common-Mode Rejection
Power Supply Rejection
Supply Voltage Range
Supply Current

Min

2

(-Vs + 3V)to( + Vs -1.5V)
±1.5

100
200

AD630K/B
Max
Typ

0.05
0.05

(-Vs + 4V)to( + Vs - IV)
500

DYNAMIC PERFORMANCE
Unity Gain Bandwidth
Slew Rate4
Settling Time to 0.1% (20V step)

TEMPERATURE RANGES
Rated Performance-N Package
D Package

no

90

Min

Chips

AD630JChips

AD630SE
AD63OSE/883B

AD630S Chips

Typical Performance Characteristics - AD630

RESISTIVE LOAD -

Figure 1. Output Voltage vs.
Frequency

Figure 3. Output Voltage Swing
vs. Supply Voltage

Figure 2. Output Voltage vs.
Resistive Load

FREQUENCY - Hi

Figure 6. Gain and Phase vs.
Frequency

±10V 20kHz
(VJ

1mV/div
(B)

lOV/div
(Vo>

TOP TRACE: V,
MIDDLE TRACE: SETTLING
ERROR (A)
BOTTOM TRACE: Vo

Figure 7. Channel-to-Channel SwitchSettling Characteristic

Figure 8. Small Signal Noninverting
Step Response

TOP TRACE: V,
MIDDLE TRACE: SETTLING
ERROR (B)
BOTTOM TRACE: Vo

Figure 9. Large Signal Inverting
Step Response
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CHIP METALIZATION AND PINOUT
Dimensions shown in inches and (mm).
Contact factory for latest dimensions

0.99 (2.515)
18

17

16

15

Figure 11. Architectural Block Diagram

CHIP AVAILABILITY
The AD630 is available in laser trimmed, passivated chip form.
The figure shows the AD630 metalization pattern, bonding pads
and dimensions. AD630 chips are available; consult factory for
details.
TWO WAYS TO LOOK AT THE AD630
Figure 10 is a functional block diagram of the AD630 which
also shows the pin connections of the internal functions. An
alternative architectural diagram is shown in Figure 11. In this
diagram, the individual A and B channel pre-amps, the switch,
and the integrator-output amplifier are combined in a single op
amp. This amplifier has two differential input channels, only
one of which is active at a time.

HOW THE AD630 WORKS
The basic mode of operation of the AD630 may be more easy to
recognize as two fixed gain stages which may be inserted into
the signal path under the control of a sensitive voltage comparator.
When the circuit is switched between inverting and noninverting
gain, it provides the basic modulation/demod ulation function.
The AD630 is unique in that it includes laser wafer trimmed
thin film feedback resistors on the monolithic chip. The config
uration shown below yields a gain of ± 2 and can be easily
changed to ± 1 by shifting RB from its ground connection to the
output.

Figure 12. AD630 Symmetric Gain (±2)

The comparator selects one of the two input stages to complete
an operational feedback connection around the AD630. The de
selected input is off and has negligible effect on the operation.
When channel B is selected, the resistors RA and RF are connected
for inverting feedback as shown in the inverting gain configuration
diagram in Figure 13. The amplifier has sufficient loop gain to
minimize the loading effect of RB at the virtual ground produced
by the feedback connection. When the sign of the comparator
input is reversed, input B will be de-selected and A will be

Figure 10. Functional Block Diagram
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AD630
selected. The new equivalent circuit will be the noninverting
gain configuration shown below. In this case RA will appear
across the op-amp input terminals, but since the amplifier drives
this difference voltage to zero the closed loop gain is unaffected.
The two closed loop gain magnitudes will be equal when
Rf/Ra = 1 + RF/RB, which will result from making RA equal to
RfRb/(Rf + Rb) the parallel equivalent resistance of RF and RB.
The 5k and the two 10k resistors on the AD630 chip can be
used to make a gain of two as shown here. By paralleling the
10k resistors to make RF equal 5k and omitting RB the circuit
can be programmed for a gain of ± 1 (as shown in Figure 19a).
These and other configurations using the on chip resistors present
the inverting inputs with a 2.5k source impedance. The more
complete AD630 diagrams show 2.5k resistors available at the
noninverting inputs which can be conveniently used to minimize
errors resulting from input bias currents.

Figure 13. Inverting Gain Configuration

Figure 14. Noninverting Gain Configuration

CIRCUIT DESCRIPTION
The simplified schematic of the AD630 is shown in Figure 15.
It has been subdivided into three major sections, the comparator,
the two input stages and the output integrator. The comparator
consists of a front end made up of Q52 and Q53, a flip-flop load
formed by Q3 and Q4, and two current steering switching cells
Q28, Q29 and Q30, Q31. This structure is designed so that a
differential input voltage greater than 1.5 mV in magnitude

applied to the comparator inputs will completely select one of
the switching cells. The sign of this input voltage determines
which of the two switching cells is selected.

The collectors of each switching cell connect to an input trans
conductance stage. The selected cell conveys bias currents i22
and i23 to the input stage it controls causing it to become active.
The deselected cell blocks the bias to its input stage which, as a
consequence, remains off.
The structure of the transconductance stages is such that they
present a high impedance at their input terminals and draw no
bias current when deselected. The deselected input does not
interfere with the operation of the selected input insuring maximum
channel separation.
Another feature of the input structure is that it enhances the
slew rate of the circuit. The current output of the active stage
follows a quasi-hyperbolic-sine relationship to the differential
input voltage. This means that the greater the input voltage, the
harder this stage will drive the output integrator, and hence, the
faster the output signal will move. This feature helps insure
rapid, symmetric settling when switching between inverting and
noninverting closed loop configurations.
The output section of the AD630 includes a current mirror-load
(Q24 and Q25), an integrator-voltage gain stage (Q32), and a
complementary output buffer (Q44 and Q74). The outputs of
both transconductance stages are connected in parallel to the
current mirror. Since the deselected input stage produces no
output current and presents a high impedance at its outputs,
there is no conflict. The current mirror translates the differential
output current from the active input transconductance amplifier
into single ended form for the output integrator. The com
plementary output driver then buffers the integrator output to
produce a low impedance output.

OTHER GAIN CONFIGURATIONS
Many applications require switched gains other than the ± 1
and ± 2 which the self-contained applications resistors provide.
The AD630 can be readily programmed with 3 external resistors
over a wide range of positive and negative gain by selecting RB
and Rf to give the noninverting gain 1 + RF/RB and subsequently
Ra to give the desired inverting gain. Note that When the inverting
magnitude equals the noninverting magnitude, the value of RA
is found to be RB RF/(RB + RF). That is, RA should equal the
parallel combination of RB and RF to match positive and negative
gain.

The feedback synthesis of the AD630 may also include reactive
impedance. The gain magnitudes will match at all frequencies if
the A impedance is made to equal the parallel combination of
the B and F impedances. Essentially the same considerations
apply to the AD630 as to conventional op-amp feedback circuits.
Virtually any function which can be realized with simple non-inverting “L network” feedback can be used with the AD630. A
common arrangement is shown in Figure 16. The low frequency
gain of this circuit is 10. The response will have a pole (- 3dB)
at a frequency f — l/(2iT100kflC) and a zero (3dB from the high
frequency asymptote) at about 10 times this frequency. The 2k
resistor in series with each capacitor mitigates the loading effect
on circuitry driving this circuit, eliminates stability problems,
and has a minor effect on the pole-zero locations.
As a result of the reactive feedback, the high frequency components
of the switched input signal will be transmitted at unity gain
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adjustment of system errors in switched gain applications. With
system input tied to 0V, and a switching or carrier waveform
applied to the comparator, a low level square wave will appear
at the output. The differential offset adjustment pot can be used
to null the amplitude of this square wave (pins 3 and 4). The
common mode offset adjustment can be used to zero the residual
de output voltage (pins 5 and 6). These functions should be
implemented using 10k trim pots with wipers connected directly
to pin 8 as shown in Figures 19a and 19b.

Figure 16. AD630 with External Feedback

while the low frequency components will be amplified. This
arrangement is useful in demodulators and lock-in amplifiers. It
increases the circuit dynamic range when the modulation or
interference is substantially larger than the desired signal
amplitude. The output signal will contain the desired signal
multiplied by the low frequency gain (which may be several
hundred for large feedback ratios) with the switching signal and
interference superimposed at unity gain.
SWITCHED INPUT IMPEDANCE
The noninverting mode of operation is a high input impedance
configuration while the inverting mode is a low input impedance
configuration. This means that the input impedance of the
circuit undergoes an abrupt change as the gain is switched under
control of the comparator. If gain is switched when the input
signal is not zero, as it is in many practical cases, a transient
will be delivered to the circuitry driving the AD630. In most
applications, this will require the AD630 circuit to be driven by
a low impedance source which remains “stiff ” at high frequencies.
Generally this will be a wideband buffer amplifier.
FREQUENCY COMPENSATION
The AD630 combines the convenience of internal frequency
compensation with the flexibility of external compensation by
means of an optional self-contained compensation capacitor.

CHANNEL STATUS OUTPUT
The channel status output, pin 7, is an open collector output
referenced to — Vs which can be used to indicate which of the
two input channels is active. The output will be active (pulled
low) when channel A is selected. This output can also be used
to supply positive feedback around the comparator. This produces
hysteresis which serves to increase noise immunity. Figure 17
shows an example of how hysteresis may be implemented. Note
that the feedback signal is applied to the inverting (—) terminal
of the comparator to achieve positive feedback. This is because
the open collector channel status output inverts the output sense
of the internal comparator.

Figure 17. Comparator Hysteresis

The channel status output may be interfaced with TTL inputs
as shown in Figure 18. This circuit provides appropriate level
shifting from the open-collector AD630 channel status output to
TTL inputs.

In gain of ± 2 applications the noise gain which must be addressed
for stability purposes is actually 4. In this circumstance, the
phase margin of the loop will be on the order of 60° without the
optional compensation. This condition provides the maximum
bandwidth and slew-rate for closed-loop gains of |2| and above.
When the AD630 is used as a multiplexer, or in other configurations
where one or both inputs are connected for unity gain feedback,
the phase margin will be reduced to less than 20°. This may be
acceptable in applications where fast slewing is a first priority,
but the transient response will not be optimum. For these appli
cations, the self-contained compensation capacitor may be added
by connecting pin 12 to pin 13. This connection reduces the
closed loop bandwidth somewhat, and improves the phase
margin.

For intermediate conditions, such as gain of ± 1 where loop
attenuation is 2, use of the compensation should be determined
by whether bandwidth or settling response must be optimized.
The optional compensation should also be used when the AD630
is driving capacitive loads or whenever conservative frequency
compensation is desired.
OFFSET VOLTAGE NULLING
The offset voltages of both input stages and the comparator
have been pre-trimmed so that external trimming will only be
required in the most demanding applications. The offset adjust
ment of the two input channels is accomplished by means of a
differential and common mode scheme. This facilitates fine
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Figure 18. Channel Status - TTL Interface

APPLICATIONS:
BALANCED MODULATOR
Perhaps the most commonly used configuration of the AD630 is
the balanced modulator. The application resistors provide precise
symmetric gains of ± 1 and ±2. The ± 1 arrangement is shown
in Figure 19a and the ±2 arrangement is shown in Figure 19b.
These cases differ only in the connection of the 10k feedback
resistor (pin 14) and the compensation capacitor (pin 12). Note
the use of the 2.5kfl bias current compensation resistors in
these examples. These resistors perform the identical function in
the ± 1 gain case. Figure 20 demonstrates the performance of
the AD630 when used to modulate a 100kHz square wave carrier
with a 10kHz sinusoid. The result is the double sideband sup
pressed carrier waveform.

These balanced modulator topologies accept two inputs, a signal
(or modulation) input applied to the amplifying channels, and a
reference (or carrier) input applied to the comparator.

Applications - AD630
PRECISION PHASE COMPARATOR
The balanced modulator topologies of Figures 19a and 19b can
also be used as precision phase comparators. In this case, an ac
waveform of a particular frequency is applied to the signal input
and a waveform of the same frequency is applied to the reference
input. The de level of the output (obtained by low pass filtering)
will be proportional to the signal amplitude and phase difference
between the input signals. If the signal amplitude is held constant,
then the output can be used as a direct indication of the phase.
When these input signals are 90° out of phase, they are said to
be in quadrature and the AD630 de output will be zero.

Figure 19a. AD630 Configured as a Gain-of-One Balanced
Modulator

PRECISION RECTIFIER-ABSOLUTE VALUE
If the input signal is used as its own reference in the balanced
modulator topologies, the AD630 will act as a precision rectifier.
The high frequency performance will be superior to that which
can be achieved with diode feedback and op amps. There are no
diode drops which the op amp must “leap over” with the com
mutating amplifier.
LVDT SIGNAL CONDITIONER
Many transducers function by modulating an ac carrier. A Linear
Variable Differential Transformer (LVDT) is a transducer of
this type. The amplitude of the output signal corresponds to
core displacement. Figure 21 shows an accurate synchronous
demodulation system which can be used to produce a de voltage
which corresponds to the LVDT core position. The inherent
precision and temperature stability of the AD630 reduce demod
ulator drift to a second order effect.

Figure 19b. AD630 Configured as a Gain-of-Two Balanced
Modulator

Figure 21. LVDTSignal Conditioner

Figure 20. Gain-of-Two Balanced Modulator Sample
Waveforms

BALANCED DEMODULATOR
The balanced modulator topology described above will also act
as a balanced demodulator if a double sideband suppressed
carrier waveform is applied to the signal input and the carrier
signal is applied to the reference input. The output under these
circumstances will be the baseband modulation signal. Higher
order carrier components will also be present which can be
removed with a low-pass filter. Other names for this function
are synchronous demodulation and phase-sensitive detection.

AC BRIDGE
Bridge circuits which use de excitation are often plagued by
errors caused by thermocouple effects, 1/f noise, de drifts in the
electronics, and line noise pick-up. One way to get around these
problems is to excite the bridge with an ac waveform, amplify
the bridge output with an ac amplifier, and synchronously de
modulate the resulting signal. The ac phase and amplitude in
formation from the bridge is recovered as a de signal at the
output of the synchronous demodulator. The low frequency
system noise, de drifts, and demodulator noise all get mixed to
the carrier frequency and can be removed by means of a low
pass filter. Dynamic response of the bridge must be traded off
against the amount of attenuation required to adequately suppress
these residual carrier components in the selection of the filter.
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Figure 22 is an example of an ac bridge system with the AD630
used as a synchronous demodulator. The oscilloscope photograph
shows the results of a 0.05% bridge imbalance caused by the
IMeg resistor in parallel with one leg of the bridge. The top
trace represents the bridge excitation, the upper-middle trace is
the amplified bridge output, the lower-middle trace is the output
of the synchronous demodulator and the bottom trace is the
filtered de system output.

This system can easily resolve a 0.5ppm change in bridge im
pedance. Such a change will produce a 3.2mV change in the low
pass filtered de output, well above the RTO drifts and noise.

Figure 24. Lock-In Amplifier

MODULATED SIGNAL IA)
(UNATTENUATED)

ATTENUATED SIGNAL
PLUS NOISE (B)

OUTPUT

Figure 25. Lock-In Amplifier Waveforms

Figure 23. AC Bridge Waveforms

LOCK-IN AMPLIFIER APPLICATIONS
Lock-in amplification is a technique which is used to separate a
small, narrow band signal from interfering noise. The lock-in
amplifier acts as a detector and narrow band filter combined.
Very small signals can be detected in the presence of large amounts
of uncorrelated noise when the frequency and phase of the desired
signal are known.
The lock-in amplifier is basically a synchronous demodulator
followed by a low pass filter. An important measure of performance
in a lock-in amplifier is the dynamic range of its demodulator.
The schematic diagram of a demonstration circuit which exhibits
the dynamic range of an AD630 as it might be used in a lock-in
amplifier is shown in Figure 24. Figure 25 is an oscilloscope
photo showing the recovery of a signal modulated at 400Hz
from a noise signal approximately 100,000 times larger; a dynamic
range of 100dB.
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The test signal is produced by modulating a 400Hz carrier with
a 0.1Hz sine wave. The signals produced, for example, by chopped
radiation (IR, optical, etc.) detectors may have similar low fre
quency components. A sinusoidal modulation is used for clarity
of illustration. This signal is produced by a circuit similar to
Figure 19b and is shown in the upper trace of Figure 25. It is
attenuated 100,000 times normalized to the output, B, of the
summing amplifier. A noise signal which might represent, for
example, background and detector noise in the chopped radiation
case, is added to the modulated signal by the summing amplifier.
This signal is simply band limited clipped white noise. Figure
25 shows the sum of attenuated signal plus noise in the center
trace. This combined signal is demodulated synchronously using
phase information derived from the modulator, and the result is
low pass filtered using a 2-pole simple filter which also provides
a gain of 100 to the output. This recovered signal is the lower
trace of Figure 25.
The combined, modulated signal and interfering noise used for
this illustration is similar to the signals often requiring a lock-in
amplifier for detection. The precision input performance of the
AD630 provides more than 100dB of signal range and its dynamic
response permits it to be used with carrier frequencies more
than two orders of magnitude higher than in this example. A
more sophisticated low pass output filter will aid in rejecting
wider bandwidth interference.

►

Internally Trimmed
Precision IC Multiplier

ANALOG
DEVICES

AD632
FEATURES
Pretrimmed to ±0.5% Max 4-Quadrant Error
All Inputs (X, Y and Z) Differential, High Impedance for
[(Xi-X2HY1-Y2)/10] +Z2 Transfer Function
Scale-Factor Adjustable to Provide up to X10 Gain
Low Noise Design: 90pV rms, 10Hz-10kHz
Low Cost, Monolithic Construction
Excellent Long Term Stability

AD632 PIN CONFIGURATIONS

H-Package TO-100

D-Package TO-116

APPLICATIONS
High Quality Analog Signal Processing
Differential Ratio and Percentage Computations
Algebraic and Trigonometric Function Synthesis
Accurate Voltage Controlled Oscillators and Filters
TOP VIEW

PRODUCT DESCRIPTION
The AD632 is an internally-trimmed monolithic four-quadrant
multiplier/divider. The AD632B has a maximum multiplying
error of ±0.5% without external trims.

Excellent supply rejection, low temperature coefficients and
long term stability of the on-chip thin film resistors and buried
zener reference preserve accuracy even under adverse condi
tions. The simplicity and flexibility of use provide an attrac
tive alternative approach to the solution of complex control
functions.

The AD632 is pin for pin compatible with the industry stand
ard AD532 with improved specifications and a fully differen
tial high impedance Z-input. The AD632 is capable of providing
gains of up to X10, frequently eliminating the need for sepa
rate instrumentation amplifiers to precondition the inputs.
The AD632 can be effectively employed as a variable gain
differential input amplifier with high common mode rejection.
The effectiveness of the variable gain capability is enhanced by
the inherent low noise of the AD632: 90/jV rms.

TOP VIEW

PRODUCT HIGHLIGHTS
Guaranteed Performance Over Temperature: The AD632A and
AD632B are specified for maximum multiplying errors of
±1.0% and ±0.5% of full scale, respectively at +25°C and are
rated for operation from -25°C to +85°C. Maximum multi
plying errors of ±2.0% (AD632S) and ±1.0% (AD632T) are
guaranteed over the extended temperature range of -55°C to
+125°C.

High Reliability: The AD632S and AD632T series are also
available with MIL-STD-883 Level B screening and all devices
are available in either the hermetically-sealed TO-100 metal can
or TO-116 ceramic DIP package.
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(@ +25°C, Vs = ± 15V, R>2k£l unless otherwise noted)
Model

Min

AD632A
Typ

Max

Min

AD632B
Typ

Max

Min

AD632S
Typ

Max

Min

AD632T
Typ

Max

Units

MULTIPLIER PERFORMANCE
(X -X2)(Y,-Y2)

Transfer Function

7

10V

Total Error1! - lOVsX.Ys + 10V)
Ta = min to max
Total Error vs Temperature
Scale Factor Error
(SF 10.000V Nominal)2
Temperature-Coefficient of
Scaling-Voltage
Supply Rejection (± 15V ± IV)
Nonlinearity, X (X 20V pk-pk, Y - 10V)
Nonlinearity, Y (Y 20V pk-pk, X - )0V)
Feedthrough3, X (Y Nulled,
X 20V pk-pk 50Hz)
Feedthrough’, Y(X Nulled,

(X, -X2)(Y,- Y2)+Z
2

x2)(Y,

- Y’’ + Z2

(X,

X2)(Y|

10V

10V

Y<z2

±1.0
±2.0
±0.02

±0.5

±1.5
±0.022

Y 20V pk-pk 50Hz)
Output Offset Voltage
Output Offset Voltage Drift

(X,

10V

±1.0
±1.0
±0.015

±0.25

±0.1

±0.25

±0.02
±0.01
±0.4
±0.2

±0.01
±0.01
±0.2
±0.1

±0.2
±0.01
±0.4
±0.2

±0.3
±0.1

±0.5
±1.0
±0.01

%
%
VC

%

±0.1

±0.01
±0.2
±0.1

±0.005

%cc

±0.3
±0.1

%
%
%

±0.3

±0.15

±0.3

±0.3

±0.15

±0.3

%

±0.01
±5
200

±0.01
±2
100

±0.1
±15

±0.01
±5

±0.01
±2

±0.1
±15
300

%
mV
pV/’C

±30

±30
500

DYNAMICS
Small Signal BW,(Volt O.lrms)
1% Amplitude Error (C|.<>ai> lOOOpF)
Slew Rate (Volt 20 pk-pk)
Settling Time (to 1%,AVOut 20V)
NOISE
Noise Spect ral-Density SF 10V
SF 3V4
Wideband Noise A 10Hzto5MHz
P lOHztolOkHz

OUTPUT
Output Voltage Swing
Output Impedance (f< 1kHz)
Output Short Circuit Current
(Rj 0,Ta mintomax)
Amplifier Open Loop Gain (f 50Hz)
INPUT AMPLIFIERS (X, Y and Z)s
Signal Voltage Range (Diff. or CM
Operating Diff.)
Offset Voltage X,Y
Offset Voltage Drift X,Y
Offset Voltage Z
Offset Voltage Drift Z
CMRR
Bias Current
Offset Current
Differential Resistance

1
50
20
2

1
50
20
2

1
50
20
2

1
50
20
2

0.8
0.4
1.0
90

0.8
0.4
1.0
90

0.8
0.4
1.0
90

0.8
0.4
1.0
90

±11

±11

P-S

nV’v'Hz

nv/viiz
mV rms
jxV/rms

±11

0.1

0.)

0.1

0.1

V
n

30
70

30
70

30
70

30
70

mA
dB

± 10
±12
±5
100
±5
200
80
0.8
0.1
10

60

±11

MHz
kHz
V/ps

±10
±12
±2
50
±2
100
90
0.8
0.1
10

±20
±30

70

2.0

± 10
± 12
±5
100
±5

±10
±15
60

80
0.8
0.1
10

2.0

±10
± 12
±2
150
±2

±20
±30
500

±10
±15
300

90
0.8
0.1
10

70
2.0

2.0

V
V
mV
pVCC
mV
pV/°C
dB

m-A
pA
Mil

DIVIDER PERFORMANCE

10V

Transfer Function (X]>X2)

(Z2-Z,)
(X1-X2/Y|

(z2 - Z,)

10V

X2)

(X,

10V

4-Y1

(Z2

Z|)

(X)-X2)

10V

' V|

<z2

Z,)

(X,

X2)

+ Y|

Total Error1

(X = 10V, - lOV-sZs + 10V)
(X= IV, lVsZs + IV)
(O.IVsX-slOV, - 10VSZS10V)

±0.75
±2.0
±2.5

±0.35
± 1.0
±1.0

±0.75
±2.0
±2.5

%
%
%

±0.35
± 1.0
± 1.0

SQUARER PERFORMANCE
(X,- X2)2
10V

Transfer Function
Total Error!

IOVsXsIOV)

SQUARE-ROOTER PERFORMANCE
Transfer Function, (Z, <Z2)

PACKAGE OPTIONS6
TO-lOO(H-lOA)
TO-116(D-14)

,
(X, X2)2
10V
'

V10V(Z2

±1.0

4

±0.6

6

AD632AH
AD632AD

±8

4

AD632BH
AD632BD

6

±8

6

AD632SH
AD632SD

NOTES
’Figures given are percent of full-scale, ± 10V (i.e., 0.01% = lmV).
?May be reduced down to 3 V using external resistor between - Vs and SF.
'Irreducible component due to nonlinearity: excludes effect of offsets.
4Using external resistor adjusted to give SF = 3 V.
'See functional block diagram for definition of sections.
6See Section 20 for package outline information.

Specifications subject to change without notice.
All min and max specifications are guaranteed.

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels.
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%

±15

±22
4

•x2

±0.5

±15

±18

%

±0.3

Viov(z2 z,)

±1.0

± 15

±18

(X, X2)2
10V
’

Vl0V(Z2 - Z,) + X2

Z,) *x2

±0.5

±15
±8

,
(Xf X2)2
10V
'

±0.3

V'10V(Z2-Z|) + x2

Total Error1 (lV-sZ-s 10V)
POWER SUPPLY SPECIFICATIONS
Supply Voltage
Rated Performance
Operating
Supply Current
Quiescent

,

"2

±0.6

±22

±8

4
AD632TH
AD632TD

6

V
V
mA

AD632

Typical Performance Curves wcaiat+25 c

±vs=isv>

6
Figure 3. Frequency Response vs. Divider Denominator
Input Voltage

Figure 1. AC Feedthrough vs. Frequency

CHIP DIMENSIONS & PAD LAYOUT
Contact factory for latest dimensions
Dimensions shown in inches and (mm).

FREQUENCY - Ha

Figure 2. Frequency Response as a Multiplier

-vs

.X

-x

For further information, consult factory
ORDERING GUIDE

Temperature
Range

Header(H)

Side Brazed DIP (D)

-25°Cto + 85°C

AD632AH
AD632BH

AD632AD
AD632BD

- 55°Cto + 125°C

AD632SH
AD632SH/883B
AD632TH
AD632TH/883B

AD632SD
AD632SD/883B
AD632TD
AD632TD/883B

Thermal Characteristics

Thermal Resistance 0jC =
0JA =
0jc =
0JA =

25°C/W forH-lOA
150°C/W forH-lOA
25°C/W for D-14
95°C/W for D-14
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STABLE
REFERENCE
AND BIAS

Figure 4. AD632 Functional Block Diagram

Figure 6. Connections for Scale-Factor of Unity

OPERATION AS A MULTIPLIER
Figure 5 shows the basic connection for multiplication. Note
that the circuit will meet all specifications without trimming.

OUTPUT. ±12V PK

■ (Xi-X2)(Y1.yI>
m

2

OPERATION AS A DIVIDER
Figure 7 shows the connection required for division. Unlike
earlier products, the AD632 provides differential operation on
both numerator and denominator, allowing the ratio of two
floating variables to be generated. Further flexibility results
from access to a high impedance summing input to Yj. As with
all dividers based on the use of a multiplier in a feedback loop,
the bandwidth is proportional to the denominator magnitude,
as shown in Figure 3.

OPTIONAL SUMMING
INPUT, Z, 110VPK;
Vos TERMINAL
NOT USED

Figure 5. Basic Multiplier Connection

In some cases the user may wish to reduce ac feedthrough to
a minimum (as in a suppressed carrier modulator) by applying
an external trim voltage (±30mV range required) to the X or Y
input. Curve 1 shows the typical ac feedthrough with this
adjustment mode. Note that the feedthrough of the Y input
is a factor of 10 lower than that of the X input and should be
used in applications where null suppression is critical.

The Z2 terminal of the AD632 may be used to sum an addi
tional signal into the output. In this mode the output amplifier
behaves as a voltage follower with a 1MHz small signal band
width and a 20V/jzs slew rate. This terminal should always be
referenced to the ground point of the driven system, particu
larly if this is remote. Likewise the differential inputs should
be referenced to their respective signal common potentials to
realize the full accuracy of the AD632.
A much lower scaling voltage can be achieved without any
reduction of input signal range using a feedback attenuator as
shown in Figure 6. In this example, the scale is such that
Vout = XY, so that the circuit can exhibit a maximum gain of
10. This connection results in a reduction of bandwidth to
about 80kHz without the peaking capacitor Cp. In addition,
the output offset voltage is increased by a factor of 10 making
external adjustments necessary in some applications.
Feedback attenuation also retains the capability for adding
a signal to the output. Signals may be applied to the Zj
terminal where they are amplified by -10 or to the com
mon ground connection where they are amplified by -1. In
put signals may also be applied to the lower end of the 2.7k£2
resistor, giving a gain of +9.
6-50 ANALOG MULTIPLIERS/DIVIDERS

Figure 7. Basic Divider Connection

Without additional trimming, the accuracy of the AD632B
is sufficient to maintain a 1% error over a 10V to IV denom
inator range (The AD535 is functionally equivalent to the
AD632 and has guaranteed performance in the divider and
square-rooter configurations and is recommended for such
applications).
This range may be extended to 100:1 by simply reducing the
X offset with an externally generated trim voltage (range re
quired is ±3.5mV max) applied to the unused X input. To
trim, apply a ramp of +100mV to +V at 100Hz to both Xi
and Zt (if X2 is used for offset adjustment, otherwise reverse
the signal polarity) and adjust the trim voltage to minimize
the variation in the output.
*

Since the output will be near +10V, it should be ac-coupled for
this adjustment. The increase in noise level and reduction in
bandwidth preclude operation much beyond a ratio of 100
to 1.

‘See the AD535 Data Sheet for more details.

Low Cost
Analog Multiplier
AD633

ANALOG
DEVICES
FEATURES
Four-Quadrant Multiplication in a Low Cost 8-Pin
Package
Complete - No External Components Required
Laser Trimmed Accuracy and Stability
Typical Total Error Within 1% of FS
Differential High Impedance X and Y Inputs
High Impedance Unity Gain Summing Input
Laser Trimmed 10 V Scaling Reference

AD633 FUNCTIONAL BLOCK DIAGRAM
Plastic DIP (N) Package

w

APPLICATIONS
Multiplication, Modulation/Demodulation, Squaring,
Phase Detection, Programmable Resistances and
Conductances, Voltage Controlled Amplifiers/
Attenuators/Filters
w=

PRODUCT DESCRIPTION
The AD633 is a functionally complete, four-quadrant, analog
multiplier. The AD633 includes high impedance, differential X
and Y inputs and a high impedance summing input (Z). The
low impedance output voltage is a nominal 10 V full scale. A
laser trimmed 10 V scaling reference is included on the chip.
The AD633 is the first product to offer these features in mod
estly priced 8-pin plastic DIP and SOIC packages.
The AD633 is laser calibrated to a guaranteed total accuracy of
2% of full scale for the AD633JN. Nonlinearity for the Y input
is typically less than 0.1%, and noise referred to the outpuuis
typically less than 100 pV rms in a 10 Hz to 10 kHz bandwidth.
A 1 MHz bandwidth, 20 V/jis slew rate, and the ability to drive
capacitive loads make the AD633 useful in a wide variety of
applications where simplicity and cost are key concerns. ♦ ' «
The AD633’s versatility is not compromised by its simplicity. |
The Z input provides access to the output buffer amplifier, en
abling the user to sum the outputs of two or more multipliers,
increase the multiplier gain, convert the output voltage to a cur
rent, and configure a variety of closed-loop applications.

(X1-X2) (Y1-Y2)
1QV
♦*

PRODUCT HIGHLIGHTS
1. The AD633 is a complete four quadrant multiplier offered in
low cost 8-pin plastic packages. The result is a product that
is cost effective and easy to apply.
2. No external components or expensive user calibration are
required to apply the AD633.

*. 3. Monolithic construction and laser calibration make the device
stable and reliable.
4. High (10 Mil) input resistances make signal source loading
negligible.

5. Power supply voltages can range from ±8 V to ±18 V. The
internaliscaling voltage is generated by a stable Zener diode;
multiplieraccuracy is essentially supply insensitive.

The AD633 is available in an 8-pin plastic mini-DIP package
(N) and 8-pin SOIC (R) and is specified to operate over the 0 to
+ 70°C commercial temperature range.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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SPECIFICATIONS

(Ta = +25°C, Vs = ±15 V, RL > 2 kn)

AD633J
Typ

Model

Min

Conditions

V =

TRANSFER FUNCTION
MULTIPLIER
Total Error
Tmin to Tmav
Scale Factor Error
Supply Rejection
Nonlinearity, X
Nonlinearity, Y
X Feedthrough
Y Feedthrough
Output Offset Voltage

DYNAMICS
Small Signal BW
Slew Rate
Settling Time to 1%

NOISE
Spectral Density
Wideband Noise
OUTPUT
Output Voltage Swing
Short Circuit Current
INPUT AMPLIFIERS
Signal Voltage Range

Offset Voltage X, Y
Offset Voltage Z
CMRR
Bias Current X, Y, Z
Differential Resistance
POWER SUPPLY
Supply Voltage
Rated Performance
Operating Range
Supply Current

Max

(X1-X2) (Y1-Y2)
10 V

-10 V < X, Y < +10 V

SF = 10.00 V Nominal
Vs = ±15 V ±1 V
X = ±10 V, Y = +10 V
Y = ±10 V, X = +10V
Y Nulled, X = ± 10 V
X Nulled, Y = ±10 V

Vo =
Error
Vo =
A Vo

0.1 V rms,
= 1%, CL = 1000 pF
20 V j^p
= 20 V

Ri. = 0

20
2.

If

*.
■

Ta = min to max

Differential
Common Mode

Vcm = ±10V

±1.0
±0.4
±1.0
±0.4
±50.0

1

±io 1
±10

60

|1S

z’

|xV/\/Hz
mV rms
mV rms

40

1
±5
±5
80
0.8
10

±30
±50

2.0

±15
±8

Quiescent

4

Scale
Scale
Scale
Scale
Scale
Scale
Scale
Scale

V/jis

.

1 A
1 *
90

n.30
ST

% Full
% Full
% Full
% Full
% Full
% Full
% Full
% Full
mV

MHz

Ti
O.8 B

f = 10 Hz to 5 MHz
f= 10 Hz to 10 kHz

+ Z
+2.0

+ 3.0
+ 1.0
+0.01
±0.4
±0.1
±0.3
±0.1
±5.0

Unit

±18
6

V
mA

V
V
mV
mV
dB
p,A
Mfl

V
V
mA

NOTES
Specifications shown in boldface are tested on all productions units at electrical test. Results from those tests are used to calculate outgoing quality levels. All
min and max specifications are guaranteed, although only those shown in boldface are tested on all production units.
Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS1
Supply Voltage..................................................................... ±18V
Internal Power Dissipation2 ............................................ 500 mW
Input Voltages’..................................................................... ±18 V
Output Short Circuit Duration...................................... Indefinite
Storage Temperature Range ............................ -65°C to +150°C
Operating Temperature Range................................... 0 to +70°C
Lead Temperature Range (Soldering 60 sec) ..................+ 300°C

NOTES
'Stresses above those listed under “Absolute Maximum Ratings11 may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated
in the operational section of this specification is not implied.
28-Pin Plastic Package: HJA = 165°C/W.
8-Pin Small Outline Package: 0JA = 155°C/W.
’For supply voltages less than ±18 V, the absolute maximum input voltage is
equal to the supply voltage.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD633
FUNCTIONAL DESCRIPTION
The AD633 is a low cost integrated circuit multiplier comprising
a translinear multiplying core, a buried Zener reference, and a
unity gain connected output amplifier with an accessible sum
ming node. The functional block diagram of the AD633 is
shown on the first page of this data sheet. The differential X
and Y inputs are converted to differential currents by two iden
tical voltage-to-current converters. The product of these currents
is generated by the multiplying core. A stable buried Zener ref
erence provides an overall scale factor of 10 V. The sum of
(X • Y)/10 + Z is then applied to the unity gain connected out
put amplifier. Access to the amplifier summing node through Z
allows the user to sum two or more multiplier outputs, decrease
the effective scale factor, convert the output voltage to a cur
rent, and configure various analog computational functions.

APPLICATIONS SECTION
The versatility, simplicity, and low cost of the AD633 make it
especially well suited for a large number of applications. These
include modulation and demodulation, automatic gain control,
power measurement, voltage controlled amplifiers, and fre
quency doublers. Connection diagrams for several of these popu
lar applications follow.

Inspection of the block diagram shows the overall transfer func
tion to be:
lasic Multiplier Connection

i’ (X1-X2) IY1-Y2)
W=A [
10 V

where A is the open loop gain of the output amplifier
the output. In most cases, the open loop gaij
infinite, simplifying the transfer
(Xl-X
- ------------

VI

The output amplifier has a 1 MHz small sign
20 V/p.s slew rate. In addition to straight multiplicatio
ety of useful closed-loop configurations can be implemente
shown in the Applications section.

ERROR SOURCES - Multiplier errors consist primarily of in
put offsets, scale factor error, and nonlinearity in the multiply
ing core. The input offsets can be eliminated by using the
optional trim configuration of Figure 1. This scheme reduces
the net error to scale factor errors (gain error) and an irreducible
nonlinearity component in the multiplying core. The X and Y
nonlinearities are typically 0.1% of full scale, respectively. Scale
factor error is typically 1% of full scale. The high impedance Z
input should always be referenced to the ground point of the
driven system, particularly if this is remote. Likewise, the dif
ferential X and Y inputs should be referenced to their respective
grounds to realize the full accuracy of the AD633.

z

IP

-*•

U-0 Z1

10V (Z2-Z1)
(X1-X2)

Z2 O-@ +

5} ♦ O-15V

0
* .1pF

AD633

Figure 3. Basic Divider Connection

Figure 4. Current Output Connections

CONNECTION DIAGRAMS
(Top View)
AD633JR - 8 Pin Plastic SOIC
TO APPROPRIATE
INPUT TERMINAL

AD633JN - 8 Pin Plastic DIP

w

Figure 1. Optional Offset Trim Configuration

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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♦V

AD633

Figure 5. Connections for Variable Scale Factor

ORDERING GUIDE*

Temperature
Range

Plastic
Mini-DIP (N-8)

SOIC (R-8)

Commerical 0 to +70°C

AD633JN

AD633JR

•See Section 20 for package outline information.

Figure 6. Connections for Use in Automatic Gain Control
Circuit
jf

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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10 MHz, 4-Quadrant
Multiplier/Divider
AD734

ANALOG
DEVICES
FEATURES
High Accuracy
0.1% Typical Error
High Speed
10 MHz Full-Power Bandwidth
450 V/p.s Slew Rate
200 ns Settling to 0.1% at Full Power
Low Distortion
-80 dBc from Any Input
Third-Order IMD Typically -75 dBc at 10 MHz
Low Noise
94 dB SNR, 10 Hz to 20 kHz
70 dB SNR, 10 Hz to 10 MHz
Direct Division Mode
2 MHz BW at Gain of 100

APPLICATIONS
High Performance Replacement for AD534
Multiply, Divide, Square, Square Root
Modulator, Demodulator
Wideband Gain Control, RMS-DC Conversion
Voltage-Controlled Amplifiers, Oscillators, and Filters
Demodulator with 40 MHz Input Bandwidth

PRODUCT DESCRIPTION
The AD734 is an accurate high speed, four-quadrant analog |
multiplier that is pin-compatible with the industry-standard
AD534 and provides the transfer function W =^XY/U. The
AD734 provides a low-impedance voltage output with a lull
power (20 V pk-pk) bandwidth of 10 MHz. Total static error
(scaling, offsets, and nonlinearities combined) is 0.1% of Full
Scale. Distortion is typically less than -80 dBc and guaranteed.
The low-capacitance X, Y and Z inputs are fully differential. In
most applications, no external components are required to define
the function.

The internal scaling (denominator) voltage U is 10 V, derived
from a buried-Zener voltage reference. A new feature provides
the option of substituting an external denominator voltage,
allowing the use of the AD734 as a two-quadrant divider with a
1000:1 denominator range and a signal bandwidth that remains
10 MHz to a gain of 20 dB, 2 MHz at a gain of 40 dB and
200 kHz at a gain of 60 dB, for a gain-bandwidth product of
200 MHz.
The advanced performance of the AD734 is achieved by a com
bination of new circuit techniques, the use of a high speed
complementary bipolar process and a novel approach to laser
trimming based on ac signals rather than the customary de
methods. The wide bandwidth (>40 MHz) of the AD734’s in
put stages and the 200 MHz gain-bandwidth product of the
multiplier core allow the AD734 to be used as a low distortion

AD734 CONNECTION DIAGRAM

14-Pin DIP
(Q Package)

3

X INPUT [ X1
X2

|T
r=
Li.
U2 d
d
Y INPUT r Y1
L y2
d
U0

DENOMINATOR
INTERFACE

U1

VP POSITIVE SUPPLY

13] DD DENOMINATOR DISABLE

d
AD734
TOP VIEW
(Not to Scale)

W - OUTPUT

E

Z1 1

Z2 J

U
I]

Z INPUT

ER REFERENCE VOLTAGE

VN - NEGATIVE SUPPLY

demodulator with input frequencies as high as 40 MHz as long
as the desired output frequency is less than 10 MHz.

The AD734AQ and AD734BQ are specified for the industrial
temperature range of -40°C to +85°C and come in a 14-pin ce
ramic DIP. The AD734SQ/883B, available processed to MILSTD-8$3B for the military range of -55°C to + 125°C, is
available in a 14-pin ceramic DIP.

PRODUCT HIGHLIGHTS
The AD734 embodies more than two decades of experience in
the design and manufacture of analog multipliers, to provide
1 • A new obtput amplifier design with more than twenty times
the slew-rate of the AD534 (450 V/jxs versus 20 V/jis) for a
full power (20 V pk-pk) bandwidth of 10 MHz.

2. Very low distortion, even at full power, through the use of
circuit and trimming techniques that virtually eliminate all of
the spurious nonlinearities found in earlier designs.
3. Direct control of the denominator, resulting in higher multi
plier accuracy and a gain-bandwidth product at small denom
inator values that is typically 200 times greater than that of
the AD534 in divider modes.

4. Very clean transient response, achieved through the use of a
novel input stage design and wide-band output amplifier,
which also ensure that distortion remains low even at high
frequencies.

5. Superior noise performance by careful choice of device geom
etries and operating conditions, which provide a guaranteed
88 dB of dynamic range in a 20 kHz bandwidth.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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(Ta = +25°C, +VS = VP = +15 V, -Vs = VN = -15 V, RL > 2 kft)
TRANSFER FUNCTION

W = Ao-

lXl-X2llYi-Y2l
|U|-U2I

A

Parameter
MULTIPLIER PERFORMANCE
Transfer Function
Total Static Error1
Over T„.„ to Tm>x
vs. Temperature
vs. Either Supply
Peak Nonlinearity

THD2

Feedthrough

Noise (RTO)
Spectral Density
Total Output Noise

Conditions

DIVIDER PERFORMANCE (Y = 10 V)
Transfer Function
Gain Error
Y =
Ys
X Input Clipping Level
U Input Scaling Error’
Tmin
(Output to 1%)
U INPUT INTERFACES (X, Y, & Z)
3 dB Bandwidth
Operating Range
X Input Offset Voltage

1.0
-94

1

....

Tmin to Tma,
T„„n to Tmax
f s 1 kHz
Tmin to Tmax
f = 5 kHz

54
50
70

Tm,„ to Tmax
Differential
Differential

200
300

50
2

DENOMINATOR INTERFACES (U0, Ul, & U2)
Operating Range
Denominator Range
Interface Resistor
Ul to U2

15
25
10
12
20
90

54
50
70
150
300

Tm,„ to Tmin

20

125
200
50

80

POWER SUPPLIES, ±VS
Operating Supply Range
Quiescent Current

Tmm to Tmax

±8
6

9

±16.5 ±8
12
6

±12

±12

72

8

85
50

300
500

VN to VP-3
1000:1
28
±12

72

10
450

70

50
2

VN to VP-3
1000:1
28

VN to VP-3
1000:1
28

8

40
±12.5

70
85
50

-88
-85

W = XY/U
1
1.25 x U
0.3
1
100

50
2

OUTPUT AMPLIFIER (W)
Output Voltage Swing
Open-Loop Voltage Gain
Dynamic Response
3 dB Bandwidth
Slew Rate
Settling Time
To 1%
To 0.1%
Short-Circuit Current

Tm,„ to Tmax
X = Y = 0, Input to Z
From X or Y Input, CL < 20 pF
W < 7 V rms

1.0
-94

-88
-85

5
15
5
6
10
50
66
56
70

Max

W = XY/10
0.1
0.4
1.25
0.004
0.01
0.05
0.05
0.025
-58
-55
-60
-57
-85
-60
-85
-66

40
±12.5

70

85
50

Min Typ

W = XY/U
■v 1
ri+25 x U
0.15
0.65
100

15
25
10
12
20
50

Z Input Offset Voltage

Input Resistance
Input Capacitance

-94

-88
-85

W12 .5

Differential or Common Mode

S
Max

W = XY/10
0.1
0.25
0.6
0.003
0.01
0.05
0.05
0.025
-66
-63
-80
-74
-85
-70
-85
-76

v

Tm,n to Tmax

CMRR
Input Bias Current (X, Y, Z Inputs)

B
Min Typ

W = \Y/U
1
1.25 x U
kw
b 0.3T
* Wk
\1
to Tmax
0.8
1 V to 10 V Step ,X =gl V
100
10 V, U = 100 mV to 10 V
10 V

Y Input Offset Voltage

Z Input PSRR (Either Supply)

Max

W = XY/10
0.1
0.4
1
0.004
0.0
0.05
0.05
0.025
-58
-55
-60
-57
-85
-60
-85
-66

-10V<X,Y< 10 V
Tm,„ to Tm„
±VS = 14 V to 16 V
-10 V s X s +10 V, Y = +10 V
-10 V s Y s +10 V, X = +10 V
X = 7 V rms, Y = +10 V, f s 5 kHz
Tm,„ to Tm„
Y = 7 V rms, X = +10 V, f s 5 kHz
Tmm to Tm„
X = 7 V rms, Y = nulled, f s 5 kHz
Y = 7 V rms, X = nulled, f s 5 kHz
X = Y = 0
100 Hz to 1 MHz
10 Hz to 20 kHz
Tm,„ to Tmax

Tyf

Mi

8

10
450

Units

%
%

%/°c
%/v
%
%
dBc
dBc
dBc
dBc
dBc
dBc
pV/\ Hz
dBc
dBc

%
V
%
%
ns

MHz
V
mV
mV
mV
mV
mV
mV
dB
dB
dB
nA
nA
kfl
pF
V
kfl

72

V
dB

10
450

MHz
V/ps

+ 20 V or -20 V Output Step

NOTES
'Figures given are percent of full scale (e.g., 0.01% - 1 mV).
2dBc refers to deciBels relative to the full scale input (carrier) level of 7 V rms.
’See Figure 10 for test circuit.

20

125
200
50

80

9

±16.5 ±8
12
6

20

125
200
50

80

9

±16.5 V
12
mA

ns
ns
mA

All min and max specifications are guaranteed. Specifications in
Boldface are tested on au production units at final electrical test.
Specifications subject to change without notice.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD734
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage................................................................... ±18 V
Internal Power Dissipation2
for Tj max = 175°C.................................................... 500 mW
X, Y and Z Input Voltages............. ............................ VN to VP
Output Short Circuit Duration..............................
Indefinite
Storage Temperature Range
Q................................................................... -65°C to + 150°C
Operating Temperature Range
AD734A, B ...................................................-40°C to +85°C
AD734S......................................................... -55°Cto +125°C
Lead Temperature Range (soldering 60 sec).................... +300°C
Transistor Count.......................................................................... 81

ORDERING GUIDE*
Temperature
Range

Industrial
-40°C to +85°C
Military
-55°C to + 125°C

14-Pin
Ceramic DIP (Q-14)
AD734AQ
AD734BQ

AD734SQ/883B

*See Section 20 for package outline information.

NOTES
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated
in the operational section of this specification is not implied.
214-Pin Ceramic DIP: 0JA = 110°C/W

CONNECTION DIAGRAM

P POSITIVE SUPPLY

DD DENOMINATOR Dll
W - OUTPUT

DENOMINATOR
INTERFACE

Y INPUT

U1

a

r Y1

E
E

AD734
HUt
OH
J Z INPUT

TOP VIEW
L U2 [~5~ (Not to Scale)

L Y2

u
n

ER REFERENCE VOLTAGE

VN - NEGATIVE SUPPLY

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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The bias currents associated with these inputs are nulled by
laser-trimming, such that when one input of a pair is optionally
ac-coupled and the other is grounded, the residual offset voltage
is typically less than 5 mV, which corresponds to a bias current
of only 100 nA. This low bias current ensures that mismatches
in the sources resistances at a pair of inputs does not cause an
offset error. These currents remain low over the full tempera
ture range and supply voltages.
The common-mode range of the X, Y and Z inputs does not
fully extend to the supply rails. Nevertheless, it is often possible
to operate the AD734 with one terminal of an input pair con
nected to either the positive or negative supply, unlike previous
multipliers. The common-mode resistance is several megohms.

Figure 1. AD734 Block Diagram

FUNCTIONAL DESCRIPTION
Figure 1 is a simplified block diagram of the AD734. Operation
is similar to that of the industry-standard AD534 and in many
applications these parts are pin-compatible. The main functional
difference is the provision for direct control of the denominator
voltage, U, explained fully on the following page. Internal sig
nals are actually in the form of currents, but the function
AD734 can be understood using voltages throughout
in this figure. Pins are named using upper-case chars
as XI, Z2) while the voltages on these pins are denote
scripted variables (for example, Xn Z2). "

The AD734’s differential X, Y and Z inputs are handled by
wideband interfaces that have low offset, low bias curbent and
low distortion. The AD734 responds to the difference signals *
X = X, - X2, Y = Y! - Y2 and Z = Z, - Z2, and rejects
common-mode voltages on these inputs. The X, Y and Z intH4
faces provide a nominal full-scale (FS) voltage of ±10 V, but,
due to the special design of the input stages, the linear range of
the differential input can be as large as ±17 V. Also unlike pre
vious designs, the response on these inputs is not clipped
abruptly above ± 15 V, but drops to a slope of one half.
The bipolar input signals X and Y are multiplied in a translinear
core of novel design to generate the product XY/U. The denom
inator voltage, U, is internally set to an accurate, temperature
stable value of 10 V, derived from a buried-Zener reference. An
uncalibrated fraction of the denominator voltage U appears
between the voltage reference pin (ER) and the negative supply
pin (VN), for use in certain applications where a temperaturecompensated voltage reference is desirable. The internal denomi
nator, U, can be disabled, by connecting the denominator
disable Pin 13 (DD) to the positive supply pin (VP); the denom
inator can then be replaced by a fixed or variable external volt
age ranging from 10 mV to more than 10 V.
The high-gain output op-amp nulls the difference between
XY/U and an additional signal Z, to generate the final output
W. The actual transfer function can take on several forms, de
pending on the connections used. The AD734 can perform all of
the functions supported by the AD534, and new functions using
the direct-division mode provided by the U-interface.

Each input pair (XI and X2, Y1 and Y2, Z1 and Z2) has a dif
ferential input resistance of 50 kfl; this is formed by “real” re
sistors (not a small-signal approximation) and is subject to a
tolerance of ±20%. The common-mode input resistance is sev
eral megohms and the parasitic capacitance is about 2 pF.

The full-scale output of ±10 V can be delivered to a load resis
tance of 1 kfl (although the specifications apply to the standard
multiplier load condition of 2 kfl). The output amplifier is
stable driving capacitive loads of at least 100 pF, when a slight
increase in bandwidth results from the peaking caused by this
capacitance. The 450 V/p.s slew rate of the AD734’s output am
plifier ensures that the bandwidth of 10 MHz can be maintained
up to the full output of 20 V pk-pk. Operation at reduced sup
ply voltagesis possible, down to ±8 V, with reduced signal
kvels-

Available Transfer Functions
uncommitted (open-loop) transfer function of the AD734 is
ix, - x2hYi - y2i

,

1

—----- --------- - - (Zt - z2) ,

(1)

where A() is the open-loop gain of the output op-amp, typically
72 dB. When a negative feedback path is provided, the circuit

; will force the quantity inside the brackets essentially to zero,
" resulting in the equation
IX! - X2)(Y! - Y2) = U (Z, - Z2).

(2)

This is the most useful generalized transfer function for the
AD734; it expresses a balance between the product XY and the
product UZ. The absence of the output, W, in this equation
only reflects the fact that we have not yet specified which of the
inputs is to be connected to the op-amp output.
Most of the functions of the AD734 (including division, unlike
the AD534 in this respect) are realized with Zj connected to W.
So, substituting W in place of Z] in the above equation results
in an output.
W

X

i j------------ x2__1
2)iy,------------ y2_
2i +
= _1

U

(3)

The free input Z2 can be used to sum another signal to the out
put; in the absence of a product signal, W simply follows the
voltage at Z2 with the full 10 MHz bandwidth. When not
needed for summation, Z2 should be connected to the ground
associated with the load circuit. We can show the allowable po
larities in the following shorthand form:

(±X)(±Yl
(±u/l = n7ur+±z.

(4)

In the recommended direct divider mode, the Y input is set to a
fixed voltage (typically 10 V) and U is varied directly; it may
have any value from 10 mV to 10 V. The magnitude of the ratio
X/U cannot exceed 1.25; for example, the peak X-input for U
= 1 V is ±1.25 V. Above this level, clipping occurs at the posi
tive and negative extremities of the X-input. Alternatively, the
AD734 can be operated using the standard (AD534) divider con-
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Understanding the AD734
nections (Figure 8), when the negative feedback path is estab
lished via the Y2 input. Substituting W for Y2 in Equation (2),
we get

(5)
In this case, note that the variable X is now the denominator,
and the above restriction (X/U £ 1.25) on the magnitude of the
X input does not apply. However, X must be positive in order
for the feedback polarity to be correct. Y, can be used for sum
ming purposes or connected to the load ground if not needed.
The shorthand form in this case is

( ± W'l = I + L7|

I + A)

+ ( ± Y).

(6)

In some cases, feedback may be connected to two of the avail
able inputs. This is true for the square-rooting connections (Fig
ure 9), where W is connected to both Xj and Y2. Setting
X, = W and Y2 = W in Equation (2), and anticipating the pos
sibility of again providing a summing input, so setting X2 = S
and Y] = S, we find, in shorthand form

I ± W] =

+ U)( + Z) + (

This is seen more generally to be the geometric
since both U and Z can be variable; operation is restrict
one quadrant. Feedback may also be taken to the U-interface.
Full details of the operation in these modes is provided in the
appropriate section of this data sheet.
H

Direct Denominator Control
A valuable new feature of the AD734 is the provision t
the internal denominator voltage, U, with any value from
+10 mV to +10 V. This can be used (1) to simply alter the
multiplier scaling, thus improve accuracy and achieve reduced
noise levels when operating with small input signals; (2) to im
plement an accurate two-quadrant divider, with a 1000:1 gain
range and an asymptotic gain-bandwidth product of 200 MHz;
(3) to achieve certain other special functions, such as AGC or
rms.

Figure 2 shows the internal circuitry associated with denomina
tor control. Note first that the denominator is actually propor
tional to a current, Iu, having a nominal value of 356 jjlA for
U = 10 V, whereas the primary reference is a voltage, generated
by a buried-Zener circuit and laser-trimmed to have a very low
temperature coefficient. This voltage is nominally 8 V with a
tolerance of ±10%.

Figure 2. Denominator Control Circuitry

After temperature-correction (block TC), the reference voltage is
applied to transistor Qd and trimmed resistor Rd, which gener
ate the required reference current. Transistor Qu and resistor
Ru are not involved in setting up the internal denominator, and
their associated control pins UO, U1 and U2 will normally be
grounded. The reference voltage is also made available, via the
100 kfl resistor Rr, at Pin 9 (ER); the purpose of Qr is ex
plained below.
When the control pin DD (denominator disable) is connected to
VP, the internal source of Iu is shut off, and the collector cur
rent of Qu must provide the denominator current. The resistor
Ru is laser-trimmed such that the multiplier denominator is ex
actly equal to the voltage across it (that is, across pins U1 and
U2). Note that this trimming only sets up the correct internal
ratio; the absolute value of Ru (nominally 28 kfl) has a tolerance
of ±20%. Also, the alpha of Qu, (typically 0.995) which might
be seen as a source of scaling error, is canceled by the alpha of
other transistors in the complete circuit.

In the simplest scheme (Figure 3), an externally-provided
control voltag^VG, is applied directly to UO and U2 and the
{^stilting voltage Kross Ru is therefore reduced by one VBE. For
example, when VG = 2 V, the actual value of U will be about
1.3 V. This error will not be important in some closed-loop ap
plications, such as automatic gain control (AGC), but clearly is
| ' ftof acceptable where the denominator value must be well^fhen
*
dpfine4
it is required to set up an accurate, fixed value
oKU, (he on-chip reference may be used. The transistor Qr is
provided to cancel the VBE of Qu, and is biased by an external
resistor, R2, as shown in Figure 4. Rl is chosen to set the de
sired value of U and consists of a fixed and adjustable resistor.
------- *VS

AD734

| ~ 60uA

Figure 3. Low-Accuracy Denominator Control

Figure 4. Connections for a Fixed Denominator
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Table I shows useful values of the external components for set
ting up nonstandard denominator values.

♦ 15V

AD734
]nc : ZO-lpF

Denominator

5
3
2
1

V
V
V
V

Rl (Fixed)

Rl (Variable)

R2

34.8 kfl
64.9 kll
86.6 kfl
174 kll

20 kfl
20 kll
50 kfl
100 kll

120
220
300
620

(X,-X?)(Y, - Y2)

n U'

kll
kfl
kll
kll

Table I. Component Values for Setting Up Nonstandard
Denominator Values

The denominator can also be current controlled, by grounding
Pin 3 (U0) and withdrawing a current of Iu from Pin 4 (Ul).
The nominal scaling relationship is U = 28 x Iu, where u is
expressed in volts and Iu is expressed in milliamps. Note,
however, that while the linearity of this relationship is very
good, it is subject to a scale tolerance of ±20%. Note that the
common mode range on Pins 3 through 5 actually extends from
4 V to 36 V below VP, so it is not necessary to restrict the
connection of U0 to ground if it should be desirable to use some
other voltage.
The output ER may also be buffered, re-scaled and used as a
general-purpose reference voltage. It is generated with respect to
the negative supply line Pin 8 (VN), but this is acceptable when
driving one of the signal interfaces. An example is shown in Fig
ure 12, where a fixed numerator of 10 V is generated for a di
vider application. There, Y2 is tied to VN but Yt is 10 y above
this; therefore the common-mode voltage at this interface is still
5 V above VN, which satisfies the internal biasing requirements
(see Specifications Table).

OPERATION AS A MULTIPLIER
All of the connection schemes used in this section are essentially
identical to those used for the AD534, with which the AD734 is
pin-compatible. The only precaution to be noted in this regard
is that in the AD534, Pins 3, 5, 9, and 13 are not internally con
nected and Pin 4 has a slightly different purpose. In many cases,
an AD734 can be directly substituted for an AD534 with imme
diate benefits in static accuracy, distortion, feedthrough, and
speed. Where Pin 4 was used in an AD534 application to
achieve a reduced denominator voltage, this function can now be
much more precisely implemented with the AD734 using alter
native connections (see Direct Denominator Control, page 5).
Operation from supplies down to ±8 V is possible. The supply
current is essentially independent of voltage. As is true of all
high speed circuits, careful power-supply decoupling is impor
tant in maintaining stability under all conditions of use. The
decoupling capacitors should always be connected to the load
ground, since the load current circulates in these capacitors at
high frequencies. Note the use of the special symbol (a triangle
with the letter *L ’ inside it) to denote the load ground.

10V

"71 LOAD
^GROUND

1
J
Y - INPUT
+10V FS

]nc : :o.1mF

z2
OPTIONAL
SUMMING
INPUT
±10V FS

Figure 5. Basic Multiplier Circuit

with moderately good control of the high-pass (HP) corner fre
quency; a capacitor of 0.1 p.F provides a HP corner frequency
of 32 Hz. When a tighter control of this frequency' is needed, or
when the HP corner is above about 100 kHz, an external resis
tor should be added across the pair of input nodes.
At least one of the two inputs of any pair must be provided with
a de path (usually to ground). The careful selection of ground
returns is important in realizing the full accuracy of the AD734.
The Z2 pin will normally be connected to the load ground,
which may be remote, in some cases. It may also be used as
an optional summing input (see Equations (3) and (4), above)
having a nominal FS input of ± 10 V and the full 10 MHz
bandwidth.

In applications where high absolute accuracy is essential, the
scaling error caused by the finite resistance of the signal
sotirce(s) may be troublesome; for example, a 50 fl source resis
tance at just one input will introduce a gain error of -0.1%; if
both the X- and Y-inputs are driven from 50 fl sources, the
Scaling error in the product will be -0.2%. Provided the source
resistance(s) are known, this gain error can be completely com
pensated by including the appropriate resistance (50 II or
100 fl, respectively, in the above cases) between the output W
(Pin 12) and the Z1 feedback input (Pin 11). If Rx is the total
source resistance associated with the XI and X2 inputs, and Ry
is the total source resistance associated with the Y1 and Y2 in
puts, and neither Rx nor Ry exceeds 1 kll, a resistance of
Rx+Ry in series with pin Z1 will provide the required gain
restoration.

Pins 9 (ER) and 13 (DD) should be left unconnected in this ap
plication. The U-inputs (Pins 3, 4 and 5) are shown connected
to ground; they may alternatively be connected to VN, if de
sired. In applications where Pin 2 (X2) happens to be driven
with a high-amplitude, high-frequency signal, the capacitive
coupling to the denominator control circuitry via an ungrounded
Pin 3 can cause high-frequency distortion. However, the AD734
can be operated without modification in an AD534 socket, and
these three pins left unconnected, with the above caution noted.

Standard Multiplier Connections
Figure 5 shows the basic connections for multiplication. The X
and Y inputs are shown as optionally having their negative
nodes grounded, but they are fully differential, and in many
applications the grounded inputs may be reversed (to facilitate
interfacing with signals of a particular polarity, while achieving
some desired output polarity) or both may be driven.
The AD734 has an input resistance of 50 kll ± 20% at the X,
Y, and Z interfaces, which allows ac-coupling to be achieved
This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
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AD734
Current Output
It may occasionally be desirable to convert the output voltage to
a current. In correlation applications, for example, multiplica
tion is followed by integration; if the output is in the form of a
current, a simple grounded capacitor can perform this function.
Figure 6 shows how this can be achieved. The op-amp forces
the voltage across Zl and Z2, and thus across the resistor Rs, to
be the product XY/U. Note that the input resistance of the
Z interface is in shunt with Rs, which must be calculated
accordingly.

The smallest FS current is simply ±10 V/50 kfl, or ±200 p.A,
with a tolerance of about 20%. To guarantee a 1% conversion
tolerance without adjustment, Rs must be less than 2.5 kfl. The
maximum full scale output current should be limited to about
± 10 mA (thus, Rs = 1 kfl). This concept can be applied to all
connection modes, with the appropriate choice of terminals.
Squaring and Frequency-Doubling
Squaring of an input signal, E, is achieved simply by connecting
the X and Y inputs in parallel; the phasing can be chosen to
produce an output of E2/U or -E2/U as desired. The input may
have either polarity, but the basic output will either
positive or negative; as for multiplication, the
used to add a further signal to the out pue

When the input is a sinewave, a squarer
doubler, since

lEsinwZl2 = E1 (1 - cos2<i>t 1/2
Equation (8) shows a de term at the outp
strongly with the amplitude of the input, E. This de ti
be avoided using the connection shown in Figure 7, w
RC-network is used to generate two signals whose product has
no de term. The output is

OPERATION AS A DIVIDER
The AD734 supports two methods for performing analog divi
sion. The first is based on the use of a multiplier in a feedback
loop. This is the standard mode recommended for multipliers
having a fixed |cafo^oltage, such as the AD534, and will be
described in this Section. The second uses the AD734’s unique
capability for externally varying the scaling (denominator) volt
age diSSt^, and will be described in the next section.
Feedback Divider Connections
Figure 8 shows the connections for the standard (AD534) di
vider mode) Feedback from the output, W, is now taken to the
Y2 (inverting) input, which, provided that the X-input is posi
tive, establishes a negative feedback path. Y1 should normally
be connected to the ground associated with the load circuit, but
mayoptionallv be used to sum a further signal to the output. If
desired, the polarity of the Y-input connections can be reversed,
with W connected to Y1 and Y2 used as the optional summation
input. In this case, either the polarity of the X-input connec
tions must be reversed, or the X-input voltage must be negative.

( E

W = 4l^SM‘
for a) = 1/CR1, which is just
W = E’2(cos2wZ)/(10 V)

(10)

+Y1

which has no de component. To restore the output to ± 10 V
when E = 10 V, a feedback attenuator with an approximate ra
tio of 4 is used between W and Zl; this technique can be used
wherever it is desired to achieve a higher overall gain in the
transfer function.
In fact, the values of R3 and R4 include additional compensa
tion for the effects of the 50 kfl input resistance of all three in
terfaces; R2 is included for a similar reason. These resistor
values should not be altered without careful calculation of the
consequences; with the values shown, the center frequency f0 is
100 kHz for C = 1 nF. The amplitude of the output is only a
weak function of frequency: the output amplitude will be 0.5%
too low at f = 0.9fo and f = l.lf0. The cross-connection is sim
ply to produce the cosine output with the sign shown in Equa
tion (10); however, the sign in this case will rarely be important.

The numerator input, which is differential and can have either
polarity, is applied to pins Zl and Z2. As with all dividers based
on feedback, the bandwidth is directly proportional to the de
nominator, being 10 MHz for X = 10 V and reducing to
100 kHz for X = 100 mV. This reduction in bandwidth, and
the increase in output noise (which is inversely proportional to
the denominator voltage) preclude operation much below a de
nominator of 100 mV. Division using direct control of the de
nominator (Figure 10) does not have these shortcomings.
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This connection scheme may also be viewed as a variable-gain
element, whose output, in response to a signal at the X input, is
controllable by both the Y input (for attenuation, using Y less
than U) and the U input (for amplification, using U less than
Y). The ac performance is shown in Figure 11; for these results,
Y was maintained at a constant 10 V. At U = 10 V, the gain is
unity and the circuit bandwidth is a full 10 MHz. At U = 1 V,
the gain is 20 dB and the bandwidth is essentially unaltered. At
U = 100 mV, the gain is 40 dB and the bandwidth is 2 MHz.
Finally, at U = 10 mV, the gain is 60 dB and the bandwidth is
250 kHz, corresponding to a 250 MHz gain-bandwidth product.
Figure 9. Connection for Square Rooting

Connections for Square-Rooting
The AD734 may be used to generate an output proportional to
the square-root of an input using the connections shown in
Figure 9. Feedback is now via both the X and Y inputs, and is
always negative because of the reversed-polarity between these
two inputs. The Z input must have the polarity shown, but
because it is applied to a differential port, either polarity of
input can be accepted with reversal of Z1 and Z2, if necessary.
The diode D, which can be any small-signal type (1N4148 being
suitable) is included to prevent a latching condition which could
occur if the input momentarily was of the incorrect polarity of
«
the input, the output will be always negative.

Note that the loading on the output side of the diode will be
provided by the 25 kfl of input resistance at XI and Y2, and by
the user’s load. In high speed applications it may be beneficial
to include further loading at the output (to 1 kfl minimum) jo
speed up response time. As in previous applications, a further
signal, shown here as S, may be summed to th! output; if this »
option is not used, this node should be connected to the load
ground.

DIVISION BY DIRECT DENOMINATOR CONTROL
The AD734 may be used as an analog divider by directly vary
ing the denominator voltage. In addition to providing much
higher accuracy and bandwidth, this mode also provides greater
flexibility, because all inputs remain available. Figure 10 shows
the connections for the general case of a three-input multiplier
divider, providing the function
lx, - Xzity, - y2>
+
(11)
(l/i - t/2i
where the X, Y, and Z signals may all be positive or negative,
but the difference U = U j - U2 must be positive and in the
range +10 mV to +10 V. If a negative denominator voltage
must be used, simply ground the noninverting input of the op
amp. As previously noted, the X input must have a magnitude
of less than 1.25U.

Figure 10. Three-Variable Multiplier/Divider Using Direct
Denominator Control

FREQUENCY - Hz

ree-Variable Multiplier/Divider Performance

The 2 Mil resistor is included to improve the accuracy of the
gain for small denominator voltages. At high gains, the X input
offset voltage can cause a significant output offset voltage. To
eliminate this problem, a low-pass feedback path can be used
from W to X2; see Figure 13 for details.

Where a numerator of 10 V is needed, to implement a twoquadrant divider with fixed scaling, the connections shown in
Figure 12 may be used. The reference voltage output appearing
between Pin 9 (ER) and Pin 8 (VN) is amplified and buffered
by the second op amp, to impose 10 V across the Y1/Y2 input.
Note that Y2 is connected to the negative supply in this applica
tion. This is permissable because the common-mode voltage is
still high enough to meet the internal requirements. The transfer
function is

v - 10V'(uhHB) +

<12)

The ac performance of this circuit remains as shown in
Figure 11.

Figure 12. Two-Quadrant Divider with Fixed 10 V Scaling
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AD734
A PRECISION AGC LOOP
The variable denominator of the AD734 and its high gain
bandwidth product make it an excellent choice for precise auto
matic gain control (AGC) applications. Figure 13 shows a
suggested method. The input signal, EIN, which may have a
peak amplitude of from 10 mV to 10 V at any frequency from
100 Hz to 10 MHz, is applied to the X input, and a fixed posi
tive voltage Ec to the Y input. Op amp A2 and capacitor C2
form an integrator having a current summing node at its invert
ing input. (The AD712 dual op amp is a suitable is a suitable
choice for this application.) In the absence of an input, the cur
rent in D2 and R2 causes the integrator output to ramp nega
tive, clamped by diode D3, which is included to reduce the time
required for the loop to establish a stable, calibrated, output
level once the circuit has received an input signal. With no in
put to the denominator (U0 and U2), the gain of the AD734 is
very high (about 70 dB), and thus even a small input causes a
substantial output.
-w,—
R3
1MU

AD734

USING U INTERFACE
The AD734 is well suited to such applications as implicit RMSDC coflVersion, where the AD734 implements the function
,,
avg [Vw2]
VRMS - —V7------V RMS

(13)

using its direct divide mode. Figure 15 shows the circuit.
OP AMP = AO712 DU

Figure 13. Precision AGC Loop

Diode DI and Cl form a peak detector, which rectifies the out
put and causes the integrator to ramp positive. When the cur
rent in R1 balances the current in R2, the integrator output
holds the denominator output at a constant value. This occurs
when there is sufficient gain to raise the amplitude of EIN to
that required to establish an output amplitude of Ec over the
range of +1 V to +10 V. The X input of the AD734, which has
finite offset voltage, could be troublesome at the output at high
gains. The output offset is reduced to that of the X input (one
or two millivolts) by the offset loop comprising R3, C3, and
buffer Al. The low pass corner frequency of 0.16 Hz is trans
formed to a high-pass corner that is multiplied by the gain (for
example, 160 Hz at a gain of 1000).
In applications not requiring operation down to low frequencies,
amplifier Al can be eliminated, but the AD734’s input resis
tance of 50 kfl between XI and X2 will reduce the time con
stant and increase the input offset. Using a non-polar 20 pF
tantalum capacitor for Cl will result in the same unity-gain
high-pass corner; in this case, the offset gain increases to 20,
still very acceptable.

Figure 14 shows the error in the output for sinusoidal inputs at
100 Hz, 100 kHz, and 1 MHz, with Ec set to +10 V. The out
put error for any frequency between 300 Hz and 300 kHz is
similar to that for 100 kHz. At low signal frequencies and low
input amplitudes, the dynamics of the control loop determine
the gain error and distortion; at high frequencies, the 200 MHz
gain-bandwidth product of the AD734 limit the available gain.

U1
AD734

O-< ►—

»>iov0
1/2 AD708

---------- HE

Figure 15. A 2-Chip, Wideband RMS-DC Converter

In this application, the AD734 and an AD708 dual op amp
serve as a 2-chip RMS-DC converter with a 10 MHz bandwidth.
Figure 16 shows the circuit’s performance for square-, sine-, and
triangle-wave inputs. The circuit accepts signals as high as 10 V
p-p with a crest factor of 1 or 1 V p-p with a crest factor of 10.
The circuit’s response is flat to 10 MHz with an input of 10 V,
flat to almost 5 MHz for an input of 1 V, and to almost 1 MHz
for inputs of 100 mV. For accurate measurements of input levels
below 100 mV, the AD734’s output offset (Z interface) voltage,
which contributes a de error, must be trimmed out.
In Figure 15’s circuit, the AD734 squares the input signal, and
its output (V1N2) is averaged by a low-pass filter that consists of
R1 and Cl and has a corner frequency of 1 Hz. Because of the
implicit feedback loop, this value is both the output value,
VRMS, and the denominator in Equation (13). U2a and U2b, an
AD708 dual de precision op amp, serve as unity-gain buffers,
supplying both the output voltage and driving the U interface.
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If the two XI inputs are at frequencies f, and f2 and the fre
quency at the Y1 input is f0, then the two-tone third-order in
termodulation products should appear at frequencies 2f, - f2 ±
f0 and 2f2 - fi ± f0. Figures 18 and 19 show the output spectra
of the AD734 with f, = 9.95 MHz, f2 = 10.05 MHz, and
f0 = 9.00 MHz for a signal level of f, & f2 of 6 dBm and
f0 of +24 dBm in Figure 18 and f, & f2 of 0 dBm and
f0 of +24 dBm in Figure 19. This performance is without exter
nal trimming of the AD734’s X and Y input-offset voltages.

100

INPUT FREQUENCY - Hz

Figure 16. RMS-DC Converter Performance

LOW DISTORTION MIXER
The AD734’s low noise and distortion make it especially suitable
for use as a mixer, modulator, or demodulator. Although the
AD734’s -3 dB bandwidth is typically 10 MHz and is estab
lished by the output amplifier, the bandwidth of its X and Y
interfaces and the multiplier core are typically in excess of
40 MHz. Thus, provided that the desired output signal is
than 10 MHz, as would typically be the case in demodulat
the AD734 can be used with both its X and Y input signals
high as 40 MHz. One test of mixer performance is to linear
combine two closely spaced, equal-amplitude sindsoidal sigr
and then mix them with a third signal to determi
2-tone Third-Order Intermodulation Products.
HP3326A
COMBINE
A♦B

DATEL
DVC-3500

HP3326A
HIGH VOLTAGE
OPTION

The possible Two Tone Intermodulation Products are at 2 x
9.95 MHz - 10.05 MHz ± 9.00 MHz and 2 x 10.05 9.95 MHz ±9.00 MHz; of these only the third-order products at
0.850 MHz and 1.150 MHz are within the 10 MHz bandwidth
of the AD734; the desired output signals are at 0.950 MHz and
1.050 MHz. Note that the difference (Figure 18) between the
desired outputs and third-order products is approximately
78 dB, which corresponds to a computed third-order intercept
point of +46 dBm.
REF -10 0 dBm
10 dB/DIV
RANGE

f
—

n
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H
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—
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-
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Figure 18. AD734 Third-Order Intermodulation Performance
for f, = 9.95 MHz, f2 = 10.05 MHz, and f0 = 9.00 MHz and
for Signal Levels of f, &f2of 6 dBm and f0 of +24 dBm.
All Displayed Signal Levels Are Attenuated 20 dB by the
10X Probe Used to Measure the Mixer's Output
REF -10 0 dBm
MARKER 950 000.0 Hz
10 dB/DIV
RANGE -10 0 dBm -21 8 dBm

Figure 17. AD734 Mixer Test Circuit

Figure 17 shows a test circuit for measuring the AD734’s perfor
mance in this regard. In this test, two signals, at 10.05 MHz
and 9.95 MHz are summed and applied to the AD734’s X inter
face. A second 9 MHz signal is applied to the AD734’s Y inter
face. The voltage at the U interface is set to 2 V to use the full
dynamic range of the AD734. That is, by connecting the W and
Z1 pins together, grounding the Y2 and X2 pins, and setting
U = 2 V, the overall transfer function is
2 V

(14)

and W can be as high as 20 V p-p when XI = 2 V p-p and
Y1 = 10 V p-p. The 2 V p-p signal level corresponds to
+10 dBm into a 50 fl input termination resistor connected from
XI or Y1 to ground.

RBW 1k Hz

VBW 10 Hz

ST 156 SEC

Figure 19. AD734 Third-Order Intermodulation Performance
for f1 = 9.95 MHz, f2 =10.05 MHz, and f0 = 9.00 MHz and
for Signal Levels of f1 & f2 of 0 dBm and f0 of +24 dBm.
All Displayed Signal Levels Are Attenuated 20 dB by the
10X Probe Used to Measure the Mixer's Output

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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ANALOG
DEVICES

FEATURES
DC to >500MHz Operation
Differential ±1V Full Scale Inputs
Differential ±4mA Full Scale Output Current
Low Distortion (<0.05% for OdBm Input)
Supply Voltages from ±4V to ±9V
Low Power (280mW typical at VS=±5V)

500MHz Four-Quadrant Multiplier
AD834
AD834 FUNCTIONAL BLOCK DIAGRAM
X2

XI

+VS

W1

Y1

Y2

- Vs

W2

APPLICATIONS
High Speed Real Time Computation
Wideband Modulation and Gain Control
Signal Correlation and RF Power Measurement
Voltage Controlled Filters and Oscillators
Linear Keyers for High Resolution Television
Wideband True RMS

PRODUCT DESCRIPTION
The AD834 is a monolithic laser-trimmed four-quadrant analog
multiplier intended for use in high frequency applications,
having a transconductance bandwidth (RL=50fl) in excess of
500MHz from either of the differential voltage inputs. In multi
plier modes, the typical total full scale error is 0.5%, dependent
on the application mode and the external circuitry. Performance
is relatively insensitive to temperature and supply variations,
due to the use of stable biasing based on a bandgap reference
generator and other design features.
To preserve the full bandwidth potential of the high speed
bipolar process used to fabricate the AD834, the outputs appear
as a differential pair of currents at open collectors. To provide a
single ended ground referenced voltage output, some form of
external current to voltage conversion is needed. This may take
the form of a wideband transformer, balun, or active circuitry
such as an op amp. In some applications (such as power mea
surement) the subsequent signal processing may not need to
have high bandwidth.
The transfer function is accurately trimmed such that when
X=Y=±1V, the differential output is ±4mA. This absolute
calibration allows the outputs of two or more AD834s to be
summed with precisely equal weighting, independent of the ac
curacy of the load circuit.

PRODUCT HIGHLIGHTS
1. The AD834 combines high static accuracy (low input and
output offsets and accurate scale factor) with very high band
width. As a four-quadrant multiplier or squarer, the response
extends from de to an upper frequency limited mainly by
packaging and external board layout considerations. A large
signal bandwidth of over 500MHz is attainable under opti
mum conditions.

2. The AD834 can be used in many high speed nonlinear opera
tions, such as square rooting, analog division, vector addition
and rms-to-dc conversion. In these modes, the bandwidth is
limited by the external active components.
3. Special design techniques result in low distortion levels (bet
ter than -60dB on either input) at high frequencies and low
signal feedthrough (typically -65dB up to 20MHz).

4. The AD834 exhibits low differential phase error over the in
put range—typically 0.08° at 5MHz and 0.8° at 50MHz. The
large signal transient response is free from overshoot, and has
an intrinsic rise time of 500ps, typically settling to within 1%
in under 5ns.
5. The nonloading, high impedance, differential inputs simplify
the application of the AD834.

The AD834J is specified for use over the commercial tempera
ture range of 0 to +70°C and is available in an 8-pin cerdip
package, an 8-pin plastic DIP package, and an 8-pin plastic
SOIC package. AD834A is available in cerdip for operation
over the industrial temperature range of -40°C to + 85°C. The
AD834S/883B is specified for operation over the military tem
perature range of -55°C to + 125°C and is available in the 8-pin
cerdip package. S-Grade chips are also available.
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(Ta=+25°C and ±VS=±5V, unless otherwise noted; dBm assumes 5011 load.)
Model

Conditions

Min

AD834J
Typ

Max

Min

AD834A, S
Typ

Max

Units

±0.5
±1.5
0.1
±0.5

±2
±3
0.3
±1

0.2
0.1

0.3
0.2

% FS
% FS
% FS/V
% FS
MHz
% FS
% FS

MULTIPLIER PERFORMANCE

XY
W = Hv?x4mA

Transfer Function
Total Error1 (Figure 6)
vs. Temperature
vs. Supplies2
Linearity3
Bandwidth4
Feedthrough, X
Feedthrough, Y
AC Feedthrough, X5

AC Feedthrough, Y5

INPUTS (XI, X2, Yl, Y2)
Full Scale Range
Clipping Level
Input Resistance
Offset Voltage
vs. Temperature
vs. Supplies2
Bias Current
Common Mode Rejection
Nonlinearity, X
Nonlinearity, Y
Distortion, X

Distortion, Y

OUTPUTS (Wl, W2)
Zero Signal Current
Differential Offset
vs. Temperature

Scaling Current
Output Compliance
Noise Spectral Density
POWER SUPPLIES
Operating Range
Quiescent Current6
+vs
-Vs

-1VsX,Y<+1V
Tmm to Tmax
±4V to ±6V
See Figure 5
X=±1V, Y=Nulled
X=Nulled, Y=±1V
X=0dBm, Y=Nulled
f=10MHz
f=100MHz
X=Nulled, Y=0dBm
f=10MHz
f=100MHz

Differential
Differential
Differential

±0.5

±2

0.1
±0.5

0.3
±1

0.2
0.1

0.3
0.2

500

±1.1

Tmln to Tmax
±4V to ±6V

500

-65
-50

-65
-50

dB
dB

-70
-50

-70
-50

dB
dB

±1
±1.3
25
0.5
10

V
V
kft
mV
jiV/°C
mV
liV/V
jxA
dB
% FS
% FS

±1
±1.3
25
0.5
10

100
45
70
0.2
0.1

felOOkHz; IV p-p
Y=1V; X=±1V
X=1V; Y=±1V
X=0dBm, Y=1V
f=10MHz
f= = 100MHz
X=1V, Y=0dBM
f= 10MHz
f=100MHz

3.96
4.75

f= 10Hz to 1MHz
Outputs into 50ft Load

±1.1
3

4
300

100
45
70
0.2
0.1

0.5
0.3

3

4
300

0.5
0.3

-60
-44

-60
-44

dB
dB

-65
-50

-65
-50

dB
dB

8.5
±20
40

Each Output
X=0, Y=0
Tmn to Tmax

Differential

XY
w = (iWx4mA

4

±60

4.04
9

3.96
4.75

16

±4

8.5
±20
40

±60

4

±60
4.04
9

mA
M-A
nA/°C
p.A
mA
V

16

±9

±4

nV/VHz

±9

V

14
35

mA
mA

Tm,„ to Tm„

TEMPERATURE RANGE
Operating, Rated Performance
Commercial (0 to +70°C)
Military (-55°C to + 125°C)
Industrial (-40°C to +85°C)
PACKAGE OPTIONS’
8-Pin SOIC (R)
8-Pin Cerdip (Q)
8-Pin Plastic DIP (N)

11
28

14
35

11
28

AD834J

AD834S
AD834A

AD834JR

AD834JN

AD834AQ
AD834SQ/883B

NOTE
‘Error is defined as the maximum deviation from the ideal output, and expressed as a percentage of the full scale output.
’Both supplies taken simultaneously; sinusoidal input at fs 10kHz.
'Linearity is defined as residual error after compensating for input offset voltage, output offset current and scaling current errors.
4Bandwidth is guaranteed when configured in squarer mode. See Figure 5.
’Sine input; relative to full scale output; zero input port nulled; represents feedthrough of the fundamental.
“Negative supply current is equal to the sum of positive supply current, the signal currents into each output, W1 and W2, and the input bias currents.
’See Section 20 for package outline information.

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels.
Specifications subject to change without notice.
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AD834
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage (+VS to -Vs).................................................. 18V
Internal Power Dissipation................................................. 500mW
Input Voltages (XI, X2, Yl, Y2)............................................. +VS
Operating Temperature Range
AD834J...................................................................... 0 to +70°C
AD834A........................................................... -40°C to +85°C
AD834S/883B.................................................. -55°C to +125°C
Storage Temperature Range Q......................... — 65°C to +150°C
Storage Temperature Range R, N.................... —65°C to +125°C
Lead Temperature, Soldering 60sec.................................. + 300°C

CONNECTION DIAGRAM
Small Outline (R) Package
Plastic DIP (N) Package
Cerdip (Q) Package
*8~| X2

AD834
TOP VIEW
(Not to Scale)

~7~| X1

~6~| +VS
~5~| W1

NOTE
'Stresses above those listed under "Absolute Maximum Ratings" may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those
indicated in the operational section of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

METALIZATION PHOTO
CHIP DIMENSIONS AND BONDING DIAGRAM
Dimensions shown in inches and (mm).
Contact factory for latest dimensions.

THERMAL CHARACTERISTICS
®JA

8-Pin Cerdip Package (Q)
8-Pin Plastic SOIC (R)
8-Pin Plastic Mini-DIP (N)

30°C/W
45°C/W
50°C/W

110°C/W
165°C/W
99°C/W

W2

W1

----- 0.054(1.37) —

ORDERING GUIDE*
Temperature Range

0 to +70°C
-40°C to +85°C
-55°Cto +125°C

Plastic DIP
(N-8) Package

Cerdip
(Q-8) Package

Plastic SOIC
(R-8) Package

Chips

AD834JR

AD834JN
AD834AQ
AD834SQ/883B

AD834S Chips

*See Section 20 for package outline information.
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Typical Characteristics
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Figure 2. AC Feedthrough
vs. Frequency

Figure 1. Mean-Square Output
vs. Frequency

Figure 1. Figure 1 is a plot of the mean-square output versus
frequency for the test circuit of Figure 5. Note that the rising
response is due to package resonances.
Figure 2. For frequencies below 1MHz, ac feedthrough is
dominated by static nonlinearities in the transfer function and
the finite offset voltages. The offset voltages cause a small frac
tion of the fundamental to appear at the output, and can be
nulled out.

Figure 3. Total Harmonic Distortion
vs. Frequency

By placing capacitors C3/C5 and C4/C6 across load resistors Rl
and R2, a simple low-pass filter is formed, and the mean-square
value is extracted. The mean-square response can be measured
using a DVM connected across Rl and R2.

Figure 3. THD data represented in Figure 3 is dominated by
the second harmonic, and is generated with OdBm input on the
ac input and +1V on the de input. For a given amplitude on
the ac input, THD is relatively insensitive to changes in the
de input amplitude. Varying the ac input amplitude while
maintaining a constant de input amplitude will affect THD
performance.

Figure 5. Bandwidth Test Circuit

1024 POINT

\

<

Figure 4. Test Configuration for Measuring ac Feedthrough
and Total Harmonic Distortion

Figure 5. The squarer configuration shown in Figure 5 is used
to determine wideband performance because it eliminates the
need for (and the response uncertainties of) a wideband mea
surement device at the output. The wideband output of a
squarer configuration is a fluctuating current at twice the input
frequency with a mean value proportional to the square of the
input amplitude.
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Figure 6. Low Frequency Test Circuit

Applying the AD834
BASIC OPERATION
Figure 7 is a functional equivalent of the AD834. There are
three differential signal interfaces: the voltage inputs X=
XI-X2 and Y=Y1-Y2, and the current output, W (see Fig. 7)
which flows in the direction shown when X and Y are positive.
The outputs W1 and W2 each have a standing current of typi
cally 8.5mA.

Figure 8. Basic Connections for Wideband Operation

Figure 7. AD834 Functional Block Diagram

The input voltages are first converted to differential currents
which drive the translinear core. The equivalent resistance of
the voltage-to-current (V-I) converters is about 285(1. This low
value results in low input related noise and drift. However, the
low full scale input voltage results in relatively high nonlinearity
in the V-I converters. This is significantly reduced by the use of
distortion cancellation circuits which operate by Kelvin sensing
the voltages generated in the core — an important feature of the
AD834.

The current mode output of the core is amplified by a special
cascode stage which provides a current gain of nominally x 1.6,
trimmed during manufacture to set up the full scale output cur
rent of ±4mA. This output appears at a pair of open collec
tors which must be supplied with a voltage slightly above the
voltage on Pin 6. As shown in Figure 8, this can be arranged by
inserting a resistor in series with the supply to this pin and tak
ing the load resistors to the full supply. With R3 = 60(l, the
voltage drop across it is about 600mV. Using two 50(1 load
resistors, the full scale differential output voltage is ±400mV.
The full bandwidth potential of the AD834 can only be realized
when very careful attention is paid to grounding and de
coupling. The device must be mounted close to a high quality
ground plane and all lead lengths must be extremely short, in
keeping with UHF circuit layout practice. In fact, the AD834
shows useful response to well beyond 1GHz, and the actual
upper frequency in a typical application will usually be deter
mined by the care with which the layout is effected. Note that
R4 (in series with the -Vs supply) carries about 30mA, and
thus introduces a voltage drop of about 150mV. It is made large
enough to reduce the Q of the resonant circuit formed by the
supply lead and the decoupling capacitor. Slightly larger values
can be used, particularly when using higher supply voltages.
Alternatively, lossy RF chokes or ferrite beads on the supply
leads may be used.

Figure 8 shows the use of optional termination resistors at the
inputs. Note that although the resistive component of the input
impedance is quite high (about 25k(l), the input bias current
of typically 45 p.A can generate significant offset voltages if
not compensated. For example, with a source and termination
resistance of 50(1 (net source of 25(1) the offset would be
25(lx45pA= 1.125mV. This can be almost fully cancelled
by including (in this example) another 25(1 resistor in series
with the “unused” input (in Figure 8, either XI or Y2). In
order to minimize crosstalk the input pins closest to the out
put (XI and Y2) should be grounded; the effect is merely to
reverse the phase of the X input and thus alter the polarity of
the output.
TRANSFER FUNCTION
The output current W is the linear product of input voltages X
and Y divided by (IV)2 and multiplied by the “scaling current”
of 4mA:
4mA
Provided that it is understood that the inputs are specified in
volts, a simplified expression can be used:

W = (XY) 4mA

Alternatively, the full transfer function can be written:

1
250(1
When both inputs are driven to their clipping level of about
1.3V, the peak output current is roughly doubled, to ±8mA,
but distortion levels will then be very high.
TRANSFORMER COUPLING
In many high frequency applications where baseband operation
is not required at either inputs or output, transformer coupling
can be used. Figure 9 shows the use of a center-tapped output
transformer, which provides the necessary de load condition at
the outputs W1 and W2, and is designed to match into the de
sired load impedance by appropriate choice of turns ratio. The
specific choice of the transformer design will depend entirely on
the application. Transformers may also be used at the inputs.
Center-tapped transformers can reduce high frequency distortion
and lower HF feedthrough by driving the inputs with balanced
signals.
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WIDEBAND MULTIPLIER CONNECTIONS
Where operation down to de and a ground based output are nec
essary, the configuration shown in Figure 11 can be used. The
element values were chosen in this example to result in a fullscale output of ± IV at the load, so the overall multiplier trans
fer function is
W = (XI-X2) (Y1-Y2)

where it is understood that the inputs and output are in volts. The
polarity of the output can be reversed simply by reversing either
the X or Y input.

Figure 9. Transformer—Coupled Output

A particularly effective type of transformer is the balun1 which
is a short length of transmission line wound on to a toroidal fer
rite core. Figure 10 shows this arrangement used to convert the
bal(anced) output to an un(balanced) one (hence the use of the
term). Although the symbol used is identical to that for a trans
former, the mode of operation is quite different. In the first
place, the load should now be equal to the characteristic imped
ance of the line (although this will usually not be critical for
short line lengths). The collector load resistors R< may also be
chosen to reverse terminate the line, but again this will only be
necessary when an electrically long line is used. In most cases,
Rc will be made as large as the de conditions allow, to minimize
power loss to the load. The line may be a miniature coaxial
cable or a twisted pair.

The op amp should be chosen to support the desired output
bandwidth. The AD5539 is shown here, providing an overall
system bandwidth of 100MHz. Many other choices are possible
where lower post multiplication bandwidths are acceptable. The
level shifting network places the input nodes of the op amp to
within a few hundred millivolts of ground using the recom
mended balanced supplies. The output offset may be nulled by
including a 10011 trim pot between each of the lower pair of
resistors (3.74k!i) and the negative supply.

The pulse response for this circuit shown in Figure 12; the X
input was a pulse of 0 to + IV and the Y input was + IV de.
The transition times at the output are about 4ns.

It is important to note that the upper bandwidth limit of the
balun is determined only by the quality of the transmission line;
hence, it will usually exceed that of the multiplier. This is
unlike a conventional transformer where the signal is conveyed
as a flux in a magnetic core and is limited by core losses and
leakage inductance. The lower limit on bandwidth is determined
by the series inductance of the line, taken as a whole, and the
load resistance (if the blocking capacitors C are sufficiently
large). In practice, a balun can provide excellent differentialto-single-sided conversion over much wider bandwidths than a
transformer.
‘For a good treatment of baluns, see “Transmission Line Transformers” by
Jerry Sevick; American Radio Relay League publication.

6-70 ANALOG MULTIPLIERS/DIVIDERS

Applying the AD834
POWER MEASUREMENT (MEAN SQUARE AND RMS)
The AD834 is well suited to measurement of average power in
high frequency applications, connected either as a multiplier for
the determination of the Vxl product, or as a squarer for use
with a single input. In these applications, the multiplier is fol
lowed by a low pass filter to extract the long term average value.
Where the bandwidth extends to several hundred megahertz, the
first pole of this filter should be formed by grounded capacitors
placed directly at the output pins W1 and W2. This pole can be
at a few kilohertz. The effective multiplication or squaring
bandwidth is then limited solely by the AD834, since the follow
ing active circuitry is required to process only low frequency
signals.
(Refer to Figure 5 test configuration.) Using the device as a
squarer the wideband output in response to a sinusoidal stimu
lus is a raised cosine:

capability to +15dBm and improves the response flatness by
damping some of the resonances. The overall gain is unity; that
is, the output voltage is exactly equal to the rms value of the
input signal. The offset potentiometer at the AD834 outputs
extends the dynamic range, and is adjusted for a de output of
125.7mV when a 1MHz sinusoidal input at -5dBm is applied.

Additional filtering is provided; the time constants were chosen
to allow operation down to frequencies as low as 1kHz and to
provide a critically damped envelope response, which settles typ
ically within 10ms for a full scale input (and proportionally
slower for smaller inputs). The 5p.F and 0.1 p.F capacitors may
be scaled down to reduce response time if accurate rms opera
tion at low frequencies is not required. The output op amp must
be specified to accept a common-mode input near its supply.
Note that the output polarity may be inverted by replacing the
NPN transistor with a PNP type.

sin2wt = (1 + cos 2<ot) 12
Recall here that the full scale output current (when full scale
input voltages of IV are applied to both X and Y) is 4mA. In a
50(1 system, a sinusoid power of +10dBm has a peak value of
IV. Thus, at this drive level the peak output voltage across the
differential 500 load in the absence of the filter capacitors
would be 400mV (that is, 4mA x 5011 x 2), whereas the average
value of the raised cosine is only 200mV. The averaging configu
ration is useful in evaluating the bandwidth of the AD834, since
a de voltage is easier to measure than a wideband, differential
output. In fact, the squaring mode is an even more critical test
than the direct measurement of the bandwidth of either channel
taken independently (with a de input on the nonsignal channel),
because the phase relationship between the two channels also
affects the average output. For example, a time delay difference
of only 250ps between the X and Y channels would result in
zero output when the input frequency is 1GHz, at which fre
quency the phase angle is 90 degrees and the intrinsic product is
now between a sine and cosine function, which has zero average
value.
The physical construction of the circuitry around the IC is criti
cal to realizing the bandwidth potential of the device. The input
is supplied from an HP8656A signal generator (100kHz to
990MHz) via an SMA connector and terminated by an HP436A
power meter using an HP8482A sensor head connected via a
second SMA connector. Since neither the generator nor the sen
sor provide a de path to ground, a lossy lp.H inductor LI,
formed by a 22-gauge wire passing through a ferrite bead (FairRite type 2743001112) is included. This provides adequate
impedance down to about 30MHz. The IC socket is mounted on
a ground plane,with a clear area in the rectangle formed by the
pins. This is important, since significant transformer action can
arise if the pins pass through individual holes in the board; this
has been seen to cause an oscillation at 1.3GHz in improperly
constructed test jigs. The filter capacitors must be connected
directly to the same point on the ground plane via the shortest
possible leads. Parallel combinations of large and small capaci
tors are used to minimize the impedance over the full frequency
range. (Refer to Figure 1 for mean-square response for the
AD834 in cerdip package, using the configuration of Figure 5.)
To provide a square-root response and thus generate the rms
value at the output, a second AD834, also connected as a
squarer, can be used, as shown in Figure 13. Note that an atten
uator is inserted both in the signal input and in the feedback
path to the second AD834. This increases the maximum input

FREQUENCY DOUBLER
Figure 14 shows another squaring application. In this case, the
output filter has been removed and the wideband differential
output is converted to a single sided signal using a “balun,"
which consists of a length of 500 coax cable fed through a fer
rite core (Fair-Rite type 2677006301). No attempt is made to
reverse terminate the output. Higher load power could be
achieved by replacing the 50(1 load resistors by ferrite bead
inductors. The same precautions should be observed with regard
to PC board layout as recommended above. The output spec
trum shown in Figure 15 is for an input power of + lOdBm at a
frequency of 200MHz. The second harmonic component at
400MHz has an output power of -15dBm. Some feedthrough of
the fundamental occurs: it is 15dBs below the main output. It is
believed that improvements in the design of the balun would
reduce this feedthrough. A spurious output at 600MHz is also
present, but it is 30dBs below the main output. At an input fre
quency of 100MHz, the measured power level at 200MHz is
-16dBm, while the fundamental feedthrough is reduced to
25dBs below the main output; at an output of 600MHz the
power is -1 ldBm and the third harmonic at 900MHz is 32dBs
below the main output.
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X DENOTES A SHORT, DIRECT CONNECTION TO THE GROUND PLANE

Figure 14. Frequency Doubler Connections

14

WIDEBAND THREE SIGNAL MULTIPLIER/DIVIDER
Two AD834s and a wideband op amp can be connected to make
a versatile multiplier/divider having the transfer function

w, (X1-X2)(Y1-Y2)
w“
(U1-U2)

z

with a denominator range of about 100:1. The denominator
input U = U1-U2 must be positive and in the range lOOmV to
10V; X, Y and Z inputs may have either polarity. Figure 16
shows a general configuration which may be simplified to suit a
particular application. This circuit accepts full scale input volt
ages of 10V, and delivers a full scale output voltage of 10V. The
optional offset trim at the output of the AD834 improves the
accuracy for small denominator values. It is adjusted by nulling
the output voltage when the X and Y inputs are zero and
U = +lOOmV.
The AD840 is internally compensated to be stable without the
use of any additional HF compensation. As the input U is
reduced, the bandwidth falls because the feedback around the
op amp is proportional to the input U.

This circuit may be modified in several ways. For example, if
the differential input feature is not needed, the unused input
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Figure 16. Wideband Three Signal Multiplier/Divider

can be connected to ground through a single resistor, equal to
the parallel sum of the resistors in the attenuator section. The
full scale input levels on X, Y and U can be adapted to any full
scale voltage down to ±1V by altering the attenuator ratios.
Note, however, that precautions must be taken if the attenuator
ratio from the output of A3 back to the second AD834 (A2) is
lowered. First, the HF compensation limit of the AD840 may
be exceeded if the negative feedback factor is too high. Second,
if the attenuated output at the AD834 exceeds its clipping level
of ±1.3V, feedback control will be lost and the output will sud
denly jump to the supply rails. However, with these limitations
understood, it will be possible to adapt the circuit to smaller full
scale inputs and/or outputs, and for use with lower supply
voltages.
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Orientation
Log/Antilog Amplifiers
The devices described in this section span frequencies from de
to RF. Low frequency devices are the 755N and 755P modular
logarithmic amplifiers, which provide an output voltage propor
tional to the logarithm or antilogarithm of the input voltage for
signals from de to well under 1MHz.
For RF applications, the AD9521, an ac monolithic log amp,
has 12dB of gain and is pin-compatible with the Plessy SL521
and SL1521. Several AD9521s can be cascaded to form a
logarithmic strip with gains of 90dB and more for frequencies
typically from 7 to 250MHz.

P and N log amps, with differing K values, for both voltage and
current inputs, plotted on a semi-log scale.
Log amplifiers in the log mode are useful for applications requiring
compression of wide-range analog input data, linearization of
transducers having exponential outputs and analog computing,
ranging from simple translation of natural relationships in log
form (e.g., computing absorbence as the log ratio of input cur
rents), to the use of logarithms in facilitating analog computation
of terms involving arbitrary exponents and multiterm products
and ratios.

For higher levels of integration, the AD640, a monolithic de
modulating log amp, has five 10 dB stages, each with a 350MHz
small-signal bandwidth. The AD640 features an overall de to
120MHz bandwidth along with a built-in attenuator and on-chip
temperature compensation, as well as calibrated slope and inter
cept. Two AD640s can be cascaded for dynamic ranges as large
as 95dB, depending on bandwidth.

LOGS AND LOG RATIOS
In the logarithmic mode, the ideal output equation is
E0.-Kloglo{t}

Eo can be positive or negative; it is zero when the ratio is unity,
i. , Ii„ = Iref. K is the output scale constant; it is equal to the
e.
number of output volts corresponding to a decade
*
change of
the ratio. In the 755 and 759 log amplifiers, K is pin programmable
to be either IV, 2V or 2/3V, or externally adjustable to any
value a=2/3V; in the model 757 log-ratio amplifier, K may be
either a preset value of IV or an arbitrary value adjustable by an
external resistance ratio.
Iin is a unipolar input current within a 6-decade range (InA to
1mA); it may be applied directly, as a current, or derived from
an input voltage via an input resistor (in which case, the ratio
becomes Ein/(RinIref) = Ejn/Ejef. In models 755 and 759, the
magnitude of Iref is internally fixed at lOpuA (Eref = 0.1V) or
externally adjusted; but model 757 is log-ratio amplifier, in
which both Iin and Iref (or Ein and Eref, using external scaling
resistors) are input variables.
Each of the log amplifiers is available as a “P” or “N” option,
depending on the polarity of the input voltage. Logarithms may
be computed only for positive arguments, therefore the reference
current must be of appropriate polarity to make the ratio positive.
“N” indicates that the input current (or voltage) for the log
mode is positive; “P” indicates that only negative voltage or
current may be applied in the log mode. The polarity of K also
differs: K is positive for “N” versions and negative for “P”
versions. Thus, + 10V applied to model 759N, with K = + IV,
would produce an output voltage, Eo = — IV log (100) = — 2V;
on the other hand, - 10V applied to model 759P with K = IV,
would produce an output voltage, Eo = — ( — IV) log (100)
= +2V. The figure shows, in condensed form, the outputs of

«--------

--------- ►

Log of Voltage

Output vs. Input of Model 755N & 755P in Log Connection
(Log Input Scales), Showing Voltages, and Polarity Relationships

ANTILOGS
In the antilogarithmic (exponential) mode, the ideal output equation
is

Eo = Eref(10)-Ei"/K
Ein can be positive or negative; when it is zero, Eo = Ercf. However,
Eo is always of single polarity, positive for “N” versions, negative
for “P” versions. Thus, for 759P, connected for K = -2V, if
Ein = +4V, and Eref = -0.1V, then Eo = -0.1V-10-4/~2, or
-10V. IfEin = -4V, then Eo = -0.1V-10_(_4)/_2 = - lmV.
The figure on the next page shows in condensed form, the
outputs of P and N log amps, connected for antilogarithmic
operation, with different K values.

Antilog amplifiers are useful for applications requiring expansion
of compressed data, linearization of transducers having logarithmic
outputs, analog function fitting or function generation, to obtain
relationships or generate curves having voltage-programmable
rates of growth or decay, and in analog computing, for such
functions as compound multiplication and division of terms
having differing exponents.

*A decade is a 10:1 ratio, two decades is 100:1, etc. For example, if
K = 2, and the ratio is 10, the magnitude of the output would be 2V,
and its polarity would depend on whether the ratio were greater or
less than unity. If the input signal then changed by a factor of 1,000
(3 decades), the output would change by 6V.
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Eo (LOG)

V|N
(LINEAR)

a) Log/Antilog Amplifier Connected in the Log Mode (K = 1)

Antilog Operator Response Curves, Semilog Scale
Eo = EREF 10 VlN/-K

LOG-ANTILOG AMPLIFIER PERFORMANCE
Considerable information regarding log- and antilog-amplifier
circuit design, performance, selection and applications is to be
found in the Nonlinear Circuits Handbook1. Several salient points
will be covered here, and specifications will be defined.
A log/antilog amplifier consists of an operational amplifier and
an element with antilogarithmic transconductance (i.e., the
voltage into the element produces a current that is an exponential
function of the voltage). As the figure shows, for logarithmic
operations, the input current is applied at the op-amp summing
point, and the feedback circuit causes the amplifier output to
produce whatever voltage is required to provide a feedback
current that will exactly balance the input current.
In antilog operation, the input voltage is applied directly to the
input of the antilog element, producing an exponential input
current to the op-amp circuit. The feedback resistance transduces
it to an output voltage.

The wide range of log/exponential behavior is made possible by
the exponential current-voltage relationship of transistor base
emitter junctions,

I = Io(^v/kT - 1) - IoeqV/kT
and V = (kT/q) In (I/Io)
where I is the collector current, Io is the extrapolated current
for V = 0, V is the base-emitter voltage, q/k (11,605 K/V) is
the ratio of charge of an electron to Boltzmann’s constant and T
is junction temperature in kelvins. In log/antilog devices, two
matched transistors are connected so as to subtract the junction
voltages associated with the input and reference currents, making
the ratio independent of Io’s variation with temperature.

AV = (kT/q) In (Iin/Io) - (kT/q) In (Ircf/Io)
= (kT/q)(ln Iin - In Ircf) + (kT/q)(ln Io - In Io)
= (kT/q) In (Iin/Iref)
'Nonlinear Circuits Handbook, Analog Devices, Inc., 1974, 1976,
536pp, edited by D. H. Sheingold, $5.95; send check or complete
MasterCard data to P.O. Box 796, Norwood, MA 02062
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+15V

COM -15V TRIM Eq,

b) Log/Antilog Amplifier Connected in the Exponential Mode

The temperature dependence of gain is compensated for by a
resistive attenuator that uses a temperature-sensitive resistor for
compensation. The attenuator also produces amplification of K
to the specified nominal values, e.g., from the basic 59mV/decade,
(kT/q) lnlO at room temperature, to lV/decade.
Errors are introduced by the offset current of the amplifier (and
the offset voltage) for voltage inputs; by inaccuracy of the reference
current (or the effective reference voltage, for voltage inputs) in
fixed-reference devices; and by inaccuracy of setting K. Additional
errors are introduced by drift of these parameters with temperature.
At any temperature, if these parameters are nulled out, there
remains a final irreducible difference between the actual output
and the theoretical output, called log-conformity error, which is
manifested as a “nonlinearity” of the input-output plot on semilog
coordinates. Best log conformity is realized away from the ex
tremities of the rated signal range. For example, log-conformity
error of model 755 is ± l% maximum, referred to the input,
over the entire 6-decade range from InA to 1mA; but it is only
±0.5% maximum over the 4-decade range from lOnA to IOOjxA.
A plot of log conformity error for model 759 is shown on the
following page.
Errors occurring at the input, and log-conformity errors, can
only be observed at the output, but it is useful to refer them to
the input (RTI). Equal percentage errors at the input, at whatever
input level, produce equal incremental errors at the output, for
a given value of K. For example, if K = 1, and the RTI log
conformity error is +1%, the magnitude of the output error
will be
Error = Actual output - ideal output
= lV-log (1.01 I/I„f) - lV-log (I/Ircf)
= lV-log 1.01 = 0.0043V =4.3mV

Offset Voltage (Eos) depends on the operational amplifier used
for the log operation. Its effect is that of a small voltage in
series with the input resistor. For current-logging operations,
with high-impedance sources, its error contribution is negligible.
However, for voltage logging, it modifies the value of Vin. Though
it can be adjusted to zero at room temperature, its drift over the
temperature range should be considered. In antilog operation,
Eos appears at the output as an essentially constant voltage; its
percentage effect on error is greatest for small outputs.
Log Conformity Error for Models 759N and 759P

If, in this example, the input range happens to be 5 decades,
the corresponding output range will be 5 volts, and the 4.3mV
log-conformity error, as a percentage of total output range, will
be less than 0.1%. Because this ambiguity can prove confusing
to the user, it is important that a manufacturer specify whether
the error is referred to the input or the output. The table below
indicates the conversion between RTI percentage and output
error-magnitudes, for various percent errors, and various values
of K.
LOG OUTPUT ERROR (mV)

% ERROR RTI

K=1V

K = 2V

0.1
0.5
LO
2.0
3.0
4.0
5.0
10.0

0.43
2.2
4.3
8.6
13
17
21
41

0.86
4.3
8.6
17
26
34
42
83

K = (2/3)V

0.28
1.4
2.9
5.7
8.6
11
14
28

For antilog operations, input and output errors are
interchanged.
To arrive at the total error, an error budget should be made up,
taking into account each of the error sources, and its contribution
to the total error, over the temperature range of interest.

Dynamic response of log amps is a function of the input level.
Small-signal bandwidths of ac input signals biased at currents
above lpA tend to be roughly comparable. However, below
l|xA, bandwidth tends to be in rough proportion to current
level. Similarly, rise time depends on step magnitude and direc
tion - step changes in the direction of increasing current are
responded to more quickly than step decreases of current.
DEFINITIONS OF SPECIFICATIONS
Log-Conformity Error: When the parameters have been adjusted
to compensate for offset, scale-factor and reference errors, the
log-conformity error is the deviation of the resulting function from
a straight line on a semilog plot over the range of interest.

Offset Current (Ios) is the bias current of the amplifier, plus any
stray leakage currents. This parameter can be a significant source
of error when processing signals in the nanoampere region. Its
contribution in antilog operation is negligible.

Reference Current (Iref) is the effective internally-generated current
source output to which all values of input current are compared.
Iref tolerance appears as a de offset at the output; it can be adjusted
towards zero by adjusting the reference current, adding a voltage
to the output by injecting a current into the scale-factor attenuator
or simply by adding a constant bias at the output’s destination.

Reference Voltage (Ercf) is the effective internally generated voltage
to which all input voltages are compared. It is related to Iref by
the equation: Ercf = IrefRin> where Rin is the value of input
resistance. Typically, Iref is less stable than Rin; therefore,
practically all the tolerance is due to Iref.
Scale Factor (K) is the voltage change at the output for a decade
(i.e., 10:1) change at the input, when connected in the log mode.
Error in scale factor is equivalent to a change in gain, or slope
(on a semilog plot), and is specified in percent of the nominal
value.
WIDEBAND (AC) LOGARITHMIC AMPLIFIERS
Amplifiers in the class of the AD9521 are essentially limiting
amplifiers, providing high gain for small signals and low gain for
large signals. They accept high-frequency ac signals (7MHz to
250MHz) and provide two amplified outputs: a radio-frequency
output (voltage) and a nonlinearly detected output (current).
The amplification characteristic (current output vs. rf input) on
a semilog scale is S-shaped, starting with zero slope, increasing
to a linear slope, then soft-saturating (with a slight overshoot).

They are used in strips, or cascades, of n (for example, 6 to 9)
stages, with the rf output of one unit becoming the input of the
next, thus multiplying their gains. The nonlinearly detected (or
video') outputs are connected together for current summation.
The resulting output-vs.-input characteristic (semilog scale) is
S-shaped, with a lengthy log-linear region whose extent depends
on the number of stages (about 12dB per device). Once an
amplifier saturates, its contribution to the summation is fixed;
thus, the maximum output for large signals is n times the output
of one device. The maximum dynamic range has been realized
when the number of stages, n, is such that the input-stage noise
alone produces full output from the last stage.
The AD640 provides a higher level of integration than the AD9521,
being a completely calibrated system with a 50dB dynamic range.
The AD640 uses a successive detection scheme that produces a
current proportional to the logarithm of the input voltage. The
AD640 consists of five detector/limited stages, each having a
small-signal voltage gain of lOdB and a 3dB bandwidth of 350MHz.
Two AD640s can be cascaded for dynamic ranges as large as
95dB, depending on bandwidth.
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ANALOG
DEVICES
FEATURES
Complete, Fully Calibrated Monolithic System
Five Stages, Each Having 10dB Gain, 350MHz BW
Direct Coupled Fully Differential Signal Path
Logarithmic Slope, Intercept and AC Response are
Stable Over Full Military Temperature Range
Dual Polarity Current Outputs Scaled 1mA/Decade
Voltage Slope Options (1V/Decade, 100mV/dB, etc.)
Low Power Operation (Typically 220mW at ±5V)
Low Cost Plastic Packages Also Available

DC Coupled Demodulating
120MHz Logarithmic Amplifier
AD640
AD640 BLOCK DIAGRAM

APPLICATIONS
Radar, Sonar, Ultrasonic and Audio Systems
Precision Instrumentation from DC to 120MHz
Power Measurement with Absolute Calibration
Wide Range High Accuracy Signal Compression
Alternative to Discrete and Hybrid IF Strips
Replaces Several Discrete Log Amp ICs

PRODUCT DESCRIPTION
The AD640 is a complete monolithic logarithmic amplifier. A
single AD640 provides up to 50dB of dynamic range for fre
quencies from de to 120MHz. Two AD640s in cascade can pro
vide up to 95dB of dynamic range at reduced bandwidth. The
AD640 uses a successive detection scheme to provide an output
current proportional to the logarithm of the input voltage. It is
laser calibrated to close tolerances and maintains high accuracy
over the full military temperature range using supply voltages
from ±4.5V to ±7.5V.
The AD640 comprises five cascaded de coupled amplifier/limiter
stages, each having a small signal voltage gain of lOdB and a
-3dB bandwidth of 350MHz. Each stage has an associated full
wave detector, whose output current depends on the absolute
value of its input voltage. The five outputs are summed to pro
vide the video output (when low pass filtered) scaled at 1mA per
decade (50p.A per dB). On chip resistors can be used to convert
this output current to a voltage with several convenient slope
options. A balanced signal output at +50dB (referred to input)
is provided to operate AD640s in cascade.
The logarithmic response is absolutely calibrated to within
±ldB for de or square wave inputs from ±0.75mV to ±200mV,
with an intercept (logarithmic offset) at lmV de. An integral
X10 attenuator provides an alternative input range of ±7.5mV
to ±2V de. Scaling is also guaranteed for sinusoidal inputs.
The AD640B is specified for the industrial temperature range of
-40°C to +85°C and the AD640T, available processed to MILSTD-883B, for the military range of -55°C to +125°C. Both are
available in 20-pin side brazed ceramic DIPs or leadless chip
carriers (LCC). The AD640J is specified for the commercial
temperature range of 0 to +70°C, and is available in both 20-pin
plastic DIP (N) and PLCC (P) packages.

PRODUCT HIGHLIGHTS
1. Absolute calibration of a wideband logarithmic amplifier is
unique. The AD640 is a high accuracy measurement device,
not simply a logarithmic building block.

2. Advanced design results in unprecedented stability over the
full military temperature range.
3. The fully differential signal path greatly reduces the risk of
instability due to inadequate power supply decoupling and
shared ground connections, a serious problem with com
monly used unbalanced designs.

4. Differential interfaces also ensure that the appropriate ground
connection can be chosen for each signal port. They further
increase versatility and simplify applications. The signal
input impedance is ~500kfl in shunt with ~2pF.
5. The de coupled signal path eliminates the need for numerous
interstage coupling capacitors and simplifies logarithmic con
version of subsonic signals.
6. The low input offset voltage of 50pV (200p.V max) ensures
good accuracy for low level de inputs.
7. Thermal recovery “tails,” which can obscure the response
when a small signal immediately follows a high level input,
have been minimized by special attention to design details.

8. The noise spectral density of 2nV/\/Hz results in a noise
floor of ~23p.V rms (~80dBm) at a bandwidth of 100MHz.
The dynamic range using cascaded AD640s can be extended
to 95dB by the inclusion of a simple filter between the two
devices.
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SPECIFICATIONS
DC SPECIFICATIONS (VS=±5V, Ta=+25°C, unless otherwise specified)
Model
Transfer Function1
Parameter
SIGNAL INPUTS (Pins 1, 20)
Input Resistance
Input Offset Voltage
vs. Temperature
Over Temperature
vs. Supply
Input Bias Current
Input Bias Offset
Common Mode Range

INPUT ATTENUATOR
(Pins 2, 3, 4, 5 & 19)
Attenuation2
Input Resistance

SIGNAL OUTPUT (Pins 10, 11)
Small Signal Gain4
Peak Differential Output5
Output Resistance
Quiescent Output Voltage

Conditions

Differential
Differential

500
50
0.8

500

500
50
0.8

25

2
7
1

+ 0.3

-2

25

2
7
1

+0.3

-2

200

-2

25
+0.3

Units
kfl
fiV
J1V/°C
nV
nV/v
nA
jxA
V

Pin 5 to Pin 19
Pins 5 to 3/4

20
300

20
300

20
300

dB

50
±180
75
-90

50
±180
75
-90

dB
mV

Either Pin to COM
Either Pin to COM

50
±180
75
-90

-0.3
0.95

1.00
0.002

+ VS -1
1.05

-0.3
0.98

1.00
0.002

0.85

0.08
1.00
0.5

1.0
1.15

0.95

0.08
1.00
0.5

0.4
1.05

0.95

2

2

-61.5

1.00
0.002

0.08
1.00
0.5

-60.0
0.004

-58.7

-60.5

-60.0
0.004

8.25
Pin 8 to COM

0.017
10.0
-0.2
-0.27
2.3

11.75

9.0

0.017
10.0
-0.2
-0.27
2.3

-59.5

-60.5

11.0

9.0

1.000

1.005

0.995

1.000
0.35

1.2

0.35

0.55

0.55

1.0

2
3
2
3

0.4
0.6
1.2

2.5
3
3.5

Tm,„ to Tm„
±VS=4.5V to 7.5V

Tm,n to Tm„

0.995

±7.5

±4.5

9
35

15
60

n

n
mV
+VS -1
1.02
1.02
0.4
1.05

-60.0
0.004

nV/°c
mV
nV/V

-59.5

dBV
dBrc
dB
dB/V
mV
mA
mA
mA

-59.1

0.017
10.0
-0.2
-0.27
2.3

V
mA
%/°C
mA
%/V
mV

1.10

2

-60.9

Tm,„ to Tm„
±VS=4.5V to 7.5V

7-8 LOG/ANTILOG AMPLIFIERS

-0.3
0.98

0.90

Tmm to Tm.„
±VS=4.5V to 7.5V

Tm,„ to Tm>,
Tmin to Tm„

+VS -1
1.02

0.98

Tm,n to Tm„
±VS=4.5V to 7.5V

DC LINEARITY
V,N=±lmV to ± lOOmV

POWER REQUIREMENTS
Voltage Supply Range
Quiescent Current’
+VS (Pm 12)
-Vs (Pm 7)

500
50
0.8

300

2
7
1

APPLICATIONS RESISTORS
(Pins 15, 16, 17)

TOTAL ABSOLUTE DC
ACCURACY
VIN = ±lmV to ± lOOmV8
Over Temperature
Over Supply Range
VIN= ±O.75mV to ±200mV
Using Attenuator
V|N = ±10mV to ±1V
Over Temperature
VIN = ±7.5mV to 2V

200

Tm,n to Tm„

LOGARITHMIC OUTPUT6 (Pin 14)
Voltage Compliance Range
Slope Current, IY
Accuracy vs. Temperature

Accuracy vs. Supply
Intercept Voltage7, Vx
vs. Temperature
Over Temperature
vs. Supply
Logarithmic Offset
(Alt. Definition of Vx)
vs. Temperature
Over Temperature
vs. Supply
Intercept Voltage Using Attenuator
Zero Signal Output Current3
ITC Disabled
Maximum Output Current

Min

AD640T
AD640B
AD640J
IouT=Iy LC G |VIN/VX for VIN=±0.75mV to ±200mV de
Min
Max
Max
Min
Max
Typ
Typ
Typ

11.0

1.000

1.005

kfl

0.6

0.35

0.6

dB

0.55

1.0

0.9
1.7
1.0
2.0

1.0

0.9
1.8
1.0
2.0

dB
dB
dB
dB

0.4
0.6
1.2

1.5
2.0
2.5

0.4
0.6
1.2

1.5
2.0
2.5

dB
dB
dB

±7.5

V

15
60

mA
mA

±4.5

±7.5

9
35

15
60

±4.5

9
35

AD640
AC SPECIFICATIONS (Vs= ±5V, Ta=+25°C, unless otherwise specified)
AD640B

AD640J
Max
Typ

AD640T

Model
Parameter

Conditions

SIGNAL INPUT (Pins 1, 20)
Input Capacitance
Noise Spectral Density
Tangential Sensitivity

Either Pin to COM
1kHz to 10MHz
BW=100MHz

2
2
-72

2
2
-72

2
2
-72

pF
nV/VHz
dBm

3dB BANDWIDTH
Each Stage
All Five Stages

Pins 1 & 20 to 10 & 11

350
145

350
145

350
145

MHz
MHz

LOGARITHMIC OUTPUTS6
Slope Current, Iy
f<=lMHz
f=30MHz
f=60MHz
f=90MHz
f= 120MHz
Intercept, Dual AD64OS10'11
f<=lMHz
f=30MHz
f=60MHz
f=90MHz
f= 120MHz
AC LINEARITY
-40dBm to -2dBm12
-35dBm to -lOdBm12
-75dBm to OdBm10
-70dBm to -lOdBm10
-75dBm to +15dBm“

f=lMHz
f=lMHz
f=lMHz
f=lMHz
f=10kHz

PACKAGE OPTIONS14
20-Pin Ceramic DIP Package (D)
20-Pin Leadless Ceramic Chip Carrier (E)
20-Pin Plastic DIP Package (N)
20-Pin Plastic Leadless Chip Carrier (P)

Min

Min

Min

Typ

Max

Units

0.96
0.88
0.82

1.0
0.94
0.90
0.88
0.85

1.04
1.00
0.98

0.98
0.91
0.86

1.0
0.94
0.90
0.88
0.85

1.02
0.97
0.94

0.98
0.91
0.86

1.0
0.94
0.90
0.88
0.85

1.02
0.97
0.94

mA
mA
mA
mA
mA

-90.6

-88.6
-87.6
-86.3
-83.9
-80.3

-86.6

-89.6

-88.6
-87.6
-86.3
-83.9
-80.3

-87.6

-89.6

-88.6
-87.6
-86.3
-83.9
-80.3

-87.6

dBm
dBm
dBm
dBm
dBm

0.5
0.25
0.75
0.5
0.5

2.0
1.0
3.0
2.0
3.0

0.5
0.25
0.75
0.5
0.5

1.0
0.5
1.5
1.0
1.5

0.5
0.25
0.75
0.5
0.5

1.0
0.5
1.5
1.0
1.5

dB
dB
dB
dB
dB

AD640TD
AD640TE

AD640BD
AD640BE
AD640JN
AD640JP

155

155

155

NUMBER OF TRANSISTORS

Max

Typ

NOTES
'Logarithms to base 10 are used throughout. The response is independent of the sign of VIN.
2Attenuation ratio trimmed to calibrate intercept to lOmV when in use. It has a temperature coefficient of +0.3%/°C.
‘The zero-signal current is a function of temperature unless internal temperature compensation (ITC) pin is grounded.
4Overall gain is trimmed using a ±200pV square wave at 2kHz, corrected for the onset of compression.
5The fully limited signal output will appear to be a square wave; its amplitude is proportional to absolute temperature.
‘Currents defined as flowing into Pin 14. See FUNDAMENTALS OF LOGARITHMIC CONVERSION for full explanation of
scaling concepts. Slope is measured by linear regression over central region of transfer function.
7The logarithmic intercept in dBV (decibels relative to IV) is defined as 20 LOG10 (VX/1V).
‘Operating in circuit of Figure 24 using ±0.1% accurate values for RLA and RLB. Includes slope and nonlinearity errors. Input offset errors also included for
VIN >3mV de, and over the full input range in ac applications.
’Essentially independent of supply voltages.
‘“Using the circuit of Figure 27, using cascaded AD640s and offset nulling. Input is sinusoidal, OdBm in 50fl=223mV rms.
“For a sinusoidal signal (see EFFECT OF WAVEFORM ON INTERCEPT). Pin 8 on second AD640 must be grounded to ensure temperature stability
of intercept for dual AD640 system.
“Using the circuit of Figure 24, using single AD640 and offset nulling. Input is sinusoidal, OdBm in 50fl=223mV rms.
“Using the circuit of Figure 32, using cascaded AD640s and attenuator. Square wave input.
14See Section 20 for package outline information.
All min and max specifications are guaranteed, but only those in boldface are 100% tested on all production units. Results from those tests are used
to calculate outgoing quality levels.
Specifications subject to change without notice.

THERMAL CHARACTERISTICS
0JC (°C/W)

20-Pin
20-Pin
20-Pin
20-Pin

Ceramic DIP Package (D-20)
Leadless Ceramic Chip Carrier (E-20A)
Plastic DIP Package (N-20)
Plastic Leadless Chip Carrier (P-20A)

25
25
24
28

Oja (°C/W)

85
85
61
75
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Typical DC Performance
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Figure 7. Slope Current, lY, vs.
Temperature

Figure 2. Intercept Voltage, Vx, vs.
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vs. Supply Voltages

Figure 5. Intercept Voltage (Using
Attenuator) vs. Temperature
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Figure 6. Input Offset Voltage Deviation
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7.5

POWER SUPPLY VOLTAGES - ±Vohs

Figure 8. Absolute Error vs. Tem
perature, V,N = ±1 mV to ±700mV

Figure 9. Absolute Error vs.
Temperature, Using Attenuator.
VIN =±WmV to ±1V, Pin 8
Grounded to Disable ITC Bias

Typical AC Performance - AD640
30MHz
60MHz
30MHz
120MHz

INPUT LEVEL - dBm

Figure 10. AC Response at 30MHz, 60MHz, 90MHz and
120MHz, vs. dBm Input (Sinusoidal Input)

Figure 11. Logarithmic Response and Linearity at 60MHz,
Ta for Ta = -55°C, +25°C, +125°C

INPUT FREQUENCY - MHz

Figure 13. Intercept Level (dBm) vs. Frequency (Cascaded
AD640s - Sinusoidal Input)

Figure 14. Baseband Pulse Response of Single AD640,
Inputs of 1mV, 10mV and 100mV

Figure 15. Baseband Pulse Response of Cascaded
AD640s, at Inputs of 0.2mV, 2mV, 20mV and 200mV
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CIRCUIT DESCRIPTION
The AD640 uses five cascaded limiting amplifiers to approxi
mate a logarithmic response to an input signal of wide dynamic
range and wide bandwidth. This type of logarithmic amplifier
has traditionally been assembled from several small scale ICs
and numerous external components. The performance of these
semidiscrete circuits is often unsatisfactory. In particular, the
logarithmic slope and intercept (see FUNDAMENTALS OF
LOGARITHMIC CONVERSION) are usually not very stable in
the presence of supply and temperature variations even after
laborious and expensive individual calibration. The AD640
employs high precision analog circuit techniques to ensure
stability of scaling over wide variations in supply voltage and
temperature. Laser trimming, using ac stimuli and operating
conditions similar to those encountered in practice, provides
fully calibrated logarithmic conversion.

Each of the amplifier/limiter stages in the AD640 has a small
signal voltage gain of lOdB (X3.162) and a -3dB bandwidth of
350MHz. Fully differential direct coupling is used throughout.
This eliminates the many interstage coupling capacitors usually
required in ac applications, and simplifies low frequency signal
processing, for example, in audio and sonar systems. The
AD640 is intended for use in demodulating applications. Each
stage incorporates a detector (a full wave transconductance recti
fier) whose output current depends on the absolute value of its
input voltage.

Figure 16 is a simplified schematic of one stage of the AD640.
All transistors in the basic cell operate at near zero collector to
base voltage and low bias currents, resulting in low levels of
thermally induced distortion. These arise when power shifts
from one set of transistors to another during large input signals.
Rapid recovery is essential when a small signal immediately fol
lows a large one. This low power operation also contributes sig
nificantly to the excellent long term calibration stability of the
AD640.
The complete AD640, shown in Figure 17, includes two bias
regulators. One determines the small signal gain of the amplifier
stages; the other determines the logarithmic slope. These bias
regulators maintain a high degree of stability in the resulting
function by compensating for potentially large uncertainties
in transistor parameters, temperature and supply voltages. A
third biasing block is used to accurately control the logarithmic
intercept.

By summing the signals at the output of the detectors, a good
approximation to a logarithmic transfer function can be
achieved. The lower the stage gain, the more accurate the

LOG OUT

1.09mA
PTAT

109mA
PTAT

565pA

S6S,.A

2 18mA
PTAT

Figure 16. Simplified Schematic of a Single AD640 Stage

approximation, but more stages are then needed to cover a given
dynamic range. The choice of lOdB results in a theoretical peri
odic deviation or ripple in the transfer function of ±0.15dB
from the ideal response when the input is either a de voltage
or a square wave. The slope of the transfer function is un
affected by the input waveform; however, the intercept and rip
ple are waveform dependent (see EFFECT OF WAVEFORM
ON INTERCEPT). The input will usually be an amplitude
modulated sinusoidal carrier. In these circumstances the output
is a fluctuating current at twice the carrier frequency (because of
the full wave detection) whose average value is extracted by an
external low pass filter, which recovers a logarithmic measure of
the baseband signal.
Circuit Operation
With reference to Figure 16, the transconductance pair Q7, Q8
and load resistors R3 and R4 form a limiting amplifier having a
small signal gain of lOdB, set by the tail current of nominally
2.18mA at 27°C. This current is basically proportional to abso
lute temperature (PTAT) but includes additional current to
compensate for finite beta and junction resistance. The limiting
output voltage is ±180mV at 27°C and is PTAT. Emitter
followers QI and Q2 raise the input resistance of the stage,
provide level shifting to introduce collector bias for the gain
stage and detectors, reduce offset drift by forming a thermally
balanced quad with Q7 and Q8 and generate the detector bias
ing across resistors Rl and R2.

Figure 17. Block Diagram of the Complete AD640
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Circuit Description - AD640
Transistors Q3 through Q6 form the full wave detector, whose
output is buffered by the cascodes Q9 and Q10. For zero input
Q3 and Q5 conduct only a small amount (a total of about 32p.A)
of the 565pA tail currents supplied to pairs Q3-Q4 and Q5-Q6.
This “pedestal” current flows in output cascode Q9 to the LOG
OUT node (Pin 14). When driven to the peak output of the pre
ceding stage, Q3 or Q5 (depending on signal polarity) conducts
most of the tail current, and the output rises to 532p.A. The
LOG OUT current has thus changed by 500p.A as the input has
changed from zero to its maximum value. Since the detectors
are spaced at lOdB intervals, the output increases by 50jiA/dB,
or 1mA per decade. This scaling parameter is trimmed to abso
lute accuracy using a 2kHz square wave. At frequencies near the
system bandwidth, the slope is reduced due to the reduced out
put of the limiter stages, but it is still relatively insensitive to
temperature variations so that a simple external slope adjustment
can restore scaling accuracy.
The intercept position bias generator (Figure 17) removes the
pedestal current from the summed detector outputs. It is
adjusted during manufacture such that the output (flowing into
Pin 14) is 1mA when a 2kHz square-wave input of exactly
± lOmV is applied to the AD640. This places the de intercept at
precisely lmV. The LOG COM output (Pin 13) is the comple
ment of LOG OUT. It also has a lmV intercept, but with an
inverted slope of -ImA/decade. Because its pedestal is very
large (equivalent to about lOOdB), its intercept voltage is not
guaranteed. The intercept positioning currents include a special
internal temperature compensation (ITC) term which can be
disabled by connecting Pin 8 to ground.
The logarithmic function of the AD640 is absolutely calibrated
to within ±0.3dB (or ±15pA) for 2kHz square-wave inputs of
±lmV to ±100mV, and to within ±ldB between ±750jiV and
±200mV. Figure 18 is a typical plot of the de transfer function,

50-.^-WC
■X'
+uyc
S -wc.

25°C

INPUT VOLTAGE - mV

Figure 18. Logarithmic Output and Absolute Error vs. DC
or Square Wave Input at TA = -55°C, +25°C, Input Direct
to Pins 1 and 20

Figure 19. Logarithmic Output and Absolute Error vs. DC
or Square Wave Input at TA = -55°C, +25°C, +85°C and
+ 125°C. Input via On-Chip Attenuator

showing the outputs at temperatures of — 55°C, +25°C and
+ 125°C. While the slope and intercept are seen to be little
affected by temperature, there is a lateral shift in the end points
of the “linear” region of the transfer function, which reduces
the effective dynamic range. The cause of this shift is explained
in FUNDAMENTALS OF LOGARITHMIC CONVERSION.
The on chip attenuator can be used to handle input levels 20dB
higher, that is, from ±7.5mV to ±2V for de or square wave
inputs. It is specially designed to have a positive temperature
coefficient and is trimmed to position the intercept at lOmV de
(or -24dBm for a sinusoidal input) over the full temperature
range. When using the attenuator the internal bias compensation
should be disabled by grounding Pin 8. Figure 19 shows the
output at -55°C, +25°C, +85°C and +125°C for a single
AD640 with the attenuator in use; the curves overlap almost
perfectly, and the lateral shift in the transfer function does
not occur. Therefore, the full dynamic range is available at all
temperatures.

The output of the final limiter is available in differential form at
Pins 10 and 11. The output impedance is 7511 to ground from
either pin. For most input levels, this output will appear to have
roughly a square waveform. The signal path may be extended
using these outputs (see OPERATION OF CASCADED
AD640s). The logarithmic outputs from two or more AD640s
can be directly summed with full accuracy.
A pair of lkfl applications resistors, RG1 and RG2 (Figure 17)
are accessed via Pins 15, 16 and 17. These can be used to con
vert an output current to a voltage, with a slope of IV/decade
(using one resistor), 2V/decade (both resistors in series) or
0.5V/decade (both in parallel). Using all the resistors from two
AD640s (for example, in a cascaded configuration) ten slope
options from 0.25V to 4V/decade are available.

LOG/ANTILOG AMPLIFIERS 7-13

FUNDAMENTALS OF LOGARITHMIC CONVERSION
The conversion of a signal to its equivalent logarithmic value
involves a nonlinear operation, the consequences of which can be
very confusing if not fully understood. It is important to realize
from the outset that many of the familiar concepts of linear cir
cuits are of little relevance in this context. For example, the
incremental gain of an ideal logarithmic converter approaches
infinity as the input approaches zero. Further, an offset at the
output of a linear amplifier is simply equivalent to an offset at
the input, while in a logarithmic converter it is equivalent to a
change of amplitude at the input - a very different relationship.

Iy, the Slope Current, is 1mA. The current output can readily
be converted to a voltage with a slope of lV/decade, for exam
ple, using one of the lkfl resistors provided for this purpose, in
conjunction with an op amp, as shown in Figure 21.

We assume a de signal in the following discussion to simplify
the concepts; ac behavior and the effect of input waveform on
calibration are discussed later. A logarithmic converter having a
voltage input VIN and output VOUT must satisfy a transfer func
tion of the form

VOUT = Vy LOG (Vin/Vx)

Equation (1)

where Vy and Vx are fixed voltages which determine the scaling
of the converter. The input is divided by a voltage because the
argument of a logarithm has to be a simple ratio. The logarithm
must be multiplied by a voltage to develop a voltage output.
These operations are not, of course, carried out by explicit com
putational elements, but are inherent in the behavior of the con
verter. For stable operation, Vx and Vy must be based on
sound design criteria and rendered stable over wide temperature
and supply voltage extremes. This aspect of RF logarithmic
amplifier design has traditionally received little attention.

When VIN = VX, the logarithm is zero. Vx is, therefore,
called the Intercept Voltage, because a graph of VOUT versus
LOG (VIN) - ideally a straight line - crosses the horizontal
axis at this point (see Figure 20). For the AD640, Vx is cali
brated to exactly lmV. The slope of the line is directly propor
tional to Vy. Base 10 logarithms are used in this context to
simplify the relationship to decibel values. For VIN= 10Vx, the
logarithm has a value of 1, so the output voltage is Vy. At
VIN = 100Vx, the output is 2Vy, and so on. Vy can therefore be
viewed either as the Slope Voltage or as the Volts per Decade
Factor.
The AD640 conforms to Equation (1) except that its two out
puts are in the form of currents, rather than voltages:

Iqut = ly LOG (VIN/VX)

Equation (2)

Figure 20. Basic DC Transfer Function of the AD640
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Figure 21. Using an External Op Amp to Convert the
AD640 Output Current to a Buffered Voltage Output

Intercept Stabilization
Internally, the intercept voltage is a fraction of the thermal volt
age kT/q, that is, Vx = VXOT/TO, where Vxo is the value of Vx
at a reference temperature To. So the uncorrected transfer func
tion has the form
Iout = ^y LOG ( VjN Tq/VxoT)

Equation (3)

Now, if the amplitude of the signal input VIN could somehow
be rendered PTAT, the intercept would be stable with tempera
ture, since the temperature dependence in both the numerator
and denominator of the logarithmic argument would cancel.
This is what is actually achieved by interposing the on-chip
attenuator, which has the necessary temperature dependence to
cause the input to the first stage to vary in proportion to abso
lute temperature. The end limits of the dynamic range are now
totally independent of temperature. Consequently, this is the pre
ferred method of intercept stabilization for applications where
the input signal is sufficiently large.

When the attenuator is not used, the PTAT variation in Vx will
result in the intercept being temperature dependent. Near 300K
(27°C) it will vary by 20LOG (301/300) dB/°C, about 0.03dB/°C.
Unless corrected, the whole output function would drift up or
down by this amount with changes in temperature. In the
AD640 a temperature compensating current IyL0G(T/To) is
added to the output. This effectively maintains a constant inter
cept Vxo. This correction is active in the default state (Pin 8
open circuited). When using the attenuator, Pin 8 should be
grounded, which disables the compensation current. The drift
term needs to be compensated only once; when the outputs of
two AD640s are summed, Pin 8 should be grounded on at least
one of the two devices (both if the attenuator is used).

Conversion Range
Practical logarithmic converters have an upper and lower limit
on the input, beyond which errors increase rapidly. The upper
limit occurs when the first stage in the chain is driven into limit
ing. Above this, no further increase in the output can occur and
the transfer function flattens off. The lower limit arises because
a finite number of stages provide finite gain, and therefore at
low signal levels the system becomes a simple linear amplifier.

Fundamentals of Logarithmic Conversion - AD640
Note that this lower limit is not determined by the intercept
voltage, Vx; it can occur either above or below Vx, depending
on the design. When using two AD640s in cascade, input offset
voltage and wideband noise are the major limitations to low level
accuracy. Offset can be eliminated in various ways. Noise can
only be reduced by lowering the system bandwidth, using a fil
ter between the two devices.

EFFECT OF WAVEFORM ON INTERCEPT
The absolute value response of the AD640 allows inputs of
either polarity to be accepted. Thus, the logarithmic output in
response to an amplitude-symmetric square wave is a steady
value. For a sinusoidal input the fluctuating output current will
usually be low pass filtered to extract the baseband signal. The
unfiltered output is at twice the carrier frequency, simplifying
the design of this filter when the video bandwidth must be max
imized. The averaged output depends on waveform in a roughly
analogous way to waveform dependence of rms value. The effect
is to change the apparent intercept voltage. The intercept volt
age appears to be doubled for a sinusoidal input, that is, the
averaged output in response to a sine wave of amplitude (not rms
value) of 20mV would be the same as for a de or square wave
input of lOmV. Other waveforms will result in different inter
cept factors. An amplitude-symmetric-rectangular waveform has
the same intercept as a de input, while the average of a base
band unipolar pulse can be determined by multiplying the
response to a de input of the same amplitude by the duty cycle.
It is important to understand that in responding to pulsed RF
signals it is the waveform of the carrier (usually sinusoidal) not
the modulation envelope, that determines the effective intercept
voltage. Table I shows the effective intercept and resulting deci
bel offset for commonly occurring waveforms. The input wave
form does not affect the slope of the transfer function. Figure 22
shows the absolute deviation from the ideal response of cascaded
AD640s for three common waveforms at input levels from
-80dBV to -lOdBV. The measured sine wave and triwave
responses are 6dB and 8.7dB, respectively, below the square
wave response - in agreement with theory.

Input
Waveform

Peak
or rms

Intercept
Factor

Square Wave
Sine Wave
Sine Wave
Triwave
Tri wave
Gaussian Noise

Either
Peak
rms
Peak
rms
rms

l
2
1.414(V2)
2.718 (e)
1.569 (e/V3)
1.887

Error (Relative
to a de Input)

WAVE INPUT

WAVE INPUT

INPUT

INPUT AMPLITUDE IN dB ABOVE
1V. AT 10kHz

Figure 22. Deviation from Exact Logarithmic Transfer
Function for Two Cascaded AD640s, Showing Effect of
Waveform on Calibration and Linearity

By contrast, a general time varying signal has a continuum of
values within each cycle of its waveform. The averaged output is
thereby “smoothed” because the periodic deviations away from
the ideal response, as the waveform “sweeps over” the transfer
function, tend to cancel. This smoothing effect is greatest for a
triwave input, as demonstrated in Figure 22.

The accuracy at low signal inputs is also waveform dependent.
The detectors are not perfect absolute value circuits, having a
sharp “corner” near zero; in fact they become parabolic at low
levels and behave as if there were a dead zone. Consequently,
the output tends to be higher than ideal. When there are enough
stages in the system, as when two AD640s are connected in cas
cade, most detectors will be adequately loaded due to the high
overall gain, but a single AD640 does not have sufficient gain to
maintain high accuracy for low level sine wave or triwave
inputs. Figure 23 shows the absolute deviation from calibration
for the same three waveforms for a single AD640. For inputs
between - lOdBV and -40dBV the vertical displacement of the
traces for the various waveforms remains in agreement with the
predicted dependence, but significant calibration errors arise at
low signal levels.

O.OOdB
-6.02dB
—3.01dB
-8.68dB
-3.91dB
-5.52dB

Table I

Logarithmic Conformance and Waveform
The waveform also affects the ripple, or periodic deviation from
an ideal logarithmic response. The ripple is greatest for de or
square wave inputs because every value of the input voltage
maps to a single location on the transfer function and thus traces
out the full nonlinearities in the logarithmic response.

IV, AT 10kHz

Figure 23. Deviation from Exact Logarithmic Transfer
Function for a Single AD640; Compare Low Level
Response with That of Figure 22
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SIGNAL MAGNITUDE
The AD640 is a calibrated device. It is, therefore, important to
be clear in specifying the signal magnitude under all waveform
conditions. For de or square wave inputs there is, of course, no
ambiguity. Bounded periodic signals, such as sinusoids and tri
waves, can be specified in terms of their simple amplitude (peak
value) or alternatively by their rms value (which is a measure of
power when the impedance is specified). It is generally better to
define this type of signal in terms of its amplitude because the
AD640 response is a consequence of the input voltage, not
power. However, provided that the appropriate value of inter
cept for a specific waveform is observed, rms measures may be
used. Random waveforms can only be specified in terms of rms
value because their peak value may be unbounded, as is the case
for Gaussian noise. These must be treated on a case-by-case
basis. The effective intercept given in Table I should be used
for Gaussian noise inputs.
On the other hand, for bounded signals the amplitude can be
expressed either in volts or dBV (decibels relative to IV). For
example, a sine wave or triwave of 1 mV amplitude can also be
defined as an input of -60dBV, one of lOOmV amplitude as
-20dBV, and so on. RMS value is usually expressed in dBm
(decibels above lmW) for a specified impedance level. Through
out this data sheet we assume a SOLI environment, the customary
impedance level for high speed systems, when referring to signal pow
ers in dBm. Bearing in mind the above discussion of the effect of
waveform on the intercept calibration of the AD640, it will be
apparent that a sine wave at a power of, say, - lOdBm will not
produce the same output as a triwave or square wave of the
same power. Thus, a sine wave at a power level of - lOdBm has
an rms value of 70.7mV or an amplitude of lOOmV (that is, V2
times as large, the ratio of amplitude to rms value for a sine
wave), while a triwave of the same power has an amplitude
which is V3 or 1.73 times its rms value, or 122.5mV.

“Intercept” and “Logarithmic Offset”
If the signals are expressed in dBV, we can write the output
current in a simpler form, as
Iout=5°1jlA (Inputs - XdBV)
Equation (4)
where InputdBV is the input voltage amplitude (not rms) in dBV
and XdBV is the appropriate value of the intercept (for a given
waveform) in dBV. This form shows more clearly why the inter

cept is often referred to as the logarithmic offset. For de or
square wave inputs, Vx is lmV so the numerical value of XdBV
is -60, and Equation (4) becomes
IOUt=50|xA (InputdBV + 60)

iout=5°1jlA (InputdBm + 44)
Equation (6)
because the intercept for a sine wave expressed in volts rms is at
1.414mV (from Table I) or -44dBm.

OPERATION OF A SINGLE AD640
Figure 24 shows the basic connections for a single device, using
100(1 load resistors. Output A is a negative going voltage with a
slope of - lOOmV per decade; output B is positive going with a
slope of + lOOmV per decade. For applications where absolute
calibration of the intercept is essential, the main output (from
LOG OUT, Pin 14) should be used; the LOG COM output can
then be grounded. To evaluate the demodulation response, a
simple low pass output filter having a time constant of roughly
500jjls (3dB corner of 320Hz) is provided by a 4.7p.F (-20%
+ 80%) ceramic capacitor (Erie type RPE117-Z5U-475-K50V)
placed across the load. A DVM may be used to measure the
averaged output in verification tests. The voltage compliance at
Pins 13 and 14 extends from 0.3V below ground up to IV below
+ VS. Since the current into Pin 14 is from -0.2mA at zero sig
nal to +2.3mA when fully limited (de input of >300mV) the
output never drops below -230mV. On the other hand, the cur
rent out of Pin 13 ranges from -0.2mA to +2.3mA, and if
desired, a load resistor of up to 2k(l can be used on this output;
the slope would then be 2V per decade. Use of the LOG COM
output in this way provides a numerically correct decibel read
ing on a DVM (+100mV=+1.00dB).

Board layout is very important. The AD640 has both high gain
and wide bandwidth; therefore every signal path must be very
carefully considered. A high quality ground plane is essential,
but it should not be assumed that it behaves as an equipotential
plane. Even though the application may only call for modest
bandwidth, each of the three differential signal interface pairs
(SIG IN, Pins 1 and 20, SIG OUT, Pins 10 and 11, and LOG,
Pins 13 and 14) must have their own “starred” ground points to
avoid oscillation at low signal levels (where the gain is highest).

Figure 24. Connections for a Single AD640 to Verify Basic Performance
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Equation (5)

Alternatively, for a sinusoidal input measured in dBm (power in
dB above lmW in a 50(1 system) the output can be written

Using the AD640
Unused pins (excluding Pins 8, 10 and 11) such as the attenua
tor and applications resistors should be grounded close to the
package edge. BL1 (Pin 6) and BL2 (Pin 9) are internal bias
lines a volt or two above the -Vs node; access is provided solely
for the addition of decoupling capacitors, which should be con
nected exactly as shown (not all of them connect to the ground).
Use low impedance ceramic 0.1 jxF capacitors (for example, Erie
RPE113-Z5U-1O5-K5OV). Ferrite beads may be used instead of
supply decoupling resistors in cases where the supply voltage is
low.
Active Current-to-Voltage Conversion
The compliance at LOG OUT limits the available output voltage
swing. The output of the AD640 may be converted to a larger,
buffered output voltage by the addition of an operational ampli
fier connected as a current-to-voltage (transresistance) stage, as
shown in Figure 21. Using a 2kfl feedback resistor (R2) the
50puA/dB output at LOG OUT is converted to a voltage having
a slope of + lOOmV/dB, that is, 2V per decade. This output
ranges from roughly -0.4V for zero signal inputs to the AD640,
crosses zero at a de input of precisely + lmV (or - lmV) and is
+4V for a de input of lOOmV. A passive prefilter, formed by
Rl and Cl, minimizes the high frequency energy conveyed to
the op amp. The corner frequency is here shown as 10MHz.
The AD844 is recommended for this application because of its
excellent performance in transresistance modes. Its bandwidth of
35MHz (with the 2kfl feedback resistor) will exceed the base
band response of the system in most applications. For lower
bandwidth applications other op amps and multipole active
filters may be substituted (see, for example, Figure 32 in the
APPLICATIONS section).

Effect of Frequency on Calibration
The slope and intercept of the AD640 are calibrated during
manufacture using a 2kHz square wave input. Calibration
depends on the gain of each stage being lOdB. When the input
frequency is an appreciable fraction of the 350MHz bandwidth
of the amplifier stages, their gain becomes imprecise and the
logarithmic slope and intercept are no longer fully calibrated.
However, the AD640 can provide very stable operation at fre
quencies up to about one half the 3dB frequency of the ampli
fier stages. Figure 10 shows the averaged output current versus
input level at 30MHz, 60MHz, 90MHz and 120MHz. Figure 11
shows the absolute error in the response at 60MHz and at tem
peratures of -55°C, +25°C and +125°C. Figure 12 shows the
variation in the slope current, and Figure 13 shows the variation
in the intercept level (sinusoidal input) versus frequency.

If absolute calibration is essential, or some other value of slope
or intercept is required, there will usually be some point in the
user’s system at which an adjustment may be easily introduced.
For example, the 5% slope deficit at 30MHz (see Figure 12)
may be restored by a 5% increase in the value of the load resis
tor in the passive loading scheme shown in Figure 24, or by
inserting a trim potentiometer of 100(1 in series with the feed
back resistor in the scheme shown in Figure 21. The intercept
can be adjusted by adding or subtracting a small current to the
output. Since the slope current is ImA/decade, a 50>xA incre
ment will move the intercept by ldB. Note that any error in this
current will invalidate the calibration of the AD640. For exam
ple, if one of the the 5V supplies were used with a resistor to
generate the current to reposition the intercept by 20dB, a
±10% variation in this supply will cause a ±2dB error in the
absolute calibration. Of course, slope calibration is unaffected.

Source Resistance and Input Offset
The bias currents at the signal inputs (Pins 1 and 20) are typi
cally 7p.A. These flow in the source resistances and generate
input offset voltages which may limit the dynamic range because
the AD640 is direct coupled and an offset is indistinguishable
from a signal. It is good practice to keep the source resistances
as low as possible and to equalize the resistance seen at each
input. For example, if the source resistance to Pin 20 is 100(1, a
compensating resistor of 100Q should be placed in series with
Pin 1. The residual offset is then due to the bias current offset,
which is typically under lp,A, causing an extra offset uncertainty
of 100|xV in this example. For a single AD640 this will rarely be
troublesome, but in some applications it may need to be nulled
out, along with the internal voltage offset component. This may
be achieved by adding an adjustable voltage of up to ±250jiV at
the unused input. (Pins 1 and 20 may be interchanged with no
change in function.)

In most applications there will be no need to use any offset
adjustment. However, a general offset trimming circuit is shown
in Figure 25. Rs is the source resistance of the signal. Note: 500
rf sources may include a blocking capacitor and have no de path to
ground, or may be transformer coupled and have a near zero resis
tance to ground. Determine whether the source resistance is zero,
25Q or 500 (with the generator terminated in 500) to find the
correct value of bias compensating resistor, RB, which should
optimally be equal to Rs, unless Rs = 0, in which case use
Rb = 50. The value of Ros should be set to 20,000RB to provide
a ±250jjlV trim range. To null the offset, set the source voltage
to zero and use a DVM to observe the logarithmic output volt
age. Recall that the LOG OUT current of the AD640 exhibits
an absolute value response to the input voltage, so the offset
potentiometer is adjusted to the point where the logarithmic out
put “turns around” (reaches a local maximum or minimum).
At high frequencies it may be desirable to insert a coupling
capacitor and use a choke between Pin 20 and ground, when
Pin 1 should be taken directly to ground. Alternatively, trans
former coupling may be used. In these cases, there is no added
offset due to bias currents. When using two de coupled AD640s
(overall gain 100,000), it is impractical to maintain a sufficiently
low offset voltage using a manual nulling scheme. The section
CASCADED OPERATION explains how the offset can be
automatically nulled to submicrovolt levels by the use of a nega
tive feedback network.

Figure 25. Optional Input Offset Voltage Nulling Circuit;
See Text for Component Values
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Using Higher Supply Voltages
The AD640 is calibrated using ±5V supplies. Scaling is very
insensitive to the supply voltages (see de SPECIFICATIONS)
and higher supply voltages will not directly cause significant
errors. However, the AD640 power dissipation must be kept
below 500mW in the interest of reliability and long term stabil
ity. When using well regulated supply voltages above ±6V, the
decoupling resistors shown in the application schematics can be
increased to maintain ±5V at the IC. The resistor values are
calculated using the specified maximum of 15mA current into
the +VS terminal (Pin 12) and a maximum of 60mA into the
—Vs terminal (Pin 7). For example, when using ±9V supplies,
a resistor of (9V-5V)/15mA, about 261(1, should be included in
the +VS lead to each AD640, and (9V-5V)/60mA, about 64.9fl,
in each -Vs lead. Of course, asymmetric supplies may be dealt
with in a similar way.
SIG
+ IN

ATN
OUT

20

19

18

17

16

UT —
R2

-----------+

R3
rsr

1

SIG
-IN

2

3

V
4

FIRST

5

ATN ATN
LO COM

Figure 26. Details of the Input Attenuator

X DENOTES A CONNECTION TO THE
GROUND PLANE; OBSERVE COMMON
CONNECTIONS WHERE SHOWN
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Using the Attenuator
In applications where the signal amplitude is sufficient, the onchip attenuator should be used because it provides a tempera
ture independent dynamic range (compare Figures 18 and 19).
Figure 26 shows this attenuator in more detail. R1 is a thin film
resistor of nominally 270(1 and low temperature coefficient
(TC). It is trimmed to calibrate the intercept to lOmV de (or
-24dBm for sinusoidal inputs), that is, to an attenuation of
nominally 20dBs at 27°C. R2 has a nominal value of 30(1 and
has a high positive TC, such that the overall attenuation factor
is 0.33%/°C at 27°C. This results in a transmission factor that is
proportional to absolute temperature, or PTAT. (See Intercept
Stabilization for further explanation.) To improve the accuracy
of the attenuator, the ATN COM nodes are bonded to both Pin
3 and Pin 4. These should be connected directly to the “SIGNAL
LOW” of the source (for example, to the grounded side of the
signal connector, as shown in Figure 32) not to an arbitrary
point on the ground plane.
R4 is identical to R2, and in shunt with R3 (270(1 thin film)
forms a 27(1 resistor with the same TC as the output resistance
of the attenuator. By connecting Pin 1 to ATN LOW (Pin 2)
this resistance minimizes the offset caused by bias currents. The
offset nulling scheme shown in Figure 25 may still be used, with
the external resistor RB omitted and Ros = 500k(l. Offset stabil
ity is improved because the compensating voltage introduced at
Pin 20 is now PTAT. Drifts of under lp.V/°C (referred to Pins 1
and 20) can be maintained using the attenuator.

It may occasionally be desirable to attenuate the signal even fur
ther. For example, the source may have a full scale value of
± 10V, and since the basic range of the AD640 extends only to
±200mV de, an attenuation factor of x50 might be chosen.
This may be achieved either by using an independent external
attenuator or more simply by adding a resistor in series with
ATN IN (Pin 5). In the latter case the resistor must be trimmed
to calibrate the intercept, since the input resistance at Pin 5 is
not guaranteed. A fixed resistor of lk(l in series with a 500(1
variable resistor calibrate to an intercept of 50mV (or — 26dBV)
for de or square wave inputs and provide a ±10V input range.
The intercept stability will be degraded to about 0.003dB/°C.

Cascaded AD640s
OPERATION OF CASCADED AD640s
Frequently, the dynamic range of the input will be 50dB or
more. AD640s can be cascaded, as shown in Figure 27. The
balanced signal output from Ul becomes the input to U2. Resis
tors are included in series with each LOG OUT pin and capaci
tors Cl and C2 are placed directly between Pins 13 and 14 to pro
vide a local path for the RF current at these output pairs. Cl
through C3 are chosen to provide the required low pass corner
in conjunction with the load RL. Board layout and grounding
disciplines are critically important at the high gain (XI 00,000)
and bandwidth (~150MHz) of this system.

The intercept voltage is calculated as follows. First, note that if
its LOG OUT is disconnected, Ul simply inserts 50dB of gain
ahead of U2. This would lower the intercept by 50dB, to
-llOdBV for square wave calibration. With the LOG OUT of
Ul added in, there is a finite zero signal current which slightly
shifts the intercept. With the intercept temperature compensa
tion on Ul disabled this zero signal output is -270jxA (see DC
SPECIFICATIONS) equivalent to a 5.4dB upward shift in the
intercept, since the slope is 50p.A/dB. Thus, the intercept is at
-104.6dBV (-88.6dBm for 50(1 sine calibration). ITC may be
disabled by grounding Pin 8 of either Ul or U2.
Cascaded AD640s can be used in de applications, but input off
set voltage will limit the dynamic range. The de intercept is
6p.V. The offset should not be confused with the intercept, which is
found by extrapolating the transfer function from its central “log
linear” region. This can be understood by referring to Equation
(1) and noting that an input offset is simply additive to the value
of VIN in the numerator of the logarithmic argument; it does
not affect the denominator (or intercept) Vx. In de coupled
applications of wide dynamic range, special precautions must be
taken to null the input offset and minimize drift due to input
bias offset. It is recommended that the input attenuator be used,
providing a practical input range of -74dBV (±200p.V de) to
+6dBV (±2V de) when nulled using the adjustment circuit
shown in Figure 25.
Eliminating the Effect of First Stage Offset
Usually, the input signal will be sinusoidal and Ul and U2 can
be ac coupled. Figure 28a shows a low resistance choke at the

(bl

Figure 28. Two Methods for AC Coupling AD640s

input of U2 which shorts the de output of Ul while preserving
the hf response. Coupling capacitors may be inserted (Fig
ure 28b) in which case two chokes are used to provide bias
paths for U2. These chokes must exhibit high impedance over
the operating frequency range.

Alternatively, the input offset can be nulled by a negative feed
back network from the SIG OUT nodes of U2 to the SIG IN
nodes of Ul, as shown in Figure 29. The low pass response
of the feedback path transforms to a closed-loop high pass
response. The high gain (x 100,000) of the signal path results in
a commensurate reduction in the effective time constant of this
network. For example, to achieve a high pass comer of 100kHz,
the low pass corner must be at 1Hz.
In fact, it is somewhat more complicated than this. When the ac
input sufficiently exceeds that of the offset, the feedback
becomes ineffective and the response becomes essentially de cou
pled. Even for quite modest inputs the last stage will be limiting
and the output (Pins 10 and 11) of U2 will be a square wave of
about ±180mV amplitude, dwelling approximately equal times
at its two limit values, and thus having a net average value near
zero. Only when the input is very small does the high pass behavior
of this nulling loop become apparent. Consequently, the low pass
time constant can usually be reduced considerably without seri
ous performance degradation.

The resistor values are chosen such that the de feedback is ade
quate to null the worst case input offset, say, 500p.V. There
must be some resistance at Pins 1 and 20 across which the offset
compensation voltage is developed. The values shown in the fig
ure assume that we wish to terminate a 50(1 source at Pin 20.
The 50(1 resistor at Pin 1 is essential, both to minimize offsets
due to bias current mismatch and because the outputs at Pins 10
and 11 can only swing negatively (from ground to -180mV)
whereas we need to cater for input offsets of either polarity.
For a sine input of lp.V amplitude (-120dBV) and in the
absence of offset, the differential voltage at Pins 10 and 11 of
U2 would be almost sinusoidal but 100,000 times larger, or
lOOmV. The last limiter in U2 would be entering saturation. A
ljxV input offset added to this signal would put the last limiter
well into saturation, and its output would then have a different
average value, which is extracted by the low pass network and
delivered back to the input. For larger signals, the output
approaches a square wave for zero input offset and becomes
rectangular when offset is present. The duty cycle modulation of
this output now produces the nonzero average value. Assume a
maximum required differential output of lOOmV (after averaging
in Cl and C2) as shown in Figure 29. R3 through R6 can now
be chosen to provide ±500p.V of correction range, and with
these values the input offset is reduced by a factor of 500. Using
4.7jjlF capacitors, the time constant of the network is about
1.2ms, and its corner frequency is at 13.5Hz. The closed loop
high pass corner (for small signals) is, therefore, at 1.35MHz.

Bandwidth/Dynamic Range Tradeoffs
The first stage noise of the AD640 is 2nV/VHz (short circuited
input) and the full bandwidth of the cascaded ten stages is about
150MHz. Thus, the noise referred to the input is 24.5p.V rms,
or -79dBm, which would limit the dynamic range to 77dBs
(-79dBm to -2dBm). In practice, the source resistances will
also generate noise, and the full bandwidth dynamic range will
be less than this.
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R3
4 99k

14pA

4pA

Figure 29. Feedback Offset Correction Network

A low pass filter between U1 and U2 can limit the noise band
width and extend the dynamic range. The simplest way to do
this is by the addition of a pair of grounded capacitors at the
signal outputs of U1 (shown as Cl and C2 in Figure 32). The
-3dB frequency of the filter must be above the highest
frequency to be handled by the converter; if not, nonlinearity in
the transfer function will occur. This can be seen intuitively by
noting that the system would then contract to a single AD640 at
very high frequencies (when U2 has very little input). At inter
mediate frequencies, U2 will contribute less to the output than
would be the case if there were no interstage attenuation, result
ing in a kink in the transfer function.

More complex filtering may be considered. For example, if the
signal has a fairly narrow bandwidth, the simple chokes shown
in Figure 28 might be replaced by one or more parallel tuned
circuits. Two separate tuned circuits or transformer coupling
should be used to eliminate all undesirable hf common mode
coupling between U1 and U2. The choice of Q for these circuits
requires compromise. Frequency sensitive nonlinearities can
arise at the edges of the band if the Q is set too high; if too low,
the transmission of the signal from U1 to U2 will be affected
even at the center frequency, again resulting in nonlinearity in
the conversion response. In calculating the Q, note that the
resistance from Pins 10 and 11 to ground is 750. The input
resistance at Pins 1 and 20 is very high, but the capacitances at
these pins must also be factored into the total LCR circuit.

PRACTICAL APPLICATIONS
We show here two applications, using cascaded AD640s to
achieve a wide dynamic range. As already mentioned, the use of
a differential signal path and differential logarithmic outputs
diminishes the risk of instability due to poor grounding. Never
theless, it must be remembered that at high frequencies even
very small lengths of wire, including the leads to capacitors,
have significant impedance. The ground plane itself can also
generate small but troublesome voltages due to circulating cur
rents in a poor layout. A printed circuit evaluation board is
available from Analog Devices (Part Number ADEB640) to
facilitate the prototyping of an application using one or two
AD640s, plus various external components.
At very low signal levels various effects can cause significant
deviation from the ideal response, apart from the inherent non
linearities of the transfer function already discussed. Note that
any spurious signal presented to the AD640s is demodulated and
added to the output. Thus, in the absence of thorough shielding,
emissions from any radio transmitters or RFI from equipment
operating in the locality will cause the output to appear too
high. The only cure for this type of error is the use of very care
ful grounding and shielding techniques.

50MHz-150MHz Converter with 70dB Dynamic Range
Figure 30 shows a logarithmic converter using two AD640s
which can provide at least 70dB of dynamic range, limited
mostly by first stage noise. In this application, an rf choke (LI)
prevents the transmission of de offset from the first to the sec
ond AD640. One or two turns in a ferrite core will generally
suffice for operation at frequencies above 30MHz. For example,
one complete loop of 20 gauge wire through the two holes in a
Fair-Rite type 2873002302 core provides an inductance of 5 pH,
which presents an impedance of 1.57kfl at 50MHz. The shunt
ing effect across the 1500 differential impedance at the signal
interface is thus fairly slight.
The signal source is optionally terminated by Rl. To minimize
the input offset voltage R2 should be chosen to match the de
resistance of the terminated source. (However, the offset voltage
is not a critical consideration in this ac coupled application.)
R5

Figure 30. Complete 70dB Dynamic Range Converter for 50MHz-150MHz Operation
7-20 LOG/ANTILOG AMPLIFIERS

Applications - AD640

INPUT LEVEL - dBM IN 50I>
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INPUT AMPLITUDE, AT 10kHz

Figure 31. Logarithmic Output and Nonlinearity for Circuit
of Figure 30, for a Sine Wave Input at f -80MHz

Figure 33. Logarithmic Output and Nonlinearity for Circuit
of Figure 32, for a Square Wave Input at f= 10kHz

Note that all unused inputs are grounded; this improves the iso
lation from the outputs back to the inputs.

above; more elaborate filtering can be devised for pulse applica
tions requiring a faster rise time. In applications where only a
long term measure of the input is needed, Cl and C2 can be
increased and U3 can be replaced by a low speed op amp. Fig
ure 31 shows typical performance of this converter.

A transimpedance op amp (U3, AD844) converts the summed
logarithmic output currents of Ul and U2 to a ground refer
enced voltage scaled IV per decade. The resistor R5 is nomi
nally lkfl but is increased slightly to compensate for the slope
deficit at the operating frequency, which can be determined
from Figure 12.

The inverting input of U3 forms a virtual ground, so that each
logarithmic output of Ul and U2 is loaded by 100(1 (R3 or R4).
These resistors in conjunction with capacitors Cl and C2 form
independent low pass filters with a time constant of about 5ns.
These capacitors should be connected directly across Pins 13
and 14, as shown, to prevent high frequency output currents
from circulating in the ground plane. A second 5ns time con
stant is formed by feedback resistor R5 in conjunction with the
transcapacitance of U3.
This filtering is adequate for input frequencies of 50MHz or

lOHz-lOOkHz Converter with 95dB Dynamic Range
To increase the dynamic range it is necessary to reduce the
bandwidth by the inclusion of a low pass filter at the signal
interface between Ul and U2 (Figure 32). To provide operation
down to low frequencies, de coupling is used at the interface
between AD640s and the input offset is nulled by a feedback
circuit.
Using values of 0.02p.F in the interstage filter formed by capaci
tors Cl and C2, the hf comer occurs at about 100kHz. U3
(AD712) forms a 4-pole 35Hz low pass filter. This provides
operation to signal frequencies below 20Hz. The filter response
is not critical, allowing the use of an electrolytic capacitor to
form one of the poles.

Figure 32. Complete 95dB Dynamic Range Converter
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Rl is restricted to 500 by the compliance at Pin 14, so C3 needs
to be large to form a 5ms time constant. A tantalum capacitor is
used (note polarity). The output of U3a is scaled +1V per
decade, and the X2 gain of U3b raises this to +2V per decade,
or + lOOmV/dB. The differential offset at the output of U2 is
low pass filtered by R6/C7 and R7/C8 and buffered by voltage
followers U4a and U4b. The 16s open loop time constant trans
lates to a closed loop high pass corner of 10Hz. (This high pass
filter is only operative for very small inputs; see page 13.) Fig
ure 33 shows the performance for square wave inputs. Since the
attenuator is used, the upper end of the dynamic range now
extends to +6dBV and the intercept is at -82dBV. The noise
limited dynamic range is over lOOdB, but in practice spurious
signals at the input will determine the achievable range.

ABSOLUTE MAXIMUM RATINGS
*

Supply Voltages ...................................................................±7.5V
Input Voltage (Pin 1 or Pin 20 to COM) .... -3V to + 300mV
Attenuator Input Voltage (Pin 5 to Pin 3/4)......................... ±4V
Storage Temperature Range D, E.................... -65°C to +150°C
Storage Temperature Range N, P.................... -65°C to +125°C
Ambient Temperature Range, Rated Performance
Industrial, AD640B......................................... -40°C to +85°C
Military, AD640T ......................................... -55°C to +125°C
Commercial, AD640J ..............................................0 to +70°C
Lead Temperature Range (Soldering 60sec).................... +300°C
•Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only; functional
operation of the device at these or any other conditions above those indicated
in the operational section of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may adversely affect
device reliability.

CONNECTION DIAGRAMS

20-Pin Ceramic DIP (D) Package
20-Pin Plastic DIP (N) Package

20-Pin LCC (E) Package

20-Pin PLCC (P) Package

8 3 f ! g
H<x H< 2v> 2<s> H<
18 CKT COM
17 RG1
16 RGO
15 RG2

14 LOGOUT

oo

as
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250MHz Wideband
Logarithmic Amplifier
AD9521

ANALOG
DEVICES

PIN DESIGNATIONS

FEATURES
250MHz Bandwidth
Monolithic Construction
Low Noise Figure 4.7dB
Excellent Detected Output Matching
Direct Replacement for SL521/SL1521
APPLICATIONS
Missile Guidance
Electronic Warfare (ECM, ECCM, ESM)
Miniaturized LOG Strips
Nuclear Instrumentation

GENERAL DESCRIPTION
The AD9521 is a wideband amplifier stage with a logarithmic
detected output. The high-performance bipolar process used to
construct the AD9521 allows operation from 10MHz to 250MHz
with minimal gain variation. The AD9521 is pin compatible
with the SL521 and the SL1521.

18 NC

17 BIAS
16 NC
15 INPUT

The AD9521 is constructed in a well controlled monolithic
process which provides very good gain tolerance (± 1.5dB) over
the full performance range. An added benefit of the high gain
tolerance is a high degree of detected output current matching
from device to device. The matching combined with the low
4dB noise figure allows the construction of 80dB to 90dB dynamic
range LOG strips with better than ± ldB linearity.

14 NC

The AD9521 is offered in two gain tolerance grades as both a
commercial temperature range device, 0 to +70°C, and as an
extended temperature range device, — 55°C to + 125°C. All
grades are available packaged in 8-pin TO-99 metal cans with
the military grades also available packaged in ceramic LCC.

ORDERING INFORMATION

Device

AD9521JH
AD9521KH
AD9521SE
AD9521SH
AD9521TE
AD9521TH

Detected Output
Matching

0.2mA
0.1mA
0.2mA
0.2mA
0.1mA
0.1mA

Temperature Range

Description

Package
*
Options

0 to + 70°C
0 to + 70°C
- 55°Cto + 125°C
- 55°Cto + 125°C
- 55°Cto + 125°C
- 55°Cto + 125°C

8-Pin Can, Industrial
8-Pin Can, Industrial
20-Pin LCC, Extended Temperature
8-Pin Can, Extended Temperature
20-Pin LCC, Extended Temperature
8-Pin Can, Extended Temperature

H-08A
H-08A
E-20A
H-08A
E-20A
H-08A

*See Section 20 for package outline information.
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage ( +Vs) ....................................................... + 9V
Differential Voltage Between Grounds ................................ 0.5V
Maximum Input Before Overload............................. 1.9V rms
Instantanious Voltage at the Detected
Video Output.................................................................... 12V
RF Output Current.......................................................... 10mA
Power Dissipation.......................................................... 500mW

Operating Temperature Range2
AD9521JH/KH........................................................ 0to+70°C
AD9521SE/SH/TE/TH............................. - 55°C to + 125°C
Storage Temperature Range.............................-55°C to + 150°C
Junction Temperature....................................................+ 175°C
Lead Soldering Temperature (lOsec).......................... +300°C

ELECTRICAL CHARACTERISTICS (Supply Voltages = + 6V; INPUT connected to BIAS pin; Rs = 50H; CL < 8pF, unless otherwise stated)
Parameter

AC PERFORMANCE
Voltage Gain (ftN = 30MHz)
Voltage Gain (On = 60MHz)
Voltage Gain (ftN = 120MHz)
Voltage Gain (ftN = 160MHz)

Input Capacitance
Noise Figure4
Gain Variation vs. Temperature5
Gain Variation vs. Supply6
Frequency Response
Upper Cutoff Frequency

Lower Cu toff Frequency

DETECTED VIDEO OUTPUT
Output Current @ 60MHz (Max)7
(80% Input Level)8
(No Input)9
Output Current (<i> 120MHz(Max)7

(80% Input Level)8
(No Input)9
Detected Output Variation vs. Supply6
Detected Output vs. Temperature5

Mil3
Sub
Group Temp

IndustrialTemp. Range
0to+70°C
AD9521KH
AD9521JH
Min Typ Max Min Typ Max

7
8
7
8
7
8
7
8

11.5
11.0
12.0
11.7
12.2
11.5
12.7
11.5

12

+ 25°C
Full
+ 25°C
FuU
+ 25°C
FuU
+ 25°C
+ 25°C
FuU

7
8
7,8

+ 25°C
FuU
Full

230
200

7
8
7
7
7
8
7
7
7

+ 25°
FuU
+ 25°C
+ 25°C
+ 25°C
FuU
+ 25°C
+ 25°C
+ 25°C
FuU

0.90
0.80
0.70

1
2,3

Nominal Power Dissipation

12.2
12.8
13.0

13.4

6
4.7
0.67
0.74

7,8

RF OUTPUT5’7
Maximum RF Output Voltage
RF Output Propagation Delay

POWERSUPPLY10
Supply Current (+ 6.0V)

+ 25°C

FuU

0.51
0.40
0.50

12.5
13.0
13.0
13.7
13.8
14.5
14.2
14.5

1.15
230
200

7

10

1.02

1.10
1.20
0.90
0.04
0.90
0.91
0.86
0.04
30

0.68
0.02
28
9

+ 25°C
+ 25°C

1.6
1.4

+ 25°C
FuU
+ 25°C

14.0
84

NOTES
'Absolute maximum ratings are limiting values, to be applied individually,
and beyond which serviceability of the circuit may be impaired. Functional
operation under any of these conditions is not necessarily implied.
Exposure to absolute maximum rating conditions for extended periods
may affect device reliability.
2Typical thermal impedance . . .
AD9521 Metal Can
0JA = 185°C/W; eJC = 50°C/W
AD9521 LCC
0JA = 80°C/W; 8JC = 50°C/W.
’Military subgroups apply to military qualified devices only.

12.2
12.8

13.0
13.4
6
4.7
0.67
0.74

4.9

245

0.82
0.02
0.70

11.5
11.0
12.0
11.7
12.2
11.5
12.7
11.5

0.95
0.85
0.75
0.62
0.51
0.60

12.5
13.0
13.0
13.7
13.8
14.5
14.2
14.5

230
200

10

1.02

1.05
1.15
0.85
0.04
0.85
0.90
0.81
0.04
30

14.0

12.5
13.0
13.0
13.7
13.8
14.5
14.2
14.5

12.8
13.0

13.4

0.90
0.80
0.70
0.51
0.40
0.50

0.82
0.02
0.70

0.68
0.02
28
9

230
200

84

12.8
13.0

13.4

1.10
1.20
0.90
0.04
0.90
0.91
0.86
0.04
30

0.95
0.85
0.75
0.62
0.51
0.60

Units

1.15

dB
dB
dB
dB
dB
dB
dB
dB
pF
dB
dB
dB'V

10

MHz
MHz
MHz

12.5
13.0
13.0
13.7
13.8
14.5
14.2
14.5

4.9

245

7

10

1.02
0.82
0.02
0.70
0.68
0.02
28
9

1.05
1.15
0.85
0.04
0.85
0.90
0.81
0.04
30

1.6
1.4

1.6
1.4

16.0
16.5

12.2

6
4.7
0.67
0.74

1.15

245

1.02

11.5
11.0
12.0
11.7
12.2
11.5
12.7
11.5

4.9

7

1.6
1.4

16.0
16.5

12.2

6
4.7
0.67
0.74

1.15

7

0.68
0.02
28
9

11.5
11.0
12.0
11.7
12.2
11.5
12.7
11.5

4.9

245

0.82
0.02
0.70

Military Temp. Range
-55’Cto +125°C
AD9521TE/TH
AD9521SE/SH
Min Typ Max Min Typ Max

14.0

16.0
16.5

84

14.0

mA
mA
mA
mA
mA
mA
mA
mA
%/V
%

Vp-p
ns
16.0
16.5

84

mA
mA
mW

4Rs = 4500; 60MHz.
5Ain = 60MHz.
‘Measured al ±5% of +VS; AIN = 60MHz.
7Input = 0.5V rms.
"Input = 0.09V rms.
’Input = 0.0V rms.
,0Supply voltage should remain stable within ± 5% for normal operation.
Specifications subject to change without notice.

EXPLANATION OF GROUP A MILITARY SUBGROUPS
Subgroup
Subgroup
Subgroup
Subgroup

1234-

Static tests at + 25°C.
Static tests at max rated operating temp.
Static tests at min rated operating temp.
Dynamic tests at +25°C.
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Subgroup
Subgroup
Subgroup
Subgroup

5
6
7
8

-

Dynamic tests at max rated operating temp.
Dynamic tests at min rated operating temp.
Functional tests at + 25°C.
Functional tests at max and min rated
operating temp.

Subgroup
Subgroup
Subgroup
Subgroup

9
10
11
12

-

Switching tests at + 25°C.
Switching tests at max rated operating temp.
Switching tests at min rated operating temp.
Periodically sample tested.

AD9521
FUNCTIONAL DESCRIPTION

PIN NAME
CASE
+ VS
RF OUTPUT

DETECTED OUTPUT
INPUT GROUND
INPUT
BIAS

OUTPUT GROUND

DESCRIPTION
- Case connection for the TO-99 metal can package only.
- Positive supply terminal, nominally +6.0V.
- The RF OUTPUT is used to drive subsequent LOG detection stages. The RF OUTPUT
level is roughly + 12dB above the IF signal strength at the input.
- The DETECTED OUTPUT provides a de current logarithmicly proportional to the IF
signal level at the input.
- Isolated input ground connection. The input and output grounds should be connected together
near the AD9521.
- IF signal input.
- The BIAS connection is tied to the INPUT pin to provide an adequate biasing level between
ac coupled stages. The bias connection should be omitted between direct de coupled stages.
- Isolated output ground connection. The input and output grounds should be connected
together near the AD9521.

SCHEMATIC
+ VS

DETECTED
OUTPUT

RF OUTPUT

OUTPUT
GROUND

DIE LAYOUT AND MECHANICAL INFORMATION

Die Dimensions....................................... 86 x 97 x 15 (±2) mils
Pad Dimensions...........................................................4x4 mils
Metalization................................................................... Aluminum
Backing.............................................................................. None
Substrate Potential ................................................................. —Vs
Passivation ................................................................... Oxynitride
Die Attach .............................................................. Gold Eutectic
Bond Wire ............. 1.25 mil Aluminum; Ultrasonic Bonding
or lmil Gold; Gold Ball Bonding
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TYPICAL LOG STRIP CONFIGURATION

APPLICATIONS INFORMATION
The AD9521 is primarily designed for use in successive detection
LOG strips. The application circuit above, illustrates the typical
configuration for one such design with roughly 90dB of dynamic
range. In operation the IF input signal level is successively
amplified by each stage in the upper chain. The IF signal at
each stage generates a detected output current. The detected
output current from each stage is summed in the common base
follower stage at the end of the strip.
The key to the circuit is the limiting quality of the AD9521
logarithmic detected output. As the IF signal at each stage
drives the detected output into saturation, the output current
ceases to increase. In operation, the combined gain of all of the
previous stages drives the last stage into saturation first. Any
further increase in signal level will not increase the detected
output level of the last stage, but all of the previous stages will
enter saturation one-by-one as the signal level increases.
The limiting factor to the number of stages that can be combined
is the input noise level. When the gain of the entire strip is
sufficient to drive the last stage into saturation on the input
noise of the first stage alone, further extensions of the strip will
not increase the dynamic input range.

There are, however, two methods of increasing the dynamic
range of the LOG strip which include bandwidth reduction and
parallel strip configurations. The dynamic range can be extended
by 20dB or more by incorporating a parallel log strip with an
attenuated input. The main strip functions as before, but the
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second strip, because of the attenuation, only contributes to the
output for signals in excess of the main strip saturation level.
The ultimate limitation is the maximum input signal level which
the main strip will tolerate. Any further signal level increases
could damage the input stage of the AD9521. This should not
be a major problem since with this technique the dynamic range
of the total strip can be as high as 100dB.

The dynamic range can also be increased by reducing the
bandwidth of the strip itself. The noise voltage is directly prop
ortional to the square root of the circuit bandwidth. This means
that large operating bandwidths produce large amounts of noise
which translates into limited dynamic range. The AD9521 is a
particularly low-noise device, but even it can benefit from
bandwidth reduction which has been incorporated into the circuit
above. The two interstage filters limit the noise to a smaller
region of frequencies and thereby allow the strip to be extended
further.
Because of the high-frequency nature of the AD9521, several
guidelines should be followed to insure optimum performance.
The first is the use of an adequate low impedance ground plane.
Just as important is the use of power supply decoupling capacitors
to prevent signal feedthrough on the supply lines. Chip capacitors
are highly recommended because of their reduced lead inductance.
Sockets are not likely to produce the best results because of the
interlead capacitance, but if they must be used, pin sockets are
preferred.

ANALOG
DEVICES

6-Decade, High Accuracy,
Wideband Log, Antilog Amplifiers

755N/755P/759N/759P
FEATURES
High Accuracy: Models 755N, 755P
Wideband: Models 759N, 759P
Complete Log/Antilog Amplifiers: External Components Not
Required
Temperature-Compensated Internal Reference
6 Decades Current Operation: 1nA to 1mA
1% max Error: 1nA to 1mA (755)
20nA to 200fiA (759)
4 Decades Voltage Operation: 1mV to 10V
1% max Error: ImV to 10V (755)
1mVto2V (759)
Small Size: 1.1 "X 1.1” X 0.4"

755/759 FUNCTIONAL BLOCK DIAGRAM

+15V

COM

-15V

TRIM

♦POSITIVE INPUT SIGNALS, AS SHOWN; USE 759N, 755P.
NEGATIVE INPUT SIGNALS, USE 759N, 755P.

GENERAL DESCRIPTION
The models 755N, 755P and 759N, 759P are low cost de
logarithmic amplifiers offering conformance to ideal log opera
tion over 6 decades of current (InA to 1mA) and 4 decades
of voltage (lmV to 10V). For high accuracy requirements,
models 755N, 755P offer maximum nonconformity of 0.5%,
from lOnA to 1mA, and lmV to IV. For wideband applica
tions, the models 759N, 759P provide fast response (300kHz
@ I§jc = lOgA to 1mA) and feature maximum nonconformity
of 1% from 20nA to 200/zA, and lmV to 2V. The models
755N and 759N compute the log of positive (+) input signals,
while the models 755P, 759P compute the log of negative (-)
signals.

Designed for ease of use, the models 755N/P and 759N/P are
complete, temperature compensated log/antilog amplifiers
packaged in a compact epoxy-encapsulated module. External
components are not required for logging currents over the
complete 6 decade range of IgA to 1mA. Both the scale factor
(K=2, 1, or 2/3 volt/decade) and log/antilog operation are
selected by simple pin connection. In addition, both the in
ternal lOgA reference current as well as the offset voltage may
be externally adjusted to improve overall accuracy.
The models 755 and 759 are ideally suited as an alternative
to in-house designs of OEM applications. Advanced design
techniques and superior performance place the 755 and 759
ahead of competitive designs in terms of price, performance
and package design.

APPLICATIONS
When connected in the current or voltage logging configura
tion, as shown in Figure 1, the models 755 and 759 may be
used in several key applications. A plot of input current
versus output voltage is also presented to illustrate the log
amplifier’s transfer characteristics.
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SPECIFICATIONS

(typii

755N/P

MODEL
TRANSFER FUNCTIONS
Current Mode

@+25°Cand ±15V de unless otherwise noted)
OUTLINE DIMENSIONS
759N/P
Dimensions shown in inches and (mm).

=o ■ -Klogjo
’ref

Voltage Mode

•

- -Klog10
^ref

=0 - Eref

Antilog Mode

)

TRANSFER FUNCTION PARAMETERS
Scale Factor (K) Selections1, 2
Error ® +25°C
vs. Temperature (0 to +70°C)
Reference Voltage (Eref)2
Error ® ‘25°C
vs. Temperature (0 to +70°C)
Reference Current (Irff^2
Error ® +25°C
vs. Temperature (0 to +70°C)

2, 1, 2/3 Volt/Decade
±1% max
±0.04%/°C max
0.1V
±3% max
±0.1%/°C max
lOpA
±3% max
±0.1%/°C max

.MAXIMUM LOG CONFORMITY ERROR
kir. RANGE
Ectc RANGE

RTI

InA to lOnA
lOnA to 20nA
20nA to lOOpA
lOOpA to 20Op A
200pA to 1mA

lmV to IV
IV to 2V
2V to 10V

INPUT SPECIFICATIONS
Current Signal Range
Model 755N, 759N
Model 75 5P, 759P
Max Safe Input Current
Bias Current @ +25°C
vs. Temperature (0 to +70 C)
Voltage Signal Range (Log Mode)
Model 755N, 759N
Model 755P, 759P
Voltage Signal Range, Antilog Mode
Model 755N, 755P
Offset Voltage ® +25°C (Adjustable to 0)
vs. Temperature (0 to +70°C)
vs. Supply Voltage

±1%
±0.5%
±0.5%
±1%
±1%

•

•
•
•

±4% max
±0.05%/°C

*
±0.05%/°C

RTO(K=1)

RTI

RTO(K=1)

±4.3mV
±2.17mV
±2.17mV
±4.3mV
±4.3mV

±5%
±2%
±1%
±1%
±2%

±21 mV
±8.64mV
±4.3mV
±4.3mV
±8.64mV

+ lnA to +lmA min
-InA to -1mA min
±10mA max
(0. +) lOpA max
x2/+10°C

•
•
(0, +) 200pA max
•

♦ lmV to +10V min
-lmV to -10V min

*
•

-21

R

12

BOTTOM VIEW

0.1 GRID
(2.5)

'Optional 100kf2 external trim pot. Input offset voltage may be
adjusted to zero with trim pot connected as shown. With trim
terminal 9 left open, input offset voltage will be ±0.4mV (755)
or ±2mV (759) maximum.

MATING SOCKET AC1016

•

±400pV max
±15llV/°C max
±15pV/%

±2mV max
±10pV/°C
•

80Hz
10k Hz
40kHz
100k Hz

250Hz
100kHz
200kHz
200kHz

lOOps
7ps
4ps

2.5ps

7gs
30ps
400ps

3ps
lOps
80ps

2pV rms
2pA rms

lOpV rms
lOpA rms

FREQUENCY RESPONSE, Sinewave
Small Signal Bandwidth, -3dB
•sig *

lnA

>S1G * '°FA
<SIG • 1mA

RISE TIME
Increasing Input Current
lOnA to lOOnA
lOOnA to IpA
IpA to 1mA
Decreasing Input Current
1mA to IpA
IpA to lOOnA
lOOnA to lOnA
INPUT NOISE
Voltage, 10Hz to 10k Hz
Current, 10Hz to 10k Hz

OUTPUT SPECIFICATIONS3
Rated Output
Voltage
Current
Log Mode
Antilog Mode
Resistance

20ps
3ms

±10V min
±5mA
±4mA
o.sn

•
*

POWER SUPPLY4
Rated Performance
Operating
Current, Quiescent

±15Vdc
±(12 to 18)Vdc
±7mA

TEMPERATURE RANGE
Rated Performance
Operating
Storage

0 to +70°C
-25°C to +85°C
-55°C to +125°C

•
•

*
1.5
x 1.5
*
x 0.4”
(38x38x10.4)

*
1.125
x 1.125
*
x 0.4
*
<29 x 29 x 10.4)

CASE SIZE3 (W x L x H)

LOG OF CURRENT

Plot of Output Voltage vs Input Current
for Mode! 755 Connected in the Log Mode

NOTES
1 Use terminal 1 for K ■ lV/decade; terminal 2 for K ■ 2V/decade; terminals 1 or 2
(shorted together) for K - 2/3V/decade.
1 Specification is ♦ for models 755N, 759N-, - for 755P. 759P.
* No damage due to any pin being shorted to ground.
* Recommended power supply, model 904, ±15V ® t50mA output.
’Case size in inches (mm).
Specifications subject to change without notice.

*
±4mA

LOG OF VOLTAGE

Plot of Output Voltage us Input Voltage
for Models 755, 759 Connected in the Log Mode

Figure 2. Transfer Curves
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755N/755P/759N/759P
PRINCIPLE OF OPERATION
Log operation is obtained by placing the antilog element in the
feedback loop of the op amp as shown in Figure 1. At the
summing junction, terminal 5, the input signal current to be
processed is summed with the output current of the antilog
element. To attain a balance of these two currents, the op amp
provides the required output voltage to the antilog feedback
element. Under these conditions the ideal transfer equation
(K = 1) is:
epUT = 1V loS10 ^IG^REF

The log is a mathematical operator which is defined only for
numbers, which are dimensionless quantities. Since an input
current would have the dimensions of amperes it must be
referenced to another current, IREF, the ratio being dimension
less. For this purpose a temperature compensated reference of
10/jA is generated internally.

The scale factor, K, is a multiplying constant. For a change in
input current of one decade (decade = ratio of 10:1), the out
put changes by K volts. K may be selected as IV or 2V by con
necting the output to pin 1 or 2, respectively. If the output is
connected to both pins 1 and 2, K will be 2/3V.
REFERRING ERRORS TO INPUT
A unique property of log amplifiers is that a de error of any
given amount at the output corresponds to a constant percent
of the input, regardless of input level. To illustrate this, con
sider the output effects due to changing the input by 1%.

The output would be:
eo(JT ~
eOUT =

l°810

which is equivalent to:

l°£>10 ^IG^REF^
'--------- ——v------------- '

±1V M>10 (1-0D
V---------------V------------ *

Initial Value

Change

The change in output, due to a 1% input change is a constant
value of ±4.3mV. Conversely, a de error at the output of
±4.3mV is equivalent to a change at the input of 1%. An abbre
viated table is presented below for converting between errors
referred to output (R.T.O.), and errors referred to input (R.T.I.).

ERROR R.T.O.
ERROR R.T.I.

0.1%
0.5
1.0
3.0
4.0
5.0
10.0

K= 1

K= 2

K- 2/3

O.43mV
2.17
4.32
12.84
17.03
21.19
41.39

0.86mV
4.34
8.64
25.68
34.06
42.38
82.78

0.28mV
1.45
2.88
8.56
11.35
14.13
27.59

SOURCES OF ERROR
Log Conformity Error — Log conformity in logarithmic de
vices is a specification similar to linearity in linear devices. Log
conformity error is the difference between the value of the
transfer equation and the actual value which occurs at the out
put of the log module, after scale factor, reference and offset
errors are eliminated to taken into account. The best linearity
performance for the models 755, 759 are obtained in the 5
decades from lOnA to 1mA. To obtain optimum performance,
the input data should be scaled to this range.
Offset Voltage — The offset voltage, Eos, of models 755, 759
is the offset voltage of the internal FET amplifier. This voltage
appears as a small de offset voltage in series with the input
terminals. For current logging applications, its error contribu
tion is negligible. However, for log voltage applications, best
performance is obtained by an offset trim adjustment.

Bias Current — The bias current of models 755, 759 is the bias
current of the internal FET amplifier. This parameter can be a
significant source of error when processing signals in the nano
amp region. For this reason, the bias current for model 755 is
lOpA, maximum, and 200pA maximum for model 759.

Reference Current — IREF is the internally generated current
source to which all input currents are compared. IREF toler
ance errors appear as a de offset at the output. The specified
value of IREF is ±3% referred to the input, and, from Table I,
corresponds to a de offset of ±12.84mV for K = 1. This offset
is independent of input signal and may be removed by in
jecting a current into terminal 1 or 2.

Reference Voltage — Ej^p is the effective internally generated
voltage to which all input voltages are compared. It is related
to 1REF through the equation;
Eref = Iref x ^IN’ where
is an internal 10kS2, precision
resistor. Virtually all tolerance in Eref is due to IREF. Conse
quently, variations in IREF cause a shift in EREF.
Scale Factor — Scale factor is the voltage change at the output
for a decade (i.e., 10:1) change at the input, when connected
in the log mode. Error in scale factor is equivalent to a change
in gain, or slope, and is specified in per cent of the nominal
value. An external adjustment may be performed if fine trim
ming is desired for improved accuracy.

Table I. Converting Output Error in mV to Input Error
in %
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OPTIONAL EXTERNAL ADJUSTMENTS FOR LOG
OPERATION
Trimming Egg — The amplifier’s offset voltage, EqS, may be
trimmed for improved accuracy with the models 755, 759
connected in its log circuit. To accomplish this, a lOOkfi, 10
turn pot is connected as shown in Figure 3. The input terminal,
Pin 4, is connected to ground. Under these conditions the out
put voltage is:
eOUT = -K lo610 EOS/EREF

Figure 4. Functional Block Diagram

To obtain an offset voltage of 100/tV or less, for K = 1, the
trim pot should be adjusted until the output voltage is be
tween + 3 and +4 volts for models 755N, 759N, and -3V to
-4V for models 755P, 759P.
For other values of K, the trim pot should be adjusted for an
output of eQUT = 3 x K to 4 x K where K is the scale factor.

Principle of Operation — The antilog element converts the
voltage input, appearing at terminal 1, to a current which is
proportional to the antilog of the applied voltage. The currentto-voltage conversion is then completed by the feedback re
sistor in a closed-loop op amp circuit.
A more complete expression for the antilog function is:

‘ijuT = eref 10

Figure 3. Trimming Eq§ in Log Mode

Reference Current or Reference Voltage — The reference cur
rent or voltage of models 755, 759 may be shifted by injecting
a constant current into the unused scale factor terminal (Pin 1
or Pin 2). The current injected will shift the reference one
decade, in accordance with the expression: Ij = 66/iA log
10ptA/IREF (755), Ij = 330/tA log IO^A/Iref (759), where
Ij = current to be injected and Iref ~ the desired reference
current.
By changing Iref. there is a corresponding change in Eref
since, Eref = Iref x
^ternate method for rescaling
Eref is to connect an external Rw, at the 1^ terminal (Pin 5)
to supplant the 10kJ2 supplied internally (leaving it uncon
nected). The expression for E^p is then, Eref =
IREF.
Care must be taken to choose Rw such that (egIG maxJ/R^
< 1mA.
Scale Factor (K) Adjustment — Scale factor may be increased
from its nominal value by inserting a series resistor R§ between
the output terminal, Pin 3, and either terminal 1 or 2. The
table below should be consulted when making these scale
factor changes.

RANGE OF K

2/3V to 1.01V
1.01V to 2.02V
>2.02V

CONNECT
SERIES
R TO PIN
1
1
2

NOTE

VALUE OF Rs

Rx(K-2/3)
Rx(K-l)
Rx(K-2)

+

The terms K, EqS, and Eref are those described previously in
the LOG section.
Offset Voltage (Egg) Adjustment — Although offset voltage
of the antilog circuit may be balanced by connecting it in the
log mode, and using the technique described previously, it may
be more advantageous to use the circuit of Figure 5. In this
configuration, offset voltage is equal to e^UT/100. Adjust for
the desired null, using the 100k trim pot. After adjusting, turn
power off, remove the external 100J2 resistor, and the jumper
from Pin 1 to +15V. For 755P, 759Puse the same procedure
but connect Pin 1 to -15V.

use pins 1, 2
use pin 1
use pin 2

Figure 5. Trimming Eq§ in Antilog Mode

Reference Voltage (Ej^gp) Adjustment — In antilog operation,
the voltage reference appears as a multiplying constant. EREF
adjustment may be accomplished by connecting a resistor, R,
from Pin 5 to Pin 3, in place of the internal lOkQ. The value
of R is determined by:
R = Eref desired/10‘5 A

Scale Factor (K) Adjustment — The scale factor may be ad
justed for all values of K greater than 2/3V by the techniques
described in the log section. If a value of K less than 2/3V is
desired for a given application, an external op amp would be
required as shown in Figure 6. The ratio of the two resistors is
approximately:
Rl/R^. = (1/K — 1) where K = desired scale factor

R= 15kf2 (755); 3kU (759)

Table 2. Resistor Selection Chart for Shifting Scale Factor

ANTILOG OPERATION
The models 755 and 759 may be used to develop the antilog
of the input voltage when connected as shown in Figure 4.
The antilog transfer function (an exponential), is:
eOUT = EREF 10 eIN^
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2^e^/K^ 2]

Figure 6. Method for Adjusting K< 2/3V

ANALOG
DEVICES
FEATURES
6 Decade Operation — 1 nA to 1mA
1/2% Log Conformity — 10nA to 100gA
Symmetrical FET Inputs
Voltage or Current Operation
Temperature Compensated

6-Decade, High Accuracy,
Log Ratio Amplifiers
757N/757P
757 FUNCTIONAL BLOCK DIAGRAM

APPLICATIONS
Absorbence Measurements
Log Ratios of Voltages or Currents
Data Compression
Transducer Linearization

GENERAL DESCRIPTION
Model 757 is a complete, temperature compensated, dc-coupled
log ratio amplifier. It is comprised of two input channels for
processing signals spanning up to 6 decades in dynamic range
(InA to 1mA). By virtue of its symmetrical FET input stages,
the 757 can accommodate this 6 decade signal range at either
channel. Log conformity is maintained to within 1/2% over 4
decades of input (lOnA to lOOgA) and to within 1% over the
full input range. Unlike other log ratio designs, model 757
does not restrict the relative magnitude of the two signal inputs
to achieve rated performance. Either input can be operated
within the specified range regardless of the signal level at the
other channel.
The model 757 log-ratio amplifier design makes available both
input amplifier summing junctions. Asa result, it can directly
interface with photo diodes operating in the short-circuit cur
rent mode without the need of additional input circuitry.
The excellent performance of model 757 can be further im
proved by means of external scale factor and output offset
adjustments. A significant feature of model 757 not found
on competing devices is that, when the offset adjustment is
used to establish a fixed bias at the output, the output offset
level does not vary as a function of input signal magnitude. On
other designs, the sensitivity of output offset to input levels
results in output effects resembling log conformity errors.

CURRENT LOG RATIO
Current log ratio is accomplished by model 757 when two cur
rents, IgiG and Iref> are applied directly to the input terminals
(see functional block diagram). The two log amps process these
signals providing vl
signals providing voltages which are proportional toth
signals providing voltages which are proportional to the log of
their respective inputs. These voltages are then subtracted and
applied to an output amplifier. The scale factor, when con
nected as shown, is lV/dec. However, higher scale factors may
be achieved by connecting external scale factor adjusting
resistors.
VOLTAGE LOG RATIO
The principle of operation for voltage log ratio is identical to
that of current log ratio after the voltage signal has been con
verted to a current. To accomplish this conversion, an external
resistor is attached from the voltage signal to the appropriate
input current terminal of the 757. Input currents are then
determined by:
el -^os,
c2 "Cos,
ISIG = -^—.IrEF = -^-----

eosj = Input Offset Voltage (IgiG Channel)

= Input Offset Voltage (Iref Channel)

Model 757 can operate with either current or voltage inputs.
Its excellent performance makes it ideally suited for log ratio
applications such as blood analysis, chromatography, chemical
analysis of liquids and absorbence measurements.
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SPECIFICATIONS

(typical @ +25°C and Vs = ±15V de unless otherwise noted)

MODEL

757N/P

TRANSFER FUNCTION 1
Current Mode

co = -K logjo-l^i-

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

•ref
Pl -Cos,)
eo = -Klogio;---------- \
Of 2 -Cos, >

Voltage Mode

ACCURACY
Log Conformity2
isic,• Iref = I0nA to 100/jA
■siG.'REF = InA to 1mA
Scale Factor (1 V/Dec)
vs. Temperature (0 to +7()°C)

1.51 (38.1) MAX

X

±0.5%, max
±1%, max
(+0, -2%) max
±0.04%/°C max

0.41
(10.2)
MAX

J

—J

0.04 (1.1)

0 20 TO 0.25
(5.1 TO 6.4)

INPUT SPECIFICATIONS - Both Input Channels
Current
Signal Range, Rated Performance
Model 757N
+ lnA to +lmA min
Model 757P
-InA to -1mA min
Max Safe
±10mA max
(0, +) lOpA max
Bias Current, @ +25°C
x2/+10°C
vs. Temperature (0 to +70 C)
±lmV max
Offset Voltage, @ +25°C
vs. Temperature (0 to +70 C)
±25gV/°C max
1§IG Channel
±25pV/°C max
IREF Channel
±5gV/%
vs. Supply Voltage
FREQUENCY RESPONSE, Sinewave
Small Signa! Response (-3dB)
Signal Channel
'sig = InA
■SIG = IgA
■sig - lOOgA
Reference Channel
■ref = lnA

160Hz
60kHz
75kHz

60Hz
30kHz
80kHz

■ref = 'ma
■ref “ loogA
RISE TIME
Increasing Input Current
InA to lOnA
lOnA to lOOnA
100nA to IgA
IgA to lOOgA
Decreasing Input Current
lOOgA to IgA
IgA to lOOnA
100nA to lOnA
lOnA to InA

Signal Channel1

2.5ms
250gs
25gs
lOgs

Reference Channel
UsiG = IOjiA)
1.0ms
40gs
30gs
25gs

5gs
10ps
50gs
500gs

lOgs
50gs
500gs
10ms

Oref = IOjliA)

INPUT NOISE
Voltage (10Hz to 10k Hz)
Current (10Hz to 10kHz)

3gV rms
O.lpA rms

OUTPUT SPECIFICATIONS
Rated Output
Voltage
Current
Resistance
Offset Voltage3 (K = 1 V/Decade)
vs. Temperature (0 to +70°C)
vs. Supply

±10V min
±5mA min
0.1S2
±15mV max
±0.3mV/°C
±5gV/V

POWER SUPPLY4
Rated Performance
Operating
Current, Quiescent

±15Vdc
+(12 to 18)V de
±8mA

TEMPERATURE RANGE
Rated Performance
Operating
Storage

0 to +70° C
-25°C to +85°C
-55°C to+125°C

MECHANICAL
Case Size
Weight

1.5" x 1.5" x 0.4"
21 grams
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+ FOR 757N
- FOR 757P

Figure 1. Scale Factor Adjustment

NOTES
1 For model 757N, K = +1 V/Decade and input currents must be positive. For
model 757P, K = -1 V/Decadc and input currents must be negative. (Input cur
rents are defined as positive when flowing into the input terminals, 4 and 5.
Refer to TRANSFER CURVES.)
2 The log conformity error is referred to input (RTI). 1% error RTI is equivalent
to 4.3mV of error at the output for K = 1 V/Dec.
3 Externally adjustable to zero.
4 Recommended power supply: Analog Devices model 904, ± 15V @ 50mA.

Specifications subject to change without notice.

Log mode output voltage vs. input current for
Iref = 10pA.

••SEE SCALE FACTOR-OPTIONAL
ADJUSTMENT AND TRIMS (p.3)

20k SI

Figure 2. Output Voltage Offset Adjustments

757N/757P
OPTIONAL ADJUSTMENTS AND TRIMS
Scale Factor — A one volt per decade scale factor is available
when pin 1 is tied to 3 and pin 7 is connected to 9. Higher
scale factors are possible by using a potentiometer, Rx, be
tween pins 1 and 3 and a resistor, R2, between pins 7 to 9 as
shown in Figure 1. The value of the required resistor is (13.2kJ2)
(K-l) where K is the desired scale factor. The approximate
potentiometer value is also (13.2kf2) (K-l). The scale factor
adjustment procedure is as follows:

1. Connect the appropriate value of resistor between pins
7 and 9.
2. Set I ref = !MA, Isig = 10gA. Measure eo.

3. Set Iref = IpA, Isig = 100gA. Adjust Rx until the
difference in e0 corresponding to steps 2 and 3 is K volts.
4. Repeat steps 2 and 3 until the change in eo = K volts.
Output Voltage Offset — Output voltage offsetmust be adjusted
after the desired scale factor is established as indicated above.
To adjust the offset, inject equal de input currents into the
reference and signal channels. The value of the input currents
should approximate the average input current levels expected
to be encountered in normal operation. Adjust the potentio
meter shown in Figure 2 until the output voltage is zero.

Figure 3. Log Conformity Error for 757. Curve Is for
Either Input Channel with Current Held Constant at 10pA
on Other Channel.

FREQUENCY CHARACTERISTICS
Figure 4 shows a plot of small signal response (—3dB) as a func
tion of input signal current. The graph demonstrates the fre
quency response performance for each input channel over the
range of InA to 1mA, independent of current on the other
channel.

LOG CONFORMITY
Log conformity in logarithmic devices is a specification similar
to linearity in linear devices. Log conformity error is the differ
ence between the theoretical value of the log of a ratio and the
actual value that appears at the output of the log-ratio module
after scale factor errors have been eliminated. Measurement of
this error is made after initially zeroing the module at unity
ratio and adjusting the desired scale factor.
Figure 3 shows the log conformity performance of model 757
over a 6 decade input range. Log conformity for each channel
does not vary noticeably as the current is varied in the other
channel.

Figure 4. Small Signal Bandwidth (~3dB) vs. Input Signal
Level
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APPLICATIONS
Data Compression — Processing signals with wide dynamic
range is a common problem in instrumentation and data trans
mission. For example, digitizing an analog signal with a range
of lOnA to 100/iA with 1% accuracy requires a 20 bit A/D con
verter. (Required resolution = 1/100 x 1/10,000 = 1/106 2
1/220).
By using the 757 with Iref adjusted to lOnA and K set for
5/4 V/decade, the input data can be compressed into a 5 volt
output range. For a 1% resolution of any signal, the allowable
output error is 4.32mV x K. Log conformity contributes
2.17mV x K (0.5%) over this range. The remaining error with
K = 5/4 is 2.69mV and should correspond to less than the LSB
of the converter. With a 5 volt output range 2.69mV corres
ponds just over the LSB of an 11-bit converter. Thus the 757
module can compress the data for use with a 12 bit A/D (such
as Analog Devices AD574JD) to obtain the desired 1%
resolution.

Absorbence Measurements — Critical properties of materials
which are of particular interest in the fields of chemistry,
medicine, spectrometry and pollution control are characterized
by absorbence. The relationship between absorbence, A, and
light intensity, 1, is: A = log Io/It where Io = intensity of inci
dent light, and IT = intensity of transmitted light.

Figure 5 shows the 757 log-ratio module used in such a photo
meter application. Two inputs represent the intensities of light
transmitted through space and through a medium that absorbs
light. The absorbence of the medium is given by the formula
= log •signal-----•reference
where IsiGNAL and ^REFERENCE are the currents representing
the light intensities.
The transducers used in this application are photodiodes, which
provide a short-circuit current proportional to the intensity of
applied light. The lowest value of absorbence is determined by
the value of Iref> since when IgjG = Iref> A = 0. The out
put of the log-ratio module is externally trimmed to 1 V/decade
and applied to the input of a 3 Vi-digit DPM through the scaling
network R1 and R2.
a

Model 757 was chosen for this design because it makes avail
able both amplifier summing junctions. When the photodiodes
are connected to the summing junctions, they are operated in
the short-circuit mode, that is, with zero volts across the diodes.
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Short-circuit loading is necessary, because accuracy of the
photodiodes can be degraded several percent when operated
with as little as lOOmV across the diode junction.
ATTENUATOR TO

PHOTODIODE

Figure 5. 757N Applied to Absorbence Measurements

INTERCONNECTION GUIDELINES
Model 757 is a complete log ratio amplifier that requires no
additional frequency compensation for proper operation.

Input Capacitance — Model 757 is able to operate with lOOOpF
at both input terminals. Therefore, the 757 can be used in ap
plications requiring long cable lengths between the module
and the signal transducers.

Input-to-Output Capacitance — When using a log ratio module
the user should take care in system configurations to avoid
excessive stray capacitance between input and output terminals.
Such precautions include avoiding running input and output
signal lines close together. If long cable runs are required where
inputs and output are closely bundled together, it is advisable
to enclose the inputs and/or output in separate, grounded elec
trostatic shields. By observing simple rules of good circuit
layout, problems with oscillations that may result from exces
sive input-to-output capacitance can easily be avoided. Model
757 can accommodate up to 33pF of input-to-output capaci
tance without oscillation.
Leakage Resistance — Since model 757 can operate at extremely
low input current levels, precautions must be taken to prevent
current leakage into the input terminals. Such leakage can
cause errors when small input or reference currents are used.
This problem may arise on printed circuit layouts if the inputs
are run too close to the power supply busses. Providing an
etched guard around the input lines, connected to analog sig
nal ground will also reduce unwanted current leakage.
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Boldface Type: Product recommended for new design.

RMS-to-DC Converters

Selection Guide

Orientation
RMS-to-DC Converters
RMS-to-DC converters continuously compute the instantaneous
square of the input signal, average it, and take the square root
of the result, to provide a de voltage proportional to the rms of
the input (and, in the case of the AD536 and AD636, an auxiliary
de voltage that is proportional to the logoi the rms, for dB measure
ments).

Excellent pretrimmed performance, improvable by simple optional
trims, makes these devices ideal for all types of laboratory and
OEM rms instrumentation where amplitude measurements must
be made with high accuracy, independently of waveshape.

An alternative to rms that has been widely used in the past,
principally for measurements on sine waves, is mean absolute
deviation, or “ac average.” It is performed by taking the absolute
value of a signal (i.e., rectifying it) filtering it and scaling it by
the ratio of rms to m.a.d. for sine waves, 1.111, so that it reads
correctly (for undistorted sine waves). Unfortunately, this ratio
varies widely as a function of the waveform; it will give grossly
incorrect results in many cases. The table shows a few represen
tative examples comparing rms with m.a.d.
An important application is noise measurement - for example,
thermal noise, transistor noise, and switch-contact noise. True
rms measurement is a technique that provides consistent theoreti
cally valid measurements of noise amplitude (standard deviation)
from different sources having different properties.

True rms devices are also useful for measuring electrical signals
derived from mechanical phenomena, such as strain, stress,
vibration, shock, expansion, bearing noise and acoustical noise.

The electrical signals produced by these mechanical actions are
often noisy, nonperiodic, nonsinusoidal, and superimposed on
de levels, and require true rms for consistent, valid, accurate
measurements. RMS converters are also useful for accurate
measurements on low-repetition-rate pulse-trains having high
crest factors (ratio of peak to rms), and for measurements of the
energy content of SCR waveforms at differing firing angles.
The basic approach used in these converters for computing the
rms is to take the absolute value, square it and divide by the
fed-back output (using the logarithmic characteristics of transistor
junctions), and filter the result. The resulting approximation

Vrms =

Avg.

\/Avg. (V,„2)

is valid if the averaging time constant is sufficiently long compared
with the periods of the lowest frequency ac components of the
signal.
The simplest form of averaging involves a single-pole filter
using an external filtering capacitor (CAV). Increased values of
capacitance for filtering will improve the accuracy for low fre
quency rms measurements and provide reduced ripple at the
output, but at the cost of increased settling time. For fastest
settling and minimum ripple, an additional stage of 2-pole filtering
is useful. The additional filtering permits improvement of settling
time or reduction of ripple (or both) because of substantial
reduction of CAy •
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PERFORMANCE SPECIFICATIONS
Considerable information regarding rms-to-dc converter circuit
design, performance, selection and applications is to be found in
the RMS-to-DC Conversion Application Guide.' In addition,
useful applications information can be found in the Nonlinear
Circuits Handbook.2
The most-salient feature of a true rms-to-dc converter is that it
ideally has no error due to an indirect approximation to the rms.
Static errors are due only to scale-factor, linearity and offset
errors; dynamic errors are due to insufficient averaging time at
the low end and finite bandwidth and slewing rate at the upper
end. Linearity errors affect crest factor in midband. Dynamic
errors are also a function of signal amplitude, due in part to the
variation of bandwidth of the “log” transistors with signal level.
Total Error, Internal Trim, a specification for quick reference, is
the maximum deviation of the de component of the output
voltage from the theoretical output value over a specified range
of signal amplitude and frequency. It is shown as the sum of a
fixed error and a component proportional to the theoretical
output (% of reading). It is specified for a sinusoidal input in a
given frequency and amplitude range. The fixed error component
includes all offset errors and irreducible nonlinearities; the %-ofreading component includes the linear scale-factor error.
Total Error, External Adjustment is the amount by which the
output may differ from the theoretical value when the output
offset and scale factor have been trimmed. Note that the fixed
error-component cannot be reduced to zero, even though
the output offset can be nulled at zero input. This is because
of residual input offsets and inherent nonlinearities in the
converter.
Total Error vs. Temperature (Tmi„ to T^J is the average change
of %-of-full-scale error component plus the average change of
percent-of-reading error component per degree Celsius, over the
rated temperature range.

} RMS-to-DC Conversion Application Guide 2nd Edition, by C. Kitchin
and L. Counts (1986-61 pages). Available free from Analog Devices.
2Nonlinear Circuits Handbook, Analog Devices, Inc., 1974, 1976,
536pp, edited by D.H. Sheingold. ($5.95).
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Frequency for 1%-of-Reading Error is the minimum value of
frequency (at the high end) at which the error increases from
the midband value by 1% of reading. It is a function of peak-to-peak
input amplitude.

Frequency for — 3dB Reading Error is the minimum value of
frequency (at the high end) at which the error may equal - 30%
of reading. It is a function of amplitude.

Crest Factor (to a property of the signal) is the ratio of peak
signal voltage to the ideal value of rms; the specified value of
crest factor is that for which the error is maintained within
specified limits at a given rms level for a worst-case - rectangular
pulse - input signal.
Averaging Time Constant and External Capacitor: The time constant
of the internal averaging filter, and the increase of time constant
per p.F of added external capacitance (Cav)Input: The voltage range over which specified operation is obtained,
the maximum voltage for which the unit operates, the maximum
safe input voltage, and the effective input resistance.

Output: The maximum output range for rated performance, the
minimum current guaranteed available at full-scale output voltage,
and the source resistance of the output circuit.
Power Supply: Power-supply range for specified performance,
power-supply range for operation and quiescent current drain.

Temperature Range: The range of temperature variation for oper
ation within specifications. Temperature coefficients are deter
mined by three-point measurements (TH — 25°C), (25°C - Tj.),
when measured.

ANALOG
DEVICES
FEATURES
True RMS-to-DC Conversion
Laser-Trimmed to High Accuracy
0.2% max Error (AD536AK)
0.5% max Error (AD536AJ)
Wide Response Capability:
Computes RMS of AC and DC Signals
450kHz Bandwidth: Vrms > 100mV
2MHz Bandwidth: Vrrn„ > 1V
Signal Crest Factor of 7 for 1% Error
dB Output with 60dB Range
Low Power: 1.2mA Quiescent Current
Single or Dual Supply Operation
Monolithic Integrated Circuit
-55°C to +125°C Operation (AD536AS)

Integrated Circuit
True RMS-to-DC Converter
AD536A
AD536A PIN CONFIGURATIONS AND
FUNCTIONAL BLOCK DIAGRAMS

PRODUCT DESCRIPTION
The AD536A is a complete monolithic integrated circuit which
performs true rms-to-dc conversion. It offers performance which
is comparable or superior to that of hybrid or modular units
costing much more. The AD536A directly computes the true
rms value of any complex input waveform containing ac and de
components. It has a crest factor compensation scheme which
allows measurements with 1% error at crest factors up to 7. The
wide bandwidth of the device extends the measurement capabil
ity to 300kHz with 3dB error for signal levels above lOOmV.
An important feature of the AD536A not previously available in
rms converters is an auxiliary dB output. The logarithm of the
rms output signal is brought out to a separate pin to allow the
dB conversion, with a useful dynamic range of 60 dB. Using an
externally supplied reference current, the OdB level can be con
veniently set by the user to correspond to any input level from
0.1 to 2 volts rms.

The AD536A is laser trimmed at the wafer level for input and
output offset, positive and negative waveform symmetry (de re
versal error), and full-scale accuracy at 7V rms. As a result, no
external trims are required to achieve the rated accuracy of the
unit.
There is full protection for both inputs and outputs. The input
circuitry can take overload voltages well beyond the supply lev
els. Loss of supply voltage with inputs connected will not cause
unit failure. The output is short-circuit protected.

The AD536A is available in two accuracy grades (J, K) for com
mercial temperature range (0 to + 70°C) applications, and one
grade (S) rated for the -55°C to +125°C extended range. The
AD536AK offers a maximum total error of ±2mV ±0.2% of
reading, and the AD536AJ and AD536AS have maximum errors
of ±5mV ±0.5% of reading. All three versions are available in
either a hermetically sealed 14-pin DIP or 10-pin TO-100 metal
can. The AD536AS is also available in a 20-pin hermetically
sealed ceramic leadless chip carrier.

PRODUCT HIGHLIGHTS
1. The AD536A computes the true root-mean-square level of a
complex ac (or ac plus de) input signal and gives an equiva
lent de output level. The true rms value of a waveform is a
more useful quantity than the average rectified value since it
relates directly to the power of the signal. The rms value of a
statistical signal also relates to its standard deviation.

2. The crest factor of a waveform is the ratio of the peak signal
swing to the rms value. The crest factor compensation
scheme of the AD536A allows measurement of highly com
plex signals with wide dynamic range.
3. The only external component required to perform measure
ments to the fully specified accuracy is the capacitor which
sets the averaging period. The value of this capacitor deter
mines the low frequency ac accuracy, ripple level and settling
time.
4. The AD536A will operate equally well from split supplies or
a single supply with total supply levels from 5 to 36 volts.
The one milliampere quiescent supply current makes the de
vice well-suited for a wide variety of remote controllers and
battery powered instruments.
5. The AD536A directly replaces the AD536 and provides im
proved bandwidth and temperature drift specifications.
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(@ + 25°C, and ± 15V de unless otherwise noted)
AD536AJ
Typ

Model

Min

CONVERSION ACCURACY
Total Error, Internal Trim1 (Figure 1)
vs. Temperature, Tnun to + 70°C
+ 70°Cto + 125°C
vs. Supply Voltage
de Reversal Error
Total Error, External Trim: (Figure 2)

Iout TERMINAL
Iout Scale Factor
Iout Scale Factor Tolerance

Output Resistance
Voltage Compliance

BUFFER AMPLIFIER
Input and Output Voltage Range
Input Offset Voltage, Rs = 25k
Input Bias Current
Input Resistance
Output Current

POWER SUPPLY
Voltage Rated Performance
Dual Supply
Single Supply
Quiescent Current
Total Vs, 5V to 36V, T™ to T^,
TEMPERATURE RANGE
Rated Performance
Storage

90
450
2.3

90
450
2.3

90
450
2.3

kHz
kHz
MHz

25

25

25

ms^FCAV

16.67
0.8

±7

±25
20
±2

±25
20
±1

±2

±0.4
-3

±0.6

Oto +11
Oto + 2

80
100

±0.5
±0.1
±0.1
+ 12.5

±1

±0.2
-3

±0.3

- 0.033
+ 0.33
20

5
1

±0.5
20
*
10

1.2

65

AD536AJD
AD536AJH

±4
60

0.5
1
5

±15
±18
+ 36

±3.0
+5
1.2

65
AD536AKD
AD536AKH

±18
+ 36

±3.0
+5
1.2

2
+ 70
+ 150

0
-55

NOTES
’Accuracy is specified for 0 to 7V rms, de or I kHz sinewave input with the AD536A connected as in the figure referenced.
2Error vs. crest factor is specified as an additional error for IV rms rectangular pulse input, pulse width = 200jxs.
’Input voltages are expressed in volts rms, and error is percent of reading.
4With 2k external pulldown resistor.
'See Section 20 for package outline information.
Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All
min and max specifications arc guaranteed, although only those shown in
boldface are tested on all production units.

80
100

20
0.5

2

+ 70
+ 150

0
-55

dB
mV/dB

dB/°C
%ofReading-r>C
p.A
P-A
jiAVrms
%
kn
V
V

±0.5
20
10"

±15
±18
+ 36

±0.6

40
±10
±20
30
25
Vsto( + Vs
-2.5V)

20

1
5

±15

mV
mV/°C
mV/V
V
V

mV
nA
n

( + 5mA,
- 130p.A)

0.5

•30
+5

-0.033
+ 0.33
20

5
1

20

1
5

±2
±0.2

±0.2
+ 12.5

±0.5
-3

±4
60

(+ 5mA,
- 130jiA)
20

16.67
0.8

-Vsio( + Vs
-2.5V)

-Vsio( + Vs

(+ 5mA,
- 130p.A)
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80
100

-2.5V)

±4
60

13.33

Oto +11
Oto +2

40
±10
±20
30
25
-Vs<o( + Vs
-2.5)

20

Vpeak
kll
mV

0to2

±7

16.67
0.5

±25
20
±2

±20

±20
0to2

13.33

±7

Vrms
Vpeak
Vrms
Vpeak

Oto 7

0to7

±1
±0.1
±0.1
+12.5

±0.5
20
*
10

NUMBER OF TRANSISTORS

PACKAGE OPTIONS'
Ceramic DIP (D-14)
Metal Can TO-100 (H-10A)
LCC(E-20A)

% of Reading
% of Reading

kHz
kHz
kHz

- Vsto( + Vs
-2.5V)

Short Circuit Current
Output Resistance
Small Signal Bandwidth
Slew Rate4

Specified Accuracy
0.1
- 1.0

5
45
120

40
±10
±20
25
30
VS1O( + VS
-2.5V)

20

mV ±% of Reading
mV ±% of Reading. •’C
mV ± %of Reading.^C
mV ± % of Reading. V
±% of Reading
mV ±% of Reading

5
45
120

-0.033
+ 0.33
20

5
1

±5 ±0.5
±0.1 ±0.005
±0.3 ±0.005

5
45
120

±20

Oto +11
Oto +2

Units

±0.1 ±0.01
±0.2
±3 ±0.3

Specified Accuracy
0.1
-1.0

0to2

dB OUTPUT (Figure 13)
Error, VIN7mV to 7V rms, OdB IV rms
Scale Factor
Scale Factor TC (Uncompensated, see Figure 1 for Temperature Compensation)

Max

VOUT - Vavg.fVn,)2

±0.1 ±0.01
±0.1
±2 ±0.1

0to7

13.33

AD536AS
£yp

Min

±2±0.2
±0.05 ±0.005

Specified Accuracy
0.1
-1.0

AVERAGING TIME CONSTANT (Figure 5)

Max

VOUT = Vavg.(VIN)2

±0.1 ±0.01
±0.2
±3 ±0.3

FREQUENCY RESPONSE
*
Bandwidth for 1% additional error (0.09dB)
VIN= lOmV
VIN = lOOmV
V1N=1V
± 3dB Bandwidth
VIN=10mV
VIN= lOOmV
V,N=1V

IRFFforOdB = IV rms
Iri:, Range

Typ

±5 ±0.5
±0.1 ±0.01

ERROR VS. CREST FACTOR2
Crest Factor 1 to 2
Crest Factor 3
Crest Factor = 7

OUTPUT CHARACTERISTICS
Offset Voltage, VIN = COM (Figure 1)
vs. Temperature
vs. Supply Voltage
Voltage Swing, ± 15V Supplies
± 5V Supply

Min

VOVT = Vavg.(VIN)2

TRANSFER FUNCTION

INPUT CHARACTERISTICS
Signal Range, ± 15V Supplies
Continuous rms Level
Peak Transient Input
Continuous rms Level, ± 5V Supplies
Peak Transient Input, ± 5V Supplies
Maximum Continuous Nondestructive
Input Level (All Supply Voltages)
Input Resistance
Input Offset Voltage

AD536AK
Max

-55
-55

65
AD536ASD
AD536ASH
AD536ASE

mA
n
MHz
V/|U

V
V
V

2

mA

+ 125
+ 150

°C
°C

Applying the AD536A
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage
Dual Supply........................................................................ ±18V
Single Supply................................................................... + 36V
Internal Power Dissipation2 ............................................ 500mW
Maximum Input Voltage............................................ ±25V Peak
Buffer Maximum Input Voltage ............................................±VS
Maximum Input Voltage............................... ..
±25V Peak
Storage Temperature Range ............................ -55°C to +150°C
Operating Temperature Range
AD536AJ/K ............................................................. 0 to +70°C
AD536AS........................................................ -55°C to +125°C
Lead Temperature Range
(Soldering 60 sec) ............................................................ 300°C

STANDARD CONNECTION
The AD536A is simple to connect for the majority of high accu
racy rms measurements, requiring only an external capacitor to
set the averaging time constant. The standard connection is
shown in Figure 1. In this configuration, the AD536A will mea
sure the rms of the ac and de level present at the input, but will

NOTES
‘Stresses above those listed under “Absolute Maximum Ratings”
may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or
any other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.
210-Pin Header: 0JA = 150°C/W
20-Pin LCC: 0JA = 95°C/W
14-Pin Size Brazed Ceramic DIP: 0JA = 95°C/W

CHIP DIMENSIONS AND PAD LAYOUT
Dimensions shown in inches and (mm).

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-11B 14-PIN CERAMIC DIP PACKAGE
•BOTH PADS SHOWN MUST BE CONNECTED TO VM
THE AD536A IS AVAILABLE IN LASER TRIMMED CHIP FORM
SUBSTRATE CONNECTED TO -V..

ORDERING GUIDE1

Temperature
Range

Header

Sidebrazed
Ceramic DIP

Commercial
0 to +70’C

AD536AJH
AD536AKH

AD536AJD
AD536AKD

Military
-55°C to + 125°C

AD536ASH
AD536ASH/883B

AD536ASD
AD536ASD/883B

Leadless
Chip Carrier

AD536ASE
AD536ASE/883B

NOTE
l“S” grade chips are available tested at +25°C and + 125°C. “J” grade chips are also available.

show an error for low frequency inputs as a function of the filter
capacitor, CAV, as shown in Figure 5. Thus, if a 4p.F capacitor
is used, the additional average error at 10Hz will be 0.1%; at
3Hz it will be 1%. The accuracy at higher frequencies will be
according to specification. If it is desired to reject the de input,
a capacitor is added in series with the input, as shown in Figure
3, the capacitor must be nonpolar. If the AD536A is driven with
power supplies with a considerable amount of high frequency
ripple, it is advisable to bypass both supplies to ground with
0.1 p.F ceramic discs as near the device as possible.
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The input and output signal ranges are a function of the supply
voltages; these ranges are shown in Figure 14. The AD536A can
also be used in an unbuffered voltage output mode by discon
necting the input to the buffer. The output then appears unbuf
fered across the 25k resistor. The buffer amplifier can then be
used for other purposes. Further the AD536A can be used in a
current output mode by disconnecting the 25k resistor from
ground. The output current is available at Pin 8 (Pin 10 on the
“H” package) with a nominal scale of 40pA per volt rms input
positive out.

consumption, since only 5 pA of current flows into Pin 10
(Pin 2 on the “H” package). AC input coupling requires only
capacitor C2 as shown; a de return is not necessary as it is pro
vided internally. C2 is selected for the proper low frequency
break point with the input resistance of 16.7k(l; for a cut-off at
10Hz, C2 should be lpF. The signal ranges in this connection
are slightly more restricted than in the dual supply connection.
The input and output signal ranges are shown in Figure 14. The
load resistor, RL, is necessary to provide output sink current.

OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY
If it is desired to improve the accuracy of the AD536A, the ex
ternal trims shown in Figure 2 can be added. R4 is used to trim
the offset. Note that the offset trim circuit adds 365(1 in series
with the internal 25k(l resistor. This will cause a 1.5% increase
in scale factor, which is trimmed out by using R, as shown.
Range of scale factor adjustment is ±1.5%.

The trimming procedure is as follows:
1. Ground the input signal, VIN, and adjust R4 to give zero
volts output from Pin 6. Alternatively, R4 can be adjusted
to give the correct output with the lowest expected value
ofVIN.

2. Connect the desired full scale input level to VIN, either de or
a calibrated ac signal (1kHz is the optimum frequency); then
trim Rj to give the correct output from Pin 6, i.e., 1.000V
de input should give 1.000V de output. Of course, a
±1.000V peak-to-peak sine wave should give a 0.707V de
output. The remaining errors, as given in the specifications,
are due to the nonlinearity.
The major advantage of external trimming is to optimize device
performance for a reduced signal range; the AD536A is inter
nally trimmed for a 7V rms full-scale range.

CHOOSING THE AVERAGING TIME CONSTANT
The AD536A will compute the rms of both ac and de signals. If
the input is a slowly varying de signal, the output of the
AD536A will track the input exactly. At higher frequencies, the
average output of the AD536A will approach the rms value of
the input signal. The actual output of the AD536A will differ
from the ideal output by a de (or average) error and some
amount of ripple, as demonstrated in Figure 4.
Eo
IDEAL
Eo

.

/

OFFSET
AOJUST

'-S

DC ERROR = Eo - Eo (IDEAL)

T

v AVERAGE
Eo = Eo

DOUBLE-FREQUENCY
RIPPLE
TIME

Figure 4. Typical Output Waveform for Sinusoidal Input
Figure 2. Optional External Gain and Output Offset Trims

SINGLE SUPPLY CONNECTION
The applications in Figures 1 and 2 require the use of approxi
mately symmetrical dual supplies. The AD536A can also be
used with only a single positive supply down to +5 volts, as
shown in Figure 3. The major limitation of this connection is
that only ac signals can be measured since the differential input
stage must be biased off ground for proper operation. This bias
ing is done at Pin 10; thus it is critical that no extraneous sig
nals be coupled into this point. Biasing can be accomplished by
using a resistive divider between +VS and ground. The values
of the resistors can be increased in the interest of lowered power
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The de error is dependent on the input signal frequency and the
value of CAV- Figure 5 can be used to determine the minimum
value of CAV which will yield a given percent de error above a
given frequency using the standard rms connection.
The ac component of the output signal is the ripple. There are
two ways to reduce the ripple. The first method involves using a
large value of CAV. Since the ripple is inversely proportional to
CAV, a tenfold increase in this capacitance will effect a tenfold
reduction in ripple. When measuring waveforms with high crest
factors, (such as low duty cycle pulse trains), the averaging time
constant should be at least ten times the signal period. For ex
ample, a 100Hz pulse rate requires a 100ms time constant,
which corresponds to a 4p.F capacitor (time constant = 25ms
per p.F).

RMS Measurements - AD536A
The primary disadvantage in using a large CAV to remove ripple
is that the settling time for a step change in input level is in
creased proportionately. Figure 5 shows that the relationship
between CAV and 1% settling time is 115 milliseconds for each
microfarad of CAV. The settling time is twice as great for de
creasing signals as for increasing signals (the values in Figure 5
are for decreasing signals). Settling time also increases for low
signal levels, as shown in Figure 6.

For a more detailed explanation of these topics refer to the
RMS to DC Conversion Application Guide 2nd Edition, available
from Analog Devices.

Figure 7. 2-Pole "Post" Filter

INPUT FREQUENCY-Hz

Figure 5. Error/Settling Time Graph for Use with the
Standard RMS Connection in Figure 1

Cav ■ 1pF
C2 - C3 - 2.2aiF (TWO POLE)

Figure 8. Performance Features of Various Filter Types

Figure 6. Settling Time vs. Input Level

A better method for reducing output ripple is the use of a
“post-filter.” Figure 7 shows a suggested circuit. If a single-pole
filter is used (C3 removed, Rx shorted), and C2 is approximately
twice the value of CAV, the ripple is reduced as shown in Figure
8 and settling time is increased. For example, with CAV = lp.F
and C2 = 2.2jjlF, the ripple for a 60Hz input is reduced from
10% of reading to approximately 0.3% of reading. The settling
time, however, is increased by approximately a factor of 3. The
values of CAV and C2 can therefore be reduced to permit faster
settling times while still providing substantial ripple reduction.
The two-pole post-filter uses an active filter stage to provide
even greater ripple reduction without substantially increasing the
settling times over a circuit with a one-pole filter. The values of
CAV, C2, and C3 can then be reduced to allow extremely fast
settling times for a constant amount of ripple. Caution should be
exercised in choosing the value of CAV, since the de error is de
pendent upon this value and is independent of the post filter.

AD536A PRINCIPLE OF OPERATION
The AD536A embodies an implicit solution of the rms equation
that overcomes the dynamic range as well as other limitations
inherent in a straight-forward computation of rms. The actual
computation performed by the AD536A follows the equation:

Figure 9 is a simplified schematic of the AD536A; it is subdi
vided into four major sections: absolute value circuit (active rec
tifier), squarer/divider, current mirror, and buffer amplifier.
The input voltage, V1N, which can be ac or de, is converted to a
unipolar current Ip by the active rectifier Als A2. Ij drives one
input of the squarer/divider, which has the transfer function:
/4 = Zi2//3
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The output current, I4, of the squarer/divider drives the current
mirror through a low pass filter formed by Rt and the externally
connected capacitor, CAV. If the Rj, CAV time constant is much
greater than the longest period of the input signal, then I4 is
effectively averaged. The current mirror returns a current I3,
which equals Avg. [I4], back to the squarer/divider to complete
the implicit rms computation. Thus:

I4 = Avg. [Zi2/Z4] = I\ rms
The current mirror also produces the output current, IOUT,
which equals 2I4. IOut can
use<^ directly or converted to a
voltage with R2 and buffered by A4 to provide a low impedance
voltage output. The transfer function of the AD536A thus
results:
VoUT - 2R2 Irms = VIN ms

The dB output is derived from the emitter of Q3, since the volt
age at this point is proportional to -log VIN. Emitter follower,
Q5, buffers and level shifts this voltage, so that the dB output
voltage is zero when the externally supplied emitter current
(IREF) to Qs approximates I3.

CONNECTIONS FOR dB OPERATION
A powerful feature added to the AD536A is the logarithmic or
decibel output. The internal circuit computing dB works accu
rately over a 60dB range. The connections for dB measurements
are shown in Figure 10. The user selects the OdB level by ad
justing R] for the proper OdB reference current (which is set to
exactly cancel the log output current from the squarer-divider at
the desired OdB point). The external op amp is used to provide
a more convenient scale and to allow compensation of the
+0.33%/°C scale factor drift of the dB output pin. The special
T.C. resistor, R2, is available from Tel Labs in Londonderry,
N.H. (Model Q-81) or from Precision Resistor Inc., Hillside,
N.J. (model PT 146). The averaged temperature coefficients of
resistors R2 and R3 develop the +3300ppm needed to reverse
compensate the dB output. The linear rms output is available at
Pin 8 on DIP or Pin 10 on header device with an output imped
ance of 25kfl; thus some applications may require an additional
buffer amplifier if this output is desired.
dB Calibration:

1. Set VIN = 1.00V de or 1.00V rms

2. Adjust R] for dB out = 0.00V
3. Set VIN = +0.1V de or 0.10V rms

4. Adjust R5 for dB out = -2.00V
Any other desired OdB reference level can be used by setting
VIN and adjusting R1 accordingly. Note that adjusting R5 for
the proper gain automatically gives the correct temperature
compensation.

•SPECIAL TC COMPENSATION RESISTOR + 3500ppm 1% TEL LABS 0-81
PRECISION RESISTOR CO »PT146 OR EQUIVALENT

Figure TO. dB Connection
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AD536A
FREQUENCY RESPONSE
The AD536A utilizes a logarithmic circuit in performing the
implicit rms computation. As with any log circuit, bandwidth is
proportional to signal level. The solid lines in the graph below
represent the frequency response of the AD536A at input levels
from 10 millivolts to 7 volts rms. The dashed lines indicate the
upper frequency limits for 1%, 10%, and 3dB of reading addi
tional error. For example, note that a 1 volt rms signal will pro
duce less than 1% of reading additional error up to 120kHz. A
10 millivolt signal can be measured with 1% of reading addi
tional error (IOOjxV) up to only 5kHz.

7V nms INPUT
L-L
____
1V rms INPUT
I
I I

/ 11

i

/
/

z

100mV rms INPUT
I
I L-PT,

r

z

r

10%

X

z1

z

3dB

Figure 13. AD536A Error vs. Pulse Width Rectangular
Pulse

k

✓

1

10mV rms INPUT
u
Ik

LLLL
10k

100k

1M

10M

FREQUENCY - Hz

Figure 11. High Frequency Response

AC MEASUREMENT ACCURACY AND CREST FACTOR
Crest factor is often overlooked in determining the accuracy of
an ac measurement. Crest factor is defined as the ratio of the
peak signal amplitude to the rms value of the signal (C.F. =
Vp/Vrms). Most common waveforms, such as sine and triangle
waves, have relatively low crest factors (<2). Waveforms which
resemble low duty cycle pulse trains, such as those occurring in
switching power supplies and SCR circuits, have high crest fac
tors. For example, a rectangular pulse train with a 1% duty cy
cle has a crest factor of 10 (C.F. = l/x/tl)-

Figure 12 is a curve of reading error for the AD536A for a 1
volt rms input signal with crest factors from 1 to 11. A rectan
gular pulse train (pulse width 100|xs) was used for this test since
it is the worst-case waveform for rms measurement (all the en
ergy is contained in the peaks). The duty cycle and peak ampli
tude were varied to produce crest factors from 1 to 11 while
maintaining a constant 1 volt rms input amplitude.

1PEAK
INPUT OR
OUTPUT Volts

VOLTS, SINGLE SUPPLY

Figure 14. AD536A Input and Output
Voltage Ranges vs. Supply

CREST FACTOR

Figure 12. Error vs. Crest Factor
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ANALOG
DEVICES

Low Level,
True RMS-to-DC Converter

AD636
FEATURES
True rms-to-dc Conversion
200mV Full Scale
Laser-Trimmed to High Accuracy
0.5% max Error (AD636K)
1.0% max Error (AD636J)
Wide Response Capability:
Computes rms of ac and de Signals
1MHz -3dB Bandwidth: Vrms>100rnV
Signal Crest Factor of 6 for 0.5% Error
dB Output with 50dB Range
Low Power: 800pA Quiescent Current
Single or Dual Supply Operation
Monolithic Integrated Circuit
Low Cost
Available in Chip Form

PRODUCT DESCRIPTION
The AD636 is a low power monolithic IC which performs true
rms-to-dc conversion on low level signals. It offers perform
ance which is comparable or superior to that of hybrid and
modular converters costing much more. The AD636 is speci
fied for a signal range of 0 to 200 millivolts rms. Crest factors
up to 6 can be accommodated with less than 0.5% additional
error, allowing accurate measurement of complex input
waveforms.

The low power supply current requirement of the AD636,
typically 800/iA, allows it to be used in battery-powered
portable instruments. A wide range of power supplies can be
used, from ±2.5V to ±16.5V or a single +5V to +24V supply.
The input and output terminals are fully protected; the in
put signal can exceed the power supply with no damage to
the device (allowing the presence of input signals in the
absence of supply voltage) and the output buffer amplifier
is short-circuit protected.
The AD636 includes an auxiliary dB output. This signal is
derived from an internal circuit point which represents the
logarithm of the rms output. The OdB reference level is set
by an externally supplied current and can be selected by the
user to correspond to any input level from OdBm (774.6mV)
to -20dBm (77.46mV). Frequency response ranges from
1.2MHz at a OdBm level to over 10kHz at -50dBm.
The AD636 is designed for ease of use. The device is factory
trimmed at the wafer level for input and output offset, posi
tive and negative waveform symmetry (de reversal error), and
full scale accuracy at 200mV rms. Thus no external trims are
required to achieve full rated accuracy.

AD636 PIN CONNECTIONS &
FUNCTIONAL BLOCK DIAGRAM

“D” Package
(TO-116)

“H” Package
(TO-lOO)

offered in either a hermetically sealed 14-pin DIP or a 10-pin
TO-100 metal can. Chips are also available.

PRODUCT HIGHLIGHTS
1. The AD636 computes the true root-mean-square of a com
plex ac (or ac plus de) input signal and gives an equivalent
de output level. The true rms value of a waveform is a
more useful quantity than the average rectified value since
it is a measure of the power in the signal. The rms value
of an ac-coupled signal is also its standard deviation.
2. The 200 millivolt full scale range of the AD636 is com
patible with many popular display-oriented analog-to-digital
converters. The low power supply current requirement
permits use in battery-powered hand-held instruments.
3. The only external component required to perform mea
surements to the fully specified accuracy is the averaging
capacitor. The value of this capacitor can be selected for
the desired trade-off of low frequency accuracy, ripple, and
settling time.
4. The on-chip buffer amplifier can be used to buffer either
the input or the output. Used as an input buffer, it pro
vides accurate performance from standard 10Mf2 input
attenuators. As an output buffer, it can supply up to 5
milliamps of output current.
5. The AD636 will operate over a wide range of power sup
ply voltages, including single +5V to +24V or split ±2.5V
to ±16.5V sources. A standard 9V battery will provide
several hundred hours of continuous operation.

AD636 is available in two accuracy grades; the AD636J
total error of ±0.5mV ±0.06% of reading, and the AD636K
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SPECIFICATIONS

(@ +25°C, and +VS= +3V, -Vs= -5V unless otherwise noted)

Model

AD636J
Typ

Min
TRANSFER FUNCTION

VOUT

±12
8
±0.5

5.33

Iout Scale Factor

Output Resistance
Voltage Compliance

BUFFER AMPLIFIER
Input and Output Voltage Range
Input Offset Voltage, Rs = 10k
Input Bias Current
Input Resistance
Output Current

-20
8

POWERSUPPLY
Voltage, Rated Performance
Dual Supply
Single Supply
Quiescent Current6

± 12
8
±0.2

Vpk
kfl
mV

100
900
1.5

100
900
1.5

kHz
MHz
MHz

10

12

±0.3
-3.0
+ 0.33
-0.033
4

±0.5

8
50

100
+ 20
±10
12
10
-Vsto( + Vs
-2V)

±0.2

mV

± 10
±0.1

p.vrc
mV/V

Oto + 1.0
Oto +1.0
8

10

12

V
V
kfl

±0.1
-3.0
+ 0.33
- 0.033
4

±0.2

2
1

-20
8

8
50

100
+ 20
± 10
12
10
-Vsto( + Vs
-2V)

-Vsto( + Vs
-2V)

±0.8
20
10’

±0.5
20
*
10

±2
60

±1
60

dB
mV/dB
%ofReading',’C
dB/°C
pA
g-A
jlA/V

%
kfl

V

V
mV
nA

a

(+ 5mA,
-130p.A)

( + 5mA,
- 130p.A)

+ 3,-5

+ 3,-5
+ 2, -2.5
+5

0.80

mA
MHz
V/ps

20
1
5

20
1
5
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Vpk
Vpk
Vpk

kHz
kHz
kHz

-Vsto( + Vs
-2V)

Short Circuit Current
Small Signal Bandwidth
Slew Rate5

mV rms
±2.8
±2.0
±5.0

14
90
130

Iout TERMINAL
Iout Scale Factor Tolerance

6.67

±0.5

2
1

ms/p.F CAV

14
90
130

±10
±0.1

dBOUTPUT
Error, Vin = 7mV to 300mV rms
Scale Factor
Scale FactorTemperature Coefficient

% of Reading
% of Reading

Oto 200
±2.8
±2.0
±5.0

Oto + 1.0
Oto +1.0
8

mV ± % of Reading
mV ± % of Reading/°C
mV ±%ofReading/V
% of Reading
mV ±% of Reading

25

Oto 200

FREQUENCY RESPONSE2,4
Bandwidth for 1% additional error (0.09dB)
VIN=10mV
ViN = 100mV
Vin = 200m V
± 3dB Bandwidth
VIN = lOmV
V1N = 100mV
VIN = 200m V

±0.2±0.3
±0.1 ±0.005

Specified Accuracy
-0.2
-0.5

25

6.67

Units

±0.1 ±0.01
±0.1
±0.1 ±0.1

Specified Accuracy
-0.2
-0.5

5.33

Max

= Vavg. (VIN)2

±0.1 ±0.01
±0.2
±0.3 ±0.1

AVERAGING TIME CONSTANT

IREFfor0dB = O.IVrms
Iref Range

Volt

±0.5 ±0.6
±0.1 ±0.01

ERROR VS. CREST FACTOR3
Crest Factor 1 to 2
Crest Factor = 3
Crest Factor = 6

OUTPUT CHARACTERISTICS2
Offset Voltage, Vin = COM
vs. Temperature
vs. Supply
Voltage Swing
+ 3V, - 5V Supply
± 5V to ± 16.5V Supply
Output Impedance

AD636K
Typ

Min

= Vavg.(VIN)2

CONVERSION ACCURACY
T otal Error, Internal Trim1 2
vs. Temperature, 0 to + 70°C
vs. Supply Voltage
de Reversal Error at 20OmV
Total Error, External Trim1

INPUT CHARACTERISTICS
Signal Range, All Supplies
Continuous rms Level
Peak Transient Inputs
+ 3V, - 5V Supply
± 2.5 V Supply
± 5V Supply
Maximum Continuous Non-Destructive
Input Level (All Supply Voltages)
Input Resistance
Input Offset Voltage

Max

±16.5
+ 24
1.00

+ 2, -2.5
+5

0.80

±16.5
+ 24
1.00

V
V
V
mA

rms

AD636
Model

Min

TEMPERATURE RANGE
Rated Performance
Storage

0
-55

AD636J
Typ

Max

Min

+ 70
+ 150

0
-55

AD636K
Typ

Max

+ 70
+ 150

PACKAGE OPTIONS7
TO-116 (D-14)
TO-IOO(H-IOA)

AD636JD
AD636JH

AD636KD
AD636KH

TRANSISTOR COUNT

62

62

Units

°C
°C

NOTES
‘Accuracy specified for 0 to 200mV rms, de or 1kHz sine wave input. Accuracy is degraded at higher rms signal levels.
’Measured at pin 8 of DIP (Iout), with pin 9 tied to common.
’Error vs. crest factor is specified as additional error for a 200mV rms rectangular pulse train, pulse width = 200|xs.
’Input voltages are expressed in volts rms.
5With lOkfl pull down resistor from pin6(BUF OUT) to —Vs.
6With BUF input tied to Common.
7See Section 16 for package outline information.
Specifications subject to change without notice.

All min and max specifications are guaranteed. Specifications shown in boldface are tested on all production units at final electrical test and are used to
calculate outgoing quality levels.
Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS1
Supply Voltage
Dual Supply................................................................. ±16.5 V
Single Supply ............................................................... +24 V
Internal Power Dissipation2 ............................... ............ 500 mW
Maximum Input Voltage............................................± 12 V Peak
Storage Temperature Range ............................ — 55°C to +150°C
Operating Temperature Range
AD636J/K ................................................................ 0 to +70°C
Lead Temperature Range (Soldering 60 sec) .................. +300°C

Notes
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation ofthe device at these or anyother conditions above those indicated
in the operational section of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
210-Pin Header: 0JA = 150°C/W.
14-Pin Sidebrazed Ceramic DIP: 0JA = 95°C/W.

ORDERING GUIDE

Temperature
Range

Header

Sidebrazed
Ceramic DIP

Commercial
0 to +70°C

AD636JH
AD636KH

AD636JD
AD636KD

“J” and “K” grade chips are also available.

METALIZATION PHOTOGRAPH
Dimensions shown in inches and (mm).
0.1315

3
-Vs

4
CAV

5
dB

PAD NUMBERS CORRESPOND TO PIN NUMBERS
FOR THE TO-116 14-PIN CERAMIC DIP PACKAGE.

NOTE
•BOTH PADS SHOWN MUST BE CONNECTED TO V,N.
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Applying the AD636
STANDARD CONNECTION
The AD636 is simple to connect for the majority of high
accuracy rms measurements, requiring only an external capac
itor to set the averaging time constant. The standard connec
tion is shown in Figure 1. In this configuration, the AD636
will measure the rms of the ac and de level present at the
input, but will show an error for low frequency inputs as a
function of the filter capacitor, Cav> as shown in Figure 5.
Thus, if a 4jliF capacitor is used, the additional average error
at 10Hz will be 0.1%, at 3Hz it will be 1%. The accuracy at
higher frequencies will be according to specification. If it is
desired to reject the de input, a capacitor is added in series
with the input, as shown in Figure 3; the capacitor must be
non-polar. If the AD636 is driven with power supplies with
a considerable amount of high frequency ripple, it is advisable
to bypass both supplies to ground with 0.1|kF ceramic discs as
near the device as possible. Cp is an optional output ripple
filter, as discussed elsewhere in this data sheet.
The input and output signal ranges are a function of the sup
ply voltages as detailed in the specifications. The AD636 can
also be used in an unbuffered voltage output mode by dis
connecting the input to the buffer. The output then appears
unbuffered across the 10k resistor. The buffer amplifier can
then be used for other purposes. Further, the AD636 can be
used in a current output mode by disconnecting the 10k re
sistor from the ground. The output current is available at
pin 8 (pin 10 on the “H” package) with a nominal scale
of lOOpA per volt rms input, positive out.

±200mV peak-to-peak sinewave should give a 141.4mV de out
put. The remaining errors, as given in the specifications, are
due to the nonlinearity.

SINGLE SUPPLY CONNECTION
The applications in Figures 1 and 2 assume the use of dual
power supplies. The AD636 can also be used with only a
single positive supply down to +5 volts, as shown in
Figure 3. Figure 3 is optimized for use with a 9 volt battery.
The major limitation of this connection is that only ac
signals can be measured since the input stage must be biased
off ground for proper operation. This biasing is done at pin
10; thus it is critical that no extraneous signals be coupled into
this point. Biasing can be accomplished by using a resistive
divider between +Vg and ground. The values of the resistors
can be increased in the interest of lowered power consump
tion, since only 1 microamp of current flows into pin 10 (pin
2 on the “H” package). Alternately, the COM pin of some
CMOS ADCs provides a suitable artificial ground for the
AD636. AC input coupling requires only capacitor C2 as
shown; a de return is not necessary as it is provided internally.
C2 is selected for the proper low frequency break point with
the input resistance of 6.7kf2; for a cut-off at 10Hz, C2 should
be 3.3mF. The signal ranges in this connection are slightly more
restricted than in the dual supply connection. The load resis
tor, Rl, is necessary to provide current sinking capability.

Figure 2. Optional External Gain and Output Offset Trims

Figure 1. Standard rms Connection

OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY
If it is desired to improve the accuracy of the AD636, the
external trims shown in Figure 2 can be added. R4 is used to
trim the offset. The scale factor is trimmed by using Rj
as shown. The insertion of R2 allows Rj to either increase
or decrease the scale factor by ±1.5%.
The trimming procedure is as follows:
1. Ground the input signal, V|n, and adjust R4 to give zero
volts output from pin 6. Alternatively, R4 can be adjusted to
give the correct output with the lowest expected value of V|n.
2. Connect the desired full scale input level to V|n, either
de or a calibrated ac signal (1kHz is the optimum frequency);
then trim Ri to give the correct output from pin 6, i.e.,
200mV de input should give 200mV de output. Of course, a
Figure 3. Single Supply Connection
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AD636
CHOOSING THE AVERAGING TIME CONSTANT
The AD636 will compute the rms of both ac and de signals.
If the input is a slowly-varying de voltage, the output of the
AD636 will track the input exactly. At higher frequencies,
the average output of the AD636 will approach the rms value
of the input signal. The actual output of the AD636 will differ
from the ideal output by a de (or average) error and some
amount of ripple, as demonstrated in Figure 4.
Eo
IDEAL
Eo
_DC ERROR =

,

Z

Eo - Eo (IDEAL)

1 VV^-7-^-;ERaC! Eo . EDOUBLE-FREQUENCY
RIPPLE

TIME

Figure 4. Typical Output Waveform for Sinusoidal Input

The de error is dependent on the input signal frequency and
the value of CAy ■ Figure 5 can be used to determine the mini
mum value of CAy which will yield a given % de error above
a given frequency using the standard rms connection.

Figure 5. Error/Settling Time Graph for Use with the Standard
rms Connection

The ac component of the output signal is the ripple. There are
two ways to reduce the ripple. The first method involves using
a large value of CAy • Since the ripple is inversely proportional
to CAV, a tenfold increase in this capacitance will effect a ten
fold reduction in ripple. When measuring waveforms with high
crest factors, (such as low duty cycle pulse trains), the aver
aging time constant should be at least ten times the signal peri
od. For example, a 100Hz pulse rate requires a 100ms time
constant, which corresponds to a 4/^F capacitor (time con
stant = 25ms per pF).

The primary disadvantage in using a large CAy to remove rip
ple is that the settling time for a step change in input level is
increased proportionately. Figure 5 shows the the relationship
between CAy and 1% settling time is 115 milliseconds for
each microfarad of CAy. The settling time is twice as great
for decreasing signals as for increasing signals (the values in
Figure 5 are for decreasing signals). Settling time also in
creases for low signal levels, as shown in Figure 6.
A better method for reducing output ripple is the use of a
“post-filter”. Figure 7 shows a suggested circuit. If a single
pole filter is used (C3 removed, Rx shorted), and C2 is approx
imately 5 times the value of CAy, the ripple is reduced as
shown in Figure 8, and settling time is increased. For ex
ample, with CAy = lpF and C2 = 4.7/1F, the ripple for a
60Hz input is reduced from 10% of reading to approximate
ly 0.3% of reading. The settling time, however, is increased
by approximately a factor of 3. The values of CAy and C2
can therefore be reduced to permit faster settling times
while still providing substantial ripple reduction.

The two-pole post-filter uses an active filter stage to provide
even greater ripple reduction without substantially increasing
the settling times over a circuit with a one-pole filter. The
values of CAy, C2, and C3 can then be reduced to allow ex
tremely fast settling times for a constant amount of ripple.
Caution should be exercised in choosing the value of CAy,
since the de error is dependent upon this value and is inde
pendent of the post filter.
For a more detailed explaination of these topics refer to
the RMS-to-DC Conversion Application Guide, 2nd Edition,
available from Analog Devices.

SETTLING
TIME RELATIVE
TO SETTLING
TIME AT
200m V rm.

1mV

10mV

100mV

IV

rm. INPUT LEVEL

Figure 6. Settling Time vs. Input Level

Figure 8. Performance Features of Various Filter Types
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RMS Measurements
AD636 PRINCIPLE OF OPERATION
The AD636 embodies an implicit solution of the rms equa
tion that overcomes the dynamic range as well as other limi
tations inherent in a straight-forward computation of rms.
The actual computation performed by the AD636 follows
the equation:

Vrms = AvS-

Figure 9 is a simplified schematic of the AD636; it is sub
divided into four major sections: absolute value circuit (ac
tive rectifier), squarer/divider, current mirror, and buffer am
plifier. The input voltage, V]N, which can be ac or de, is con
verted to a unipolar current h , by the active rectifier A], A2.
li drives one input of the squarer/divider, which has the
transfer function:

THE AD636 BUFFER AMPLIFIER
The buffer amplifier included in the AD636 offers the user
additional application flexibility. It is important to understand
some of the characteristics of this amplifier to obtain optimum
performance. Figure 10 shows a simplified schematic of the
buffer.

Since the output of an rms-to-dc converter is always positive,
it is not necessary to use a traditional complementary Class
AB output stage. In the AD636 buffer, a Class A emitter
follower is used instead. In addition to excellent positive out
put voltage swing, this configuration allows the output to
swing fully down to ground in single-supply applications
without the problems associated with most IC operational
amplifiers.

U = Ii2/ls
The output current, I4, of the squarer/divider drives the cur
rent mirror through a low pass filter formed by R, and the
externally connected capacitor, CAy. If the R!, CAy time
constant is much greater than the longest period of the input
signal, then I4 is effectively averaged. The current mirror re
turns a current I3, which equals Avg. IUI , back to the squarer/
divider to complete the implicit rms computation. Thus:

I4 = Avg. [I|2/I4 ]

= >! rms

The current mirror also produces the output current, IoljT,
which equals 2I4. IqUT can be used directly or converted to
a voltage with R2 and buffered by A4 to provide a low im
pedance voltage output. The transfer function of the AD636
thus results:
VOUT = 2R2

•this

= VIN mis

The dB output is derived from the emitter of Q3, since the
voltage at this point is proportional to -log VIN. Emitter fol
lower, Q5, buffers and level shifts this voltage, so that the
dB output voltage is zero when the externally supplied
emitter current (Iref) to Qs approximates I3.

Figure 10. AD636 Buffer Amplifier Simplified Schematic

When this amplifier is used in dual-supply applications as an
input buffer amplifier driving a load resistance referred to
ground, steps must be taken to insure an adequate negative
voltage swing. For negative outputs, current will flow from the
load resistor through the 40kf2 emitter resistor, setting up a
voltage divider between -Vg and ground. This reduced effec
tive ~Vg will limit the available negative output swing of the
buffer. Addition of an external resistor in parallel with Re
alters this voltage divider such that increased negative swing
is possible.
Figure 11 shows the value of Rexternal f°r a particular
ratio of Vpeak to _Vs f°r several values of Rload- Addition
of Rexternal increases the quiescent current of the buffer
amplifier by an amount equal to Rext/'^S- Nominal buffer
quiescentcurrent with no REXTERNAL >s 30pAat-V§ = -5V.

\

X

^k-i6.7kn

S^Rl“6. 7k n

0<—----- ---- 1——J—
0

1kfi

10k fl
Rexternal

H
100kft

---IMtt

Figure 11. Ratio of Peak Negative Swing to - !/$■ vs.
REXTERNAL f°r Several Load Resistances
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AD636
FREQUENCY RESPONSE
The AD636 utilizes a logarithmic circuit in performing the
implicit rms computation. As with any log circuit, bandwidth
is proportional to signal level. The solid lines in the graph be
low represent the frequency response of the AD636 at input
levels from 1 millivolt to 1 volt rms. The dashed lines indi
cate the upper frequency limits for 1%, 10%, and ±3dB of
reading additional error. For example, note that a 1 volt rms
signal will produce less than 1% of reading additional error up
to 220kHz. A 10 millivolt signal can be measured with 1%
of reading additional error (lOOptV) up to 14kHz.

of an ac measurement. Crest factor is defined as the ratio of the
the peak signal amplitude to the rms value of the signal (C.F. =
Vp/Vrms)- Most common waveforms, such as sine and triangle
waves, have relatively low crest factors «2). Waveforms which
resemble low duty cycle pulse trains, such as those occurring
in switching power supplies and SCR circuits, have high crest
factors. For example, a rectangular pulse train with a 1% duty
cycle has a crest factor of 10 (C.F. =

Figure 13 is a curve of reading error for the AD636 for a
200mV rms input signal with crest factors from 1 to 7. A rec
tangular pulse train (pulse width 200/zs) was used for this test
since it is the worst-case waveform for rms measurement (all
the energy is contained in the peaks). The duty cycle and peak
amplitude were varied to produce crest factors from 1 to 7
while maintaining a constant 200mV rms input amplitude.

Figure 12. AD636 Frequency Response

AC MEASUREMENT ACCURACY AND CREST FACTOR
Crest factor is often overlooked in determining the accuracy

A COMPLETE AC DIGITAL VOLTMETER
Figure 14 shows a design for a complete low power ac digital
voltmeter circuit based on the AD636. The 10MJ2 input at
tenuator allows full scale ranges of 200mV, 2V, 20V and
200V rms. Signals are capacitively coupled to the AD636
buffer amplifier, which is connected in an ac bootstrapped
configuration to minimize loading. The buffer then drives
the 6.7k£2 input impedance of the AD636. The COM termi
nal of the ADC chip provides the false ground required by
the AD636 for single supply operation. An AD589 1.2
volt reference diode is used to provide a stable 100 millivolt
reference for the ADC in the linear rms mode; in the dB mode,

Figure 13. Error vs. Crest Factor

a 1N4148 diode is inserted in series to provide correction
for the temperature coefficient of the dB scale factor. Cal
ibration of the meter is done by first adjusting offset pot
R17 for a proper zero reading, then adjusting the R13 for an
accurate readout at full scale.
Calibration of the dB range is accomplished by adjusting R9
for the desired OdB reference point, then adjusting R14 for
the desired dB scale factor (a scale of 10 counts per dB is
convenient).

Total power supply current for this circuit is typically
2.8mA using a 7106-type ADC.

Figure 14. A Portable, High Z Input, rms DPM and dB
Meter Circuit

RMS-TO-DC CONVERTERS 8-19

A LOW POWER, HIGH INPUT IMPEDANCE
dB METER

Introduction
The portable dB meter circuit featured here combines the func
tions of the AD636 rms converter, the AD589 voltage reference,
and a p,A776 low power operational amplifier. This meter offers
excellent bandwidth and superior high and low level accuracy
while consuming minimal power from a standard 9 volt transis
tor radio battery.

In this circuit, the built-in buffer amplifier of the AD636 is used
as a “bootstrapped” input stage increasing the normal 6.7kfl
input Z to an input impedance of approximately 10lofl.

Circuit Description
The input voltage, VIN, is ac coupled by C4 while resistor R8,
together with diodes D, and D2, provide high input voltage
protection.
The buffer’s output, pin 6, is ac coupled to the rms converter’s
input (pin 1) by capacitor C2. Resistor R9 is connected between
the buffer’s output, a Class A output stage, and the negative
output swing. Resistor R, is the amplifier’s “bootstrapping”
resistor.
With this circuit, single supply operation is made possible by
setting “ground” at a point between the positive and negative
sides of the battery. This is accomplished by sending 250p.A
from the positive battery terminal through resistor R2, then
through the 1.2 volt AD589 bandgap reference, and finally back
to the negative side of the battery via resistor R10. This sets
ground at 1.2 volts +3.18 volts (250p.A x 12.7kfl) = 4.4 volts
below the positive battery terminal and 5.0 volts (250jiA x
20kfl) above the negative battery terminal. Bypass capacitors C3
and C5 keep both sides of the battery at a low ac impedance to
ground. The AD589 bandgap reference establishes the 1.2 volt
regulated reference voltage which together with resistor R3 and
trimming potentiometer R4 set the zero dB reference current
IrefPerformance Data
OdB Reference Range = OdBm (770mV) to -20dBm (77mV)
rms

OdBm = 1 milliwatt in 600(1
Input Range (at IREF = 770mV) = 50dBm
Input Impedance = approximately 10lo(l
Vsupply Operating Range +5V de to +20V de
^quiescent = L8mA typical

Accuracy with 1kHz sinewave and 9 volt de supply:
OdB to -40dBm ±0.1dBm
OdBm to -50dBm ±0.15dBm
+ 10dBm to -50dBm ±0.5dBm

Frequency Response ±3dBm:
Input
OdBm = 5Hz to 380kHz
- lOdBm = 5Hz to 370kHz
-20dBm = 5Hz to 240kHz
-30dBm = 5Hz to 100kHz
-40dBm = 5Hz to 45kHz
-50dBm = 5Hz to 17kHz
Calibration
1. First calibrate the zero dB reference level by applying a 1kHz
sinewave from an audio oscillator at the desired zero dB am
plitude. This may be anywhere from zero dBm (770mV rms
- 2.2 volts p-p) to -20dBm (77mV rms 220mV - p-p). Ad
just the IREF cal trimmer for a zero indication on the analog
meter.

2. The final step is to calibrate the meter scale factor or gain.
Apply an input signal -40dB below the set zero dB reference
and adjust the scale factor calibration trimmer for a 40|iA
reading on the analog meter.
The temperature compensation resistors for this circuit may be
purchased from: Tel Labs Inc., 154 Harvey Road, P.O. Box
375, Londonderry, NH 03053, Part #Q332A 2k(l 1%
+ 3500ppm/°C or from Precision Resistor Company, 109 U.S.
Highway 22, Hillside, NJ 07205, Part #PT146 2kfl 1%
+3500ppm/°C.

ALL RESISTORS 1 4 WATT 1% METAL FILM UNLESS OTHERWISE STATED EXCEPT
• WHICH IS 2kll + 3500ppm 1 % TC RESISTOR.

Figure 15. A Low Power, High Input Impedance dB Meter
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ANALOG
DEVICES

High Precision,
Wideband RMS-to-DC Converter
AD637

FEATURES
High Accuracy
0.02% Max Nonlinearity, 0 to 2V RMS Input
0.10% Additional Error to Crest Factor of 3
Wide Bandwidth
8MHz at 1V RMS Input
600kHz at 100mV RMS
Computes:
True RMS
Square
Mean Square
Absolute Value
dB Output (60dB Range)
Chip Select-Power Down Feature Allows:
Analog "3-State" Operation
Quiescent Current Reduction from 2.2mA to 350pA
Side Brazed DIP, Low-Cost Cerdip and SOIC

PRODUCT DESCRIPTION
The AD637 is a complete high accuracy monolithic rms to de
converter that computes the true rms value of any complex
waveform. It offers performance that is unprecedented in inte
grated circuit rms to de converters and comparable to discrete
and modular techniques in accuracy, bandwidth and dynamic
range. A crest factor compensation scheme in the AD637 permits
measurements of signals with crest factors of up to 10 with less
than 1% additional error. The circuit’s wide bandwidth permits
the measurement of signals up to 600kHz with inputs of 200mV
rms and up to 8MHz when the input levels are above IV rms.
As with previous monolithic rms converters from Analog Devices,
the AD637 has an auxiliary dB output available to the user. The
logarithm of the rms output signal is brought out to a separate
pin allowing direct dB measurement with a useful range of
60dB. An externally programmed reference current allows the
user to select the OdB reference voltage to correspond to any
level between 0.1V and 2.0V rms.

A chip select connection on the AD637 permits the user to
decrease the supply current from 2.2mA to 350jjlA during periods
when the rms function is not in use. This feature facilitates the
addition of precision rms measurement to remote or hand-held
applications where minimum power consumption is critical. In
addition when the AD637 is powered down the output goes to a
high impedance state. This allows several AD637s to be tied
together to form a wide-band true rms multiplexer.
The input circuitry of the AD637 is protected from overload
voltages that are in excess of the supply levels. The inputs will
not be damaged by input signals if the supply voltages are lost.

AD637 FUNCTIONAL BLOCK DIAGRAMS

Ceramic DIP (D) and
Cerdip (Q) Package

SOIC (R) Package

The AD637 is available in two accuracy grades (J, K) for com
mercial (0 to + 70°C) temperature range applications and one
(S) rated over the -55°C to + 125°C temperature range. All
versions are available in hermetically-sealed, 14-pin side-brazed
ceramic DIPs as well as low-cost cerdip packages. A 16-pin
SOIC package is also available.

PRODUCT HIGHLIGHTS
1. The AD637 computes the true root-mean-square, mean square,
or absolute value of any complex ac (or ac plus de) input
waveform and gives an equivalent de output voltage. The
true rms value of a waveform is more useful than an average
rectified signal since it relates directly to the power of the
signal. The rms value of a statistical signal is also related to
the standard deviation of the signal.
2. The AD637 is laser wafer trimmed to achieve rated performance
without external trimming. The only external component
required is a capacitor which sets the averaging time period.
The value of this capacitor also determines low frequency
accuracy, ripple level and settling time.
3. The chip select feature of the AD637 permits the user to
power down the device down during periods of nonuse,
thereby, decreasing battery drain in remote or hand-held
applications.

4. The on-chip buffer amplifier can be used as either an input
buffer or in an active filter configuration. The filter can be
used to reduce the amount of ac ripple, thereby, increasing
the accuracy of the measurement.
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(@ +25°C, and ± 15V de unless otherwise noted)
AD637J
Typ

Model

Min
TRANSFER FUNCTION

VOVT

CONVERSION ACCURACY
Total Error, Internal Trim1 (Fig. 2)
Tmin to T™
vs. Supply, + Vin - + 300m V
vs. Supply, - VIN = - 300m V
de Reversal Error at 2V
Nonlinearity 2V Full Scale2
Nonlinearity 7V Full Scale
Total Error, External Trim

30
100

Vin = 2V

Input Offset Voltage
Input Current
Input Resistance
Output Current

CHIP SELECT PROVISION (CS)
rms “ON” Level
rms “OFF” Level
Iout Chip Select
CS “LOW"
CS “HIGH”
On Time Constant
Off Time Constant
POWERSUPPLY
Operating Voltage Range
Quiescent Current
Standby Current

ms/p.F Cav

±15

V rms
Vp-p

±6

V rms
Vp-p

±15
9.6
±0.5

Vp-p
kn
mV

Oto 4
±6

±15
9.6
±0.2

6.4

8

11
66
200

11
66
200

kHz
kHz
kHz

150
1
8

150
1
8

150
1
8

kHz
MHz
MHz

±1
±0.089

±0.04

±0.5
±0.056

±0.04

±1
±0.07

mV
mV/°C

Oto +12.0

+ 13.5

Oto +12.0

+ 13.5

Oto +12.0

+ 13.5

V

Oto +2
6

+ 2.2

Oto +2
6

+ 2.2

Oto + 2
6

+ 2.2

V
mA
mA
n
kn

5
1

20
0.5
100

20
0.5
100

20
0.5
100

±0.5
-3
+ 0.33
-0.033
20

±0.3
-3
+ 0.33
-0.033
20

±0.5
-3
+ 0.33
-0.033
20

80
100

-Vsto( + Vs
-2.5V)

5
1

±2
±10

±0.8
±2
*
10

±1
±5

30
±0.5

Oto + 10
25
±0.2

20

80
100

±2
±10

30
±0.5

Oto + 10
25
±0.2

20

30
±0.5

Open or + 2.4V<Vc< + Vs
Vc<+0.2V

Open or + 2.4V<Vc< + V$
Vc< + 0.2V

10
Zero
lOtis + «25kO) x Cav)
10p.s + «25kfl) x Cav)

10
Zero
10p.s + «25H1)xCav)
10pLS + ((25kn)xCav)

10
Zero
10p.s + ((25kO) x Cav)
10p.s + «25kll) x Cav)
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2.2
350

±18
3
450

V
mV
nA
ft

mA
MHz
V/ps

20
1
5

Open or + 2.4V<VC< + VS
Vc< + 0.2V

±3.0

dB
mV/dB
%ofReading/°C
dB/°C
pA
pA

(+ 5mA,
-130jiA)
20
1
5

20
1
5

Oto +10
25
±0.2

5
1

-Vsto( + Vs
-2.5V)
±0.5
±2
10“

(+5mA,
- 130|
*.A)

(+ 5mA,
- 130p,A)

20

80
100

-Vsto( + Vs
-2.5V)
±0.8
±2
108

Short Circuit Current
Small Signal Bandwidth
Slew Rate'

DENOMINATOR INPUT
Input Range
Input Resistance
Offset Voltage

% of Reading
% of Reading

11
66
200

±0.05

dBOUTPUT
Error, VIN 7mV to7Vrms,0dB = IV rms
Scale Factor
Scale Factor Temperature Coefficient

BUFFER AMPLIFIER
Input and Output Voltage Range

mV ±% of Reading
mV ±% of Reading
pv/v
jiV/V
% of Reading
%ofFSR
%ofFSR
mV ±% of Reading

0to7

0to4

8

±1 ±0.5
±6 ±0.7
150
300
0.25
0.04
0.05

25

±15

6.4

*
Unit

±0.5 ±0.1

0to7

±15
9.6
±0.5

Max

Specified Accuracy
±0.1
±1.0

25

±6

± 3dB Bandwidth
VIN = 20mV
VlN = 200m V

30
100

±0.25 ±0.05

Oto 4

V,n = 2V

±0.5±0.2
±2.0 ±0.3
150
300
0.1
0.02
0.05

Specified Accuracy
±0.1
±1.0

±15

8

AD637S
Typ

Min

VOUT = Vavg. (V,N)2

30
100

0to7

FREQUENCY RESPONSE4
Bandwidth for 1 % additional error (0.09dB)
VIN = 20m V
VlN = 200m V

IRFFforOdB = IV rms
Iref Range

±1 ±0.5
±3.0 ±0.6
150
300
0.25
0.04
0.05

25

6.4

Max

VOUT = Vavg. (Vpq)2

Specified Accuracy
±0.1
±1.0

AVERAGING TIME CONSTANT

OUTPUT CHARACTERISTICS
Offset Voltage
vs. Temperature
Voltage Swing, ± 15V Supply,
2kfl I«oad
Voltage Swing, ± 3V Supply,
2kQLoad
Output Current
Short Circuit Current
Resistance, Chip Select “High”
Resistance, Chip Select “Low”

AD637K
Typ

Min

±0.5 ±0.1

ERROR VS. CREST FACTOR’
Crest Factor 1 to 2
Crest Factor - 3
Crest Factor = 10

INPUT CHARACTERISTICS
Signal Range, ± 15V Supply
Continuous rms Level
Peak T ransient Input
Signal Range, ± 5V Supply
Continuous rms Level
Peak Transient Input
Maximum Continuous Non-Destructive
Input Level (All Supply Voltages)
Input Resistance
Input Offset Voltage

Max

Vavg.(V[N)

±3.0

2.2
350

±18
3
450

±3.0

2.2
350

V
kn
mV

pA

±18
3
450

V
mA
pA

AD637
Model

PACKAGE OPTIONS6
TO-116 (D-14)
Cerdip (Q-14)
SOIC (R-16)
TRANSISTOR COUNT

Min

AD637J
Typ

Max

Min

AD637K
Typ

Max

Min

107

Max

Units

AD637SD
N/A

AD637KD
AD637KQ

AD637JD
AD637JQ
AD637JR

AD637S
Typ

107

107

NOTES
’Accuracy specified 0-7V rms de with AD637 connected as shown in Figure 2.
^Nonlinearity is defined as the maximum deviation from the straight line connecting the readings at lOmV and 2 V.
'Error vs. crest factor is specified as additional error for IV rms.
4Input voltages are expressed in volts rms. % are in % of reading.
'With external 2kfl pull down resistor tied to - Vs.
6Sec Section 20 for package outline information.
Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels.
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units.

Figure 1. Simplified Schematic

ORDERING GUIDE

Temperature
Range

Side Brazed
Ceramic DIP

Ceramic
DIP

Plastic
SOIC

Commercial
0 to +70°C

AD637JD
AD637KD

AD637JQ
AD637KQ

AD637JR

Military
AD637SD
AD637SQ
-55°C to +125°C AD637SD/883B AD637SQ/883B
“J” and “S” Grade Chips are also available.
A Standard Military Drawing, 5962-89637, is also available.
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FUNCTIONAL DESCRIPTION
The AD637 embodies an implicit solution of the rms equation
that overcomes the inherent limitations of straightforward rms
computation. The actual computation performed by the AD637
follows the equation

Figure 1 is a simplified schematic of the AD637, it is subdivided
into four major sections; absolute value circuit (active rectifier),
square/divider, filter circuit and buffer amplifier. The input
voltage Vjn which can be ac or de is converted to a unipolar
current II by the active rectifier Al, A2. Il drives one input of
the squarer divider which has the transfer function

The output current of the squarer/divider, 14 drives A4 which
forms a low pass filter with the external averaging capacitor. If
the RC time constant of the filter is much greater than the
longest period of the input signal than A4s output will be pro
portional to the average of 14. The output of this filter amplifier
is used by A3 to provide the denominator current 13 which
equals Avg. 14 and is returned to the squarer/divider to complete
the implicit rms computation.

STANDARD CONNECTION
The AD637 is simple to connect for a majority of rms measure
ments. In the standard rms connection shown in Figure 2, only
a single external capacitor is required to set the averaging time
constant. In this configuration, the AD637 will compute the
true rms of any input signal. An averaging error, the magnitude
of which will be dependent on the value of the averaging capacitor,
will be present at low frequencies. For example, if the filter
capacitor Cav> is 4jjlF this error will be 0.1% at 10Hz and increases
to 1% at 3Hz. If it is desired to measure only ac signals the
AD637 can be ac coupled through the addition of a nonpolar
capacitor in series with the input as shown in Figure 2.
The performance of the AD637 is tolerant of minor variations in
the power supply voltages, however, if the supplies being used
exhibit a considerable amount of high frequency ripple it is
advisable to bypass both supplies to ground through a 0.1 pF
ceramic disc capacitor placed as close to the device as possible.

The output signal range of the AD637 is a function of the supply
voltages, as shown in Figure 3. The output signal can be used
buffered or nonbuffered depending on the characteristics of the
load. If no buffer is needed, tie buffer input (pin 1) to common.
The output of the AD637 is capable of driving 5mA into a 2kll
load without degrading the accuracy of the device.

and
Vqut - Vin rms

If the averaging capacitor is omitted the AD637 will compute
the absolute value of the input signal. A nominal 5pF capacitor
should be used to insure stability. The circuit operates identically
to that of the rms configuration except that 13 is now equal to
14 giving

SUPPLY VOLTAGE - DUAL SUPPLY - Volts

l4=Hll

The denominator current can also be supplied externally by
providing a reference voltage, VREF, to pin 6. The circuit operates
identically to the rms case except that 13 is now proportional to
Vref- Thus:

Ii2
I« = Avg —
*3

and

Figure 3. AD637 max VOUT vs. Supply Voltage

CHIP SELECT
The AD637 includes a chip select feature which allows the user
to decrease the quiescent current of the device from 2.2mA to
350pA. This is done by driving the CS, pin 5, to below 0.2V
de. Under these conditions, the output will go into a high im
pedance state. In addition to lowering power consumption, this
feature permits bussing the outputs of a number of AD637s to
form a wide bandwidth rms multiplexer. If the chip select is not
being used, pin 5 should be tied high or left floating.
OPTIONAL TRIMS FOR HIGH ACCURACY
The AD637 includes provisions to allow the user to trim out
both output offset and scale factor errors. These trims will
result in significant reduction in the maximum total error as
shown in Figure 4. This remaining error is due to a nontrimmable
input offset in the absolute value circuit and the irreducible
nonlinearity of the device.
The trimming procedure on the AD637 is as follows:

1. Ground the input signal, VIN and adjust Rl to give 0V output
from pin 9. Alternatively Rl can be adjusted to give the
correct output with the lowest expected value of Vin2. Connect the desired full scale input to Vin, using either a de
or a calibrated ac signal, trim R3 to give the correct output
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AD637
at pin 9, i.e., IV de should give 1.000V de output. Of course,
a 2V peak-to-peak sine wave should give 0.707V de output.
Remaining errors are due to the nonlinearity.

The de error appears as a frequency dependent offset at the
output of the AD637 and follows the equation:

AD637K N AX

\ INTER SIAL TRIM
w

1
in % of reading
0.16 + 6.4T2!2
Since the averaging time constant, set by CAV, directly sets the
time that the rms converter “holds” the input signal during
computation, the magnitude of the de error is determined only
by CAV and will not be affected by post filtering.

637K / ?
/eXTer JAL TRTM7

AD637K. 0.5mV ± 2%^"<
0.25mV 1 0.05%
EXTERNA L
_________
0.5
1.0
1.5

This ripple can add a significant amount of uncertainty to the
accuracy of the measurement being made. The uncertainty can
be significantly reduced through the use of a post filtering network
or by increasing the value of the averaging capacitor.

2.0

INPUT LEVEL - Volts

Figure 4. Max Total Error vs. Input Level AD637K Internal
and External Trims

OUTPUT R1
OFFSET sok:
ADJUST

-v.

SINEWAVE INPUT FREQUENCY - Hi

Figure 7. Comparison of Percent de Error to the Percent
Peak Ripple over Frequency Using the AD637 in the Stan
dard RMS Connection with a 1 xpF ^AV

Figure 5. Optional External Gain and Offset Trims

CHOOSING THE AVERAGING TIME CONSTANT
The AD637 will compute the true rms value of both de and ac
input signals. At de the output will track the absolute value of
the input exactly; with ac signals the AD637’s output will approach
the true rms value of the input. The deviation from the ideal
rms value is due to an averaging error. The averaging error is
comprised of an ac and de component. Both components are
functions of input signal frequency f, and the averaging time
constant t (t: 25ms/'p.F of averaging capacitance). As shown in
Figure 6, the averaging error is defined as the peak value of the
ac component, ripple, plus the value of the de error.

The ac ripple component of averaging error can be greatly reduced
by increasing the value of the averaging capacitor. There are
two major disadvantages to this: first, the value of the averaging
capacitor will become extremely large and second, the settling
time of the AD637 increases in direct proportion to the value of
the averaging capacitor (Ts = 115ms/p.F of averaging capacitance).
A preferrable method of reducing the ripple is through the use
of the post filter network, shown in Figure 8. This network can
be used in either a one or two pole configuration. For most
applications the single pole filter will give the best overall com
promise between ripple and settling time.

The peak value of the ac ripple component of the averaging
error is defined approximately by the relationship:

in % of reading where (t> 1/f)

f-IDEAL

Figure 6. Typical Output Waveform for a Sinusoidal Input
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Figure 9a shows values of CAV and the corresponding averaging
error as a function of sine-wave frequency for the standard rms
connection. The 1% settling time is shown on the right side of
the graph.
Figure 9b shows the relationship between averaging error, signal
frequency settling time and averaging capacitor value. This
graph is drawn for filter capacitor values of 3.3 times the averaging
capacitor value. This ratio sets the magnitude of the ac and de
errors equal at 50Hz. As an example, by using a lpF averaging
capacitor and a 3.3p.F filter capacitor the ripple for a 60Hz
input signal will be reduced from 5.3% of reading using the
averaging capacitor alone to 0.15% using the single pole filter.
This gives a factor of thirty reduction in ripple and yet the
settling time would only increase by a factor of three. The values
of CAv and C2, the filter capacitor, can be calculated for the
desired value of averaging error and settling time by using
Figure 9b.

The symmetry of the input signal also has an effect on the mag
nitude of the averaging error. Table I gives practical component
values for various types of 60Hz input signals. These capacitor
values can be directly scaled for frequencies other than 60Hz,
e., for 30Hz double these values, for 120Hz they are halved.
i.
Absolute Value

and Period

Time
Constant

and Period

id Cav and C2
Averaging
Error . 60HzvrithT= 16.6ms
1%
Recommended Recommended Time
Standard
Standard
Value C2
Value Cav

1 2T

../A. ./A’?.
V

vw\

12T

047pF

15».F

181ms

1

0 82pF

2 7pF

325ms

10(T-T,»

6 8pF

22 pF

26 7 sec

101T-2T,)

5 6MF

18pF

217sec

Symmetrical Sine Wave

Pulse Tram Waveform

*
*h

T-

h ov

Table I. Practical Values of CAV and C2 for Various Input
Waveforms

For applications that are extremely sensitive to ripple, the two
pole configuration is suggested. This configuration will mini
mize capacitor values and settling time while maximizing
performance.

Figure 9c can be used to determine the required value of CAv>
C2 and C3 for the desired level of ripple and settling time.
Figure 9a.

FREQUENCY RESPONSE
The frequency response of the AD637 at various signal levels is
shown in Figure 10. The dashed lines show the upper frequency
limits for 1%, 10% and ± 3dB of additional error. For example,
note that for 1% additional error with a 2V rms input the highest
frequency allowable is 200kHz. A 200mV signal can be measured
with 1% error at signal frequencies up to 100kHz.

7V RMS INPU T
— — —m----RMS
1 I1
IV RMS INPUT

INPUT

X
k
1

/
INPUT FREQUENCY-Hz

/

10C mV
T

/

Figure 9b.

z

z
s

Z
RMS IN

z

z
*

z
zt dB

a

z

Z

INPUT FREQUENCY - Hz

Figure 10. Frequency Response

Figure 9c.
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To take full advantage of the wide bandwidth of the AD637
care must be taken in the selection of the input buffer amplifier.
To insure that the input signal is accurately presented to the
converter, the input buffer must have a - 3dB bandwidth that
is wider than that of the AD637. A point that should not be
overlooked is the importance of slew rate in this application.
For example, the minimum slew rate required for a IV rms
5MHz sine-wave input signal is 44V/p.s. The user is cautioned
that this is the minimum rising or falling slew rate and that care
must be exercised in the selection of the buffer amplifier as

AD637
some amplifiers exhibit a two-to-one difference between rising
and falling slew rates. The AD845 is recommended as a precision
input buffer.
AC MEASUREMENT ACCURACY AND CREST FACTOR
Crest factor is often overlooked in determining the accuracy of
an ac measurement. Crest factor is defined as the ratio of the
peak signal amplitude to the rms value of the signal (C.F. =
Vf/Vrms). Most common waveforms, such as sine and triangle
waves, have relatively low crest factors (s2). Waveforms which
resemble low duty cycle pulse trains, such as those occurring in
switching power supplies and SCR circuits, have high crest
factors. For example, a rectangular pulse train with a 1% duty
cycle has a crest factor of 10 (C.F. = I/A/tj).

Figure 13. Error vs. RMS Input Level for Three Common
Crest Factors
10

Z
i

10

I

0.01

1

10

100

1000

CONNECTION FOR dB OUTPUT
Another feature of the AD637 is the logarithmic or decibel
output. The internal circuit which computes dB works well over
a 60dB range. The connection for dB measurement is shown in
Figure 14. The user selects the OdB level by setting Rl for the
proper OdB reference current (which is set to exactly cancel the
log output current from the squarer/divider circuit at the desired
OdB point). The external op amp is used to provide a more
convenient scale and to allow compensation of the +0.33%/°C
temperature drift of the dB circuit. The special T.C. resistor R3
is available from Tel Labs in Londenderry, New Hampshire
(model Q-81) and from Precision Resistor Inc., Hillside, N.J.
(model PT146).

PULSE WIOTH - h*

Figure 11. AD637 Error vs. Pulse Width Rectangular Pulse

Figure 12 is a curve of additional reading error for the AD637
for a 1 volt rms input signal with crest factors from 1 to 11. A
rectangular pulse train (pulse width lOOjis) was used for this
test since it is the worst-case waveform for rms measurement
(all the energy is contained in the peaks). The duty cycle and
peak amplitude were varied to produce crest factors from 1 to
10 while maintaining a constant 1 volt rms input amplitude.

Figure 14. dB Connection

dB CALIBRATION
1. Set VIN = 1.00V de or 1.00V rms

2. Adjust Rl for OdB out = 0.00V
3. Set Vin = 0.1V de or 0.10V rms
CREST FACTOR

Figure 12. Additional Error vs. Crest Factor

4. Adjust R2 for dB out = -2.00V
Any other dB reference can be used by setting VIN and Rl
accordingly.
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LOW FREQUENCY MEASUREMENTS
If the frequencies of the signals to be measured are below 10Hz,
the value of the averaging capacitor required to deliver even 1%
averaging error in the standard rms connection becomes extremely
large. The circuit shown in Figure 15 shows an alternative method
of obtaining low frequency rms measurements. The averaging
time constant is determined by the product of R and Cavb in
this circuit 0.5s/p.F of Cav- This circuit permits a 20:1 reduction
in the value of the averaging capacitor, permitting the use of
high quality tantalum capacitors. It is suggested that the two
pole Sallen-Key filter shown in the diagram be used to obtain a
low ripple level and minimize the value of the averaging
capacitor.

VECTOR SUMMATION
Vector summation can be accomplished through the use of two
AD637s as shown in Figure 16. Here the averaging capacitors
are omitted (nominal lOOpF capacitors are used to insure stability
of the filter amplifier), and the outputs are summed as shown.
The output of the circuit is

Figure 15. AD637 as a Low Frequency rms Converter

If the frequency of interest is below 1Hz, or if the value of the
averaging capacitor is still too large, the 20:1 ratio can be increased.
This is accomplished by increasing the value of R. If this is
done it is suggested that a low input current, low offset voltage
amplifier like the AD548 be used instead of the internal buffer
amplifier. This is necessary to minimize the offset error introduced
by the combination of amplifier input currents and the larger
resistance.

Figure 16. AD637 Vector Sum Configuration

This concept can be expanded to include additional terms by
feeding the signal from pin 9 of each additional AD637 through
a lOkfl resistor to the summing junction of the AD711, and
tying all of the denominator inputs (pin 6) together.
If Cav *s added to IC1 in this configuration the output is
VvJT VY2 If the averaging capacitor is included on both

IC1 and IC2 the output will be

Vx2 + VY2

This circuit has a dynamic range of 10V to lOmV and is limited
only by the 0.5mV offset voltage of the AD637. The useful
bandwidth is 100kHz.
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ANALOG
DEVICES

Low Cost, Low Power,
True RMS-to-DC Converter
AD736

FEATURES
COMPUTES
True RMS Value
Average Rectified Value
Absolute Value
PROVIDES
200mV Full-Scale Input Range
High Input Impedance of 1012fl
Low Input Bias Current: 25pA max
High Accuracy: ±0.3mV ±0.3% of Reading
RMS Conversion with Signal Crest Factors Up to 5
Wide Power Supply Range: +2.8V, -3.2V
to ± 16.5V
Low Power: 200pA max Supply Current
Buffered Voltage Output
No External Trims Needed for Specified Accuracy
AD737 - An Unbuffered Voltage Output Version
with Chip Power Down Is Also Available

PRODUCT DESCRIPTION
The AD736 is a low power, precision, monolithic true rms-to-dc
converter. It is laser trimmed to provide a maximum error of
±0.3mV ±0.3% of reading with sine-wave inputs. Furthermore,
it maintains high accuracy while measuring a wide range of
input waveforms, including variable duty cycle pulses and triac
(phase) controlled sine waves. The low cost and small physical
size of this converter make it suitable for upgrading the per
formance of non-rms “precision rectifiers” in many applications.
Compared to these circuits, the AD736 offers higher accuracy at
equal or lower cost.
The AD736 can compute the rms value of both ac and de input
voltages. It can also be operated ac coupled by adding one external
capacitor. In this mode, the AD736 can resolve input signal
levels of lOOpV rms or less, despite variations in temperature or
supply voltage. High acccuracy is also maintained for input
waveforms with crest factors of 1 to 3. In addition, crest factors
as high as 5 can be measured (while introducing only 2.5%
additional error) at the 200mV full-scale input level.

which allows the measurement of 300mV input levels, while
operating from the minimum power supply voltage of +2.8V,
— 3.2V. The two inputs may be used either singly or
differentially.
The AD736 achieves a 1% of reading error bandwidth exceeding
10kHz for input amplitudes from 20mV rms to 200mV rms
while consuming only lmW.
The AD736 is available in four performance grades. The AD736J
and AD736K grades are rated over the commercial temperature
range of 0 to + 70°C. The AD736A and AD736B grades are
rated over the industrial temperature range of - 40°C to + 85°C.

The AD736 is available in three low-cost 8-pin packages: plastic
mini-DIP, plastic SO and hermetic cerdip.
PRODUCT HIGHLIGHTS
1. The AD736 is capable of computing the average rectified
value, absolute value or true rms value of various input
signals.

2. Only one external component, an averaging capacitor, is
required for the AD736 to perform true rms measurement.
3. The low power consumption of lmW makes the AD736
suitable for many battery powered applications.

The AD736 has its own output buffer amplifier, thereby providing
a great deal of design flexibility. Requiring only 200pA of power
supply current, the AD736 is optimized for use in portable
multimeters and other battery powered applications.

4. A high input impedance of 10l2fl eliminates the need for an
external buffer when interfacing with input attenuators.

The AD736 allows the choice of two signal input terminals: a
high impedance (1012fl) FET input which will directly interface
with high Z input attenuators and a low impedance (8kfl) input

5. A low impedance input is available for those applications
requiring up to 300mV rms input signal operating from low
power supply voltages.
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(@ + 25°C ± 5V supplies, ac coupled with 1kHz sine-wave input applied unless otherwide noted.)
AD736K/B

AD736J/A
Model

Conditions

Min

Vout =

TRANSFER FUNCTION

CONVERSION ACCURACY
Total Error, Internal Trim1
All Grades
Trtun’TnKx
A&B Grades
J&K Grades
vs. Supply Voltage
@ 200m V rms Input
(a 200mV rms Input
de Reversal Error, de Coupled
Nonlinearity2,0-200mV
Total Error, External Trim
ERROR vs. CREST FACTOR3
Crest Factor 1 to 3
Crest Factor = 5
INPUT CHARACTERISTICS
High Impedance Input (Pin 2)
Signal Range
Continuous rms Level
Continuous rms Level
Peak Transient Input
Peak Transient Input
Peak Transient Input
Input Resistance
Input Bias Current

Low Impedance Input (Pin 1)
Signal Range
Continuous rms Level
Continuous rms Level
Peak Transient Input
Peak Transient Input
Peak Transient Input
Input Resistance

Maximum Continuous NonDestructive Input
Input Offset Voltage4
J&K Grades
A&B Grades
vs. Temperature
vs. Supply
vs. Supply
OUTPUT CHARACTERISTICS
Output Offset Voltage
J&K Grades
A&B Grades
vs.Temperature
vs. Supply

O.3/O.3
-1.2

@200mVrms
@ 200m V rms

0.007

Vs=+5V to
* 16.5V
Vs= ±5Vto ±3V
@600mVdc
@ lOOmV rms
0-200mV rms

+2.8V, -3.2V
±5Vto± 16.5V
+ 2.8V, -3.2 V
±5V
± 16.5V

0
0
0

+ 0.06
-0.18
1.3
+ 0.25
0.1/0.5

+ 0.1
-0.3
2.5
+ 0.35

0
0
0

0.3/0.3
±2.0

± mV/ ± % of Reading
% of Reading

0.5/0.5

± mV/ ± % of Reading
± % of Reading/°C

+ 0.06
-0.18
1.3
+ 0.25
0.1/0.3

+ 0.1
-0.3
2.5
+ 0.35

0.7
2.5

% Additional Error
% Additional Error

mV rms
V rms
V
V
V

25

pA

300
1

9.6

mV rms
V rms
V
V
V
kft

±12

±12

Vp-p

±3

±3
±3
30
150

mV
mV
pV/°C
pV/V
pV/V

±0.3
±0.3
20
130

mV
mV’
pV/°C
pV/V
pV/V

±2.7
±4.0
1012
1

25

300
1

±1.7
±3.8
±11
8

Vs= ±5V to ± 16.5V
Vs= ±5Vto ±3V

Vs= ±5Vto± 16.5V
Vs= ±5Vto±3V

1
50
50

±0.1

+ 1.7
+ 3.8
+5
+ 12

%/v
%/v
% of Reading
% of Reading
± mV/ ± % of Reading

200
1

±2.7
IO12
1

8
50
80

@dc

Units

0.007

±4.0

Oto +1.6
Oto + 3.6
Oto +4
Oto +4

Max

±0.9

All Supply Voltages
ac Coupled

Output Current
Short-Circuit Current
Output Resistance

0.2/0.2
-1.2

200
1

+2.8V, -3.2V
±5Vto ± 16.5V
+ 2.8V, -3.2V
5V
*
± 16.5 V

+ 2.8V, -3.2V
±5V
± 16.5V
± 16.5V

0.5/0.5
±2.0

±0.9

6.4

Vs=
Vs=
Vs=
Vs=

Typ

Votrr = VAvg.(VIN2)

0.7
2.5

Vs= ±3V to ± 16.5V

Vs=
Vs=
Vs=
Vs =
Vs=

Min

0.7/0.7

Cav,Cf= IOOjiF
Cav>Cf= 100p.F

Vs=
Vs=
Vs=
Vs=
Vs=

Max

Avg. (Vin2)

1kHz Sine Wave
ac Coupled Using Cc
0-200mV rms
200m V-1V rms

Output Voltage Swing
2kfl Load
2kfl Load
2kftLoad
No Load

FREQUENCY RESPONSE
High Impedance Input (Pin 2)
For 1% Additional Error
VIN = lmVrms
Vjn = 10mV rms
VIN = 100mV rms
Vin - 200mV rms
± 3dB Bandwidth
V[n = lmVrms
Vin = 10mV rms
Vin = 100mV rms
Vin = 200m V rms

Typ

9.6

6.4

±3
30
150

±1.7
±3.8
±11
8

8
50
80

±0.5
±0.5
20
130

±0.1

1
50
50
+ 1.7
+ 3.8
+5
+ 12

V
V
V
V

3
0.2

3
0.2

mA
mA
ft

1
6
37
33

1
6
37
33

kHz
kHz
kHz
kHz

5
55
170
190

5
55
170
190

kHz
kHz
kHz
kHz

2

0 to + 1.6
Oto + 3.6
Oto +4
Oto +4

n

2

Sine-Wave Input

Sine-Wave Input
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AD736
AD736K/B

AD736J/A

Typ

Min

Conditions

Model

FREQUENCY RESPONSE
Low Impedance Input (Pin 1)
For 1% Additional Error
VIN = lmV rms
VjN = lOmV rms
VIN = lOOmV rms
VIN - 200mV rms
± 3dB Bandwidth
VIN = lmV rms
VIN = 10m V rms
VIN = lOOmV rms
V[n = 200mV rms

Max

Min

Typ

Max

Units

Sine-Wave Input
1
6
90
90

1
6
90
90

kHz
kHz
kHz
kHz

5
55
350
460

5
55
350
460

kHz
kHz
kHz
kHz

Sine-Wave Input

POWERSUPPLY
Operating Voltage Range
Quiescent Current
200mV rms, No Load

+ 2.8,-3.2

Zero Signal
Sine-Wave Input

±5
160
230

±16.5
200

270

+ 2.8,-3.2

±5
160
230

TEMPERATURE RANGE
Operating, Rated Performance
Commercial (0 to + 70°C)
Industrial (- 40°C to + 85°C)

AD736J
AD736A

AD736K
AD736B

PACKAGE OPTIONS5
8-Pin Plastic Mini-DIP (N-8)
8-Pin Plastic SO (R-8)
8-Pin Cerdip (Q-8)

AD736JN
AD736JR
AD736AQ

AD736KN
AD736KR
AD736BQ

±16.5
200
270

Volts
pA
p.A

NOTES
‘Accuracy is specified with the AD736 connected as shown in Figure 16 with capacitor Cq.
2Nonlinearity is defined as the maximum deviation (in percent error) from a straight line connecting
the readings at 0 and 200mV rms. Output offset voltage is adjusted to zero.
’Error vs. Crest Factor is specified as additional error for a 200mV rms signal. C.F. = VPEAK/V rms.
4 DC offset does not limit ac resolution.
5See Section 20 for package outline information.

Specifications are subject to change without notice.
Specifications shown in boldface are tested on all production units at final electrical test.
Results from those tests are used to calculate outgoing quality levels.

ABSOLUTE MAXIMUM RATINGS1

ORDERING GUIDE
Temperature
Range

Plastic
Mini-DIP

Commerical
0 to + 70°C

AD736JN
AD736KN

Industrial
— 40°C to + 85°C

Ceramic
Mini-DIP

Plastic
SOIC

AD736JR
AD736KR
AD736AQ
S736BQ

Supply Voltage.............................................................. ± 16.5V
Internal Power Dissipation2 .......................................... 200mW
Input Voltage...........................................................................±Vs
Output Short-Circuit Duration..................................... Indefinite
Differential Input Voltage .............................
+Vsand-Vs
Storage Temperature Range Q.................... — 65°C to+ 150°C
Storage Temperature Range N, R.................... -65°C to+ 125°C
Operating Temperature Range
AD736J/K ...............................................................0to+70°C
AD736A/B................................................. -40°Cto+85°C
Lead Temperature Range (Soldering 60sec).................... + 300°C
NOTE
'Stresses above those listed under “Absolute Maximum Ratings” may cause per
manent damage to the device. This is a stress rating only and functional opera
tion of the device at these or any other conditions above those indicated in the
operational section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.
28-l’in Plastic Package: 6ja = 165°C/W
8-Pin Cerdip Package: 0JA = 110°C/W
8-Pin Small Outline Package: Oja = 155°OW

RMS-TO-DC CONVERTERS 8-31

ADDITIONAL ERROR

-

% of Reading

Typical Characteristics

Figure 3. Peak Buffer Output
vs. Supply Voltage

Figure 2. Maximum Input Level
vs. Supply Voltage

Figure 1. Additional Error vs.
Supply Voltage

CREST FACTOR (Vp^/V ml

Figure 4. Frequency Response
Driving Pin 1

Figure 5. Frequency Response
Driving Pin 2

Figure 6. Additional Error vs.
Crest Factor vs. Cav

V1N = 1kHz SINE WAV EINPlJT
Vs = *5V CAV = 22pF Cc = 0^F

0

0.2

0.4

0.6

0.8

1.0

RMS INPUT LEVEL - Volts

Figure 7. Additional Error vs.
Temperature
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Figure 8. DC Supply current vs.
RMS Input Level

Figure 9. - 3dB Frequency vs.
RMS Input Level (Pin 2)

Typical Characteristics-AD736
100

VIN = 200m V rms
Cc = 47pF, CF = 47pF
Vs = * 5 V

i
i
1

4
■> 10
Q

- ).5%

-1.0%'
I

100

10

FREQUENCY-Hz

Figure 10. Error vs. RMS Input
Voltage (Pin 2), Output Buffer
Offset Is Adjusted To Zero

Figure 11. CAV vs. Frequency for
Specified Averaging Error

1k

FREQUENCY-Hz

Figure 12. RMS Input Level vs.
Frequency for Specified
Averaging Error

Is
I
SETTLING TIME

Figure 13. Pin 2 Input Bias Current
vs. Supply Voltage

Figure 14. Settling Time vs. RMS
Input Level for Various Values of

TEMPERATURE-X

Figure 15. Pin 2 Input Bias Current
vs. Temperature

Cav

CALCULATING SETTLING TIME USING FIGURE 14

The graph of Figure 14 may be used to closely approximate the
time required for the AD736 to settle when its input level is
reduced in amplitude. The net time required for the rms converter
to settle will be the difference between two times extracted from
the graph — the initial time minus the final settling time. As an
example, consider the following conditions: a 33pF averaging
capacitor, an initial rms input level of lOOmV and a final (reduced)
input level of lmV. From Figure 14, the initial settling time
(where the lOOmV line intersects the 33pF line) is around 80ms.

The settling time corresponding to the new or final input level
of lmV is approximately 8 seconds. Therefore, the net time for
the circuit to settle to its new value will be 8 seconds minus
80ms which is 7.92 seconds. Note that, because of the smooth
decay characteristic inherent with a capacitor/diode combination,
this is the total settling time to the final value (i.e., not the
settling time to 1%, 0.1%, etc., of final value). Also, this graph
provides the worst case settling time, since the AD736 will
settle very quickly with increasing input levels.
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Applying the AD736
TYPES OF AC MEASUREMENT
The AD736 is capable of measuring ac signals by operating as
either an average responding or a true rms-to-dc converter. As
its name implies, an average responding converter computes the
average absolute value of an ac (or ac and de) voltage or current
by full wave rectifing and low-pass filtering the input signal;
this will approximate the average. The resulting output, a de
“average” level, is then scaled by adding (or reducing) gain; this
scale factor converts the de average reading to an rms equivalent
value for the waveform being measured. For example, the average
absolute value of a sine-wave voltage is 0.636 that of VPEAK; the
corresponding rms value is 0.707 times VPEAK. Therefore, for
sine-wave voltages, the required scale factor is 1.11 (0.707 divided
by 0.636).

In contrast to measuring the “average” value, true rms measure
ment is a “universal language” among waveforms, allowing the
magnitudes of all types of voltage (or current) waveforms to be
compared to one another and to de. RMS is a direct measure of
the power or heating value of an ac voltage compared to that of
de: an ac signal of 1 volt rms will produce the same amount of
heat in a resistor as a 1 volt de signal.

impedance, buffered input (Pin 2) or a low impedance, widedynamic-range input (Pin 1). The high impedance input, with
its low input bias current, is well suited for use with high impedance
input attenuators.
The output of the input amplifier drives a full wave precision
rectifier, which in turn, drives the rms core. It is in the core
that the essential rms operations of squaring, averaging and
square rooting are performed, using an external averaging
capacitor, CAV. Without CAV, the rectified input signal travels
through the core unprocessed, as is done with the average
responding connection (Figure 17).
A final subsection, an output amplifier, buffers the output from
the core and also allows optional low-pass filtering to be performed
via external capacitor, CE, connected across the feedback path of
the amplifier. In the average responding connection, this is
where all of the averaging is carried out. In the rms circuit, this
additional filtering stage helps reduce any output ripple which
was not removed by the averaging capacitor, CAv-

Mathematically, the rms value of a voltage is defined (using a
simplified equation) as:
V rms = VAvg. (V2)

This involves squaring the signal, taking the average, and then
obtaining the square root. True rms converters are “smart
rectifiers”: they provide an accurate rms reading regardless of
the type of waveform being measured. However, average re
sponding converters can exhibit very high errors when their
input signals deviate from their precalibrated waveform; the
magnitude of the error will depend upon the type of waveform
being measured. As an example, if an average responding converter
is calibrated to measure the rms value of sine-wave voltages, and
then is used to measure either symmetrical square waves or de
voltages, the converter will have a computational error 11% (of
reading) higher than the true rms value (see Table I).

POSITIVE SUPPLY

COMMON

AD736 THEORY OF OPERATION
As shown by Figure 16, the AD736 has five functional subsections:
input amplifier, full-wave rectifier, rms core, output amplifier
and bias sections. The FET input amplifier allows both a high

NEGATIVE SUPPLY

Figure 16. AD736 True RMS Circuit

Waveform Type Crest Factor
1 Volt Peak
(Vreak/V rms)
Amplitude

True rms Value

Average Responding
Circuit Calibrated to
Read rms Value of
Sine Waves Will Read

% of Reading
*
Error
Using
Average
Responding
Circuit

Undistorted
Sine Wave

1.414

0.707V

0.707V

0%

Symmetrical
Square Wave

1.00

1.00V

1.11V

+ 11.0%

Undistorted
Triangle Wave

-2.1%

1.73

0.580V

0.555V

Gaussian
Noise (98% of
Peaks < IV)

3

0.333

0.266

-20.2%

Rectangular
Pulse T rain

2
10

0.5V
0.1V

0.25V
0.01V

- 50%
-99%

SCR Waveforms
50% Duty Cycle
25% Duty Cycle

2
4.7

0.495V
0.212V

0.354V
0.150V

- 28%
-30%

*% of Reading Error - AvCn>8< R«P°nd.ng Value- True rm, Value * 1M%
True rms Value

Tablet. Error Introduced by an Average Responding Circuit When Measuring Common Waveforms
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Applying the AD736
RMS MEASUREMENT - CHOOSING THE OPTIMUM
VALUE FOR CAV
Since the external averaging capacitor, CAv, “holds” the rectified
input signal during rms computation, its value directly affects
the accuracy of the rms measurement, especially at low frequencies.
Furthermore, because the averaging capacitor appears across a
diode in the rms core, the averaging time constant will increase
exponentially as the input signal is reduced. This means that as
the input level decreases, errors due to nonideal averaging will
reduce while the time it takes for the circuit to settle to the new
rms level will increase. Therefore, lower input levels allow the
circuit to perform better (due to increased averaging) but increase
the waiting time between measurements. Obviously, when select
ing CAv, a trade-off between computational accuracy and settling
time is required.

As shown, the de error is the difference between the average of
the output signal (when all the ripple in the output has been
removed by external filtering) and the ideal de output. The de
error component is therefore set solely by the value of averaging
capacitor used-no amount of post filtering (i.e., using a very
large Cp) will allow the output voltage to equal its ideal value.
The ac error component, an output ripple, may be easily removed
by using a large enough post filtering capacitor, Cp.
In most cases, the combined magnitudes of both the de and ac
error components need to be considered when selecting appropriate
values for capacitors CAv and Cp. This combined error, repre
senting the maximum uncertainty of the measurement is termed
the “averaging error” and is equal to the peak value of the
output ripple plus the de error.

As the input frequency increases, both error components decrease
rapidly: if the input frequency doubles, the de error and ripple
reduce to 1/4 and 1/2 their original values, respectively, and
rapidly become insignificant.
AC MEASUREMENT ACCURACY AND CREST FACTOR
The crest factor of the input waveform is often overlooked when
determining the accuracy of an ac measurement. Crest factor is
defined as the ratio of the peak signal amplitude to the rms
amplitude (C.F. = VppAp/'V rms). Many common waveforms,
such as sine and triangle waves, have relatively low crest factors
(^2). Other waveforms, such as low duty cycle pulse trains and
SCR waveforms, have high crest factors. These types of waveforms
require a long averaging time constant (to average out the long
time periods between pulses). Figure 6 shows the additional
error vs. crest factor of the AD736 for various values of CAv-

Figure 17. AD736 Average Responding Circuit

RAPID SETTLING TIMES VIA THE AVERAGE
RESPONDING CONNECTION (FIGURE 17)
Because the average responding connection does not use the CAV
averaging capacitor, its settling time does not vary with input
signal level; it is determined solely by the RC time constant of
Cp and the internal 8kf 1 resistor in the output amplifier’s feedback
path.

DC ERROR, OUTPUT RIPPLE, AND AVERAGING
ERROR
Figure 18 shows the typical output waveform of the AD736
with a sine-wave input applied. As with all real-world devices,
the ideal output of VOut = Vin >s never exactly achieved; instead,
the output contains both a de and an ac error component.

SELECTING PRACTICAL VALUES FOR INPUT
COUPLING (Cc), AVERAGING (CAV)
AND FILTERING (CF) CAPACITORS
Table II provides practical values of CAV and Cp for several
common applications.
Low
Frequency
Cutoff
(-3dB)

Max Crest Cav
Factor

cF

Settling
Time
*
to 1%

20Hz
200Hz

5
5

ISOpF

15plF

lOpF
lpF

360ms
36ms

0-200mV

20Hz
200Hz

5
5

33pF
3.3pF

lOpF
lpF

360ms
36ms

0-1V

20Hz
200Hz

None
None

33pF
3.3pF

1.2sec
120ms

0-200mV

20Hz
200Hz

None
None

33pF
3.3pF

1.2sec
120ms

0-200mV

50Hz
60Hz

5
5

lOOpF
82pF

33pF
27pF

1.2sec
1 .Osec

0-100mV

50Hz
60Hz

5
5

50pF
47|xF

33pF
27pF

1.2sec
l.Osec

Speech

0-200mV

300Hz

3

1.5p.F

0.5p.F

18ms

Music

0- lOOmV

20Hz

10

100 pF

68pF

2.4sec

Application
Input Level

General Purpose 0-1V
rms Computation

General Purpose
Average
Responding

SCR Waveform
Measurement

Audio
Applications

* Settling time is specified over the stated rms input level with the input signal increasing from zero.
Settling times will be greater for decreasing amplitude input signals.

Figure 18. Output Waveform for Sine-Wave Input Voltage

Table II. AD737 Capacitor Selection Chart
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The input coupling capacitor, Cc, in conjunction with the 8kf)
internal input scaling resistor, determine the - 3dB low frequency
rolloff. This frequency, FL is equal to:

F

L

= _______________ 1________________
2tt (8,000) (The Value of Cc in Farads)

Note that at FL, the amplitude error will be approximately
-30% ( —3dB) of reading. To reduce this error to 0.5% of
reading, choose a value of Cc that sets Fl at one tenth the lowest
frequency to be measured.

In addition, if the input voltage has more than lOOmV of de
offset, than the ac coupling network shown in Figure 21 should
be used in addition to capacitor Cc-

Applications Circuits

Figure 19. AD736 with a High Impedance Input Attenuator

Figure 20. Differential Input Connection
Figure 21. External Output VOs Adjustment

1O|xF

Figure 22. Battery Powered Option
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►

ANALOG
DEVICES

FEATURES
COMPUTES
True RMS Value
Average Rectified Value
Absolute Value
PROVIDES
200mV Full-Scale Input Range
Direct Interfacing with 3 1/2 Digit
CMOS A/D Converters
Power Down Feature Which Reduces Supply Current
High Input Impedance: 1012 fl
Low Input Bias Current: 25 pA max
High Accuracy: ±0.2 mV ±0.3% of Reading
RMS Conversion with Signal Crest Factors Up to 5
Wide Power Supply Range: +2.8 V, -3.2 V
to ±16.5 V
Low Power: 160 pA max Supply Current
No External Trims Needed for Specified Accuracy
AD736 - A General Purpose, Buffered Voltage
Output Version Also Available

PRODUCT DESCRIPTION
The AD737 is a low power; precision, monolithic true rms-to-dc
converter. It is laser trimmed to provide a maximum error of
±0.2 mV ±0.3% of reading with sine wave inputs. Further
more, it maintains high accuracy while measuring a wide range
of input waveforms, including variable duty cycle pulses and
triac (phase) controlled sine waves. The low cost and small
physical size of this converter make it suitable for upgrading the
performance of non-rms “precision rectifiers” in many applica
tions. Compared to these circuits, the AD737 offers higher accu
racy at equal or lower cost.
The AD737 can compute the rms value of both ac and de input
voltages. It can also be operated ac coupled by adding one exter
nal capacitor. In this mode, the AD737 can resolve input signal
levels of 100 p.V rms or less, despite variations in temperature
or supply voltage. High accuracy is also maintained for input
waveforms with crest factors of 1 to 3. In addition, crest factors
as high as 5 can be measured (while introducing only 2.5% addi
tional error) at the 200 mV full-scale input level.

The AD737 has no output buffer amplifier, thereby significantly
reducing de offset errors occurring at the output. This allows
the device to be highly compatible with high input impedance
A/D converters.

Requiring only 160 p.A of power supply current, the AD737 is
optimized for use in portable multimeters and other battery

Low Cost, Low Power,
True RMS-to-DC Converter
AD737
AD737 FUNCTIONAL BLOCK DIAGRAM

powered applications. This converter also provides a “power
down” feature which reduces the power supply standby current
to less than 30 p.A.
The AD737 allows the choice of two signal input terminals: a
high impedance (1012 fl) FET input which will directly interface
with high Z input attenuators and a low impedance (8 kfl) input
which allows the measurement of 300 mV input levels while op
erating from the minimum power supply voltage of +2.8 V,
-3.2 V. The two inputs may be used either singly or
differentially.

The AD737 achieves a 1% of reading error bandwidth exceeding
10 kHz for input amplitudes from 20 mV rms to 200 mV rms
while consuming only 0.72 mW.
The AD737 is available in four performance grades. The
AD737J and AD737K grades are rated over the commercial
temperature range of 0 to +70°C. The AD737A and AD737B
grades are rated over the industrial temperature range of -40°C
to +85°C.
The AD737 is available in three low cost, 8-pin packages: plastic
mini-DIP, plastic SO and hermetic cerdip.

PRODUCT HIGHLIGHTS
1. The AD737 is capable of computing the average rectified
value, absolute value or true rms value of various input
signals.
2. Only one external component, an averaging capacitor, is re
quired for the AD737 to perform true rms measurement.
3. The low power consumption of 0.72 mW makes the AD737
suitable for many battery powered applications.
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SPECIFICATIONS

(@ +25°C, ±5 V supplies, ac coupled with 1 kHz sine wave input applied unless otherwise noted.)
AD737K/B

AD737J/A

Model

Conditions

Min

Vout

TRANSFER FUNCTION
CONVERSION ACCURACY
Total Error, Internal Trim1
All Grades

Train-T„„
A&B Grades
J&K Grades
vs. Supply Voltage
@ 200 mV rms Input
@ 200 mV rms Input
de Reversal Error, de Coupled
Nonlinearity2, 0-200 mV
Total Error, External Trim
ERROR VS. CREST FACTOR3
Crest Factor 1 to 3
Crest Factor = 5
INPUT CHARACTERISTICS
High Impedance Input (Pin 2)
Signal Range
Continuous rms Level
Continuous rms Level
Peak Transient Input
Peak Transient Input
Peak Transient Input
Input Resistance
Input Bias Current
Low Impedance Input (Pin 1)
Signal Range
Continuous rms Level
Continuous rms Level
Peak Transient Input
Peak Transient Input
Peak Transient Input
Input Resistance
Maximum Continuous
Nondestructive Input
Input Offset Voltage4
J&K Grades
A&B Grades
vs. Temperature
vs. Supply
vs. Supply
OUTPUT CHARACTERISTICS
Output Voltage Swing
No Load
No Load
No Load
Output Resistance
FREQUENCY RESPONSE
High Impedance Input (Pin 2)
For 1% Additional Error
VIN = 1 mV rms
VIN = 10 mV rms
VIN = 100 mV rms
V1N = 200 mV rms
±3 dB Bandwidth
V1N = 1 mV rms
V1N = 10 mV rms
VIN = 100 mV rms
VIN = 200 mV rms
FREQUENCY RESPONSE
Low Impedance Input (Pin 1)
For 1% Additional Error
VIN = 1 mV rms
VIN = 10 mV rms
VIN = 100 mV rms
VIN = 200 mV rms
± 3 dB Bandwidth
VIN = 1 mV rms
ViN ~ I® mV 17115
VIN = 100 mV rms
VIN = 200 mV rms
POWER SUPPLY
Operating Voltage Range
Quiescent Current
V1N = 200 mV rms, No Load
Power Down Mode Current

Typ

0.210.3

@ 200 mV rms
@ 200 mV rms

0.007

-1.2

+2.8 V, -3.2 V
±5 V to ±16.5 V
+2.8 V, -3.2 V
±5V
± 16.5 V

0
0

0

+0.06
-0.18
1.3
+0.25
0.1/0.2

+0.1
-0.3
2.5
+0.35

0
0
0

+0.06
-0.18
1.3
+ 0.25
0.1/0.2

±mV/±% of Reading
± % of Reading/°C

+0.1
-0.3
2.5
+0.35

%/V
%/V
% of Reading
% of Reading
±mV/±% of Reading
% Additional Error
% Additional Error

±2.7
±4.0

1012
1

IO12
1

25

±1.7
±3.8
±11
8

All Supply Voltages
ac Coupled
8
50
80

-1.7
-3.4
-5
8

9.6

25

300
1

300
1

Oto -1.6
0 to -3.3
0 to -4
6.4

0.3/0.5

200
1

±2.7

Vs = ±5 V to ±16.5 V
Vs = ±5 V to ±3 V

±mV/±% of Reading
% of Reading

±0.9

± 4.0

6.4

Units

0.2/0.3
±2.0

0.7
2.5

200
1

6.4

Max

0.007

± 0.9

+2.8 V,-3.2 V
±5 Vto ±16.5 V
+2.8 V, -3.2 V
±5 V
±16.5 V

Vs = +2.8 V, -3.2 V
Vs = ±5 V
Vs = ±16.5 V
@ de

0.2/0.2
-1.2

0.4/0.5
±2.0

0.7
2.5

Vs = ±3Vto ±16.5 V

Vs=
Vs =
Vs =
Vs =
Vs =

Vout

Typ

= - VAvgAV,^

0.5/0.7

CAV, Cp — 100 jiF

Vs =
Vs=
Vs =
Vs=
Vs =

Min

- \/Avg.{Vm2}

1 kHz Sine Wave
AC Coupled Using Cc
0-200 mV rms
200 mV-1 V rms

Vs= ±5 V to ±16.5 V
Vs = ±5 V to ±3 V
@ 600 mV de
@ 100 mV rms
0-200 mV rms

Max

±1.7
±3.8
±11
8

9.6

mV rms
V rms
V
V
V
fl
pA

mV rms
V rms
V
V
V
kfl

±12

±12

V p-p

±3
±3
30
150

±3
±3
30
150

mV
mV
pV/°C
pV/V
pV/V

9.6

8
50
80

Oto -1.6
0 to -3.3
0 to -4
6.4

-1.7
-3.4
-5
8

9.6

V
V
V
kfl

Sine Wave Input
1
6
37
33

1
6
37
33

kHz
kHz
kHz
kHz

5
55
170
190

5
55
170
190

kHz
kHz
kHz
kHz

1
6
90
90

1
6
90
90

kHz
kHz
kHz
kHz

5
55
350
460

5
55
350
460

kHz
kHz
kHz
kHz

Sine Wave Input

Sine Wave Input

Sine Wave Input

+ 2.8,-3.2

Zero Signal
Sine Wave Input
Pin 3 tied to +VS
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±5
120
170
25

±16.5
160
210
40

+2.8,-3.2

±5
120
170
25

±16.5
160
210
40

V
pA
pA
pA

AD737
Model

Conditions

TEMPERATURE RANGE
Operating, Rated Performance
Commercial (0 to +70°C)
Industrial (-40°C to +85°C)
PACKAGE OPTIONS’
8-Pin Plastic Mini-DIP (N-8)
8-Pin Plastic SO (R-8)
8-Pin Cerdip (Q-8)

Min

AD737J/A
Typ

Max

Min

AD737K/B
Typ

AD737J
AD737A

AD737K
AD737B

AD737JN
AD737JR
AD737AQ

AD737KN
AD737KR
AD737BQ

Max

Units

NOTES
'Accuracy is specified with the AD737 connected as shown in Figure 16 with capacitor Cc2Nonlinearity is defined as the maximum deviation (in percent error) from a straight line connecting the readings at 0 and 200 mV rms.
’Error vs. Crest Factor is specified as additional error for a 200 mV rms signal. C.F. = VPEAK/V rms.
4DC offset does not limit ac resolution.
’See Section 20 for package outline information.
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels.
Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS1
Supply Voltage....................................... ....................... + 16.5 V
Internal Power Dissipation2.................. ....................... 200 mW
Input Voltage ....................................... ...............................+vs
Output Short-Circuit Duration............. .......................Indefinite
Differential Input Voltage..................... ............... +VS and -Vs
Storage Temperature Range Q............. . . . . -65°C to + 150°C
Storage Temperature Range N, R . . . . . . . . -65°C to + 125°C
Operating Temperature Range
AD737J/K ................................................................0 to +70°C
AD737A/B........................................................ -40°C to +85°C
Lead Temperature Range (Soldering 60 sec) .................. +300°C

_______________ ORDERING GUIDE
Ceramic
Temperature
Plastic
Mini-DIP
Range
Mini-DIP
Commercial
0 to +70°C
Industrial
-40°C to + 85°C

SOIC

AD737JR
AD737KR

AD737JN
AD737KN
AD737AQ
AD737BQ

NOTE
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated
in the operational section of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
28-Pin Plastic Package: 0JA = 165°C/W
8-Pin Ceramic Package: 0JA = 110°C/W
8-Pin SOIC: 0)A = 155°C/W.
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ADDITIONAL ERROR

-

% of Reading

Typical Characteristics

SUPPLY VOLTAGE - * Volts

Figure 1. Additional Error vs. Supply
Voltage

SUPPLY VOLTAGE - ± Volt»

DUAL SUPPLY VOLTAGE - I Votts

Figure 2. Maximum Input Level vs.
Supply Voltage

Figure 3. Power Down Current vs.
Supply Voltage

Figure 5. Frequency Response
Driving Pin 2

Figure 6. Additional Error vs.
Crest Factor vs. ^AV

CREST FACTOR - V„A,/V RMS

Figure 4. Frequency Response
Driving Pin 1

RMS INPUT LEVEL - Volts

Figure 7. Additional Error vs.
Temperature
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Figure 8. DC Supply Current vs.
RMS Input Level

Figure 9. 23dB Frequency vs.
RMS Input Level (Pin 2)

AD737

FREQUENCY-Hz

Figure 11. CAV vs. Frequency for
Specified Averaging Error

Figure 10. Error vs. RMS Input
Voltage (Pin 2) Using Circuit
of Figure 21

FREQUENCY-Hz

Figure 12. RMS Input Level vs.
Frequency for Specified Averaging
Error

s
>

SUPPLY VOLTAGE - ±V

Figure 13. Pin 2 Input Bias Current
vs. Supply Voltage

Figure 14. Settling Time vs. RMS Input
Level for Various Values of ('AV

CALCULATING SETTLING TIME USING FIGURE 14
The graph of Figure 14 may be used to closely approximate the
time required for the AD737 to settle when its input level is re
duced in amplitude. The net time required for the rms converter
to settle will be the difference between two times extracted from
the graph — the initial time minus the final settling time. As an
example, consider the following conditions: a 33 p.F averaging
capacitor, an initial rms input level of 100 mV and a final (re
duced) input level of 1 mV. From Figure 14, the initial settling
time (where the 100 mV line intersects the 33 p.F line) is around

Figure 15. Pin 2 Input Bias Current vs.
Temperature

80 ms. The settling time corresponding to the new or final input
level of 1 mV is approximately 8 seconds. Therefore, the net
time for the circuit to settle to its new value will be 8 seconds
minus 80 ms which is 7.92 seconds. Note that, because of the
smooth decay characteristic inherent with a capacitor/diode com
bination, this is the total settling time to the final value (i.e., not
the settling time to 1%, 0.1%, etc., of final value). Also, this
graph provides the worst case settling time, since the AD737
will settle very quickly with increasing input levels.
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Applying the AD737
TYPES OF AC MEASUREMENT
The AD737 is capable of measuring ac signals by operating as
either an average responding or true rms to de converter. As its
name implies, an average responding converter computes the
average absolute value of an ac (or ac & de) voltage or current
by full wave rectifying and low pass filtering the input signal;
this will approximate the average. The resulting output, a de
“average” level, is then scaled by adding (or reducing) gain; this
scale factor converts the de average reading to an rms equivalent
value for the waveform being measured. For example, the aver
age absolute value of a sine wave voltage is 0.636 that of VPEAK;
the corresponding rms value is 0.707 times VPEAK. Therefore,
for sine wave voltages, the required scale factor is 1.11 (0.707
divided by 0.636).

In contrast to measuring the “average” value, true rms measure
ment is a “universal language” among waveforms, allowing the
magnitudes of all types of voltage (or current) waveforms to be
compared to one another and to de. RMS is a direct measure of
the power or heating value of an ac voltage compared to that of
de: an ac signal of 1 volt rms will produce the same amount of
heat in a resistor as a 1 volt de signal.

AD737 THEORY OF OPERATION
As shown by Figure 16, the AD737 has four functional subsec
tions: input amplifier, full wave rectifier, rms core and bias sec
tion. The FET input amplifier allows both a high impedance,
buffered input (Pin 2) or a low impedance, wide-dynamic-range
input (Pin 1). The high impedance input, with its low input bias
current, is well suited for use with high impedance input attenu
ators. The input signal may be either de or ac coupled to the
input amplifier. Unlike other rms converters, the AD737 per
mits both direct and indirect ac coupling of the inputs. AC cou
pling is provided by placing a series capacitor between the input
signal and Pin 2 (or Pin 1) for direct coupling and between Pin
1 and ground (while driving Pin 2) for indirect coupling.

The output of the input amplifier drives a full-wave precision
rectifier, which in turn, drives the rms core. It is in the core
that the essential rms operations of squaring, averaging and
square rooting are performed, using an external averaging capac
itor, CAV- Without CAV, the rectified input signal travels
through the core unprocessed, as is done with the average re
sponding connection (Figure 17).

Mathematically, the rms value of a voltage is defined (using a
simplified equation) as:
V rms = y/Avg. (V2)
This involves squaring the signal, taking the average, and then
obtaining the square root. True rms converters are “smart recti
fiers”: they provide an accurate rms reading regardless of the
type of waveform being measured. However, average responding
converters can exhibit very high errors when their input signals
deviate from their precalibrated waveform; the magnitude of the
error will depend upon the type of waveform being measured.
As an example, if an average responding converter is calibrated
to measure the rms value of sine wave voltages, and then is used
to measure either symmetrical square waves or de voltages, the
converter will have a computational error 11% (of reading)
higher than the true rms value (see Table I).

Waveform Type
1 Volt Peak
Amplitude

Crest Factor
(VPEAK/V RMS)

True RMS Value

Average Responding
Circuit Calibrated to
Read RMS Value of
Sine Waves Will Read

% of Reading
*
Error
Average
Responding
Circuit

Undistorted
Sine Wave

1.414

0.707 V

0.707 V

0%

Symmetrical
Square Wave

1.00

1.00 V

1.11 V

+ 11.0%

Undistoned
Triangle Wave

-2.1%

1.73

0.580 V

0.555 V

Gaussian
Noise (98% of
Peaks <1 V)

3

0.333

0.266

-20.2%

Rectangular
Pulse Train

2
10

0.5 V
0.1 V

0.25 V
0.01 V

-50%
-99%

SCR Waveforms
50% Duty Cycle
25% Duty Cycle

2
4.7

0.495 V
0.212 V

0.354 V
0.150 V

-28%
-30%

Average Responding Value-True RMS Value
*% of Reading Error =----------------- True RMS Value------------------X 10°%

Table I. Error Introduced by an Average Responding Circuit when Measuring Common Waveforms
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ND131
A final subsection, the bias section, permits a “power down”
function. This reduces the idle current of the AD737 from
160 p.A down to a mere 30 p.A. This feature is selected by tying
Pin 3 to the +VS terminal. In the average responding connec
tion, all of the averaging is carried out by an RC post filter con
sisting of an 8 kfl internal scale-factor resistor connected
between Pins 6 and 8 and an external averaging capacitor, CF.
In the rms circuit, this additional filtering stage helps reduce
any output ripple which was not removed by the averaging ca
pacitor, CAVRMS MEASUREMENT - CHOOSING THE OPTIMUM
VALUE FOR CAV
Since the external averaging capacitor, CAV, “holds” the recti
fied input signal during rms computation, its value directly af
fects the accuracy of the rms measurement, especially at low
frequencies. Furthermore, because the averaging capacitor ap
pears across a diode in the rms core, the averaging time constant
will increase exponentially as the input signal is reduced. This
means that as the input level decreases, errors due to nonideal
averaging will reduce while the time it takes for the circuit to
settle to the new rms level will increase. Therefore, lower input
levels allow the circuit to perform better (due to increased aver
aging) but increase the waiting time between measurements. Ob
viously, when selecting CAV, a trade-off between computational
accuracy and settling time is required.

RAPID SETTLING TIMES VIA THE AVERAGE
RESPONDING CONNECTION (FIGURE 17)
Because the average responding connection does not use an aver
aging capacitor, its settling time does not vary with input signal
level; it is determined solely by the RC time constant of CF and
the internal 8 kfl output scaling resistor.

AVERAGE Eo - Eo
DOUBLE-FREQUENCY
RIFFLE

TIME

Figure 18. Output Waveform for Sine Wave Input Voltage

The ac error component, an output ripple, may be easily re
moved by using a large enough post filtering capacitor, CF.

In most cases, the combined magnitudes of both the de and
ac error components need to be considered when selecting ap
propriate values for capacitors CAV and CF. This combined er
ror, representing the maximum uncertainty of the measurement
is termed the “averaging error” and is equal to the peak value of
the output ripple plus the de error. As the input frequency in
creases, both error components decrease rapidly: if the input
frequency doubles, the de error and ripple reduce to 1/4 and 1/2
their original values respectively and rapidly become insignificant.

AC MEASUREMENT ACCURACY AND CREST FACTOR
The crest factor of the input waveform is often overlooked when
determining the accuracy of an ac measurement. Crest factor is
defined as the ratio of the peak signal amplitude to the rms am
plitude (CF = VPEAK/V rms). Many common waveforms, such
as sine and triangle waves, have relatively low crest factors (^2).
Other waveforms, such as low duty cycle pulse trains and SCR
waveforms, have high crest factors. These types of waveforms
require a long averaging time constant (to average out the long
time periods between pulses). Figure 6 shows the additional er
ror vs. crest factor of the AD737 for various values of CAV-

SELECTING PRACTICAL VALUES FOR INPUT
COUPLING (CJ, AVERAGING (CAV) AND FILTERING
(CF) CAPACITORS
Table II provides practical values of CAV and CF for several
common applications.
Low
Max Crest Cav
RMS
Input Level Frequency Factor
Cutoff
( -3 dB)

Application

Figure 17. AD737 Average Responding Circuit

DC ERROR, OUTPUT RIPPLE, AND AVERAGING
ERROR
Figure 18 shows the typical output waveform of the AD737
with a sine-wave input voltage applied. As with all real-world
devices, the ideal output of VOUT = VIN is never exactly
achieved; instead, the output contains both a de and an ac error
component.

As shown, the de error is the difference between the average of
the output signal (when all the ripple in the output has been
removed by external filtering) and the ideal de output. The de
error component is therefore set solely by the value of averaging
capacitor used—no amount of post filtering (i.e., using a very
large CF) will allow the output voltage to equal its ideal value.

SCR Waveform
Measurement

Settling
Time
*
to 1%

20 Hz
200 Hz

5
5

150 nF
15 nF

10 nF
1 nF

360 ms
36 ms

0-200 mV

20 Hz
200 Hz

5
5

33 nF
3.3 nF

10 nF
1 nF

360 ms
36 ms

0-1 V

20 Hz
200 Hz

None
None

33 nF
3.3 nF

1.2 sec
120 ms

0-200 mV

20 Hz
200 Hz

None
None

33 nF
3.3 nF

1.2 sec
120 ms

0-200 mV

50 Hz
60 Hz

5
5

100 fiF 33 nF
82 nF 27 nF

1.2 sec
1.0 sec

0-100 mV

50 Hz
60 Hz

5
5

50 nF
47 nF

33 nF
27 nF

1.2 sec
1.0 sec

0.5 nF 18 ms

General Purpose
0-1 V
RMS Computation

General Purpose
Average
Responding

Cr

Audio
Applications
Speech

0-200 mV

300 Hz

3

1.5 nF

Music

0-100 mV

20 Hz

10

100 nF 68 p.F

2.4 sec

*Settling time is specified over the stated rms input level with the input signal increasing from
zero. Settling times will be greater for decreasing amplitude input signals.

Table II. AD737 Capacitor Selection Chart
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The input coupling capacitor, Cc, in conjunction with the 8 kfl
internal input scaling resistor, determine the -3 dB low fre
quency rolloff. This frequency, FL, is equal to:

1
F, = ------------------------------------------------2-rr (8,000) {The Value of Cc in Farads]
Note that at FL, the amplitude error will be approximately

-30% (-3 dB) of reading. To reduce this error to 0.5% of read
ing, choose a value of Cc that sets FL at one tenth the lowest
frequency to be measured.

In addition, if the input voltage has more than 100 mV of de
offset, then an ac coupling network at Pin 2 should be used in
addition to capacitor Cc.

Applications Circuits

Figure 19. 3 1/2 Digit DVM Circuit

Figure 20. Battery Powered Operation for 200 mV max
RMS Full-Scale Input

Figure 21. External Scale Factor Trim

Figure 23. DC Coupled Vos and Scale Factor Trims

8-44 RMS-TO-DC CONVERTERS
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Orientation
Mass Storage Components
Our mass storage components offer the industry’s highest per
formance products specifically designed for optical or magnetic
disk drives.

AD890 also offers a very fast 1 ps AGC loop. Two choices of
data qualifiers-AD891 and AD891A-are offered as a companion
chip to the AD890. Each data qualifier offers a different but
highly accurate data qualification algorithm with extremely low
pulse pairing.

AD880: The AD880 is a servo/data channel processing element
for an optical disk drive. It is configured around 4 matched
transimpedance amplifiers and normalization circuitry enabling
it to perform all of the signal processing needed to generate the
data, normalized track and normalized focus signal.
Figure 1 depicts a functional block diagram of the read electron
ics in a magnetic disk drive and the corresponding functional
integration being offered by each of our hard disk products.

AD890/AD891 or AD890/AD891A: Both pairs of products
comprise a chip set to perform the peak detection function in
high performance disk drives (up to 50 Mb/s). The AD890
offers read channel designers flexibility by offering dual x4
buffers which enable the channel designer to separate the low
pass filtering function from the pulse slimming filters. The

AD892: The AD892 integrates the same function as the
AD890/AD891 pair at a data transfer rate of 30 Mb/s. By
maintaining the same architectural features of the AD890/
AD891, the AD892 offers a smaller form factor, while not
compromising design flexibility.
AD897: The AD897, our next generation disk drive product,
offers a significantly higher level of functional integration and a
high data transfer rate. It incorporates an AGC, data qualifier
and phase lock loop while offering a 40 Mb/s data transfer rate.
The AGC and data qualifier architecture is very similar to the
AD890/AD891A pair while employing a novel approach to the
PLL architecture. The AD897 is offered in the fine pitch PQDP
package.

(ECL)

50Mb/s

AD891A

RELEASED

(ECL/TTL)
30Mb/s

40Mb/s

RELEASED

AD892E/T

AD897

Figure 1.
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4Q90

ANALOG
DEVICES
FEATURES
4 Matched Transimpedance Amplifiers
40 MHz Bandwidth
Selectable 40 kfl/120 kfl Transimpedance
Continuous or Sampled Servo Capability
Outputs:
Quad Sum
Track
Normalized Track
Focus
Normalized Focus
10 MHz Normalization Dividers
10 ns Write Recovery with Sampling
Low Output Noise

Optical Disk Servo/Data
Channel Processing Element
AD880
AD880 FUNCTIONAL BLOCK DIAGRAM

TRACK

PRODUCT DESCRIPTION
The AD880 is a monolithic integrated circuit intended for
applications in the servo/read systems of an optical disk drive
product.

The AD880 consists of four matched transimpedance amplifiers
(A, B, C, D) with selectable 40 kfl or 120 kfl transimpedance.
The basic transimpedance stage consists of a 10 kfl transimped
ance front end that drives a programmable x 1 or x 3 buffer.
*
Each stage has been configured to minimize noise and noise
peaking. To further enhance overall signal to noise performance
| |
an external capacitor may be added between the transimpedance
amplifier and the programmable buffer to implement a first order low-pass filter.
The AD880 is stable over the full range of input source capaci
tances. To ensure stability and maximize available
*
bandwidth in
both transimpedance modes, the internal compensation capacitor
in the programmable buffer is appropriately modified for each
mode.

Fast read after write recovery is implemented through the trans
impedance sample function. Use of the sample function allows
for a read-after-write recovery in approximately 10 ns. The
“sample capacitor” also serves the dual purpose of providing the
low-pass filter.

CONTROL

In addition, the part contains three offset trimmed summing
amplifiers with 40 MHz bandwidth. One amplifier provides the
quad sum output .This output can be low pass filtered prior to
driving the normalization dividers. Two other summing amplifiers generate the track and focus outputs.
• Quad Sum
• Track
• Focus

: (A+B+C+D)
: (A+D) - (B+C) or (A-B)
: (A+C) - (B+D) or (C-D)

The selectable outputs are programmed through a CMOS com
patible control line.

Finally, a pair of two quadrant dividers are provided. These
generate the normalized focus and track signals with an accuracy
of 10%, and have bandwidths in excess of 10 MHz.
The AD880 is available in a 20-pin SOIC package and is speci
fied to operate over the 0 to +70°C commercial temperature
range.

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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(@ + 25°C and +12 V de, unless otherwise noted)

Parameter
TRANSIMPEDANCE AMPLIFIER
Transimpedance
Transimpedance Matching
Channel to Channel Crosstalk
Open-Loop Gain
Open-Loop Bandwidth
Input Capacitance
Input Offset Current
Input Offset Voltage
Input Current Noise
Input Voltage Noise
Feedback Resistor Noise
Output Impedance
Output Impedance
Max Output Voltage Swing
Max Output Current
VREF Range
VREF Input Current

PROGRAMMABLE BUFFER
Gain
Gain Matching
3 dB Bandwidth
Gain
Gain Matching
3 dB Bandwidth
Input Bias Current
Input Offset Voltage
Input Current Noise
Input Voltage Noise
Max Output Voltage Swing

SUMMING AMPLIFIER
Gain
Gain Matching
3 dB Bandwidth
Output DC Voltage
Output Voltage Offset
Output Impedance
Max Output Voltage
Max Output Current
NORMALIZATION DIVIDERS
Division Error
3 dB Bandwidth
Output Voltage Range
Output Current

QUAD SUM FILTER
Resistance
MODE CONTROL SECTION
Vih
vIL
Iih
IlL
Mode Switching Times

Min

Conditions

AD880J
Max
Typ
10

Channel to Channel
30 MHz Input Signal
AV0

±1
-40

20
40
2
TBD
TBD
1
1.5
13
1
250

@ Filter Capacitor Pin (Active)
@ Filter Capacitor Pin (Sampled)

±0.7
TBD

« It

+4.5

r

wi

Gain Control «= 0

10
TBD
40
0
TBD
60

*
If

Gam Control «= 1 J AV/
Gain Control = 1, Channel to Channel
Gain Control - 1
gk

w

at IX
1X1 “

0.1
TBD
1
13

IJ “
Relative to VREF

±i

Relative to VREF

±2.5
20

0.5 < Y < X < 1.5

Quad Sum to Quad Sum Filter

8

10

dB
dB
MHz
dB
dB
MHz
PA
jxV
pA/yTiz
nV/\/Hz
V

±10

%
MHz
V
nA

12

kll

^CC
1
0.1
0.1

V
V
pA
pA
ns
ns
ns

10
2
200

Relative to VREF
Division Ratio = 1

kfl
%
dB
V/V
MHz
pF
nA
mV
pA/\/Hz
nV/VHz
nV/VHz
kfl
Mfl
V
mA
V
mA

dB
%
MHz
V
V
fl
V
mA

12
TBD
40
0
TBD
TBD

Input to Input

Relative to VREF

+ 5.5
5

Units

(CMOS Compatible)

4.0
0

Gain Control
Output Mode
Sample Mode

10
10
10

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD880
Min

Conditions

Parameter
POWER SUPPLY REQUIREMENTS
Supply Voltage Vcc
Supply Voltage VEE
Quiescent Current Icc
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage Vcc
VREF Input Voltage
Storage Temperature Range
Operating Temperature Range2
Lead Temperature Range

AD880J
Max
Typ

10.8
50

Tmin to Tmax

Units

70

V
V
mA

14.5
7.0
130
70
+ 300

V
V
°C
°C
°C

13.2

12
0
60

-0.8
-65
0
Soldering 60 Sec

NOTES
‘Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional opera
tion of the device at these or any other condition above those indicated in the operational section of this specification is not implied. Exposure to absolute rating
conditions for extended period may affect device reliability.
220-pin wide body SO package: 0JA = +65°C/watt.
Specifications subject to change without notice.

Logic Assignments
Transimpedance Amplifiers Active
Transimpedance Amplifiers Sample,

Select 120 kfl Transimpedance
Select 40 kfl Transimpedance '*

Sample Gain Output
Control Control Control

Sample Gain Output
Control Control
= (A+D) - (B+C)
and
Focus Output S'fA+C) - (B+D)

X

X

Track Output = (A-B)
and
ut = (C-D)

X

X

Do Not Care.

Table I. AD880 Logic Assignments

PIN ASSIGNMENTS
FILTER/SAMPLE
CAPACITOR A'

FILTER/SAMPLE
CAPACITOR 'B'

FILTER/SAMPLE
CAPACITOR C’

FILTER/SAMPLE
CAPACITOR O'

QUAD SUM FILTER
(APPLY FILTER)
♦ 12V POWER SUPPLY

CONTROL LINE TO SET
ACTIVE / SAMPLE MODE

CONTROL LINE TO SET
TRANSIMPEDANCE GAIN

CONTROL LINE TO
SET OUTPUT MODE

NORMALIZED FOCUS
OUTPUT

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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THEORY OF OPERATION
Transimpedance Stage
The transimpedance stage is configured as a fixed 10 kfl
transimpedance amplifier followed by a programmable buffer
(Figure 1). The source capacitance Cs coupled with the transim
pedance feedback resistor, RF = 10 kfl, determines the band
width of the transimpedance amplifier.

To improve read-after-write recovery the AD880 offers an input
sample function, programmable through the “Sample Control”
line (Pin 14).
Sample Control

Logic Assignments

0
1

Transimpedance Amplifier Active
Transimpedance Amplifier Sampled

The sample capacitor also serves as the low-pass filter for the
transimpedance stage. The FET input on the programmable
buffer ensures an excellent droop-rate in the sample mode.

TO SUMMING
AMPLIFIERS

To optimize the signal to noise performance the input amplifier
uses a bipolar input stage. This allows for a significantly lower
input voltage noise figure at the expense of input bias and noise
current. To compensate for the output offset voltage created by
the input bias current, the programmable buffer mirrors and
cancels the offset voltage created in the transimpedance cell.
The overall output voltage offset through the complete transim
pedance stage is less than 5 mV.

Summing Amplifiers
The summing amplifiers provide the Quad Sum, Focus and
Track outputs with a gain of X4. The X4 amplification through
the summers provide the final gain for achieving a 40 kfl or
120 kfl overall transimpedance.
The output of both the Focus and Track summing amplifiers
are programmable through the CMOS compatible “Output Control” line (Pin 12).

Logic Assignments
Track Output = (A+D) - (B+C)

i

Output Control

0^,1.

0

Focus Output = (A+C) - (B+D)

y (Sih

By keeping the transimpedance of the first stage relatively low,
10 kfl, and limiting the open-loop gain of amplifier “A” td 20,
noise peaking is limited. To further limit noise and noise peak
ing, the output of the first stage may be low pass filtered by ap
plying a capacitor, see Figure 1, at the appropriate pins (Pilis
17, 18, 19 and 20). The capacitor forms a first order low-paSs *
filter with a cut-off frequency f = l/(2-rr • 1000 • CFILTER).
The complete noise model for the front-end transimpedance
stage is shown in Figure 2.
o

Track Output = (A -B)
and
Focus Output = (C-D)

1

Normalization Dividers
The normalization dividers provide current output of the Nor
malized Focus and Track signals. A low-pass filter capability is
provided at the “Quad Sum Filter” pin (Pin 16). The Quad
Sum Filter Resistance is 10 kfl, and thereby offers the user the
capability to implement a RC filter prior to the applying the
Quad Sum signal to the normalization dividers.

General Layout Requirements
Care must be taken to ensure good RF practice in the PC layout
to avoid oscillations. A parallel combination of 0.1 pF and
0.01 pF ceramic capacitors should be used as close to the Vcc
(Pin 6) and VREF (Pin 5) pins as possible. Also, a current path
to VREFEREnce must be provided for the outputs of the normal
ization dividers.

Figure 2.

ORDERING GUIDE

To ensure stability of the complete transimpedance stage over
the full range of source capacitances, the programmable buffer is
internally compensated. To maintain the stability and maximize
available bandwidth, the compensation capacitor is internally
modified for each transimpedance mode. Also, depending upon
the buffer gain of x 1 or x3, programmable through the “Gain
Control” line (Pin 13), the input noise is amplified by a factor of
or 3, respectively.
Logic Assignments
Select 120 kfl Transimpedance
Select 40 kfl Transimpedance

Model

Description

Package
*Option

AD880JR

20-Pin Small Outline

R-20

*See Section 20 for package outline information.

Gain Control
0
1

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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ANALOG
DEVICES
FEATURES
An 80 MHz Bandwidth Permitting a 50 Mb/s Data
Transfer Rate
A Variable Gain Amplifier with 30 dB max Gain
and 40 dB Control Range
Two Gain of 4 RF Buffers
200 ft Differential Load Drive Capability
A Pair of Precision Rectifiers
AGC Level and Threshold Outputs
An Averaging, High Gain Sample-and-Hold for
Accurate AGC Operation
Typical Gain Drift in Hold Mode: 0.2 dB/ms
Gains Trimmed and Temperature Compensated
AGC Operation Independent of AGC Level
Symmetrical AGC Attack/Decay Times
1 p.s AGC Attack/Decay Times Using a 1000 pF
External Capacitor
Suitable for Use as an Accurate Video Programmable
Gain Amplifier
Dynamic Clamp Ensures Fast Recovery After Write to
Read Transients
AGC RF Output Level Is Internally Preset

PRODUCT DESCRIPTION
The AD890 is primarily intended for high performance disk
subsystem use, and as such it is configured around the classic
read channel processing block diagram. It is intended to be con
nected between the head preamplifier and the qualification cir
cuitry required for digital data recovery. When used with the
AD891 rigid disk data qualifier, data transfer rates in excess of
50 Mb/s can be processed.
A temperature-compensated AGC loop, with an exponential
transfer characteristic, permits optimal settling and allows for
predictable performance in the classic single integrator control
loop configuration. Fast acquisition and low droop while in the
hold mode allow for AGC operation to be performed within the
sector header without compromising channel behavior when
reading data.

Precision, Wideband
Channel Processing Element
AD890
AD890 FUNCTIONAL BLOCK DIAGRAM

5V de
POSITIVE
INPUT

NEGATIVE
INPUT

the “Qualifier Threshold” output may be used for creating a
data qualification level. A second rectifier is used to drive the
sample-and-hold circuitry.

The 80 MHz bandwidth of the AD890 ensures good phase lin
earity up to 50 MHz. Thus, data transfer rates in excess of
50 Mb/s can be supported with good error rates and predictable
channel behavior.

The AD890 is available in both a 24-pin, slim-line cerdip pack
age and in a 28-pin PLCC package and is specified to operate
over the 0 to +70°C commercial temperature range.

The AD890 processing element has the flexibility to perform
both continuous and sampled AGC functions; it is also ideal for
embedded, dedicated, or mixed servo applications. Two userdefined filter/equalizer stages may be employed, thus allowing
maximum design flexibility. This greatly simplifies the design
of the overall channel characteristics. Using the AD890, the de
signer no longer needs to resort to passive techniques to isolate
network functions; this avoids problems of signal loss and inter
action. Two low offset, 100 MHz, full wave rectifiers provide
the capability to track a 1 V peak signal. The rectifier generating
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(@ +25°C and ±5 V de, unless otherwise noted)
Parameter

VARIABLE GAIN AMPLIFIER
Maximum Gain1
±3 dB Bandwidth
Input Resistance
Input Capacitance
Input Voltage Noise
Input Signal Range
Max Output Signal Level
Output Impedance
Output DC Level
Harmonic Distortion
INPUT CLAMP2
Turn-On Time
Turn-Off Time
Input Signal Attenuation
On-State Input Impedance

GAIN OF 4 BUFFER
Nominal Gain
Gain Variation
±3 dB Bandwidth
Input Resistance
Input Capacitance
Input Voltage Noise3
Input Common-Mode Range
Output Impedance
Output Signal Level
Max Output Signal Level
Output DC Level
Harmonic Distortion

FULL WAVE RECTIFIER
Input Signal Level
-3 dB Bandwidth
Max Output Signal Level
Output Impedance4
DC Offset4
AGC CONTROL SECTION
Attack Time

Hold Time
AGC Charge Current
AGC Control Range
AGC Control Sensitivity
AGC Control Linearity
Set Level Input Range

AD890J
Typ

Max

Units

30.0

31.0

18
1
5

5

0 dB Gain Reduction
26 dB Gain Reduction

5
3.5
0.15
1.5

dB
MHz
kfl
pF
nV/\ Hz
mV
V
n
V
%
%

Differential

30
200
35
14

ns
ns
dB
fl

Conditions

Up to 40 dB Gain Reduction
Differential
Differential
0 dB Gain Reduction
Recommended p-p Differential
1 kfl Load, p-p Differential

Min

29.0
100
12
10
2.4

12.25

Tmin to Tmav
Up to 26 dB Gain Reduction
Differential
Differential
100 MHz - 0 dB Gain Reduction

200

12.75
±0.25

13.25

1
7

5

160
100

-1.5

Recommended p-p Differential
200 fl Load, p-p Differential

4.8

2.5
0.20

300 mV Peak Output, 200 fl Load
p-p Differential
100 mV @1 V Peak Input

0.3
100
1.5

26 dB Gain Step - 1000 pF CSAMPLE
26 dB Gain Step - <50 pF CSAMPLE
1 dB Gain Change - 1000 pF CSAMPI F
36

±20

V
MHz
V
fl
mV

±0.25
800
VCc

ns
ms
mA
dB
dB
dB
mV
V

0.8
1
-12.0
50

V
V
nA
jxA
ns

3

25
10

Relative to Ground

Per 20 mV Input
26 dB AGC Range
For Specified Accuracy
Nondestructive Input Range

+ 1.5

10
1.3

1.0
120
10
0.8
40
1

0
-0.3

dB
dB
MHz
kfl
pF
nV/\/Hz
V
fl
V
V
V
%

|XS

MODE CONTROL SECTION
TTL Compatible

2.0

VlH

vIL
IlH

IlL

VIH = 2.7 Volts
VIL = 0.4 Volts

-4.5

Mode Switching Times
POWER SUPPLY REQUIREMENTS
Operating Range Vcc
Operating Range VEE
Quiescent Current
Vcc

vEE

Vcc
VfiE
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Tm,n to Tmax
Hold/Acquire/Set Gain Mode
Hold/Acquire/Set Gain Mode
Clamp Mode
Clamp Mode

+4.5
-4.68

-5.2

+5.5
-5.72

V
V

44
18
51
17

60
28
72
27

76
40
88
39

mA
mA
mA
mA

AD890
NOTES
‘Gain calibrated in gain set mode with 0 volts applied to the Gain Set Pin.
2Clamp operation is specified with a source impedance of 200 fl in series with 0.1 p.F.
’Over the full 100 MHz bandwidth of the AD890, the worst-case rms signal-to-noise ratio is 40 dB or better with a 40 dB AGC range.
’Measured using a 4 kfl resistor connected between the Qualifier Threshold Pin and VEE.
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those tests are
used to calculate outgoing quality levels.
Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS
*
Supply Voltage ................................................................. ±7.5 V
RF Gain Stage Differential Input Voltage..................... ±5.6 V
Storage Temperature Range
AD890JP, AD890JQ ....................................-65°C to +150°C
Operating Temperature Range1
AD890JP, AD890JQ................................................ 0 to +70°C
Lead Temperature Range (Soldering 60 sec) .................. +300°C
NOTE
‘28-pin PLCC package: 0JA =100°C/W;
24-pin cerdip package: 0JA =55°C/W.
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.

Logic Assignments

BitO

Bit 1

AGC Acquire
AGC Hold
Gain Set
Input Clamp

0
0
1
1

0
1
0
1

ORDERING GUIDE
Model

Package

Package
*
Options

AD890JQ
AD890JP

24-Pin Cerdip
28-Pin PLCC

Q-24
P-28A

‘See Section 20 for package outline information.

CONNECTION DIAGRAMS

28-Pin PLCC Package

li It;p
S'

S

2

II

POSITIVE

QUALIFIER
THRESHOLD

RECTIFIER
INPUT

POSITIVE
INPUT

INPUT
CONNECT
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Typical Characteristics @ +25°C with ±5 V Supplies

Figure 1. Supply Current vs.
Temperature

Figure 2. Rectifier Offset vs.
Temperature

FREQUENCY-Hz

Figure 3. VGA Gain vs.
Temperature

CONTROL VOLTAGE - mV

FREQUENCY-MHz

Figure 4. VGA Output Impedance
vs. Frequency

Figure 5. VGA Voltage Noise vs.
Frequency

Figure 6. VGA Gain Reduction vs.
Control Voltage

7.4

7.2
I
270
o
z
6.8

6.6

6.4
1

FREQUENCY-MHz

Figure 7. X4 Buffer Gain vs.
Temperature
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Figure 8. X4 Buffer Voltage Noise
vs. Frequency

00

TEMPERATURE-’C

Figure 9. Hold-Mode Droop
Rate vs. Temperature

Applying the AD890
GENERAL LAYOUT REQUIREMENTS
Almost 60 dB of total gain is available at 100 MHz. Care must
be taken to ensure good RF practice in the PC layout to avoid
oscillations in the 150 MHz-350 MHz region. A parallel combi
nation of 0.1 pF and 0.01 pF ceramic bypass capacitors should
be used as close to the supply pins as possible.

Additionally, a single pole RC filter applied at the input of each
stage, with a cutoff in the region of 100 MHz-150 MHz, will
help avoid oscillation problems. As a general rule, keep the con
nections to interstage components as short as possible; it is also
recommended that any low pass filtering function which may be
required by the system be performed between the VGA stage
and the first X4 buffer amplifier. A ground plane should be
used to surround any interstage components wherever possible.
If these simple rules are followed, stable operation should be
assured.

BIASING THE RF GAIN STAGES
The VGA Stage
The 30 dB variable gain stage is biased at a potential of one di
ode drop above analog ground. No additional de bias is re
quired, but ac coupling is necessary. The bias voltage is
maintained during normal operation and during operation of the
clamp. In order for the clamp to operate correctly with an emit
ter follower driven input, 50 (I-100 fl resistors should be placed
in series with the input coupling capacitors. These resistors can
be used in conjunction with a 5.1 pF shunt capacitor to limit
the input bandwidth to 150 MHz. In the case of an open collec
tor driven input with resistive termination, no additional series
resistors are required.
The differential outputs have a nominal de value of 1.5 V less
than the positive supply. Internal 1300 (1 resistors provide bias
current to the output emitter followers which operate with
2.7 mA nominal current. Output drive can be increased by an
additional 2.5 mA by paralleling external resistors to either the
analog ground or the negative power supply. However, caution
should be exercised in order to avoid causing excess dissipation
for the package. The recommended output level for the VGA is
300 mV p-p differential into 200 (1 loads.

The X4 Buffers
The inputs of these stages have no committed de biasing, and an
input bias current path must be provided. This path can nor
mally be supplied via shunt resistors to analog ground which are
generally part of the interstage filter termination networks. The
inputs can be biased successfully within ±1.5 V of analog
ground.
Output drive can be increased in a similar manner to that de
scribed for the VGA stage. The nominal de output level is 2.5 V
with the internal 500 (1 load resistors connected to analog
ground which provides a nominal standing current of 5 mA to
the output emitter followers. This current can be increased by
up to an additional 5 mA by paralleling external resistors to ei
ther analog ground or the negative power supply. As before,
precautions to limit excessive overall power dissipation apply
when steps are taken to increase the output drive capability.

FREQUENCY -Hz

Figure 10. X4 Buffer Frequency Response (100 (2
in Series with 1 p.F Load)

OPERATING THE FULL WAVE RECTIFIERS
The full wave rectifiers consist of two nearly identical stages.
Full wave rectification is performed in each stage using two
transistors whose emitters are connected together. The inputs to
the two full wave rectifiers are biased at one diode drop above
analog ground; therefore, ac coupling is recommended. The
full wave rectifier outputs - “AGC Rectifier” and “Qualifier
Threshold” - are connected directly to these commoned emit
ters. Thus, the normal output voltage with zero input signal ap
plied is close to analog ground. The “AGC Rectifier” pin allows
access to the output of the rectifier which drives the AGC
sample-and-hold section of the AD890. The “Qualifier
Threshold” pin allows access to the output of the threshold
rectifier.
The AGC rectifier has an internal 2 kfl resistive pull-down con
nected between analog ground and the negative power supply
pin. The threshold line has no built in pull-down, in order to
allow for a peak hold capability during thresholding. If a well
controlled rectifier offset is required, an external 4 kfl pull
down resistor at the “Qualifier Threshold” pin is recommended
and will produce a nominal 10 mV offset.

THE AGC SAMPLE-AND-HOLD
The AGC sample-and-hold section performs averaging of the
input waveform to set the RF average output level to 200 mV
single ended, or 330 mV peak for a sinusoidal signal. Thus,
without a peak hold capacitor at the “AGC Rectifier” pin, accu
rate AGC operation only occurs with sinusoidal input signals.
An approximate 2 mA pull-down current is permanently present
at the “AGC Rectifier” pin, and a capacitor may be added here
to provide a degree of peak hold for AGC operation within nonsinusoidal fields. A capacitance value of less than 0.03 p.F or
less per jjls of transition spacing is recommended. The addition
of the capacitor alters the symmetry of the attack and decay
rates of the rectifier, which is otherwise symmetric in operation.
In order to ensure that the overall AGC response is the same for
both high-to-low and low-to-high input level steps, it is neces
sary to make the rectifier attack and decay times at least a factor
of two less than the AGC response time.
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The AGC acquire time is approximately 1 p,s per 1000 pF of
hold capacitor. A low leakage variety of hold capacitor, such as
a silver mica, is necessary to ensure low droop rates. The “Gain
Set” pin should be tied to analog ground if not used, in order to
prevent excessive leakage which would otherwise affect the hold
performance.

The AGC control potential is present at the “Sample-and-Hold
Capacitor” pin. If control over open-loop gain is desired, based
on AGC control potentials obtained during trial AGC operations,
a FET input op amp should be used to buffer this node in order
to avoid disturbing the hold operation.

USING THE AD890 AS A PROGRAMMABLE GAIN
AMPLIFIER
The AD890 is ideally suited for use as an accurate video pro
grammable gain amplifier. If the X4 buffers are utilized with the
variable gain amplifier, nearly 60 dB of total gain is available at
frequencies up to 100 MHz. The VGA gain and exponentiator
scale factors are trimmed with respect to de control potentials
applied to the “Gain Set” pin. In this mode of operation (see
Logic Assignments for bit pattern to be applied to the “Bit 0”
and “Bit 1” pins), a 0 V de potential applied to the “Gain Set”
pin will produce a nominal VGA gain of 30 dB. With an addi
tional 12.75 dB from each X4 buffer, total nominal gain is
55 dB. Each 20 mV increment of voltage applied will produce a
1 dB reduction in gain. A simple equation can be used to calcu
late the nominal gain of VGA in this mode:
VGA Gain (dB) = (30 — VGAIN set X 50}

where VGAIN SET is in volts.

the +12 V supply. Thus connected, a current of approximately
30 mA will flow in this line under normal operation. The input
clamping action occurs with respect to this line, increasing its
current by an additional 12 mA or so.
Both the +5 V and +12 V supplies should be RF bypassed to
ground with at least two capacitors: values of 0.1 p.F and
0.01 p.F are recommended. In addition, some higher level of
decoupling capacitance such as 3.3 pF value may be desirable.
Next, insert two 100 mA diodes in series with the +12 V sup
ply. This helps to reduce overdissipation in the chip. Power
supply decoupling should occur on the circuit side of the diode
network.

Finally, mode control is achieved by using open collector drivers
and resistors as shown; 5.1 V Zener diodes can be substituted
for resistors Rl and R2. Internal diode clamping in the AD890
permits this mode of operation.
The mode switching times will be affected by resistor values
chosen; this is due to the RC time constants formed by the re
sistors in conjunction with the input capacitance of the chip
package.

Figure 11. Frequency Response of VGA Gain for Different
Gain Set Voltages

OPERATION WITH +5 V, +12 V SUPPLIES
Operation with +5 V (±0.5 V) and +12 V (±0.6 V) supplies is
readily achieved. Figure 12 shows the AD890 configured for
+ 5 V, +12 V operation. The analog and digital grounds must
be connected to the +5 V line or to an available center tap of
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INTEGRATING WITH THE AD891 RIGID DISK DRIVE
DATA QUALIFIER
Figure 13 shows a typical application using the AD890 and
AD891 connected together to create a 30 MHz channel (cerdip
connections shown). This circuit includes a 5-pole 30 MHz
Gaussian-to-6 dB transitional filter plus a second-order RLC
time domain equalizer. A typical second-order, fully differential,
passive delay-line differentiator interface for the AD891 is also
included. (For a more detailed description of the delay-line dif
ferentiator, see the AD891 data sheet.) The analog and digital
grounds should be connected at the power supply common.

AD890
50 MHz - 3dB POINT

40ns PW50
RLC EQUALIZER

5TH ORDER GAUSSIAN-TO-6dB

’636

5k
15pF7

5 15pF^

! 12jiH

'
5k

► 667

:667

2.2pF

.

2.2pF
If
R JL

If
> O.IjjlF

I

DIFFERENTIATOR

15ns
O PULSE

AD890

SHA

TTL MODE
CONTROL

AD891

RECT

I
s
PEAK TO
AVERAGE
CONTROL
CAPACITOR

lOOOpF
DIGITAL GND
^ANALOG GND

SAMPLE
AND
HOLD
CAPACITOR

SET GAIN
CONTROL
VOLTAGE

Figure 13. Typical AD890/AD891 Connection for a 30 MHz Channel

USING EQUALIZERS WITH THE AD890
The AD890 is ideal for applications where equalization is em
ployed. The X4 buffer output drivers are designed to operate
into 200 fl loads, making tapped delay-line designs easy. Sum
and differencing of different tap weights can be achieved by
simple resistive dividers.

As an alternative, a simple RLC network can be implemented to
provide a low cost, fully differential alternative to the three-tap,
tapped delay-line equalizer which often is used for pulse slim
ming. Essentially, the equalizer shown in Figure 14 consists of
an RC lattice, which provides the magnitude characteristic, to
gether with an LR shunt section which acts to define the overall
passband group delay and the ratio of minimum to maximum
gains within the passband.
The network shown approximates a function of the form:
F(wt) = 1—k cos o>t, where k = 0.6, and t = 36 ns.

The circuit is optimized for a 120 ns transition PW5O. Altering
the 953 fl resistor and the 24 p.H inductor can change both k
and t, permitting cylinder dependent equalization to be per
formed, thus minimizing problems of overequalization. To
alter k, the ratio of the 1.1 kfl and 953 fl resistors should be
changed. To alter t, the reactive element should be scaled pro
portionally. The equalizer in Figure 13 is optimized for k = 0.6
and t = 12 ns.

It is important to note the benefits of fully differential (as op
posed to single-ended) operation: (1) reduced harmonic distor
tion due to symmetric operation; (2) improved power supply
noise rejection; (3) less insertion loss, allowing for reduced gain
and, hence, improved distortion in stages prior to the equalizer.
The magnitude and group delay characteristics of this equalizer
are shown in Figures 15 and 16, respectively.
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Figure 17. 5th Order Gaussian-to-6 dB Transitional Filter

Figure 16.

RLC Equalizer Group Delay Response

CHOICE OF LOW PASS FILTER WITH THE
RECOMMENDED EQUALIZER
A fifth order, Gaussian-to-6 dB transitional filter is recom
mended for use with the equalizer. Such a low pass filter is
shown in Figure 17. Low group delay ripple and high out-ofband rejection make this design work well with the recom
mended equalizer and the differentiator specified in the AD891
data sheet. The recommended location for the low pass filter is
between the VGA and first X4 buffer. The equalizer should be
placed between the first and second X4 buffers. This minimizes
the potential for oscillations induced by interstage parasitic
feedback.
The magnitude and group delay characteristics of this filter are
shown in Figures 18 and 19, respectively.
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FREQUENCY-Hi

Figure 19. Gaussian Low-Pass Filter Group Delay
Response

ANALOG
DEVICES

Rigid Disk Data
Channel Qualifier

AD891
FEATURES
Three Matched, Offset-Trimmed Comparators
3.1 ns (typ) Comparator Propagation Delay
ECL Logic Permits 50 Mb/s Transfer Rates
6.8 ns Delay (typ) from Inputs to Data Output
500 ps (typ) Additional Pulse Pairing
Temperature-Compensated Operation
Compatible with 10 KH ECL Logic
Two Temperature-Compensated One-Shots
One-Shot Periods Set Using External Resistors

PRODUCT DESCRIPTION
The AD891 disk channel qualifier is intended as a companion
chip to the AD890 wideband channel processor. Together, they
comprise a sophisticated package, capable of recovering binary
information from differentiating channels with transfer rates in
excess of 50 megabits per second.
The AD891 provides both level and time-domain qualification.
Level qualification is performed on alternating half cycles of the
data waveform using a user-defined threshold level which is ap
plied to each of two 3.1 ns propagation delay comparators. This
technique prevents single bit errors from being propagated into
two bit errors. A third comparator is used to provide zero
crossing detection. Factory trimmed offsets and a careful inter
nal layout ensure symmetric operation and low pulse pairing
with a differential input waveform.
An external RLC passive delay-line differentiator should be used
with the AD891; the design for a typical network is specified in
detail in the applications section of this data sheet. The use of
an external network permits equal delay times through both the
differentiated and undifferentiated signal paths, thus ensuring
correct centering of the qualification windows. Using the recom
mended external network also helps ensure optimal signal pass
band flatness and dispersion.

The outputs from the amplitude-qualification comparators are
applied to the “D” inputs of two master-slave D-type flip-flops

AD891 FUNCTIONAL BLOCK DIAGRAM

which are then clocked by the outputs from the zero-crossing
comparator. Each valid zero-crossing event causes a one-shot
with a user-definable period to be triggered. This disables the
operation of the flip-flops, thus preventing the detection of addi
tional zero-crossing events during the one-shot period.
Simultaneously, an output one-shot is activated, the leading
edge of which is synchronous with the change in the flip-flop
outputs. The period of this one-shot is also user-definable and is
intended to ensure adequate output pulse duration for transmis
sion within the external environment. Each one-shot requires a
single metal-film resistor to set its period. All one-shots have
trimmed pulse periods; temperature stability is maintained by
the use of an internal bandgap reference.

The AD891’s internal logic consists of temperature-compensated
reduced-swing ECL which exhibits typical propagation delays of
600 ps per gate. The output data conforms to standard 10 KH
ECL logic levels. The AD891 can drive a properly terminated
75 fl transmission line.
The AD891 is specified to operate over the commercial (0 to
+ 70°C) temperature range. It is available either in a 14-pin cer
dip package or in a 20-pin PLCC package.
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(@ +25°C and 5 V de, unless otherwise noted)

Model
Conditions

COMPARATOR SPECIFICATIONS
Propagation Delay

Comparator Mismatch
Input Offset Voltage
Noise Induced Offset Voltage
Input Offset Current
Input Bias Current
Open-Loop Gain
Input Resistance
Input Capacitance
Input Common-Mode Range

20 mV Overdrive
200 mV Overdrive

f = 10 MHz
Differential
Differential
Referred to Digital GND

Resistor Range

EXTERNAL LOGIC SPECIFICATIONS2
Output Logic “1”
Output Logic “0”
Rise Time
Fall Time

DATA THROUGHPUT SPECIFICATIONS
Propagation Delay3
Additional Pulse Pairing4

0.25
±300
100
1.6
66
500
1
-1.5

-0.98
-1.95

Max

-0.85
-1.85
1.2
1.0

300
1.0

3

5
+2.2

-0.81
-1.63

1.3
1.2
0.6
0.55

RjSRT = Rmin tO Rmav

RSet
RSEt
RsET
Tj =

= 30 kfl
= 10 kfl
~ Rmin tO Rmax
+25°C

Differentiator Input
to Data Output
200 mV Overdrive
5 ns Input Rise Time

-0.85
-1.85
1.4
1.2

-0.81
-1.63

6.8
0
50

500

Units
ns
ns
ps
mV
nV
nA
l±A
dB
kfl
pF
V

V
V
ns
ns
ns
ns
ns
ns

One-Shot Pulse *< 7 + 3.1 R<;ft
9
180
95
100
105
35
38
41
0.75
56

-0.98
-1.95

Max Transfer Rate
Min Transfer Rate5
POWER SUPPLY REQUIREMENTS
Operating Range
Vcc
VEE
Quiescent Current
VCc
Vee

AD891J
Typ
3.3
3.1

108 Error Rate

INTERNAL LOGIC SPECIFICATIONS
Logic “1” Level
Logic “0” Level
Rise Time
Fall Time
D-Type Flip-Flops
Clock - Q Delay
Clock - Q Delay
Reset - Q Delay
Reset - Q Delay
ONE-SHOT SPECIFICATIONS
Resistor Scaling1
Pulse Duration

Min

ns
ns
ns
kfl

V
V
ns
ns

ns

1000

1

ps
Mb/s
Mb/s

4.5
-4.68

5.0
-5.2

5.5
-5.72

V
V

15
55

23
68

35
85

mA
mA

Tmin to Tmax

NOTES
‘One-shot pulse in ns; RSET specified in kfl.
2Logic specifications obtained for the “Data + ” and “Data
outputs using 1 kfl pull-down resistors tied to VEE and 100 fl resistors connected to -2 V.
’Propagation delay is measured from the zero-crossing comparator input to the “Data + ” output with 200 mV overdrive.
4Measurements were performed using a ±100 mV square wave having a rise time under 5 ns; this was applied to the input of the zero-crossing comparator. The
resultant pulse pairing is the difference in delay times for two consecutive output pulses.
5The minimum transfer rate is limited only by the maximum recommended one-shot period of 180 ns.
Specifications subject to change without notice.
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min
and max specifications are guaranteed, although only those shown in boldface are tested on all production units.
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A0891
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage ................................................................ ±7.5 V
Comparator Differential Input Voltage .......................... ±5.6 V
Storage Temperature Range P, Q.................... -65°C to +150°C
Operating Temperature Range2
AD891P, AD891Q.................................................. 0 to +70°C
Lead Temperature Range (Soldering 60 sec) ..................+300°C

NOTES
'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated
in the operational section of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
220-pin PLCC package: 0JA = +70°C/Watt;
14-pin cerdip package: 0JA= + 105°C/Watt.

PIN CONFIGURATIONS
20-Pin PLCC (P) Package

14-Pin Cerdip (Q) Package

LEVEL

LEVEL
IN-

NC

AMP-

DIGITAL
GND

NC

Vcc

VEE

NC

FILTER
TIME SET

NC

DIGITAL DATA+ DATAGND

OUTPUT
PULSE SET

ORDERING GUIDE
*

Model No.

Description

Package Option

AD891JQ
AD891JP

14-Pin Cerdip
20-Pin PLCC

Q-14
P-20A

*See Section 20 for package outline information.
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Typical Characteristics (@ +25°C with ±5 V Supplies)

SUPPLY VOLTAGE - ± Volts

Figure 1. Supply Current vs.
Temperature

Figure 4. Comparator CommonMode Voltage vs. Temperature

Figure 2. Comparator Input Bias
Current vs. Temperature

Figure 3. Comparator CommonMode Voltage vs. Supply Voltage

Figure 5. Propagation Delay vs.
Temperature

Figure 6. Propagation Delay vs.
Power Supply Voltage
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Figure 7. Propagation Delay vs.
Overdrive
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Figure 8. One-Shot Period vs.
Temperature

Figure 9. One-Shot Period vs. RSET

60

Applying the AD891
flip-flops. The flip-flops are enabled using the output “E” from
the positive and negative threshold comparators, such that the
flip-flop outputs change state only when the analog input ex
ceeds the programmed threshold levels (positive or negative).
When the threshold levels are exceeded and a zero-crossing
event occurs, the flip-flops change state, producing an output
pulse “F.” The duration of this pulse, seen at the Data+/Dataoutputs, is set using an external resistor, as is the internal time
out which is used to prevent noise induced retriggering. The
final output data sequence is shown in “G.” As can be seen,
despite inflections in the analog input, the data is correctly de
tected and the output is a time-shifted version of the write data.

THEORY OF OPERATION
The AD891 consists of three comparators, two D-type flip-flops,
an internal bandgap reference and a pair of externally adjustable
one-shots. Two comparators are used to provide data amplitude
qualification, and the third acts as a zero-crossing detector when
used with an external passive differentiator circuit. (Refer to the
AD891 block diagram and Figure 11.)

Figure 10 illustrates the operation of the AD891, using the rec
ommended passive delay-line differentiator described in the fol
lowing section. Sequence “A” represents the pattern written on
the disk where a logic “1” is a change in magnetic state. Each
change in magnetic state results in an output pulse. The analog
input to the AD891 consists of a sequence of alternating pulses
“B.” The data pattern shown is worst case for a 1-7 code input.
“C” represents the output waveform from the external differen
tiator, such that the points at which zero-crossings occur corre
spond to the peaks of the analog input “B.” Sequence “D”
shows the output from the zero-crossing comparator. Changes in
state of this output are used to clock the two internal D-type

0

WRITE DATA

ANALOG INPUT
TO AD891

1

u <?

POSITIVE
THRESHOLD'

0

13

NEGATIVE .
THRESHOLD

1

nJ

0

0

Since the 1-7 code input is the most demanding of the popular
encoding schemes to qualify, the AD891 is clearly suitable for
other codes, such as MFM and 2-7. The recommended time
domain filter one-shot period for MFM and 1-7 code is equal to
75% of the bit cell clock period. For 2-7 code the one-shot pe
riod can be increased to 150% of the bit cell clock period.

0

0

0

0

0

y

1

0

1

V-

0

-•

0

1

0

1

"A"

- - X--

z

I
BIT CELL

DIFFERENTIATOR
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(INPUT TO ZERO-CROSSING
COMPARATOR)

ZERO-CROSSING
COMPARATOR OUTPUT

"D"

I

THRESHOLD COMPARISON
OUTPUTS

AD891 OUTPUT
(DATA +/DATA -)
OUTPUT DATA

;■ ljejt
01010000000

iuoui
10100101

"G"

UNKNOWN
STATE

Figure 10. AD891 Operation for Worst Case 1-7 Code Pattern
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DESIGN CONSIDERATIONS
In designing a suitable passive delay-line differentiator, either
the fully differential (Figure 11a) or single-ended (Figure lib)
configuration can be used. The equations governing component
selection for both connections are as shown.
If the single-ended configuration is employed, then the inputs to
the negative half-cycle comparator need to be biased such that
the comparator is turned off. This can be accomplished by plac
ing the “Amp-” input at a potential at least 100 mV more neg
ative than the “Level In-” input. The “Amp-” pin may be
connected to the
pin and the “Level In-” pin may be
connected to the “Digital GND” pin, provided that the poten
tial difference does not exceed 5.6 volts, which is the absolute
maximum differential input rating of the device.

Good RF layout practice should be obeyed, with decoupling net
works of 0.1 |xF in parallel with 0.01 p.F at both the “Vcc" and
“VEE” pins. A ground plane should be used extensively. Two
digital grounds are supplied: Pin 12 is for the internal logic
while Pin 5 is provided for the “Data” outputs only. (These
pins are for the cerdip package; the corresponding PLCC pack
age pins are 17 and 9, respectively.) The filter time and output
pulse setting resistors should be tied, as directly as possible, to
the “Digital GND” pin.

The “Data-” and “Data+” pins require pull-down resistors to
“VEE” as per normal practice in ECL. The use of 30 kfl re
sistors connected between the “Filter Time Set” and “Output
Pulse Set” pins and digital ground will produce a nominal
100 ns one-shot period; 10 kfl resistors will nominally produce
38 ns one-shot periods. The timing of the two one-shots may be
set independently.

For best performance, the three input comparators should be
operated at a common-mode potential close to digital ground.
The digital ground should be connected to the analog ground as
near to the power supply as possible to minimize noise injection.
INTEGRATING WITH THE AD890 WIDEBAND
CHANNEL PROCESSING ELEMENT
Figure 12 shows a typical application using the AD891 and
AD890 connected together to create a 30 MHz channel (cerdip
connections shown). This circuit includes a 5-pole 30 MHz
Gaussian-to-6 dB transitional filter plus a second-order RLC
time domain equalizer. The fully differential passive delay-line
differentiator previously discussed is also included. The analog
and digital grounds should be connected only to the power sup
ply common.

TO

HALF CYCLE

TO
ZERO CROSSING
DETECTOR

Figure 11b. Single-Ended Configuration of Passive DelayLine Differentiator

Figure 11a. Fully Differential Configuration of Passive
Delay-Line Differentiator

RECOMMENDED COMPONENTS
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AD891
50 MHz - 3dB POINT

40ns PW50
RLC EQUALIZER

5TH ORDER GAUSSIANTO-6dB
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Figure 12. Typical AD890/AD891 Connection for a 30 MHz Channel

OPERATION WITH +5 V, +12 V SUPPLIES
Operation with +5 V (±0.5 V) and +12 V (±0.6 V) supplies is
readily achieved. The digital ground pins must be connected to
the +5 V line or to an available center tap of the +12 V supply.
The specified output ECL logic levels are therefore referred to
the +5 V supply. Pull-down resistors for the “Data+” and
“Data-” pins should be connected to VEE. Thus connected, a
current of approximately 23 mA will flow in the +5 V supply
under normal operation.
In order to ensure correct comparator operation, a pair of
100 mA diodes should be added in series with the +12 V supply
which is connected to the Vcc terminal. This connection is
shown in Figure 13 (shown for cerdip package).
Both the +5 V and +12 V supplies should be RF bypassed to
ground; the values of 0.1 pF and 0.01 pF in parallel are recom
mended. In addition, some higher value of decoupling capaci
tance - such as 3.3 pF - may be desirable. This decoupling
should be applied directly at the AD891 “Vcc” and “Digital
GND” pins. Finally, the common-mode range for the compara
tors is now referred to the +5 V supply line, and care must be
taken to operate within the common-mode limits.

Figure 13. AD891 Connection for +5 V, +12 V Operation
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RESPONSE CHARACTERISTICS OF THE FULLY
DIFFERENTIAL DELAY-LINE DIFFERENTIATOR
Figures 14 through 17 show typical performance to be expected
from the recommended passive, fully differential, delay-line dif
ferentiator previously discussed. Figures 14 and 15 depict mag

nitude and phase response for the undifferentiated output, re
spectively. Figure 16 shows magnitude response for the
differentiated output, and Figure 17 shows phase error between
the two outputs.

-2
-4

1

10
FREQUENCY - MHz

100

Figure 14. Magnitude Response of Undifferentiated Output

FREQUENCY - MHz

Figure 15. Group Delay Characteristics of Undifferentiated
Output
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FREQUENCY - MHz

Figure 17. Relative Phase Between Differentiated and
Undifferentiated Outputs

ANALOG
DEVICES
FEATURES
Three Matched, Offset-Trimmed Comparators
ECL Logic Permits 50 Mb/s Transfer Rates
Three Levels of Data Qualification
Amplitude
Time Above Threshold
Polarity of Data
100 ps Typical Additional Pulse Pairing
Temperature Compensated Operation
Compatible with 10KH ECL Logic
One-Shot Period Set Using External Resistor
Time Above Threshold Qualification Set Using an
External Resistor

50 Mb/s Rigid Disk
Data Qualifier
AD891A
AD891A FUNCTIONAL BLOCK DIAGRAM

LEVEL
IN +

AMP*

DELAY
TIME SET

OUTPUT
PULSE SET

PRODUCT DESCRIPTION
The AD891A disk channel qualifier is intended as a companion
chip to the AD890 wideband channel processor. Together, they
comprise a sophisticated package, capable of recovering binary
information from differentiating channels with transfer rates in
excess of 50 megabits per second.
The AD891A provides three levels of data qualification. Level
qualification is performed on alternating half-cycles of the data
waveform using a user-defined threshold level which is applied
to each of two comparators. The outputs of each comparator
drive a user-programmable “resettable” delay-line. The “resetta
ble” delay-line function allows the user to define the minimum
time a data pulse must exceed the amplitude qualification level
before a zero-crossing can be detected. The resettable delay-lines
drive NAND gated flip-flops. A third zero-crossing comparator
is employed to clock the NAND gated flip-flop. The NANDgated flip-flop in turn drives the second flip-flop. The second
flip-flop feeds back to the input of the NAND-gated flip-flop.
The toggle action of the second flip-flop, therefore, provides
alternate polarity data qualification. To ensure symmetric opera
tion and low pulse pairing, all three comparators have trimmed
offsets.

An external RLC passive delay-line/differentiator should be used
with the AD891A; the design for a typical network is specified
in detail in the applications section of this data sheet. The use of
an external network permits equal delay times through both the

DATA-

differentiated and undifferentiated signal paths, thus ensuring
correct centering of the qualification windows. Using the recom
mended external network also helps ensure optimal signal pass
band flatness and dispersion.
Each valid data pulse causes a one-shot to generate a pulse with
a user-defined width. During the one-shot period the NANDgated flip-flop is disabled, preventing detection of additional
zero-crossing events. The one-shot also drives the ECL “Data
Output” driver. The one-shot requires a single metal-film resis
tor to set its pulse width. Temperature stability is maintained by
the use of an internal bandgap reference.

The AD891A’s internal logic consists of temperaturecompensated reduced-swing ECL which exhibits typical propa
gation delays of 600 ps per gate. The output data conforms to
standard 10KH ECL logic levels. The AD891A can drive a
properly terminated 75 fl transmission line.

The AD891A is specified to operate over the commercial (0 to
+70°C) temperature range. It is available in a 20-pin PLCC
package (samples are available in a 14-pin side braze package).
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(@ +25°C and +5 V, -5.2 V de, unless otherwise noted)

Parameter
COMPARATOR SPECIFICATIONS
Input Offset Voltage
Input Offset Current
Input Bias Current
Open Loop Gain
Input Resistance
Input Capacitance
Input Common Mode Range

RESETTABLE DELAY-LINE SPECIFICATIONS
Resistor Scaling1
Pulse Duration
Resistor Range
OUTPUT ONE-SHOT SPECIFICATIONS
Resistor Scaling1
Pulse Duration

Resistor Range

Conditions

Additional Pulse Pairing4

0.25
100
1.6
66
500
1

Max

Units

1.0

f = 10 MHz
Differential
Differential
Referred to Digital GND

-1.5

5
+ 2.2

Rset = 1 kfl
Rset = 5 kfl
RsET = Rmin 10 Rmax

Delay = 2 + 5 x RSET
5
7
18
27
0.30

12
36
33

ns
ns
ns
kfl

Rset ~ 4 kfl
Rset = 10 kfl
Rset = Rmin to Rmax

One-Shot Pulse = 3 + 5 x RSET
17
23
31
40
53
72
0.60
33

ns
ns
ns
kfl

-0.98
-1.95

V
V
ns
ns

Differentiator Input
to 10% of Data Output
200 mV Overdrive
5 ns Input Rise Time

Max Transfer Rate
POWER SUPPLY REQUIREMENTS
Operating Range Vcc
Operating Range VEE
Quiescent Current
Icc
Iee

AD891AJ
Typ

mV
nA
jiA
dB
kfl
pF
V

EXTERNAL LOGIC SPECIFICATIONS2
Output Logic “1”
Output Logic “0”
Rise Time
Fall Time
DATA THROUGHPUT SPECIFICATIONS
Propagation Delay3

Min

-0.85
-1.85
1.4
1.2

3.0

-0.81
-1.63

6.0

100

ns

1000

ps
Mb/s

+ 5.5
-5.72

V
V

30
-80

mA
mA

50

+4.5
-4.68
Tmin to Tmax
12
-40

16
-55

NOTES
‘Rset specified in kfl.
’Logic specifications obtained for the “Data + ” and “Data
outputs using 50 fl pull down to -2.0 volts.
’Propagation delay is measured from the zero crossing comparator input to the “Data + ” output with 200 mV overdrive.
■•Measurements were performed using a ± 100 mV square wave having a rise time under 5 ns; this was applied to the input of the zero crossing comparator. The
resultant pulse pairing is the difference in delay times for two consecutive output pulses.
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AD891A
ABSOLUTE MAXIMUM RATINGS1
Supply Voltage .................................................................±7.5 V
Comparator Differential Input Voltage.......................... ±5.6 V
Storage Temperature Range P, Q.................... -65°C to +150°C
Operating Temperature Range2
AD891AJP, AD891AJD.......................................... 0 to +70°C
Lead Temperature Range (Soldering 60 sec) .................. 300°C

NOTES
‘Stresses above those listed under “Absolute Maximum Ratings" may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
220-pin PLCC package: flJC = 70°C/Watt;
14-pin side brazed package (samples only): 0JA = 105°C/Watt.

PIN CONFIGURATIONS
20-Pin PLCC Package (P)

14-Pin Side Brazed Package (D)

DIFF-

DIFF*

DIGITAL DATA*
GND

NC

LEVEL
IN*

DATA-

NC

AMP*

DELAY
TIME SET

ORDERING GUIDE
*
Model

Package

Package
Option

AD891AJP
AD891AJD

20-Pin PLCC
14-Pin Side Brazed (Samples Only)

P-20A
D-14

*See Section 20 for package outline information.
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Typical Characteristics (@ +25°C with +5 V, -5.2 V Supplies)

Figure 1. Supply Current vs.
Temperature

TEMPERATURE-°C

Figure 4. Output One-Shot Pulse
Width vs. Temperature (RSet = 4 ktl)

Figure 2. Comparator Input Bias
Current vs. Temperature

Figure 3. Output One-Shot Pulse
Width vs. Rset

RSet ~ kli

Figure 5. Delay-Line Time
vs. Rset

Figure 6. Delay-Line Time vs.
Temperature (RSET = 1 kQ)

7.4
7.2
7.0
6.8

6.6

o 6.4
p
<
0 6.2
<
CL
o 6.0
a:
5.8
5.6

/
r

5.4
±4.5

±5.0

±5.5

±6.0

±6.5

SUPPLY VOLTAGE - V

Figure 7. Propagation Delay
(Comparator to Data Out)
vs. Input Overdrive
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Figure 8. Propagation Delay
(Comparator to Data Out)
vs. Temperature

Figure 9. Propagation Delay
(Comparator to Data Out)
vs. Power Supply Voltage

±7.0

Applying the AD891A
THEORY OF OPERATION
The AD891A consists of three comparators, a pair of externally
adjustable “resettable” delay-lines, four NAND gates, two Dtype flip-flops, an internal bandgap reference and an externally
adjustable one-shot (refer to the AD891A block diagram).

Figure 10 illustrates the operation of the AD891A, using the
recommended passive delay-line/differentiator described in the
following section. Sequence “A” represents the pattern written
on the disk, where a logic “1” is a change in magnetic state.
Each change in magnetic state results in an output pulse. The
analog input to the AD891A consists of a sequence of alternat
ing pulses “B.” The data pattern shown is for worst case RLL
1-7 code input. The AD891A requires that the analog data
input pass three criteria in order to qualify a signal and produce
an output bit. The triple data qualification requirement signifi
cantly reduces errors by ensuring that noise will not be
misinterpreted.
The first data qualification criteria is signal amplitude and is
accomplished through the use of two amplitude threshold com
parators. The outputs of each comparator drive a “resettable”
delay-line. The “resettable” delay-line implements the second
valid-data criteria: minimum time above valid-signal threshold
before a zero-crossing can be detected. The minimum time
above valid-signal threshold is set through an external resistor.
The output of the “resettable” delay-line is then used to deter
mine if the data exhibits the correct polarity, the third data

qualification criteria. To determine if the data exhibits the cor
rect polarity, a D-type flip-flop is used. The flip-flop is toggled
with each valid data pulse, thereby, ensuring an alternate polar
ity qualification for each valid incoming data bit.
“C” represents the output waveform from the external differen
tiator, such that the points at which zero-crossings occur corre
spond to the peaks of the analog input “B.” Sequence “D”
shows the output from the zero-crossing comparator. Changes in
state of this output are used to clock an internal D-type flip
flop. The flip-flop is enabled using the output from the data
polarity check, such that the flip-flop output changes state only
when all three of the data qualification criteria, described ear
lier, have been satisfied. If all three data qualification criteria
were met, and a zero-crossing event occurs, the flip-flop changes
state, producing an output pulse “E.” The duration of this
pulse, seen at the Data +/Data - outputs, is set using an exter
nal resistor. The one-shot also triggers the second D-type flip
flop, toggling the required valid-data polarity. The final output
data sequence is shown in “F.” As can be seen, despite inflec
tions in the analog input, the data is correctly detected and the
output is a reconstructed version of the write data.

Since the 1-7 code input is the most demanding of the popular
encoding schemes to qualify, the AD891A easily handles such
other codes as MFM and RLL 2-7.

9

STORED DATA

ANALOG INPUT
TO AMPLITUDE
COMPARATORS OF
THE AD891A

DIFFERENTIATOR
OUTPUT (INPUT TO
ZERO CROSSING
COMPARATOR)

DATA TRACK, ETC)

MPV—PPP -

ZERO CROSSING
COMPARATOR OUTPUT

POSITIVE THRESHOLD
COMPARATOR OUTPUT

NEGATIVE THRESHOLD
COMPARATOR OUTPUT

AD891A OUTPUT
(DATA+/DATA-)

Figure 10. AD891A Operation for Worst Case 1-7 RLL Code
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DESIGN CONSIDERATIONS
In designing a suitable passive delay-line differentiator, either
the fully differential (Figure 11a) or single-ended (Figure lib)
configuration can be used. The equations governing component
selection for both connections are as shown.
If the single-ended configuration is employed, then the inputs to
the negative half-cycle comparator need to be biased such that
the comparator is turned off. This can be accomplished by plac
ing the “Amp —” input at a potential at least 100 mV more neg
ative than the “Level In
input. The “Amp
pin may be
connected to the “VEE” pin and the “Level In — ” pin may be
connected to the “Digital GND” pin, provided that the poten
tial difference does not exceed 5.6 volts, which is the absolute
maximum differential input rating of the device.

Good RF layout practice should be obeyed, with decoupling net
works of 0.1 p.F in parallel with 0.01 p.F at both the “Vcc” and
“VEE” pins. A ground plane should be used extensively. Two
digital grounds are supplied: Pin 17 is for the internal logic
while Pin 9 is provided for the “Data” outputs only. (These
pins are for the PLCC package; the corresponding Side Braze
package pins are 12 and 5, respectively.) The “resettable” delay
line and output pulse setting resistors should be tied, as directly
as possible, to the “VEE” pin.

*

The “Data — ” and “Data +” pins require pull-down resistors
to “VEE” as per normal practice in ECL. The use of a 4 kfl
resistors connected between the “Output Pulse Set” pin and
“VEE” will produce a nominal 23 ns one-shot pulse width;
10 kfl resistors will nominally produce 53 ns one-shot pulse
width. A 7 ns minimum time above threshold qualification may
be implemented with a 1 kfl resistor connected between the
“Delay Set” pin and “VEE.”

For best performance, the three input comparators should be
operated at a common mode potential close to digital ground.
The digital ground should be connected to the analog ground as
near to the power supply as possible, to minimize noise
injection.

INTEGRATING WITH THE AD890 WIDEBAND
CHANNEL PROCESSING ELEMENT
Figure 12 shows a typical application using the AD891AJP and
AD890JP connected together to create a 30 MHz channel. This
circuit includes a 5-pole 30 MHz gaussian-to-6 dB transitional
filter plus a second-order RLC time domain equalizer. The fully
differential passive delay-line differentiator previously discussed
is also included. The analog and digital grounds should be con
nected only to the power supply common.

TO POSITIVE
HALF-CYCLE
COMPARATOR

DIFF*

%

/

TO
ZERO CROSSING
COMPARATOR

DIFFERENTIAL
INPUT

\

DIFF-

+

TO
NEGATIVE
HALF-CYCLE
COMPARATOR

Figure 11b. Single-Ended Configuration of Passive DelayLine Differentiator

Figure 11a. Fully Differential Configuration of Passive
Delay-Line Differentiator

RECOMMENDED COMPONENTS

fo = ------ >
2 it V Ld

Cd

fo ~ E5 Times the
Maximum Desired
Differentiated
Frequency

Rd Minimum Value: 120 fl
150 fl or Greater is Recommended

1.3 (Best Magnitude Response) sK £1.7 (Best Group Delay Response)
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AD891A

Figure 12. Typical AD890/AD891A Connection for a 30 MHz Channel

9
OPERATION WITH +5 V, +12 V SUPPLIES
Operation with +5 V (±0.5 V) and +12 V (±0.6 V) supplies is
readily achieved. The digital ground pins must be connected to
the +5 V line. The specified output ECL logic levels are there
fore referred to the +5 V supply. Pull-down resistors for the
“Data +” and “Data
pins should be connected to “VEE.”
Thus connected, a current of approximately 23 mA will flow in
the +5 V supply under normal operation.

1N4001

In order to ensure correct comparator operation, a pair of
100 mA diodes should be added in series with the +12 V supply
which is connected to the “Vcc ’ terminal. This connection is
shown in Figure 13 (shown for PLCC package).

Both the +5 V and +12 V supplies should be RF bypassed to
ground; the values of 0.1 pF and 0.01 pF in parallel are recom
mended. In addition, some higher value of decoupling capaci
tance - such as 3.3 pF - may be desirable. This decoupling
should be applied directly at the AD891A “Vcc” and “Digital
GND” pins. Finally, the common mode range for the compara
tors is now referred to the +5 V supply line and care must be
taken to operate within the common mode limits.

Figure 13. AD891AJP Connection for +5 V, + 12 V Opera
tion (+ 12 V ±5%, +5 V ± 10%)
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RESPONSE CHARACTERISTICS OF THE FULLY
DIFFERENTIAL DELAY-LINE DIFFERENTIATOR
Figures 14 through 17 show typical performance to be expected
from the recommended passive, fully differential, delay-line dif
ferentiator previously discussed. Figures 14 and 15 depict mag

nitude and phase response for the undifferentiated output,
respectively. Figure 16 shows magnitude response for the differ
entiated output, and Figure 17 shows phase error between the
two outputs.

FREQUENCY - MHz

Figure 14. Magnitude Response of Undifferentiated
Output

FREQUENCY - MHz

Figure 15. Group Delay Characteristics of Undifferentiated
Output
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Figure 16. Magnitude Response of Differentiated Output

FREQUENCY - MHz

Figure 17. Relative Phase Between Differentiated and
Undifferentiated Outputs

ANALOG
DEVICES

30 Mb/s Peak Detectors

AD892E/AD892T
FEATURES
30 Mb/s Data Transfer Rate Capability (AD892E)
25 Mb/s Data Transfer Rate Capability (AD892T)
1 ns (max) Additional Pulse Pairing
Two Versions
Differential ECL Data Output (AD892E)
TTL Data Output (AD892T)
Variable Gain Amplifier with 30 dB max Gain and
40 dB Control Range
Two Gain of 4 RF Buffers with 200 ft Differential-Load
Drive Capability
0.2 dB/ms Typical Gain Drift in Hold Mode
1 ps AGC Attack/Decay Times Using a 1000 pF
External Capacitor
Dynamic Input Clamp Ensures Fast Recovery after
Write to Read Transients
Two Matched Offset Trimmed Comparators
One-Shot Pulse Width Set Using External Resistor
Operates from +5 V and +12 V Supplies

PRODUCT DESCRIPTION
The AD892E/AD892T is a complete subsystem for recovering
binary information from differentiating channels with transfer
rates up to 30 megabits per second. It is connected to the out
put of the head amplifier and performs the signal conditioning
and the data qualification task with a minimum of external
components.
The AD892E/AD892T has the flexibility to perform both con
tinuous and sampled AGC functions; it is also ideal for embed
ded, dedicated, or mixed servo applications. Fast acquisition
and low droop while in the hold mode allows for the AGC oper
ation to be performed within the sector header without compro
mising channel behavior when reading data. Two user-defined
filter/equalizer stages may be employed, thus allowing maximum
design flexibility. This greatly simplifies the design of the over
all channel characteristics.

Three low offset, 50 MHz full-wave rectifiers are provided. One
rectifier drives the internal sample-and-hold circuitry; this signal
is available to the user to set the attack and decay characteris
tics of the sample and hold. The other two rectifier outputs are
provided to generate the qualification level and to feed the singleended passive differentiator. The threshold setting and differen
tiation is performed by an external RLC network.

AD892E/AD892T FUNCTIONAL BLOCK DIAGRAM

The AD892E/AD892T provides both level and time-domain
qualification. Level qualification is performed on half cycles of
the rectified data waveform using a user-defined threshold level
which is applied to the level qualification comparator. The out
put of this comparator drives the data input of a master-slave
flip-flop. A second, matched comparator detects zero-crossings
and clocks the flip-flop. Each valid zero-crossing causes a time
domain filter one-shot to generate a pulse with a user-defined
period. During the one-shot period the flip-flop is disabled, pre
venting the detection of additional zero-crossing events. This
technique prevents single-bit errors from being propagated into
two-bit errors. The zero-crossing event also triggers an output
one-shot, again with a user defined pulse width. For maximum
flexibility, the data output is a Schottky open-collector transistor
with a separate digital ground to minimize digital feedthrough
(AD892T) or differential ECL (AD892E).
The AD892E/AD892T is available in a 44-pin plastic leaded
chip carrier (PLCC) and is specified to operate over the com
mercial (0 to +70°C) temperature range.
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(@ +25°C, +5 V, +12 V de, unless otherwise noted)

Parameter
VARIABLE GAIN AMPLIFIER
Maximum Gain1
- 3 dB Bandwidth
Input Voltage Noise
Input Signal Range
Input Resistance
Input Capacitance
Output Impedance
Harmonic Distortion

Output DC Level
Control Range
Control Sensitivity
Control Linearity
VGA Level Set Input Range
VGA Level Set Input Current
INPUT CLAMP2
Turn-On Time
Turn-Off Time
Input Signal Attenuation
On-State Input Impedance

GAIN OF 4 BUFFER
Nominal Gain
±3 dB Bandwidth
Input Voltage Noise3
Input Resistance
Input Capacitance
Input Common Mode Range
Output Impedance
Harmonic Distortion
Output Signal Level
Output DC Level
FULL WAVE RECTIFIER
Input Signal Level
-3 dB Bandwidth
Input Resistance
Input Capacitance
Output Impedance
DC Offset4
Reference Voltage Output
Reference Voltage Output Current
AGC CONTROL SECTION
Attack Time
Hold Droop
Dynamic Range
Control Sensitivity
AGC Level Set Input Range

Conditions

Up to 40 dB Gain Reduction
0 dB Gain Reduction
Recommended p-p Differential
Differential
Differential
Differential @ 1 MHz
0 dB Gain Reduction
26 dB Gain Reduction

Set Gain Mode
Set Gain Mode (per 20 mV Input)
Set Gain Mode (26 dB VGA Range)
Set Gain Mode (for Specified Accuracy)
Nondestructive Input Range

AD892EJ/AD892TJ
Max
Min
Typ
28.5
50

36

Differential
Differential
Relative to Reference Voltage
Differential (a 1 MHz
300 mV Peak Output, 200 II Load
Recommended p-p Differential

19.2

p-p Differential
100 mV-1 V Peak Input
Differential
Differential
Differential (a 1 MHz
Relative to Reference Voltage

0.3
50
3.2

±0.5
800
v12
-50

12.75

7
24
1

I.H

III.
Mode Switching Times
BIT A
0
0
1
1

BIT B
0
1
0
1

dB
MHz
nV/VHz
mV
kfl
pF
II
%
%
V
dB
dB
dB
mV
V
nA

ns
ns
dB
II
13.25

5
±1

10
0.20
1.3
5.75

dB
MHz
nV/VHz
kQ
pF
V
II
%
V
V

±30
4.75
1

V
MHz
kll
pF
II
mV
V
mA

200
-0.3

600
Vcc
-50

ns
ms
dB
mV
mV
V
|xA

2.0
-0.3

5.25
0.8
10
10
50

V
V
nA
nA
ns

3
4
1
15
±10

3.75

vIL

5

30
200
45
28

12.25
50

V,H
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200
24
1
25
0.15
1.5
6.7
40
-1

0
-0.3

Differential

26 dB Gain Step - 1000 pF CSAMPLE
26 dB Gain Step - <50 pF CSAMPLE
1 dB Gain Change - 1000 pF CSAmt>i p
AGC Acquire Mode
AGC Acquire Mode (per 10 mV Input)
For Specified Accuracy
Nondestructive Input Range

31.5

7
10
19.2

36

AGC Level Set Input Current
MODE CONTROL SECTION (TTL COMPATIBLE)

LOGIC ASSIGNMENT
Input Clamp
VGA Gain Set
AGC Hold
AGC Acquire

30

Units

5

1.0
120
5
40
40

|1S

AD892E/AD892T
Parameter
COMPARATORS
Input Offset Voltage
Input Offset Current
Input Bias Current
Open Loop Gain
Input Resistance
Input Capacitance
Input Common Mode Range
OUTPUT/FILTER ONE-SHOT
Resistor Scaling5
Pulse Duration

Resistor Range
OUTPUT/FILTER ONE-SHOT
Resistor Scaling5
Pulse Duration

Resistor Range
EXTERNAL LOGIC
Data Output Level (AD892T)
Output Logic “1”
Output Logic “0”
Data Output Level (AD892E)
Output Logic “1”
Output Logic “0”
DATA THROUGHPUT
Propagation Delay6
Additional Pulse Pairing7
Max Transfer Rate (AD892T)
Max Transfer Rate (AD892E)

POWER SUPPLY REQUIREMENTS
Supply Voltage V12
Supply Voltage V5
Quiescent Current I12
Quiescent Current I5

ABSOLUTE MAXIMUM RATINGS8
Supply Voltage V12
Supply Voltage V5
RF Input Stage Differential Input Voltage
Comparator Differential Input Voltage
Storage Temperature Range
Operating Temperature Range9
Lead Temperature Range

Conditions

f = 10 MHz
Differential
Differential
Referred to Digital Ground

AD892EJ/AD892TJ
Min
Max
Typ

0.25
100
0.68
66
500
1

2.8

5
+ 5

mV
nA
nA
dB
kfl
pF
V

9
31
0.75

38

180
45
56

ns
ns
ns
kfl

14

52
19
14

ns
ns
ns
kfl

0.25

0.5

V

4.15
3.15

4.19
3.37

V
V

2.0

AD892T
One-Shot Pulse =» 10+3.0xRSET
RsET = Rmin tO ^max

RSet = I® kfl
RsET = Rmin tO Rmax
AD892E
One-Shot Pulse * 3.5 + 3.5xRSET
Rsft = R„,in to Rmav
RsET = kfl
RsET = Rmin t0 Rmax

Units

7
9
1

400 fl Pull-Up to +5 V
User Defined (Open Collector Output)
1 kfl Pull-Down to Ground
4.02
3.05

Differentiator Input to Data Output

12.3

1000
25
30

Tmin to Tmax
Tmin tO Tmax

10.8
4.5
40
10

-0.8
-0.8
-65
0

Soldering 60 Sec

12
5
49
16

ns
ps
Mb/s
Mb/s

13.2
5.5
61
24

V
V
mA
mA

14.5
7.5
5.6
5.6
130
70
300

V
V
V
V
°C
°C
°C

NOTES
‘Gain calibrated in gain set mode with 0 volts applied to the gain set pin.
2Clamp operation is specified with a source impedance of 200 fl in series with 0.1 p-F.
’Over the full 50 MHz bandwidth of the AD892E/AD892T, the worst-case rms signal-to-noise ratio is 40 dB or better with a 40 dB AGC range.
■"Measured using a 4 kfl resistor connected between qualifier threshold pin and ground; also between the differentiator pin and ground.
5RSet specified in kfl.
‘Propagation delay is measured from the zero crossing comparator input to the “Data Output” with 200 mV overdrive.
’Measurements were performed using a ±100 mV square wave having a rise time under 5 ns; this was applied to the input of the zero crossing comparator. The
resultant pulse pairing is the difference in delay times for two consecutive output pulses.
’Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other condition above those indicated in the operational section of this specification is not implied. Exposure to absolute
rating conditions for extended period may affect device reliability.
’44-pin PLCC package: 0JA = +65°C/watt.
Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels. All min
and max specifications are guaranteed, although only those shown in boldface are tested on all production units.
Specifications subject to change without notice.
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Typical Characteristics «® +25°c with +5 v, +12 v supplies)

Figure 1. Supply Current vs.
Temperature

Figure 2. VGA Gain vs.
Temperature

Figure 3. VGA Input Voltage Noise
vs. Frequency

CONTROL VOLTAGE - mV

Figure 4. VGA Output Impedance
vs. Frequency

Figure 7. x4 Buffer Gain vs.
Temperature
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Figure 5. VGA Gain Reduction vs.
Control Voltage

Figure 8. x4 Buffer Output
Impedance vs. Frequency

Figure 6. AGC Level vs. Control
Voltage

Figure 9. Rectifier Offset vs.
Temperature

Typical Characteristics - AD892E/AD892T
1.0

1

K
CC

a
I

z

0.65

0.55

’-10

10

20

30

40

50

60

70

80

90

TEMPERATURE - "C

Figure 10. Hold Mode Droop Rate
vs. Temperature (CHOLD = 1000pF)

Figure 12. Comparator Input Bias
Current vs. Temperature

Figure 11. Hold Mode Droop Rate
vs. Capacitance

106
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- 103
§ 102

101
H
o
w 100
z
O

99
98
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-1 0

0

10

20

30

40

50

60

70

80

90

TEMPERATURE - °C

Figure 13. Propagation Delay
(Comparator to Data Out) vs. Input
Overdrive

Figure 14. One-Shot Period vs.
Temperature (RSet ~ 30 kfl)

Figure 15. One-Shot Period vs. RSET

MASS STORAGE COMPONENTS 9-35

CHANNEL PROCESSING STAGES
The VGA Stage
The 30 dB variable gain stage input is biased at a potential of
5.0 V above analog ground. No additional de bias is required,
but ac coupling is necessary. The bias voltage is maintained
during normal operation and during operation of the read-after
write recovery clamp.
The VGA differential output stage is an emitter follower with
nominal de biasing of 6.7 V. An internal 1.4 mA current source
provides bias current to the output emitter followers. Output
drive can be increased by an additional 1.4 mA by paralleling
external resistors to the analog ground. However, caution should
be exercised in order to avoid causing excess power dissipation
for the package. The recommended output level for the VGA is
300 mV p-p differential into 200 fl loads.

The x4 Buffers
The inputs of these stages have on chip de biasing of 4.2 V (the
internal reference voltage, VREF); therefore, no input bias cur
rent path needs to be provided. The inputs to the buffers should
then be ac coupled. When not used, the inputs should be
shorted together in order to avoid noise pickup and instability.
The nominal de output level is 5.75 V with an internal 2.9 mA
pull down current source. Output drive can be increased in a
similar manner to that described for the VGA stage. Therefore,
output current can be increased by up to an additional 2.9 mA
by paralleling external resistors to analog ground. As before,
precautions to limit excessive overall power dissipation apply
when steps are taken to increase the output drive capability.

When the AD892E/AD892T is used in the “VGA Set Gain”
mode, Control Bit A = 0 (Pin 5) and Bit B = 1 (Pin 4), the
VGA gain is programmable through the “VGA Level Set” pin
(Pin 11). The VGA gain and exponentiator scale factor are
trimmed with respect to the de control potential applied to the
“VGA Level Set” pin. A 0 V potential applied to the “VGA
Level Set” pin will produce a nominal VGA gain of 30 dB. Each
20 mV increment of voltage applied will produce a 1 dB reduc
tion in VGA gain. Therefore, a simple equation can be used to
calculate the nominal gain of the VGA in this mode:
VGA Gain [dB] = 30 — (50 x

Vset level)

The AD892E/AD892T offers a read-after-write overdrive
protection clamp. The clamp mode, Control Bit A = 0 (Pin 5),
Bit B = 0 (Pin 4), lowers the input impedance of the VGA from
nominally 24 kfl to 28 fl. In order for the clamp to operate cor
rectly with an emitter driven input, a 50 fl minimum resistor
should be placed in series with the input coupling capacitors.
The input resistor can be used in conjunction with a shunt
capacitor to limit the input bandwidth. For example, a 100 fl
series resistor with a 10 pF shunt capacitor will limit the input
bandwidth to 75 MHz. When the VGA input is being driven by
an open collector driver with resistive termination, no additional
series resistors are required.

Figure 17. x4 Buffer Gain vs. Frequency (200 fi in Series
with 1 p.F Load)

The Full Wave Rectifiers
The inputs to the three full wave rectifiers are biased at an
internal voltage of 5 V; therefore, only ac coupling is recom
mended. The full wave rectifier outputs consist of three nearly
identical stages. All three employ emitter follower outputs. The
nominal output voltage with zero input voltage is close to the
reference voltage of 4.2 V (Pin 39).
The rectified output to the sample-and-hold amplifier (Pin 34)
has an internal 2.15 kfl resistor in series with one diode tied to
ground. This allows for accurate AGC operation in sinusoidal
fields; however, if your application requires a peak-hold mode
AGC operation, the AD892E/AD892T can be ordered with the
resistor removed.
The other two full wave rectifier outputs - one rectified signal
to drive the differentiator network and another to derive the
threshold for the peak detector - are connected directly to their
respective emitter follower output stages. Neither output has a
built in pull-down resistor. Therefore, to obtain a zero nominal
offset, their quiescent currents must be matched. A 1 mA quies
cent current is recommended to ensure accurate operation.

Figure 16. VGA Gain Reduction vs. Frequency
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AD892E/AD892T
The AGC Sample and Hold
When the AD892E/AD892T is used in the “AGC Acquire”
mode, Control Bit A = 1 (Pin 5) and Bit B = 1 (Pin 4), the
AGC level is programmable through the “AGC Level Set”
pin (Pin 8). The AGC Level is defined as the AVERAGE of
the full wave rectifier output voltage (Pin 34). A 400 mV de
potential applied to the “AGC Level Set” pin will produce a
nominal average AGC level of 200 mV. Each 10 mV increment/
decrement of the applied “AGC level set” voltage will produce a
5 mV increase/decrease in the average AGC level. Therefore, a
simple equation can be used to calculate the nominal AGC level
in this mode:
AGC Level = 0.5 x

Vagc level set

Without a peak hold capacitor at the full wave rectifier output
for the sample-and-hold amplifier (Pin 34), accurate AGC opera
tion only occurs with sinusoidal input signals. If your applica
tion requires the AGC operation to use a peak hold scheme, the
AD892E/AD892T can be ordered with the pull down resistor
removed on the rectified signal output to the sample-and-hold
amplifier (Pin 34). The removal of this resistor now allows the
user to program the degree of peak hold, by applying a RC
combination to the rectified signal output for the sample-andhold amplifier. The addition of the capacitor alters the symme
try of the attack and decay rates of the rectifier, which is other
wise symmetric in operation. In order to ensure that the overall
AGC response is the same for both high to low and low to high
input level steps, it is necessary to make the rectifier attack and
decay times at least a factor of two less than the AGC response
time.

Figure 18. AGC Attack/Decay vs. Capacitance

The AGC acquire time is approximately 1 p.s per 1000 pF of
hold capacitor applied at Pin 22. A low leakage variety of hold
capacitor, such as a silver mica, is necessary to ensure a low
droop rate. The “VGA Level Set” pin should be tied to analog
ground if not used.
The AGC control potential is present at the “sample-and-hold
capacitor” pin. If control over open loop gain is desired, based
on AGC control potentials measured during trial AGC opera
tions, a FET input op amp should be used to buffer this node
in order to avoid disturbing the hold operation.
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DATA QUALIFIER STAGES
The data qualifier section of the AD892E/AD892T consists of
two comparators, one D-type flip-flop, an internal bandgap ref
erence and a pair of externally adjustable one-shots. One com
parator is used to provide data amplitude qualification, while the
other acts as a zero-crossing detector when used with an external
passive differentiator circuit.

GENERAL LAYOUT REQUIREMENTS
The channel processing section of the AD892E/AD892T has
almost 60 dB of total gain available at 50 MHz. Good RF layout
must be used in the circuit board to avoid oscillations in the 150
MHz to 350 MHz region. A single pole RC filter applied at the
input of each stage, with a cut-off in the region of 75 MHz to
125 MHz, will help avoid oscillation problems. As a general
rule, keep the connections to interstage components as short as
possible; it is also recommended that any low pass filtering that
may be required by the system be performed between the VGA
stage and the first x4 buffer amplifier. A ground plane should
be used to surround any interstage components wherever possi
ble. If these simple rules are followed, stable operation should
be assured.

Figure 19 illustrates the operation of the data qualifier using the
recommended passive delay line differentiator described in the
Application section. Sequence “A” represents the pattern writ
ten on the disk where a Logic “1” is a change in magnetic state.
Each change in magnetic state results in an output pulse. The
analog input to the data qualifier consists of a sequence of recti
fied pulses “B.” The data pattern shown is worst case for a
RLL 1, 7 code input. “C” represents the output waveform from
the external differentiator, such that the points at which zero
crossings occur correspond to the peaks of the analog input
“B.” Sequence “D” shows the output from the zero-crossing
comparator. Changes in state of this output are used to clock
the internal D-type flip-flop. The flip-flop is enabled using the
output “E” from the amplitude-threshold comparator. The
amplitude-comparator output changes state only when the ana
log input exceeds the programmed threshold level. When the
threshold level is exceeded and a zero-crossing event occurs, the
flip-flop changes state, producing an output pulse “F.” The
duration of this pulse, seen at the “Data Output” pin (Pin 43),
is set using an external resistor (applied between Pin 42 and V5),
as is the internal time-out (a resistor applied between Pin 41 and
V5) which is used to prevent noise induced retriggering. The
final output data sequence is shown in “G”. As can be seen,
despite inflections in the analog input, the data is correctly
detected and the output is a time-shifted version of the write
data.

A parallel combination of 0.1 p.F and 0.01 jiF ceramic capaci
tors should be used as close to the supply pins as possible, for
both the +12 V analog (Pin 18), +12 V digital (Pin 40) and
+ 5 V (Pin 1) supplies. It is also recommended that the VREEER.
ence (Pin 39) is decoupled with a 0.1 p.F ceramic capacitor.
Extensive use of a ground plane is recommended. An analog
ground (Pin 28) is supplied for the AGC section, while two
digital grounds are supplied: one for the data qualifier section
(Pin 6), and one for the emitter of the open collector output
transistor (Pin 44 for the AD892T only). The digital ground
should be connected to the analog ground as near to the power
supply common as possible to minimize noise injection to the
analog ground.
The filter and output pulse setting resistors should be tied, as
directly possible, to the +5 V supply. To prevent the data out
put pulse from coupling into the output pulse setting circuit, a
1000 pF capacitor can be used in parallel with the output pulse
setting resistor.

Since the RLL 1, 7 code input is the most demanding of the
popular encoding schemes to qualify, the AD892E/AD892T
easily handles such other codes as MFM and RLL 2, 7.
WRITE DATA

0

ANALOG INPUT

10 10
\ I

TO AD892E/AD892T

1

0000001
1

V/T

•j

BIT CELL

01

001

01

IIIIWIW

THRESHOLD
ANALOG OUTPUT
FULL WAVE RECTIFIER
|«- BIT CELL

DIFFERENTIATOR
OUTPUT
INPUT TO ZERO-CROSSING
COMPARATORS

^\/\>--------- WAA/ '

coSRSMRvr ;jn'n^7/7/7zwj~i~n~rr~i~nT
I
THRESHOLD COMPARISON
OUTPUT

±nz
r
i

AD892E/AD892T OUTPUT
0

10

10

mzjin:
-------lo—inr 00000101

00

101

UNKNOWN
STATE

Figure 19. AD892E/AD892T Operation for Worst Case 1-7 RLL
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A 15 MHz APPLICATION
Figure 20 shows a typical application using the AD892T in a
15 MHz channel. This circuit includes a 5-pole 15 MHz
Gaussian-to-6 dB transitional filter plus a second-order RLC
time domain equalizer. A single ended passive delay-line differ
entiator is also included.

Using Equalizers with the AD892E/AD892T
The AD892E/AD892T is ideal for applications where equaliza
tion is employed. The x4 buffer output drivers are designed to
operate into 200 fl loads, making tapped delay-line designs easy.
Sum and differencing of different tap weights can be achieved
by simple resistive dividers.
The RLC Equalizer
As an alternative, a simple RLC network can be implemented to
provide a low cost, fully differential alternative to the three tap,
tapped delay-line equalizer which often is used for pulse slim
ming. The equalizer shown in Figure 21 approximates a func
tion in the form of F (urr) = 1 - k cos (wt). The approximation

is achieved by first creating a magnitude function and then add
ing phase compensation to provide a flat group delay character
istic over the frequency range of interest. Our 15 MHz applica
tion example employs the cosine equalizer; where K = 0.6 and
t = 24 ns. The magnitude and group delay characteristics of the
equalizer employed in the 15 MHz application are shown in Fig
ures 22 and 23, respectively.

Magnitude Approximation
The magnitude approximation is achieved by an RC lattice
(Figure 24).
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From these results we can see that K can be changed by altering
either R[ or R2. However, doing so will change the frequency
response of the network. Normal rules of impedance scaling
should be followed when changing the value of either R, or R2.
Group Delay Approximation
An inductor can now be added to give a suitable group delay
response. We now have the RLC lattice depicted in Figure 25.

+

R-

A,

Figure 25. RLC Lattice

The complete derivation for the response of this equalizer is as
follows:

SL1

Zl
Figure 23. RLC Equalizer Group Delay Response

R,
R2
SL
SC +2SC + 2SC

r
S2 R\ LC-S [L-CR| R2] - R2
j
[s2 7?! LC + S [L + CR, R2] + 2R, + R2]

Figure 24. RC Lattice

ALL PASS

rS2 Rj LC-S [L + CRt R2] +2Rt + R2
"Zs^LC + SfL + CRi R2] + 2R, + R2

NETWORK

The transfer function is as follows:

Vout _
Vin

R2U ~CR\ S)
CR i R2 S + R2 + 2R ]

at de

Vour _

Vin

2R]+R2

and at high frequency

Vqut _ _.
VIN

In the above case we can see that K in the 1 — Kcos(wt) expres
sion is given by:
Ri
" R, + R2
and the average gain is then equal to:

R\+R2
2Ri+R2
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MAGNITUDE
TERM-------

2[Rj + R2 + SCR, R2 ]
[s2 R, LC + S [L + CR\ R2] + 2Ri + R2

There is no “best” solution to the group delay question. The
choice of inductor value in the 15 MHz application example was
based on SPICE simulation of the transfer function. However, if
K remains the same as in the example, then altering t becomes
a simple frequency scaling of the network.

If R] and R2 remain unchanged

and if t—♦ t'
t'C
tL
then C—> — and L*
—
T

T

Any deviation from the K value given in the example will
require the value of L to be recalculated.

AD892E/AD892T
CHOICE OF LOW PASS FILTER WITH THE
RECOMMENDED EQUALIZER
A fifth order, Gaussian-to -6 dB transitional filter is recom
mended for use with the equalizer. This type of low pass filter,
shown in Figure 26, is also used in the 15 MHz application
example. Low group delay ripple and high out-of-band rejection
make this design work well with the recommended equalizer
and differentiator networks. The recommended location for the
low pass filter is between the VGA and the first x4 buffer. The
equalizer is then placed between the first and second x4 buff
ers. This minimizes the potential for oscillations induced by
interstage feedback.
°’t*F 20511

Figure 29. Single Ended Configuration of Passive Delay
Line Differentiator

RECOMMENDED COMPONENTS
fp = 1.5 Times the
2 tt VLq Cq
Maximum Desired
Differentiated
Frequency

fD = ------!

J-

■o-l |—w.—

"t

Figure 26. 5th Order Guassian to 6 dB Transitional Filter

The magnitude and group delay characteristics of this filter are
shown in Figures Zl and 28, respectively.
THE SINGLE ENDED PASSIVE DELAY-LINE
DIFFERENTIATOR
The recommended configuration of the passive delay-line differ
entiator is shown in Figure 29. Again, this configuration is
employed in the 15 MHz application example.

Rd Minimum Value: 120 fl
150 fl or Greater is Recommended

1.3 <K <1.7
(Best Magnitude Response)
(Best Group Delay Response)

Figures 30 through 33 show the typical performance to be
expected from the recommended passive delay-line differentia
tor. The choice of components used to obtain these characteris
tics are the ones used in the 15 MHz application example.

Figure 30. Magnitude Response of
Undifferentiated Output

Figure 28. Gaussian Low Pass Filter
Group Delay Response

Figure 31. Group Delay Characteris
tics of Undifferentiated Output

Figure 32. Magnitude Response of
Differentiated Output

Figure 33. Relative Phase Between
Differentiated and Undifferentiated
Output
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PIN ASSIGNMENTS

Pin

Description

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

+5 V Supply
No Connection (Can Be Left Floating)
No Connection (Can Be Left Floating)
Mode Control Bit B (TTL Compatible)
Mode Control Bit A (TTL Compatible)
Digital Ground
No Connection (Can Be Left Floating)
“AGC Level Set” Input Voltage
Variable Gain Amplifier Input (+)
Variable Gain Amplifier Input (— )
“VGA Level Set” Input Voltage
No Connection (Can Be Left Floating)
Variable Gain Amplifier Output (-)
Variable Gain Amplifier Output ( + )
No Connection (Can Be Left Floating)
#1 12.75 dB Buffer Input (- )
#1 12.75 dB Buffer Input (+)
+12 V Supply (Analog)
#1 12.75 dB Buffer Output (+)
#1 12.75 dB Buffer Output (- )
No Connection (Can Be Left Floating)
Sample-and-Hold Capacitor
No Connection (Can Be Left Floating)
#2 12.75 dB Buffer Input (- )
#2 12.75 dB Buffer Input (+)
#2 12.75 dB Buffer Output (+)
#2 12.75 dB Buffer Output (- )
Analog Ground
No Connection (Can Be Left Floating)
Full Wave Rectifier Input (+)
Full Wave Rectifier Input (- )
Rectified Signal to Derive Threshold
Rectified Signal for Differentiator
Rectified Signal to S/H; AGC Attack
and Decay Is Programmed at This Point
Zero Crossing Comparator Input (+)
Zero Crossing Comparator Input (- )
Minimum Threshold Level Input
Signal Amplitude Comparator Input
Internal Voltage Reference
+12 V Supply (Digital)
Apply Resistor to Program Time Domain
Filter Pulse Width
Apply Resistor to Program Output Pulse Width
Data Output (Open Collector AD892T)
Data Output (+ ECL AD892E)
Data Output Ground (Emitter of Output Device AD892T)
Data Output (- ECL AD892E)

35
36
37
38
39
40
41
42
43

44

ORDERING GUIDE

Model No.

Package Options
*

AD892EJP
AD892TJP

44-Pin PLCC (P-44A)
44-Pin PLCC (P-44A)

*See Section 20 for package outline information.

CAUTION___________________________________________________________________ ______
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected;
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam
should be discharged to the destination socket before devices are inserted.
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DEVICES
FEATURES
40 Mb/s Data Transfer Rate Capability
500 ps (max) Additional Pulse Pairing
30 dB Gain VGA with 40 dB Control Range
24 dB Buffer with 200 fl Differential Load Drive
Capabilities
0.1 dB/ms Typical Gain Drift in Hold Mode
Symmetrical and User Programmable AGC Attack/
Decay Times
Three Levels of Data Qualification
Amplitude Threshold
Time Above Threshold
Data Polarity
Offset Trimmed Zero Crossing Comparator
±1 ns (max) PLL Window Uncertainty
Zero Phase Error VCO Start-Up
No Phase Detector Dead Band at Center of Decode
Window
Exponential VCO Control
52-Pin PQFP Package, +5 V and +12 V Supplies

PRODUCT DESCRIPTION
The AD897 is a complete solution for recovering binary infor
mation in a hard disk drive with data transfer rates up to 40
megabits per second. It is connected to the output of the head J
amplifier and performs the signal conditioning, data qualifica
tion and data synchronization tasks with a minimum of external
components.
The AD897 has the flexibility to perform both continuous and
sampled AGC functions; it is also ideal for embedded, dedi-, |
cated, or mixed servo applications. Fast acquisition and low
droop while in the hold mode allow for the AGC operation |o be
performed within the sector header without compromising flan
nel behavior when reading data.
Three levels of data qualification are provided: amplitude
threshold, time above amplitude threshold, and data polarity.
Level qualification is performed on positive and negative cycles
of the data waveform using a user-defined threshold level which
is applied to the level qualification comparators. Each compara
tor then drives a resettable delay fine, which implements the
time above threshold qualification. Once the first two valid cri
teria have been satisfied, a third comparator is able to detect a
zero crossings and clock a flip-flop if the data also exhibits the
correct polarity. Each clocking of the flip-flop causes a second
flip-flop to toggle and thereby implement the polarity check.
The valid data event also triggers an output one-shot, with a
user-defined pulse width.

40 Mb/s Fully Integrated
Disk Drive Read Channel
AD897
AD897 FUNCTIONAL BLOCK DIAGRAM

The data synchronizer section provides four modes of operation:
lock to external clock, lock to preamble, lock to data, and

tristate. The phase detector/charge pump utilizes a tri-phase
pump-up, pump-down, pump-up approach in the lock to data
mode, thereby ensuring no dead band zone in the center of the
window. In addition, when switching to the lock to data mode,
zero-phase error start-up is initiated. In the lock to external
clock mode, feedback dividers provide the capability to achieve
VCO to external clock ratios of 1:2, 1:1, 3:2, 2:1. When switching PLL operating modes, the charge pump is temporarily
tristated to prevent the VCO control voltage from being
disturbed.
The AD897 is available in a 52-pin plastic flat pack package
(PQFP) and is specified to operate over the commercial (0 to
+ 70°C) temperature range.

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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SPECIFICATIONS

PEAK DETECTOR SECTION (@ +25°C, +5 V, +12 V de, unless otherwise noted)
Parameter

VARIABLE GAIN AMPLIFIER
Maximum Gain1
Gain Variation
±3 dB Bandwidth
Input Voltage Noise
Input Signal Range
Input Resistance
Input Capacitance
Output Impedance
Harmonic Distortion
Output DC Level
Control Range
Control Sensitivity
Control Linearity
VGA Level Set Input Range

Conditions

Tmin to Tmax
Up to 40 dB Gain Reduction
0 dB Gain Reduction
p-p Differential
Differential
Differential
Differential, f = 1 MHz
40 dB Gain, 10 mV p-p Differential Input
14 dB Gain, 200 mV p-p Differential Input
Set Gain Mode
Set Gain Mode (Per 20 mV Input)
Set Gain Mode (26 dB VGA Range)
Set Gain Mode (For Specified Accuracy)
Nondestructive Input Range

VGA Level Set Input Current

INPUT CLAMP2
Turn-On Time
Turn-Off Time
Input Signal Attenuation
On-State Input Impedance

GAIN OF 16 BUFFER
Gain
Gain Variation
±3 dB Bandwidth
Input Voltage Noise
Input Resistance
Input Capacitance
Input Common-Mode Range
Output Impedance
Harmonic Distortion
Output Signal Level
Output DC Level

FULL WAVE RECTIFIER
Input Signal Level
-3 dB Bandwidth
Input Resistance
Input Capacitance
DC Offset3
Output Impedance
Peak Detector VREF
AGC CONTROL SECTION
Attack Time (Slow)

Attack Time (Fast)

Hold-Droop
Dynamic Range
AGC Level Range
Control Sensitivity
AGC Level Set Input Range

Min

Typ

Max

Units

29
-0.3
40

30

31
0.7

dB
dB
MHz
nV/VHz
mV
kfl
pF
fl
%
%
V
dB
dB
dB
mV
V
pA

60
6

200

10
20

24
1
10

5
20
0.25
2

6.7
40
-1

36

±0.5
800

0

0.3

J

v12

JX1

-50

200 fl
Differential
f = 1 MHz

L23.5
^k-0.5
60

Differential
Differential

20

Differential, f = 1 MHz
1 V p-p Differential Output, 200 fl Load
p-p Differential

24

8
24
1
TBD
10

24.5
0.5

5
20
0.5
4

5.75

p-p Differential

Differential
Differential
Relative to the Reference Voltage

4

70
8

10
1
10

4.2
AGC Acquire Gain = “0”
26 dB Gain Step - 1000 pF CSAMPLE
26 dB Gain S - <50 pF CSAMPI E
AGC Acquire Gain = “1”
26 dB Gain Step - 1000 pF CSAMPLE
26 dB Gain Step - <50 pF CSAMPLE
1 dB Gain Change - 1000 pF CSAMPLE
AGC Acquire Mode
AGC Acquire Mode (@ S/H Rectifier)
AGC Acquire Mode (Per 10 mV Input)
For Specified Accuracy
Nondestructive Input Range

AGC Level Set Input Current

5
±30
20
5.0

V
MHz
kfl
pF
mV
fl
V

10
1.2

|XS

1.0
120
10
TBD

ps
ns
ms
dB
V
mV
mV
V
pA

0.5

|1S

2.0
5

200
-0.3

dB
dB
MHz
nV/\/Hz
kfl
pF
V
fl
%
V
V

600
Vcc
-50

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD897
Parameter

Conditions

COMPARATORS
Input Offset Voltage
Input Offset Current
Input Bias Current
Open-Loop Gain
Input Resistance
Input Capacitance
Input Common-Mode Range

f = 10 MHz
Differential
Differential
Referred to Digital Ground

RESETTABLE DELAY LINE
Resistor Scaling4
Pulse Duration
Resistor Range

OUTPUT ONE SHOT
Resistor Scaling
Pulse Duration

One Shot Pulse = 6+4.5 x R

=

to R.

Resistor Range
DATA THROUGHPUT
Additional Pulse Pairing
Max Transfer Rate
NOTES
with a 40 dB AGC range.
'Over the full 60 MHz bandwidth of
2Clamp Operation is specified with a source imp<
5) and Ground.
’Measured using a 4 kfl resistor connected betw<
4Rset specified in kfl.
the VGA. The resultant pulse pairing is the difference in delay times
i
’Measurements were performed using a 100 mV sine wave
for two consecutive output pulses at the raw data output.
All min and max specifications are guaranteed. Specifications in boldface are tested on all production units at final electrical test. Results from those
tests are used to calculate outgoing quality levels.
Specifications subject to change without notice.

AGC MODE CONTROL

Control Line
AGC Acquire with Slow Attack
AGC Acquire with Fast Attack
AGC Hold
VGA Gain Set
Input Clamp

AGC
Mode Control 0
0
0
0
1
1

AGC
Mode Control 1

0
0
1
0
1

AGC Acquire
Gain
0
1
X
X
X

X = Do not care.

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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SPECIFICATIONS

PLL SECTION (@ + 25°C, +5 V, +12 V de, unless otherwise noted)

Parameter

Conditions

PHASE DETECTOR
Phase Detector Range
Gain

Data Updates n Clock Cycles Apart

CHARGE PUMP
Gain

WINDOW STROBE
Range
Sensitivity
Control Line Input Range
Control Line Input Current

WINDOW LOSS
Jitter (6a)
Window Center Offset
Zero Phase Start-Up
Accuracy
Static Window Loss
DATA THROUGHPUT
Max Data Transfer Rate
Max External Clock Frequency
External Clock to Synchronized
Clock Delay

Max

Units

±TT
l/n2iT

Minimum Gain Mode
Nominal Gain Mode
Maximum Gain Mode

VCO/EXPONENTIATOR
Frequency
Range
Gain

Typ

Min

80
160
320

100
200
400

10

Fixed Frequency

4:1
1.40o>

1.10<o

Radians
1/Radians
120
240
480

pA
pA
PA

60

MHz

1.65w

(Rad/s)/V

±Tw/2

Per 10 mV Input on Window Strobe Control
Relative to Analog V5

_ H
Lock to Data Mode with Minimum Gain
Lock to Data with Nominal Gain I

Seconds

V
pA

‘k|
1
|

1

1.5
1% ±1 ns

Lock to External CLK or Data Mode
Lock to Data Mode with Minimum Gain

ns
% ofTw

ns
% of Tw

Mb/s
MHz

Lock to External Clock

4

6

ns

Specifications subject to change without notice.

PLL LOCK MODE CONTROL
PLL Lock
Mode Control 0

Control Line

Lock to
Lock to
Lock to
Lock to
Tristate
Lock to
Lock to

External Clock (Charge Pump - 1/2 Nominal)
External Clock (Charge Pump - Nominal)
Preamble (Charge Pump - Nominal)
Preamble (Charge Pump - 2x Nominal)

PLL Lock
Mode Control 1

0
0
0
0
1
1
1

Data (Charge Pump - 1/2 Nominal)
Data (Charge Pump - Nominal)

0
0
1
1
0
1
1

PLL Acquire
Gain
0
1
0
1
X
0
1

X = Do not care.

VCO DIVIDER CONTROL
Control Line

Division
Division
Division
Division

Factor
Factor
Factor
Factor

=
=
=
=

1
2
3
4

Division
Factor Bit 0

Division
Factor Bit 1

0
0
1
1

0
1
0
1

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD897

MODE CONTROL AND OUTPUT PINS
Parameter

Conditions

MODE CONTROL PINS
VIH

TTL Compatible CMOS Inputs

Min

vIL

Max

Units

2.0
VGND -0.5

Vs+0.5
0.8
1
1
50

V
V
nA
nA
ns

4.0
VOND -0.5
4
4

V,+0.5
1.0

V
V
mA
mA

Typ

Iih
hi.
Mode Switching Times

OUTPUT PINS
VoH
Vol
Ioh
Iql

CMOS Compatible

Specifications subject to change without notice.

POWER SUPPLIES (@ +25-c, +5
Parameter

Typ

Max

Units

Supply Voltage V12
Supply Voltage Vs
Quiescent Current I
Quiescent Current I

12
5
40
60

13.2
5.5
50
72

V
V
mA
mA

Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS1
Parameter
Supply Voltage V12
Supply Voltage V5
RF Input Stage Differential
Input Voltage
Comparator Differential
Input Voltage
Storage Temperature Range
Operating Temperature Range2
Lead Temperature Range

Conditions

Soldering 60 sec

Typ

Max
14.5
7.5

Units
V
V

-0.8

5.6

V

-0.8
-65
0

5.6
130
+ 70
+ 300

V
°C
°C
°C

Min

Notes
'Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage
to the device. This is a stress rating only, and functional operation of the device at these or any
other condition above those indicated in the operational section of this specification is not implied.
Exposure to absolute rating conditions for extended period may affect device reliability.
252-pin PQFP package: 0JA = 65°C/watt.

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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CONNECTION DIAGRAM
52-Pin PQFP

NO CONNECTION [14

52] NO CONNECTION

RECTIFIED SIGNAL TO
DERIVE THRESHOLD

POSITIVE THRESHOLD
COMPARATOR INPUT

EXP

ZERO-CROSSING
COMPARATOR INPUT (*)

- 50] S/H CAPACITOR

J

jr’
49] VGA LEVEL SET INPUT

SHA /
AGC
CONTROL

FLIP
FLOP

ZERO-CROSSING
COMPARATOR INPUT (-)

NEGATIVE THRESHOLD
COMPARATOR INPUT
ANALOG GROUND 120

T71 VGA INPUT
iU VOLTAGE (POS)

M
P

RESET
DELAY

r

MODE
CONTROL

ROH'

T- 48] AGC LEVEL SET INPUT

. — 47) AGC ACQUIRE GAIN

46, ANALOG +12V

DELAY
SHOTJ

ANALOG +5V [57

GAIN
CONTROL

45] WINDOW STROBE

SET TIME ABOVE
THRESHOLD

AGC MODE
CONTROL BIT 1
PHASE
DETECTOR

SET TIME OUT FILTER/
OUTPUT PULSE WIDTH

CHARGE
PUMP

7T1 AGC MODE
CONTROL BIT 0

DIGITAL GROUND [24

SET VCO CENTER
FREQUENCY

OUTPUT BUFFER
GROUND

MODE
CONTROL

NO CONNECTION [26

0

PLL FILTER REF
VOLTAGE

4o] NO CONNECTION

ORDERING GUIDE
Model

Description

Package Option
*

AD897JS

52-Pin PQFP

S-52

‘See Section 20 for package outline information.
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Pin Assignments - AD897
Pin

Description

I/O Type

1
2
3
4
5
6
7
8
9
10
11
12

No Connection
VGA Input Voltage (Neg)
Internal Peak Detector Reference Voltage
VGA Output Voltage (Neg)
VGA Output Voltage (Pos)
24 dB Buffer Output (Neg)
24 dB Buffer Input (Pos)
24 dB Buffer Output (Neg)
24 dB Buffer Output (Pos)
Full Wave Rectifier Input (Pos)
Full Wave Rectifier Input (Neg)
Rectified Signal to AGC

Analog Voltage Input
Analog Voltage Output
Analog Voltage Output
Analog Voltage Output
Analog Input Voltage
Analog Voltage Input
Analog Voltage Output
Analog Voltage Output
Analog Voltage Input
Analog Voltage Input
Analog Voltage Output

13
14
15

No Connection
No Connection
Rectified Signal to Derive Threshold

Analog Voltage Output

16
17
18
19
20
21
22
23
24
25
26
27
28
29

Positive Threshold Comparator Input
Zero-Crossing Comparator Input (Pos)
Zero-Crossing Comparator Input (Neg)
Negative Threshold Comparatt
Analog Ground
Analog +5 V
Set Time Above Threshold
Set Time Out Filter/Output Pi e Width
Digital Ground
Output Buffer Ground
No Connection
No Connection
Raw Data Output
Synchronized Data Output

Analog Voltage Input
Analog Voltage Input
Analog Voltage Input

30
31
32
33
34
35
36
37
38
39
40
41

Synchronized Clock Output
Digital +5 V
External Clock Input
Division Factor Bit 0
Division Factor Bit 1
PLL Acquire Gain
PLL Lock Mode Control Bit 0
PLL Lock Mode Control Bit 1
PLL Filter Current
No Connection
No Connection
PLL Filter Reference Voltage

Digital CMOS Output
Power Input
TTL Input
TTL Input
TTL Input
TTL Input
TTL Input
TTL Input
Analog Current Output

42
43
44
45
46
47
48

Set VCO Center Frequency
AGC Mode Control Bit 0
AGC Mode Control Bit 1
Window Strobe
Analog +12 V
AGC Acquire Gain
AGC Level Set Input

Analog Current Input
TTL Input
TTL Input
Analog Input Voltage
Power Input
Digital CMOS Input
Analog Voltage Input

49
50
51
52

VGA Level Set Input
Sample-and-Hold Capacitor
VGA Input Voltage (Pos)
No Connections

Analog Voltage Input
Analog Current Output
Analog Voltage Input

Application Notes

May be left floating.

Power Input
&
Power InputKl .
Analog Current Input
Analog Current Input

+4.3 V reference is used to bias the full wave rectifier.
Emitter follower output, biased at 6.5 V.
Emitter follower output, biased at 6.5 V.
Internally based at 5 V.
Internally biased at 5 V.
Emitter follower output, biased at 6.5 V.
Emitter follower output, biased at 6.5 V.
Internally biased at 5 V.
Internally biased at 5 V.
Emitter follower output with 250 fl in series. No
internal pull-down is provided.
May be left floating.
May be left floating.
Emitter follower output. No internal pull-down is
provided.
Threshold for positive amplitude comp.
DC biased through passive differentiator network.
DC biased through passive differentiator network.
Threshold for positive amplitude comp.
Decoupling with 0.1 p.F||0.01 p.F required.
Resistor/current programmable.
Resistor/current programmable.

Rwer Inp

P

Digital CMOS Output
Digital CMOS Output

Analog Output Voltage

May be left floating.
May be left floating.
Active high represents data pulse.
Active high data output pulse lasting one clock period.
Synchronized to rising edge of synchronized clock.
Decoupling with 0.1 p.F||0.01 p.F required.
Source clock divided by 2 internally.
Sets division factor of VCO.
Sets division factor of VCO.
Active high doubles charge pump gain.

Apply PLL filter referenced to Pin 41.
May be left floating.
May be left floating.
5 V reference voltage for the PLL filter, decoupling
with 01 p.F capacitor required.
Resistor/current programmable.
Defines read channel operating mode.
Defines read channel operating mode.
±1 V range relative to analog +5 V.
Decoupling with 0.1 p.F||0.01 p.F required.
Logic “1” = 800 p.A, Logic “0” = 80 p.A.
Sets the average signal to the S/H to the applied
input voltage.
Sets the VGA gain (dB) =30 - (50 x VSET level).

May be left floating.

This information applies to a product under development. Its characteristics and specifications are subject to change without
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CHANNEL PROCESSING STAGES
The VGA Stage
The 30 dB variable gain stage input is biased at a potential of
5.0 V above analog ground. No additional de bias is required,
but ac coupling is necessary. The bias voltage is maintained dur
ing normal operation and during operation of the read after
write recovery clamp.
The VGA differential output stage is an emitter follower with
nominal de biasing of 6.7 V. An internal 1.25 mA current
source provides bias current to the output emitter followers.
Output drive can be increased by an additional 1.25 mA by par
alleling external resistors to the analog ground. However, cau
tion should be exercised in order to avoid causing excess power
dissipation for the package. The recommended output level for
the VGA is 300 mV p-p differential into a 200 fl differential
load.
When the AD897 is used in the “VGA Set Gain” mode, AGC
Mode Control Bit 0 = 1 (Pin 43) and Bit 1 = 0 (Pin 44), the
VGA gain is programmable through the “VGA Level Set” pin
(Pin 49). A 0 V potential applied to the “VGA Level Set” pin
will produce a nominal VGA gain of 30 dB. Each 20 mV incre
ment of voltage applied will produce a 1 dB reduction in VGA
gain. Therefore, a simple equation can be used to calculate the
nominal gain of the VGA in this mode:

The rectified output voltage for the AGC loop is available
through a 250 fl resistor (Pin 12). The emitter follower output
stage does not have a committed pull-down resistor. This en
ables the user to implement “peak-hold” AGC operation by ap
plying the appropriate parallel RC combination between the
“Rectified Signal for the AGC” (Pin 12) and ground.
The other full wave rectifier output - a rectified signal to derive
the threshold for the data qualifier - is connected directly to its
respective emitter follower output stage (Pin 15). This output
also does not have a committed pull-down resistor, allowing for
increased design flexibility.

When choosing the respective pull-down resistor values, caution
should be exercised in order to avoid causing excess power dissi
pation for the package. In addition, to maintain well controlled
rectifier offset voltages their quiescent currents must be
matched.

The AGC Sample and Hold
When the AD897 is used in the “AGC Acquire” mode, AGC
Mode Control Bit 0 = 0 (Pin 43) and Bit 1 = 0 (Pin 44), the
AGC level is programmable through the AGC Level Set pin
(Pin 48). A third control line, AGC Acquire Gain (Pin 47), sets
the AGC charge current.
The AGC Level is defined as the AVERAGE of the full wave

rectifier output voltage to the sample-and-hold amplifier. A 200
mV de potential applied to the AGC Level Set pin will produce
If the “VGA Level Set” pin is not used, as may be the case
a nominal AGC level of 100 mV. Each 10 mV increment/decrewhen the AD897 is used in the AGC acquire and AGC hold
ment of the applied “AGC Level Set” voltage will produce a
modes only, it should be tied to analog ground.
.■
i 15 ItiV mcrease/decrease in the AGC level. Therefore, a simple
equation can be used to calculate the nominal AGC level in this
The AD897 offers a read-after-write overdrive protection clamp.
^m6de:
The “Input Clamp” mode, AGC Mode Control Bit 0 - 1 (Pin
* AGC Level — 0.5 x VAGC1EVEL SET
43), Bit 1 = 1 (Pin 44), lowers the differential input impedance
of the VGA from nominally 24 kfl to 40 fl. While the input
Without a peak hold capacitor at the full wave rectifier output
clamp is active, the AGC loop is placed in the hold mode. lit
for the AGC (Pin 12), accurate AGC operation only occurs with
order for the clamp to operate correctly with an emitter driven
sinusoidal input signals. If your application requires the AGC
input, a 50 fl minimum resistor should be placed in series with
operation to use a peak hold scheme, a “Peak-Hold” capacitor
the input coupling capacitors. The input resistors can be used in
in series with a resistor maybe applied to the full wave rectifier
conjunction with a shunt capacitor to limit the input bandwidth.
output pin for the AGC (Pin 12). The addition of the RC alters
For example, a 100 fl series resistor with a 10 pF shunt capaci
the symmetry of the attack and decay rates of the rectifier,
tor will limit the input bandwidth to 75 MHz. When the VGA
which is otherwise symmetric in operation. In order to ensure
input is being driven by an open collector driver with resistive
that the overall AGC response is the same for both high to low
termination, no additional series resistors are required.
and low to high input level steps, it is necessary to make the
The X16 Buffer
rectifier attack and decay times at least a factor of two less than
The inputs of this stage has on-chip de biasing of 4.3 V (Inter
the AGC response time.
nal Peak Detector Reference Voltage, Pin 3), therefore, no input
The AD897 offers two user programmable attack/decay times
bias current path needs to be provided. The inputs to the buffer
for the AGC loop. The AGC “slow” attack/decay times are
should then be ac coupled. When not used, the inputs should be
achieved by setting the AGC Acquire Gain = “0” (Pin 47) and
shorted together in order to avoid noise pickup and instability.
results in an 80 p.A charge/discharge current on the Sample/
The nominal de output level is 5.75 V with an internal 3.0 mA
Hold capacitor. Conversely, “fast” attack/decay times are
pull down current source. Output drive can be increased in a
achieved by setting the AGC acquire gain = “1” (Pin 47) and
similar manner to that described for the VGA stage, by parallel
results in an 800 p.A charge/discharge current. With the AD897
ing external resistors to analog ground. As before, precautions to
in the “fast” attack/decay mode and a 1000 pF sample-and-hold
limit excessive overall power dissipation apply when steps are
capacitor applied to Pin 50, a symmetrical 1 p.s attack/decay time
taken to increase the output drive capability.
is achieved. A low leakage variety of hold capacitor, such as a
silver mica, is necessary to ensure a low droop rate.
The Full Wave Rectifiers
The inputs to the full wave rectifiers are biased at an internal
The AGC control potential is present at the “Sample-and-Hold
voltage of 5.75 V; therefore, only ac coupling is recommended.
Capacitor” pin (Pin 50). If control over open loop gain is de
The full wave rectifier outputs consist of two nearly identical
sired, based on AGC control potentials measured during trial
stages. Both employ emitter follower outputs. The nominal out
AGC operations, a FET input op amp should be used to buffer
put voltage with zero input voltage is close to the peak detec
this node in order to avoid disturbing the hold operation.
tor’s internal reference voltage of 4.3 V (Pin 3).

VGA Gain (dB) = 30- (50 x VSETiMVet)

IV ,
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AD897
DATA QUALIFIER STAGE
The AD897 data qualifier stage consists of three comparators, a
pair of externally adjustable “resettable” delay lines, two Nand
gates, two D-type flip-flops, and an externally adjustable oneshot (refer to the AD897 block diagram).

Figure 1 illustrates the operation of the AD897 data qualifier,
using the recommended passive delay-line/differentiator de
scribed in the application section. Sequence “A” represents the
pattern written on the disk, where a logic “1” is a change in
magnetic state. Each change in magnetic state results in an out
put pulse. The analog input to the AD897 consists of a sequence
of alternating pulses “B.” The data pattern shown is for worst
case RLL 1, 7 code input. The AD897 requires that the analog
data input pass three criteria in order to qualify a signal and
produce an output bit. The triple data qualification requirement
significantly reduces errors by ensuring that noise will not be
misinterpreted.

qualification criteria. To determine if the data exhibits the cor
rect polarity a D-type flip-flop is used. The flip-flop is toggled
with each valid data pulse, thereby, ensuring an alternate polar
ity qualification for each valid incoming data bit.
“C” represents the output waveform from the external differen
tiator, such that the points at which zero-crossings occur corre
spond to the peaks of the analog input “B.” Sequence “D”
shows the output from the zero-crossing comparator. Changes in
the state of this output are used to clock an internal D-type flip
flop. The flip-flop is enabled using the output from the data
polarity check, such that the flip-flop output changes state only
when ALL three of the data qualification criteria, described ear
lier, have been satisfied. If ALL three data qualification criteria
were met, and a zero-crossing event occurs, the flip-flop changes
state, producing an output pulse “E.” The duration of this
pulse, seen at the Raw Data Output pin (Pin 28), is set using an
external resistor. The one-shot also triggers the second D-type
flip-flop, toggling (he required valid-data polarity. The final out
put data sequence is shown in “F.” As can be seen, despite in
flections in ! he analog input, the data is correctly detected and
the output is ^reconstructed version of the write data.

The first data qualification criteria is signal amplitude and is
accomplished through the use of two amplitude threshold com
parators. The outputs of each comparator drives a “resettable”
delay line. The “resettable” delay line implements the second? ♦
valid-data criteria, minimum time above valid-signal threshold \ W Since the 1-7 code input is the most demanding of the popular
before a zero-crossing can be detected. The minimum time
encoding schemes to qualify, the AD897 easily handles such
above valid-signal threshold is set through an external resistor.
* other codes as MFM and RLL 2, 7.
I -,
The output of the “resettable” delay line is then used to deter
J
w
mine if the data exhibits the correct polarity, the third data #

STORED DATA
ANALOG INPUT
TO AMPLITUDE
COMPARATORS OF
THE AD897

DIFFERENTIATOR
OUTPUT (INPUT TO
ZERO CROSSING
COMPARATOR)

"C"

ZERO CROSSING
COMPARATOR OUTPUT

POSITIVE THRESHOLD
COMPARATOR OUTPUT

NEGATIVE THRESHOLD
COMPARATOR OUTPUT

AD897 RAW DATA
OUTPUT

Figure 1. AD897 Operation for Worst Case 1-7 RLL Code
This information applies to a product under development. Its characteristics and specifications are subject to change without
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DATA SYNCHRONIZER STAGES
Phase Detector/Charge Pump
Figure 2 illustrates the operation of the phase/frequency detector
and the charge pump in the lock to data mode. The data signal
initiates a pump up - pump down - pump up cycle. The win
dow center is marked by the falling edge of the clock present at
the phase detector as shown. If the rising edge of the data pulse
arrives at the window center then each charge pump cycle is
exactly one half of the clock period long. Since the charge down
current equals twice the charge up current charge balance is
achieved at the end of the sequence. When the data pulse is
early the first charge up cycle is stretched and the voltage on the
filter increases. Conversely, if the data pulse is late the first
pump-up cycle is shortened, thereby decreasing the voltage on
the filter.

The above “Tri-Phase” phase detector avoids the shortcomings
of the traditional “sliver” approach phase detector, by eliminat
ing the dead band (zero phase detector gain) in the middle of
the window. In addition, the “Tri-Phase” implementation does
not require a half clock period long delay line, therefore window
centering is improved and independent of the VCO frequency.
To further improve window centering, the pump-up and pump
down currents are laser trimmed to ensure charge balancing.

The “Tri-Phase” phase detector was designed to allow the de
tection of data pulses arriving in adjacent windows, although
that would be considered illegal with most encoding schemes. | >
such an event does occur, the synchronized data output would
remain high for two consecutive clock periods®
In the frequency lock mode, the charge pump currents are equal
in both directions. In this mode, the earlier of the data dr clock
pulse generates a charge-up or charge-down cycle. The char;

cycle is terminated upon arrival of the later pulse, data or clock.
Therefore, the lock to frequency mode does utilize the “sliver”
approach and has the aforementioned drawbacks. However, in
the frequency lock (lock to external clock or lock to preamble)
mode the emphasis is on acquiring frequency matching between
the reference source and the VCO.
In the tristate mode both the charge up and charge down cur
rent sources are disabled. This results in a frequency hold mode
with respect to the VCO (coast).
The charge pump gain depends on the state of the PLL mode
control lines (PLL Lock Mode Control Bit 0, PLL Lock Mode
Control Bit 1) and the PLL Acquire Gain line (Pin 35). The
following table gives a summary of the possible gain settings:

PLL Acquire
Gain

Lock to
Preamble

0
0
1
1

No
Yes
No
Yes

Charge Pump
Gain
1/2 Nominal
Nominal
Nominal
2x Nominal

When considering the overall gain of the phase detector/charge
pump block, it is important to remember that the gain is a func
tion of the Update rate of the detector:

Nominal Overall Gain = 200 \tA/(n2it)
where n — number of clock cycles per update
In lock to external clock and lock to preamble modes n is equal

OUTPUTS

------- —

3 280

3.290

r
—\

V,.......

3.310
TIME - jis
NOTE: WAVEFORMS REFLECT SIMULATION RESULTS
FOR ILLUSTRATION PURPOSE ONLY
3.300

3.320

k
—k

3.330

3.340

Figure 2. PLL Operation in Lock to Data Mode
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Applying the AD897
Exponentiator/VCO
The exponentiator provides an exponential relationship between
the control voltage appearing on the loop filter and the VCO
frequency. Figure 3 graphically illustrates this exponential rela
tion, with the control voltage on the X axis and the VCO fre
quency (normalized to a>o) on the Y axis.

Dividers
The VCO clock is passed through a divider/multiplexer block
prior to being applied to the phase/frequency detector. The divi
sion factor is programmed through the Division Factor Bit 0
(Pin 33) and the Division Factor Bit 1 (Pin 34) control pins.
Division
Factor Bit 0

0
0
1
1

Division
Factor Bit 1
0
1
0
1

Division
Factor

1
2
3
4

Under normal conditions these control lines are expected to
change together with PLL mode control lines and the PLL
acquire line.

VOLTAGE ON LOOP FILTER-

«•

_

»

Figure 3. Exponentiator/VCO Transfer Curve Normalized
to Center Frequency

— ***

The input stage of the exponentiator block uses PMOS transis
tors resulting in negligible ^harge leakage on the loop filter
when the PLL is in tristate mode. This m turn enables the
AD897 to achieve excellent frequency hold characterises v
the VCO is coasting.

In the lock to external clock and lock to preamble modes the
user has the option to determine the VCO/external clock or
VCO/preamble frequency ratio. In both cases the VCO fre
quency is divided" do\vn by the programmed division factor.
Also, in the lock to external clock, the reference frequency is
divided by a factor of two. In the lock to data and tristate
H/the VCO clock is passed directly to the phase detector
—
*'n*

^Having a programmable divider in the feedback path and a fixed
1 VW

The VCO center frequency is resistor or current programmable
through the Set VCO Center Frequency pin (Pin 42). To help
determine the appropriate resistor value, Figure 4 is provided.

division of the reference clock path coupled with the 4:1 VCO
frequency range provides considerable flexibility in choosing the
reference crystal or preamble frequency for any encoding
schemes.

GENERAL LAYOUT REQUIREMENTS
The AGC section of the AD897 has almost 60 dB of total gain
available at 60 MHz. Good RF layout must be used in the cir
cuit board to avoid oscillations in the 150 MHz to 350 MHz re
gion. A single pole RC filter applied at the input of each stage,
with a cutoff in the region of 75 MHz to 125 MHz, will help
avoid oscillation problems. As a general rule, keep the connec
tions to interstage components as short as possible; it is also rec
ommended that any low-pass filtering that may be required by
the system be performed between the VGA stage and the X16
buffer amplifier. A ground plane should be used to surround
any interstage components wherever possible. If these simple
rules are followed, stable operation should be assured.
A parallel combination of 0.1 p.F and 0.01 pF ceramic capaci
tors should be used as close to the supply pins as possible; this
includes the Analog +12 V (Pin 46), Analog +5 V (Pin 21) and
Digital +5 V (Pin 31) supplies. It is also recommended that the
PLL Filter Reference Voltage (Pin 41) is decoupled with a
0.1 pF ceramic capacitor.

Figure 4. VCO Center Frequency vs. Resistor Value

The achievable VCO frequency range relative to center fre
quency is limited to 4:1. For example, if the user sets the center
frequency to 30 MHz, the PLL will be able to lock to a refer
ence frequency anywhere from 15 MHz to 60 MHz, more than
adequate for zone bit recording applications with their 2:1
range.

Extensive use of a ground plane is recommended. An analog
ground (Pin 20) is supplied for the AGC section, while two digi
tal grounds are supplied: one for the Data Qualifier/PLL section
(Pin 24), and one for the output buffers (Pin 25). The digital
ground should be connected to the analog ground as near to the
power supply common as possible to minimize noise injection to
the analog ground.
The filter and output pulse setting resistors should be tied, as
directly possible, to the +5 V analog supply.

This information applies to a product under development. Its characteristics and specifications are subject to change without
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PPL OPERATING MODES
Lock to External Clock - PLL Lock Mode Control Bit 0 = 0,
Bit 1 = 0. Lock to both frequency and phase of the reference
clock is divided down internally by 2. In the feedback path the
VCO output is divided down by the programmed division fac
tor: 1, 2, 3, or 4. This enables the user to achieve a range of
VCO vs. external clock frequency ratios namely 1:2, 1:1, 3:2,
2:1. The clock signal on the External Clock Input (Pin 32) is
multiplexed to the Synchronized Clock Output (Pin 30). Upon
entering or exiting this mode a glitch-free transition between the
VCO and the external clock is provided.

Switching Between PPL Operating Modes
Figure 5 illustrates a typical sequence of PLL operating modes.
The control signals should be derived from an external register.
When changing between operating modes care should be taken
to avoid shorter pulses than required to complete the transition
from one operating mode to another. In most cases the charge
pump is tristated and the VCO is disabled for a period of four
data pulses applied to the phase detector (see Figure 6); this
translates into a delay of 4 data or 8 external clock pulses. This
features prevents the charge pump from generating any glitches
thus preserving the integrity of the loop voltage.

Lock to Preamble - PLL Mode Control Bit 0 = 0, Bit 1 = 1.
In this mode, the raw input data stream provides the phase in
formation. A constant frequency input which equals the VCO
frequency divided by the programmed division factor is re
quired. The loop is operated in the frequency lock mode. The
charge pump gain is doubled or quadrupled if the PLL Acquire
Gain pin (Pin 35) is high at the same time.

Upon the appropriate delay, the subsequent pulse restarts the
VCO. When switching to lock to data mode the VCO is syn
chronized with the 5th data pulse, resulting in a zero phase
start-up error. The combination of the above described fre
quency hold and zero phase start-up error eliminates any distur
bance of the loop during the transition from one operating mode
to another. To further minimize the lock in time, the user has
the option of momentarily doubling the charge pump gain
through the “PLL Acquire Gain” control line.

Lock to Data - PLL Mode Control Bit 0 = 1, Bit 1 = 1. Phase
lock only to the Raw Data Output (Pin 28) of the read channel.
When entering this mode zero phase start-up is automatically
initiated after four data pulse updates have been received follow
ing the command. The charge pump is tristated during the de
lay period, ensuring a minimal glitch during synchronization^^ I
The loop time constant is defined by an external RC filter net
work. This is the only mode when the Synchronized Data Out
put (Pin 29) is enabled.
Tristate - PLL Mode Control 0 = f, Bit 1 = 0. This mode al
lows the user to hold the loop filter voltage so that the VCO. fre
quency remains constant without having to switch to lock to
external clock.

When switching from/to lock to external clock, the transition
involves changing the clock source present on the Synchronized
Clock Output pin (Pin 30). The signal present at this pin
changes from the external clock (Pin 32) to the VCO, or vice
versa. Extra care has been taken to provide glitch-free multi
plexing of these clock sources and to minimize the time while
the clock is inactive.

The following table summarizes the possible operating mode
transitions and their effects on the different circuit blocks.

Previous Mode

Present Mode

Charge Pump

VCO

Synchronized Clock

Lock to Ext. Clock

Lock to Preamble
Lock to Data
Tristate

Gain = 2x
Tristate for 4 Updates
High Impedance

No Effect
Zero Phase Start-Up
Coast

Switch to VCO Clock
Switch to VCO Clock
Switch to VCO Clock

Lock to Preamble

Lock to Data
Tristate
Lock to Ext. Clock

Tristate for 4 Updates
High Impedance
Tristate for 8T Ext. Clock

Zero Phase Start-Up
Coast
Disabled for 8T Ext. Clock

Inactive for 4 Updates
Inactive for 4 Updates
Switch to Ext. Clock

Lock to Data

Tristate
Lock to Ext. Clock
Lock to Preamble

High Impedance
Tristate for 8T Ext. Clock
Gain = 2x

Coast
Disabled for 8T Ext. Clock
No Effect

VCO Clock
Switch to Ext. Clock
VCO Clock

Tristate

Lock to Ext. Clock
Lock to Preamble
Lock to Data

Tristate for 8T Ext. Clock
Tristate for 4 Updates
Tristate for 4 Updates

Disabled for 8T Ext. Clock
Disabled for 4 Updates
Zero-Phase Start-Up

Switch to Ext. Clock
Inactive for 4 Updates
Inactive for 4 Updates
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AD897

INPUTS/OUTPUTS

EXT.CLK

kfSWtTOiMiwiririTiriTiiirinTihnTirihiinwiinwiiuijiiriniiwjiifnjriTJirninnwiWiiiFtMih

SYNCLK
SYNC DATA

ting Mode Sequencing

CONTROL

LOCK TO DATA

LOCK TO EXTERNAL CLOCK

Figure 6. Transition Between Operation Modes.
Lock to External Clock—Lock to Data —Lock to
External Clock
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FUNCTIONALITY OF SWITCHES

DEFINITION OF TEST POINTS

Switch

Test
Point

1
2
3
4
5
6
8

Description

AGC Acquire Gain
AGC Mode Control Bit 1
AGC Mode Control Bit 0
PLL Lock Mode Control Bit 1
PLL Lock Mode Control Bit 0
PLL Acquire Gain
Division Factor Control Bit 1
Division Factor Control Bit 0

1

2

3
4
5
6
7
8

Definition

Negative input to the full wave rectifier, also
serves as input to the passive differentiator
and the negative comparator input.
Positive input to the full wave rectifier, also
serves as input to the passive differentiator
and the positive comparator input.
Negative AC coupled output of the VGA.
Positive AC coupled output of the VGA.
Negative input to the zero-crossing comparator.
Positive input to the zero-crossing comparator.
Negative threshold comparator input.
Positive threshold comparator input.
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Orientation
ATE Components
A complete ATE test-head design requires an appropriate mix of
high speed, high performance components that are small enough
to provide the needed functional density. Analog Devices pro
vides a wide selection of components, based on various IC pro
cess technologies and logic families, to provide appropriate
choices for ATE.

Designers of automatic test equipment (ATE) systems for ad
vanced components have always had a dilemma; in order to test
the newest, fastest, most precise products, they themselves need
components that are even better than those they are testing. The
unique design constraints of ATE add to the difficulties of as
sembling a system for testing high speed, high pin-count de
vices. The electrical interface between the device under test
(DUT) and the rest of the ATE system is the pin electronics, a
complex subsystem containing the functions needed to source
precise signals to the DUT pins as well as measure DUTgenerated signals. There is an identical—or nearly so—pin elec
tronics circuit for each active pin of the DUT, arranged in a
circle around the DUT at the test head to maximize achievable
density and partially equalize propagation delays between pin
electronics and the DUT.
The heart of the pin electronics is the pin driver. This device
must produce highly repeatable, low jitter pulses with precisely
set amplitude and slew rate for the DUT. The pin-driver timing
is set digitally; its amplitude is determined by analog control
voltages. Because of the high speeds of pin drivers—a 100 MHz
repetition rate corresponds to a 5 ns pulse width—the driver and
DUT are typically interconnected by a 50 D transmission line.
The pin driver can be digitally disconnected via a high imped
ance three-state output mode, needed when the DUT has an
input/output pin (two modes) that must be tested without physi
cally disconnecting the driver.

Figure 1, a typical pin-electronics block diagram, shows the va
riety of devices needed for the complete function. Under control
of the test computer and dedicated hardware, desired data pat
terns must be generated for simultaneous application to DUT
inputs; at the same time, appropriate DUT outputs must be
captured and measured. For complete parametric testing, signal
levels must be precisely varied by the test program to determine
maximum and minimum performance boundaries.
The complete pin-electronics function requires many digital-toanalog converters (DACs) to program the source current, sink
current, and the threshold (commutation) voltage between cur
rent sourcing and sinking modes.

Although Figure 1 shows DACs setting key levels, many testers
now use rapidly refreshed sample/hold circuits—driven by a
shared, precise DAC. The S/H amplifier is used in data distribu
tion instead of data acquisition, i.e., the S/H holds a digitally
determined value during the test to establish a quasi-steady-state
value instead of capturing an unknown signal value prior to digi
tizing it.
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Figure 1. Typical Pin-Electronics Block Diagram; All Items
Shown May Recur for Each Driven Pin in HighPerformance Systems

Unavoidable time skew occurs between signals from the many
drivers as they reach the DUT. This is due to different path
lengths (and therefore delays), as well as propagation delays
within active components. To compensate for this, a time-delay
deskewing circuit or delay line is included with each pin’s elec
tronics. The precise delay time must be set with high resolution;
it is determined during the system calibration cycles or by actual
test.
The pulse output of a DUT pin is measured to provide rise and
fall times (time from 10 to 90 per cent of upswing or down
swing), amplitudes, slew rate, and related information. For the
short time periods associated with these parameters, the mea
surements are made using pairs of comparators; the comparator
output changes state when the waveform under observation
crosses a specific threshold value. The threshold values for all
these comparators are established by DACs or S/H circuits, un
der control of the test computer. The comparator outputs, in
turn are connected to circuits that measure the period between
changes in output states of the comparators.

DESIGN CHALLENGES
The designer’s task is made more difficult by many simulta
neous and often conflicting demands, as ATE speeds reach 200
MHz (and beyond), and DUT package content increases:
• high speed signal transitions are affected by parasitic inductance
and capacitance, which slow the transitions and affect wave
shape fidelity.
• noise glitches induced by high speed signals corrupt signals in
nearby wiring; although decoupling, short leads, and ground
planes are a minimum line of defense against these, more
advanced techniques, such as differential signal paths, may also
be required.
• accuracy in measurement requires components whose dynamic
performance is predictable and stable with time and tempera
ture. For a 200 MHz pin driver, the leading-edge-to-trailingedge matching specification should be better than 200 ps. Low
dispersion (variation in propagation delay as a function of the
input signal swing) reduces skewing and makes compensation
more precise; for example, low dispersion is critical in memory
testers, to minimize the need for compensating delay lines on
their many data pins. Dispersion matching should be close, both
within a device and from device to device, for ease of replace
ment and calibration.
• slew rates must also be controlled (2 V/ns for the 200 MHz
driver) for performance consistency.
• undershoot and overshoot of the pin-driver output must be
limited in amplitude.
• the DUT must be tested at its normal operating voltages-and
stressed beyond these values, so the ATE components must
typically be capable of functioning with signals from —2 to +7
volts.
• mixed-signal testing imposes additional requirements for signal
linearity, ramping, precision, and distortion for typically 20 out
of 64 DUT pins.

The constraints are not solely electronic; electromechanical fac
tors are also significant:
• test-head pin counts are increasing from 64 (typically) to 512
pins, requiring that more electronic circuitry be packed into the
limited available space; using a larger test head means more
propagation-delay uncertainty, timing mismatches, and corre
sponding inaccuracies.
• power consumption of the high speed circuitry is relatively high,
exceeding 3 watts per pin; cooling the large number of densely
populated pin-electronic circuits is difficult.
• power consumption and heating, along with other factors, affect
reliability, which must be very high in a multimillion dollar test
machine; users expect satisfactory up time and test throughput.
• the layout of the test head must maintain signal fidelity;
transmission-line impedances must be held constant to mini
mize signal reflections between DUT and pin electronics.
• and, of course, cost becomes a significant factor when the
per-pin cost is multiplied by the large number of pins.
FUTURE ATE PRODUCTS
For further information on the above products and future ATE
products not listed here, please contact the factory directly.
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ANALOG
DEVICES
FEATURES
±50 mA Voltage Programmable Current Range
1.5 ns Propagation Delay
Inhibit Mode Function
High Speed Differential Inputs for Maximum Flexibility
Hermetically Sealed Small Gull Wing Package
Compatible with AD1321, AD1322 Pin Drivers

High Speed Active Load
with Inhibit Mode
AD1315
AD1315 FUNCTIONAL BLOCK DIAGRAM

APPLICATIONS
Automatic Test Equipment
Semiconductor Test System
Board Level Test System

PRODUCT DESCRIPTION
The AD1315 is a complete, high speed, current switching load
designed for use in linear, digital or mixed signal test systems.
By combining a high speed monolithic process with a unique
surface mount package, this product attains superb electrical
performance while preserving optimum packaging densities in
an ultrasmall 16-lead, hermetically sealed (gull wing) package.
Featuring current programmability of up to ±50 mA, the
AD1315 is designed to force the device under test to source or
sink the programmed IOhprog an^ Iolprog currents. The IOH
and IOI currents are determined by applying a corresponding
voltage (5 V = 50 mA) to the IOH and IOI pins. The voltage-tocurrent conversion is performed within the AD 1315 thus allow
ing the current levels to be set by a standard voltage out digitalto-analog converter.

The AD1315’s transition from IOH to IOL occurs when the out
put voltage of the device under test slews above or below the
programmed threshold, or commutation voltage. The commuta
tion voltage is programmable from -2 V to +7 V, covering the
large spectrum of logic devices while able to support the large
current specifications (48 mA) typically associated with line driv
ers. To test I/O devices, the active load can be switched into a
high impedance state (Inhibit mode) electrically removing the
active load from the path through the Inhibit mode feature. The
active load leakage current in Inhibit is typically 20 nA.

The Inhibit input circuitry is implemented utilizing high speed
differential inputs with a common-mode voltage range of 7 volts
and a maximum differential voltage of 4 volts. This allows for
the direct interface to the precision of differential ECL timing or
the simplicity of switching the Active Load from a single ended
TTL or CMOS logic source. With switching speeds from IOH or
IOL into Inhibit of less than 1.5 ns, the AD1315 can be electri
cally removed from the signal path “on-the-fly.”
The AD1315 is available in a 16-lead, hermetically sealed gull
wing package and is specified to operate over the ambient com
mercial temperature range from 0 to +70°C.
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(All measurements made in free air at +25°C. +VS = +10 V, -Vs = -5.2 V,
unless otherwise specified.)
Parameter

DIFFERENTIAL INPUT CHARACTERISTICS
INH to INH
Input Voltage
Differential Input Range
Bias Current
Current Program Voltage Range
IOH, 0 mA to +50 mA (Sink)
IOL, 0 mA to -50 mA (Source)
Input Resistance
Iohrtnj Ioi.rtn Range
Vcom> dut Range
IOH, 0 mA to 50 mA
IOL, 0 mA to -50 mA

OUTPUT CHARACTERISTICS
Active (Sink/Source) Mode
Transfer Function
Accuracy
Linearity Error
Gain Error
Offset Error
Output Current TC
Inhibit Mode
Output Capacitance
Inhibit Leakage

Min

AD1315KZ
Max
Typ

-2.0
0.4
-2.0
0
0

5.0
4.0
2.0

Volts
Volts
mA

+ 5.0
+ 5.0

Volts
Volts
kn
Volts
Volts
Volts
Volts

50

+ 7.0
+ 7.0
+ 7.0
+4.0

-2.0
-2.0
0.5
-2.0

Comments

Note 1
Note 1
Note 2

Vdut-VCom>1 V
^com Vdut>1V
See Note 3

mA/V

10
-0.12
-2.0
-1.0

+ 0.12
+ 2.0
+ 1.0

% FSR
% FSR
mA
p.A/°C

3.0
200

pF
nA

10

-200

DYNAMIC PERFORMANCE
Propagation Delay
-Imax t0 INHIBI T (tpm)
INHIBIT to ±IMAX (tPD2)

POWER SUPPLIES
—Vs to +VS Range
Supply Range
Positive Supply
Negative Supply
Current
Positive Supply
Negative Supply
Power Dissipation
PSRR

ECL
1.0

Units

20

0.5
1.5

1.5
3.0

ns
ns

15.4

Volts

+ 9.5
-5.45

+ 10
-5.2

+ 10.5
-4.95

Volts
Volts

+ 60
-90

+ 75
-75
1.1

+ 90
-60
1.4
0.05

mA
mA
Watts
%/%

See Figure 1
See Figure 1

See
See
See
See

Note 3
Figure 2
Note 4
Note 4

See
See
See
See

Note
Note
Note
Note

NOTES
loHI-ROG^Ol. prog voltage range may be extended to -100 mV due to a possible 1 mA offset current.
'toHRTN^oLRTN should be connected to VCOM to minimize power dissipation.
Vdut = ~2 V to +7 V, CTOTAL = K* pF> Brut = *0
■‘.Measured from the ECL crossing to the 10% change in the output current.
IpROGRAM = -50 mA.
’’Maximum power dissipation with + VS = +10 V, -Vs = -5.2 V, Iprogram ~ -50 mA, VCOM = VDVT = 0V.
7For a 1% change in +VS or -VS) the output current may change a maximum of 0.05% of Full Scale Range (FSR).
Specifications subject to change without notice.
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AD1315
ABSOLUTE MAXIMUM RATINGS
*
Power Supply Voltage
+VS to GND ................................................................... +12 V
-Vs to GND ...................................................................-11 V
Difference from +VS to -Vs ........................................... 16 V
Inputs
Difference from INH to INH.............................................. 5 V
INH, INH ..................................+VS-13.4 V,-Vs+11 V
Vcom, VDUT.............................. +VS -13.1 V, -Vs +13.2 V
IOL, Iqh Program Voltage............. +VS —15 V, -Vs +15 V

PIN
NO.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Operating Temperature Range....................................0 to +70°C
Storage Temperature Range ............................ -65°C to +125°C
Lead Temperature Range (Soldering 20 sec)
**
............. + 300°C
•Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
**To ensure lead coplanarity (±0.002 inches) and solderability handling with
bare hands should be avoided and the device should be stored in an environ
ment at 24°C, ±5°C (75°F, ± 10°F) with relative humidity not to exceed 65%.

CONNECTION DIAGRAM
SYMBOL FUNCTION
loLRTIM
LOGIC LOW CURRENT RETURN
COMMUTATION VOLTAGE
VcOM
Vdut
LOAD/DUT CONNECTION
NEGATIVE SUPPLY
-Vs
Iohrtn
LOGIC HIGH CURRENT RETURN
IoLPROG
LOGIC LOW CURRENT PROGRAM VOLTAGE
LID
LID CONNECTION (INTERNAL)
GND
GROUND
loHPROG
LOGIC HIGH CURRENT PROGRAM VOLTAGE
N/C
NO CONNECTION
NO CONNECTION
N/C
NO CONNECTION
N/C
POSITIVE SUPPLY
+vs
INH
INHIBIT
INHIBIT
INH
NO CONNECTION
N/C

SUGGESTED PAD LOCATION
Dimensions shown in inches and (mm).

SUGGESTED LANDING PADS LOCATION

0.050(1.27)

□

EZZJ
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outputs are unipolar, this small initial offset of 2 mA must be
set to allow for measurement of possible negative offset. With a
gain of 10 mA/V, a 0.2 V input should yield an output of ±2
mA. The difference between the observed output and the ideal
± 2 mA output is the offset error.

DEFINITION OF TERMS
Gain
The measured transconductance.

r

Iout l@

.

am =

where

5 V Input) - Iout (@ 0-2 V Input)
VPROG |@ 5 V| - VPPOG (@ 0.2 V)

Offset Error = Iout (@ 0.2 V| - Gain x VPRog

VPPqg values are measured at IoiJIoh PROG

Gain Error
The difference between the measured transconductance and the
ideal expressed as a % of full-scale range.

Ideal Gain = 10 mAIV
Gain Error =

Ideal Gain - Actual Gain
x 100
Ideal Gain

Offset Error
Offset Error is measured by setting the IOhprog or ^oi.prog
inputs to 0.2 V and measuring IOUT. Since both IOH and IOL

VPPOg l@ set point) + Offset
where set point = VPPqg {from 0.2 V to 5 V)
Iout {FSR} = Gain x VProg l@ 5 Vj + Offset
Iout {measured) - Iout {calc)

Iout {calc}

= Gain x

Linearity Error = ---------- ------

Figure 1. Definition of Terms

INH

INH

/

\_____ ~_____ /
<—tpD1 —*

cz
Vd2->

------- 10%
- 10%
r- 10%

______________ 7

Figure 2. Timing Diagram for Inhibit Transition
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0-2 VI

Linearity Error
The deviation of the transfer function from a straight line de
fined by Offset and Gain expressed as a % of FSR.

- ---------- x 100

ADI 315

CURRENT PROGRAM VOLTAGE

Figure 5. IOH, IOl Linearity Error vs.
Current Program Voltage

AMBIENT TEMPERATURE - *C

Figure 6. +IMAX, -lMAX to Inhibit
Propagation Delay vs. Temperature

AMBIENT TEMPERATURE - X

Figure 7. Inhibit to +IMAX, -lMAX
Propagation Delay vs. Temperature
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FUNCTIONAL DESCRIPTION
The AD 1315 is a complete high speed active load designed for
use in general purpose instrumentation and digital functional
test equipment. The function of the active load is to provide
independently variable source and sink currents for the device
to be tested.

difference between VCOM and VDUT must be maintained in
steady state conditions. Because of the relatively fast edge rates
exhibited by typical logic device outputs, this should not be a
problem in normal ATE applications.

The equivalent circuit for the ADI315 is shown in Figure 10.
An active load performs the function of loading the output of
the device under test with a programmed IOH or IOL. These
currents are independently programmable.VCOM is the commu
tation voltage point at which the load switches from source to
sink mode. The active load may also be inhibited, steering cur
rent to the Iolrtn and Iohrtn pins, effectively disconnecting
it from the test pin.
The AD 1315 accepts differential digital signals at its inhibit in
puts ensuring precise timing control and high noise immunity.
The wide inhibit input voltage range allows for ECL power sup
plies of -5.2 V and 0 V, —3.2 V and +2 V, and 0 V and +5 V.
Where speed and timing accuracy are less important, TTL or
CMOS logic levels may be used to toggle the Inhibit inputs of
the ADI315. Single ended operation is possible by biasing one
of the inputs to approximately +1.3 V for TTL or Vcc/2 for
CMOS.

The IOH and IOL programming inputs accept 0 V to +5 V ana
log inputs, corresponding to 0 to 50 mA output currents. The
VCOM input, which sets the IOh^ol switch point, may be set
anywhere within the input range of -2 V to +7 V.
+v,

lot.

TYPICAL OPERATING RANGE

Figure 11. Allowable Current Range for lOH, lOL vs. VDUT

THERMAL CONSIDERATIONS
The AD1315 is provided in a 0.550" x 0.550", 16-lead (bottom
brazed) gull wing, surface mount package with a 0JC of 10°C/W
(typ). Thermal resistance (case-to-ambient) vs. air flow for the
AD1315 in this package is shown in Figure 12. The data pre
sented is for a ZIF socketed device. For PCB mounted devices
(w/30 mils clearance) the thermal resistance should be =3 to 7%
lower with air flows below 320 lfm(l>. Notice that the improve
ment in thermal resistance vs. air flow starts to flatten out just
above 400 lfm<2).
NOTES
’lfm is air flow in linear feet/minute.
Tor convection cooled systems, the minimum recommended airflow is
400 Ifm.

DEVICE MOUNTED IN SOCKET

40

Figure 10. Block Diagram

VDUT VOLTAGE RANGE
In Figure 11, VDUT range, IOH ar*d ku. typical current maxi
mums are plotted versus DUT voltage. In the IOH mode (VDUT
higher than VCOM), the load will sink 50 mA, until its output
starts to saturate at approximately -1.5 V. In the IOL mode
(VDUT lower than VCOM), the load will source 50 mA until its
output starts to saturate at approximately +5.5 V. At +7 V, the
source current will be close to zero.
Ideally, the commutation point set at VCOM would provide in
stantaneous current sink/source switching. Because of I/V char
acteristics of the internal bridge diodes, this is not the case. To
guarantee full current switching at the DUT, at least a 1 volt
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3
P

30

10

0

80

160

240

320

400

480

560

640

720

800

AIR FLOW - Linear Feet/Minute

Figure 12. Case-to-Ambient Thermal Resistance vs. Air
Flow

AD1315
APPLICATIONS
The AD 1315 has been optimized to function as an active load in
an ATE test system. Figure 13 shows a block diagram illustrat
ing the electronics behind a single pin of a high speed digital
functional test system with the ability to test I/O pins on logic
devices. The AD1315 active load, AD1321 or AD1322 pin
driver, AD96687 high speed dual comparator and the AD664
quad 12-bit voltage DAC would comprise the pin electronic por
tion of the test system. Such a system could operate at 100 MHz
with the AD 1321 (200 MHz with the AD 1322) in a data mode
or 50 MHz (100 MHz) in the I/O mode.

The VCOM input sets the commutation voltage of the active
load. With DUT output voltage above VCOM, the load will sink
current (IOH). With DUT output voltage below VCOM, the load
will source current (IOl)- Like the IOH and IOL return lines, the
VCOM must be able to sink or source 50 mA, therefore a stan
dard op amp will not suffice. An op amp with an external com
plementary output stage or a high power op amp such as the
AD842 will work well here. A typical application is shown in
Figure 14.

10
Figure 13. High Speed Digital Test System Block
Diagram

LAYOUT CONSIDERATIONS
Iohrtn and Iolrtn may '3e connected to any potential between
—2 V and +7 V. These return points must be able to source or
sink 50 mA, since the IOH and IOL programmed currents are
diverted here in the inhibit mode. The RTNs may be connected
to a suitable GND. However, to keep transient ground currents
to a minimum, they are typically tied to the VCOM programming
voltage point.
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EVALUATION BOARD
The ADI315 Evaluation Board allows the designer to easily
evaluate the performance of the AD1315 and its suitability for
the specific application. The AD1315EB includes a mounted
AD1315KZ active load, an ECL input buffer for Inhibit and the
oscilloscope probe jacks necessary to properly analyze the true
performance of the AD1315KZ. An equipment list has been
provided in order to minimize variations due to test setups.

Model

ORDERING GUIDE
Temperature
Description
Range

AD1315KZ

0 to +70°C

16-Lead
Gull Wing

*See Section 20 for package outline information.
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Package
*Option
Z-16B

ANALOG
DEVICES
FEATURES
Full Window Comparator
2.0 pF max Input Capacitance
9 V max Differential Input Voltage
2.5 ns Propagation Delays
Low Dispersion
Low Input Bias Current
Independent Latch Function
Input Inhibit Mode
80 dB CMRR

Ultrahigh Speed
Window Comparator with Latch
ADI317
AD1317 FUNCTIONAL BLOCK DIAGRAM

QA
QA

QB

APPLICATIONS
High Speed Pin Electronic Receiver
High Speed Triggers
Threshold Detectors
Peak Detectors

PRODUCT DESCRIPTION
The AD 1317 is an ultrahigh speed window comparator with a
latch. It uses a high speed monolithic process to provide high de
accuracy without sacrificing input voltage range. The AD1317
guarantees a 2.8 ns maximum propagation delay.
On-chip connection of the common input eliminates the contri
butions of a second bonding pad and package pin to the input f
capacitance, resulting in a maximum input capacitance ofc pF.

QB

The comparator input can be switched into a high impedance
state through the inhibit mode feature, electrically removing the
comparator froi
typically 50 pA
The AD 1317 is

a small 16-lead, hermetically sealed
mount package and operates over the comige, 0 to +70°C.

The dispersion, or variation in propagation delay with input
overdrive levels and slew rates, is typically 350 ps for 5 V sig
nals and 200 ps for 1 V inputs.
The AD 1317 employs a high precision differential input stage
with a common-mode range of 9 V. Its complementary digital
outputs are ECL compatible. The output stage is capable
driving a 50 fl line terminated to —2 V. The AD1317 alsc^ro^
vides a latch function, allowing operation in a sample-hold mode
and can also be used to generate hysteresis.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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sPeci^cations at +25°C, free air. Outputs terminated into 50 £1 to -2 V, with +VS = +10 V,
-Vs = -5.2 V unless otherwise specified.)
AD1317KZ

Parameter

DC INPUT CHARACTERISTICS
Offset Voltage
Offset Drift
VINA/B Bias Currents
Active
Inhibit
VINA, VINB Bias Currents
Active
Inhibit
VINA/B Resistance
VINA, VINB Resistance
Capacitance VINA/B, VINA, VINB
Voltage Range
Differential Voltage
Common-Mode
Rejection Ratio

Units

Symbol

Comments

CMV = 0 V
-2 V to +7 V

-2 V to +7 V

See Note 5
Dlrr

-2 V to +7 V

CMRR

LATCH ENABLE INPUTS
Common-Mode Range
Differential Voltage
Logic “1” Current
Logic “0” Current
Capacitance

pF

INPUT ENABLE CURRENTS
Common-Mode Range
Differential Voltage
Logic “1” Current
Logic “0” Current
Capacitance

pF

DIGITAL OUTPUTS
Logic “1” Voltage
Logic “0” Voltage

SWITCHING PERFORMANCE
Propagation Delays
Input to Output
Latch Enable to Output
Active to Inhibit
Inhibit to Active
Propagation Delay T.C.
Dispersion
5 V Signal
All Edges
Rising Edge
Falling Edge
1 V Signal
All Edges
Rising Edge
Falling Edge

See Figure 3
See
See
See
See

tpDR> lPDF

1
1
2
3

See Note 4
See Figure 1

See Figure 2

See Figure 3

LATCH TIMING
Input Pulse Width
Setup Time
Hold Time
POWER SUPPLIES
— V$ to +VS Range
Positive Supply
Negative Supply
Positive Supply Current
Negative Supply Current
PSRR

Note
Note
Note
Note

+VS
-Vs
1+
I-

8.0
-7.2
-100
65

15.2
10.0
-5.2
50
-70
75

15.6
11.0
-4.2
70

See Note 5
Volts
Volts
mA
mA
dB

Measured at ±2.5% of +VS and -Vs

NOTES
‘Propagation Delay is measured from the input threshold crossing at_the 50% point of a 0 V to 5 V input to the output Q and Q crossing.
Propagation Delay is measured from the input crossing of IE and IE to when the input bias currents drop to 10% of their nominal value.
Propagation Delay is measured from the input crossing of IE and IE to when the input bias currents rise to 90% of their nominal value.
'Dispersion is measured with input slew rates of 0.5 V/ns and 2.5 V/ns.
5The comparator input voltage range is specified for -2 V to +7 V for typical power supply values of -5.2 V and +10.0 V but can be offset for different input
ranges such as -1 V to +8 V with power supplies of -4.2 V and +11 V, as long as the required headroom of 3 V is maintained between both VH and +VS
and VL and -Vs.
Specifications subject to change without notice.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD1317
ABSOLUTE MAXIMUM RATINGS1
Power Supply Voltage
+VS to GND ....................................
+ 12 V
-VstoGND....................................
. -9 V
+ 16 V
Difference from +VS to -Vs...........
Inputs
VINA/B, VINA, VINB . .
+VS -13.5 V, -Vs +13.7 V
. . +VS -14 V, -Vs +12 V
LEA^LEA,LEB,LEB ..
. +VS -14 V, -Vs +10.3 V
IE, IE ...............................
Outputs__
GND -0.5 V, GND +3.5 V
QA, QA, QB, QB.............
Operating Temperature Range
.............................. 0 to +70°C
Storage Temperature Range
After Soldering.............................................. -65°C to +125°C
Lead Temperature Range (Soldering 20 sec)2 ..................+300°C

WINDOW COMPARATOR PIN ASSIGNMENT

Pin No.

Description
VINA

Noninverting Comparator A Input

VINA/B

Window Comparator Common Input

VINB

Inverting Comparator B Input

Input Enable
Input Enable

Negative Supply, -5.2V
Ground
Positive Supply, + 10V

Latch Enable B
Latch Enable B

NOTES
’Stresses above those limits under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect devi
reliability.
2To ensure lead coplanarity (±0.002 inches) and sold
bare hands should be avoided and the
environment at 24°C ±5°C (75°F ±
65%.

Comparator B Output
Comparator B Output

Comparator A Output
Comparator A Output
Latch Enable A
Latch Enable A

CONNECTION DIAGRAMS
Dimensions shown in inches and (mm).

■

vina r^~ 1
VINA/B r~~ 2

VINB I------

3

IE I----- 4
IE I

5

AD1317
TOP VIEW
(Not To Scale)

7

1110 F
3
=1

+vs LZZ 8

9 ZZJ

-Vs CZZ 6
GND I------

ORDERING GUIDE

Model

Temperature
Range

AD1317KZ

0 to +70°C

Description

16-Lead
Gull Wing

Package
*
Option

Z-16A

*See Section 20 for package outline information.

SUGGESTED LANDING PADS LOCATION

1=3 I
t

!

0.050(1.27)

c=i

=>
I
I
I
0.540
(13.71)

0.025 (0.63)

CZJ T

0.710
(18.03)

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD1317 DEFINITION OF TERMS
Vos

INPUT OFFSET VOLTAGE - The voltage which
must be applied between either VINA and VINA/B
or VINB and VINA/B to obtain zero voltage
between outputs QA and QA, or QB and QB,
respectively.

dVos/dT

OFFSET DRIFT - The ratio of the change in
input offset voltages, over the operating temperature
range, to the change in temperature.

Ibca

INPUT BIAS CURRENT (VINA/B, ACTIVE) The bias current of the window comparator’s
common input with inputs enabled.

Ibci

INPUT BIAS CURRENT (VINA/B, INHIBIT) The bias current of the window comparator’s
common input with inputs inhibited.

Ibsa

INPUT BIAS CURRENT (VINA or VINB,
ACTIVE) - The bias current of either single input
with inputs active.

Ibsi

INPUT BIAS CURRENT (VINA or VINB,
INHIBIT) - The bias current of either single input
with inputs inhibited.

Rinc

INPUT RESISTANCE (VINA/B) - The input
resistance looking into the window comparators
common input.

Rins
ClN

INPUT RESISTANCE (VINA or VINB) - The
input resistance looking into either single input.
INPUT CAPACITANCE (VINA/B) - ThfLj

PSRR

POWER SUPPLY REJECTION RATIO - The
ratio of power supply voltage change to the
peak-to-peak change in input offset voltage.

AD1317 SWITCHING TERMS (See Figure 3)
tpDR

INPUT TO OUTPUT RISING EDGE DELAY The propagation delay measured from the time
VINA/B crosses either VINA or VINB, in a low to
high transition, to the time QA and QA or QB and
QB cross, respectively.

INPUT TO OUTPUT FALLING EDGE DELAY
- The propagation delay measured from the time
VINA/B crosses either VINA or VINB, in a high to
low transition, to the time QA and QA or QB and
QB cross, respectively.
MINIMUM LATCH SET-UP TIME - The
minimum time before LE goes high with respect to
LE that an input signal change must be present in
order to be acquired and held at the outputs.

MINIMUM LATCH HOLD TIME - The
minimum time after LE goes high with respect to
LE that the input signal must remain unchanged in
•ordfr to be acquired and held at the outputs.
MINIMUM LATCH ENABLE PULSE WIDTH The minimum time that LE must be held high with
/Aspect to LE in order to acquire and hold an input
change.

capacitance looking into the window comparator’s
common input.

LATCH ENABLE TO OUTPUT DELAY - The
time between when LE goes high with respect to
LE that QA and QA or QB and QB cross.

Vcm

INPUT COMMON-MODE VOLTAGE RANGE The range of voltages on the input terminals for
which the offset and propagation delay specifica
tions apply.

INPUT STAGEDISABLE TIME - The time
between when IE goes high with respect to IE that
the input bias currents drop to 10% of their
nominal value.

Vdiff

INPUT DIFFERENTIAL VOLTAGE RANGE The maximum difference between any input
terminal voltages.

CMRR

COMMON-MODE REJECTION RATIO - The
ratio of common-mode input voltage range to the
peak-to-peak change in input offset voltage over this
range.

INPUT STAGE ENABLE TIME - The time
between when IE goes high with respect to IE that
the input bias currents rise to 90% of their nominal
values.

IlH

LOGIC “1” INPUT CURRENT - The logic high
current flowing into (+) or out of (-) a logic input.

IlL

LOGIC “0” INPUT CURRENT - The logic low
current flowing into (+) or out of (-) a logic input.

VqH

LOGIC “1” OUTPUT VOLTAGE - The logic high
output voltage with a specified load.

Vol

LOGIC “0” OUTPUT VOLTAGE - The logic low
output voltage with a specified load.

Iqh

LOGIC “1” OUTPUT CURRENT - The logic
high output source current.

Iql

LOGIC “0” OUTPUT CURRENT - The logic low
output source current.

1+

POSITIVE SUPPLY CURRENT - The current
required from the +VS supply.

I-

NEGATIVE SUPPLY CURRENT - The current
required from the -Vs supply.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD1317

Figure 1. Dispersion Test Input Conditions - 5 V Signal

Figure 3. Timing Diagram

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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Typical Performance Characteristics

Figure 6. Response to Various Signal Levels - Rising
Edge

Figure 7. Response to Various Signal Levels - Falling
Edge

SLEW RATE - Volts ns

Figure 8. Propagation Delay vs. Slew Rate

Figure 9. Propagation Delay vs. Temperature - Rising
Edge

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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ADI 317

f »

Figure 10. Propagation Delay vs.
Temperature - Falling Edge

-40

1.0

10

Figure 12. Propagation Delay vs.
Common-Mode Voltage

100
FREQUENCY - Hz

Figure 13. Voltage Gain vs. Frequency

Figure 15. Output Levels vs. Temperature

INPUT VOLTAGE - Volts

Figure 17. Input Bias Current vs. Input Voltage

Common-Mode Range vs. Power Supply

Figure 16. Input Bias Current vs. Temperature

INPUT VOLTAGE - Volts

Figure 18. Input Bias Current vs. Input Voltage

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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Typical Performance Characteristics

OUTPUT CURRENT - mA

Figure 19. Change in Bias Current vs. Input Differential
Voltage (VINA/B - VINA, VINB)

Figure 21. Power Supply Currents vs. Temperature

Figure 20. Output Voltage vs. Source Current

Figure 22. Inhibit Input Bias Current vs. Common-Mode
Voltage

1
V

0
XyiNA/B

1

-2
NA/B = -2V

-3

♦ 200
> +100
I
0
V'N A. VINB

-100

-2

Figure 23. Inhibit Input Bias Current vs. Input Voltage
(VINA/B = 7 V)

0

+7
VINA. VINB - Volts

Figure 24. Inhibit Input Bias Current vs. Input Voltage
(VINA/B = -2 V)

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD1317
FUNCTIONAL DESCRIPTION
The AD 1317 is an ultrahigh speed window comparator designed
for use in general purpose instrumentation and automatic test
equipment. The internal connections for windowing operation
keep the capacitance at the critical common input (VINA/B)
well below what could normally be obtained using separate in
put pins.
Another key feature is that the front end circuitry may be dis
abled, decreasing input bias currents to 50 pA (typical). This
enables sensitive de current testing without having to physically
disconnect the AD1317’s input from the circuit. The compara
tor’s outputs would normally be latched to maintain absolute
logic levels prior to inhibiting the input.

High speed comparators using bipolar process technology usu
ally have input bias currents in the 1 pA to 20 pA range, and
the AD1317 is no exception in this regard. This occurs because
the input devices usually have low current gain but must be op
erated at high currents to obtain the widest possible bandwidth.
Careful design minimizes variations in the AD1317’s bias cur
rent with respect to both differential and common-mode input11
variations. This translates directly to a high equivalent input j
resistance, the minimum of which occurs with zero differentia
input. The typical input resistance of the AD 13IT’s common
input under this condition is on the order of 4 megohms.

AIR FLOW - Linear Feet/Mlnute

-td-Ambient Thermal Resistance vs. Air

a\i

Many ATE applications have required input dividers/buffers to
reduce standard logic voltages to levels which can be processed
by “687” type comparators. These dividers have also reduced
the slew rates at which the comparators must properly function.
The AD1317’s 9 volt differential and common-mode input
ranges and 2.5 V/ns slew rate capability make these buffer cir
cuits unnecessary in most applications.

Separate, complementary latch inputs are provided for each
comparator. These may be driven by differential or single-ended
sources ranging from ECL to HCMOS logic. When using the
comparator’s transparent mode, the latch inputs may be tied
anywhere within their common-mode range with a maximum
differential of 4 V. Symmetrical hysteresis may also be generated
by applying a small differential voltage to the latch inputs (see
HYSTERESIS).
The AD1317’s outputs are standard emitter followers with ECLcompatible voltage swings. The recommended output termina
tion is 50 ohms to -2 V. Larger value termination resistors
connected to -Vs may be used, but will reduce edge fidelity.
Typical output rise and fall times (20%-80%) are 1 ns with a
50 ohm, 10 pF load. The maximum output source current is
40 mA.
THERMAL CONSIDERATIONS
The AD1317 is provided in a 0.450" x 0.450", 16-lead (bottom
brazed) gull wing, surface mount package with a typical 0JC
(junction-to-case thermal resistance) of 17.5°C/W. Thermal
resistance 0CA (case to ambient) vs. air flow for the AD1317 in
this package is shown in Figure 25. The improvement in ther
mal resistance vs. air flow begins to flatten out just above
400 lfm '”.
NOTES
’lfm is airflow in linear feet/minute.
Tor convection cooled systems, the minimum recommended airflow is
400 Ifm.

DISPERSION
^^pAgatipa delay dispersion is the change in device propagation
delay which results from changes in the input signal conditions.
^Dispersion is an indicator of how well the comparator’s front
end design balances the conflicting requirements of high gain
and wide bandwidth. High gain is needed to ensure that small
overdrives will produce valid logic outputs without an increase
in propagation delay, while wide bandwidth enables the compar
ator to handle fast input slew rates. The input signal criteria
used to determine the AD1317’s dispersion performance are am
plitude, overdrive and slew rate for both standard CMOS and
ECL signal levels.

HYSTERESIS
The customary technique for introducing hysteresis into a com
parator uses positive feedback as shown in Figure 27. The major
problems with this approach are that the amount of hysteresis
varies with the output logic levels and that the hysteresis is not
symmetrical around zero.
The AD1317 does not use this technique. Instead, hysteresis is
generated by introducing a differential voltage between LE and
LE as shown in Figure 28. Hysteresis generated in this manner
is independent of output swing and is symmetrical around zero.
The variation of hysteresis with input voltage is shown in Figure
29; the useful hysteresis range is about 20 mV.

LAYOUT CONSIDERATIONS
Like any high speed device, the AD1317 requires careful layout
and bypassing to obtain optimum performance. Oscillations are
generally caused by coupling from an output to the high imped
ance inputs. All drive impedances should be as low as possible,
and lead lengths should be minimized. A ground plane should
be used to provide low impedance return paths. Care should be
taken in selecting sockets for incoming or other testing to mini
mize lead inductance, and sockets are not recommended for pro
duction use.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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Output wire lengths should be kept below one inch. Longer
connections require the use of transmission line techniques to
prevent ringing and reflections. Lines should be terminated with
their characteristic impedance to -2 V. Thevenin-equivalent
termination to -Vs is also possible.

High quality RF capacitors should be used for power supply
bypassing. These should be located as closely as possible to the
AD1317’s power pins and connections to the ground plane
should have the minimum possible length. Both +VS and -Vs
must be bypassed with 470 pF capacitors located within 0.25
inches of the device’s supply pins. In addition, each supply
should be bypassed with 0.1 p.F ceramic and 10 p.F tantalum
capacitors. Low impedance power distribution techniques will
make the locations of these components less critical. Adding
470 pF capacitors at the VINA and VINB inputs, as close as
possible to the package, will improve circuit performance and
noise immunity in dc-compare applications.

®—170PF
r—10.1pF
t—?L—

®
©■

1 T J T * TJ470PF Jo.ipF X
T
T -I

Figure 28. AD1317 Comparator Hysteresis Test Setup

♦Vs

HYSTERESIS
DIGITAL
COMMON

AD1317@ Tc = 25°C

ANALOG
COMMON

APPROXIMATE
USEFUL RANGE

Figure 26. AD1317 Basic Circuit Decoupling

DIFFERENTIAL LATCH VOLTAGE - mV
LE-LE

Figure 29. AD1317 Typical Hysteresis Curve

Figure 27. Typical Comparator Hysteresis

Figure 30. AD1317 Hysteresis

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD1317
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Figure 31. High Speed Digital List System Block Diagram

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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ANALOG
DEVICES
FEATURES
100 MHz Driver Operation
Driver Inhibit Function
250 ps Edge Matching
Guaranteed Industry Specifications
50 fl Output Impedance
1 V/ns Slew Rate
Variable Output Voltages for ECL, TTL and CMOS
High Speed Differential Inputs for Maximum Flexibility
Hermetically Sealed Small Gull Wing Package

High Speed Pin Driver
with Inhibit Mode
ADI321
AD1321 FUNCTIONAL BLOCK DIAGRAM

APPLICATIONS
Automatic Test Equipment
Semiconductor Test Systems
Board Test Systems
Instrumentation & Characterization Equipment

PRODUCT DESCRIPTION
The AD 1321 is a complete high speed pin driver designed for
use in digital or mixed signal test systems. By combining a high
speed monolithic process with a unique surface mount package,
this product attains superb electrical performance while preserv
ing optimum packaging densities and long term reliability in an
ultrasmall 16-lead, hermetically sealed (gull wing) package.

Featuring unity gain programmable output levels of -2 V to
+ 7 V with output swing capability of less than 100 mV to 9 V,
the AD 1321 is designed to stimulate ECL, TTL and CMOS
logic families. The 100 MHz (5.0 ns pulsewidth) data rate
capacity, 1 V/ns slew rate, and matched output impedance
allows for real-time stimulation of these digital logic families. To
test I/O devices, the pin driver can be switched into a high
impedance state (inhibit mode) electrically removing the driver
from the path through the inhibit mode feature. The pin driver
leakage current in inhibit is typically 50 nA, and output charge
transfer entering inhibit is typically less than 15 pC.
The AD 1321 transition from HI/LO or to inhibit is controlled
through the data and inhibit inputs. The input circuitry is
implemented utilizing high speed differential inputs with a com
mon mode range of 3 volts. This allows for direct interface to

the precision of differential ECL timing or the simplicity of
stimulating the pin driver from a single ended TTL or CMOS
logic source. The analog logic HI/LO inputs are equally easy to
interface. Typically requiring 350 p.A of bias current, the
AD 1321 can be directly coupled to the output of a digital-toanalog converter.

The 150 MHz analog bandwidth of the logic HI/LO inputs
allows for four quadrant multiplying providing maximum flexi
bility as a standard pin driver and a waveform generator all in
one package.

The AD 1321 is available in a 16-lead, hermetically sealed gull
wing package and is specified to operate over the ambient com
mercial temperature range from 0 to +70°C.

ATE COMPONENTS 10-25

ODCPICIP ATinUC <AI1 measurements made in ,ree air at +25°C. Output load 10 k£l/6 pF with +VS = +10 V,
vl LU 11 I Un I IUI1O -Vs = —5.2 V unless otherwise specified)
Parameter
DIFFERENTIAL INPUT
CHARACTERISTICS
D to D, INH to INH
Input Voltage
Differential Input Range
Bias Current
REFERENCE INPUTS
Vhigh Range (VH)
^low Range (VL)
VHir.H Bias Currents (VH)
V, nw Bias Currents (Vr)
Input Bandwidth
OUTPUT CHARACTERISTICS
Logic High Range
Logic Low Range
Amplitude [VH-VL]
Accuracy
Initial Offset
Gain Error
Linearity Error
0 Vto +5.5 V
-2 V to +7 V
Output Voltage TC
Current Drive
Static
Dynamic
Current Limit
Output Impedance
DYNAMIC PERFORMANCE
Driver Mode
Delay Time
Prop Delay TC
Delay Time Matching
Edge-to-Edge
Rise & Fall Times
1 V Swing
3 V Swing
5 V Swing
Large Signal Slew
Toggle Rate
Minimum PW, VOUT = 2 V
Overshoot & Preshoot
Settling Time
to ±1% Vo
Delay Time vs. PW
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Min

AD1321KZ
Max
Typ

Units

+ 7.0
3.0
300

Volts
Volts
p.A

+7.5
+7.5
1.2
0.5

Volts
Volts
mA
mA
MHz

-2.0
0.4

ECL
175

Comments

See Note 1
-2.5
-2.5

0.5
0.3
150

See Figure 9
See Notes 1, 2

-2.0
-2.0
0.1

+7.0
+ 7.0
+9.0

Volts
Volts
Volts

-50.0
-4.5

+ 50.0
-0.5

mV
% of Set Level

See Note 3

+0.5
+ 1.0

0.5

% of Set Level
% of Set Level
mV/°C

See Figures 7 & 8

48.5

50.0

mA
mA
mA
ohms

0.8

1.2
2.0

1.6

ns
ps/°C

-250

±80

+ 250

PS

0.9
2.7
4.0
1.1

1.2
3.0
4.4

ns
ns
ns
V/ns
MHz
ns
mV

See Figure 1
-2.5

-0.5
-1.0

30.0
100.0

0.8
100

85
51.5

5.0

+(3% Vo+50)

-(3% Vo + 50)

15
150

ns
ps

See Note 4
See Note 5
See Note 6
See Figure 2
See Figure 4
See Figure 5
See Figure 10
Measurement 20%-80%
Measurement 10%-90%
Measurement 10%-90%
Measurement 20%-80% of 9 V Swing
ECL Output
See Figure 12
See Figure 3, Note 7
See Figure 3, Note 7
See Note 8; See Figure 6

ADI 321
Parameter
DYNAMIC PERFORMANCE
Inhibit Mode
Delay Time
Drive-to-Inhibit
Inhibit-to-Drive
Edge-to-Edge Matching
Overshoot & Preshoot
Output Capacitance
Output Charge Going
into Inhibit Mode
Leakage Current
in Inhibit Mode
-2 V to +5 V
+ 5 V to +7 V
POWER SUPPLIES
—Vs to +VS Range
Supply Range
Positive Supply
Negative Supply
Current
Positive Supply
Negative Supply
+PSRR VOH = +7V
-PSRR VOL = -2 V

Min

AD1321KZ
Max
Typ

Units

Comments

See Figure 2
See Note 9
1.1
1.6
-250

±100
40
8

1.7
2.2
+ 250
80
10

pC

15

50

ns
ns
ps
mV
pF

200
1.0

nA
jiA

15.2

Volts

See Figure 3

See Figure 13

See Note 10

+8.0
-7.2

+ 10.0 + 12.0
-5.2 -3.2

Volts
Volts

42
-78
0.5
0.5

60
-60

mA
mA
%/%VOUt
%/%VOUT

78
-42
0.5
0.5

+V = ±2.5%
-V = ±2.5%

NOTES
‘The output voltage range is specified for -2 V to +7 V for typical power supply values of -5.2 V and +10.0 V but can be offset for different values of VOUT
such as 0 V to +9 V as long as the required headroom of 3 V is maintained between both VH and +VS and VL and -Vs.
2Vh can be set to be as much as 4 volts below VL without any harm to the driver with the restriction that neither level can go below -2 V with the typical
power supply setting. In this condition the rise and fall times will approximately double.
’The gain error of the driver is always in the negative direction with respect to the voltage set level.
■Transient output current can easily exceed the AD1321’s steady-state current limit when driving capacitive loads. The transient output current capability can be
increased by connecting 0.039 p.F capacitors between Pin 5 and ground and Pin 6 and ground. This will prevent the driver from current limiting by providing
the “edge” current necessary when driving capacitive loads. These capacitors will not affect the driver’s de current limit.
’Driver output impedance is 50 ohms, ±1.5 ohms for a 3 V swing into a 50 ohm cable.
‘Delay times are measured from the crossing of differential ECL outputs at the inputs to the driver to the 50% point of an ±400 mV driver output.
7Due to uncontrolled inductances in the test socket, overshoot, preshoot and settling time cannot be 100% tested. These characteristics are guaranteed by char
acterization data instead.
‘Delay matching vs. PW is defined as the amount of change in propagation, with respect to the leading edge, due to change in pulsewidth of the input signal.
The AD1321 is characterized over the pulsewidth range of 5 ns to 100 ns.
’Inhibit mode delay times are measured from the crossing of differential (ECL) INH inputs to a 200 mV transition at the pin driver output. VOUT is connected
to a 100 ohm/15 pF load terminated to ground. VOH is set at +1 V and VOL is set at -1 V for this test.
10A supply range of 15.2 V must be maintained to guarantee a 9 V output swing.
Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS
*
Power Supply Voltage
+VS to GND ................................................................ +13 V
-Vs to GND.................................................................. -8.2 V
Difference from +Vsto-Vs ........................................... 16V
Inputs
Difference from D to D . . . ..............................................5 V
Difference from INH to INH..............................................5 V
. +VS -12 V, -Vs +11.5 V
D, D, INH, INH . .
V»toVL................
............................ -4 V, +9 V
Vh,Vl ..................
+VS -13.0 V, -Vs +13.2 V
Driver Output
+VS -13.0 V, -Vs +13.2 V
Voltage.....................
................................. Indefinite
Short Circuit to GND

Operating Temperature Range................................... 0 to +70°C
Storage Temperature Range ............................ -65°C to + 125°C
Lead Temperature Range (Soldering 20 sec)+..................+300°C
NOTES
•Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of this specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
To ensure lead coplanarity (±0.002 inches) and solderability, handling with
bare hands should be avoided and the device should be stored in an
environment at 24°C, ±5°C (75°F, ± 10°F) with relative humidity not to exceed
65%.
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CONNECTION DIAGRAMS
Dimensions shown in inches and (mm).

£

SUGGESTED LANDING PADS LOCATION
=116

= 13
=□12

0.540
(13.71)
0.710
(18.03)

PIN CONFIGURATION
PIN NO.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

SYMBOL
GND
N/C
Vout

N/C
c1+
CivL
N/C
LID
VH
D
D
INH
INH
-Vs
+vs

FUNCTION
CIRCUIT GROUND
NO CONNECTION
DRIVER OUTPUT
NO CONNECTION
POSITIVE DECOUPLE
NEGATIVE DECOUPLE
VOLTAGE LOGIC LOW
NO CONNECTION
LID CONNECTION
*
VOLTAGE LOGIC HIGH
DRIVER INPUT
DRIVER INPUT
INHIBIT INPUT
INHIBIT INPUT
NEGATIVE SUPPLY
POSITIVE SUPPLY

•IT IS RECOMMENDED TO CONNECT PIN 9 TO CIRCUIT GROUND.

ORDERING GUIDE*

Model

Temperature
Range

Package
Option

AD1321KZ

0 to +70°C

16-Lead
Gull Wing
(Z-16A)

*See Section 20 for package outline information.
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□□□□ofc

AD1321
TOP VIEW
(Not To Scale)

Definition of Terms - ADI321
OFFSET ERROR
The offset error for logic high is determined by holding the out
put of the driver at logic high, and applying zero volts to the
logic high reference input. The driver output value represents
the offset “high” error. The same approach is used to identify
offset “low” error

vHIGH OFFSET = VOUT
where:

vH

= ov

D
D
INH
INH

=
=
=
=

HIGH
LOW
LOW
HIGH.

GAIN ERROR
Defined as the ratio of the driver’s output voltage to its logic set
level voltage and is expressed in terms of percent of set level.
The gain error is typically seen as 2.5% and is always in the
negative direction with respect to the logic set level

VqUT - Vh ~ VhIGH OFFSET
Vhigh gain (%) Vh

Figure 1. Definition of Terms

x 100

where:

VH

— 5.0 V + VHIGH OFFSET

D
D
INH
INH

= HIGH
= LOW
LOW
HIGH.

DRIVER MODE DELAY TIME

LINEARITY ERROR
The deviation of the transfer function from a reference line. For
the AD 1321, the linearity error is calculated by subtracting the
worst case gain error from the best case gain error (for the speci
fied range) and divide the result by two. This method guaran
tees that the maximum linearity error for any set level within
the specified range will be within the specified limits
where:
,,
,
VHIGH GAIN
VHIGH LINEARITY \'01 ~

- VhiGH GAIN

-------------------- 5

[min

I

X 100.

DELAY TIME
The amount of time it takes the input signal to propagate
through the driver and be converted to the desired logic levels.
The measurement technique is defined in the notes and is
shown in Figure 2.

Figure 2. Timing Diagram for Driver and Inhibit
Propagation Delay

EDGE-TO-EDGE MATCHING
Edge-to-edge matching is the difference, in time, between the
delay time of the rising edge and the falling edge.
MINIMUM PULSEWIDTH
Defined as the smallest pulse applied to the input of the driver
which can maintain an output signal amplitude of 2 V. The
minimum pulsewidth is measured at the 50% points of the
waveform.

OVERSHOOT AND PRESHOOT
The amount by which the driver’s output voltage exceeds the
desired set voltage. Preshoot is similar to overshoot but is the
amount by which the driver’s output goes below the initial volt
age when driving to the new set level (or inhibit mode). See
Figure 3.

Figure 3. Definition of Waveform Abberations
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Typical Performance Characteristics

AMBIENT TEMPERATURE - C

Figure 4. Driver Propagation Delay
vs. Temperature

Figure 5. Propagation Delay Edge
Matching vs. Temperature

Figure 6. Propagation Delay vs.
Input Signal Pulsewidth

VH,VL INPUT SIGNAL FREQUENCY - MHz

Figure 7. Change in VHIGH over
Temperature

Figure 8. Change in VLOW over
Temperature

Figure 9. VH/GH , VLOW Input
Bandwidth

50% Crossing < 5 ns

Figure 13. Charge into Inhibit Test Setup

10-30 ATE COMPONENTS

AD1321

Figure 14. AD1321 Test Setup

FUNCTIONAL DESCRIPTION
The AD 1321 is a complete high speed pin driver designed for
use in general purpose instrumentation and digital functional
test equipment. The purpose of a pin driver is to accept digital,
analog and timing information from a system source and com
bine these to drive the device to be tested.

The circuit configuration for the AD 1321 is outlined in Figure
15. Simply stated, a pin driver performs the function of a pre
cise, high speed level translator with an output which can be
disabled. The AD1321 accepts differential digital information
utilizing a high speed differential design on the D and INH
inputs providing precise timing at logic crossover and high noise
immunity. The wide input voltage range allows for ECL opera
tion with power supplies at 0 to —5.2 V, +2 V to -3.2 V or
+ 5 V to 0 V. Where timing is less critical, TTL or CMOS logic
levels may be used to toggle the AD 1321. By biasing the D and
INH inputs to approximately +1.3 V for TTL and 1/2 Vcc for
CMOS, the D and INH inputs can be directly driven from these
single-ended output sources. The output of the pin driver will
follow the logic state of the D input providing the INH input is
low. When inhibit is asserted, the output is disconnected and
any activity on the input does not affect the output.

Analog information is provided to the pin driver through the VH
and VL terminals as reference voltages. These analog voltages
are buffered internally using unity gain followers. The resulting
gain and linearity errors are provided in the specification table.
System timing requirements are achieved through a specified
1.2 ns, ±400 ps driver propagation delay, 1.0 V/ns slew rate,
defined preshoot and overshoot, and a dynamically trimmed
50 fl output impedance.

Figure 15. AD1321 Block Diagram
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LAYOUT CONSIDERATIONS
While it is generally considered good engineering practice to
capacitively decouple the power supplies of an active device, it is
absolutely essential for a high power, high speed device such as
the AD 1321. The engineer merely has to consider the current
pulse demand from the power supply when a dynamic current
change of -100 mA to +100 mA is required in only a few nano
seconds. Therefore, a 470 pF high frequency decoupling capaci
tor must be located within 0.25 inches of the +VS and -Vs
terminals to a low impedance ground. A 0.1 p.F capacitor in
parallel with a 10 p.F tantalum capacitor should also be situated
between the power supplies and ground however, the proximity
to the device is less critical assuming low impedance power sup
ply distribution techniques are employed. Circuit performance
will be similarly enhanced and noise minimized by locating a
470 pF capacitor as close as possible to VH, VL and connected
to ground. Bypass considerations have been summarized in Fig
ure 16.

THERMAL CONSIDERATIONS
The AD1321 is provided in a 0.450" x 0.450", 16-lead (bottom
brazed) gull wing, surface mount package with a typical
junction-to-case thermal resistance of 5.6°C/W. Thermal resis
tance 0CA (case to ambient) vs. air flow for the AD 1321 in this
package is shown in Figure 17. The improvement in thermal
resistance vs. air flow begins to flatten out just above
400 lfm(1,2).
NOTES
llfm is air flow in Linear Feet/Minute.
2For convection cooled systems, the minimum recommended airflow is
400 lfm.

An equally important consideration is the use of microwave
stripline techniques on the output of the AD 1321. Failure to
preserve the 50 (1 output impedance of the pin driver will result
in unwanted reflections, ringing and general corruption of the
wave shape. Care should be exercised when selecting etch
widths and routing, wire and cable to the device to be tested,
and in choosing relays if they are required.

Figure 17. Case-to-Ambient Thermal Resistance vs. Air
Flow

Figure 16. Basic Circuit Decoupling
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Figure 18. High Speed Digital Test System Block Diagram

APPLICATIONS
The AD 1321 has been optimized to function as a pin driver in
an ATE test system. Shown in Figure 18 is a block diagram
illustrating the electronics behind a single pin of a high speed
digital functional test system with the ability to test I/O pins on
logic devices. The AD1321 pin driver, AD96687 high speed

dual comparator, AD1315 active load, and the AD664 quad 12bit voltage DAC would comprise the pin electronic portion of
the test system. Such a system could operate at 100 MHz in a
data mode or 50 MHz in the I/O mode, yet fit into a neat trim
package.
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NOTES:
“HALF-MOON” CONNECTORS CAN BE CONNECTED OR DISCONNECTED AS REQUIRED ... O
DECOUPLING CAPS ARE NOT SHOWN ON THIS SCHEMATIC, BUT THE BOARD USES 0.1 pF AND
470pF CAPS TO DECOUPLE THE Vcc, Vee, Vlow AND Vhigh SUPPLIES.
SMA CONNECTORS ■
PROBE JACKS
)
BNC CONNECTORS

Figure 19. AD1321EB Evaluation Board Schematic
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AD1321 EVALUATION BOARD
Introduction
The AD1321EB evaluation board was developed to aid the cus
tomer in quickly evaluating the performance of the AD 1321.
Included is complete documentation of the evaluation board
along with suggestions on equipment to use and measurement
limitations.
Overview
The AD 1321 is a high speed pin driver used in automatic test
equipment

The device has true differential inputs for both the drive and
inhibit which can be driven from either TTL or ECL logic
levels (ECL is recommended). Standard ECL design and layout
techniques should be used.
The device runs from dual power supplies +10 V and —5.2 V.
It is very important that these power supplies are decoupled
properly at the device pin. (High frequency oscillations will cou
ple through to the device output.)

The reference input pins are de inputs; therefore they also
should be decoupled properly. The reference input range is
-2 V to +7 V.
The output slew rate is 1 V/ns for large signals and has a rep
rate for an ECL level of 100 MHz minimum.

Equipment
The Drive and Inhibit inputs should be driven with standard
ECL levels. If the full performance of the AD 1321 needs to be
evaluated, the generator must be able to supply an ECL level at

frequencies greater than 200 MHz. Motorola’s MC10216 is used
on the evaluation board to simulate the actual application. VBB
is used on the MC10216 as the logic reference and the outputs
have 330 ohm pulldowns to VEE.

Five power supplies are required: DUT_VCC, DUTVEE,
VHIGH, Vlow and ECL_Vee. DUT_Vcc requires +10 V at
100 mA minimum; DUT VEE requires -5.2 V at 100 mA mini
mum; ECL_Vee requires -5.2 V at 150 mA minimum. VHIGH
and VLOW require -2Vto+7Vat5 mA (each).

The output performance of the pin driver can only be measured
properly with a scope which has the proper bandwidth for the
required application. The input impedance and the bandwidth
of the scope probe should be taken into consideration when
evaluating the performance of the device. The resultant band
width of the system is the RMS value of the components in the
system.
The characterizations performed by Analog Devices were per
formed using the following equipment: the scope equipment
consists of the Tektronix 11402 mainframe (1 GHz BW), P6203
FET probe (1 GHz, 1.2 pF, 1 M ohm) and the 11A71 plug-in
(1 GHz BW, 50 ohm).
The Hewlett-Packard 54120 and 54110 were also evaluated with
the 500 ohm, 1.2 pF passive probes and the Data Precision 6100
with their model 640 FET probe (50 kft, 4 pF). When measur
ing the performance of waveforms close to or exceeding the
bandwidth of a scope, it is not uncommon for the results
between scopes to be different because of aberrations and slew

10
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DC POWER SUPPLIES (4)

PULSE GENERATORS (2)

CONNECTORS ON AD1321 EVALUATION BOARD:

1. DC POWER SUPPLIES: FEMALE BANANA JACKS
2. PULSE GENERATORS: FEMALE BNC CONNECTORS
3. OSCILLOSCOPE: FEMALE PROBE SOCKET (TEKTRONIX p/n: 131-0258-00)

Figure 20. AD 1321 Evaluation Board Connections
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ANALOG
DEVICES
FEATURES
200 MHz Driver Operation
Driver Inhibit Function
200 ps Edge Matching
Guaranteed Industry Specifications
50 fl Output Impedance
2 V/ns Slew Rate
Variable Output Voltages for ECL, TTL and CMOS
High Speed Differential Inputs for Maximum Flexibility
Hermetically Sealed Small Gull Wing Package

Ultrahigh Speed Pin Driver
with Inhibit Mode
AD1322
AD1322 FUNCTIONAL BLOCK DIAGRAM

APPLICATIONS
Automatic Test Equipment
Semiconductor Test Systems
Board Test Systems
Instrumentation & Characterization Equipment

PRODUCT DESCRIPTION
The AD 1322 is a complete high speed pin driver designed for
use in digital or mixed signal test systems. By combining a high
speed monolithic process with a unique surface mount package,
this product attains superb electrical performance while preserv
ing optimum packaging densities and long term reliability in an
ultrasmall 16-lead, hermetically sealed (gull wing) package.
Featuring unity gain programmable output levels of -2 V to
+ 7 V with output swing capability of less than 100 mV to 9 V,
the AD 1322 is designed to stimulate ECL, TTL and CMOS
logic families. The 200 MHz (2.5 ns pulsewidth) data rate ca
pacity, and matched output impedance allows for real-time stim
ulation of these digital logic families. To test I/O devices, the
pin driver can be switched into a high impedance state (inhibit
mode) electrically removing the driver from the path, through
the inhibit mode feature. The pin driver leakage current in
inhibit is typically 50 nA, and output charge transfer entering
inhibit is typically less than 15 pC.

The AD 1322 transition from HI/LO or to inhibit is controlled
through the data and inhibit inputs. The input circuitry is im
plemented utilizing high speed differential inputs with a com
mon-mode range of 3 volts. This allows for direct interface to

the precision of differential ECL timing or the simplicity of
stimulating the pin driver from a single ended TTL or CMOS
logic source. The analog logic HI/LO inputs are equally easy to
interface. Typically requiring 350 p.A of bias current, the
AD 1322 can be directly coupled to the output of a digital-toanalog converter.
The 200 MHz analog bandwidth of the logic HI/LO inputs al
lows for four quadrant multiplying providing maximum flexibil
ity as a standard pin driver and a waveform generator all in one
package.

The AD1322 is available in a 16-lead, hermetically sealed gull
wing package and is specified to operate over the ambient com
mercial temperature range from 0 to +70°C.
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CPPPICIP ATinklC (All measurements made in free air at +25°C. Output load 10 kil/6 pF with +VS = +10 V,
wrEUIr Il/HIIUHO ys = -5.2 y unless otherwise specified)
Parameter

DIFFERENTIAL INPUT CHARACTERISTICS
D to D, INH to INH
Input Voltage
Differential Input Range
Bias Current
REFERENCE INPUTS
Vrigh Range (VH)
Vlow Range (VL)
VHigh Bias Currents (VH)
VLOW Bias Currents (VL)
Input Bandwidth

OUTPUT CHARACTERISTICS
Logic High Range
Logic Low Range
Amplitude [VH-VL]
Accuracy
Initial Offset
VH

vL

Gain Error
Linearity Error
0 Vto +5.5 V
-2 V to +7 V
Output Voltage TC
Current Drive
Static
Dynamic
Current Limit
Output Impedance

DYNAMIC PERFORMANCE
Driver Mode
Delay Time
Prop Delay TC
Delay Time Matching
Edge-to-Edge
Rise & Fall Times
1 V Swing
3 V Swing
5 V Swing
Large Signal Slew

Toggle Rate
Minimum PW, VOUT = 2 V
Overshoot & Preshoot
Settling Time
to ± 1% Vo
Delay Time vs. PW
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AD1322K7I
Typ Max

Units

-2.0
0.4

+7.0
ECL 3.0
175
300

Volts
Volts
pA

-2.5
-2.5

+ 7.5
+ 7.5
1.2
0.5

Volts
Volts
mA
mA
MHz

Min

Comments

See Note 1

0.5
0.3
200

See Figure 9
See Notes 1, 2

+7.0
+ 7.0
+ 9.0

-2.0
-2.0
0.1

Volts
Volts
Volts

See Figure 1
See Note 3
+320
-180
-4.5

+ 350 + 380
-150 -120
-2.5 -0.5

-0.5
-1.0

+0.5
+ 1.0

mV
mV
% of Set Level See Note 4

0.5

% of Set Level
% of Set Level
See Figures 7 & 8
mV/°C

48.5

50.0

mA
mA
mA
ohms

0.9

1.2
2.0

1.5

ns
ps/°C

-200

±50

+ 200

PS

0.9
2.2
3.5

1.0

0.5
1.8
3.1
1.3

ns
ns
ns
V/ns

30.0
100.0

200
2.0

-(3% Vo + 50)

85
51.5

MHz
ns
+ (3%VO +50) mV
15

100

ns
PS

See Note 5
See Note 6
See Note 7
See Figure 2
See Figure 4
See Figure 5
See Figure 10
Measurement 20%-80%
Measurement 10%-90%
Measurement 10%-90%
Measurement 20%-80%
at a 9 V Swing
ECL output
See Figure 12
See Figure 3, Note 8
See Figure 3, Note 8
See Note 9, See Figure 6

AD1322
Parameter

DYNAMIC PERFORMANCE
Inhibit Mode
Delay Time
Drive-to-Inhibit
Inhibit-to-Drive
Delay Time Matching
Edge-to-Edge
Overshoot & Preshoot
Output Capacitance
Output Charge Going
into Inhibit Mode
Leakage Current
in Inhibit Mode
-2 V to +5 V
+ 5 Vto +7 V
POWER SUPPLIES
—Vs to +VS Range
Supply Range
Positive Supply
Negative Supply
Current
Positive Supply
Negative Supply
+PSRR VOH = +7 V
-PSRR VOL = -2 V

Min

AD1322KZ
Typ

0.9
1.3

-200

±50
40
8

Max

Units

1.7
1.9

ns
ns
ns

+200
80
10

PS
mV
pF

See Figure 3

pC

See Figure 13

15

50

200
1.0

nA
nA

15.2

Volts

Comments

See Figure 2
See Note 10

See Note 11
+ 8.0
-7.2

+ 10.0
-5.2

+ 12.0 Volts
-3.2 Volts

4.2
-78
0.5
0.5

60
-60

78
-42
0.5
0.5

mA
mA
%/%VQUT
%/%VOUT

+V = ±2.5%
-V = ±2.5%

NOTES
'The output voltage range is specified for -2 V to +7 V for typical power supply values of -5.2 V and +10.0 V but can be offset for different values of VOUT
such as 0 V to +9 V as long as the required headroom of 3 V is maintained between both VH and +VS and VL and -Vs.
2Vh can be set to be as much as 4 volts below VL without any harm to the driver with the restriction that neither level can go below —2 V with the typical
power supply setting. In this condition the rise and fall times will approximately double.
’All pin drivers are pretrimmed at the factory to incorporate an offset error of +350 mV, ±30 mV for VH and -150 mV, ±30 mV for VL. For VH and VL the
offset error remains constant within the specified range.
4The gain error of the driver is always in the negative direction with respect to the voltage set level.
’Transient output current can easily exceed the AD1322’s steady-state current limit when driving capacitive loads. The transient output current capability can
be increased by connecting 0.039 p.F capacitors between Pin 5 and ground and Pin 6 and ground. This will prevent the driver from current limiting by pro
viding the “edge” current necessary when driving capacitive loads. These capacitors will not affect the driver’s de current limit.
’Driver output impedance is 50 ohms, ±1.5 ohms for a 3 V swing into a 50 ohm cable.
’Delay times are measured from the crossing of differential ECL outputs at the inputs to the driver to the 50% point of a ±400 mV driver output.
’Due to uncontrolled inductances in the test socket, overshoot, preshoot and settling time cannot be fully tested. These characteristics are guaranteed by char
acterization data instead.
’Delay matching vs. PW is defined as the amount of change in propagation, with respect to the leading edge, due to change in pulsewidth of the input signal.
The AD1322 is characterized over the pulsewidth range of 2 ns to 100 ns.
‘“Inhibit mode delay times are measured from the crossing of differential (ECL) INH inputs to a 200 mV transition at the pin driver output. VOUT is connected
to a 100 ohm/15 pF load terminated to ground. VOH is set at +1 V and VOL is set at -1 V for this test.
“A supply range of 15.2 V must be maintained to guarantee a 9 V output swing.

ABSOLUTE MAXIMUM RATINGS
*
Power Supply Voltage
+Vs to GND ................................................................ +13 V
-Vs to GND...................................................................-8.2 V
Difference from + Vsto-Vs ............................................16V
Inputs
Difference from D to D . . . ............................................ 5 V
Difference from INH to INH............................................ 5 V
D, D, INH, INH .... ............... +VS -12 V, -Vs +11.5 V
. -4 V, +9 V
V„ to V, .......................
vH> vL ................... ............ +VS -13.0 V, -Vs +13.2 V
Driver Output
Voltage.........................................+VS -13.0 V, -Vs +13.2 V
Short Circuit to GND................................................ Indefinite
Operating Temperature Range................................... 0 to +70°C
Storage Temperature Range ............................ -65°C to + 125°C
Lead Temperature Range (Soldering 20 see)
*
..................+300°C

NOTES
•Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of this specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
fTo ensure lead coplanarity (±0.002 inches) and solderability handling with
bare hands should be avoided and the device should be stored in an
environment at 24°C, ±5°C (75°F, ±10°F) with relative humidity not to exceed
65%.
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CONNECTION DIAGRAMS
Dimensions shown in inches and (mm).

SUGGESTED LANDING PADS LOCATION

0.050 (1.27)

0.025 (0.63)

0.540
(13.71)
0.710
(18.03)

PIN CONFIGURATION
PIN NO.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

SYMBOL
GND
N/C
Vout

N/C
C|+
C,_
VL
N/C
LID
vH
D
D
INH
INH
-Vs
+ VS

FUNCTION
CIRCUIT GROUND
NO CONNECTION
DRIVER OUTPUT
NO CONNECTION
POSITIVE DECOUPLE
NEGATIVE DECOUPLE
VOLTAGE LOGIC LOW
NO CONNECTION
LID CONNECTION
*
VOLTAGE LOGIC HIGH
DRIVER INPUT
DRIVER INPUT
INHIBIT INPUT
INHIBIT INPUT
NEGATIVE SUPPLY
POSITIVE SUPPLY

•IT IS RECOMMENDED TO CONNECT PIN 9 TO CIRCUIT GROUND.
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ORDERING GUIDE

Model

Temperature
Range

AD1322KZ

0 to +70°C

Description

16-Lead
Gull Wing

*See Section 20 for package outline information.

Package
*Option
Z-16A

Definition of Terms - AD1322
OFFSET ERROR
The offset error for logic high is determined by holding the out
put of the driver at logic high, and applying zero volts to the
logic high reference input. The driver output value represents
the offset “high” error. The same approach is used to identify
offset “low” error. Refer to the Specification Table, Note 3.

REMOVED
REMOVED

OUTPUT

VHIGH OFFSET ~ VOUT
where:

vH

= ov

D
D
INH
INH

=
=
=
=

HIGH
LOW
LOW
HIGH

GAIN ERROR
Defined as the ratio of the driver’s output voltage to its logic set
level voltage and is expressed in terms of percent of set level.
The gain error is typically seen as 2.5% and is always in the
negative direction with respect to the logic set level.
Vhigh gain

where:
VH
D
D
INH
INH

—
=
=
=
=

(%) -

WHERE Vou, = VSEI *1 OFFSET ERROR I - GAIN ERROR i LINEARITY ERROR

Figure 1. Definition of Terms

Vpur ~ ^H ~ VHIGH OFFSET x 100
Vh

5.0 V+VHKJH OffsET
HIGH
LOW
LOW
HIGH

DRIVER MODE DELAY TIME

10

LINEARITY ERROR
The deviation of the transfer function from a reference line. For
the AD 1322, the linearity error is calculated by subtracting the
worst case gain error from the best case gain error (for the speci
fied range) and divide the result by two. This method guaran
tees that the maximum linearity error for any set level within
the specified range will be within the specified limits.

,,
vHIGH LINEARITY

_ Vhigh gain (max) ~Vhigh gain (min)

~ -------------------------- 5--------------------------

X

100

DELAY TIME
The amount of time it takes the input signal to propagate
through the driver and be converted to the desired logic levels.
The measurement technique is defined in the notes and is
shown in Figure 2.

Figure 2. Timing Diagram for Driver and Inhibit
Propagation Delay

EDGE-TO-EDGE MATCHING
Edge-to-edge matching is the difference, in time, between the
delay time of the rising edge and the falling edge.
MINIMUM PULSEWIDTH
Defined as the smallest pulse applied to the input of the driver
which can maintain an output signal amplitude of 2 V. The
minimum pulsewidth is measured at the 50% point of the
waveform.
OVERSHOOT AND PRESHOOT
The amount by which the driver’s output voltage exceeds the
desired set voltage. Preshoot is similar to overshoot but is the
amount by which the driver’s output goes below the initial
voltage when driving to the new set level (or inhibit mode). See
Figure 3.

Figure 3. Definition of Waveform Abberrations
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Typical Performance Characteristics

Figure 7. Change in VH/GH over
Temperature

Figure 10. 10 ns Output Pulse at
1 V, 3 V and 5 V

Figure 8. Change in VLOW over
Temperature

Figure 9. VH/GH , VLOW Input
Bandwidth

Figure 11. VOUT = 9 V as Seen at
the End of a 28", 50 Fl Cable

Figure 12. Minimum (Data) Pulse
width as Defined by VOUT = 2 V,
50% Crossing < 2 ns

Setup
10-42 ATE COMPONENTS

AD1322

Figure 14. AD1322 Test Setup

FUNCTIONAL DESCRIPTION
The AD 1322 is a complete high speed pin driver designed for
use in general purpose instrumentation and digital functional
test equipment. The purpose of a pin driver is to accept digital,
analog and timing information from a system source and com
bine these to drive the device to be tested.

The circuit configuration for the AD 1322 is outlined in Figure
15. Simply stated, a pin driver performs the function of a pre
cise, high speed level translator with an output which can be
disabled. The AD 1322 accepts differential digital information
utilizing a high speed differential design on the D and INH in
puts providing precise timing at logic crossover and high noise
immunity. The wide input voltage range allows for ECL opera
tion with power supplies at 0 to -5.2 V, +2 V to —3.2 V or
+ 5 V to 0 V. Where timing is less critical TTL or CMOS logic
levels may be used to toggle the AD 1322. By biasing the D and
INH inputs to approximately +1.3 V for TTL and 1/2 Vcc for
CMOS, the D and INH inputs can be directly driven from these
single-ended output sources. The output of the pin driver will
follow the logic state of the D input providing the INH input is
low. When inhibit is asserted the output is disconnected and any
activity on the input does not affect the output.
Analog information is provided to the pin driver through the VH
and VL terminals as reference voltages. These analog voltages
are buffered internally using unity gain followers. The resulting
gain and linearity errors are provided in the specification table.
System timing requirements are achieved through a specified
1.2 ns, ±200 ps driver propagation delay, 2.0 V/ns slew rate,
defined preshoot and overshoot, and a dynamically trimmed
50 fl output impedance.
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LAYOUT CONSIDERATIONS
While it is generally considered good engineering practice to
capacitively decouple the power supplies of an active device, it is
absolutely essential for a high power, high speed device such as
the AD 1322. The engineer merely has to consider the current
pulse demand from the power supply when a dynamic current
change of -100 mA to +100 mA is required in only a few nano
seconds. Therefore, a 470 pF high frequency decoupling capaci
tor must be located within 0.25 inches of the +VS and -Vs
terminals to a low impedance ground. A 0.1 pF capacitor in
parallel with a 10 pF tantalum capacitor should also be situated
between the power supplies and ground. However, the proxim
ity to the device is less critical assuming low impedance power
supply distribution techniques are employed. Circuit perform
ance will be similarly enhanced and noise minimized by locating
a 470 pF capacitor as close as possible to VH, VL and connect
ed to ground. Bypass considerations have been summarized in
Figure 16.

THERMAL CONSIDERATIONS
The AD1322 is provided in a 0.450" x 0.450", 16 lead (bottom
brazed) gull wing, surface mount package with a typical junctionto-case thermal resistance of 5.6°C/W. Thermal resistance 0CA
(case to ambient) vs. air flow for the AD 1322 in this package is
shown in Figure 17. The improvement in thermal resistance vs.
air flow begins to flatten out just above 400 lfm<1- 2\
NOTES
'lfm is air flow in Linear Feet/Minute.
2For convection cooled systems, the minimum recommended airflow is
400 Ifm.

AIR FLOW - Linear Feet/Minute

Figure 17. Case-to-Ambient Thermal Resistance vs. Air
Flow

Figure 16. Basic Circuit Decoupling

An equally important consideration is the use of microwave
stripline techniques on the output of the AD 1322. Failure to
preserve the 50 fl output impedance of the pin driver will result
in unwanted reflections, ringing and general corruption of the
wave shape. Care should be exercised when selecting etch
widths and routing, wire and cable to the device to be tested,
and in choosing relays if they are required.
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Figure 18. High Speed Digital Test System Block Diagram

10
APPLICATIONS
The AD 1322 has been optimized to function as a pin driver in
an ATE test system. Shown in Figure 18 is a block diagram il
lustrating the electronics behind a single pin of a high speed dig
ital functional test system with the ability to test I/O pins on
logic devices. The AD1322 pin driver, AD96687 high speed
dual comparator, AD1315 active load, and the AD664 quad 12bit voltage DAC would comprise the pin electronic portion of
the test system. Such a system could operate at 200 MHz in a
data mode or 100 MHz in the I/O mode, yet fit into a neat trim
package.
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NOTES:
HALF-MOON" CONNECTORS CAN BE CONNECTED OR DISCONNECTED AS REQUIRED . . . O
DECOUPLING CAPS ARE NOT SHOWN ON THIS SCHEMATIC, BUT THE BOARD USES O.1pF AND
470pF CAPS TO DECOUPLE THE Vcc, Vee, Vlow AND Vhigh SUPPLIES.
SMA CONNECTORS ■
PROBE JACKS
)
BNC CONNECTORS

Figure 19. AD1322EB Evaluation Board Schematic
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AD1322
AD1322 EVALUATION BOARD
Introduction
The AD1322EB evaluation board was developed to aid the cus
tomer in quickly evaluating the performance of the AD 1322.
Included is complete documentation of the evaluation board
along with suggestions on equipment to use and measurement
limitations.

Overview
The AD 1322 is a high speed pin driver used in automatic test
equipment
The device has true differential inputs for both the drive and
inhibit which can be driven from either TTL or ECL logic
levels (ECL is recommended). Standard ECL design and layout
techniques should be used.
The device runs from dual power supplies +10 V and -5.2 V.
It is very important that these power supplies are decoupled
properly at the device pin. (High frequency oscillations will cou
ple through to the device output.)
The reference input pins are de inputs; therefore they also
should be decoupled properly. The reference input range is
-2 V to + 7 V.
The output slew rate is 1 V/ns for large signals and has a rep
rate for an ECL level of 100 MHz minimum.

Five power supplies are required: DUT_VCC, DUT_VEE,
VHIGH, Vlow and ECL_Vee. DUT Vcc requires +10 V at
100 mA minimum; DUT_VEE requires —5.2 V at 100 mA mini
mum; ECL_Vee requires —5.2 V at 150 mA minimum. VHIGH
and VLOW require -2 V to +7 V at 5 mA (each).

The output performance of the pin driver can only be measured
properly with a scope which has the proper bandwidth for the
required application. The input impedance and the bandwidth
of the scope probe should be taken into consideration when
evaluating the performance of the device. The resultant band
width of the system is the RMS value of the components in the
system.
The characterizations performed by Analog Devices were per
formed using the following equipment: the scope equipment
consists of the Tektronix 11402 mainframe (1 GHz BW), P6203
FET probe (1 GHz, 1.2 pF, 1 M ohm) and the 11A71 plug-in
(1 GHz BW, 50 ohm).
The Hewlett-Packard 54120 and 54110 were also evaluated with
the 500 ohm, 1.2 pF passive probes and the Data Precision 6100
with their model 640 FET probe (50 kll, 4 pF). When measur
ing the performance of waveforms close to or exceeding the
bandwidth of a scope, it is not uncommon for the results be
tween scopes to be different because of aberrations and slew
rates.

Equipment
The Drive and Inhibit inputs should be driven with standard
ECL levels. If the full performance of the AD 1322 needs to be
evaluated, the generator must be able to supply an ECL level at
frequencies greater than 200 MHz. Motorola’s MC10216 is used
on the evaluation board to simulate the actual application. VBB
is used on the MC10216 as the logic reference and the outputs
have 330 ohm pulldowns to VEE.

10
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DC POWER SUPPLIES (4)

PULSE GENERATORS (2)

CONNECTORS ON AD1322 EVALUATION BOARD:
1. DC POWER SUPPLIES: FEMALE BANANA JACKS
2. PULSE GENERATORS: FEMALE BNC CONNECTORS
3. OSCILLOSCOPE: FEMALE PROBE SOCKET (TEKTRONIX p/n: 131-0258-00)
Figure 20. AD1322 Evaluation Board Connections
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ANALOG
DEVICES
FEATURES
200 MHz Driver Operation
Driver Inhibit Function
200 ps Edge-to-Edge Matching
Guaranteed Industry Specifications
Trimmed 50 fl Output Resistance
Variable Output Voltages for ECL, TTL and CMOS
High Speed Differential Inputs for Maximum Flexibility
Hermetically Sealed Small Gull Wing Package

Ultrahigh Speed Pin Driver with
Inhibit Mode
AD1322B
AD1322B FUNCTIONAL BLOCK DIAGRAM

APPLICATIONS
Automatic Test Equipment
Semiconductor Test Systems
Board Test Systems
Instrumentation & Characterization Equipment
Pulse Generator for High Speed Amplifiers
General Purpose Driver

PRODUCT DESCRIPTION
The AD1322B is a complete high speed pin driver designed for
use in digital or mixed signal test systems. By combining a high
speed monolithic process with a unique surface mount package,
this product attains superb electrical performance while preserv
ing optimum packaging densities and long-term reliability in an
ultrasmall 16-lead, hermetically sealed gull wing package.
Featuring unity gain programmable output levels of -2 V to
+ 7 V, with output swing capability of 400 mV.to 9 V, the
4
AD1322B is designed to stimulate ECL, TTL, and CMOS logic
families. The 200 MHz (2.5 ns pulse width; data rate capacity,
controlled slew rate, and matched 50 fl output resistance allow
for real-time stimulation of these digital logic families, |To test
I/O devices, the pin driver can be switched into a high imped
ance state (Inhibit mode) electrically removingthe pin driver
from the path. The typical Inhibit leakage current is 250 nA arid
the output charge transfer going into Inhibit is typically less
*
than 5 pC.

The AD1322B transition from HI/LOW or to Inhibit is con
trolled through the data and inhibit inputs. The input uses high
speed differential circuitry with a common-mode range of 8 V.
This allows for direct interface to the precision of differential
ECL timing or the simplicity of stimulating the pin driver from
a single ended TTL or CMOS logic source. The analog logic
HI/LO inputs are equally easy to interface. Requiring typically
ft 5A of bias current, the AD1322B can be directly coupled to
the output of a DAC either alone or in parallel with several
^•thei^lrixfrsft,

This information applies to a product under development. Its characteristics and specifications are subject to change without
notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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CDEpiripATIHklC
measurements made 'n ffee air at +25°C. Output load 10 kfl/6 pF with +VS = +10 V,
vl tUll I Un I IUI1O -Vs = -5.2 V unless otherwise specified.)
AD1322BKZ
Parameter

Min

DIFFERENTIAL INPUT
CHARACTERISTICS
D to D, INH to INH
Input Voltage
Differential Input Range
Bias Current

-Vs + 2.2
0.4
-300

REFERENCE INPUTS
Vhigh Range (VH)
VLow Range (VL)
Bias Currents
Bias Current Change

OUTPUT CHARACTERISTICS
Logic High Range
Logic Low Range
Amplitude [Vh-VJ
Accuracy
Initial Offset
Gain Error
Linearity Error
-Vs +5.2 V to + VS -4.5 V
-Vs +3.2 V to + VS -3 V
-Vs +4.2 V to + VS -4 V
Output Voltage TC
Current Drive
Static
Dynamic
Current Limit
Output Resistance
Leakage Current in Inhibit Mode
-2 Vto +7 V

DYNAMIC PERFORMANCE
Driver Mode
Delay Time
Prop Delay TC
Delay Time Matching Edge-to-Edge
Rise & Fall Times
1 V Swing
2 V Swing
3 V Swing
5 V Swing
9 V Swing
Toggle Rate
Overshoot & Preshoot
1 V to 7 V
Settling Time
1 V to 7 V, ±(1% x Vo)
Delay Time vs. PW
DYNAMIC PERFORMANCE
Inhibit Mode Delay Time
Drive to Inhibit
Inhibit to Drive
Delay Time Matching
Edge-to-Edge
Overshoot & Preshoot
Output Capacitance
Output Charge Going
into Inhibit Mode

Units

ECL
175

+VS -4.5
3.0
300

Volts
Volts
p.A

±15
2

+ VS -2.5
+ VS -2.5
40
10

Volts
Volts
p.A
pA

Comments

See Note 1
-Vs + 2.7
-Vs + 2.7
-40

See Note 2
See Notes 1, 3

+ VS -3.0
+ V -3.0

-Vs +3.2
-Vs +3.2

ee Notes 4, 5
% of V
% ofV
%ofV<SET
mV/°C

See Note 5

See Note 5
See Note 6
Output to GND
See Note 7

-1

0.25

+1

p.A
See Note 8

1.0

0.3
1.0
1.4
2.5
4.6
200

1.6

1.3
1.0
50

200

0.5
1.2
1.7
2.8
5.0

-(3% +50)

ns
ps/°C
ps

See Note 9

0.7
1.4
2.0
3.1
5.4

ns
ns
ns
ns
ns
MHz

Measurement
Measurement
Measurement
Measurement
Measurement
ECL Output
See Note 10

+(3% +50)

mV

15

ns
ps

20%-80%
10%-90%
10%-90%
10%-90%
10%—90%

See Note 10

100

See Note 11

Note 12
1.1
1.1

1.4
1.4

1.7
1.7

ns
ns

50

200
150
5

PS
mV
pF

3.5
5

1 V Swing

PC

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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AD1322B
Parameter

POWER SUPPLIES
—Vs to +VS Range
Supply Range
Positive Supply
Negative Supply
Current
Positive Supply
Negative Supply
+PSRR
PACKAGE OPTION14
Gull Wing (Z-16A)

Min

AD1322BK2
Max
Typ

Units

15.6

Volts

15.2

Comments

See Note 13

+ 8.0
-7.2

+ 10.0 + 11.0
-5.2 -3.2

4.2
-78

60
-60
5

78
-42
20

Volts
Volts

mA
mA
mV/V

+VS, -Vs = ±2.5%

NOTES
'The output voltage range is specified for -2 V to +7 V for typical power supply values of -5.2 V and +10.0 V but can be offset for different values of VOUT
such as -1 V to +8 V or -4 V to + 5 V as long as the required headroom of 3 V is maintained between both VH and +VS and VL and -Vs.
2Vh and VL inputs have internal buffers which reduce the input bias current requirements. These buffers also reduce the amount of bias current change when
the output switches logic levels.
’VH can be set to be as much as 4 V below VL without any harm to the driver with the restriction that neither level can go below -2 V with the typical power
supply setting.
’While in inhibit move, the output voltage must not go more than 6 V above,Vhigh or-6 M
VLOW>,
’Guaranteed with power supply conditions of: +VS = +11 V, -V^jg —412 V; +)V^ = + |
. -vs = -5.2 V; +VS - +8 V, —Vs = -7.2 V.
‘Transient output current can easily exceed the AD1322B’s steely state current limit when driving capacitive loads. The transient output current capability can
be increased by connecting 0.039 pF capadUtt between Pin 5 and groundI anJ Pin 6 and ground. This will prevent the driver from current limiting by pro
viding the “edge” current necessary when driving capacitive loads. These capacitors will not affect the driver’s de current limit.
Driver output resistance is 50 fl for a 3V p-p signal into a 5011 load.
Jp
*
"The driver output has 2 ns length of 50 fl coaxial cable attached with aSOl k/2 pF probe, FGHz bandwidth or equivalent at the other end.
’Delay times are measured from the drossing of the differential ECMevdh afthe4nput to the 50% point of an 800 mV driver output with VH and VL set at
±400 mV, respectively.
’
9
l0Due to uncontrolled inductances in the test socket, cBpghootJpreshoot and settling time cannot be 100% tested. These characteristics are guaranteed by char

acterization data instead.
•
l\
■ JT *
"Delay matching vs. PW is defined as the amount of change in propagation, with respect to the leading edge, due to change in pulsewidth of the input signal.
This specification applies over the pulsewidth range of 2 ns to lOfy^F "
"Inhibit mode delay times are measured from the crossing of differential (ECL) INH inputs to a 200 mV crossing at the pin driver’s output connected to a 2 ns
length of 50 fl coaxial cable. The cable is terminated to ground through a 50 fl resistor. The measurement is made between the end of the cable and the 50 fl
resistor to GND with a 10 kfl/2 pF scope probe.
13A supply range of 15.2 V must be maintained to guarantee a 9 V output swing.
Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS
*
Power Supply Voltage
+Vs to GND ................................................................. + 13 V
-Vs to GND.................................................................-8.2 V
Difference from + Vsto-Vs ......................................... +16V
Inputs
Difference from D to D . . . ........................................ 4.75 V
Difference from INH to INH........................................ 4.75 V
+VS -13 V, -Vs +11.5 V
D, D, INH, INH
............................ -1 V, +9 V
VH to VL................
+VS -13.2 V, -Vs +13.2 V
VH,VL ..................
Driver Output
+VS -13.2 V, —Vs +13.2 V
Voltage.....................
................................. Indefinite
Short Circuit to GND
Operating Temperature Range................................... 0 to +70°C
Storage Temperature Range ............................ -65°C to +125°C
Lead Temperature Range (Soldering 20 sec)f..................+300°C

NOTES
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indicated
in the operational sections of this specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device
reliability.
To ensure lead coplanarity (±0.002 inches) and solderability handling with
bare hands should be avoided and the device should be stored in an
environment at 24°C, ±5°C (75°F, ± 10°F) with relative humidity not to exceed
65%.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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Orientation
Special Function Components
This section contains technical data on integrated-circuit chips
that could not be classified in any of the major sections of this
databook without losing their identities. For example, the AD639
trigonometric function generator is a close relative of analog
multiplier/dividers, in both function and circuitry; but if it were
listed in that section, its unique trigonometric capabilities would
be “buried”.

We describe briefly here the function and salient uses of these
devices. For further information, consult the individual data
sheets.

ANALOG FUNCTIONS
AD7341 and AD7371 Filters
These filters have been designed for use in high speed voice
band modems, in particular those adhering to the CCITT V.32
and V.33 recommendations. The AD7371 is the antialiasing
filter for the receive ADC, while the AD7341 is the reconstruction
filter for the output DAC.

The key performance features of the parts are low noise and
distortion and high stopband attenuation. In-band signal-to-noise
ratio is 75dB, while THD is better than - 75dB. The stopband
attenation is 70dB minimum.

Additional features include programmable gain for the AD7371
and programmable attenuation for the AD7341. Both devices
have signals which ease synchronization with accompanying
DACs and ADCs.
AD639 Universal Trigonometric Function Generator
The AD639 is an analog “trigonometric microsystem” on a
single silicon chip, packaged in a 16-pin DIP. From a differential
input voltage, representing an angle (20mV/°), it can be pin
programmed to generate a voltage output, accurately determined
by any of the standard functions - sine, cosine, tangent, secant,
cosecant and cotangent - as well as some lesser known variants,
such as the versine and exsecant, plus a corresponding set of
inverse functions. All inputs are differential, and either polarity
of input or output can be generated.

Both filters contain a 7th order low pass switched capacitor
section with a cut-off frequency of 3.5kHz. This can be varied
by changing the device CLKIN frequency. The AD7371 has an
additional 4th order high pass section with a cut-off frequency
of 180Hz to filter out mains interference.
DPO

DP1

Trigonometric functions play an important role in electronics.
Inherent to many communications, measurement and display
systems, they also find increasing application in control and
robotics. Most familiar are the sine and the cosine, which find
wide use as fundamental signal sources - both separately and in
orthogonal pairs. In display systems, these functions are basic to
graphical manipulations (axis rotation and polar-to-Cartesian
conversion), and they also appear in many antenna-related signal
transformations. The tangent is important in scanning systems,
and the arctangent is used in Cartesian-to-polar conversion and
in determining phase angle from the real and imaginary compo
nents of a complex signal.
With its large repertoire of functions, the AD639 makes it possible
to include trigonometric transformations in the analog portion of
a system with little added cost or board space, and with high
accuracy, without the overhead in software, memory or time,
which would accompany such computations in an associated
digital system. It also makes it easy to generate low-distortion
sine-wave signals, with voltage control of amplitude and frequency,
up to 10V and 1MHz, respectively.

DGND AGND V„ RXOUT
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DIGITAL FUNCTIONS
AD9500/AD9501 Digitally Programmable Delay Generators
The AD9500 delays events by an interval selected by an 8-bit
digital code, with settable time resolution as small as 10
picoseconds. The delay is initiated at the time a Trigger input
goes high: an integrator generates a downgoing ramp, and when
it crosses a preset level (established by an 8-bit DAC), a comparator
output changes state to produce the delayed output, Q.

The delay is equal to the programmed delay - which depends
on the integrator’s selectable RC time constant and the precision
threshold set by the DAC - plus a propagation delay. A pulse of
appropriate width applied at the Reset input resets the integrator
and the Q output to prepare the device for the next Trigger. The

to
tLRS
tRD

range of full-scale programmed delays is from 2.5ns to 10ps,
depending on the choice of R and C. When RC - 2.5ns, the
LSB (or one increment of delay) is 2,500 ps/256 « 10 ps, which
is also the typical jitter level.
The AD9500 is designed to delay ECL pulse patterns, while the
AD9501 inputs and output are TTL compatible. The inputs to
the AD9500 are differential for maximum noise immunity.

An important application is in equalizing skew in multichannel
systems; with one line used as the standard, the programmed
delays of the other AD9500s are adjusted to eliminate the timing
skews. Other applications include multiple-phase clock generators,
measuring unknown delays and time response of high-speed ac
waveforms, and digitally programmable oscillators.

- PROGRAM DELAY
- LINEAR RAMP SETTLING TIME
- RESET PROPAGATION DELAY

AD9500 Internal Timing Diagram
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Universal Trigonometric
Function Converter

ANALOG
DEVICES

*
AD639
FEATURES
Complete, Fully-Calibrated Synthesis System
All Standard Functions: Sin, Cos, Tan, Cosec,
Sec, Cot, Arcsin, Arccos, Arctan, etc.
Accurate Law Conformance (Sine to 0.02%)
Angular Range of ±500° (Sine Mode)
Function Programmable by Pin Strapping
1.5MHz Bandwidth (Sine Mode)
Multiplication via External Amplitude Input
APPLICATIONS
Continuous Wave Sine Generators
Synchro Sine/Cosine Multiplication
Coordinate Conversion and Vector Resolution
Imaging and Scanning Linearization Circuits
Quadrature and Variable Phase Oscillators

PRODUCT DESCRIPTION
The AD639 is a high accuracy monolithic function converter
which provides all the standard trigonometric functions and
their inverses via pin-strapping. Law conformance and total
harmonic distortion surpass that previously attained using analog
shaping techniques. Speed also exceeds that possible using ROM
look-up tables and a DAC; in the sine mode, bandwidth is
typically 1.5MHz. Unlike other function synthesis circuits, the
AD639 provides a smooth and continuous sine conformance
over a range of - 500° to + 500°. A unique sine generation
technique results in 0.02% law conformance errors and distortion
levels of - 74dB in triwave to sinewave conversion.

The AD639 is available in three performance grades. The A and
B are specified from — 25°C to + 85°C and the S is guaranteed
over the extended temperature range of — 55°C to -I- 125°C. All
versions are packaged in a hermetic TO-116, 16-pin ceramic
DIP. A-grade chips are also available.

PRODUCT HIGHLIGHTS
The AD639 generates a basic function which is the ratio of a
pair of independent sines:
sin (xi - x2)
\W = TT ---- _------ _
sin (y( - y2)

AD639 FUNCTIONAL BLOCK DIAGRAM
XI

+ VS

X2

CC

U1

w

U2

Z1

COM

Z2

VR

GT

VI

UP

YZ

-V,

The differential angle arguments are proportional to the input
voltages X and Y scaled by 50°/V. Using the 1.8V on-board
reference any of the angular inputs can be preset to 90°. This
provides the means to set up a fixed numerator or denominator
(sin 90°= 1) or to convert either sine function to a cosine
(cost) = sin (90° — 0)). Using the ratio of sines, all trigonometric
functions can be generated (see Table I).
The amplitude of the function is proportional to a voltage U,
which is the sum of an external differential voltage (U(— U2)
and an optional internal preset voltage (Up). The control pin UP
selects a 0V, IV or 10V laser-trimmed preset amplitude which
may be used alone (U1 — U2 = 0) or internally added to the U; - U2
analog input. At the output, a further differential voltage Z can
be added to the ratio of sines to obtain the offset trigonometric
functions versine (1 — cos 0), coversine (1 — sin 0) and exsecant
(1 — sec 0). A gating input is available which may be used to
enable or disable the analog output. This pin also acts as an
error flag output in situations where a combination of inputs
will cause the output to saturate or to be undefined.

In the inverse modes, the argument can be the ratio of two
input signals. This allows the user to compute the phase angle
between the real and imaginary components of a signal using
the arctangent mode.

•Protected by U.S. Patent Numbers 3,887,863; 4,475,169; 4,476,538.

SPECIAL FUNCTION COMPONENTS

11-5

SPECIFICATIONS (typical @T*=25°C, Vs = ± 15V, U or Up=10V unless otherwise specified)
Conditions

Parameter

Min

AD639A
Typ

Max

Min

AD639B
Typ

Max

Min

AD639S
Typ

Max

Units

SYSTEM PERFORMANCE

SINE AND COSINE
MODE ACCURACY
Law Conformance1
Total Harmonic
Distortion2
Mismatch of Six Peaks
Output Noise
PEAK ABSOLUTE ERROR
Sine Mode

Cosine Mode
Sine or Cosine

vs Supply

TANGENT MODE ACCURACY
Peak Error’

ARCTANGENT MODE ACCURACY
Peak Angular Error
Fixed Scale
Variable Scale

-90° to + 90°,U = 10V

0.02

0.02

0.02

%

(a 10kHz, U = I0V

-74
0.05
2.8
0.5

-74
0.05
2.8
0.5

-74
0.05
2.8
0.5

dB
%
p.V/VHz
jrV/VHz

-540° to +540°
(a I0kHz,U=10V
(i/10kHz,U=lV
-90° to + 90°,Up = 10V
Tmin tO Tmax
-90° to + 90°,Up = 10V
TmmtoTm,,

0.4
1.0

0.8

0.2
0.8

0.4
1.8

0.2
1.2

0.8
2.5

%FS
%FS

0.6
1.5

1.2

0.4
1.2

0.7
2.0

0.5
1.7

1.2
2.7

%FS
%FS

- 180°to + 180°, Up = 10V
TmmtoTm.x
- 360° to + 360°, Up= 10V

0.8
1.7

1.5

0.5
1.3

0.8
2.5

0.6
2.1

1.5
3.0

%FS
%FS

-90° to +90°,Up=lV
T„i„ tO Tmax

1.3
1.5

2.5

1.0
1.0

1.7
2.3

0.9
z.O

2.5
3.5

%FS
%FS

-180° to +180°,Up=lV
Tmin tO Tmax
-360° to +360”,Up = IV

1.5
1.7

3.0

1.2
1.3

2.0
2.5

1.1
2.3

3.0
4.0

%FS
%FS

1.2

%FS

0.9

1.0

2.0

1.8

1.5

%FS

- 360° to + 360°, Up= 10V
VS=±15V + 1V

0.02

0.02

0.02

%FS/V

- 360° to +360°, Up = IV
Vs = ± 15V ± IV

0.07

0.07

0.07

%FS/V

-45° to +45°,UP= 10V
TmintoTmax
-45° to +45°,UP= IV
TmmtoTmax

0.5
2.5
0.9
4.0

Up=lV
U = 0.1V, -llVsZs + HV
U=10V,-HVsZi + llV

0.5
1.5
0.2

0.5
1.5
0.2

0.5
1.5
0.2

Degrees
Degrees
Degrees

3.6
50

3.6
50

3.6
50

kll
°/V

0.5
1.5
0.9
2.0

3.5
5.0

0.5
3.0
0.9
1.5

2.0
2.8
3.0
5.0

3.5
2.5
3.0

%FS
%FS
%FS
%FS

SECTIONAL SPECIFICATIONS

ANGLE INPUTS (XI & X2.Y1 & Y2)4
Input Resistance to COM
Nominal Scaling Factor
XI & X2 Inputs
Angular Range For
Specified Error(Xl - X2)
Scaling Error X1 or X2
Angular Offset X1 = X2 = 0
Y1 & Y2 Inputs
Angular Range For
Specified Error (Y1 - Y2)
Scaling Error Y1 or Y2
Angular Offset Y1 = Y2 - 0
AMPLITUDE INPUTS (U1 & U2)
Input Resistance to COM
Nominal Gain
Gain Error
Voltage Offset

Linearity Error
AMPLITUDE PRESET (UP)
IV Preset Enabled
Amplitude Accuracy

10V Preset Enabled
Amplitude Accuracy

+ 360
0.65
0.3

-360

0.2
0.1

+ 180
2.0
1.0

0

0.2
0.1

-360

0

X = Y = VR,WtoZl
U = 0.1tol0V
TmintoTmax
U|=U2 = 0V
TmmtoTmax
OrsUi-UjSlOV

50
1
0.01
0.08
3.0
3.0
0.1

0.5
10

+ 360
0.65
0.3

-360

0.2
0.1

+ 180
2.0
1.0

0

0.2
0.1
50
1
0.01
0.08
3.0
3.0
0.1

0.5
10

0.2
0.1

+ 360
0.65
0.3

Degrees
%
Degrees

0.2
0.1

+ 180
1.0
0.5

Degrees
%
Degrees

50
1
0.01
0.25
3.0
4.0
0.1

0.5
10

kll
V/V
%
%
mV
mV
%

UP tied to -Vs
TmmtoTmax
UP tied to + Vs

Tmmt0Tm„

INVERSEINPUTS(Z1 & Z2)
Input Resistance to COM
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0.4
1.5

2.0

0.4
1.5

2.0

0.4
2.0

2.0

%
%

0.1
1.0

0.55

0.1
1.0

0.55

0.1
1.5

0.55

%
%

50

50

50

kfl

AD639
Conditions

Parameter

SIGNAL OUTPUT (W)5
Small Signal Bandwidth W to Z1

Min

±11
20

Z)=Z2 = 0,Up=10
TmintoT^
Zi = Z2=0,Up=lV
TmtotoT^

GATE I/O (GT)
Switching Threshold as an Input
Voltage Output

POWER SUPPLIES
Operating Range
+ Vs Quiescent Current
- Vs, Quiescent Current

Min

1.5
30
30
±13
30
5
10

AD639B
Typ

Max

45
30

Min

AD639S
Typ

Max

4
+ 1.5
0.1
+ 2.25
-0.25

+ 1.5
0.1
+ 2.25
-0.25

0.45

±18

±5.5

8.0
5.5
-25
-65

45
30

20

20

150

U = X = 0V,Y = Vr
U = X = 0V,Y = Vr

±11
20

1.5
30
30
±13
30
5

7

+ 1.8
0.05
0.08
150
4

+ 1.8
0.05
0.08

Output Valid
Output Invalid
Error, RL = 5k(l
No Error, R[ = 5kfl

PACKAGE OPTION4
16-Pin Ceramic Side Braze DIP (D)

±11
20

1.5
30
30
±13
30
5
10

20

TnintoT™,
+ Vs = 5Vtol8V

TEMPERATURE RANGE
Operating, Rated Performance
Storage

45
30

7

VOLTAGE REFERENCE (VR)
RLa = 1.8kfl
Nominal Output
Output Voltage Tolerance

Supply Regulation
Maximum Output Current

Max

Units

RLa2kn,Clsl00pF

Cc = 0
Cc = 200pF
Cc = 0

Slew Rate
Output Voltage Swing
Short Circuit Current
Output Offset

AD639A
Typ

±5.5

8.0
5.5

11
7.5
+ 85
+ 150

-25
-65

±18
11
7.5

±5.5

+ 1.5
0.1
+ 2.25
-0.25

V
V
V
V

+ 85
+ 150

-55
-65

0.45
0.6

8.0
5.5

±18
11
7.5

V
mA
mA

+ 125
+ 150

°C
°C

AD639SD

AD639BD

AD639AD

4

V
%
%
M.V/V
mA

+ 1.8
0.05
0.2
150

0.45
0.5

MHz
kHz
V/pis
V
mA
mV
mV
mV
mV

AD639SD/883B
AD639A-Chips

Chips

NOTES
'Intrinsic accuracy measured at an amplitude of 10V using external adjustments to absorb residual errors in angular scaling, angular offset, amplitude scaling and output offset.
2 Using a time and amplitude symmetric triangular wave of + 3.6V peak-to-peak and external adjustments to absorb residual errors in angular scaling and offset.
’Full scale is defined as the ideal output when the angle input is at either end of the limit specified.
‘Specifications for the X inputs apply for range U = 1V to 10V, while the Y input errors are specifically given for U = 1V.
5When driving loads of lets than 4kD, a 25pFcapacitor from pin 15 to pin 9 avoids possible instability, although this is unnecessary when CL is greater than 150pF.
6See Section 20 for package outline information.

Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels.
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units. Contact the factory for details.

METALIZATION PHOTO
CHIP DIMENSIONS AND BONDING DIAGRAM
PIN CONFIGURATION

Dimensions shown in inches and (mm).
Consult factory for latest dimensions.
W
14

Z1
13

22
12

GT
11

3
4
S
6
U1
U2
COM
VR
»---------------------------- 0.119(3.02) ----------------------------
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ABSOLUTE MAXIMUM RATINGS

AD639A,B
Supply Voltage
Internal Power Dissipation
Output Short-Circuit to Ground
Input Voltages XI,X2,Y1,Y2I
Input Voltages Up, Ui, U2, Zj, Z2’
Operating Temperature Range
Storage Temperature Range
Lead Temperature, Soldering
Thermal Resistance, 0jc
Thermal Resistance, Oja

± 18V
300mW
Indefinite
±12V
±25V
-25°Cto + 85°C
- 65°C to + 150°C
60sec, + 300°C
22°C/W
90°C/W

AD639S
★
★
★
★
★
-55°Cto + 125°C
★
★
*
★

NOTES
‘Same as AD639A,B Specifications
These inputs are purely resistive and the maximum inputs are determined by
resistor dissipation limits, not the supply voltages.

_ sinW
1

-

sin (0-0)
sin (90°-0)

cosec (0) -

1
sin (0)

-

sin (0 - 0)

cos(0)
w

= cos^} = sin (90°-0)
1
sin (90°-0)

...,M

tan (6)
w

= sin_(0)
cos(0)

cotan(0) _ cos(0) _ sin (90°-0)
sin (0)
sin (0 - 0)

= _sin (0-0)
sin (90°-0)

1
cos (0)

sin (90°-0)
sin (90°-0)

Table I.

Principles Of Operation
Figure 1 is a functional equivalent of the AD639, intended to
assist in understanding and utilizing the device: it is not a literal
representation of the internal circuitry1. Two similar sine-shaping
networks accept input voltages X], X2, Yi and Y2, proportional
to the corresponding angles x19 x2, yi and y2, with a scaling
factor of 50°/V (20mV/°).

provided by applying inputs to U1 or U2, or pre-selected to be
IV or 10V by a control input to UP, or in combination; that is,
the function amplitude is U = (Ui —U2) -I- Up.
The second network generates an output proportional to the
sine of y = (yi -y2). Although the X and Y networks are similar,
other design considerations result in a smaller angular range for
the Y-input. The principal range is from 0° to +180°; in the
adjacent ranges (+180° to +360° and 0° to - 180°) the error
trap is activated.

The ratio of the two sines is generated by implicit division,
rather than by use of a separate analog divider as indicated in
Figure 1, and is summed with the voltage Z = (Z| — Z2). The
difference is applied to the high-gain output op-amp. In the
normal modes (see below) Z1 is connected to the output W, and
Z2 is grounded. Under these conditions, the function is

X1

X2

U1

U2

sin (x> — x2)
W = U-r-4J-----sm (y, - y2)

COM

VR

Either sine function can be converted to the cosine by applying
the input to X2 or Y2 and introducing a +90° offset, since

YI

Y2

Figure 1. Equivalent Block Schematic of the AD639

The first of these networks generates an output proportional to
the sine of x = (x1 -x2) over a useful operating range in excess of
- 500° to + 500° (see Figure 3). The accuracy of the function
over the central ± 180° is excellent, a consequence of the optimized
network design, further enhanced by precision laser wafer trim
ming during manufacture. The output of the X-network is
multiplied by the amplitude-control voltage, U. This may be
‘For details of the sine-network theory and design, see “A Monolithic Micro
system for Analog Synthesis of Trigonometric Functions and their Inverses,”
Barrie Gilbert, IEEE Journal of Solid-State Circuits, Vol. SC-17, No. 6, Dec.
1982, pp 1179-1191. Reprints available.
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OUTPUT
(lOV)sin(x)

OPTIONAL
SUMMING

Figure 2. Connections for the Sine Mode with Amplitude
Preset to 10V

Interface Details - AD639
cos (0) = sin(9O°-0). For example, by connecting the + 1.8V
reference output at pin 6 (VR) to XI and the angle voltage, Ve,
to X2 the numerator becomes the cosine of angle 0. Alternatively,
by connecting VR to either XI or Y1 and grounding X2 or Y2,
the numerator or denominator, respectively, becomes unity,
since sin(90° - 0) = 1. By these means, the full set of normal
functions shown in Table I can be generated. All functions can
be sign-inverted by interchanging the X-inputs. The Z2 input
can be used to sum another function to the output, W, with
unity gain.
In addition to the normal modes providing sine, cosine, tangent,
cosecant, secant and cotangent functions, the AD639 can generate
the offset functions such as the versine, 1 - cos (0), discussed
below. The inverse functions such as arc-sine, arc-cosine and
arc-tangent, are also supported by the AD639, by closing the
feedback loop through the corresponding normal function. The
output angle is limited to the principal range (for example,
— 90° to +90° for the arc-sine and arc-tangent, 0° to + 180° or
— 180° to 0° for the arc-cosine).

TERMINOLOGY
When discussing a device having as many inputs and operating
modes as the AD639, it is important to clarify the nomenclature
and scaling conventions. In all cases angles are denoted by lower
case letters (x, y, 0) and have the dimension of angular degrees.
Upper-case letters (A, V, U, W, X, Y and Z) refer to voltages;
subscripts are used to refer to one or the other of a differential
pair such as X] - X2, or the preset value Up. Numbered upper-case
letters refer to the variable name or the package pin.
THE ANGLE INPUTS: XI, X2, Yl, Y2
The angles x = (x| — x2) and y =(y2 — y2) are directly proportional
to the differential voltages X = (X] - X2) and Y = (Y[ — Y2) re
spectively, with a scaling factor of 50°/V. The X-inputs can be
driven to ± 12V pk, that is ±600°. The Y-input should be
limited to 0 to 4-3.6V (0° to 4- 180°) to satisfy certain internal
requirements. The resistance at these inputs is nominally 3.6kfl
to COM.

The sine function exhibits odd-order symmetry: sin( —0) =
— sin(0). By simply interchanging the X-inputs, the overall sign
of any function can be inverted. The Y-inputs can also be inter
changed to allow operation with a negative input voltage (0 to
— 3.6V) while maintaining the correct angular range.

It may occasionally be desirable to reduce the angular scaling
factor. For example, to convert a triwave of ± 10V amplitude
into a continuous sinewave requires a scaling factor of 9°/V
(since ± 10V corresponds to ±90°). This can be achieved by
using a resistor (in this case, about 16.4kfl) in series with the
XI input; a resistor of equal value must be inserted in series
with the X2 input to minimize angular offset error. Note that
the on-chip thin-film resistors are not trimmed to absolute value,
so a scaling adjustment is needed; however, once set, scaling
will be stable.

THE AMPLITUDE-CONTROL INPUTS: Ul, U2, UP
The amplitude of the function can be determined either by the
application of an external voltage to the Ul and U2 inputs, or
by enabling the internal preset voltage Up by taking the control
pin UP low or high, or via a combination of these modes. The
net amplitude is U = (Ui - U2) + Up. This sum must be greater

than zero and less than | — Vs|; voltages beyond these limits
activate the error trap.
In the external mode, the differential voltage (Uj —U2) will
generally be in the range lOmV to 10V. Positive inputs are
applied to Ul while U2 is grounded; for negative inputs, inter
change Ul and U2. The input resistance at Ul and U2 is nominally
50kfl to analog common. A nominal bias current of -50p.A is
needed at the U-inputs; zero-valued inputs must therefore
be connected to common to prevent offset error. The gain
from the U-interface to the output is trimmed to be unity for
sin(x)/sin(y) = 1. The effective gain can be lowered using a series
resistor; to avoid offset an equal resistor must be used in the
zero-valued input.

The UP control pin may be left unconnected (or grounded) to
disable the internal amplitude preset, connected to + Vs to set
Up= 10V, or to - Vs to set Up= IV. An external resistor of
75kfl (±V,= 5V) to 360kll (± Vs= 15V) can be inserted in
series with UP (which also has an input resistance of typically
50kQ) to minimize power dissipation. Alternatively, Vr can be
used to enable Up= 10V for ambient temperatures below
+ 60°C. The UP input can be used to switch the output on or
off under logic control, but requires a relatively long response
time. The GT interface is more suitable for this purpose and it
allows gating to any amplitude, U not just to the preset values
of IV or 10V.

THE REFERENCE OUTPUT: VR
The voltage Vr is laser-trimmed to 4- 1.8 V with respect to analog
common. It can be used to fix the angle x or y to 90° and thus
set sin(x) or sin(y) to unity. It can also provide a 90° offset to
convert the numerator or denominator to a cosine function.
Stable offsets less than 90° may be introduced using a voltage-divid
ing series-resistor (nominally 3.6kfl for 45°). Vr can also be used
as the amplitude input voltage Ui -U2, or as a convenient control
input to set Up= 10V for ambient temperatures below 4-60°C.
This output is short-circuit protected and can provide up to
4mA total load current.

THE ERROR-TRAP AND GATE: GT
In some applications it may be useful to know that the output is
severely in error due to a dynamic combination of inputs. For
example, the tangent, cotangent, secant and cosecant all exhibit
regions where the function increases sharply for small angular
changes, and the output may easily saturate. Consider the case
where (10V) tan (0) is being generated. W is 10V for 0 = 45°,
and the theoretical output of 17.3V at 0 = 60° cannot be achieved
using ± 15V supplies. Likewise, the output is invalid whenever
the angle y is outside of a valid range (principally 0 to 4- 180°),
or when U<0 or U>| - Vs|. Under such conditions the AD639
generates a HIGH output at pin 11 and simultaneously clamps
the analog output to zero (in fact, to the voltage Z2). Grounding
GT disables the error trap.
The GT pin may also be used as an input to gate the function
output. This is achieved by raising pin 11 to a voltage above
+ 1.5V. Response time is typically 500ns for a logic drive of 0
to + 2V, and the ON/OFF ratio is greater than 83dB when used
as a continuous-wave sine converter with a single-sided ± 1.8V
triwave drive at frequencies up to 10kHz, or 63dB at 100kHz;
the feedthrough is entirely capacitive, and is equivalent to 5pF
between XI or X2 and the op-amp summing node. Feedthrough
can be minimized by using a balanced drive to XI and X2.
SPECIAL FUNCTION COMPONENTS
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Operation in Normal Modes
In normal modes, the Z-input establishes a feedback path around
the output op-amp, by connecting Z1 to the output, W, and Z2
to the ground associated with the load circuit. For the highest
accuracy Z1 can be used to sense the output at the load terminals.
Similarly, zero-valued angle inputs and the angle common (pin
5) should be connected to the ground associated with the source
circuitry.

SINE MODE
The AD639 can generate either (1) a low-distortion continuous
sinewave from a repetitive triwave input or (2) a high-accuracy
sine function for use in computational applications. In most
cases, the choice of preset or externally-controlled amplitude
will make little difference to distortion or accuracy, and both
methods are used in this section. In all of the normal modes, the
Z2 input can be used either to sum a further signal to the output
(or introduce an optional output offset trim). The denominator
is set to unity by making y = 90°, using the + 1.8V output.
Figure 2 shows typical connections. The 10V preset is selected,
using Vr as a control input to UP, and the ideal output is
(lOV)sin(x). In practice, five basic types of error arise:

Figure 3. Output Function for Peak X-Input of ± 18V, with
U = 15 V, RL = 6000 (± Vs= 18V)

1. X-angle scaling error: The amount by which the angle generated
for each volt of X-input differs from 50°. In triwave-to-sinewave
(CW) applications this introduces odd-order harmonic distor
tion, and is indistinguishable from an incorrect triwave
amplitude.
2. X-angle offset error: The actual angle generated when
X = (X1-X2) = 0. In CW applications this introduces even
order harmonic distortion, as a non-zero mean in the triwave
would.

3. Amplitude scaling error: The amount by which the peak-to-peak
amplitude of the sinewave differs from the ideal value, U/sin(y).
This error is usually critical only in computational applications.
Errors associated with the Y-network also affect the amplitude
in the sine mode.

4. Output offset error: The amount by which the mean value of
the sinewave differs from zero (strictly, the voltage on Z2).
This error is only important in computational applications.
Note that the output may also be non-zero due to angular
offset on the X-input. For example, the typical specified Xangle offset of 0.1° introduces an output error of 17.45mV
when U/sin(y) = 10V, more than three times the specified
mean offset component of 5mV.
5. Law-conformance error: The residual deviation between the
output function and the ideal function when all of the above
errors have been removed by trimming during manufacture
or further external trimming, limiting the ultimate accuracy
of the function.

Figure 3 shows the function when driven well beyond the specified
angular range, using a differential X-input of ± 18V peak. This
also shows the AD639’s ability to drive ± 15V into a 60011 load,
with supplies of ± 18V. Using an accurate data-acquisition system
the output can be compared to a computer-generated sine function.
When the first four types of errors are trimmed out, the peak
error over the full input range is typically less than 0.5%. Over
the central - 90° to + 90°, the peak law-conformance error is
typically only 0.02%. Figure 4 shows the law conformance for
four typical samples of AD639. The differential signal interfaces
simplify the inclusion of optional offset correction to any of the vari
ables.
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INPUT ANGLE

Figure 4. Residual Error Over Central 180° Using External
Trimming

HARMONIC DISTORTION
The AD639 can generate continuous sinewaves of very low
distortion using a linear, highly-symmetric triangle-wave of
± 1.8V amplitude. Imperfections in the triwave will cause the
following errors:
1. Incorrect amplitude: This causes odd-order distortion. Each
1% error (either too large or too small) generates 0.25% of
HD3, 0.0833% of HD5 and a total harmonic distortion (THD)
of 0.27% (-51.42dBs).

2. Baseline offset: This causes even-order distortion. Each millivolt
of offset in a 1.8V triwave generates 0.037% of HD2, 0.0074%
of HD4 and a THD of 0.038%, as well as a DC offset of
0.055% of the output amplitude.
3. Time-asymmetry: The run-up time, tj, and run-down time, t2,
of the triwave may be unequal. This causes both odd- and
even-order harmonics. Let the asymmetry in percent be
p= 100(ti — t2)/(ti +t2). The even-order terms are proportional
to p; the odd-order terms increase as p2. A 1% time-asymmetry
generates 0.57% of HD2, 0.00625% of HD3, 0.043% of
HD4 and 0.00167% of HD5, and a THD of -44dBs. There
is no DC term.
4. Amplitude-nonlinearity: This can take on many forms, such as
an exponential nonlinearity in the triwave, amplitude com
pression, and so on. Distortion can be calculated for various
special cases. Fortunately, it is fairly easy to avoid these
types of imperfections in the triwave generator using appro
priate design methods.

Normal Modes - AD639
When triwave errors are minimized, harmonic distortion can be
as low as 0.01%. Figure 5 shows the output spectrum at 10kHz,
with an output amplitude of 20V pk-pk and a load resistance of
lOkfl. An HP3325A synthesizer/function generator was used to
produce the triwave. Distortion rises only slightly when using
the minimum specified load of 2kfl; in fact, the AD639 can
drive loads down to 6000. At ± V,= ± 18V, sine amplitudes of
± 15V (10.6V rms, or 225mW of load power) can be generated,
with typically 0.03% HD2 and HD3.

Figure 6. Connections for the Cosine Mode with External
Amplitude Control

OUTPUT

Figure 5. Spectrum of 10V Sine Output at 10kHz;
HD2 = — 88dBs, HD3 = -85.5dBs

OPTIONAL
SUMMING

COSINE MODE
The cosine function is generated by offsetting the sine by 90°
using Vr. The X-input is connected to X2 and VR to XI; then

W= U

sin (90° - x)
= U cos (x)
sin (90°-0)

Connections for the cosine are shown in Figure 6; the amplitude
in this case is determined externally, by way of illustration. The
angular range now extends from - 400° to + 600°, with highest
accuracy between 0° and + 180°.

Figure 7. Connections for Tangent Mode with Amplitude
Preset to 1V

TANGENT AND COTANGENT MODES
The tangent function is provided by the connections shown in
Figure 7. The angle voltage, corresponding to 0, is applied both
to the numerator, set to the sine mode, and the denominator,
set to the cosine of the same angle:

W=U

sin (0 - 0)
sin (90° — 0)

sin (0)
= U tan (0)
cos (0)

Most applications require accurate operation for angles up to
nearly ±90° and accordingly U is preset to IV (rather than
10V). Under these conditions, W= IV when 0 = 45° and 11.43V
when 0 = 85°. Using 15V supplies, the output op-amp will be
unable to generate the tangent much beyond this point: at only
86° it would theoretically need to reach 14.3V. For an input
exceeding 90° in either direction the denominator becomes nega
tive, and the error trap is enabled. Figure 8 shows the function
for inputs up to ±2.5V (± 125°).

scaling and offset errors of this network are absorbed during
trimming of the output in the sine mode.

The errors associated with the sine mode, (see above) apply to
the tangent mode also, but the total error in the tangent, cosecant,
secant and cotangent modes (when the Y-input is also varied)
are higher, since the Y network is not trimmed and the angular

The cotangent is generated by interchanging numerator and
denominator. The principal range is now from 0 to +180°, and
the output (lV)cot (0) ranges from + 11.43V at 0 = 5°, through
zero at 0 = 90°, to - 11.43V at 0 = 175°.

± 125° (Error Trap Activated Above 85")

SPECIAL FUNCTION COMPONENTS
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SECANT AND COSECANT MODES
In secant and cosecant modes, the numerator is fixed to unity
by connecting XI to VR and X2 to analog common. For the
secant, angle voltage A is connected to Y2 and Y1 is tied to VR;
then

sin(90°-0)
sin(90° —0)

whatever combinations of variables are used to set up the feedback
path. In particular, when the angle inputs are used the system
will have one of the normal functions in the feedback path. The
input to this system is now the ratio (Z/U), and the output is a
voltage corresponding to the angle generated by the inverse of
the function in the feedback path.

U cos (0) = U sec (0)

The principal range is - 90° to +90°. The most practical amplitude
scaling is provided using the U-preset of IV, when the output
ranges from + 11.47V at 0= -85° and +85°, to + IV at 0 = 0.
The cosecant differs only slightly: the angle input is connected
to Y1 and Y2 is connected to analog common, making the de
nominator sin (0). The principal range is now 0 to +180°. When
U = 1V the output is -I-11.47V at 0,= + 5° and + 175°, and + IV
at 0 = 90°.

OFFSET MODES
The versine, vers (0) = 1 - cos (0), coversine, covers (0) =
1 - sin (0), and exsecant, exsec (0) = 1 - sec (0) involve the addition
of a constant term to one of the normal trigonometric functions.
These can be generated with the AD639 using the Z2 input to
add a voltage to the output proportional to the amplitude of the
basic function. In the versine and coversine modes this is simply
the same voltage as applied to U1 (U2 grounded) to set up
the amplitude of the sign-inverted cosine or sine function,
respectively:
W = U-Uf (0) = U(l-f(0))

In these two modes the output starts at zero and has a peak
value of twice the amplitude voltage, U.
For the exsecant a negative voltage is added at Z2 and this same
voltage is applied to U2 with U1 grounded; this satisfies the
requirement that the sign of Ui - U2 be positive. (See comments
on the Amplitude Control Inputs). The angle inputs are set up
for the secant; the principal range is still - 90° to + 90°, but the
output is now zero when the input angle is zero.

OPERATION AT LOW SUPPLY VOLTAGES
The signal ranges at the angle interfaces are essentially independent
of the supply voltages. In almost all cases, the primary limitation
to the function’s range will arise at the output, W, which can
swing to within approximately 2V of either supply. For example,
the X-input may have a peak value of ± 12V (±600°) even
when using ± 5V supplies.

Since all of the normal functions are periodic, and the maximum
value of the op-amp output can be equivalent to angles as large
as ± 650°, the closed-loop system could arrive at false “solutions”
to the above equation, that is, at angles outside of the principal
range. Also, the feedback can become positive in the wrong
angular range, causing latch-up. Hence, it is essential to limit
the magnitude of the feedback voltage. Ideally, this is done
using precise active clamps, but the saturated value of the output
at given supply voltages, in combination with a simple resistive
divider to the angle inputs, is usually sufficient to limit operation
to the principal range. The voltage at the angle inputs will be
accurate, but the op-amp output will in general have inaccurate
scaling and may show large offsets, due to the bias currents at
the angle inputs. The error-trap should be disabled in the inverse
modes by grounding GT.

ARCTANGENT MODE
The arctangent is the most useful of the inverse modes. With
the connections shown in Figure 9 the loop solves the equation

(Z,-Z2)
sin (0 — 0)
= - tan (0) =
sin (90° — 0)
(Uj-U2)
where 0 is the angle corresponding to voltage A, scaled by 50°/V.
It follows that
0 = tan 1

(Z2-Z,)
(U!-U2)

The reversal of Zi and Z2 in the numerator is due to the negative
sign in the tangent function. The numerator may be either
positive or negative, and the connections can be interchanged to
alter the overall sign of the function. The denominator must be
positive, but Ul and U2 may be interchanged to accept a negative
input voltage. The ability of the AD639 to form the ratio of two

Inverse Function Modes
The AD639 generates the inverse trigonometric functions by
closing the feedback loop around the output op-amp through
the angle inputs, rather than through the Z-interface, resulting
in a nonlinear feedback system. To understand this, note first
that the general transfer function (with UP disabled) is

sin (xi — x2))-(Z1-Z2)
W = AOL[(U1-U2)^^
where AoL is the open-loop gain of the output op-amp (typically
85dB). Provided that the overall feedback remains negative, the
loop can be closed in many ways, so as to force the quantity
inside the brackets to a null, when

sin (xi - x2) = (Z;-Z2)
sin(y1-y2)
(Uj-U2)
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Figure 9. Connections for the General Arctangent Mode

Inverse Modes - AD639
variables prior to the arctangent operation is very useful in
many applications, for example, in real-time Cartesian-to-polar
conversion (see Applications section). The denominator can also
be preset to IV or 10V using the UP input; when U = IV, the
angle a is simply the arctangent of the voltage value of Z2 - ZP
Figure 10 shows an X-Y plot of the output for Z = — 10V to
+ 10V (horizontal axis of photograph) with four values of U
(0.3V, IV, 3V, 10V).

Range-Limiting and Loading
Resistor Rf in Figure 9 forms a divider with the parallel sum of
the input resistance at X2 and Y2 and the load resistance, shown
here as 2kfl, which prevents the output angle voltage A from
exceeding ± 1.7V (0= ±85°), using ± 15V supplies. This voltage
is not directly affected by the load resistance (that is, the output
behaves as a low-impedance node) but the angular range limits
are. Consequently, the nominal value of Rf should be calculated
for specific values of load resistance, angular range and supply
voltages, and a trim range of about ± 10% included to set up
the angle limits correctly. RoS is needed to compensate the input
bias currents and thus equalize the clipping limits: it does not
cause an offset in 0. The direct output at pin 14 is also the
arctangent but with imprecise scaling. Although this can be
trimmed by Rf there will also be a supply-dependent offset due
to RoS. For these reasons, the direct output should not be used
in this mode.
HF Compensation
The output op-amp is internally compensated to be stable in all
the normal modes when feedback is via the unity-gain difference
amplifier associated with the Z-interface. The dominant pole is
determined by the 30kO resistor and on-chip 3.5pF capacitor
(see Figure 1) for a closed-loop bandwidth of 1.5MHz. In the
arc-tangent mode, however, the gain of the feedback path is
much greater than unity for practical angle values and is theoreti
cally unbounded. For example, if the forward path is set up to
generate (lV)tan(0), the incremental gain near 0 = 0 is slightly
less than unity (since a 20mV change in voltage A causes a
change of (lV)tan(l0) or 17.5mV in output W) but at 0 = 85° the
gain is 115. While the resistive divider used to limit the angle
voltage A will lower the loop gain, it can still exceed unity. The
capacitors Cc and Cm in Figure 9 provide the HF compensation
required for operation up to ± 85°, with all values of U.

ARCSINE AND ARCCOSINE MODES
The basic principles for the arcsine and arccosine are similar to
those described for the arctangent. As before, the argument of
the function is the ratio ( —Z/U), where U may be preset to IV
or 10V, the loop gain must be negative over the principal angular
range of the output, and the feedback voltage must be limited
to ensure that this range is not exceeded. The loop stability is
easier to ensure, since the peak gain is bounded. With U = 10V
the maximum incremental gain of the forward path (at 0° for
the sine and +90° for the cosine) is 8.75 and the peak loop gain
is much less than this because of the attenuation used to limit
the angular range. Thus relatively little additional HF compen
sation is required.

Connections for the arcsine are similar to the arctangent (Figure
9) except that Y2 is grounded, and Cc and Cm can be reduced or
even omitted. Rf is adjusted for a peak angular range of ±90° at
the (attenuated) output; if too high, the function will still be
correct, but the maximum angle will be less than 90°; if too
low, the function will exhibit hysteresis near the peak output.
Adjustments will be needed for other values of load resistance
and supply voltages. Note that the general limitation on the
amplitude input (U< = |— V5|) must be observed. Figure 11
shows an X-Y plot of the arcsine output for Z= - 10V to + 10V
(horizontal axis of photograph) with three values of U (2V, 5 V
and 10V). The arcsine can be inverted by reversing the
Z-interface.

Figure 11. The Arcsine Output for Z= ± 10V and U-2V,
5V and 10V

For the arccosine, use the arcsine connections with XI tied to
Vr and insert a small-signal diode in series with Rf, having its
cathode on the angle-interface side. This allows the output to
move only in a positive direction. Z1 now becomes the positive
numerator input, and the principal range is from 0° (when
Z/U = — 1) to +180°. The function is similar in appearance to
the arcsine, except for the + 90° output pedestal and the reversal
of phase along the horizontal axis. Note that

cos_1(Z/U) = 90° - sin-‘(Z/U) = 90° + sm-‘( - Z/U).
To generate the negative arccosine, reverse the X- and Z-interfaces
and the polarity of the diode. The output now runs from — 180°
for an input of Z = (Z1 — Z2) = — 10V (with U = 10V) to 0° at
Z= + 10V.

It is strongly recommended that X-Y oscilloscope methods are
used to investigate functional behavior during the development
of any of these modes of operation: time-domain displays can
easily become confusing.

SPECIAL FUNCTION COMPONENTS
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Applications
WIDE-RANGE WAVEFORM GENERATOR
Figure 12 shows an inexpensive signal generator, providing
voltage control of frequency from 20Hz to 20kHz and a pre-set
sine amplitude of 2.8V (within O.ldB of 2V rms). This output
may be further modulated by an input of up to ±2.8V to U2,
or gated off by an input of + 1.5V or more to GT; Figure 13
shows the gated response. If required, a further input can be
summed into Z2. The sine output can be set to 10V amplitude
by connecting UP to VR and grounding Ul.

An AD654 is used to generate the triwave which appears across
the timing capacitor Cf, and is buffered, amplified and level-shifted
by Al and A2. Using a spectrum analyzer, P3 and P4 are adjusted
to minimize even- and odd-harmonic distortion, respectively.
The triwave linearity is not good enough to realize the inherent
capabilities of the AD639, but total harmonic distortion is in the
- 50dB to -60dB range. A3 provides further gain for a ± 10V
triwave output. The square-wave output is taken directly from
the AD654 and is unbuffered. It swings between ground and
+ 15V; if pins 2 and 5 of the AD654 are connected to - 15V,
this output is 30V pk-pk.

The frequency scaling with the linear input (shown) is lOkHz/V,
calibrated using Pl. The frequency can be controlled manually,
using a potentiometer and the Vr output of the AD639. Pl has
sufficient trim range to provide a full-scale frequency of 20kHz
with the 1.8V peak input. The alternative input scheme pro
vides a “log-sweep” response with an approximate scaling of
10v kHZ (when V is in volts). The range is now from about
10Hz to 100kHz; the frequency should be set to 1kHz with
V = 0, using P2. The frequency is now sensitive to variations in
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Figure 13. Gated Output. Top Trace: 0 to +2V Gate Input.
Bottom Trace: 2V rms Gated Sine Output

both temperature and the + 15V supply, but stability will be
adequate for many applications.

Frequency Multiplication
Because of the exceptionally wide angular range of the numerator
function of the AD639, it is possible to generate sinewave outputs
with 2, 3, 4 or 5 times the triwave frequency using the cosine
mode for even multiples or the sine mode for odd multiples.2
For example, to multiply the output frequency by 3, use the
sine function with the X-input driven to ±5.4V (±270°). Dis
tortion remains low; all harmonics are typically under — 50dBs,
even for the frequency-quintupling mode.

2For full details see “A Remarkable Monolithic Microsystem Generates
Trigonometric Functions,” Barrie Gilbert, Industrial Electronics Equipment
Design, September 1984, pp. 19-24. Reprints available.

Applications - AD639

Figure 14. Four-Quadrant Sine Multiplier; for Cosine,
Interchange XI and X2 and Connect Angle 'Lo' Input to VR

FOUR-QUADRANT SINE/COSINE MULTIPLICATION
In synchro applications it is often necessary to multiply an AC
sinusoidal ‘carrier’ by a further sine ‘modulation’ function. This
can be achieved in two ways; the first is suitable only when
there is a large ratio between the carrier frequency and the
modulation frequency. Using a single AD639, the carrier input
Asin(a>t) is applied to U2, and a DC bias voltage established on
U1 (which can be provided by a series resistor connected to
+ Vs). The modulation input, x, is applied to angle inputs
connected for - sin(x). The output is then W = - sin(x)
(Ui - Asin(wt)). Using AC-coupling to the load, the voltage
Asin(x)sin(a>t) results. Since the peak value of W is (Ui + A), a
maximum of about 6V amplitude can be achieved before output
saturation. A further limitation of this approach is that the ACcoupling may allow excessive transmission of the sine modulation
function. However, with typical values of 400Hz for the carrier
and 10Hz for the upper modulation frequency, this simple
approach is practical. Cosine modulation is similarly achieved.

An alternative method is DC-coupled and thus imposes no
frequency-ratio limitations; it also allows an input/output
amplitude of up to 12V. Two AD639s are used (Figure 14), the
second having both the X- and U-interfaces phase-inverted
relative to the first, and the two outputs are summed. The
figure shows a general bipolar input, A, applied to the U-inputs.
The first device generates Asin(x) when A is positive and zero
when A is negative. The second device generates -Asin(x)
(actually Asin( - x)) when A is negative and zero when A is
positive. The instantaneous sum of the two half-sines is Asin(x).
The switching speed of the U-interface is adequate to handle a
sinusoidal input A = (10V)sin(wt) at frequencies up to at least
1kHz, without significant crossover distortion. In synchro appli
cations errors as small as 5 arc-minutes can be achieved.

Polar-to-Cartesian Conversion
Using a pair of AD639s connected as shown in Figure 14, and a
second pair connected similarly for the cosine function, a vector

of magnitude A and angle x can be resolved into its orthogonal
components Asin(x) and Acos(x), with unrestricted operation in
all quadrants and very high accuracy.

Cartesian-to-Polar Conversion
A point Z,U in a plane can be converted to a magnitude component,
A, and an angle component, 0. A suitable vector summation
circuit can be found in the AD637 data sheet. The AD639 in
the arctangent mode can provide the angle output 0 = tan_I(Z/U).
If U is bipolar, an absolute-value circuit using an AD630 should
be added.

Sine/Cosine (Quadrature) Oscillators
Quadrature oscillators generate a pair of sinusoudal outputs
displaced by 90°, and invariably are based on a “state-variable”
loop consisting of two integrators and a sign-inverter. Practical
difficulties in this approach are (1) considerable additional circuitry
is required to control the amplitude of the oscillation; (2) a
trade-off arises between the settling-time of this control circuitry
and the distortion level, particularly troublesome at low fre
quencies; (3) the amplitude balance of the two outputs is dependent
on the matching of two time-constants; (4) two tracking analog
multipliers or multiplying DACs are needed if the frequency is
to be programmable.
These problems are avoided using a function-shaping technique
based on a triwave oscillator, which requires only one time-con
stant, and whose frequency can thus be more easily controlled.
The need for an amplitude control system is eliminated using
the scheme shown in Figure 15. The two outputs have accurate
amplitudes of 10V (without the need for an external reference
source) or can be individually controlled by external voltages,
without any effect on frequency. Variable-amplitude sine and
cosine outputs can be added (using the Z-input discussed earlier)
to provide continuously-variable phase-control of the output.
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Figure 15. Quadrature Oscillator

The triwave oscillator comprises an AD630, which alternates the
sign of the 1.8V reference from one of the AD639s to generate a
square-wave output of ± 1.8V amplitude, and an integrator
formed by Rl, Cl and the op-amp, which generates the triwave.
The amplitude of the triwave is determined by the ratio of R3
and R4, and is nominally ± 1.845V, 2.5% higher than needed at
the inputs of the AD639s, providing the adjustment range needed
to minimize distortion. In many applications, all adjustments
can be eliminated; to do this, make R3 = R4 = 5k(l, omit P2,
P4, R5 and R7 and replace Pl, P3, R6, and R8 with short
circuits. The frequency is nominally l/4C]Ri, and is 1kHz with
the component values shown. A variety of methods may be used
to provide external control of frequency, including the use of
another AD630 in series with Rl, or the use of a multiplying
DAC.

Triwave and Squarewave. Bottom Waveform: Resulting
Output

The sine output is generated using the triwave directly. Pl and
P2 should be adjusted using a spectrum analyzer for minimum
odd-order and even-order harmonics, respectively. The cosine
output is generated by using the difference between the triwave
and the square-wave, shown in the upper waveform in Figure
16. This composite voltage first generates a sine-function over
the range 0 to +180°, then over the range 0 to - 180°, to produce
the function shown in the lower waveform, which can be seen
to be 90° out of phase with the triwave. The complete set of
waveforms available from this generator are shown in Figure 17.
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Figure 17. Timing Relationships Between All Outputs of
the Quadrature Oscillator

Figure 18. Spectrum of Cosine Output at 1kHz

P3 and P4 are adjusted for minimum odd-order and even-order
cosine harmonics, respectively; Figure 18 shows the cosine
spectrum for a well-adjusted circuit.
Due to the finite transition time back to the baseline in the
drive voltage to the cosine generator, a brief spike occurs at the
zero-crossing of this output. The frequency components will be
beyond the bandwidth of the output amplifier in the AD639,
and the energy contained in these spikes will not generally be
troublesome. They may be further reduced, if necessary, by
adding a capacitor between pins 14 and 15, to roll off the AD639
output response.

ANALOG
DEVICES

LC2MOS Voiceband Reconstruction
and Antialiasing Filter Set
AD7341/AD7371

FEATURES
AD7341 - Transmit (Reconstruction) Filter for 14-Bit
DAC (AD7840)
Programmable Attenuation (OdB to-38dB)
AD7371 - Receive Filter for 14-Bit ADC (AD7871)
Programmable Gain (OdB to 24dB)
70dB Stopband Attenuation
75dB In-Band Signal-to-Noise Ratio
Better Than -75dB Total Harmonic Distortion
CCITT V.32 and V.33 Compatible
Small, 0.3", 24-Pin Plastic Package and 28-Pin PLCC

GENERAL DESCRIPTION
The AD7341 and AD7371 are reconstruction and antialiasing
filters designed for use in high speed voiceband modems with
speeds up to 14.4 kbits/sec, in accordance with CCITT V.32
and V.33 recommendations. These filters, along with the
AD7840 DAC, the AD7871 ADC and a digital signal processor
(DSP) can be used to implement a complete modem.

AD7341 FUNCTIONAL BLOCK DIAGRAM
DPO

DP1

OSO DS1 DS2

Vcc

VDO

TXIN

DGND AGND Vss

TXOUT

AD7371 FUNCTIONAL BLOCK DIAGRAM

WR

The AD7341 is the transmit or reconstruction filter. It imple
ments the filter function using a seventh order low pass
switched capacitor filter and a second order low pass continuous
time filter. The cutoff frequency is 3.5kHz.

DB7

DBO

The AD7371 is the receive filter. It is a high order bandpass
filter with a lower cutoff frequency of 180Hz and an upper
cutoff frequency of 3.5kHz. The filter function is implemented
using a second order low pass continuous time filter, a fourth
order high pass switched capacitor filter and a seventh order low
pass switched capacitor filter.

DGND AGND Vss RXOUT
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SPECIFICATIONS
TRANSMIT FILTER

1 (Vdd = Vcc = 5V ±5%; Vss = -5V ±5%; AGND = DGND = OV; OLKIN = 288kHz (M/S Ratio = 40/60 to 60/40.
TA = +25°C. Attenuator set at OdB, unless otherwise stated.)

Parameter

AD7341JN
AD7341JP

Units

INPUT CHARACTERISTICS
Input Signal Range
Input Impedance

±3
100

V max
Mil typ

FILTER CHARACTERISTICS2’3
CLKIN Frequency
Cutoff Frequency
Second Harmonic
Third and Higher Harmonics
Passband Ripple
Passband Gain Error

288
3.5
-80
-80
0.4
±0.5

kHz
kHz
dB typ
dB typ
dB max
dB max

72
75
70
70
350

dB min
dB typ
dB typ
dB min
M-S typ

OUTPUT CHARACTERISTICS
Output Voltage
Offset Voltage
Attenuation Range
Relative Accuracy3,4
Output Resistance

±3
±70
0 to -38
±0.1
0.2

V max
mV max
dB
dB typ
fl typ

LOGIC INPUTS
WR, DB2-DB7, DPO, DPI,
DS0-DS2, SYNCIN, CLKIN
VINH, Input High Voltage
VINL, Input Low Voltage
IINH, Input Current
C[N, Input Capacitance
CLKIN Divider Range (Nl)5

2.0
0.8
10
10
1 to 4

V min
V max
p.A max
pF max

Signal-to-Noise Ratio

Stopband Rejection
Differential Group Delay

Nl = l (i.e., DP0=l, DPl=0)
0.1 dB Down from the Lowest Point in the Passband

0<f<3.3kHz
Deviation from Nominal Setting on Programmable
Attenuator
0<f<3.5kHz
SNR Includes Noise and Harmonics
Attenuator Set at -30dB, 0<f<3.5kHz
f>6.1kHz
0sf<3.3kHz and Referenced to the Absolute
Group Delay at 1kHz

RL = 3kfl, CL=100pF
Determined by DB2-DB7, See Table III

CLKIN Can Be Set to 288kHz, 576kHz, 864kHz or
1.152MHz. Nl Is Set by DPO, DPI.

LOGIC OUTPUTS SYNCOUT6
Divider Range (N2)
Frequency
Pulse Width
VOH, Output High Voltage
VOL, Output Low Voltage

1/fcLKIN

|JLS

2.4
0.4

V min
V max

POWER SUPPLIES
Vdd
Vcc
Vss
Idd + Icc
Iss
Power Dissipation

4.75/5.25
4.75/5.25
-4.75/-S.25
25
25
265

V min/V max
V min/V max
V min/V max
mA max
mA max
mW max

1 to 8
fCLKiN/(Nl x5xN2)

Test Conditions/Comments

N2 Is Set by DS0-DS2.
kHz

^source = 400p.A
Isink = l-6mA

NOTES
’Operating temperature ranges as follows: J versions: 0 to +70°C.
Specified for an input frequency of 288kHz. This is internally divided by 5 to produce a switched capacitor filter frequency of 57.6kHz. For input frequencies
lower than 288kHz, the filter response is shifted down by the ratio of this input frequency to 288kHz.
’Measured using a ±3V, 1kHz sine wave.
4Measured over the full attenuation range.
’Required to derive internal frequency of 288kHz from CLKIN.
6Determined by data transmission rate.
Specifications subject to change without notice.
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A07341/AD7371
DrrriUC CIITCD1
RtbtlVt ULI tn

(Vdd = Vcc = 5V ±5%; Vss = —5V ±5%; AGND = DGND = 0V;
t.= +25°C. PGA set at OdB, unless otherwise stated.)

CLKIN = 288kHz M/S Ratio = 40/60 to 60/40.

Parameter

AD7371JN
AD7371JP

Units

INPUT CHARACTERISTICS
Input Signal Range
Input Impedance

±3
10

V max
kfl typ

288
180
3.5
-80
-80
0.4
±0.5
72
75
60
66
40
300

kHz
Hz
kHz
dB typ
dB typ
dB max
dB max
dB min
dB typ
dB typ
dB min
dB typ
P'S typ

Nl = l (i.e., DP0=l, DPl=0)
O.ldB Down from the Lowest Point in the Passband
0. ldB Down from the Lowest Point in the Passband

OUTPUT CHARACTERISTICS
Output Voltage
Offset Voltage
Gain Range
Relative Accuracy3,4
Output Resistance

±3
±70
0 to +24
±0.1
0.2

V max
mV max
dB
dB typ
(1 typ

RL = 3kQ, CL=100pF

LOGIC INPUTS
WR, DB0-DB7, DPO, DPI,
DS0-DS2, SYNCIN, CLKIN
ViNH, Input High Voltage
VINL, Input Low Voltage
IINH, Input Current
CIN, Input Capacitance
CLKIN Divider Range (Nl)5

2.0
0.8
10
10
1 to 4

V min
V max
jxA max
pF max

FILTER CHARACTERISTICS2’3
CLKIN Frequency
Lower Cutoff Frequency
Upper Cutoff Frequency
Second Harmonic
Third and Higher Harmonics
Passband Ripple
Passband Gain Error
Signal-to-Noise Ratio

Stopband Rejection
Differential Group Delay

LOGIC OUTPUTS SYNCOUT’
Divider Range (N2)
Frequency
Pulse Width
VOH, Output High Voltage
VOL, Output Low Voltage
POWER SUPPLIES
Vdd
Vcc

Vss
Idd + Icc
Iss
Power Dissipation

1 to 8
fCLKiN/(Nl X5XN2)

Test Conditions/Comments

200Hz<f<3.3kHz
Deviation from Nominal Setting on PGA
180Hz<f<3.5kHz
Input Signal Level of -24dB; PGA Gain Set at +24dB
f>6.1kHz
f>60kHz
500Hz<f<3.3kHz and Referenced to the Absolute
Group Delay at 1kHz

Determined by DB0-DB7, see Table VI

CLKIN Can Be Set to 288kHz, 576kHz, 864kHz or
1.152MHz. Nl Is Set by DPO, DPI.

N2 Is Set by DS0-DS2.

kHz

1/fcLKIN

|1S

2.4
0.4

V min
V max

4.75/5.25
4.75/5.25
-4.75/-5.2S
25
25
265

V min/V max
V min/V max
V min/V max
mA max
mA max
mW max

^source = 400p. A
Isink= l-6mA

NOTES
‘Operating temperature ranges as follows: J versions: 0 to +70°C.
Specified for an input frequency of 288kHz. This is internally divided by 5 to produce a switched capacitor filter frequency of 57.6kHz. For input frequencies
lower than 288kHz, the filter response is shifted down by the ratio of this input frequency to 288kHz.
’Measured using a ±3V, 1kHz sine wave.
4Measured over the full attenuation range.
’Required to derive a switched capacitor filter frequency of 288kHz from CLKIN.
’Determined by data transmission rate.
Specifications subject to change without notice.
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TIMING CHARACTERISTICS1
(VDD = VCC = +5V ±5%, Vss = -5V ±5%)

i------------------------- 1"----- ■

Parameter
lWR

rDS
lDH
^SYNCIN

— '////////^

Limit at
Ta = +25°C

Units

80
60
20
80

ns
ns
ns
ns

min
min
min
min

^tavauo

Comments

!

I

Write Pulse Width
Data Setup Time
Data Hold Time
SYNCIN Pulse Width

NOTE
‘Timing specifications are sample tested at +25°C to ensure compliance. All
input control signals are specified with tR = tF = 20ns (10% to 90% of +5V)
and timed from a voltage level of +1.6V.

NOTES
1 ALL INPUT SIGNAL RISE AND FALL TIMES MEASURED FROM 10% to 90%
of + 5V tr = tf = 20ns.
2 TIMING MEASUREMENT REFERENCE LEVEL IS (VIH + VJ/2

Figure 1. AD7341/AD7371 Timing Diagram

Specifications subject to change without notice.

PIN CONFIGURATIONS

TXOUT |~j~

•

77] TXIN

v65[T

«] Voo

SYNCOUT[ 3

22 | AGND

77] RXIN

RXOUT |~7~

77] v,,,,

Vss[T

77| AGND

SYNCOUT [T

OS2 [7~

~27~| NC

0S2|T

OS1 [T

77] NC

dsi|T

77] DBO
~2o] DB1

OSO |~6~

AD7341 DIP

77] DB2

DS0 [77

AD7371 DIP

77] DB2

DGND (T

(Not to Scale)

77] 083

OGNO [T

TOP VIEW
(Not to Scale)

77] OB3

77] DB4

Vcc [~B~

77] D84

77] OB5

SYNCIN [~7~

77] 085

DPI [77

77] DB6

OP1 [77

77] DB6

dpo[77

77] DB7

opo[77

77] DB7

wr

CLKIN [77

V„[T
SYNCIN [ 9

CIKIN [77

77]

NC = NO CONNECT

77]

wr

NC = NO CONNECT

DBO
DB1

DB2
NC

DB3

DB4
DB5

NC = NO CONNECT
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NC = NO CONNECT

AD7341/AD7371
ABSOLUTE MAXIMUM RATINGS
*
VDD to AGND...................................................... -0.3V to +7V
Vcc to DGND......................................................... -0.3V to +7V
VDD to Vcc......................................................... -0.6V to +0.6V
Vss to DGND ....................................................... +0.3V to-7V
AGND to DGND.................................................... -0.3V to Vcc
RXIN, TXIN to AGND...................Vss -0.3V to VDD + 0.3V
RXOUT, TXOUT to AGND1 . . . ,VSS -0.3V to VDD + 0.3V
Digital Input Voltage to DGND................ -0.3V to Vcc +0.3V
Power Dissipation (Any Package) to +75°C................... lOOOmW
Operating Temperature Range
J Versions................................................................... 0 to +70°C

Storage Temperature Range............................. -65°C to +150°C
Lead Temperature (Soldering, lOsecs)............................. + 300°C
NOTE
'RXOUT, TXOUT may be shorted to AGND, DGND, VDD, Vcc, Vss
provided that the power dissipation of the package is not exceeded.
‘Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indi
cated in the operational sections of this specification is not implied. Expo
sure to absolute maximum rating conditions for extended periods of time
may affect device reliability. Only one absolute maximum rating may be
applied at any one time.

CAUTION---------------------------------------------------------------------------------------------------------ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected;
however, permanent damage may occur on unconnected devices subject to high energy electro
static fields. Unused devices must be stored in conductive foam or shunts. The protective foam
should be discharged to the destination socket before devices are removed.

ORDERING INFORMATION
Temperature Range and Package Options1

Plastic DIP (N-24)

PLCC2 (P-28A)

Transmit Filter

AD7341JN

AD7341JP

Receive Filter

AD7371JN

AD7371JP

NOTES
'See Section 20 for package outline information.
2PLCC: Plastic Leaded Chip Carrier.
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TERMINOLOGY
Cutoff Frequency
The filter cutoff frequency is the point in the response where
the amplitude begins to fall off. For the AD7341 and AD7371 it
is defined as O.ldB down from the lowest point in the passband.
The AD7341 low pass filter has one cut off frequency at 3.5kHz
while the AD7371 band pass filter has a lower cutoff frequency
of 180Hz and an upper cutoff frequency of 3.5kHz.

Signal-to-Noise Ratio (SNR)
Signal-to-noise ratio (SNR) is the measured signal to noise at the
output of the filter. The signal is the rms magnitude of the fun
damental. Noise is the rms sum of all nonfundamental signals
(including harmonics) up to 3.5kHz.
Second Harmonic
Second harmonic is the ratio of the second harmonic amplitude
to the fundamental amplitude, expressed in dBs.

Third and Higher Harmonics
This is the amplitude ratio of the rms sum of the third and
higher harmonics to the fundamental, expressed in dBs. Total
harmonic distortion (THD) is the rms sum of the second har
monic and the third and higher harmonics.
Passband Ripple
This is the ripple in the passband section of the frequency re
sponse and is expressed in dBs. For the AD7341, it is measured
in the band 0 to 3.3kHz, and for the AD7371 it is measured in
the band 200Hz to 3.3kHz.
Passband Gain Error
Passband gain error is the deviation of the actual passband
level from the ideal passband level. For the AD7341, it is
measured with the attenuation set to OdB (DB2-DB7 = 0);
for the AD7371, it is measured with the gain set to OdB
(DB0-DB7=l).
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Stopband Rejection
This is the magnitude of the stopband response relative to the
passband magnitude. The stopband is specified for frequencies
greater than 6.1kHz.

Differential Group Delay
Absolute group delay is the rate of change of phase versus fre
quency, dO/df. For the AD7341 and AD7371, differential group
delay is the absolute group delay in a specified band relative to
the absolute group delay at 1kHz. The specified band for the
AD7341 is 0 to 3.3kHz and for the AD7371 it is 500Hz to
3.3kHz.
Offset Voltage
This is the amount of offset introduced into the input signal by
the filter. For the AD7341 it is measured with the attenuation
set at OdB, and for the AD7371 it is measured with the gain set
at OdB.

Attenuation Range
For the AD7341, this is the amount by which the output can be
attenuated, using the digital inputs DB7-DB2. Table I gives a
selection of attenuations for various values of digital input.
Gain Range
For the AD7371, this is the amount by which the input can be
amplified, using the digital inputs DB7-DB0. Table VI gives
gain versus digital input code.

Relative Accuracy
This is a measure of the accuracy with which either the AD7341
attenuation or the AD7371 gain can be programmed, having
allowed for the passband gain error. It is expressed in dBs rela
tive to attenuation or gain setting with a digital input code of
all Is.

AD7341/AD7371
TYPICAL PERFORMANCE CURVES (V00=Vtt=+5».Vss=-5«,fcl,IH=2»«kHz.
0-------------------------

n

T„=+25°C unless otherwise stated)
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Figure 4. AD7341 Phase Response

Figure 3. AD7371 Amplitude
Response

Figure 2. AD7341 Amplitude
Response
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AD7341 DIP PIN FUNCTION DESCRIPTION
Pin

Mnemonic

1

TXOUT

Signal output pin from filter.

Vss
SYNCOUT

Negative supply pin for the device. This is -5V ± 5%.

2
3

Description

This output pulse is derived from the SCF (Switched Capacitor Filter) clock and can be used in system
synchronization. The pulse frequency is fSYNcouT = ^clkin / (Nlx5xN2), where Cclkin is the input
frequency at CLKIN, N1 is the value loaded to the input programmable divider and N2 is the value
loaded to the output programmable divider. N1 is set by DPO and DPI (see Table II). N2 is set by DSO,
DS1 and DS2 and varies from 1 to 8. Table I shows the typical SYNCOUT frequencies which can be set
when fCLKIN is 288kHz and N1 is 1.

DS2

DS1

DSO

SYNCOUT
Frequency

0
0
0
0
l
l
l
I

0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1

7.2kHz
57.6kHz
28.8kHz
19.2kHz
14.4kHz
11.52kHz
9.6kHz
8.22kHz

DPI

DPO

CLKIN Divide
Ratio, N1

0
0
1
1

0
1
0
1

4
1
2
3

Table II. Setting CLKIN Divide Ratio Using DP1, DPO

Table I. Setting SYNCOUT Frequency Using DS2, DS1, DSO

4

DS2

Unlatched digital input which is used to set SYNCOUT frequency. See Table I.

5

DS1

Unlatched digital input which is used to set SYNCOUT frequency. See Table I.

6

DSO

Unlatched digital input which is used to set SYNCOUT frequency. See Table I.

7

DGND

Ground point for on chip digital circuitry.

8
9

Vcc
SYNCIN

10

DPI

Unlatched digital input pin which is used to set divide ratio on the CLKIN input. See Table II.

11

DPO

Unlatched digital input pin which is used to set divide ratio on the CLKIN input. See Table II.

12

CLKIN

Clock input for the device. This is internally divided to produce the SCF clock.

13

WR

Active low digital input. Data for the on chip programmable attenuation is loaded to the input latch when
this signal goes low and is latched when it goes high.

Positive supply pin for the on chip digital circuitry. This is +5V ± 5%.
This asynchronous digital input resets the internal clock circuitry from which SYNCOUT is derived. This
allows SYNCOUT to be synchronized to an external signal.

14-19

DB7-DB2

Six-bit data bus which sets the attenuation level on the output. See Table III.

20

NC

No connect.

21

NC

No connect.

22

AGND

Ground point for the on-chip analog circuitry.

Positive supply pin for the on-chip analog circuitry. This is + 5V ± 5%.

23
24

TXIN

Filter input.
DB7

DB6

DB5

DB4

DB3

DB2

Attenuation
dB

1
0
0
0
0
0
0

1
1
0
0
0
0
0

1
1
1
0
0
0
0

1
1
1
1
0
0
0

1
1
1
1
1
0
0

1
1
1
1
1
1
0

0
-6
- 12
-18
-24
-30
-38

Table III. Output Attenuation vs. Digital Input Code
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AD7341/AD7371
AD7371 DIP PIN FUNCTION DESCRIPTION

Pin

Mnemonic

1

RXOUT

Signal output pin from filter.

2

Vss

Negative supply pin for the device. This is —5V ± 5%.

3

SYNCOUT

This output pulse is derived from the SCF (switched capacitor filter) clock and can be used in system
synchronization. The pulse frequency is fSYNcouT ~ ^clkin I (Nlx5xN2), where fCLKiN *s ^e input
frequency at CLKIN, N1 is the value loaded to the input programmable divider and N2 is the value
loaded to the output programmable divider. N1 is set by DPO and DPI (see Table V). N2 is set by DSO,
DS1 and DS2 and varies from 1 to 8. Table IV shows the typical SYNCOUT frequencies which can be
set when fCLKiN *s 288kHz and N1 is 1.

Description

DS2

DS1

DSO

SYNCOUT
Frequency

0
0
0
0
1
1
1
1

0
0
1
1
0
0
1
1

0
1
0
1
0
1
0
1

7.2kHz
57.6kHz
28.8kHz
19.2kHz
14.4kHz
11.52kHz
9.6kHz
8.22kHz

DPI

DPO

CLKIN Divide
Ratio, N1

0
0
1
1

0
1
0
1

4
1
2
3

Table V. Setting CLKIN Divide Ratio Using DPI, DPO

Table IV. Setting SYNCOUT Frequency Using DS2, DS1,
DSO

4

DS2

Unlatched digital input which is used to set SYNCOUT frequency. See Table IV.

5

DS1

Unlatched digital input which is used to set SYNCOUT frequency. See Table IV.

6

DSO

Unlatched digital input which is used to set SYNCOUT frequency. See Table IV.

7

DGND

Ground point for on chip digital circuitry.

8

Vcc

Positive supply pin for the on chip digital circuitry. This is +5V ± 5%.

9

SYNCIN

This digital input resets the internal clock circuitry from which SYNCOUT is derived. This
allows SYNCOUT to be synchronized to an external signal.

10

DPI

Unlatched digital input pin which is used to set divide ratio on the CLKIN input. See Table V.

11

DPO

Unlatched digital input pin which is used to set divide ratio on the CLKIN input. See Table V.

12

CLKIN

Clock input for the device. This is internally divided to produce the SCF clock.

13

WR

Active low digital input. Data for the on chip programmable gain is loaded to the input latch when this
signal goes low and is latched when it goes high.

14—21

DB7-DB0

Eight-bit data bus which sets the gain level on the input. See Table VI.

22

AGND

Ground point for the on-chip analog circuitry.

23

^DD

Positive supply pin for the on-chip analog circuitry. This is +5V ± 5%.

24

RXIN

Filter input.
DB7

DB6

DB5

DB4

DB3

DB2

DB1

DBO

Gain
dB

0
0
0
0
0
0
0
1
1

0
0
0
0
1
1
1
0
1

0
0
1
1
0
1
1
1
1

0
1
0
1
0
0
1
1
1

0
1
0
0
0
0
0
0
1

0
0
0
0
1
0
1
0
1

0
0
1
0
0
0
1
0
1

0
0
0
0
0
1
1
0
1

24
21
18
15
12
9
6
3
0

Table VI. Input Gain vs. Digital Input Code
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CIRCUIT DESCRIPTION
AD7341 Filter

The AD7341 transmit filter performs the reconstruction or
smoothing function for the transmit channel D/A converter.
Figure 11 is the block diagram for the filter and programmable
attenuation section.

outputs of the two smoothing filters are then recombined to a
single ended signal. The level of SCF clock feedthrough at the
output is typically -65dB. This can be further reduced by using
a simple RC combination at the output (39kQ and lOOOpF re
duce the feedthrough to -80dB). The second order filter shown
in Figure 22 reduces it to below -90dB. After recombination of
the differential signals, a programmable attenuation stage fol
lows. The attenuator circuit diagram is shown in Figure 12. It

SCF CLOCK

consists of an 8-bit multiplying DAC with the two LSBs (.DB1,
DBO) tied high. The transfer function is given by:
A = 20 log

256
4N + 3

WR

where A is the attenuation in dBs and N is the 6-bit binary code
loaded to the device. Expressing N in terms of A gives:
DB7

1 f 256

DB2

TXOUT

Figure 11. AD7341 Filter Section

The transmit channel signal is applied at TXIN and is converted
to a differential signal. It then goes to the fully differential
switched capacitor low pass section. This is a seventh order el
liptical filter which gives a 3.5kHz cut off frequency and stop
band attenuation of greater than 70dB at frequencies above
6.1kHz. The use of the differential filter structure ensures an
excellent harmonic distortion figure and also gives improved re
jection of common mode noise such as clock feedthrough in the
switched capacitor switching transistors. The filter cut off fre
quency depends directly on the clock driving the switched ca
pacitor section and upon the capacitor matching. Capacitor
matching is typically better than 2% and this means that if the
clock is constant, cut off frequency variation from device to de
vice will be less than 2%. Since the switched capacitor filters are
sampled data systems (.analog data) with a sampling frequency of
57.6kHz, they must be followed by a smoothing filter to remove
aliased components due to this clock. This smoothing filter is a
second order low pass continuous time section. The differential
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Figure 13. Programmable Attenuation vs. Input Code for
the AD7341

This allows the calculation of the device input code for a given
output attenuation. The attenuation range is 0 to 38dB and al
lows the user to adapt the output signal for different line specifi
cations. Figure 13 shows how attenuation varies with input
code, and Table III gives a selection of attenuations for specific
codes.

AD7341/AD7371
AD7371 Filter
The receive filter performs the antialiasing function for the re
ceive channel A/D converter. It provides rejection of high fre
quency out-of-band signals, attenuation of low frequency noise
at both 50Hz and 60Hz line frequencies and programmable gain
for the input signal. Figure 14 is the block diagram for the filter
and programmable gain section.

DBO

DB7

15.85R

WR

OB7

DBO

Figure 15. AD7371 Programmable Gain Amplifier

This equation can be used to calculate the code, N, needed to
give the desired gain, G. Figure 16 is a graph of gain versus in
put code, and Table VI gives a selection of gains for specific
codes.
SCF

Figure 14. AD7371 Filter Section

The input signal is applied at RXIN and passes through the
programmable gain stage. Figure 15 shows the circuit diagram
for this. It consists of an 8-bit multiplying DAC and resistor
combination in the feedback loop of an operational amplifier.
The transfer function is given by:

272.2
G = 20 log
N+17.2
G is the gain in dBs and N is the 8-bit binary code loaded to the
device. Varying this code between 0 and 255 gives a gain range
of 24dB to OdB. Expressing N in terms of G gives:

17.2

0

100

200

300

DEVICE INPUT CODE INI IN DECIMAL

Figure 16. Programmable Gain vs. Input Code for the
AD7371

After the PGA stage, the receive signal is converted to a fully
differential signal before going to the differential filters. The
first differential filter is a second order continuous time section.
This is necessary to provide antialiasing for the sampling
switched capacitor filter. The continuous time filter eliminates
any high frequency components from the input signal which
would be aliased back into the passband of the switched capaci
tor filter and appear as noise. Following the continuous time
filter, the fourth order elliptical high pass switched capacitor
section has a cutoff frequency of 180Hz, and the seventh
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order elliptical low pass switched capacitor section has a cutoff
frequency of 3.5kHz. As in the reconstruction filter, the cutoff
frequency variation from device to device for fixed CLKIN is
typically less than 2%. On recombination of the differential
signals, the output goes to RXOUT.

SCF Clock and System Synchronization
The clock generation circuitry for both the AD7341 and the
AD7371 is identical and is shown in Figure 17. For the speci
fied filter response, the switched capacitor clock must be
DBO

LDAC input of a DAC. The output programmable divider also
has a reset input (SYNCIN). This is normally tied high. When
it is brought low, the counter is reset. On returning high, the
counter is reactivated. By using this SYNCIN facility, it is pos
sible to adjust the point in time at which sampling occurs while
maintaining the same rate. This is useful in modem applications
and is known as cycle slipping. Figure 18 shows the complete
timing waveforms for the AD734I/AD7371.

DB1
SCK CLK
57 6kHz

”'LTU

Figure 18. AD7341/AD7371 Timing Waveforms

OSO OS1 OS2

Figure 17. AD7341/AD7371 Clock Generation Circuitry

57.6kHz. This means that CLKX in Figure 17 must always be
288kHz (57.6kHzx5). The input programmable divider allows
the user the option of four CLKIN frequencies (288kHz,
576kHz, 864kHz or 1152kHz). The input divider can then be
programmed to ensure that CLKX is 288kHz.

APPLYING THE AD7341/7371
The prime application for the AD7341/7371 is in the analog
front end for echo-cancelling modems. Here, the filters are com
bined with a high resolution DAC and ADC to provide the in
terface between the analog and the digital domain. The excellent
noise performance of the AD7371 and the high resolution of the
AD7871 (14-bit ADC) combine to allow the modem echo
cancelling loop to be implemented totally in the digital domain.
This overcomes the disadvantage with lower resolution systems
which need to do a digital approximation of the echo and recon
struct in analog form for an analog echo-cancelling loop.

Conversely, in the modem transmitter, the combination of
AD7341 and high resolution DAC (14-bit AD7840) allows trans-

The AD7341 and the AD7371 are always used with a DAC and
ADC respectively. The DAC and ADC update and sample at a
certain rate (9.6kHz or 7.2kHz, for example). The filters sample
at 57.6kHz. In order to ensure that there is no low frequency
aliasing, the DAC/ADC rate must be synchronized with the SCF
clock. This means the SCF rate must be an integral multiple of
the DAC/ADC rate. The AD7341/AD7371 actually generates
this required synchronized clock on chip. The output program
mable divider allows division of the SCF clock by 1 to 8. The
divide ratio is determined by inputs DS0-DS2. The output of
the programmable divider goes to SYNCOUT which is then
used to drive either the CONVST input of an ADC or the
Figure 19. Modem Analog Front End and Interface to
ADS P-2101 DSP
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AD7341/AD7371
Figure 19 shows a typical hardware interface between the analog
front end chipset and the ADSP-2101 in an echo-cancelling mo
dem. The ADSP-2101 is the new DSP microcomputer from An
alog Devices. It has program memory and data memory on chip
and is code compatible with the ADSP-2100. It also has two
serial ports. The particular configuration, shown in Figure 19,
uses the serial interface on both the AD7840 and AD7871 to

SYNCIN

d

If

WR/SYNC
TFS

SDATA
DT

Figure 20 System Timing for Figure 19

talk to one of the ADSP-2101 serial ports. The system timing
diagram is shown on Figure 20. The 288kHz clock drives the
two filters and the ADC. The SYNCIN pulse may be used to
set the absolute sampling instant. DSO, DS1 and DS2 on the
AD7371 are programmed to give a 9.6kHz SYNCOUT signal.
This drives the AD7871 CONVST input and is thus the sam
pling rate. SCLK on the AD7871 clocks out serial data on its
rising edge. SSTRB is the framing pulse for the serial data.
Within this framing pulse, a 16-bit data stream is output on the
SDATA line. Each data bit is valid on the falling edge of
SCLK. There are two leading zeros and the 14-bit conversion
result appears after these. When RFS on the ADSP-2101 goes
low, data appearing on DR is clocked into the receive shift reg
ister on each falling edge of SCLK. Once the 16 data bits have
been received an internal interrupt is set and the processor can
read the data.
The circuit of Figure 19 also uses the SSTRB signal to frame
the transmit data from the DSP . Thus, when SSTRB goes low,
data contained in the transmit shift register of the DSP is
clocked out on each rising edge of SCLK. The AD7840, in
turn, loads each data bit into its input register on the SCLK
falling edges. The DAC output is updated when 16 data bits
have been received.

Using the ADSP-2101 and the chipset, the modem hardware is
simplified. The number of lines required to connect the chips is
much less than a parallel interface structure would need and no
external glue logic is required.

CHIPSET LAYOUT
Figure 23 is the circuit diagram for a modem analog front end
based on the Analog Devices chip set. The component overlay is
given in Figure 21, while the PCB layout is given in Figures 24
and 25.
The modem analog front end uses the AD7341, AD7371,
AD7840 and AD7871. Total channel SNR performance is better
than 72dB with a full scale input signal and unity gain on the
filter chips. The 14-bit resolution of the converters gives an in
stantaneous dynamic range of 84dB. If greater dynamic range is
required, then the AD7371 PGA can be used to give up to
24dB extra.

The evaluation board makes full use of the flexible interfaces on
the AD7840 and the AD7871. JI is a 96-way VME bus connec
tor which carries the parallel interface for the board. This plugs
directly into the connector on the evaluation board for the
ADSP-2100, which is another in the Analog Devices family of
Digital Signal Processors and is code compatible with the
ADSP-2101. Thus, direct interfacing between the boards is pos
sible. All the signals necessary for interfacing to other DSPs are
available on JI. The 9-way D-Type connector, J2, carries the
serial interface for the board. This allows DSPs with serial ports
to interface directly to the chipset.
Power supplies used to operate the board are ±15V analog sup
plies and a single +5V digital supply. A ±5V analog supply is
derived from the ±15V supply by using the 78L05/79L05 regu
lators. This supply is used for the AD7341, AD7371, AD7840
and AD7871. The supply grounds are tied together on the board
so that there is no need to have them connected back at the sup
ply source.

The analog input and output ranges are both ± 10V. The analog
input is attenuated by IC1 and associated circuitry to give the
required ±3V input range for the filter and ADC. Likewise, the
analog output from the reconstruction filter (±3V) is gained up
by the output amplifier (IC6) to give a ± 10V output. This out
put amplifier also contains a simple second order filter to further
attenuate the switched capacitor clock noise at the output.
There are three digital inputs to the board. These are CLKIN,
ADC SYNCIN and DAC SYNCIN. CLKIN provides the clock
for the ADC and filters. The DIP switches on the board have
been set up to accept a nominal clock of 288kHz for the filters.
ADC SYNCIN and DAC SYNCIN can be used to resynchro
nize the filters/converters with an external synchronizing signal.
If this is not required, then both of these inputs should be tied
high.
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Figure 21. Component Overlay for Circuit of Figure 23

Parallel Interface
If the parallel interface is required, then the four latch chips
(IC7 to IC10) should be inserted into the sockets provided.
Links L16, L17, L18, L5 and L6 should be omitted. This iso
lates the serial port from bus activity. Link L15 should be in
serted to choose 14-bit parallel operation for the ADC. Omit
links L14 and LI3. Internal or external clock operation for the
ADC may be chosen by Lil and LI2. Lil gives external clock
operation, while L12 gives internal clock operation. AD7871
conversion is started by CONVST (pin 1) going low. When con
version is complete, INT/BUSY (pin 4) goes low. IC13 extends
this pulse. This is then used to read the ADC result into the
latches and to interrupt the processor. The processor interrupt
service routine then reads the latch contents. Note that the data
format is 14 bits with sign extension to 16 bits.
On the AD7840 insert L2 to tie the chip select low and omit
LI. Insert L3 to use SYNCOUT of filter to write to the DAC
and omit L4. Thus, the processor writes data to the latches and
the DAC gets updated on every rising edge of WR/SYNC. The
data format is 14-bit right justified.

Serial Interface
If the serial interface is required, then omit the four latches
(74LS374) and use the serial connector (J2). Links L5, L6,
L16, L17 and L18 must be inserted. Omit L15 and insert L14.
This places the AD7871 in serial mode of operation with contin
uously running SCLK. As in the parallel mode, conversion is
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started by CONVST going low. Serial data appears on Pin 9
(SDATA) as conversion is taking place, and it is latched into the
processor shift register on each falling edge of SCLK. The
frame synchronization pulse for the data is on Pin 7 (SSTRB).
The data format is 16-bit with the MSB first. The 16 bits of
data are made up of two leading zeros and the 14-bit conversion
result. For the DAC in the serial mode omit L3 and insert L4.
This provides the necessary inversion of the SYNCOUT pulse
from the filter so that it can be used as the frame synchroniza
tion for the DAC and the processor. When this goes low data in
the processor shift register is clocked out on each rising edge of
SCLK and latched into the DAC shift register on each falling
edge of SCLK. Since LDAC (Pin 24) is tied permanently low,
the DAC register is updated automatically when the 16-bit data
stream has been received. The format of this data stream is set
up by links L7 to LIO. Consult Table I on the AD7840 data
sheet for the appropriate settings. Figure 22, below, shows the
pin designations for J2.

g
£
5 |M |M
a Is a la °
p®®®®)
®®
§ * t *

2

Figure 22. Pin Configuration for J2 (Front View)

AD7341/AD7371

Figure 23. Circuit Diagram for Modem Analog Front End

SPECIAL FUNCTION COMPONENTS 11-31

Figure 24. PCB Component Side Layout for Figure 23

Figure 25. PCB Solder Side Layout for Figure 23
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Digitally Programmable
Delay Generator

ANALOG
DEVICES

AD9500
FEATURES
10ps Delay Resolution
2.5ns to 10|is Full-Scale Range
Fully Differential Inputs
Separate Trigger and Reset Inputs
Low Power Dissipation - 310mW
APPLICATIONS
ATE
Pulse Deskewing
Arbitrary Waveform Generators
High-Stability Timing Source
Multiple Phase Clock Generators

GENERAL DESCRIPTION
The AD9500 is a digitally programmable delay generator, which
provides programmed delays, selected through an 8-bit digital
code, in resolutions as small as lOps. The AD9500 is constructed
in a high-performance bipolar process, designed to provide
high-speed operation for both digital and analog circuits.
The AD95OO employs differential TRIGGER and RESET inputs
which are designed primarily for ECL signal levels but function
with analog and TTL input levels. An on-board ECL reference
midpoint allows both of the inputs to be driven by either single
ended or differential ECL circuits. The AD9500 output is a
complementary ECL stage, which also provides a parallel QR
output circuit to facilitate reset timing implementations.

The digital control data is passed to the AD9500 through a
transparent latch controlled by the LATCH ENABLE signal. In
the transparent mode, the internal DAC of the AD9500 will
attempt to follow changes at the inputs. The LATCH ENABLE
is otherwise used to strobe the digital data into the AD9500
latches.

PIN CONFIGURATIONS
mJo.

o.[T
o.[T

77]

o.[T

77| LATCH ENABLE

ecu,,[T

OFFSET AOJUST [~6~
c.[T

d,

77] Do (LSBI

0, (MSB) [7

AD9500
TOP VIEW
(Not to Scale)

♦V.E
TRIGGER | 9

77]GROUND

77] Rs

3-v.

|

16 | ECL COMMON

Hi

TRIGGER [77

*

RESET QT
2»]o

RESET [77

add

z

d d d

25 Do (LSB)

24 LATCH ENABLE
23 GROUNO
22 NC

21 Rs

The AD9500 is available as an industrial temperature range
device, - 25°C to + 85°C, and as an extended temperature range
device, - 55°C to + 125°C. Both grades are packaged in a 24-pin
ceramic “Skinny” DIP (0.3" package width), as well as 28-pin
surface mount packages. Contact the factory for MIL-STD-883,
revision C, qualified devices.

20 -Vs

19 ECL COMMON

ORDERING INFORMATION

Device

Temperature Range

AD95OOBP
AD9500BQ
AD9500TE
AD9500TQ

-25°Cto
-25°Cto
-55°Cto
-55°Cto

+85°C
+85°C
+ 125°C
+ 125°C

Description

Package
*Options

28-Pin PLCC (Plastic), Industrial Temperature
24-Pin “Skinny” DIP, Industrial Temperature
28-Pin LCC, Extended Temperature
24-Pin “Skinny” DIP, Extended Temperature

P-28A
Q-24
E-28A
Q-24

*See Section 20 for package outline information.
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS1
Positive Supply Voltage ( + VS).......................................... + 7V
Negative Supply Voltage (— Vs).......................................... — 7V
ECL COMMON to Ground Differential . . -2.0V to +5.0V
Digital Input Voltage Range ....................... -3.5V to +5.0V
Trigger/Reset Input Voltage Range................................... ±5.0V
Trigger/Reset Differential Voltage ...................................... 5.0V
Minimum Rset.................................................................... 2200
Digital Output Current (Q and Q) .................................... 30mA
Digital Output Current (Qr)................................................ 2mA

ELECTRICAL CHARACTERISTICS (Supply Voltages + Vs =

Offset Adjust Current (Sinking)............................................ 4mA
Power Dissipation ( + 25°C Free Air)2................................ 2.62W
Operating Temperature Range
AD9500BP/BQ.......................................... -25°Cto+85°C
AD9500TE/TQ............................................. -55°C to + 125°C
Storage Temperature Range.............................-65°C to + 150°C
Junction Temperature....................................................+ 175°C
Lead Soldering Temperature (lOsec).......................... +300°C

+ 5.0V, - Vs = - 5.2V;

= OpF; Rsn = 500ft,

unless otherwise stated)

Parameter

Mil3
Sub
Group

Temp

RESOLUTION

Industrial
— 25°Cto+85°C
AD9500BP/BQ
Min
Max
Typ

Military
- 55°C to + 125°C
AD9500TE/TQ
Min
Max
Typ

Units

8

8

Bits

ACCURACY4
Differential Linearity
Integral Linearity
Monotonicity

7
7
7

+ 25°C
+ 25°C
+ 25°C

DIGITAL INPUT
Logic “1” Voltage
Logic “0” Voltage
Logic “1” Current
Logic “0” Current
Digital Input Capacitance
Data Setup Time5
Data Hold Time6
Latch Pulse Width (tLpw)

7,8
7,8
1,2,3
1,2,3
12
12
12
12

Full
Full
Full
Full
+ 25°C
+ 25°C
+ 25°C
+ 25°C

7,8
1
2,3

Full
Full
Full
+ 25°C
Full
+ 25°C
+ 25°C

-2.5;4.5
-2.5;2.0
40
40

+ 25°C

2.0

RESET/TRIGGER INPUTS7
TRIGGER Input Voltage Range
RESET Input Voltage Range
Differential Switching Voltage
Input Bias Current

Input Resistance
Input Capacitance
Minimum Input Pulse Width
(typw, Irpw)
DYNAMIC PERFORMANCE8
Maximum Trigger Rate
Minimum Propagation Delay (tPD)9
Minimum Propagation Delay TC10
Full-Scale Range TC
Delay Uncertainty (Jitter)
Reset Propagation Delay (tRo)11
Reset-to-Trigger Holdoff (tTHo)12
Trigger-to-Reset Holdoff (tRiIO)13
Minimum Output Pulse Width
Output Rise Time
Output Fall Time
Delay Coefficient Settling Time (tDAC)14
Linear Ramp Settling Time (tLRs)

12

12
4

4
4
4
12
12
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+ 25°C
+ 25°C
Full
Full
+ 25°C
+ 25°C
+ 25°C
+ 25°C
+ 25°C
+ 25°C
+ 25°C
+ 25°C
+ 25°C

0.5
1.0
Guaranteed

0.8
5
5
5.5
0.75
0.75

V
V
pA
pA
pF
ns
ns
ns

300
50
75

V
V
mV
pA
pA
kfl
pF

2.0

0.4
0.4

0.8
5
5
5.5
0.75
0.75

3.0

0.4
0.4
3.0

4
6.5

5.4
0.2
2.0

LSB
LSB

Guaranteed

2.0

100
5.4

0.5
1.0

6.4
7.5
0.5
10
6.4
0
1.5
3.3

-2.5;4.5
-2.5;2.0
40
40

300
50
75

4
6.5

7.25

2.0

7.4

7.4

100
5.4

5.4
0.2
2.0

6.4
7.5
0.5
10
6.4
0
1.5
3.3

2.0
2.0

29
22

7.25

ns

7.4

7.4

2.0
2.0
29
22

MHz
ns
ps/°C
ps/°C
ps
ns
ns
ns
ns
ns
ns
ns
ns

AD9500
MU3
Sub
Group

Parameter
SUPPORT FUNCTIONS
ECLref
ECLref Voltage Drift15
Offset Adjust Range

DIGITAL OUTPUTS8
Logic “1” Voltage
Logic “0” Voltage

POWERSUPPLY16
Positive Supply Current (+ 5.0V)
Negative Supply Current (- 5.2 V)

Nominal Power Dissipation
Power Supply Rejection Ratio17
Full-Scale Range Sensitivity
Minimum Propagation Delay
Sensitivity

Temp

Industrial
-25°Cto+85°C
AD9500BP/BQ
Max
Min
Typ

-1.2

1

+ 25°C
Full
Full

-1.4

1,2,3
1,2,3

Full
Full

-1.1

1
2,3
1
2,3

+ 25°C
Full
+ 25°C
Full
+ 25°C

24

7

+ 25°C

70

300

7

+ 25°

150

500

NOTES
'Absolute maximum ratings are limiting values, to be applied individually,
and beyond which serviceability of the circuit may be impaired. Functional
operability under any of these conditions is not necessarily implied.
Exposure to absolute maximum rating conditions for extended periods
may affect device reliability.
’Typical thermal impedance
24-Pin Ceramic
0jA = 56°C/W; 0jc = 16°C/W
28-Pin PLCC (Plastic)
0ja = 6OoC/W;0jc = 22<>C/W
28-Pin Ceramic LCC
0jA = 69°C/W; 0jc = 25°C/W
’Military subgroups apply to military qualified devices only.
4Rset = lOkfl. (Full-scale delay = 100ns).
’The digital data inputs must remain stable for the specified time prior to
the LATCH ENABLE signal.
“The digital data inputs must remain stable for the specified time after the
LATCH ENABLE signal.
’The TRIGGER and RESET inputs are differential and must be driven
relative to one another. Both of these inputs are ECL compatible, but
can also be used with TTL logic families in a limited fashion.
’Outputs terminated through 5011 resistors to -2.0V.

-1.3
1.1
-2

Military
— 55°C to + 125°C
AD9500TE/TQ
Max
Min
Typ
-1.4

-1.3
1.1
-2

-1.2

-1.1

-1.5

-1.5

37

V
V
mA
mA
mA
mA
mW

70

300

ps/V

150

500

ps/V

37

312

312

V
mV/°C
mA

28
30
42
44

24

28
30
42
44

Units

’Program Delay = O.Ops (Digital Data = OOh). In Operation, any
programmed delays are in addition to the Minimum Propagation Delay.
'“Measured from the 50% transition point of the reset signal input, to the
50% transition point of the resetting output.
"Minimum time from falling edge of RESET to triggering input, to insure a
valid output event.
"Change in total delay through AD9500, exclusive of changes in minimum
propagation delay tPD.
"Minimum time from triggering event to rising edge of RESET, to insure a
valid output event.
"Measured from the LATCH ENABLE input to the point when the
AD9500 becomes 8-bit accurate again, after a full-scale change in
the programmed delay.
'’Standard 10K and 10KH ECL families operate with a l.lmV/°C
drift by design.
‘“Supply voltages should remain stable within ± 5% for normal operation.
’’Measured at ±5% of - Vs and +VsSpecifications subject to change without notice.

EXPLANATION OF GROUP A MILITARY SUBGROUPS

Subgroup
Subgroup
Subgroup
Subgroup
Subgroup
Subgroup
Subgroup

1 - Static tests at + 25°C.
2 - Static tests at max rated operating temp.
3 - Static tests at min rated operating temp.
4 - Dynamic tests at + 25°C.
5 - Dynamic tests at max rated operating temp.
6 - Dynamic tests at min rated operating temp.
7 - Functional tests at +25°C.

Subgroup 8 - Functional tests at max and min rated
operating temp.
Subgroup 9 - Switching tests at + 25°C.
Subgroup 10 - Switching tests at max rated operating temp.
Subgroup 11 - Switching tests at min rated operating temp.
Subgroup 12 - Periodically sample tested.
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FUNCTIONAL DESCRIPTION

PIN NAME
D4-D6
D7(MSB)
ECLref

OFFSET ADJUST

Cs

+ VS
TRIGGER

TRIGGER

RESET

RESET

Q

Q

Qr

ECL COMMON

-Vs
Rs
GROUND
LATCH ENABLE

Do(LSB)

Ds-D,

DESCRIPTION

- One of eight digital inputs used to set the programmed delay.
- One of eight digital inputs used to set the programmed delay. D7 (MSB) is the most significant bit of
the digital input word.
- ECL midpoint reference, nominally - 1.3V. Use of the ECLref> allows either of the TRIGGER or
die RESET inputs to be configured for single-ended ECL inputs.
- The OFFSET ADJUST is used to adjust the minimum propagation delay (tPD)> by pulling or
pushing a small current out of or into the pin.
- Cs allows the full-scale range to be extended by using an external timing capacitor. The value of
Cext> connected between Cs and -1- Vs, may range from no external capacitance to 0.1 p.F H-.
See Rs (CINTernal - 10pF).
- Positive supply terminal, nominally +5.0V.
- Noninverted input of the edge-sensitive differential trigger input stage. The output at Q will be
delayed by the programmed delay, after the triggering event. The programmed delay is set by the
digital input word. The TRIGGER input must be driven in conjunction with the TRIGGER input.
- Inverted input of the edge-sensitive differential trigger input stage. The output at Q will be delayed
by the programmed delay, after the triggering event. The programmed delay is set by the digital
input word. The TRIGGER input must be driven in conjunction with the TRIGGER input.
- Inverted input of the level-sensitive differential reset input stage. The output at Q will be reset
after a signal is received at the reset inputs. In the “minimum configuration,” the minimum output
pulse width will be equal to the “reset propagation delay,” tRo. The RESET input must be driven in
conjunction with the RESET input.
- Noninverted input of the level-sensitive differential reset input stage. The output at Q will be reset
after a signal is received at the reset inputs. In the “minimum configuration,” the minimum output
pulse width will be equal to the “reset propagation delay,” tRD. The RESET input must be
driven in conjunction with the RESET input.
- One of two complementary ECL outputs. A “triggering” event at the inputs will produce a logic
HIGH on the Q output. A “resetting” event at the inputs will produce a logic LOW on the
Q output
- One of two complementary ECL outputs. A “triggering” event at the inputs will produce a logic
LOW on the Q output. A “resetting” event at the inputs will produce a logic HIGH on the
Q output.
- Qr output is parallel to the Q output. The QR output is typically used to drive delaying circuits
for extending output pulse widths. A “triggering” event at the inputs will produce a logic
LOW on the QR output. A “resetting” event at the inputs will produce a logic HIGH on the
Qr output.
- The collector common for the ECL output stage. The collector common may be tied to + 5.0V,
but normally it is tied to the circuit ground for standard ECL outputs.
- Negative supply terminal, nominally -5.2V.
- Rs is the reference current setting terminal. An external setting resistor, RSet> connected between
Rs and — Vs determines the internal reference current. See Cs (250fl<RSETs50kfl).
- The ground return for the TTL and analog inputs.
- Transparent TTL latch control line. A logic HIGH on the LATCH ENABLE freezes the digital
code at the logic inputs. A logic LOW on the LATCH ENABLE allows the internal current levels to
be continuously updated through the logic inputs Do thru D7.
- One of eight digital inputs used to set the programmed delay. Do (LSB) is the least significant bit of
the digital input word.
- One of eight digital inputs used to set the programmed delay.
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AD9500
LATCH
ENABLE

DIGITAL
DATA
INPUT
TRIGGER
INPUT

RESET
INPUT

QOUTPUT
tpo—*■]

ts
tH
tLPW
tDAC
tPD
tR0
tD
tTPW
tRPW
tTHo
Irho

-

DIGITAL DATA SETUP TIME
DIGITAL DATA HOLD TIME
LATCH ENABLE PULSE WIDTH
INTERNAL DAC SETTLING TIME
MINIMUM PROPAGATION DELAY
RESET PROPAGATION DELAY
PROGRAMMED DELAY
TRIGGER PULSE WIDTH
RESET PULSE WIDTH
RESET-TO-TRIGGER HOLDOFF
TRIGGER-TO-RESET HOLDOFF

(Kll d
to
NOTE
A TRIGGERING EVENT MAY OCCUR AT ANY TIME
WHILE THE INTERNAL DAC (PROGRAMMED DELAY)
IS BEING CHANGED. TRIGGERING EVENTS DURING THE
INTERNAL DAC SETTLING TIME MAY NOT GENERATE AN
ACCURATE PULSE DELAY.

System Timing Diagram

DIE LAYOUT

D, I MSB)

LATCH
ENABLE

OFFSET
ADJUST

GROUND

COMMON

TRIGGER

MECHANICAL INFORMATION

Die Dimensions................................. 104 x 103 x 18 (max) mils
Pad Dimensions......................................................4x4 (min)mils
Metalization................................................................... Aluminum
Backing.............................................................................. None
Substrate Potential .............................................................. - Vs
Passivation ................................................................... Oxynitride
Die Attach .............................................................. Gold Eutectic
Bond Wire ................ 1.25 mil, Aluminum; Ultrasonic Bonding
or lmil, Gold; Gold Ball Bonding
SPECIAL FUNCTION COMPONENTS 11-37

Input/Output Circuits

Burn-In Circuit

CAPACITORS ±20%
RESISTORS ±5%
+ VS = + 5.0V ±5%
-Vs = -5.2V ±5%

—25jxs—■ 25p$—»|< — 25jis —

I____ E

A-1____ I
-»|

»
*
h-2.5|

U
A3

“U-------- LJ-------- LJZZ
-►I |<- 2.5Ms
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LJZZZ

+ 2.0V
+ 0 8V

-0.9V
-1.7V

+ 2.0V
+ 0.8V

AD9500
INSIDE THE AD9500
The heart of the AD9500 is the linear ramp generator. A triggering
event at the input of the AD9500 initiates the ramp cycle. As
the ramp voltage falls, it will eventualy go below the threshold
set up by the internal DAC (digital-to-analog converter). A
comparator monitors both the linear ramp voltage and the DAC
threshold level. The output of the comparator serves as the
output for the AD9500, and the interval from the trigger until
the output switches is the total delay time of the AD9500.

Both the LATCH ENABLE control and the data inputs are
TTL compatible. The internal DAC may be updated at any
time, but full timing accuracy may not be attained unless triggering
events are held off until after the DAC settling time (toAc)-

The total delay through the AD9500 is made up of two components.
The first is the full-scale programmed delay, tD
determined
by Rset and CEXt- The second component of the total delay is
the minimum propagation delay through the AD9500 (tPD). The
full-scale delay is variable from 2.5ns to greater than 1ms. The
internal DAC is capable of generating 256 separate programmed
delays within the full-scale range (this gives lOps increments for
a 2.5ns full-scale setting).
The actual programmed delay is directly related to both the
digital control data (digital data to the internal DAC) and the
RC time constant established by Rset and Cext- The specific
relationship is as follows:

Total Delay = Minimum Propagation Delay +
Programmed Delay
= tPD + (digital value/256) RSET (Cext + 10pF)
Internal Timing Diagram

On resetting, the ramp voltage held in the timing capacitor
(Cext + 10pF) is discharged. The AD9500 discharges the bulk
of the ramp voltage very quickly, but to maintain absolute accuracy,
subsequent triggering events should be held off until after the
linear ramp settling time (tLRs)- Applications which employ
high frequency triggering at a constant rate will not be affected
by the slight settling errors since they will be constant for fixed
reset-to-trigger cycles.
The RESET and TRIGGER inputs of the AD9500 are differential
and must be driven relative to one another. Accordingly, the
TRIGGER and RESET inputs are ideally suited for analog or
complementary input signals. Single-ended ECL input signals
can be accommodated by using the ECL midpoint reference
(ECLref) to drive one side of the differential inputs.

Typical Programmed Delay Ranges

The internal DAC determines the programmed delay by way of
the threshold level at its output. The LATCH ENABLE control
for the on-board latch is active (latches) logic “HIGH”. In the
logic “LOW” state, the latch is transparent, and the internal
DAC will attempt to follow changes at the digital data inputs.

The output of the AD9500 consists of both Q and Q driver
stages, as well as the QR output which is used primarily for
extending the output pulse width. In the most direct reset con
figuration, either the Q or the Q output is tied to the respective
RESET input. This generates a delayed output pulse with a
duration equal to the reset delay time (tRD) of approximately
6ns. Note that the reset delay time (tRD) becomes extended for
very small programmed delay settings. The duration of the
output pulse can be extended by driving the reset inputs with
the Qr output through an RC network (see “Extended Output
Pulse Width” application). Using the QR output to drive the
reset circuit avoids loading the Q or Q outputs.
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APPLICATIONS
The AD9500 is a very versatile device, but at the same time, it
is not difficult to use. Essentially there are only a few basic
configurations which can be extended into a number of applica
tions. The TRIGGER and RESET inputs of the AD95OO can be
treated as single ended, or as differential, which allows the
AD9500 to operate with a wide range of signal sources. The
output pulse from the AD9500 can be reset in one of two ways,
either immediately by driving the RESET inputs with the output
itself, or in a delayed mode.

MINIMUM CONFIGURATION
The minimum configuration uses only one of the TRIGGER
inputs. The other is connected to the ECL reference midpoint,
ECLref. This allows the AD9500 to be triggered with standard
10K or 10KH ECL signals. Once a triggering event occurs, the
Q output will go into the logic HIGH state, and the Q output
will go into the logic LOW state after the programmed delay.
The Q output is then used to drive the RESET input, causing
the AD9500 to reset itself. The result is a delayed output pulse
which is only as wide as the reset propagation delay (tRD).

+ 5.0V

DELAYED
OUTPUT

TRIGGERING
INPUT

DELAYED
DUTPUT

TRIGGERING
INPUT

Extended Output Pulse Width Configuration

MULTICHANNEL DESKEWING
Perhaps the most appropriate use of the AD9500 is in multiple
delay matching applications. Slight differences in impedance
and cable length can create large timing skews within a high-speed
system. Much of this skew can be eliminated by running each
signal through an AD9500. With one line used as a standard,
the programmed delays of the other AD95OOs are adjusted to
eliminate the timing skews. With the very fine timing adjustments
possible from the AD9500 (as small as lOps), nearly any high-speed
system should be able to automatically adjust itself to extremely
tight tolerances.

Single Input-Minimum Timing Configuration

EXTENDED OUTPUT PULSE WIDTHS
The extended pulse configuration is similar to the minimum
configuration. The difference here is that the output pulse width
has been extended. Operation is identical in terms of triggering
the AD95OO; the functional difference is in the resetting circuit.
In this case the QR output is used to drive the RESET input
through a resistor/capacitor charging network. The charging
network will cause the signal at the RESET input to fall more
slowly, which will extend the output pulse width. An added
benefit of the extended pulse width configurations is that both
the Q and the Q outputs are completely free for other uses.
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Multiple Delay Matching

MEASURING UNKNOWN DELAYS
Two AD95OOs can be combined to measure delays with a high
degree of precision. One AD9500 is set with little or no pro
grammed delay, and its output is used to drive the unknown
delay circuit, which in turn drives the input of a “D” type
flipflop. The second AD9500 is triggered along with the first,
and its output provides a clocking signal for the flipflop. The
programmed delay of the second AD9500 is then varied to
detect the output edge from the unknown delay circuit.

AD9500
Detecting the output edge is relatively straightforward. If the
programmed delay through the second AD9500 is too long, the
flipflop output will be at logic HIGH. If, on the other hand, the
programmed delay through the second AD9500 is too short, the
flipflop output will be at logic LOW. When the programmed
delay is properly adjusted, the flipflop will likely bounce between
logic HIGH and logic LOW. The digital code value used to
create the second programmed delay is a direct indication of the
delay through the unknown circuit. The most accurate results
can only be attained by calibrating the system without the unknown
delay circuit in place.

PROGRAMMABLE OSCILLATOR
Another interesting use of the AD9500 is in a digitally pro
grammable oscillator. The highly accurate delays generated by
the AD9500 can be exploited to create a ring oscillator with
variable duty cycle. The delayed output of the first AD9500 is
used to drive the TRIGGER input of the second AD9500. The
output of the second AD9500, in turn, is used to drive the
TRIGGER input of the first AD9500. Together the two devices
will alternately trigger each other creating two pulse chains on
the outputs.

The total delay through both AD9500s combined, determines
the period of the oscillation frequency. The duty cycle can be
controlled by using the outputs to drive the SET and RESET
inputs of a flipflop. The total delay through the first AD9500
will control the flipflop logic LOW output pulse width, and the
second AD9500 will control the flipflop logic HIGH output
pulse width.

Measuring Unknown Delays

MEASURING HIGH-SPEED AC WAVEFORMS
The same circuitry used to measure unknown delays can be
extended to measure the time response of high-speed ac waveforms.
With the addition of a digital-to-analog converter and an analog
comparator, the circuit functions very much like the previous
application. The DAC sets a threshold level which drives one of
the differential comparator inputs. The other comparator input
is driven by the device under test (DUT). The output of the
first AD9500 causes the DUT to produce an output. The second
AD9500, which is also triggered along with the first AD9500,
strobes the comparator latch enable.
If the DUT output is greater than the DAC threshold when the
comparator is latched, the comparator output will be at logic
HIGH. If the output is below the DAC threshold, the comparator
will be at logic LOW. The programmed delay setting of the
second AD9500 is adjusted to the point where the DUT output
equals the DAC threshold. By varying the DAC threshold level
and adjusting the second AD9500 programmed delay, a point
by point reconstruction of the ac waveform can be created.

Ring Oscillator

11
LAYOUT CONSIDERATIONS
The AD9500 is a precision timing device, and as such highfrequency design techniques must be employed to achieve the
best performance. The use of a low impedance ground plane is
particularly important. Ideally the ground plane should be on
the component side of the layout and extend under the AD9500,
to shield it from system timing signals. Sockets pose a special
problem for a circuit like the AD95OO because of the additional
inter-lead capacitance they create. If sockets must be used, pin
sockets are generally preferred. Power supply decoupling is also
critical to a high-speed design; a O.lp-F ceramic capacitor and a
0.01 |xF mica capacitor for both power supplies should be very
effective. DAC threshold stability can be improved by decoupling
the OFFSET ADJUST pin to + 5.0V (note that th's will lengthen
the DAC settling time, tDAC).

Measuring ac Waveforms
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100MHz TRIGGERING
The AD95OO can be triggered at rates above 100MHz. This is
accomplished by resetting the AD9500 shortly after it is triggered,
which also tends to generate an extremely narrow output pulse.
The delay circuit between the trigger input and the reset input
provides the variable delay required for various configurations
from 2.5ns full-scale to over 10ns full-scale (greater than 10ns
total delay precludes 100MHz triggering).

Reset Holdofffor High-Speed Triggering

DELAY OFFSET ADJUSTMENTS
As the full-scale delay is increased, a component of the minimum
propagation delay also increases. This is caused by the additional
time required by the ramp (now with a much “flatter” slope) to
fall below the DAC threshold corresponding to the minimum
propagation delay (tpo). One means of decreasing the minimum
propagation delay (when the full-scale delay, set by Rset and
Cext is large) is to offset the internal DAC threshold toward the
initial ramp levels, thus reducing the time for the internal ramp
to cross the threshold once the AD95OO is triggered.

The DAC levels are offset toward the initial ramp level by injecting
a small current into the offset adjust pin. Note, however, that
the ramp start-up region is less linear than the later portions of
the ramp, which is the primary reason for the built-in offset. If
the minimum propagation delay is kept above 5ns (the linear
portion of the ramp), no significant degradation in linearity
should result. This concept can be extended to match the actual
propagation delays of several AD95OOs, by injecting or sinking a
small current (<2mA) into or out of each of the OFFSET ADJUST
pins.

GENERAL PERFORMANCE ENHANCEMENTS
High-speed operation is generally more consistent if Cext is
kept small (i.e., no external capacitor) to maintain small discharge
time constants. Integral linearity, however, benefits from larger
values of CEXt by buffering small system spikes and surges.
Another means of improving integral linearity is to draw a small
current (~200jjlA) out of the OFFSET ADJUST pin with a
47kfl pull-down resistor. This has the effect of moving the
internal DAC reference levels into a relatively more linear region
of the ramp. This technique is generally only useful for small
full-scale delay configurations. Its use with larger full-scale
delays will extend the minimum propagation delay (tpo). A pullup resistor to + 5.0V creates the opposite effect by reducing the
minimum propagation delay (tPD) at the expense of increased
reset propagation delay (tRo) and degraded linearity (see OFFSET
matching circuit).

An external DAC can be used with the AD9500 for increased
resolution and higher update rates. For the most part, a standard
ECL DAC, operating between +5.0V and ground, should work
with the AD9500. The output of the external DAC must be
connected to the OFFSET ADJUST pin of the AD9500 with
the internal DAC turned off (Do thru D7 at logic LOW). For
normal operation, the external DAC output should range from
0mA to —2mA (sinking).

ov

The Offset Adjust Pin Can Be Used to Match Several
AD9500s
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Operation with External DAC

ANALOG
DEVICES

Digitally Programmable
Delay Generator
AD9501

FEATURES
Single +5 V Supply
TTL and CMOS Compatible
10 ps Delay Resolution
2.5 ns to 10 ps Full-Scale Range
Maximum Trigger Rate 50 MHz

APPLICATIONS
Disk Drive Deskewing
Data Communications
Test Equipment
Radar I & Q Matching

GENERAL DESCRIPTION
The AD9501 is a digitally programmable delay generator which
provides programmed time delays of an input pulse. Operating
from a single +5 V supply, the AD9501 is TTL- or CMOScompatible, and is capable of providing accurate timing adjust
ments with resolutions as low as 10 ps. Its accuracy and pro
grammability make it ideal for use in data deskewing and pulse
delay applications, as well as clock timing adjustments.

Full-scale delay range is set by the combination of an external
resistor and capacitor, and can range from 2.5 ns to 10 ps for a

single AD9501. An eight-bit digital word selects a time delay
within the full-scale range. When triggered by the rising edge of
an input pulse, the output of the AD9501 will be delayed by an
amount equal to the selected time delay (tD) plus an inherent
propagation delay (tPD).

The AD9501 is available for a commercial temperature range of
0 to +70°C in a 20-pin plastic DIP, 20-pin ceramic DIP, and a
20-lead plastic leaded chip carrier (PLCC). Military temperature
range devices for operation from -55°C to +125°C are available
in ceramic DIPs.
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
*
Positive Supply Voltage .......................................................+ 7 V
Digital Input Voltage Range................................. -0.5 V to +VS
Trigger/Reset Input Volt. Range......................... -0.5 V to +VS
Minimum RSET.......................................................................30 fl
Digital Output Current (Sourcing).................................... 10 mA
Digital Output Current (Sinking).......................................50 mA

ELECTRICAL CHARACTERISTICS

Parameter

Temp

Operating Temperature Range
AD9501JN/JP/JQ...................................................... 0 to +70°C
AD9501SQ...................................................... -55°C to +125°C
Storage Temperature Range............................ -65°C to +150°C
Junction Temperature2...................................................... + 175°C
Lead Soldering Temperature (10 sec.)............................ + 300°C

[+Vs=+5 V; CEXT = Open; Rset = 3090 n (Full-scale range=100 ns); Pin 8
grounded; and device output connected to Pin 4 RESET input unless otherwise noted]

Test
Level

COMMERCIAL
0 to +70°C
AD9501JN/JP/JQ
Max
Min
Typ
8

RESOLUTION

ACCURACY
Differential Nonlinearity
Integral Nonlinearity
Monotonicity

+ 25°C
+ 25°C
+ 25°C

I
I
I

DIGITAL INPUTS
Logic “1” Voltage
Logic “0” Voltage
Logic “1” Current
Logic “0” Current
Digital Input Capacitance
Data Setup Time (ts)4
Data Hold Time (tH)5
Latch Pulse Width (tE)
Reset/Trigger Pulse Width (tR, tT)

Full
Full
Full
Full
+ 25°C
+ 25°C
+ 25°C
+25°C
+ 25 C

VI
VI
VI
VI
IV
V
V
V
V

2.0

DYNAMIC PERFORMANCE
Maximum Trigger Rate6
Minimum Propagation Delay (tPD)7
Propagation Delay Tempco8
Full-Scale Range Tempco
Delay Uncertainty
Reset Propagation Delay (tR[})9
Reset-to-Trigger Holdoff (tTHO)10
Trigger-to-Reset Holdoff (tRHO)H
Minimum Output Pulse Width12
Output Rise Time11
Output Fall Time11
DAC Settling Time (tLD)14
Linear Ramp Settling Time (tLRS)15

+ 25°C
+25°C
Full
Full
+ 25°C
+ 25°C
+25°C
+25°C
+ 25°C
+ 25°C
+ 25°C
+ 25°C
+ 25°C

IV
I
V
V
V
I
V
V
V
I
I
V
V

18

DIGITAL OUTPUT
Logic “1” Voltage (Source 1 mA)
Logic “0” Voltage (Sink 4 mA)

Full
Full

VI
VI

2.4

Full
Full
+ 25°C
+ 25°C

POWER SUPPLY16
Positive Supply Current ( + 5.0 V)
Power Dissipation
Power Supply Rejection Ratio17
Full-Scale Range Sensitivity
Minimum Prop Delay Sensitivity

Mil
Sub1
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0.5
1
Gttaranteed

0.8
60
3
5.5

MILITARY
-55°C to +125°C
AD9501SQ
Min
Max
Typ

Units

8

Bits

0.5
1

7
7
7
7, 8
7, 8
1, 2, 3
1, 2, 3
12

Gttaranteet

2.0
0.8
60
3
5.5
2.5
2.5
3.5
2

2.5
2.5
3.5
2

30

12
4

17.5

4

3.5
2.0

9
9

0.24

0.4

L 2, 3
1, 2, 3

VI
VI

69.5

83
415

I
I

0.7
0.45

2.0
1.7

22
25
25
36
53
14.5
4.5
19
7.5
2.3
1.0
30
20

LSB
LSB

18

22
25
25
36
53
14.5
4.5
19
7.5
2.3
1.0
30
20

30

17.5

3.5
2.0

2.4

V
V
pA
p.A
pF
ns
ns
ns
ns

MHz
ns
ps/°C
ps/°C
ps
ns
ns
ns
ns
ns
ns
ns
ns

0.24

0.4

V
V

1, 2, 3
1, 2, 3

69.5

83
415

mA
mW

7
7

0.7
0.45

2.0
1.7

ns/V
ns/V

AD9501
NOTES
'Absolute maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional oper
ability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability.
'Typical thermal impedances: 20-lead plastic leaded chip carrier 0JA=73°C/W; 0JC=29OC/W. 20-pin ceramic DIP 0JA=65°C/W; 9JC=20°C/W.
20-pin plastic DIP 0JA=65°C/W; 0JC=26°C/W.
’Military subgroups apply only to military-qualified devices.
’Digital data inputs must remain stable for the specified time prior to the positive transition of the LATCH signal.
’Digital data inputs must remain stable for the specified time after the positive transition of the LATCH signal.
‘Programmed delay (tD)=0 ns. Maximum self-resetting trigger rate is limited to 6.9 MHz with 100 ns programmed delay. If tD=0 ns and external RESET sig
nal is used, maximum trigger rate is 23 MHz.
’Programmed delay (tD)=0 ns. In operation, any programmed delays are in addition to the minimum propagation delay (tPD).
’Programmed delay (tD)=0 ns. [Minimum propagation delay (tPD)]
’Measured from 50% transition point of the RESET signal input to the 50% transition point of the falling edge of the output.
10Minimum time from the falling edge of RESET to the triggering input to insure valid output pulse, using external RESET pulse.
"Minimum time from triggering event to rising edge of RESET to insure valid output event, using external RESET pulse. Extends to 125 ns when
programmed delay is 100 ns.
"When self-resetting with a full-scale programmed delay.
‘’Measured from +0.4 V to +2.4 V; source=l mA; sink=4 mA..
’’Measured from the data input to the time when the AD9501 becomes 8-bit accurate, after a full-scale change in the program delay data word.
"Measured from the RESET input to the time when the AD9501 becomes 8-bit accurate, after a full-scale programmed delay.
“Supply voltage should remain stable within ±5% for normal operation.
"Measured at +Vs= + 5.0 V ±5%; specification shown is for worst case.
Specifications subject to change without notice.

EXPLANATION OF TEST LEVELS

Test Level
I
- 100% production tested.

100% production tested at +25°C, and sample tested at
specified temperatures.

II

-

III

-

Sample tested only.

IV

-

Parameter is guaranteed by design and characterization
testing.

V

-

Parameter is a typical value only.

VI

-

All devices are 100% production tested at +25°C.
100% production tested at temperature extremes for
extended temperature devices; sample tested at tem
perature extremes for commercial/industrial devices.

EXPLANATION OF MILITARY SUBGROUPS
Static tests at +25°C.
Subgroup 1
(5% PDA calculated against Subgroup 1 for
high-rel versions)
Static tests at maximum rated operating
Subgroup 2
temperature.
Static tests at minimum rated operating
Subgroup 3
temperature.
Dynamic tests at +25°C.
Subgroup 4
Dynamic tests at maximum rated operating
Subgroup 5
temperature.
Dynamic tests at minimum rated operating
Subgroup 6
temperature.
Functional tests at +25°C.
Subgroup 7
Functional tests at maximum and minimum
Subgroup 8
rated temperatures.
Switching tests at +25°C.
Subgroup 9
Switching tests at maximum rated operating
Subgroup 10
temperature.
Switching tests at minimum rated operating
Subgroup 11
temperature.
Periodically sample tested.
Subgroup 12

AD9501 Burn-In Circuit

MIL-STD-883 Compliance Information
The AD9501 is a time delay generator and is constructed in
accordance with MIL-STD-883. The AD9501 is electrostatic
sensitive and falls within electrostatic sensitivity classification
Class 1. Percent Defective Allowance (PDA) is computed based
on Subgroup 1 of the specified Group A test list. Quality Assur
ance (QA) screening is in accordance with Alternate Method A
of Method 5005.
The following apply: Burn-In per 1015; Life Test per 1005;
Electrical Testing per 5004. (Note: Group A electrical testing
assumes TA = Tc = Tj.) MIL-STD-883-compliant devices are
marked with “C” to indicate compliance.
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DIE LAYOUT AND MECHANICAL INFORMATION
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MECHANICAL INFORMATION

Die Dimensions.................................... 89 x 153 x 15(±2) mils
Pad Dimensions.............................................................. 4x4 mils
Metalization..................................................................... Aluminum
Backing...................................................................................None
Substrate Potential.............................................................. Ground
Passivation...................................................................... Oxynitride
Die Attach.................................................................Gold Eutectic
Bond Wire.................... 1.25 mil, Aluminum; Ultrasonic Bonding
or 1 mil, Gold; Gold Ball Bonding
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AD9501
AD9501 PIN DESCRIPTIONS

Pin No.

Name

Function

1

Positive voltage supply; nominally +5 V.

2

+VS
LATCH

3

TRIGGER

TTL/CMOS-compatible input. Rising edge triggers the internal ramp generator, and begins the
delay cycle.

4

RESET

TTL/CMOS-compatible input. Logic HIGH resets the ramp voltage and OUTPUT.

5

DAC OUTPUT

Output voltage of the internal digital-to-analog converter.

6

Cext

Optional external capacitor connected to +VS; used with RSET and 8.5 pF internal capacitor to
determine full-scale delay range (tDFS).

7

Rset
OFFSET ADJUST

External resistor to ground, used to determine full-scale delay range (tDFS).

8
9

GROUND

Circuit ground return.

10

OUTPUT

TTL-compatible delayed output pulse.

11

+VS
Do-D7

Positive voltage supply; nominally +5 V.

12-19
20

GROUND

Circuit ground return.

TTL/CMOS register control line. Logic HIGH latches input data Do-D7. Register is transparent
for logic LOW.

Normally connected to GROUND. Can be used to adjust minimum propagation delay (tPD); see
Theory of Operation text.

TTL/CMOS-compatible inputs, used to set the programmed delay of the AD9501 delayed ouput.
Do is LSB and D7 is MSB.

AD9501 Equivalent Circuits
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THEORY OF OPERATION
The AD9501 is a digitally programmable delay device. Its
function is to provide a precise incremental delay between
input and output, proportional to an 8-bit digital word applied
to its delay control port. Incremental delay resolution is 10 ps at
the minimum full-scale range of 2.5 ns. Digital delay data
inputs, latch, trigger and reset are all TTL/CMOS-compatible.
Output is TTL-compatible.

Refer to the block diagram of the AD9501.
Inside the unit, there are three main subcircuits: a linear ramp
generator, an 8-bit digital-to-analog converter (DAC) and a volt
age comparator. The rising edge of the input (TRIGGER) pulse
initiates the delay cycle by triggering the ramp generator. The
voltage comparator monitors the ramp voltage and switches the
delayed output (Pin 10) HIGH when the ramp voltage crosses
the threshold set by the DAC output voltage. The DAC thresh
old voltage is programmed by the user with digital inputs.

Figure 1, the AD9501 Internal Timing diagram, illustrates in
detail how the delay is determined. Minimum Delay (tPD) is the
sum of Trigger Circuit delay, Ramp Generator delay, and Com
parator delay.
The Trigger Circuit delay and Comparator delay are fixed;
Ramp Generator delay is a variable affected by the rate of
change of the linear ramp and (to a lesser degree) the value of
the offset voltage described below.

Maximum Delay is the sum of Minimum Delay (tPD) and FullScale Program Delay (tDFS).
Ramp Generator delay is the time required for the ramp to slew
from its reset voltage to the most positive DAC reference voltage
(00H). The difference in these two voltages is nominally 18 mV
(with OFFSET ADJUST open) or 34 mV (OFFSET ADJUST
grounded).

TRIGGER
INPUT

MINIMUM PROPAGATION DELAY = It^) = TRIGGER CIRCUIT DELAY + RAMP GENERATOR DELAY ♦ COMPARATOR DELAY

MAXIMUM PROPAGATION DELAY = MINIMUM PROPAGATION DELAYS ♦ FULL-SCALE DELAY RANGE (to„)
PROGRAMMED DELAY <t0> » ^DIGITAE“ALUE j

(Cuj * e5pF| ,3 M|

TOTAL DELAY = ltrol + (tol
AD9501 TESTED WITH C,,, = 0 pF; RS1I = 3 09 k<> 1100 ns PROGRAMMED OELAYI

Figure 1. AD9501 Internal Timing
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AD9501
Offset between the two levels is necessary for three reasons.
First, offset allows the ramp to reset and settle without re
entering the voltage range of the DAC. Second, the DAC may
overshoot as it switches to its most positive value (00H); this
could lead to false output pulses if there were no offset between
the ramp reset voltage and the upper reference. Overshoot on
the ramp could also lead to false outputs without the offset.
Finally, the ramp is slightly nonlinear for a short interval when
it is first started; the offset shifts the most positive DAC level
below this nonlinear region and maintains ramp linearity for
short programmed delay settings.
Pin 8 of the AD9501 is called OFFSET ADJUST (see block
diagram) and allows the user to control the amount of offset sep
arating the initial ramp voltage and the most positive DAC ref
erence. This, in turn, causes the Ramp Generator delay to vary.

Figure 2 shows differences in timing which occur if OFFSET
ADJUST Pin 8 is grounded or open. The variable Ramp Gener
ator delay is the major component of the three components
which comprise Minimum Delay (tPD) and, therefore, is
affected by the connection to Pin 8.
It is preferable to ground Pin 8 because the smaller offset that
results from leaving it open increases the possibility of false out
put pulses. When grounding the pin, it should be grounded

directly or connected to ground through a resistor or potentiom
eter with a value of 10 kfl or less.

Caution is urged when using resistance in series with Pin 8. The
possibility of false output pulses, as discussed above, is
increased under these circumstances. Using resistance in series
with Pin 8 is recommended only when matching minimum
delays between two or more AD9501 devices; it is not recom
mended if using a single AD9501. Changing the resistance
between Pin 8 and ground from zero to 10 kfl varies the Ramp
Generator Delay by approximately 35%.

The Full-Scale Delay Range (tDFS) can be calculated from the
equation:

(Idfs) ~ ^SET x (Cext + 8.5

x 3.84

Whenever Full-Scale Delay Range is 326 ns or less, CEXT
should be left open. Additional capacitance and/or larger values
of RSet increase the Linear Ramp Settling Time, which reduces
the maximum trigger rate. When delays longer than 326 ns are
required, up to 500 pF can be connected from CEXT to +VS.
Rset should be selected in the range from 50 fl to 10 kfl.
Graph 1 shows typical Full-Scale Delay Ranges for various val
ues of RgE"p and CEX*p.

Figure 2. AD9501 Minimum Delay (tPD) vs. Full-Scale Delay Range (tDFS)
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The minimum delay through the AD9501 corresponds to an
input code of 00H, and FFH gives the full-scale delay. Any pro
grammed delay can be approximated by:

Ramp charging current and DAC full-scale current are slaved
together in the AD9501 to minimize delay drift over tempera
ture. To preserve the unit’s low drift performance, both RSET
and CEXT should have low temperature coefficients. Resistors
which are used should be 1% metal film types.

tD = (DAC codetZSG) x tDFS

Total delay through the AD9501 for any given DAC code is
equal to:

The programmed delay (tD) is set by the DAC inputs, D0-D7.
500 pF

GoZ/lZ.

= lD + lPD

As shown on the block diagram, TTL/CMOS latches are
included to store the digital delay data. Data is latched when
LATCH is HIGH. When LATCH is LOW, the latches are
transparent, and the DAC will attempt to follow any changes on
inputs Do-D7.

The System Timing Diagram, Figure 3, shows the timing rela
tionship between the input data and the latch. The DAC settling
time (tLD) is approximately 30 ns. After the digital (Program
med Delay) data is updated, a minimum 30 ns must elapse
between the time LATCH goes high and the arrival of a
TRIGGER pulse to assure rated pulse delay accuracy.
When RESET goes HIGH, the ramp timing capacitor (CEXT +
8.5 pF) is discharged. The RESET input is level-sensitive, and
overrides the TRIGGER input. Therefore, any trigger pulse
which occurs when RESET is HIGH will not produce an output
pulse. As shown on the system timing diagram, Figure 3, the
next trigger pulse should not occur before the Linear Ramp Set
tling Time (tLRS) interval is completed to assure rated pulse
delay accuracy.

R#fT (ohms)

Graph 1. RC Values vs. Full-Scale Delay Range (tDFS)

NOTE: A TRIGGERING EVENT MAY OCCUR AT ANY TIME THE INTERNAL DAC
(PROGRAMMED DELAY) IS BEING CHANGED TRIGGERING EVENTS DURING THE
INTERNAL DAC SETTLING TIME MAY NOT GENERATE AN ACCURATE PULSE
DELAY.

tL
t„
ts
tLD
tT
tLRS

-

LATCH PULSE WIDTH
DIGITAL HOLD TIME
DIGITAL DATA SETUP TIME
DAC SETTLING TIME
TRIGGER PULSE WIDTH
LINEAR RAMP SETTLING TIME

tRHO
tTHO
tR
tPD
tRD
tD

-

TRIGGER-TO-RESET HOLD-OFF
RESET-TO-TRIGGER HOLD-OFF
RESET PULSE WIDTH
MINIMUM PROPAGATION DELAY
RESET PROPAGATION DELAY
PROGRAMMED DELAY

Figure 3. AD9501 System Timing
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For most applications, OUTPUT can be tied to RESET. This
causes the output pulse to be narrow (equal to the Reset Propa
gation Delay tRD). Alternatively, an external pulse can be
applied to RESET. To assure a valid output pulse, however, the
delay between TRIGGER and RESET should be equal to or
greater than the total delay of tPD + tD illustrated in the inter
nal timing diagram Figure 1.
As shown in that figure, the capacitor voltage discharges very
rapidly and includes a small amount of overshoot and ringing.
Rated timing delay will not be realized unless subsequent trigger
events are delayed until after the linear ramp settles to its reset
voltage value.

LATCH
ENABLE

GROUND

OUTPUT
TRIGGERING
INPUT

Linear Ramp Settling Time tLRS also becomes shorter as FullScale Delay Range is decreased. Minimum Delays for various
Full-Scale Delay Range values are shown in Figure 2.
APPLICATIONS
The AD9501 is useful in a wide variety of precision timing
applications because of its ability to delay TTL/CMOS pulse
edges by increments as small as 10 ps.

In Figure 4, the AD9501 typical circuit configuration, the
delayed output is tied back to the RESET input. This will pro-

DELAYED
OUTPUT

TRIGGER

RESET

AD9501

Rser

I

The values for the various delay increments in the specification
table are based on a Full-Scale Delay Range of 100 ns with
OUTPUT tied to RESET (self-resetting operation).

When Full-Scale Delay Range is set for intervals shorter than
100 ns, the rate of change of the linear ramp is increased. This
faster rate means the Maximum Trigger Rate shown in the spec
ification table is increased because the Ramp Generator Delay
and, consequently, Minimum Propagation Delay tPD become
smaller.

GROUND

Figure 4. AD9501 Typical Circuit Configuration

duce a narrow output pulse whose leading edge is delayed by
an amount proportional to the 8-bit digital word stored in the
on-board latches. For the configuration shown, the output pulse
width will be equal to the Reset Propagation Delay (tRD). If
wider pulses are required, a delay can be inserted between
OUTPUT and RESET. If preferred, an external pulse can be
used as a reset input to control the timing of the falling edge
(and consequently, the width) of the delayed output.
Multiple Signal Path Deskewing
High speed electronic systems with parallel signal paths require
that close delay matching be maintained. If delay mismatch
(time skew) occurs, errors can occur during data transfer. For
these situations, the matching of delays is generally accom
plished by carefully matching lead lengths.

Figure 5. Multiple Signal Path Deskewing
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This delay matching is often difficult when using high speed,
high-pin-count testers because lead length and circuit impedance
can change when the tester setup is changed for different types
of devices. The skew which might result from these changes can
be compensated by using AD9501 units as shown in Figure 5.
When deskewing multiple signal paths, a single stimulus pulse is
applied to all inputs of the AD9501S which are used. The delay
for each signal path is then measured by the tester’s delay mea
surement circuit. Using a closed loop technique, all delays are
equalized by changing the digital value held in the register of
each AD9501. Once all delays have been matched to the desired
tolerance, the calibration loop is opened; and the tester is ready
to test the new type of device.
Digitally Programmable Oscillator
Two AD9501s can be configured as an astable oscillator, as
shown in Figure 6.

triggered from a common clock signal. Their outputs go to the
inputs of an RS flip-flop. A digital delay value is applied as an
input to each with AD9501 #2 typically having a larger value
than AD9501 #1.

As shown by the timing portion of the diagram, changing the
delay value from one clock cycle to the next generates a pseudo
random pulse whose leading and trailing edge delays are con
trolled relative to Clock In. The dashed lines illustrate how the
programmed delays of the AD9501 components control both the
timing and width of the generator output.
The frequency (f) and pulse width (tpw) of the pulse generator
can be determined as follows:

f ~ fCLOCK IN
and:

lpw = {TOT2 ~ lTOTl

OUTPUT

OUTPUT

Figure 6. Digitally Programmable Oscillator

Delay through each side of the oscillator is determined by the
programmed delay (tD) of each AD9501 plus the minimum
propagation delay (tPD) of each. Increasing the digital value
applied to either AD9501 decreases frequency, just as increasing
RC decreases frequency in an analog ring oscillator.

Using a pair of AD9501 Delay Generators as shown allows the
user great flexibility because both the frequency and the duty
cycle of the oscillator are easily controlled.

Frequency of the oscillator output can be established with the
equation:

f ~ U(2tpD + tD/ + tD2)
when tD1 and tD2 are the programmed delays of AD9501 #1
and AD9502 #2, respectively.

Programmable Pulse Generator
In this application, shown in Figure 7, two AD9501 units are
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with Ttot being equal to each AD9501’s minimum propagation
delay (tPD) plus programmed delay (tD). If both AD9501s are
set for the same full-scale delay range, their minimum propaga
tion delays will be approximately the same, and the pulse width
will be approximately equal to the difference in programmed
delays.

Digital Delay Detector
An unknown digital delay can be measured by applying a repeti
tive clock to the circuit shown in Figure 8.
The pictured delay detector works in a manner similar to a suc
cessive approximation ADC; in this circuit, however, a D-type
flip-flop replaces the ADC’s voltage comparator.

To calibrate the circuit, short out the unknown delay and apply
the clock input to both AD9501 units.

AD9501

AD9501 #1 should be programmed so its delay is greater than
the zero-set programmed delay of AD9501 #2. To accomplish
this, continue to apply clock pulses and increment the digital
data into AD9501 #1 until the output of the successive approxi
mation register (SAR) is 02H (00000010) or greater. At this
point, the delay through AD9501 #1 is slightly longer than the
delay through AD9501 #2, making it possible to use the SAR

output as the zero reference point for measuring the unknown
delay when it is reinserted into the circuit.

This calibration procedure compensates for the setup time of the
flip-flop, stray circuit delays and other nonideal characteristics
which are an inherent part of any circuit.
Eight cycles of the clock input are required to determine the
value of the unknown delay.

Figure 8. Digital Delay Detector
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Analog Settling Time Measurement
This circuit, shown in Figure 9, functions in a manner similar
to the digital delay detector; for this application, too, the clock
must be repetitive. As in the delay detector, AD9501 #1 is used
to cancel the propagation delay of AD9501 #2, propagation
delay of the comparators, stray delays, etc. To accomplish this,
use the calibration procedure described earlier for the digital
delay generator.

The difference betwen the two circuits is in the detection
method. The register of the digital delay is replaced by a win
dow comparator for the analog settling measurement.

Threshold voltages VI and V2 are set for the desired tolerance
around the final value of the DUT output signal. As shown in
the lower portion of the diagram, the output of the detector is
high when the analog output signal of the converter is within
the limits set by Vj and V2.

Therefore, the settling time can be measured by starting the
delay of AD9501 #2 at its maximum setting and decrementing
it until the window comparator goes low. The difference
between the DAC codes applied to AD9501 #2 and AD9501 #1
is a measure of the settling time of the D/A converter being
tested.

Figure 9. Analog Settling Time Measurement

Layout Considerations
Although the inputs and output of the AD9501 are digital, the
delay is determined by analog circuits. This makes it critical to
use high speed analog circuit layout techniques to achieve rated
performance.
The ground plane should be on the component side of the board
and extend under the AD9501 to shield it from digital switching
signals. Most socket assemblies add significant inter-lead capaci
tance, and should be avoided whenever possible. If sockets
must be used, individual pin sockets such as AMP part number
6-330808-0 (closed knock-out end) or 6-330808-3 (open end)
should be used.

Power supply decoupling is also critical for high speed design; a
0.1 p.F capacitor should be connected as close as possible to
each supply pin.

ORDERING INFORMATION
Device

Temperature

Description

Package
*
Options

AD9501JN
AD9501JP
AD9501JQ
AD9501SQ

0 to +70°C
0 to +70°C
0 to +70°C
-55°C to +125°C

20-Pin Plastic DIP
20-Lead PLCC
20-Pin Ceramic DIP
20-Pin Ceramic DIP

N-20
P-20A
Q-20
Q-20

*See Section 20 for package outline information.
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ANALOG
DEVICES

Ultrahigh Speed
Phase/Frequency Discriminator

AD9901
FEATURES
Phase and Frequency Detection
ECL/TTL/CMOS Compatible
Linear Transfer Function
No "Dead Zone"

AD9901 BLOCK DIAGRAM

APPLICATIONS
Low Phase Noise Reference Loops
Fast-Tuning "Agile" IF Loops
Secure "Hopping" Communications
Coherent Radar Transmitter/Receiver Chains

GENERAL DESCRIPTION
THE AD9901 is a digital phase/frequency discriminator capable
of directly comparing phase/frequency inputs up to 200MHz.
Processing in a high speed trench-oxide isolated process, com
bined with an innovative design, gives the AD9901 a linear
detection range, free of indeterminant phase detection zones
common to other digital designs.
With a single +5V supply, the AD9901 can be configured to
operate with TTL or CMOS logic levels; it can also operate with
ECL inputs when operated with a -5.2V supply. The open
collector outputs allow the output swing to be matched to post
filtering input requirements. A simple current setting resistor

controls the output stage current range, permitting a reduction
in power when operated at lower frequencies.

A major feature of the AD9901 is its ability to compare phase
frequency inputs at standard IF frequencies without prescalers.
Excessive phase uncertainty which is common with standard
PLL configurations is also eliminated. The AD9901 provides
the locking speed of traditional phase/frequency discriminators,
with the phase stability of analog mixers.
The AD9901 is available as a commercial temperature range de
vice, 0 to +70°C, and as a military temperature device, — 55°C
to +125°C. The commercial version is packaged in a 14-pin ce
ramic DIP, and the military versions are available in both 14-pin
ceramic DIPs and 20-contact ceramic LCC packages.
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS1
Positive Supply Voltage (+VS for TTL Operation) .... +7V
Negative Supply Voltage (-Vs for ECL Operation).......... —7V
Input Voltage Range (TTL Operation).................... OV to +5.5V
Differential Input Voltage (ECL Operation)......................... 4.0V
ISET Current.......................................................................... 12mA
Output Current....................................................................30mA

ELECTRICAL CHARACTERISTICS

Operating Temperature Range
AD9901KQ/KP........................................................ 0 to +70°C
AD9901TQ/TE.............................................. -55°C to +125°C
Storage Temperature Range ............................ -65°C to +150°C
Junction Temperature2 ....................................................+175°C
Lead Soldering Temperature (lOsec) .............................+ 300°C

(±Vs=+5.0V [for TTL] or -5.2V [for ECL], unless otherwise noted)

Military Temperature
-55°C to +125°C
AD9901/TQ/TE

Commercial Temperature
0 to +70°C
AD9901KQ/KP
Temp

Test
Level

INPUT CHARACTERISTICS
TTL Input Logic “1” Voltage
TTL Input Logic “0” Voltage
TTL Input Logic “1” Current4
TTL Input Logic “0” Current4
ECL Differential Switching Volt.
ECL Input Current

Full
Full
Full
Full
Full
Full

VI
VI
VI
VI
VI
VI

2.0

OUTPUT CHARACTERISTICS
Peak-to-Peak Output Voltage Swing5
TTL Output Compliance Range
ECL Output Compliance Range
fouT Range
Internal Reference Voltage

Full
Full
Full
Full
Full

VI
V
V
V
VI

1.6

PHASE CHARACTERISTICS
Linear Phase Detection Range5
40kHz
30MHz
70MHz

+25°C
+25°C
+25°C

V
V
V

360
320
270

4-25°C
Full
+ 25°C
Full
+ 25°C

I
I
I
I
V

43.5
43.5
42.5
42.5
215

POWER SUPPLY CHARACTERISTICS
TTL Supply Current ( + 5.0V)6’ 7

ECL Supply Current (-5.2V)6’ 7
Nominal Power Dissipation

Min

Typ

Max

2.0

20
2.0

1, 2, 3

1.6

0.52

1,2, 3

0.42

300

0.42

Min

1, 2, 3
1,2,3
L 2, 3
1, 2, 3
1, 2, 3
1, 2, 3

0.8
0.6
1.6

1.8
3; 7
±2
0.9; 11
0.47

Mil.
Sub3

Typ

Max

0.8
0.6
1.6
300
20
1.8
3; 7
±2
0.9; 11
0.47

2.0

0.52

360
320
270
54.0
54.0
52.5
52.5

1
2, 3
1
2, 3

43.5
43.5
42.5
42.5
215

V
V
mA
mA
mV
nA

V
V
V
mA
V

Degrees
Degrees
Degrees
54.0
54.0
52.5
52.5

NOTES
'Absolute maximum ratings are limiting values, to be applied individually, and beyond which the serviceability of the circuit may be impaired. Functional
operability is not necessarily implied. Exposure to absolute maximum rating conditions for an extended period of time may affect device reliability.
’Maximum junction temperature should not exceed + 175°C. Junction temperature can be calculated by:
tj = PD (0JA) +tA = PD (0JC) +tc
where:
PD = power dissipation
0JA = thermal impedance from junction to air (°C/W)
0JC = thermal impedance from junction to case (°C/W)
tA = ambient temperature (°C)
ORDERING INFORMATION
tc = case temperature (°C)
typical thermal impedances:
Description
Paclage
Temperature
Model
’ AD9901 Ceramic DIP = 0JA = 74°C/W; 0JC = 2FC/W
14-Pin Ceramic DIP
Q-14
AD9901KQ 0 to +70°C
AD9901 LCC = 0JA = 80°C/W; 0JC = 19°C/W
AD9901 PLCC = 0jA = 80°C/W; 0JC = 30°C/W
P-20A
20-Pin PLCC
AD9901KP 0 to +70°C
’Military subgroups apply only to military-qualified devices.
Q-14
AD9901TQ
-55°C to +125°C 14-Pin Ceramic DIP
4Vl = +0.4V; VH = +2.4V.
— 55°C to +125°C 20-Contact Ceramic LCC E-20A
AD9901TE
5Rset = 47.511; RL = 1820.
‘Includes load current of 10mA (load resistors = 1820).
*See Section 20 for package outline information.
’Supply should remain stable within ±5% for normal operation.
Specifications subject to change without notice.
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Units

mA
mA
mA
mA
mW

*
Options

AD9901
INPUT/OUTPUT EQUIVALENT CIRCUITS
(Based on DIP pinouts)

ECL Input
TTL MODE = +VS (+5.0V)
ECL MODE = GROUND

TTL MODE = GROUND
ECL MODE = Vs (-5.2V)

Output

DIE LAYOUT AND MECHANICAL INFORMATION
REFERENCE IN I-Vs)

GNO(VCOIN)

+VS{GND)

VCOIN(-Vs)

OUTPUT

Rs

Die Dimensions...................................... 63 x 118 x 16(±2) mils
Pad Dimensions............................................................. 4x4 mils
Metalization .................................................................. Aluminum
Backing .................................................................................. None
Substrate Potential...................................................................-Vs
Passivation .......................................................................... Nitride
Die Attach ................................................................Gold Eutectic
Bond Wire.................... 1.25 mil Aluminum; Ultrasonic Bonding

OUTPUT
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EXPLANATION OF MILITARY SUBGROUPS

Subgroup 1 - Static tests at +25°C.
(5% PDA calculated against Subgroup 1 for high-rel versions)
Subgroup 2 - Static tests at maximum rated operating
temperature.
Subgroup 3 - Static tests at minimum rated operating
temperature.
Subgroup 4 - Dynamic tests at +25°C.
Subgroup 5 - Dynamic tests at maximum rated operating
temperature.
Subgroup 6 - Dynamic tests at minimum rated operating
temperature.

Subgroup 7 - Functional tests at +25°C.
Subgroup 8 - Functional tests at maximum and minimum
rated temperatures.
Subgroup 9 - Switching tests at +25°C.
Subgroup 10 - Switching tests at maximum rated operating
temperature.
Subgroup 11 - Switching tests at minimum rated operating
temperature.
Subgroup 12 - Periodically sample tested.

TTL/CMOS MODE FUNCTIONAL PIN DESCRIPTIONS
Rset

External RSET connection. The current
through the RSET resistor is equal to the
maximum full-scale output current. RSet
should be connected to ground through an
external resistor in TTL mode. ISET =
0.47V/Rset = Iload (max.)

Connect to +VS ( + 5V) for TTL operation.

OUTPUT

TTL compatible input; normally connected to
the VCO output signal. VCO INPUT and
REFERENCE INPUT are equivalent to one
another.

The inverted output. In TTL/CMOS mode,
the output swing is approximately +3.2V to
+ 5V.

REFERENCE
INPUT

TTL compatible input, normally connected to
the reference input signal. The VCO INPUT
and the REFERENCE INPUT are
equivalent.

GROUND

Ground connections for AD9901. Connect all
grounds together and to low-impedance
ground plane as close to the device as
possible.

+ VS

Positive supply connection; nominally +5.0V
for TTL operation.

BIAS
VCO INPUT

OUTPUT

The noninverted output. In TTL/CMOS
mode, the output swing is approximately
+ 3.2V to +5V.

TTL Mode
(Based on DIP Pinouts)
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AD9901
EXPLANATION OF TEST LEVELS

Test Level
I
- 100% production tested.
II
- 100% production tested at +25°C, and sample tested at
specified temperatures.
III - Sample tested only.
IV - Parameter is guaranteed by design and characterization
testing.

V
VI

Parameter is a typical value only.
All devices are 100% production tested at +25°C.
100% production tested at temperature extremes for
extended temperature devices; sample tested at
temperature extremes for commercial/industrial
devices.

ECL MODE FUNCTIONAL PIN DESCRIPTIONS
-Vs

Negative supply connection, nominally -5.2V
for ECL operation.

BIAS

Connect to -5.2V for ECL operation.

VCO INPUT

Inverted side of ECL compatible differential
input, normally connected to the VCO output
signal.

VCO INPUT

Noninverted side of ECL-compatible
differential input, normally connected to the
VCO output signal.

OUTPUT

The noninverted output. In ECL mode, the
output swing is approximately 0V to -1.8V.

GROUND

Ground connections for AD9901. Connect all
grounds together and to low-impedance
ground plane as close to the device as
possible.

Rset

External RSET connection. The current
through the RSEt resistor is equal to the
maximum full-scale output current. RSET
should be connected to -Vs through an
external resistor in ECL mode. ISET =
0.47V/Rset = Iload (max).

OUTPUT

The inverted output. In ECL mode, the
output swing is approximately 0V to -1.8V.

REFERENCE
INPUT

Noninverted side of ECL-compatible
differential input, normally connected to the
reference input signal. The VCO INPUT and
the REFERENCE INPUT are equivalent to
one another.

REFERENCE
INPUT

Inverted side of ECL-compatible
differential input, normally connected to the
reference input signal. The VCO INPUT and
the REFERENCE INPUT are equivalent.

ECL Mode
(Based on DIP Pinouts)
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AD9901 BURN-IN CIRCUIT
(Based on DIP ECL Pinouts)

GROUND [~T

~14~] GROUND

-v.[T

~T4~] REFERENCE INPUT

BIAS [~7

~13~| GROUND

BIAS [~jT

~13~| REFERENCE INPUT

GROUND [~T
GROUND [~4~

VCO INPUT [~5~
OUTPUT [~6~
.v.[T

AD9901
TOP VIEW
iNcoSC.,

12~| REFERENCE INPUT

VCO INPUT [ 3

7i~] + VS

VCO INPUT [~T

10 I OUTPUT

-v.E

TT] -v,

AD9901
^TOP VIEW

H~] GROUND
10 | OUTPUT

T|a„,

OUTPUT [~6~

T]r«>

~S~| GROUND

GROUND [7
*

T]-v,

TTL LCC Pinouts
2
£ o
2 5

2

2
o
O

2
o
O

TTL PLCC Pinouts

ECL LCC Pinouts
□
2

□
?

ii
a >

2

S

J

18

Vs

17 NC
16 GROUND

15 NC

14 OUTPUT

5
a.

2
D

2

>
5
ice

NC = NO CONNECT
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AD9901
REFERENCE
INPUT

Figure 1. Phase-Locked Loop Control System

THEORY OF OPERATION
A phase detector is one of three basic components of a phaselocked loop (PLL); the other two are a filter and a tunable oscil
lator. A basic PLL control system is shown in Figure 1.

The function of the phase detector is to generate an error signal
which is used to retune the oscillator frequency whenever its
output deviates from a reference input signal. The two most
common methods of implementing phase detectors are (1) an
analog mixer and (2) a family of sequential logic circuits known
as digital phase detectors.

The AD9901 is a digital phase detector. As illustrated in the
block diagram of the unit, straightforward sequential logic
design is used. The main components include four “D” flip
flops, an exclusive-OR gate (XOR) and some combinational out
put logic. The circuit operates in two distinct modes: as a linear
phase detector and as a frequency discriminator.
When the reference and oscillator are very close in frequency,
only the phase detection circuit is active. If the two inputs are
substantially different in frequency, the frequency discrimina
tion circuit overrides the phase detector portion to drive the
oscillator frequency toward the reference frequency and put it
within range of the phase detector.
Input signals to the AD9901 are pulse trains, and its output
duty cycle is proportional to the phase difference of the oscilla
tor and reference inputs. Figures 2, 3 and 4 illustrate, respec
tively, the input/output relationships at lock; with the oscillator
leading the reference frequency; and with the oscillator lagging.
This output pulse train is low-pass filtered to extract the de
mean value [K,t> (<t>! - <t>o)] where Ktl, is a proportionality con
stant (phase gain).

At or near lock (Figures 2, 3 and 4), only the two input flip
flops and the exclusive-OR gate (the phase detection circuit) are
active. The input flip-flops divide both the reference and oscilla
tor frequencies by a factor of two. This insures that inputs to
the exclusive-OR are square waves, regardless of the input duty
cycles of the frequencies being compared. This division-by-two
also moves the nonlinear detection range to the ends of the
range rather than near lock, which is the case with conventional
digital phase detectors.

__ VALUE

xo°urt%tte

IdniFldFFLFL

Figure 2. AD9901 Timing Waveforms at "Lock"

REFERENCE
INPUT
OSCILLATOR
INPUT

r

REFERENCE
FLIP-FLOP
OUTPUT
OSCILLATOR
FLIP-FLOP
OUTPUT

“I__F
DC MEAN
VALUE

Figure 3. Timing Waveforms (<t>OUT Leads
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11

RE^?CE ‘LnTTJTTm
OSCILLATOR
INPUT

It is important to note that the slope of the transfer function is
constant near its midpoint. Many digital phase comparators have
an area near the lock point where their gain goes to zero, result
ing in a “dead zone.” This causes increased phase noise (jitter)
at the lock point.

REFERENCE
FLIP-FLOP
OUTPUT
OSCILLATOR
FLIP-FLOP
OUTPUT

For a typical output swing of 1.8V, the transfer function can be
stated as (1.8V/2tt = 0.285V/RAD). Figure 5 shows the rela
tionship of the de mean value of the AD9901 output as a func
tion of the phase difference of the two inputs.

r

DC MEAN
VALUE

XORGATE
OUTPUT

Figure 4. Timing Waveforms (<t>Our Lags

Figure 5 illustrates the constant gain near lock.
When the two square waves are combined by the XOR, the out
put has a 50% duty cycle if the reference and oscillator inputs
are exactly 180° out of phase; under these conditions, the
AD9901 is operating in a locked mode. Any shift in the phase
relationship between these input signals causes a change in the
output duty cycle. Near lock, the frequency discriminator flip
flops provide constant HIGH levels to gate the XOR output to
the final output.

The duty cycle of the AD9901 is a direct measure of the phase
difference between the two input signals when the unit is near
lock. The transfer function can be stated as
[K.<f>(<|>1 - <t>o](V/RAD), where K(l> is the allowable output volt
age range of the AD9901 divided by 2-rr.

The AD9901 avoids this dead zone by shifting it to the end
points of the transfer curve, as indicated in Figure 5. The
increased gain at either end increases the effective error signal to
pull the oscillator back into the linear region. This does not
affect phase noise, which is far more dependent upon lock
region characteristics.
It should be noted, however, that as frequency increases, the
linear range is decreased. At the ends of the detection range, the
reference and oscillator inputs approach phase alignment. At
this point, slew rate limiting in the detector effectively increases
phase gain. This decreases the linear detection by nominally
3.6ns. Therefore, the typical detection range can be found by
calculating [(1/F - 3.6ns)/(l/F)J x 360°. As an example, at
200MHz the linear phase detection range is ±50°.

Away from lock, the AD9901 becomes a frequency discrimina
tor. Any time either the reference or oscillator input occurs
twice before the other, the Frequency High or Frequency Low
flip-flop is clocked to logic LOW. This overrides the XOR out
put and holds the output at the appropriate level to pull the
oscillator toward the reference frequency. Once the frequencies
are within the linear range, the phase detector circuit takes over
again. Combining the frequency discriminator with the phase
detector eliminates locking to a harmonic of the reference.

PHASE DIFFERENCE AT INPUTS
Figure 5. Phase Gain Plot
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AD9901
Photograph 1 shows the effect of the “Frequency Low” flip-flop
when the oscillator frequency is much lower than the reference
input. The narrow pulses, which result from cycles when two
positive reference-input transitions occur before a positive VCO
edge, increase the de mean value. Photograph 2 illustrates the
inverse effect when the “Frequency High” flip-flop reacts to a
much higher VCO frequency.

AD9901 APPLICATIONS
Page 10 of the data sheet illustrates a phase-locked loop (PLL)
system utilizing the AD9901. The first step in designing this
type of circuit is to characterize the VCO’s output frequency as
a function of tuning voltage. The transfer function of the oscilla-

Photograph 3 shows the output waveform at lock for 50MHz
operation. This output results when the phase difference
between reference and oscillator is approximately --n-Rad.

VARACTORS TUNING VOLTAGE - VOLTS

Figure 6. VCO Frequency vs. Voltage

Next, the range of frequencies over which the VCO is to operate
is examined to assure that it lies on a linear portion of the trans
fer curve. In this case, frequencies from 100MHz to 120MHz
result from tuning voltages of approximately +1.5V to +2.5V.
Because the nominal output swing of the AD9901 is 0 to
-1.8V, an inverting amplifier with a gain of 2 follows the loop

11
As shown in the illustration, a simple passive RC low-pass filter
made up of two resistors and a tantalum capacitor eliminates the
need for an expensive high speed op amp active-filter design. In
this passive-filter second-order-loop system, where n = 2, the
damping factor is equal to:

8 = 0.5 [KoKd/n(T1 + t2)],/2 [t2 + (n /KoKd)J
and the values for t, and r2 are the low-pass filter’s time con
stants R|C and R2C. The gain of 2 of the inverting stage, when
combined with the phase detector’s gain, gives:

Kd = 0.572V/RAD
With Ko = 115.2RAD/s/V, T| equals 1.715s, and t2 equals
3.11 x 10 4s for the required damping factor of 0.7. The
illustrated values of 3011 (R,), 16011 (R2), and 10p.F (C) in the
diagram approximate these time constants.

The gain of the RC filter is:
Vo/V, = (1 + sR2C)/[l + s(R| + R2)C],
Where KoKd >> o>n, the system’s natural frequency:
wn = [KoKd/n(T1 + t2)],/2 = 4.5kHz.

For general information about phase-locked loop design, the
user is advised to consult the following references: Gardner,
Phase-Lock Techniques (Wiley); or Best, Phase Locked Loops
(McGraw-Hill).
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-2V

ALTERNATE HIGH LEVEL
OUTPUT CIRCUIT
( + +VS TYPICALLY + 15V TO +60V)

Phased Locked Loop Using AD9901
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12-2 TEMPERATURE TRANSDUCERS

0.5-2.5
0.15-0.35

Boldface Type: Product recommended for new design.

‘Package Options:

N
1+
12-17

Low Cost, Accurate

F-Flat Pack; H-Round Hermetic Metal Can (Header); N-Plastic Molded Dual-In-Line.
2Temperature Ranges: C-Commercial, 0 to +70°C; I-Industrial, -40°C to +85°C (Some older products -25°C to +85°C); M-Military, -!

AD592

Selection Guide
j/3
CD
CD

Orientation
Temperature Transducers
The devices in this section are two-terminal monolithic integrated
circuits designed to measure temperatures within the range
-55°C to + 150°C. When +4V to + 30V of excitation voltage
is applied, they act as current sources that provide an output
proportional to absolute temperature, lp-A/K. Expressed in
degrees Celsius (Tc),

I = lp.A/°C • Tc + 273.2p,A
Current sources have a number of advantages: they are based on
a linear relationship and are highly repeatable; the current is
independent of voltage drops, voltage noise and common-mode
voltage - and practically independent of excitation voltage; the
current can be translated to a voltage at a remote destination via
an appropriate value of resistance (V = IR) - and simple offsetting
circuitry (if necessary).

They are easy to use; they don’t require linearization circuitry,
high-precision voltage amplifiers, resistance-measuring circuitry
or cold-junction compensation. Indeed, they are themselves
widely used for cold-junction compensation of thermocouple
circuitry.

There are many other applications, including appliance tempera
ture sensing, automotive temperature measurement and control,
HVAC (heating, ventilating and air conditioning) system moni
toring, industrial temperature control, board-level electronics
temperature diagnostics, temperature readout options in in
strumentation and temperature-correction circuitry for precision
electronics.
AD592 Low-Cost Precision IC Temperature Transducer
The AD592 is a low-cost, plastic packaged device with an operating
temperature range of — 25°C to -I- 105°C and precalibrated accuracy
(using laser wafer-trimming) to within 0.5°C (AD592CN) at
4- 25°C. Its specified nonlinearity (maximum deviation from a
best straight line) is 0.35°C maximum over temperature and less
than 0.15°C from 0 to +70°C.

AD590 IC Temperature Transducer
The AD590 is similar in principle to the AD592 but is encased
in a choice of a hermetically sealed metal can and a probe
compatible ceramic sensor package. Its maximum temperature
range for rated performance is — 55°C to + 150°C, with maximum
nonlinearity of 0.3°C over the temperature range (AD590M).

AC2626 General-Purpose Temperature Probe
The AC2626 is a stainless steel tubular probe containing an
AD590 chip, with specifications generally similar to those of the
AD590. The probe has an outside diameter of 3/16" (4.76mm);
it is available in 6" (152.4mm) and 4" (101.6mm) lengths and
has 3-foot Teflon-coated lead wires.
The probe is designed for immersion in both liquids and gases
and can also be used for temperature measurements in refrigera
tion and general temperature monitoring. Its applications in
clude flow-rate measurement, level detection of fluids and
anemometry.

For measurements in pipes or other closed vessels, a compression
fitting (AC2629) is available. It may be applied anywhere along
the probe and is available in a choice of brass and stainless steel.

RELATED PRODUCTS
A variety of digital panel instruments are available for use in
temperature monitoring. They can be found in the section on
Digital Panel Instruments. The AD2040
*
low-cost, 3-digit
temperature indicator and the AD2038
*
6-channel digital scanning
thermometer may be of especial interest.

For interfacing temperature measurements to systems, signal
conditioning products in wide variety of architectures and physical
forms can be found in the section on signal conditioning; for the
circuit designer, suitable operational, instrumentation and isolation
amplifiers can be found in the respective sections.
For background information, a valuable aid to understanding,
design, and applications is the Transducer Interfacing Handbook,
published by Analog Devices (1980). It is available for $14.50
(hard cover) from P. O. Box 796, Norwood, MA 02062.
*Data sheets available upon request.
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General Purpose Temperature Probe
AC2626

FEATURES
Linear Current Output: 1/iA/K
Wide Range: -55°C to +150°C
Laser Trimmed Sensor (AD590) to ±1.0°C Calibration
Accuracy (AC2626L)
Excellent Linearity: ±0.4°C Over Full Range (AC2626L)

6 Inch or 4 Inch Standard, Stainless Steel Sheath
3/16 Inch in Outside Diameter
3 Feet Teflon Coated Lead Wire
Wide Power Supply Range +4V to +30V
Low Cost
Fast Response: 2 Seconds (In Stirred Water)
Sensor Isolated From Sheath

PRODUCT DESCRIPTION
The AC2626 is a stainless steel tubular probe measuring 3/16
inch (4.76mm) in outside diameter and is available in 6 inch
(152.4mm) or 4-inch (101.6mm) lengths. The probe is avail
able in linearity grades of 0.3°C, 0.4°C, 0.8°C or 1.5°C.

The probe is designed for both liquid and gaseous immersion
applications as well as temperature measurements in refrigera
tion or any general temperature monitoring application.
For taking measurements in pipes or other closed vessels, the
AC2629 compression fitting is available. The AC2629 may be
applied anywhere along the probe and is supplied in two ma
terials. The low cost AC2629B is constructed of brass and the
higher priced AC2629SS is made of stainless steel.

and the AD2040, low cost temperature indicator, were designed
to be used in conjunction with the AC2626.
1. The AD2O38 is a low cost, ac line powered 6 channel digital
scanning thermometer designed to interface to printers,
computers, serial data transmitters, etc., for display, con
trol, logging or transmission of multi-point temperature
data. Channel selection is made via three methods: manual,
using the switch provided on the front; auto/scan, where
the AD2O38 cycling on an internal clock can continually
scan the six input channels or external selection, where con
trol inputs provided on the rear connector enable channel
selection via external BCD coding.

PRODUCT HIGHLIGHTS
The AC2626 is based on the AD59O temperature transducer,
a two terminal integrated circuit which produces an output
current linearly proportional to absolute temperature.

2. The AD2040 is a low cost, 3 digit temperature indicator.
An internal precision voltage reference, resistor network
and span and zero adjusts allow the AD2040 to read out
directly in °C, °F, K or R. User selectable readout as well
as all other connections, i.e., +5V de power and AC2626
interface are all made via the terminal block on the rear.

Costly linearization circuitry, precision voltage amplifiers,
resistance measuring circuitry and cold junction compensation
are not needed in applying the AC2626.

APPLICATION HINTS
1. Under all operating conditions, a minimum 4V de must be
present across the AC2626.

Due to the high impedance current output of the AD59O, the
AC2626 is particularly useful in remote sensing applications,
because of its insensitivity to voltage drops over lines. The out
put characteristics also make the AC2626 easy to multiplex.
In addition to temperature measurement, applications include
temperature compensation, biasing proportional to absolute
temperature, flow rate measurement, level detection of fluids
and anemometry.

2. Use of twisted pair wiring is recommended, particularly
for remote applications or in high noise environments.
Shielded wire is desirable in severe noise environments.
3. For the lowest cost, the J and K grades are recommended.
Where probe interchangeability is desired, grade L is
recommended.

DIRECT INTERFACE PRODUCTS
For display and/or control applications, two companion prod
ucts are available. The AD2O38.6 channel digital thermometer,
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(typical @ + 25°C and + 5V unless otherwise specified)
AC2626J

MODEL

+44 V
-20V
±200V
-55°C to +150°C
-60°C to +160°C

POWER SUPPLY
Operating Voltage Range

+4V to +30V

OUTPUT
Nominal Current Output @ +25°C
(298.2°K)
Nominal Temperature Coefficient
Calibration Error @ +25°C
Absolute Error (over rated performance
temperature range)
Without External Calibration
Adjustment
With +25°C Calibration Error
Set to Zero
Nonlinearity
Repeatability2
Long Term Drift3
Time Constant4 (in stirred water)
Current Noise
Power Supply Rejection
+4V<VS<+5V
+5VCVS<+15V
+15V<VS<+3OV
Electrical Turn-On Time
+ Lead Color

AC2626K

AC2626L

AC2626M

AC2626
3/16 STAINLESS STEEL TUBING
FILLED WITH THERMALLY CONDUCTIVE EPOXY

3 FT. (914.4)11 (2S.4I
#24 STRANDED WIRE
TEFLON INSULATED

•

♦

•
See Note 1
10.06(1.58)

298.2mA
1MA/oC
±5.0°C max

•
±2.5°C max

•
±1.0°C max

•
±0.5°C max

±10.0°C max

±5.5°C max

±3.0°C max

±1.7°C max

±2.0°C max
±3.0°C max
±1.5°C max
±0.8°C max
0.1 °C
0.1 C max/month
2 sec.
40pA\/Hz

±1.6°C max
±0.4°C max

±1.0°C max
±0.3°C max

O.SmA/V
0.2pA/V
O.ImA/V
20/ns
yellow

orange

blue

green

— ENTER

AC2629
BRASS
TYPE 316
STAINLESS
NOTES
’Maximum safe recommended pressure; 75OOpsi (5.17 X 104 Kpa).
2 Maximum deviation between +25°C readings after temperature cycling between -55°C and +15O°C; guaranteed,
not tested.
’Conditions; constant+5V, constant +125°C;guaranteed, not tested.
The time constant is defined as the time required to reach 63.2% of an instantaneous temperature change.
•Specifications same as AC2626J.
Specifications subject to change without notice.

CALIBRATION

For most applications, a single point calibration is
sufficient. With the probe at a known temperature,
adjust Ry so that Vo corresponds to the known
temperature.
if more detailed information is desired, see the
AD590 data sheet and application note.
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AC2629
STAINLESS STEEL TYPE 316
COMPRESSION FITTING (See Nott 3)

NOTE 1 Probes are available in 4inch or 6-inch lengths
NOTE 2 ♦ lead wire is color coded: J, yellow; K. orange; L. blue.
NOTE 3 When assembling compression fitting (AC2629) to probe,
tighten the 1/2" nut 3/4's of a turn from finger tight.

ORDERING GUIDE
AC2626
GRADE

LENGTH

MECHANICAL OUTLINE
Dimensions shown in inches and (mm).

ABSOLUTE MAXIMUM RATINGS1
Forward Voltage (V§)
Reverse Volcage (Vs)
Breakdown Voltage (Case to Leads)
Rated Performance Temp. Range
Storage Temperature Range

TINNED

ANALOG
DEVICES

Two-Terminal IC
Temperature Transducer

*
AD590
FEATURES
Linear Current Output: 1gA/K
Wide Range: -55°C to +150°C
Probe Compatible Ceramic Sensor Package
Two-Terminal Device: Voltage In/Current Out
Laser Trimmed to ±0.5°C Calibration Accuracy (AD590M)
Excellent Linearity: ±0.3°C Over Full Range (AD590M)
Wide Power Supply Range: +4V to +30V
Sensor Isolation from Case
Low Cost

AD590 PIN DESIGNATIONS

BOTTOM VIEW

PRODUCT DESCRIPTION
The AD59O is a two-terminal integrated circuit temperature
transducer which produces an output current proportional to
absolute temperature. For supply voltages between +4V and
+30V the device acts as a high impedance, constant current
regulator passing 1/iA/K. Laser trimming of the chip’s thin film
resistors is used to calibrate the device to 298.2/tA output at
298.2K (+25°C).

PRODUCT HIGHLIGHTS
1. The AD59O is a calibrated two terminal temperature sensor
requiring only a de voltage supply (+4V to +30V). Costly
transmitters, filters, lead wire compensation and lineariza
tion circuits are all unnecessary in applying the device.
2. State-of-the-art laser trimming at the wafer level in conjunc
tion with extensive final testing insures that AD59O units
are easily interchangeable.

The AD59O should be used in any temperature sensing applica
tion below +150°C in which conventional electrical tempera
ture sensors are currently employed. The inherent low cost of
a monolithic integrated circuit combined with the elimination
of support circuitry makes the AD59O an attractive alternative
for many temperature measurement situations. Linearization
circuitry, precision voltage amplifiers, resistance measuring
circuitry and cold junction compensation are not needed in
applying the AD59O.

3. Superior interference rejection results from the output
being a current rather than a voltage. In addition, power
requirements are low (l.SmW’s ® 5V @ +25°C). These
features make the AD59O easy to apply as a remote sensor.

In addition to temperature measurement, applications include
temperature compensation or correction of discrete compo
nents, biasing proportional to absolute temperature, flow rate
measurement, level detection of fluids and anemometry. The
AD590 is available in chip form making it suitable for hybrid
circuits and fast temperature measurements in protected en
vironments.

4. The high output impedance (>10MJ2) provides excellent
rejection of supply voltage drift and ripple. For instance,
changing the power supply from 5 V to 10V results in only
a 1/1A maximum current change, or 1 C equivalent error.

5. The AD59O is electrically durable: it will withstand a
forward voltage up to 44V and a reverse voltage of 20V.
Hence, supply irregularities or pin reversal will not damage
the device.

The AD59O is particularly useful in remote sensing applica
tions. The device is insensitive to voltage drops over long lines
due to its high impedance current output. Any well-insulated
twisted pair is sufficient for operation hundreds of feet from
the receiving circuitry. The output characteristics also make
the AD59O easy to multiplex: the current can be switched by
a CMOS multiplexer or the supply voltage can be switched by
a logic gate output.
•Covered by Patent No. 4,123,698.
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(@ +25°C and Vs = 5V unless otherwise noted)
Model
Min

ABSOLUTE MAXIMUM RATINGS
Forward Voltage (E + to E -)
Reverse Voltage (E + to E -)
Breakdown Voltage (Case to E + or E -)
Rated Performance Temperature Range1
Storage Temperature Range1
Lead Temperature (Soldering, 10 sec)
POWER SUPPLY
Operating Voltage Range

OUTPUT
Nominal Current Output @ + 25°C (298.2K)
Nominal Temperature Coefficient
Calibration Error (it + 25°C
Absolute Error (over rated performance
temperature range)
Without External Calibration Adjustment
With + 25°C Calibration Error Set to Zero
Nonlinearity
Repeatability2
Long Term Drift3
Current Noise
Power Supply Rejection
+ 4VsVss + 5V
+ 5V<VS< + 15V
+ 15VsVss + 3OV
Case Isolation to Either Lead
Effective Shunt Capacitance
Electrical Turn-On Time
Reverse Bias Leakage Current4
(Reverse Voltage = 10V)

PACKAGE OPTIONS5
TO-52(H-03A)
Flat Pack(F-2A)

AD590J
Typ

Max

+4

AD590K
Typ

Max

Units

+ 44
-20
±200
+ 150
+ 155
+ 300

Volts
Volts
Volts
°C
°C
°C

+ 30

Volts

±5.0

±2.5

gA
p.A/K
°C

±10
±3.0
±1.5
±0.1
±0.1

±5.5
±2.0
±0.8
±0.1
±0.1

+ 44
-20
±200
+ 150
+ 155
+ 300

-55
-65

Min

+ 30
298.2
1

-55
-65

+4
298.2
1

°C
°C
°C
°C
°C
pA/VHz

40

40

0.5
0.2
0.1
IO10
100
20

0.5
0.2
0.1
10’°
100
20

n
pF
ps

10

10

pA

AD590JH
AD590JF

mA V

jcA/V

|aA/V

AD590KH
AD590KF

NOTES
'The AD59O has been used at - 100°C and + 200°C for short periods of measurement with no physical damage to the device. However, the absolute errors
specified apply to only the rated performance temperature range.
’Maximum deviation between +25°C readings after temperature cycling between - 55°C and + 150°C; guaranteed not tested.
’Conditions: constant +5V, constant + 125°C; guaranteed, not tested.
’Leakage current doubles every 10°C.
5See Section 20 for package outline information.
Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels.
All min and max specifications are guaianteed, although only those shown in boldface are tested on all production units.
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AD590
Model
Min
ABSOLUTE MAXIMUM RATINGS
Forward Voltage (E + to E -)
Reverse Voltage (E + to E -)
Breakdown Voltage (Case to E + or E - )
Rated Performance Temperature Range1
Storage Temperature Range1
Lead Temperature (Soldering, 10 sec)

AD590L
Typ

+4

OUTPUT
Nominal Current Output (a + 25°C (298.2K)
Nominal Temperature Coefficient
Calibration Error @ +25°C
Absolute Error (over rated performance
temperature range)
Without External Calibration Adjustment
With + 25°C Calibration Error Set to Zero
Nonlinearity
Repeatability2
Long Term Drift3
Current Noise
Power Supply Rejection
+ 4V<Vss + 5V
+ 5V==VS< + 15V
+ 15VsVss + 30V
Case Isolation to Either Lead
Effective Shunt Capacitance
Electrical Turn-OnTime
Reverse Bias Leakage Current4
(Reverse Voltage = 10V)

Min

Units

+ 44
-20
±200
+ 150
+ 155
+ 300

Volts
Volts
Volts
°C
°C
°C

+ 30

Volts

±1.0

±0.5

pA
HA/K
°C

±3.0
±1.6
±0.4
±0.1
±0.1

±1.7
±1.0
±0.3
±0.1
±0.1

+ 30

-55
-65

+4

298.2
1

PACKAGE OPTION5
TO-52(H-03A)
Flat Pack (F-2A)

298.2
1

40

40

°C
°C
°C
°C
°C
pAVHz

0.5
0.2
0.1
°10
*
100
20

0.5
0.2
0.1
IO10
100
20

pA/V
jxA/V
jJtA/V
n
pF
M-s

10

10

PA

AD590MH
AD590MF

AD590LH
AD59OLF

K
•C

*223°
-50°

AD590M
Typ

Max

+ 44
-20
±200
+ 150
+ 155
+ 300

-55
-65

POWERSUPPLY
Operating Voltage Range

Max

+273°
0°

+298° +323°
+25° +50°

32°

70°

+373°
+100°

+423°
+150°

212°

TEMPERATURE SCALE CONVERSION EQUATIONS
°C = -|-(°F-32)

°F = -y°C+32

K = °C+273.15

°R = °F+459.7

TEMPERATURE TRANSDUCERS 12-9

The 59OH has 60/t inches of gold plating on its Kovar leads and
Kovar header. A resistance welder is used to seal the nickel cap
to the header. The AD59O chip is eutectically mounted to the
header and ultrasonically bonded to with 1 MIL aluminum
wire. Kovar composition: 53% iron nominal; 29% ±1% nickel;
17% ±1% cobalt; 0.65% manganese max; 0.20% silicon max;
0.10% aluminum max; 0.10% magnesium max; 0.10% zirco
nium max; 0.10% titanium max; 0.06% carbon max.
The 59OF is a ceramic package with gold plating on its Kovar
leads, Kovar lid, and chip cavity. Solder of 80/20 Au/Sn com
position is used for the 1.5 mil thick solder ring under the lid.
The chip cavity has a nickel underlay between the metalization
and the gold plating. The AD59O chip is eutectically mounted
in the chip cavity at 410° C and ultrasonically bonded to with
1 mil aluminum wire. Note that the chip is in direct contact
with the ceramic base, not the metal lid. When using the
AD59O in die form, the chip substrate must be kept elec
trically isolated, (floating), for correct circuit operation.

In the AD59O, this PTAT voltage is converted to a PTAT cur
rent by low temperature coefficient thin film resistors. The
total current of the device is then forced to be a multiple of
this PTAT current. Referring to Figure 1, the schematic dia
gram of the AD59O, Q8 and QI 1 are the transistors that pro
duce the PTAT voltage. R5 and R6 convert the voltage to
current. Q10, whose collector current tracks the collector
currents in Q9 and QI 1, supplies all the bias and substrate
leakage current for the rest of the circuit, forcing the total
current to be PTAT. R5 and R6 are laser trimmed on the
wafer to calibrate the device at +25 C.
Figure 2 shows the typical V—I characteristic of the circuit
at +25 C and the temperature extremes.

METALIZATION DIAGRAM

THE AO590 IS AVAILABLE IN LASER TRIMMED CHIP
FORM CONSULT THE CHIP CATALOG FOR OETAILS

Figure 1. Schematic Diagram

CIRCUIT DESCRIPTION
*
The AD59O uses a fundamental property of the silicon tran
sistors from which it is made to realize its temperature propor
tional characteristic: if two identical transistors are operated
at a constant ratio of collector current densities, r, then the
difference in their base-emitter voltages will be (kT/q)(In r).
Since both k, Boltzman’s constant and q, the charge of an
electron, are constant, the resulting voltage is directly propor
tional to absolute temperature (PTAT).

Figure 2. V-l Plot
1 For a more detailed circuit description see M.P. Timko, “A TwoTerminal IC Temperature Transducer,” IEEE J. Solid State Circuits,
Vol. SC-11, p. 784-788, Dec. 1976.
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Understanding the Specifications - AD590
EXPLANATION OF TEMPERATURE SENSOR
SPECIFICATIONS
The way in which the AD590 is specified makes it easy to
apply in a wide variety of different applications. It is important
to understand the meaning of the various specifications and
the effects of supply voltage and thermal environment on ac
curacy.
The AD59O is basically a PTAT (proportional to absolute tem
perature)1 current regulator. That is, the output current is
equal to a scale factor times the temperature of the sensor in
degrees Kelvin. This scale factor is trimmed to IpA/K at the
factory, by adjusting the indicated temperature (i.e. the output
current) to agree with the actual temperature. This is done with
5 V across the device at a temperature within a few degrees of
25°C (298.2K). The device is then packaged and tested for
accuracy over temperature.

CALIBRATION ERROR
At final factory test the difference between the indicated tem
perature and the actual temperature is called the calibration
error. Since this is a scale factor error, its contribution to the
total error of the device is PTAT. For example, the effect of
the 1 C specified maximum error of the AD59OL varies from
O.73°C at -55°C to 1.42°C at 150°C. Figure 3 shows how
an exaggerated calibration error would vary from the ideal
over temperature.

Figure 3. Calibration Error vs. Temperature

The calibration error is a primary contributor to maximum
total error in all ADS90 grades. However, since it is a scale
factor error, it is particularly easy to trim. Figure 4 shows the
most elementary way of accomplishing this. To trim this cir
cuit the temperature of the AD59O is measured by a reference
temperature sensor and R is trimmed so that VT = lmV/K at
that temperature. Note that when this error is trimmed out at
one temperature, its effect is zero over the entire temperature
range. In most applications there is a current to voltage con
version resistor (or, as with a current input ADC, a reference)
that can be trimmed for scale factor adjustment.

ERROR VERSUS TEMPERATURE: WITH CALIBRATION
ERROR TRIMMED OUT
Each AD59O is also tested for error over the temperature range
with the calibration error trimmed out. This specification could
also be called the “variance from PTAT” since it is the maxi
mum difference between the actual current over temperature
and a PTAT multiplication of the actual current at 25 C. This
error consists of a slope error and some curvature, mostly at
the temperature extremes. Figure 5 shows a typical AD59OK
temperature curve before and after calibration error trimming.

TEMPERATURE

Figure 5. Effect of Scale Factor Trim on Accuracy

ERROR VERSUS TEMPERATURE: NO USER TRIMS
Using the AD590 by simply measuring the current, the total
error is the “variance from PTAT” described above plus the
effect of the calibration error over temperature. For example
the AD59OL maximum total error varies from 2.33°C at
-55°C to 3.02°C at 150°C. For simplicity, only the larger fig
ure is shown on the specification page.

NONLINEARITY
Nonlinearity as it applies to the AD59O is the maximum devia
tion of current over temperature from a best-fit straight line.
The nonlinearity of the AD59O over the -55°C to +150°C
range is superior to all conventional electrical temperature
sensors such as thermocouples, RTD’s and thermistors. Fig
ure 6 shows the nonlinearity of the typical AD59OK from
Figure 5.

Figure 6. Nonlinearity

Figure 4. One Temperature Trim
1 T(°C) =T(K) -273.2; Zero on the Kelvin scale is “absolute zero”;
there is no lower temperature.

Figure 7A shows a circuit in which the nonlinearity is the ma
jor contributor to error over temperature. The circuit is
trimmed by adjusting R
* for a 0V output with the AD59O
at 0°C. R2 is then adjusted for 10V out with the sensor at
100°C. Other pairs of temperatures may be used with this pro
cedure as long as they are measured accurately by a reference
sensor. Note that for +15V output (150°C) the V+ of the op
amp must be greater than 17V. Also note that V- should be
at least -4V: if V- is ground there is no voltage applied across
the device.
TEMPERATURE TRANSDUCERS 12-11

26°C/watt. $ca *s the thermal resistance between the case and
its surroundings and is determined by the characteristics of
the thermal connection. Power source P represents the power
dissipated on the chip. The rise of the junction temperature,
Tj, above the ambient temperature Ta is:
e9-

Tj - Ta = P (0jC + 0CA)-

Figure 7A. Two Temperature Trim

Table I gives the sum of Ojq and (?ca f°r several common
thermal media for both the “H” and “F” packages. The heat
sink used was a common clip-on. Using Equation 1, the temper
ature rise of an AD 5 90 “H” package in a stirred bath at+25°C,
when driven with a 5V supply, will be 0.06 C. However, for
the same conditions in still air the temperature rise is 0.72 C.
For a given supply voltage, the temperature rise varies with
the current and is PTAT. Therefore, if an application circuit
is trimmed with the sensor in the same thermal environment
in which it will be used, the scale factor trim compensates for
this effect over the entire temperature range.

0JC +0CA(°C/watt) T (sec)(Note 3)
H
F
H
F

MEDIUM
Figure 7B. Typical Two-Trim Accuracy

VOLTAGE AND THERMAL ENVIRONMENT EFFECTS
The power supply rejection specifications show the maximum
expected change in output current versus input voltage changes.
The insensitivity of the output to input voltage allows the use
of unregulated supplies. It also means that hundreds of ohms
of resistance (such as a CMOS multiplexer) can be tolerated
in series with the device.
It is important to note that using a supply voltage other than
5V does not change the PTAT nature of the AD59O. In other
words, this change is equivalent to a calibration error and can
be removed by the scale factor trim (see previous page).

The AD59O specifications are guaranteed for use in a low
thermal resistance environment with 5V across the sensor.
Large changes in the thermal resistance of the sensor’s envi
ronment will change the amount of self-heating and result
in changes in the output which are predictable but not neces
sarily desirable.

The thermal environment in which the AD59O is used deter
mines two important characteristics: the effect of self heating
and the response of the sensor with time.

Aluminum Block
Stirred Oil1
Moving Air2
With Heat Sink
Without Heat Sink
Still Air
With Heat Sink
Without Heat Sink

30
42

10
60

0.6
1.4

0.1
0.6

45
115

—
190

5.0
13.5

10.0

191
480

650

108
60

30

1 Note: r is dependent upon velocity of oil; average of several velocities
listed above.
2 Air velocity = 9ft/sec.
’The time constant is defined as the time required to reach 63.2% of
an instantaneous temperature change.

Table I. Thermal Resistances

The time response of the AD590 to a step change in tempera
ture is determined by the thermal resistances and the thermal
capacities of the chip,
and the case, C^.
is about
0.04 watt-sec/°C for the AD59O. Q- varies with the measured
medium since it includes anything that is in direct thermal con
tact with the case. In most cases, the single time constant ex
ponential curve of Figure 9 is sufficient to describe the time
response, T(t). Table I shows the effective time constant, T,
for several media.

Figure 8. Thermal Circuit Model

Figure 8 is a model of the AD59O which demonstrates these
characteristics. As an example, for the TO-52 package, 0jc is
the thermal resistance between the chip and the case, about
Figure 9. Time Response Curve
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1

Applying the AD590
GENERAL APPLICATIONS

OFFSET
CALIBRATION

AD590
GAIN SCALING

OFFSET SCALING

Figure 10. Variable Scale Display

Figure 10 demonstrates the use of a low-cost Digital Panel
Meter for the display of temperature on either the Kelvin,
Celsius or Fahrenheit scales. For Kelvin temperature Pins 9,
4 and 2 are grounded; and for Fahrenheit temperature Pins 4
and 2 are left open.

The aoove configuration yields a 3 digit display with 1°C or
1°F resolution, in addition to an absolute accuracy of ±2.0°C
over the -55°C to +125°C temperature range if a one-temper
ature calibration is performed on an AD59OK, L, or M.

a desired temperature difference. For example, the inherent
offset between the two devices can be trimmed in. If V+ and
V- are radically different, then the difference in internal dissi
pation will cause a differential internal temperature rise. This
effect can be used to measure the ambient thermal resistance
seen by the sensors in applications such as fluid level detec
tors or anemometry.

Figure 13. Cold Junction Compensation Circuit for
Type J Thermocouple

Figure 11. Series & Parallel Connection

Connecting several AD59O units in series as shown in Figure
11 allows the minimum of all the sensed temperatures to be
indicated. In contrast, using the sensors in parallel yields the
average of the sensed temperatures.
The circuit of Figure 12 demonstrates one method by which
differential temperature measurements can be made. Rj and
R2 can be used to trim the output of the op amp to indicate

Figure 13 is an example of a cold junction compensation circuit
for a Type J Thermocouple using the AD59O to monitor the
reference junction temperature. This circuit replaces an ice-bath
as the thermocouple reference for ambient temperatures
between +15 C and +35 C. The circuit is calibrated by adjust
ing Rt for a proper meter reading with the measuring junction
at a known reference temperature and the circuit near +25 C.
Using components with the T.C.’s as specified in Figure 13,
compensation accuracy will be within ±0.5 C for circuit
temperatures between+15 C and+35 C. Other thermocouple
types can be accommodated with different resistor values.
Note that the T.C.’s of the voltage reference and the resistors
are the primary contributors to error.
TEMPERATURE TRANSDUCERS 12-13
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Figure 14. 4 to 20mA Current Transmitter

Figure 14 is an example of a current transmitter designed to be
used with 40V, lkQ systems; it uses its full current range of
4mA to 20mA for a narrow span of measured temperatures.
In this example the IpA/K output of the AD59O is amplified
to 1mA/ C and offset so that 4mA is equivalent to 17 C and
20mA is equivalent to 33 C. RT is trimmed for proper reading
at an intermediate reference temperature. With a suitable
choice of resistors, any temperature range within the operating
limits of the AD59O may be chosen.

Figure 15 is an example of a variable temperature control cir
cuit (thermostat) using the AD59O. RH and RL are selected to
set the high and low limits for RSET. ^SET could be a simple
pot, a calibrated multi-turn pot or a switched resistive divider.
Powering the AD59O from the 10V reference isolates the
AD59O from supply variations while maintaining a reasonable
voltage (~7V) across it. Capacitor Cj is often needed to filter
extraneous noise from remote sensors. Rg is determined by
the 0 of the power transistor and the current requirements of
the load.
Figure 16 shows how the AD59O can be configured with an 8bit DAC to produce a digitally controlled set point. This

12-14 TEMPERATURE TRANSDUCERS

particular circuit operates from 0 (all inputs high) to +51°C
(all inputs low) in 0.2 C steps. The comparator is shown with
1 C hysteresis which is usually necessary to guard-band for
extraneous noise; omitting the 5.1MJ2 resistor results in
no hysteresis.

Figure 17. AD590 Driven from CMOS Logic

The voltage compliance and the reverse blocking characteristic
of the AD59O allows it to be powered directly from +5V CMOS
logic. This permits easy multiplexing, switching or pulsing for
minimum internal heat dissipation. In Figure 17 any AD59O
connected to a logic high will pass a signal current through the
current measuring circuitry while those connected to a logic
zero will pass insignificant current. The outputs used to drive
the AD59O’s may be employed for other purposes, but the
additional capacitance due to the AD59O should be taken
into account.

Figure 18. Matrix Multiplexer

CMOS Analog Multiplexers can also be used to switch AD5 90
current. Due to the AD59O’s current mode, the resistance of
such switches is unimportant as long as 4V is maintained
across the transducer. Figure 18 shows a circuit which combines
the principal demonstrated in Figure 17 with an 8 channel
CMOS Multiplexer. The resulting circuit can select one of
eighty sensors over only 18 wires with a 7 bit binary word. The
inhibit input on the multiplexer turns all sensors off for mini
mum dissipation while idling.

SELECT

Figure 19. 8 Channel Multiplexer

Figure 19 demonstrates a method of multiplexing the AD59O
in the two-trim mode (Figure 7). Additional AD59O’s and their
associated resistors can be added to multiplex up to 8 channels
of ±0.5°C absolute accuracy over the temperature range of
-55°C to +125°C. The high temperature restriction of +125 C
is due to the output range of the op amps; output to +150 C
can be achieved by using a +20V supply for the op amp.
TEMPERATURE TRANSDUCERS

12-15

12-16 TEMPERATURE TRANSDUCERS

ANALOG
DEVICES
FEATURES
High Precalibrated Accuracy: 0.5°C max @ 25°C
Excellent Linearity: 0.15°C max (0 to +70°C)
Wide Operating Temperature Range: -25°C to +105°C
Single Supply Operation: +4V to +30V
Excellent Repeatability and Stability
High Level Output: 1pA/K
Two Terminal Monolithic IC: Temperature In/
Current Out
Minimal Self-Heating Errors

Low Cost, Precision IC
Temperature Transducer
*
AD592
AD592 CONNECTING DIAGRAM

PIN 3 PIN 2

□
(-1

□
(NC)

PIN 1

□
(+)

•PIN 2 CAN BE EITHER ATTACHED OR UNCONNECTED

BOTTOM VIEW

PRODUCT DESCRIPTION
The AD592 is a two terminal monolithic integrated circuit tem
perature transducer that provides an output current proportional
to absolute temperature. For a wide range of supply voltages the
transducer acts as a high impedance temperature dependent
current source of lp.A/K. Improved design and laser wafer
trimming of the IC’s thin film resistors allows the AD592 to
achieve absolute accuracy levels and nonlinearity errors previously
unattainable at a comparable price.
The AD592 can be employed in applications between - 25°C
and + 105°C where conventional temperature sensors (i.e., ther
mistor, RTD, thermocouple, diode) are currently being used.
The inherent low cost of a monolithic integrated circuit in a
plastic package, combined with a low total parts count in any
given application, make the AD592 the most cost effective tem
perature transducer currently available. Expensive linearization
circuitry, precision voltage references, bridge components, resis
tance measuring circuitry and cold junction compensation are
not required with the AD592.
Typical application areas include; appliance temperature sensing,
automotive temperature measurement and control, HVAC (heating/ventilating/air conditioning) system monitoring, industrial
temperature control, thermocouple cold junction compensation,
board-level electronics temperature diagnostics, temperature
readout options in instrumentation, and temperature correction
circuitry for precision electronics. Particularily useful in remote
sensing applications, the AD592 is immune to voltage drops and
voltage noise over long lines due to its high impedance current
output. AD592s can easily be multiplexed; the signal current
can be switched by a CMOS multiplexer or the supply voltage
can be enabled with a tri-state logic gate.

The AD592 is available in three performance grades; the
AD592AN, AD592BN and AD592CN. All devices are packaged
in a plastic TO-92 case rated from - 45°C to + 125°C. Performance
is specified from -25°C to + 105°C. AD592 chips are also
available, contact the factory for details.

PRODUCT HIGHLIGHTS
1. With a single supply (4V to 30V) the AD592 offers 0.5°C
temperature measurement accuracy.
2. A wide operating temperature range (~25°C to + 105°C) and
highly linear output make the AD592 an ideal substitute for
older, more limited sensor technologies (i.e., thermistors,
RTDs, diodes, thermocouples).
3. The AD592 is electrically rugged; supply irregularities and
variations or reverse voltages up to 20V will not damage the
device.
4. Because the AD592 is a temperature dependent current source,
it is immune to voltage noise pickup and IR drops in the
signal leads when used remotely.
5. The high output impedance of the AD592 provides greater
than 0.5°C/V rejection of supply voltage drift and ripple.
6. Laser wafer trimming and temperature testing insures that
AD592 units are easily interchangeable.
7. Initial system accuracy will not degrade significantly over
time. The AD592 has proven long term performance and
repeatability advantages inherent in integrated circuit design
and construction.

•Covered by Patent No. 4,123,698.
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(typical @ 25°C, VS=5V, unless otherwise noted)
Model

AD592AN
Max
Typ

Min

ACCURACY
Calibration Error @25°C'
TA = 0to+70°C
Error over Temperature
Nonlinearity2
Ta= -25to + 105°C
Error over Temperature3
Nonlinearity2
OUTPUT CHARACTERISTICS
Nominal Current Output
@25°C(298.2K)
Temperature Coefficient
Repeatability4
Long Term Stability5

ABSOLUTE MAXIMUM RATINGS
Operating Temperature
Package Temperature6
Forward Voltage (+ to - )
Reverse Voltage (- to +)
Lead Temperature
(Soldering 10 sec)
POWERSUPPLY
Operating Voltage Range
Power Supply Rejection
+ 4V<V$< + 5V
+ 5V<VS< + 15V
+ 15V<Vs< + 30V

AD592BN
Max
Typ

Min

Units

2.5

0.7

1.0

0.3

0.5

°C

l.S
0.15

3.0
0.35

0.8
0.1

1.5
0.25

0.4
0.05

0.8
0.15

°C
°C

2.0
0.25

3.5
0.5

0.9
0.2

2.0
0.4

0.5
0.1

1.0
0.35

°C
°C

0.1
0.1

pA
pA/°C
°C
°C/month

+ 105
+ 125
44
20

°C
°C
V
V

300

°C

30

V

0.5
0.2
0.1

°c/v
°cv
°c/v

298.2
1

298.2
1

0.1
0.1

0.1
0.1

+ 105
+ 125
44
20

-25
-45

+ 105
+ 125
44
20

-25
-45

4

K
°C

0.5
0.2
0.1

‘Although performance is not specified beyond the operating temperature range, temperature
excursions within the package temperature range will not damage the device.
Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final electri
cal test. Results from those tests are used to calculate outgoing quality levels. All
min and max specifications are guaranteed, although only those shown in
boldface are tested on al! production units.

+273°
0°

+223°
-50°

---- |‘l I* J 11 l‘l 1*^1
-100°

4

30

4

30

0.5
0.2
0.1

NOTES
'An external calibration trim can be used to zero the error @25°C.
2Defined as the maximum deviation from a mathematically best fit line.
’Parameter tested on all production units at + 105°C only. C grade at
-25°Calso.
‘Maximum deviation between + 25°C readings after a temperature cycle
between - 45°C and + 125°C. Errors of this type are noncummulative.
’Operation @125°C, error over time is noncummulative.

-25
-45

300

300

0°

+298° +323°
+25° +50°

ll |tI II1! |*Jll
[
32°

[+100°
70°

+373°
+100°

+423°
+150°

p 1* l‘|l|ll l| l‘l l'l^l III
+200°[
212°

+300°

TEMPERATURE SCALE CONVERSION EQUATIONS

°C =-|-(OF-32)
°F = -|-0C+32

K = °C+273.15
°R = °F+459.7

METALIZATION DIAGRAM

THE AD592 IS AVAILABLE IN LASER-TRIMMED CHIP FORM
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AD592CN
Max
Typ

1.5

298.2
1

°F

Min

Typical Performance Curves-AD592
Typical @ Vs = +5V

AD592BN Accuracy Over Temperature

AD592AN Accuracy Over Temperature

------ Tz
'
*

500

0

1000
TIME - Hours

1500

2000

Long-Term Stability @ 125°C

Model

AD592 ORDERING GUIDE
Max Nonlinearity
Max Error
Package Max Cal
Option1 Error @25°C -25°Cto +105°C — 25°Cto +105°C

AD592CN
AD592BN
AD592AN

TO-92
TO-92
TO-92

0.5°C
1.0°C
2.5°C

1.0°C
2.0°C
3.5°C

O.35°C
0.4’C
0.5°C

NOTE
‘See Section 20 for package outline information.
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THEORY OF OPERATION
The AD592 uses a fundamental property of silicon transistors to
realize its temperature proportional output. If two identical
transistors are operated at a constant ratio of collector current
densities, r, then the difference in base-emitter voltages will be
(kT/q)(ln r). Since both k, Boltzman’s constant and q, the charge
of an electron are constant, the resulting voltage is directly
Proportional To Absolute Temperature (PTAT). In the AD592
this difference voltage is converted to a PTAT current by low
temperature coefficient thin film resistors. This PTAT current
is then used to force the total output current to be proportional
to degrees Kelvin. The result is a current source with an output
equal to a scale factor times the temperature (K) of the sensor.
A typical V-I plot of the circuit at + 25°C and the temperature
extremes is shown in Figure 1.

scale factor variation and nonlinearity deviation from the ideal
IjjlA/K output. Figure 2 graphically depicts the guaranteed
limits of accuracy for an AD592CN.

+ 105°C

Figure 2. Error Specifications (AD592CN)

The AD592 has a highly linear output in comparison to older
technology sensors (i.e., thermistors, RTDs and thermocouples),
thus a nonlinearity error specification is separated from the
absolute accuracy given over temperature. As a maximum deviation
from a best-fit straight line this specification represents the only
error which cannot be trimmed out. Figure 3 is a plot of typical
AD592CN nonlinearity over the full rated temperature range.
SUPPLY VOLTAGE - Volts

Figure 1. V-I Characteristics
TYPICAL NON LINEARITY

Factory trimming of the scale factor to 1jlA/K is accomplished
at the wafer level by adjusting the AD592’s temperature reading
so it corresponds to the actual temperature. During laser trimming
the IC is at a temperature within a few degrees of 25°C and is
powered by a 5V supply. The device is then packaged and
automatically temperature tested to specification.

FACTORS AFFECTING AD592 SYSTEM PRECISION
The accuracy limits given on the Specifications page for the
AD592 makes it easy to apply in a variety of diverse applications.
To calculate a total error budget in a given system it is important
to correctly interpret the accuracy specifications, nonlinearity
errors, the response of the circuit to supply voltage variations
and the effect of the surrounding thermal environment. As with
other electronic designs external component selection will have a
major effect on accuracy.
CALIBRATION ERROR, ABSOLUTE ACCURACY AND
NONLINEARITY SPECIFICATIONS
Three primary limits of error are given for the AD592 such that
the correct grade for any given application can easily be chosen
for the overall level of accuracy required. They are the calibration
accuracy at 25°C, and the error over temperature from 0 to 70°C
and -25°C to + 105°C. These specifications correspond to the
actual error the user would see if the current output of a AD592
were converted to a voltage with a precision resistor. Note that
the maximum error at room temperature, over the commercial
IC temperature range, or an extended range including the boiling
point of water, can be directly read from the Specifications
Table. All three error limits are a combination of initial error,
12-20 TEMPERATURE TRANSDUCERS
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Figure 3. Nonlinearity Error (AD592CN)

TRIMMING FOR HIGHER ACCURACY
Calibration error at 25°C can be removed with a single temperature
trim. Figure 4 shows how to adjust the AD592’s scale factor in
the basic voltage output circuit.

Figure 4. Basic Voltage Output (Single Temperature Trim)

AD592
To trim the circuit the temperature must be measured by a
reference sensor and the value of R should be adjusted so the
output (Vout) corresponds to lmV/K. Note that the trim proce
dure should be implemented as close as possible to the temperature
highest accuracy is desired for. In most applications if a single
temperature trim is desired it can be implemented where the
AD592 current-to-output voltage conversion takes place (e.g.,
output resistor, offset to an op amp). Figure 5 illustrates the
effect on total error when using this technique.

Figure 7. Typical Two Trim Accuracy

sitivity of the output allows the use of lower cost unregulated
supplies and means that a series resistance of several hundred
ohms (e.g., CMOS multiplexer, meter coil resistance) will not
degrade the overall performance.

Figure 5. Effect of Scale Factor Trim on Accuracy

If greater accuracy is desired, initial calibration and scale factor
errors can be removed by using the AD592 in the circuit of
Figure 6.

The thermal environment in which the AD592 is used determines
two performance traits: the effect of self-heating on accuracy
and the response time of the sensor to rapid changes in temperature.
In the first case, a rise in the IC junction temperature above the
ambient temperature is a function of two variables; the power
consumption level of the circuit and the thermal resistance
between the chip and the ambient environment (6ja)- Self-heating
error in °C can be derived by multiplying the power dissipation
by 0ja- Because errors of this type can vary widely for surroundings
with different heat sinking capacities it is necessary to specify
0ja under several conditions. Table I shows how the magnitude
of self-heating error varies relative to the environment. In typical
free air applications at 25°C with a 5V supply the magnitude of
the error is 0.2°C or less. A common clip-on heat sink will
reduce the error by 25% or more in critical high temperature,
large supply voltage situations.

Medium
Figure 6. Two Temperature Trim Circuit

With the transducer at 0°C adjustment of R1 for a OV output
nulls the initial calibration error and shifts the output from K to
°C. Tweaking the gain of the circuit at an elevated temperature
by adjusting R2 trims out scale factor error. The only error
remaining over the temperature range being trimmed for is
nonlinearity. A typical plot of two trim accuracy is given in
Figure 7.
SUPPLY VOLTAGE AND THERMAL ENVIRONMENT
EFFECTS
The power supply rejection characteristics of the AD592 minimizes
errors due to voltage irregularity, ripple and noise. If a supply is
used other than 5V (used in factory trimming), the power supply
error can be removed with a single temperature trim. The PTAT
nature of the AD592 will remain unchanged. The general insen-

Sull Air
Without Heat Sink
With Heat Sink
Moving Air
Without Heat Sink
With Heat Sink
Fluorinert Liquid
Aluminum Block
**

Oja (°C/watt)

t (sec)
*

175
130

60
55

60
40
35
30

12
10
5
2.4

*t is an average of five time constants (99.3% of final value). In cases where
the thermal response is not a simple exponential function, the actual thermal
response may be better than indicated.
“With thermal grease.

Table I. Thermal Characteristics
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Response of the AD592 output to abrupt changes in ambient
temperature can be modeled by a single time constant t exponential
function. Figure 8 shows typical response time plots for several
media of interest.

because the coldest device limits the series current flowing through
the sensors. Both of these circuits are depicted in Figure 9.
The circuit of Figure 10 demonstrates a method in which
a voltage output can be derived in a differential temperature
measurement.

Figure 10. Differential Measurements

Figure 8. Thermal Response Curves

The time constant, t, is dependent on Oja and the thermal
capacities of the chip and the package.Table I lists the effective
t (time to reach 63.2% of the final value) for several different
media. Copper printed circuit board connections where neglected
in the analysis, however, they will sink or conduct heat directly
through the AD592’s solder dipped Kovar leads. When faster
response is required a thermally conductive grease or glue between
the AD592 and the surface temperature being measured should
be used. In free air applications a clip-on heat sink will decrease
output stabilization time by 10-20%.

Rl can be used to trim out the inherent offset between the two
devices. By increasing the gain resistor (lOkfl) temperature
measurements can be made with higher resolution. If the mag
nitude of V + and V - is not the same, the difference in power
consumption between the two devices can cause a differential
self-heating error.
Cold junction compensation (CJC) used in thermocouple signal
conditioning can be implemented using an AD592 in the circuit
configuration of Figure 11. Expensive simulated ice baths or
hard to trim, inaccurate bridge circuits are no longer required.

MOUNTING CONSIDERATIONS
If the AD592 is thermally attached and properly protected, it
can be used in any temperature measuring situation where the
maximum range of temperatures encountered is between — 25°C
and + 105°C. Because plastic IC packaging technology is employed,
excessive mechanical stress must be safeguarded against when
fastening the device with a clamp or screw-on heat tab. Thermally
conductive epoxy or glue is recommended under typical mounting
conditions. In wet or corrosive environments any electrically
isolated metal or ceramic well can be used to shield the AD592.
Condensation at cold temperatures can cause leakage current
related errors and should be avoided by sealing the device in
nonconductive epoxy paint or dips.
APPLICATIONS
Connecting several AD592 devices in parallel adds the currents
through them and produces a reading proportional to the average
temperature. Series AD592s will indicate the lowest temperature

The circuit shown can be optimized for any ambient temperature
range or thermocouple type by simply selecting the correct
value for the scaling resistor - R. The AD592 output (lp.A/K)
times R should approximate the line best fit to the thermocouple
curve (slope in V/°C) over the most likely ambient temperature
range. Additionally, the output sensitivity can be chosen by
selecting the resistors Rd and Rg2 for the desired noninverting
gain. The offset adjustment shown simply references the AD592
to °C. Note that the TC’s of the reference and the resistors are
the primary contributors to error. Temperature rejection of 40
to 1 can be easily achieved using the above technique.

Although the AD592 offers a noise immune current output, it is
not compatible with process control/industrial automation current
loop standards. Figure 12 is an example of a temperature to 420mA transmitter for use with 40V, lkfl systems.
Figure 9. Average and Minimum Temperature
Connections
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In this circuit the 1jjlA/K output of the AD592 is amplified to
lmA/°C and offset so that 4mA is equivalent to 17°C and 20mA
is equivalent to 33°C. Rt is trimmed for proper reading at an

AD592

Figure 12. Temperature to 4-20mA Current Transmitter

intermediate reference temperature. With a suitable choice of
resistors, any temperature range within the operating limits of
the AD592 may be chosen.
Reading temperature with an AD592 in a microprocessor based
system can be implemented with the circuit shown in Figure 13.

Figure 14. Variable Temperature Thermostat

Multiple remote temperatures can be measured using several
AD592s with a CMOS multiplexer or a series of 5V logic gates
because of the device’s current-mode output and supply-voltage
compliance range. The on-resistance of a FET switch or output
impedance of a gate will not effect the accuracy, as long as 4V is
maintained across the transducer. MUXs and logic driving circuits
should be chosen to minimize leakage current related errors.
Figure 15 illustrates a locally controlled MUX switching the
signal current from several remote AD592s. CMOS or TTL
gates can also be used to switch the AD592 supply voltages,
with the multiplexed signal being transmitted over a single
twisted pair to the load.
+ 15V

-15V

I
By using a differential input A/D converter and choosing the
current to voltage conversion resistor correctly any range of
temperatures (up to the 130°C span the AD592 is rated for)
centered at any point can be measured using a minimal number
of components. In this configuration the system will resolve up
to 1°C.

A variable temperature controlling thermostat can easily be built
using the AD592 in the circuit of Figure 14.

Rhigh and Rlow determine the limits of temperature controlled
by the potentiometer Rset- The circuit shown operates over the
full temperature range (— 25°C to + 105°C) the AD592 is rated
for. The reference maintains a constant set point voltage and
insures that approximately 7V appears across the sensor. If it is
necessary to guardband for extraneous noise hysteresis can be
added by tying a resistor from the output to the ungrounded
end of Rlow-

TTL DTL TO CMOS
170

CHANNEL
SELECT

Figure 15. Remote Temperature Multiplexing

To minimize the number of MUXs required when a large number
of AD592s are being used, the circuit can be configured in a
matrix. That is, a decoder can be used to switch the supply
voltage to a column of AD592s while a MUX is used to control
which row of sensors are being measured. The maximum number
of AD592s which can be used is the product of the number of
channels of the decoder and MUX.
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An example circuit controlling 80 AD592s is shown in Figure
16. A 7-bit digital word is all that is required to select one of
the sensors. The enable input of the multiplexer turns all the
sensors off for minimum dissipation while idling.
COLUMN
SELECT

<0 8 BCD TC DECIM/ LDECO >ER

&& r&& &
&& J&
&& &&
& &

&
&&

To convert the AD592 output to °C or °F a single inexpensive
reference and op amp can be used as shown in Figure 17. Although
this circuit is similar to the two temperature trim circuit shown
in Figure 6, two important differences exist. First, the gain
resistor is fixed alleviating the need for an elevated temperature
trim. Acceptable accuracy can be achieved by choosing an inex
pensive resistor with the correct tolerance. Second, the AD592
calibration error can be trimmed out at a known convenient
temperature (i.e., room temperature) with a single pot adjustment.
This step is independent of the gain selection.

A01403

Figure 17. Celsius or Fahrenheit Thermometer
80-AD592S

Figure 16. Matrix Multiplexer

12-24 TEMPERATURE TRANSDUCERS

Signal Conditioning Components & Subsystems
Contents
Page

Selection Guide........................................................................................................................................................................... 13-2
Orientation................................................................................................................................................................................. 13-3
AC 1226 - Micropower Thermocouple Cold Junction Compensator.................................................................................... 13-5
AD594/AD595 - Monolithic Thermocouple Amplifiers with Cold Junction Compensation...............................................

AD596/AD597 - Thermocouple Conditioners and Set-Point Controllers...........................................................................

13-9

13-17

AD598 - LVDT Signal Conditioner ..................................................................................................................................... 13-23
AD693 - Loop Powered, 4-20 mA Sensor Transmitter........................................................................................................ 13-39
A D694 - 4—20 mA Transmitter................................................................................................................................................ 13-51
1B21 1B22 1B31 1B32 1B41 1B51 2B20 2B22 2B23 -

Isolated, Loop-Powered Voltage-to-Current Converter............................................................................................
Programmable, Isolated Voltage-to-Current Converter ............................................................................................
Wide Bandwidth Strain Gage Signal Conditioner......................................................................................................
Bridge Transducer Signal Conditioner .....................................................................................................................
Isolated RTD Signal Conditioner..............................................................................................................................
Isolated mV/Thermocouple Signal Conditioner........................................................................................................
High Performance, 4-20mA Output Voltage-to-Current Converter.......................................................................
High Performance, Isolated Voltage-to-Current Converter....................................................................................
Programmable Output, Isolated Voltage-to-Current Converter..............................................................................

13-63
13-67
13-71
13-79
13-87
13-91
13-95
13-99
13 - 103

2B30/2B31 - High Performance, Economy Strain Gage/RTD Conditioners.......................................................................

13 - 107

2B50 - Isolated Thermocouple Signal Conditioner..............................................................................................................
2B54/2B55 - Four-Channel, Isolated Thermocouple/mV Conditioners..............................................................................
3B Series - Complete Signal Conditioning I/O Subsystem .................................................................................................

13-113
13-117
13-123

5B Series - Compact, Low Cost Modular Signal Conditioners .......................................................... ................................
6B Series - Configurable, Analog and Digital I/O Signal Conditioners..............................................................................
7B Series - Low Cost, Modular Process Control Signal Conditioners.................................................................................

13-127
13 - 135
13-143

SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS

13-1

13-2 SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS

4B
5B
6B
7B

Series
Series
Series

Series

Alarm Limit Subsystem
Modular Signal Conditioning Subsystem; System Applications
Software Configurable, Digitizing Signal Conditioning Subsystem
Low Cost, Modular Process Control Signal Conditioners

13-127
13-135
13-143

21-4

Orientation
Signal Conditioning Components & Subsystems
Signal conditioners provide an analog interface between sensors
and the systems they serve. They amplify signals, provide zero
suppression where necessary, introduce electrical isolation, furnish
excitation for passive transducers and provide analog outputs in
the form required by the system - either voltage or current - at
appropriate levels.

The most popular sensors are thermocouples, RTDs (resistance
temperature detectors) and strain gages; they are low-level devices
requiring precision amplification with low drift and noise. A
useful discussion of their properties and signal-conditioning
requirements can be found in the Analog Devices Transducer
Interfacing Handbook (1980, $14.50 postpaid), available from
P.O.Box 9106, Norwood MA 02062-9106.
Signal-conditioning circuits can be assembled using many of the
precision products to be found in this databook, such as operational
amplifiers, instrumentation amplifiers, and isolation amplifiers,
along with other electronic circuit elements and appropriate
hardware. However, many system designers have found that,
with less expenditure of valuable engineering talent, excellent
and reliable results can be achieved at lower cost by purchasing
complete dedicated signal conditioners with fully specified per
formance in standard packages.

The general requirements for signal conditioners include the
usual precision electrical characteristics, such as high gain, low
drift and noise, accurate scale factors and fast - or filtered response. Quite often, electrical isolation must be provided
between the point of measurement and the system; besides
maximizing common-mode rejection, this can provide protection
of people and equipment. Where ruggedness and safety are
involved, it may be useful to choose products, when available,
that meet appropriate standards developed by such entities as
CSA and Factory Mutual Research Company.
Many sensors require auxiliary circuitry; for example, ther
mocouples require a constant-temperature reference junction or
an equivalent “ice-point” reference circuit, and strain gages and
RTDs are passive devices that need excitation. Although the
results of a measurement may be produced - and are ultimately
needed - in the form of voltage, they may have to be transmitted
as a varying current with a standard span, such as 4 to 20mA;
often the power for such current loops is furnished to the sensor
and its conditioner from the remote destination.
Another requirement arises from the fact that systems often
involve many diverse channels of measurement. Such systems
need a family of signal conditioners to meet the multiplicity of
functional needs, yet it is desirable that they be compactly and
ruggedly housed, modular, provided with a power supply and
capable of being interchanged as system needs change. It is for
such applications that the 3B, 5B, 6B and 7B families and their
housings were designed.

The selection guide fists the available devices that are recommended
for new system designs, along with their salient features; detailed
information will be found in the data sheets. Examples of such
devices include conditioners for thermocouples, RTDs, strain
gages, and low (mV)-level signal sources and current transmitters
that convert the signal information to 4-20mA or 0-20mA currents
for loops requiring analog information in that form. If a modular
subsystem is desired, selection information for choosing specific

modules within the 3B, 5B, 6B and 7B families will be found in
the family data sheets.
The individually listed devices are manufactured in various
forms, ranging from monolithic integrated circuits (AD594/595/
596/597 and AD693/AD694) to devices in dual in-line packages
- using hybrid and surface-mount technologies - to modules
with either pins for chassis wiring or screw terminals for field
wiring.
The 3B Series is an integrated modular signal-conditioning sub
system consisting of a series of color-coded functionally complete
plug-in mix-and-match input and output modules on a universal
backplane available for mounting in either rugged industrial
chassis or a standard rack. The backplane connects directly to
field wiring via screw terminals and to the system destination
via connectors. A standard 19" relay rack mount will hold 16
modules; 8- and 4-module units are also available. Among the
characteristics of the modules are input protection, low-pass
filtering, ± lp.V/°C zero drift, and galvanic isolation to ± 1,500
volts peak. The output modules translate high-level voltage
inputs to standard process-current levels (0-20mA or 4-20mA)
with accuracy to within 0.1%.
The SB Series of modules comprises a family of plug-in single
channel signal conditioners for sensors that perform complete
signal conditioning functions optimized for the nature of each
device’s specified input. Characterized by high performance,
small size and low price, they are ideal for monitoring such
analog quantities as temperature, pressure and flow in industrial
data-acquisition applications.

They are isolated (1,500 volts rms), operate from single 5-volt
supplies and have ±0.05% calibration accuracy; they are identical
in size (2.25" x 2.25" x 0.60") and pinout. Physically compatible
backplanes will hold as many as 16 units in a 19" rack-mount
space 3 1/2" high. Signal-conditioning functions include input
protection, filtering, chopper-stabilized low-drift amplification,
isolation, linearization for RTD and thermocouple inputs and
excitation for strain gages and RTDs.

5B Series modules have 240-volt protection for all field termina
tions. All feature excellent common-mode rejection, meet IEEE
472-1974 surge-withstand specs and operate over the — 40°C to
-I- 85°C ambient temperature range. They are physically rugged,
with sturdy 0.04' pin connections and no adjustment poten
tiometers to compromise accuracy and system integrity; they are
secured with a single self-contained mounting screw.

The 6B Series of modules represents a new level of integration
in modulator signal conditioners. Each module performs signal
conditioning, isolation, ranging, 16-bit A/D conversion and
digital communications (RS-485) for thermocouples, RTDs,
millivolt, volt and process current signals. An on-board micro
controller autocalibrates the A/D converter and controls all
channel parameters such as address, baud rate, sensor type,
etc., which are stored in nonvolatile memory in the module.
The 6B Series modules are ideal for remote monitoring and data
gathering applications in harsh environments. The module con
figurability also reduces inventory that is needed for an application
interfacing with a variety of sensors.
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The IB Series of Process Control Signal Conditioners is a family
of isolation-based, plug-in, signal-channel signal conditioners
that accept inputs from a wide range of process control sensors
and low level signals while providing high level output signals.
Characterized by high performance, compact size and low cost,
these modules have been optimized for use in process control
applications.
The 7B modules are isolated (1.5kV rms), operate from a single
+ 24V de supply and have a ±0.1%, max calibrated accuracy;
they are identical in size (1.7"x2.11"x0.60") and are footprint
compatible with standard solid-state relays. Signal conditioning
functions include input protection, filtering, isolation, linearization

for RTD and thermocouple inputs, excitation for remote trans
mitters and an output current module. User-specified custom
ranges, that are technically feasible, can be supplied.
The 7B modules have 240 volt protection ( — 25°C to +85°C) for
all field wiring terminations. All modules feature high common
mode rejection and operate over the extended industrial temper
ature range of - 40°C to + 85°C. The modules are packaged in
a rugged, compact plastic case, and they utilize sturdy 0.04" pin
connections. No external adjustment potentiometers are provided,
thus minimizing the possibility of mechanical or human errors
in the field that may adversely affect the system integrity. The
7B modules are secured with a single self-contained mounting
screw.
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Micropower Thermocouple
Cold Junction Compensator
AC1226

ANALOG
DEVICES
FEATURES
80pA Supply Current
4V to 36V Operation
0.5°C Typical Initial Accuracy
Compatible with Standard Thermocouples
(E, J, K, R, S, T)
Auxiliary 10mV/°C Output
Bow Corrected

AC1226 PIN CONFIGURATION
J
SUiiV/’C

K, T

40 6plV/°C
R, S
6>iV/°C

APPLICATIONS
Thermocouple Cold Junction Compensator
Centigrade Thermometer
Temperature Compensation Network

RCOMMON

PRODUCT DESCRIPTION
The AC 1226 is a micropower thermocouple cold junction com
pensator for use with type E, J, K, R, S and T thermocouples.
It utilizes wafer level and post-package trimming to achieve typi
cal 0.5°C initial accuracy. Special curvature correction circuitry
is used to match the “bow” found in all thermocouples so that
accurate cold junction compensation is maintained over a wider
temperature range.
The AC1226 will operate with a supply voltage from 4V to 36V.

Typical supply current is 80p.A, resulting in less than 0.1°C
internal temperature rise for supply voltages under 10V. A
10mV/°C output is available at low impedance in addition to the
direct thermocouple voltages of 60.9p.V/°C (E), 51.7p.V/°C (J),
40.3p.V/°C (K, T) and 5.95pV/°C (R, S). All outputs are essen
tially independent of power supply voltage.

The AC1226 is available in an 8-pin plastic mini-DIP for tem
peratures between 0 and +70°C.

R-COMMON

AC1226 Block Diagram
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SPECIFICATIONS

Electrical Characteristics (VS=5V, Ta=+25°C, Pin 5 tied to Pin 4, unless otherwise noted.)
Typ

Max

Units

0.5
See Curve

2.0

°C

60.4
51.2
40.2
5.75

60.9
51.7
40.6
5.95

61.6
52.3
41.2
6.3

pV/°C

50
50

80

100
150

pA

4V<Vin<36V
*

0.003

0.02

°C/V

0^Io<lmA
*

0.04

0.2

°C

DIVIDER IMPEDANCE

E
J
K, T
R, S

2.5
2.1
4.4
3.8

CHANGE IN SUPPLY CURRENT

4V<Vin<36V

0.01

Parameter

Conditions

TEMPERATURE ERROR AT 10mV/°C OUTPUT1,2

Tj=+25°C
Full Temperature Span
*

RESISTOR DIVIDER ACCURACY1’3

VOUT= 10mV/°C
E
J
K, T
R, S

SUPPLY CURRENT

4V<Vin<36V
★

LINE REGULATION4
LOAD REGULATION4

Min

kfl

0.05

pA/V

PACKAGE OPTION5
Plastic DIP (N-8)
NOTES
'To calculate total temperature error at individual thermocouple outputs, add 10mV/°C output error to the resistor divider error. Total error for type K output
at +25°C with an AC1226 is 2.0’C plus (0.6pV/°C) (25°C)/(40.6pV/oC=2.0<>C+0.37t'C=2.37oC.
2Temperature error is defined as the deviation from the following formula: VOUT=10mV(T) + (10mVX5.5x 10“*
)(T-25 oC)2. The second term is a built-in
nonlinearity designed to help compensate the nonlinearity of the cold junction. This “bow” is ”»0.34°C for a 25°C temperature change.
’Divider accuracy is measured by applying a 10.000V signal to the output divider and measuring the individual outputs.
4Regulation does not include the effects of self-heating. See “Internal Temperature Rise” in Application Guide. Load regulation is 30pAsIos 1mA for
TAsO°C.
5See Section 20 for package outline information.
'Denotes the specifications which apply over the full operating temperature range.
Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS
Input Supply Voltage................................................................. 36V
Output Voltage (Forced)............................................................ 5V
Output Short Circuit Duration....................................... Indefinite
Operating Temperature Range.....................................0 to +70°C
Storage Temperature Range............................. -55°C to +150°C
Lead Temperature (Soldering, lOsec)................................ + 300°C

Typical Performance Characteristics

SUPPLY VOLTAGE - V
'ERROR CURVE FACTORS IN THE NONLINEARITY TERM BUILT IN
TO THE AC1226 SEE THEORY OF OPERATION IN APPLICATION
GUIDE SECTION

10mV/°C Output Temperature Error
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Supply Current

AC 1226
APPLICATION GUIDE
The AC 1226 was designed to be extremely easy to use, but the
following ideas and suggestions should be helpful in obtaining
the best possible performance and versatility from this new cold
junction compensator.
THEORY OF OPERATION
A thermocouple consists of two dissimilar metals joined
together. A voltage (Seebeck EMF) will be generated if the two
ends of the thermocouple are at different temperatures. In Fig
ure 1, iron and constantan are joined at the temperature measur
ing point Tl. Two additional thermocouple junctions are formed
where the iron and constantan connect to ordinary copper wire.
For the purposes of this discussion it is assumed that these two
junctions are at the same temperature, T2. The Seebeck voltage,
Vs, is the product of the Seebeck coefficient a, and the temper
ature difference, T1-T2; Vs = a (T1-T2). The junctions at T2
are commonly called the cold junction because a common prac
tice is to immerse the T2 junction in 0°C ice/water slurry to
make T2 independent of room temperature variations. Thermo
couple tables are based on a cold junction temperature of 0°C.

TEMPERATURE
TO BE MEASURED
CONSTANTAN
AC1226 MUST BE LOCATED
NEXT TO COLD JUNCTION
FOR TEMPERATURE TRACKING

Figure 1.

For most applications an electronically simulated cold junction is
required. The idea is basically to add a temperature dependent
voltage to Vs such that the voltage sum is the same as if the T2
junction were at a constant 0°C instead of at room temperature.
This voltage source is called a cold junction compensator. Its
output is designed to be OV at 0°C and have a slope equal to the
Seebeck coefficient over the expected range of T2 temperatures.

To operate properly, a cold junction compensator must be at
exactly the same temperature as the cold junction of the thermo
couple (T2). Therefore, it is important to locate the AC1226
physically close to the cold junction with local temperature gradients
minimized. If this is not possible, an extender made of matching
thermocouple wire can be used. This shifts the cold junction
from the user termination to the end of the extender so that the
AC 1226 can be located remotely from the user termination as
shown in Figure 2.
Fe
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r—
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JUNCTION

CN

O Cu
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1
1
1
1
1
1
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The four thermocouple outputs on the AC1226 are 60.9pV/°C
(E), 51.7jxV/°C (J), 40.6p.V/°C (K and T) and 6p.V/°C (R and
S). These particular coefficients are chosen to match the room
temperature (+25°C) slope of the thermocouples. Over wide
temperature ranges, however, the slope of thermocouples
changes, yielding a quasi-parabolic error compared to a constant
slope. The AC1226 outputs have a deliberate parabolic “bow” to
help compensate for this effect. The outputs can be mathemati
cally described as the sum of a linear term equal to room tem
perature slope plus a quadratic term proportional to temperature
deviation from +25°C squared. The coefficient (0) of the qua
dratic term is a compromise value chosen to offer improvement
in all the outputs.
VOUT=aT+0(T-25°C)2
0^5.5x10“*
The actual 0 term which would be required to best compensate
each thermocouple type in the temperature range of 0 to +50°C
is: E, 6.6X10
*
4; J, 4.8x10;
*
K, 4.3x10;
*
R, 1.9X10’3; S,
1.9x 10“3; T, lxlO-3.
The temperature error specification for the AC1226 (shown as a
graph) assumes a 0 of 5.5
*.
*.
1O~
For example, an AC1226 is
considered “perfect” if its lOmVTC output fits the equation
Vo= 10mV(T)+5.5'
l(T
*
4(T-25)2.

OPERATING AT NEGATIVE TEMPERATURES
The AC1226 is designed to operate with a single positive supply.
It therefore cannot deliver proper outputs for temperatures
below zero unless an external pull-down resistor is added to the
Vo output. This resistor can be connected to any convenient
negative supply. It should be selected to sink at least 30jiA of
current. Suggested value for a -5V supply is 150kfl, and for a
-15V supply, 470kfl. Smaller resistors must be used if an
external load is connected to the 10mV/°C output. The AC1226
can source up to 1mA of current, but there is a trade-off with
internal temperature rise.
INTERNAL TEMPERATURE RISE
The AC1226 is specified for temperature accuracy assuming no
internal temperature rise. At low supply voltages this rise is usu
ally negligible (=0.05°C (a 5V), but at higher supply voltages or
with external loads or pull-down current, internal rise could
become significant. This effect can be calculated from a simple
thermal formula, AT = (0JA) (V‘) (IQ+IL)> where 0JA is thermal
resistance from junction to ambient (— 130°C/W), V’ is the
AC1226 supply voltage, IQ, is the AC1226 supply current
(—80p.A), and IL is the total load current including actual load
to ground and any pull-down current needed to generate nega
tive outputs. A sample calculation with a 15V supply and
50p.A pull-down current would yield, (130°C/W) (15V)
(80+50p.A) = 0.32°C. This is a significant rise in some applica
tions. It can be reduced by lowering supply voltage (a simple fix
is to insert a 10V Zener in the VIN lead) or the system can be
calibrated and specified after an initial warm-up period of sev
eral minutes.

"NEW"COLD
JUNCTION

FRONT PANEL
CONNECTOR

Figure 2.
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THERMOCOUPLE EFFECTS IN LEADS
Thermocouple voltages are generated whenever dissimilar mate
rials are joined. This includes the leads of IC packages, which may
be kovar in TO-5 cans, alloy 42 or copper in dual-in-line pack
ages, and a variety of other materials in plating finishes and sol
ders. The net effect of these thermocouples is “zero” if all are at
exactly the same temperature, but temperature gradients exist
within IC packages and across PC boards whenever power is
dissipated. For this reason, extreme care must be used to ensure
that no temperature gradients exist in the vicinity of thermocou
ple terminations, the AC1226, or the thermocouple amplifier. If
a gradient cannot be eliminated, leads should be positioned isothermally, especially the AC 1226 R and appropriate output
pins, the amplifier input pins and the gain setting resistor leads.
An effect to watch for is amplifier offset voltage warm-up drift
caused by mismatched thermocouple materials in the wire
bond/lead system of the package. This effect can be as high as
tens of microvolts in TO-5 cans with kovar leads. It has nothing
to do with the actual offset drift specification of the amplifier
and can occur in amplifiers with measured “zero” drift. Warm
up drift is directly proportional to amplifier power dissipation.
It can be minimized by avoiding TO-5 cans, using low supply
current amplifiers and by using the lowest possible supply volt
ages. Finally, it can be accommodated by calibrating and speci
fying the system after a five minute warm-up period.

‘PIN NUMBER DEPENDS ON THERMOCOUPLE TYPE.

Figure 3. Using the AC21226 with the 1B51, Isolated
mV/Thermocouple Signal Conditioner

Figure 3 shows how to connect the AC1226 to the IB51 to
compensate for the cold junction. This circuit is a conditioned
and isolated channel for E, J, K, R, S or T thermocouples.
Figure 4 shows optional AC1226/1B51 connections with open
input detection. This circuit minimizes input offset error gener
ated by the pull up (or pull down) resistor, by eliminating the
AC1226’s divider impedance as seen by theresistor Rl.

Figure 4. Optional AC1226/1B51 Connections for Thermo
couple Input with Open Detection Circuit
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ANALOG
DEVICES

Monolithic Thermocouple Amplifiers
with Cold Junction Compensation
/AD595
*AD594
AD594/AD595 FUNCTIONAL BLOCK DIAGRAM

FEATURES
Pretrimmed for Type J (AD594) or
Type K (AD595) Thermocouples
Can Be Used with Type T Thermocouple Inputs
Low Impedance Voltage Output: 10mV/°C
Built-in Ice Point Compensation
Wide Power Supply Range: +5V to ±15V
Low Power: <1mW typical
Thermocouple Failure Alarm
Laser Wafer Trimmed to 1°C Calibration Accuracy
Set-Point Mode Operation
Self-Contained Celsius Thermometer Operation
High Impedance Differential Input
Side-Brazed DIP or Low Cost Cerdip
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.—E
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♦ALM
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COMP
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PRODUCT DESCRIPTION
The AD594/AD595 is a complete instrumentation amplifier and
thermocouple cold junction compensator on a monolithic chip.
It combines an ice point reference with a precalibrated amplifier
to produce a high level (10mV/°C) output directly from a ther
mocouple signal. Pin-strapping options allow it to be used as a
linear amplifier-compensator or as a switched output set-point
controller using either fixed or remote set-point control. It can
be used to amplify its compensation voltage directly, thereby
converting it to a stand-alone Celsius transducer with a low-im
pedance voltage output.

The AD594/AD595 is available in two performance grades. The
C and the A versions have calibration accuracies of ± 1°C and
± 3°C, respectively. Both are designed to be used from 0 to
+ 50°C, and are available in 14-pin, hermetically sealed, sidebrazed ceramic DIPs as well as low cost cerdip packages.

The AD594/AD595 includes a thermocouple failure alarm that
indicates if one or both thermocouple leads become open. The
alarm output has a flexible format which includes TTL drive
capability.

3. Flexible pin-out provides for operation as a set-point controller
or a stand-alone temperature transducer calibrated in degrees
Celsius.

PRODUCT HIGHLIGHTS
1. The AD594/AD595 provides cold junction compensation,
amplification, and an output buffer in a single IC package.

2. Compensation, zero, and scale factor are all precalibrated by
laser wafer trimming (LWT) of each IC chip.

The AD594/AD595 can be powered from a single ended supply
(including + 5 V) and by including a negative supply, temperatures
below 0°C can be measured. To minimize self-heating, an unloaded
AD594/AD595 will typically operate with a total supply current
of 160pA, but is also capable of delivering in excess of ± 5mA
to a load.

4. Operation at remote application sites is facilitated by low
quiescent current and a wide supply voltage range of + 5V to
dual supplies spanning 30V.
5. Differential input rejects common-mode noise voltage on the
thermocouple leads.

The AD594 is precalibrated by laser wafer trimming to match
the characteristic of type J (iron-constantan) thermocouples and
the AD595 is laser trimmed for type K (chromel-alumel) inputs.
The temperature transducer voltages and gain control resistors
are available at the package pins so that the circuit can be re
calibrated for other thermocouple types by the addition of two
or three resistors. These terminals also allow more precise cali
bration for both thermocouple and thermometer applications.
‘Protected by U.S. Patent No. 4,029,974.
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(@ +25°C and Vs = 5 V, Type J (AD594), Type K (AD595) Thermocouple, unless otherwise noted)
Min
ABSOLUTE MAXIMUM RATINGS
+VS to -Vs
Common-Mode Input Voltage
Differential Input Voltage
Alarm Voltages
+ ALM
-ALM
Operating Temperature Range
Output Short Circuit to Common

Typ

-Vs -0.15
-vs

Max

Min

36
+vs
+ VS

-Vs -0.15

-Vs +36
+vs
+ 125

-Vs
-Vs
-55
Indefinite

AD595A

AD594C

AD594A

Model

Typ

-Vs

Max

Min

36
+ VS
+vs

-Vs -0.15
-Vs

-Vs +36
+vs
+ 125

-Vs
-Vs
-55
Indefinite

Typ

Min

36
+ Vs
+ VS

-Vs -0.15

-vs +36
+ VS
+ 125

-Vs
-Vs
-55
Indefinite

AD595C
Max
Typ

Max

-Vs
-Vs
-Vs
-55
Indefinite

Units

36
+ Vs
+VS

Volts
Volts
Volts

-Vs +36
+vs
+ 125

Volts
Volts
”C

±1
±0.025
±0.75
10

°C

TEMPERATURE MEASUREMENT
(Specified Temperature Range
Oto + 50°C)
Calibration Error at +25°CI
Stability vs. Temperature2
Gain Error
Nominal Transfer Function

AMPLIFIER CHARACTERISTICS
Closed Loop Gain
*
Input Offset Voltage
Input Bias Current
Differential Input Range
Common-Mode Range
Common-Mode Sensitivity - RTO
Power Supply Sensitivity - RTO
Output Voltage Range
Dual Supplies
Single Supply
Usable Output Current4

193.4
(Temperature in °C) x 51.70 p.V/°C
0.1
+ 50
-10
+Vs-4
-Vs -0.15
10
10

+ VS -2
+VS -2

-vs +2.5
0

3 dB Bandwidth

193.4
(Temperature in °C) x 51.70 jaV/°C
0.1

-Vs -0.15

+VS —4
10
10

247.3
(Temperature in °C) x40.44 p.V/°C
0.1
+ 50
-10
-Vs -0.15
+ VS —4
10
10

-vs +2.5
0

+VS -2
+ VS -2

-Vs +2.5
0

+Vs-2
+VS +2

247.3
(Temperature in °C) *
40.44 jiV/°C
0.1
-10
+ 50
-Vs -0.15
+VS -4
10
10
+ VS -2
+ Vs-2

-Vs +2.5
0

±5
15

±5
15

±5
15

±3
±0.05
±1.5
10

±1
±0.025
±0.75
10

±3
±0.05
±1.5
10

±5
15

°c/°c
%
mVI°C

fV
(iA
mV

Volts
mV/V
mV/V
Volts
Volts
mA
kHz

ALARM CHARACTERISTICS
VCBSAT) at 2 mA

Leakage Current
Operating Voltage at - ALM
Short Circuit Current

POWER REQUIREMENTS
Specified Performance
Operating5

0.3

0.3

0.3

±1
+vs —4

20

20

20

20

0.3
±1
+VS -4

±1
+ vs -4

±1
+VS -4

+vs = 5, -Vs = 0
+v to -Vs < 30

+vs = 5, -Vs = 0
+v S to -Vs + 30

+vs = 5, -Vs = 0
+ V s to -Vs s30

160
100

160
100

160
100

+VS = 5, -Vs = 0
+v s to -Vs +30

Volts
nA max
Volts
mA

Volts
Volts

Quiescent Current (No Load)
+vs
-VS

300

300

300

160
100

300

pA
P-A

PACKAGE OPTIONS"
TO-116(D-14)
Cerdip (Q-14A)

AD594AD
AD594AQ

AD594CD
AD594CQ

AD595AD
AD595AQ

AD595CD
AD595CQ

Notes
’Calibrated for minimum error at +25°C using a thermocouple sensitivity of 51.7 jiV/°C. Since a J type thermocouple deviates from this straight line approximation, the AD594 will normally read 3.1 mV
when the measuring junction is at 0°C. The AD595 will similarly read 2.7 mV at 0°C.
2Defined as the slope of the line connecting the AD594/AD595 errors measured at 0°C and 50°C ambient temperature.
3Pin 8 shorted to Pin 9.
4Current Sink Capability in single supply configuration is limited to current drawn to ground through a 50 kQ resistor at output voltages below 2.5 V.
5-V$ must not exceed -16.5 V.
6See Section 20 for package outline information.

Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality levels.
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units.

13-10 SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS

AD594/AD595
Thermocouple
Temperature
°C

Type J
Voltage
mV

AD594
Output
mV

TypeK
Voltage
mV

AD595
Output
mV

Thermocouple
Temperature
°C

Type J
Voltage
mV

AD594
Output
mV

TypeK
Voltage
mV

AD595
Output
mV

200
180
160
140
120

-

7.890
7.402
6.821
6.159
5.426

- 1523
- 1428
-1316
-1188
- 1046

-

5.891
5.550
5.141
4.669
4.138

- 1454
- 1370
- 1269
-1152
- 1021

500
520
540
560
580

27.388
28.511
29.642
30.782
31.933

5300
5517
5736
5956
6179

20.640
21.493
22.346
23.198
24.050

5107
5318
5529
5740
5950

- 100
- 80
- 60
- 40
- 20

-

4.632
3.785
2.892
1.960
.995

-

893
729
556
376
189

-

3.553
2.920
2.243
1.527
.777

-

876
719
552
375
189

600
620
640
660
680

33.096
34.273
35.464
36.671
37.893

6404
6632
6862
7095
7332

24.902
25.751
26.599
27.445
28.288

6161
6371
6581
6790
6998

10
0
10
20
25

-

.501
0
.507
1.019
1.277

-

94
3.1
101
200
250

-

.392
0
.397
.798
1.000

-

94
2.7
101
200
250

700
720
740
750
760

39.130
40.382
41.647
42.283
-

7571
7813
8058
8181
-

28.128
29.965
30.799
31.214
31.629

7206
7413
7619
7722
7825

-

30
40
50
60
80

1.536
2.058
2.585
3.115
4.186

300
401
503
606
813

1.203
1.611
2.022
2.436
3.266

300
401
503
605
810

780
800
820
840
860

32.455
33.277
34.095
34.909
35.718

8029
8232
8434
8636
8836

100
120
140
160
180

5.268
6.359
7.457
8.560
9.667

1022
1233
1445
1659
1873

4.095
4.919
5.733
6.539
7.338

1015
1219
1420
1620
1817

880
900
920
940
960

36.524
37.325
38.122
38.915
39.703

9035
9233
9430
9626
9821

200
220
240
260
280

10.777
11.887
12.998
14.108
15.217

2087
2302
2517
2732
2946

8.137
8.938
9.745
10.560
11.381

2015
2213
2413
2614
2817

980
1000
1020
1040
1060

40.488
41.269
42.045
42.817
43.585

10015
10209
10400
10591
10781

300
320
340
360
380

16.325
17.432
18.537
19.640
20.743

3160
3374
3588
3801
4015

12.207
13.039
13.874
14.712
15.552

3022
3327
3434
3641
3849

1080
1100
1)20
1140
1160

44.349
45.108
45.863
46.612
47.356

10970
11158
11345
11530
11714

400
420
440
460
480

21.846
22.949
24.054
25.161
26.272

4228
4441
4655
4869
5084

16.395
17.241
18.088
18.938
19.788

4057
4266
4476
4686
4896

1180
1200
1220
1240
1250

48.095
48.828
49.555
50.276
50.633

11897
12078
12258
12436
12524

Table I. Output Voltage vs. Thermocouple Temperature (Ambient +25°C, Vs = -5V, + 15V)

INTERPRETING AD594/AD595 OUTPUT VOLTAGES
To achieve a temperature proportional output of 10mV/°C and
accurately compensate for the reference junction over the rated
operating range of the circuit, the AD594/AD595 is gain trimmed
to match the transfer characteristic of J and K type thermocouples
at 25°C. For a type J output in this temperature range the TC is
51.70p.V/°C, while for a type K it is 40.44p,V/°C. The resulting
gain for the AD594 is 193.4 (10mV/°C divided by 51.7p.V/°C)
and for the AD595 is 247.3 (10mV/°C divided by 40.44jjlV/°C).
In addition, an absolute accuracy trim induces an input offset to
the output amplifier characteristic of 16p.V for the AD594 and
1 lp.V for the AD595. This offset arises because the AD594/AD595
is trimmed for a 250mV output while applying a 25°C thermocouple
input.

Because a thermocouple output voltage is nonlinear with respect
to temperature, and the AD594/AD595 linearly amplifies the
compensated signal, the following transfer functions should be
used to determine the actual output voltages:
AD594 output = (Type J Voltage + 16p.V) x 193.4

AD595 output = (Type K Voltage + ll|xV) x 247.3
or conversely:

Type J voltage = (AD594 output I 193.4) — 16jjlV
Type K voltage = (AD595 output I 247.3) — llp.V
Table I above lists the ideal AD594/AD595 output voltages as a
function of Celsius temperature for type J and K ANSI standard
thermocouples, with the package and reference junction at 25°C.
As is normally the case, these outputs are subject to calibration,
gain and temperature sensitivity errors. Output values for inter
mediate temperatures can be interpolated, or calculated using
the output equations and ANSI thermocouple voltage tables
referred to zero degrees Celsius. Due to a slight variation in
alloy content between ANSI type J and DIN Fe-CuNi ther
mocouples Table I should not be used in conjunction with Euro
pean standard thermocouples. Instead the transfer function
given previously and a DIN thermocouple table should be used.
ANSI type K and DIN NiCr-Ni thermocouples are composed
of identical alloys and exhibit similar behavior. The upper tem
perature limits in Table I are those recommended for type J and
type K thermocouples by the majority of vendors.
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SINGLE AND DUAL SUPPLY CONNECTIONS
The AD594/AD595 is a completely self-contained thermocouple
conditioner. Using a single + 5V supply the interconnections
shown in Figure 1 will provide a direct output from a type J
thermocouple (AD594) or type K thermocouple (AD595) meas
uring from 0 to + 300°C.
♦SV

THERMOCOUPLE CONNECTIONS
The isothermal terminating connections of a pair of themocouple
wires forms an effective reference junction. This junction must
be kept at the same temperature as the AD594/AD595 for the
internal cold junction compensation to be effective.

A method that provides for thermal equilibrium is the printed
circuit board connection layout illustrated in Figure 3.

Figure 1. Basic Connection, Single Supply Operation

Any convenient supply voltage from + 5 V to + 30V may be
used, with self-heating errors being minimized at lower supply
levels. In the single supply configuration the + 5V supply connects
to pin 11 with the V — connection at pin 7 strapped to power
and signal common at pin 4. The thermocouple wire inputs
connect to pins 1 and 14 either directly from the measuring
point or through intervening connections of similar thermocouple
wire type. When the alarm output at pin 13 is not used it should
be connected to common or —V. The precalibrated feedback
network at pin 8 is tied to the output at pin 9 to provide a
10mV/°C nominal temperature transfer characteristic.

By using a wider ranging dual supply, as shown in Figure 2, the
AD594/AD595 can be interfaced to thermocouples measuring
both negative and extended positive temperatures.

Figure 3. PCB Connections

Here the AD594/AD595 package temperature and circuit board
are thermally contacted in the copper printed circuit board
tracks under pins 1 and 14. The reference junction is now composed
of a copper-constantan (or copper-alumel) connection and copper
iron (or copper-chromel) connection, both of which are at the
same temperature as the AD594/AD595.
The printed circuit board layout shown also provides for placement
of optional alarm load resistors, recalibration resistors and a
compensation capacitor to limit bandwidth.

To ensure secure bonding the thermocouple wire should be
cleaned to remove oxidation prior to soldering. Noncorrosive
rosin flux is effective with iron, constantan, chromel and alumel
and the following solders: 95% tin-5% antimony, 95% tin-5%
silver or 90% tin-10% lead.
FUNCTIONAL DESCRIPTION
The AD594 behaves like two differential amplifiers. The outputs
are summed and used to control a high-gain amplifier, as shown
in Figure 4.

Figure 2. Dual Supply Operation

With a negative supply the output can indicate negative temper
atures and drive grounded loads or loads returned to positive
voltages. Increasing the positive supply from 5V to 15V extends
the output voltage range well beyond the 750°C temperature
limit recommended for type J thermocouples (AD594) and the
125O°C for type K thermocouples (AD595).
Common-mode voltages on the thermocouple inputs must remain
within the common-mode range of the AD594/AD595, with a
return path provided for the bias currents. If the thermocouple
is not remotely grounded, then the dotted line connections in
Figures 1 and 2 are recommended. A resistor may be needed in
this connection to assure that common mode voltages induced in
the thermocouple loop are not converted to normal mode.

Figure 4. AD594/AD595 Block Diagram

In normal operation the main amplifier output, at pin 9, is
connected to the feedback network, at pin 8. Thermocouple
signals applied to the floating input stage, at pins 1 and 14, are
amplified by gain G of the differential amplifier and are then
further amplified by gain A in the main amplifier. The output
of the main amplifier is fed back to a second differential stage in
an inverting connection. The feedback signal is amplified by
this stage and is also applied to the main amplifier input through
a summing circuit. Because of the inversion, the amplifier causes
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AD594/AD595
the feedback to be driven to reduce this difference signal to a
small value. The two differential amplifiers are made to match
and have identical gains, G. As a result, the feedback signal that
must be applied to the right-hand differential amplifier will
precisely match the thermocouple input signal when the difference
signal has been reduced to zero. The feedback network is trimmed
so that the effective gain to the output, at pins 8 and 9, results
in a voltage of 10mV/°C of thermocouple excitation.

In addition to the feedback signal, a cold junction compensation
voltage is applied to the right-hand differential amplifier. The
compensation is a differential voltage proportional to the Celsius
temperature of the AD594/AD595. This signal disturbs the
differential input so that the amplifier output must adjust to
restore the input to equal the applied thermocouple voltage.

The compensation is applied through the gain scaling resistors
so that its effect on the main output is also 10mV/°C. As a result,
the compensation voltage adds to the effect of the thermocouple
voltage a signal directly proportional to the difference between
0°C and the AD594/AD595 temperature. If the thermocouple
reference junction is maintained at the AD594/AD595 tempera
ture, the output of the AD594/AD595 will correspond to the
reading that would have been obtained from amplification of a
signal from a thermocouple referenced to an ice bath.
The AD594/AD595 also includes an input open circuit detector
that switches on an alarm transistor. This transistor is actually a
current-limited output buffer, but can be used up to the limit as
a switch transistor for either pull-up or pull-down operation of
external alarms.

The ice point compensation network has voltages available with
positive and negative temperature coefficients. These voltages
may be used with external resistors to modify the ice point
compensation and recalibrate the AD594/AD595 as described in
the next column.
The feedback resistor is separately pinned out so that its value
can be padded with a series resistor, or replaced with an external
resistor between pins 5 and 9. External availability of the feedback
resistor allows gain to be adjusted, and also permits the AD594/
AD595 to operate in a switching mode for set-point operation.
CAUTIONS:
The temperature compensation terminals (+ C and — C) at pins
2 and 6 are provided to supply small calibration currents only.
The AD594/AD595 may be permanently damaged if they are
grounded or connected to a low impedance.

The AD594/AD595 is internally frequency compensated for
feedback ratios (corresponding to normal signal gain) of 75 or
more. If a lower gain is desired, additional frequency compensation
should be added in the form of a 300pF capacitor from pin 10
to the output at pin 9. As shown in Figure 5 an additional 0.01 jjlF
capacitor between pins 10 and 11 is recommended.

RECALIBRATION PRINCIPLES AND LIMITATIONS
The ice point compensation network of the AD594/AD595
produces a differential signal which is zero at 0°C and corresponds
to the output of an ice referenced thermocouple at the temperature
of the chip. The positive TC output of the circuit is proportional
to Kelvin temperature and appears as a voltage at + T. It is
possible to decrease this signal by loading it with a resistor from
+ T to COM, or increase it with a pull-up resistor from +T to
the larger positive TC voltage at + C. Note that adjustments to
+ T should be made by measuring the voltage which tracks it at
-T. To avoid destabilizing the feedback amplifier the measuring
instrument should be isolated by a few thousand ohms in series
with the lead connected to -T.

Figure 6. Decreased Sensitivity Adjustment

Changing the positive TC half of the differential output of the
compensation scheme shifts the zero point away from 0°C. The
zero can be restored by adjusting the current flow into the negative
input of the feedback amplifier, the -T pin. A current into this
terminal can be produced with a resistor between - C and - T
to balance an increase in + T, or a resistor from - T to COM to
offset a decrease in +T.

If the compensation is adjusted substantially to accommodate a
different thermocouple type, its effect on the final output voltage
will increase or decrease in proportion. To restore the nominal
output to 10mV/°C the gain may be adjusted to match the new
compensation and thermocouple input characteristics. When
reducing the compensation the resistance between — T and
COM automatically increases the gain to within 0.5% of the
correct value. If a smaller gain is required, however, the nominal
47 kfl internal feedback resistor can be paralleled or replaced
with an external resistor.
Fine calibration adjustments will require temperature response
measurements of individual devices to assure accuracy. Major
reconfigurations for other thermocouple types can be achieved
without seriously compromising initial calibration accuracy, so
long as the procedure is done at a fixed temperature using the
factory calibration as a reference. It should be noted that inter
mediate recalibration conditions may require the use of a negative
supply. An example using a type E thermocouple and an AD594
is given on the next page.

Figure 5. Low Gain Frequency Compensation
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EXAMPLE: TYPE E RECALIBRATION - AD594/AD595
Both the AD594 and AD595 can be configured to condition the
output of a type E (chromel-constantan) thermocouple. Temper
ature characteristics of type E thermocouples differ less from
type J, than from type K, therefore the AD594 is preferred for
recalibration.
While maintaining the device at a constant temperature follow
the recalibration steps given here. First, measure the device
temperature by tying both inputs to common (or a selected
common mode potential) and connecting FB to Vo- The AD594
is now in the stand alone Celsius thermometer mode. For this
example assume the ambient is 24°C and the initial output Vo is
240mV. Check the output at Vo to verify that it corresponds to
the temperature of the device.

Next, measure the voltage - T at pin 5 with a high impedance
DVM (capacitance should be isolated by a few thousand ohms
of resistance at the measured terminals). At 24°C the — T voltage
will be about 8.3mV. To adjust the compensation of an AD594
to a type E thermocouple a resistor, Rl, should be connected
between +T and +C, pins 2 and 3, to raise the voltage at — T
by the ratio of thermocouple sensitivities. The ratio for converting
a type J device to a type E characteristic is:
r (AD594) =(60.9jiV/°C)/(51.7p.V/°C)= 1.18
Thus, multiply the initial voltage measured at — T by r and
experimentally determine the Rl value required to raise — T to
that level. For the example the new — T voltage should be
about 9.8mV. The resistance value should be approximately
1.8kQ.

The zero differential point must now be shifted back to 0°C.
This is accomplished by multiplying the original output voltage
Vo by r and adjusting the measured output voltage to this value
by experimentally adding a resistor, R2, between — C and — T,
pins 5 and 6. The target output value in this case should be
about 283mV. The resistance value of R2 should be approximately
240kft.
Finally, the gain must be recalibrated such that the output Vo
indicates the device’s temperature once again. Do this by adding
a third resistor, R3, between FB and — T, pins 8 and 5. Vo
should now be back to the initial 240mV reading. The resistance
value of R3 should be approximately 280kfl. The final connection
diagram is shown in Figure 7. An approximate verification of
the effectiveness of recalibration is to measure the differential
gain to the output. For type E it should be 164.2.

When implementing a similar recalibration procedure for the
AD595 the values for Rl, R2, R3 and r will be approximately
65011, 84kfl, 93kfl and 1.51, respectively. Power consumption
will increase by about 50% when using the AD595 with type E
inputs.
Note that during this procedure it is crucial to maintain the
AD594/AD595 at a stable temperature because it is used as the
temperature reference. Contact with fingers or any tools not at
ambient temperature will quickly produce errors. Radiational
heating from a change in lighting or approach of a soldering
iron must also be guarded against.

USING TYPE T THERMOCOUPLES WITH THE AD595
Because of the similarity of thermal EMFs in the 0 to 50°C
range between type K and type T thermocouples, the AD595
can be directly used with both types of inputs. Within this
ambient temperature range the AD595 should exhibit no more
than an additional 0.2°C output calibration error when used
with type T inputs. The error arises because the ice point com
pensator is trimmed to type K characteristics at 25°C. To calculate
the AD595 output values over the recommended - 200 to 35O°C
range for type T thermocouples, simply use the ANSI ther
mocouple voltages referred to 0°C and the output equation given
on page 3 for the AD595. Because of the relatively large non
linearities associated with type T thermocouples the output will
deviate widely from the nominal 10mV/°C. However, cold junction
compensation over the rated 0 to 50°C ambient will remain
accurate.

STABILITY OVER TEMPERATURE
Each AD594/AD595 is tested for error over temperature with
the measuring thermocouple at 0°C. The combined effects of
cold junction compensation error, amplifier offset drift and gain
error determine the stability of the AD594/AD595 output over
the rated ambient temperature range. Figure 8 shows an AD594/
AD595 drift error envelope. The slope of this figure has units of
°C/°C.

Figure 8. Drift Error vs. Temperature
R1

R2

Figure 7. Type E Recalibration

THERMAL ENVIRONMENT EFFECTS
The inherent low power dissipation of the AD594/AD595 and
the low thermal resistance of the package make self-heating
errors almost negligible. For example, in still air the chip to
ambient thermal resistance is about 80°C/watt (for the D package).
At the nominal dissipation of 800p.W the self-heating in free air
is less than 0.065°C. Submerged in fluorinert liquid (unstirred)
the thermal resistance is about 40°C/watt, resulting in a self-healing
error of about 0.032°C.
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AD594/AD595
SET-POINT CONTROLLER
The AD594/AD595 can readily be connected as a set-point
controller as shown in Figure 9.

Figure 10. Using the Alarm to Drive a TTL Gate
("Grounded" Emitter Configuration)

Since the alarm is a high level output it may be used to directly
drive an LED or other indicator as shown in Figure 11.

Figure 9. Set-Point Controller

The thermocouple is used to sense the unknown temperature
and provide a thermal EMF to the input of the AD594/AD595.
The signal is cold junction compensated, amplified to 10mV/°C
and compared to an external set-point voltage applied by the
user to the feedback at pin 8. Table I lists the correspondence
between set-point voltage and temperature, accounting for the
nonlinearity of the measurement thermocouple. If the set-point
temperature range is within the operating range (- 55°C to
+ 125°C) of the AD594/AD595, the chip can be used as the
transducer for the circuit by shorting the inputs together and
utilizing the nominal calibration of 10mV/°C. This is the centigrade
thermometer configuration as shown in Figure 13.

In operation if the set-point voltage is above the voltage corres
ponding to the temperature being measured the output swings
low to approximately zero volts. Conversely, when the temperature
rises above the set-point voltage the output switches to the
positive limit of about 4 volts with a + 5V supply. Figure 9
shows the set-point comparator configuration complete with a
heater element driver circuit being controlled by the AD594/
AD595 toggled output. Hysteresis can be introduced by injecting
a current into the positive input of the feedback amplifier when
the output is toggled high. With an AD594 about 200nA into
the + T terminal provides 1°C of hysteresis. When using a
single 5V supply with an AD594, a 20M(l resistor from Vo to
+ T will supply the 200nA of current when the output is forced
high (about 4V). To widen the hysteresis band decrease the
resistance connected from Vo to + T.
ALARM CIRCUIT
In all applications of the AD594/AD595 the — ALM connection,
pin 13, should be constrained so that it is not more positive
than (V +) - 4V. This can be most easily achieved by connecting
pin 13 to either common at pin 4 or V-at pin 7. For most
applications that use the alarm signal, pin 13 will be grounded
and the signal will be taken from + ALM on pin 12. A typical
application is shown in Figure 10.

In this configuration the alarm transistor will be off in normal
operation and the 20k pull up will cause the + ALM output on
pin 12 to go high. If one or both of the thermocouple leads are
interrupted, the + ALM pin will be driven low. As shown in
Figure 10 this signal is compatible with the input of a TTL gate
which can be used as a buffer and/or inverter.

Figure 11. Alarm Directly Drives LED

A 270(1 series resistor will limit current in the LED to 10mA,
but may be omitted since the alarm output transistor is current
limited at about 20mA. The transistor, however, will operate in
a high dissipation mode and the temperature of the circuit will
rise well above ambient. Note that the cold junction compensation
will be affected whenever the alarm circuit is activated. The
time required for the chip to return to ambient temperature will
depend on the power dissipation of the alarm circuit, the nature
of the thermal path to the environment and the alarm duration.

The alarm can be used with both single and dual supplies. It
can be operated above or below ground. The collector and emitter
of the output transistor can be used in any normal switch con
figuration. As an example a negative referenced load can be
driven from - ALM as shown in Figure 12.
The collector (+ ALM) should not be allowed to become more
positive than (V -) + 36V, however, it may be permitted to be
more positive than V +. The emitter voltage (- ALM) should
be constrained so that it does not become more positive than 4
volts below the V + applied to the circuit.
Additionally, the AD594/AD595 can be configured to produce
an extreme upscale or downscale output in applications where
an extra signal line for an alarm is inappropriate. By tying either
of the thermocouple inputs to common most runaway control
conditions can be automatically avoided. A +IN to common
connection creates a downscale output if the thermocouple opens,
while connecting - IN to common provides an upscale output.
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Figure 14. Thermocouple Voltage with 0°C Reference

Kn alternative measurement technique, illustrated in Figure 15,
is used in most practical applications where accuracy requirements
do not warrant maintenance of primary standards. The reference
junction temperature is allowed to change with the environment
Figure 12. -ALM Driving A Negative Referenced Load

CELSIUS THERMOMETER
The AD594/AD595 may be configured as a stand-alone Celsius
thermometer as shown in Figure 13.

Figure 15. Substitution of Measured Reference
Temperature for Ice Point Reference

Figure 13. AD594/AD595 as a Stand-Alone Celsius
Thermometer

Simply omit the thermocouple and connect the inputs (pins 1
and 14) to common. The output now will reflect the compensation
voltage and hence will indicate the AD594/AD595 temperature
with a scale factor of 10mV/°C. In this three terminal, voltage
output, temperature sensing mode, the AD594/AD595 will
operate over the full military -55°C to + 125°C temperature
range.
THERMOCOUPLE BASICS
Thermocouples are economical and rugged; they have reasonably
good long-term stability. Because of their small size, they respond
quickly and are good choices where fast response is important.
They function over temperature ranges from cryogenics to jet
engine exhaust and have reasonable linearity and accuracy.

of the measurement system, but it is carefully measured by
some type of absolute thermometer. A measurement of the
thermocouple voltage combined with a knowledge of the reference
temperature can be used to calculate the measurement junction
temperature. Usual practice, however, is to use a convenient
thermoelectric method to measure the reference temperature
and to arrange its output voltage so that it corresponds to a
thermocouple referred to 0°C. This voltage is simply added to
the thermocouple voltage and the sum then corresponds to
the standard voltage tabulated for an ice-point referenced
thermocouple.

The temperature sensitivity of silicon integrated circuit transistors
is quite predictable and repeatable. This sensitivity is exploited
in the AD594/AD595 to produce a temperature related voltage
to compensate the reference or “cold” junction of a thermocouple
as shown in Figure 16.

Because the number of free electrons in a piece of metal depends
on both temperature and composition of the metal, two pieces
of dissimilar metal in isothermal contact will exhibit a potential
difference that is a repeatable function of temperature, as shown
in Figure 14. The resulting voltage depends on the temperatures,
T1 and T2, in a repeatable way.

Since the thermocouple is basically a differential rather than
absolute measuring device, a known reference temperature is
required for one of the junctions if the temperature of the other
is to be inferred from the output voltage. Thermocouples made
of specially selected materials have been exhaustively characterized
in terms of voltage versus temperature compared to primary
temperature standards. Most notably the water-ice point of 0°C
is used for tables of standard thermocouple performance.

Figure 16. Connecting Isothermal Junctions

Since the compensation is at the reference junction temperature,
it is often convenient to form the reference “junction” by con
necting directly to the circuit wiring. So long as these connections
and the compensation are at the same temperature no error will
result.
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Thermocouple Conditioners and
_ _ _ _ _ _ _ Set-Point Controllers
/AD597
*AD596

ANALOG
DEVICES

AD596/AD597 FUNCTIONAL BLOCK DIAGRAM

FEATURES
Low Cost
Operates with Type J (AD596) or Type K (AD597)
Thermocouples
Built-in Ice Point Compensation
Temperature Proportional Operation - 10mV/°C
Temperature Set-Point Operation - ON/OFF
Programmable Switching Hysteresis
High Impedance Differential Input

PRODUCT DESCRIPTION
The AD596/AD597 is a monolithic temperature set-point con
troller which has been optimized for use at elevated temperatures
such as those found in oven control applications. The device
cold junction compensates and amplifies a type J or K ther
mocouple input to derive an internal signal proportional to
temperature. The internal signal is then compared with an ex
ternally applied set-point voltage to yield a low impedance switched
output voltage. Dead-Band or switching hysteresis can be pro
grammed using a single external resistor. Alternately, the AD596/
AD597 can be configured to provide a voltage output (10mV/°C)
directly from a type J or K thermocouple signal. It can also be
used as a stand-alone voltage output temperature sensor.
The AD596/AD597 can be powered with a single supply from
+ 5V to + 30V, or dual supplies up to a total span of 36V.
Typical quiescent supply current is 160p.A which minimizes
self-heating errors.
The AD596/AD597 includes a thermocouple failure alarm that
indicates an open thermocouple lead when operated in the tem
perature proportional measurement mode. The alarm output has
a flexible format which can be used to drive relays, LEDs or
TTL logic.

The AD596/AD597 has a calibration accuracy of ±4°C at an
ambient temperature of 60°C and an ambient temperature stability
specification of 0.05°C/°C from +25°C to + 100°C. If higher
accuracy, or a lower ambient operating temperature is required,
either the AD594 (J thermocouple) or AD595 (K thermocouple)
should be considered.

PRODUCT HIGHLIGHTS
1. The AD596/AD597 provides cold junction compensation
and a high gain amplifier which can be used as a set-point
comparator.
2. The input stage of the AD596/AD597 is a high quality in
strumentation amplifier that allows the thermocouple to float
over most of the supply voltage range.
3. Linearization not required for thermocouple temperatures
close to 175°C (+ 100°C to + 540°C for AD596).
4. Cold junction compensation is optimized for ambient temper
atures ranging from +25°C to + 100°C.
5. In the stand-alone mode, the AD596/AD597 produces an
output voltage that indicates its own temperature.

The device is packaged in a reliability qualified, cost effective
10-pin metal can and is trimmed to operate over an ambient
temperature range from +25°C to + 100°C. Operation over an
extended ambient temperature range is possible with slightly
reduced accuracy. The AD596 will amplify thermocouple signals
covering the entire - 200°C to + 760°C temperature range
recommended for type J thermocouples while the AD597 can
accommodate — 200°C to + 125O°C type K inputs.

‘Protected by U.S. Patent No. 4,029,974.
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(@ +60°C and Vs = 10V, Type J (AD596), Type K (AD597) Thermocouple, unless otherwise noted)
AD596AH
Typ

Model

Min
ABSOLUTE MAXIMUM RATINGS
+ V$to-Vs
Common-Mode Input Voltage
Differential Input Voltage
Alarm Voltages
+ ALM
-ALM
Operating Temperature Range
Output Short Circuit to Common
TEMPERATURE MEASUREMENT
(Specified Temperature Range
+ 25°Clo+100°C)
Calibration Error'
Stability vs. Temperature2
Gain Error
Nominal Transfer Function

AMPLIFIER CHARACTERISTICS
Closed Loop Gain’
Input Offset Voltage
Input Bias Current
Differential Input Range
Common-Mode Range
Common-Mode Sensitivity - RTO
Power Supply Sensitivity - RTO
Output Voltage Range
Dual Supplies
Single Supply
Usable Output Current4
3dB Bandwidth

(-Vs-0.15)
-Vs
-Vs
-Vs
-55
Indefinite

-4

±0.02
-1.5

AD597AH
Typ

Max

Min

36
+ VS
+ VS

(-Vs-0.15)
-Vs

(-Vs+36)
+ VS
+ 125

-Vs
-Vs
-55
Indefinite

+4
±0.05
+ 1.5

-4

±0.02
-1.5

1

36
+ VS
+ VS

Volts
Volts
Volts

(-Vs+36)
+ VS
+ 125

Volts
Volts
°C

+4
±0.05
+ 1.5

°C

+ 50
( + Vs-4)
10
10

-10
(-Vs-0.15)

( + Vs-2)
( + Vs-2)

(-Vs+2.5)
0
±5

1

+ 50
( + Vs-4)
10
10
( + Vs-2)
( + Vs-2)

15

15

°crc
%
mV/°C

v/v

245.5
°Cx 41.27-37
0.1

180.6
°C x 53.21 + 235
0.1

(-Vs+2.5)
0
±5

Units

10

10

- 10
(-Vj-0.15)

Max

nV
p.A
mV
Volts
mV/V
mV/V

Volts
Volts
mA
kHz

ALARM CHARACTERISTICS
VcE(SAT)»t2mA

Leakage Current
Operating Voltage at - ALM
Short Circuit Current
POWER REQUIREMENTS
Operating5
Quiescent Current
+ VS
-Vs

PACKAGE OPTION6
TO-IOO(H-IOA)

0.3

0.3

±1
( + Vs-4)

±1
( + Vs-4)
20

20

160
100

Volts

( + Vsto -Vs)s30

( + Vsto-Vs)s30

300
200

AD596AH

160
100

Volts
p.A
Volts
mA

300
200

p,A
p-A

AD597AH

NOTES
‘This is a measure of the deviation from ideal with a measuring thermocouple junction of 175°C and a chip temperature of 60°C. The
ideal transfer function is given by:
AD596: Vout = 180.57 x(Vm-V,+ (ambient in °C)x 53.21 jjcV/X + 235|iV)
AD597: VOut = 245.46 x(Vm-V,+ (ambient in °C)x41.27p.V/°C -37p.V).
Where Vm and Va represent the measuring and ambient temperatures and are taken from the appropriate J or K thermocouple table. The ideal
transfer function minimizes the error over the ambient temperature range of 25°C to 100°C with a thermocouple temperature of approximately 175°C.
2Defined as the slope of the line connecting the AD596/AD597 CJC errors measured at 25°C and 100°C ambient temperature.
’Pin 6 shorted to pin 7.
4Current Sink Capability in single supply configuration is limited to current drawn to ground through a 50kfl resistor at output voltages below 2.5V.
5-Vs must not exceed - 16.5V.
6See Section 20 for package outline information.
Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units.
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AD596/AD597
Thermocouple TypeJ
Temperature
Voltage
mV
•c

AD596
Output
mV

TypeK
Voltage
mV

-

Thermocouple TypeJ
Temperature
Voltage
mV
°C

AD597
Output
mV

AD596
Output
mV

TypeK
Voltage
mV

AD597
Output
mV

200
180
160
140
120

-

7.890
7.402
6.821
6.159
5.426

-1370
-1282
-1177
-1058
- 925

-

5.891
5.550
5.141
4.669
4.138

-1446
-1362
-1262
-1146
-1016

500
520
540
560
580

27.388
28.511
29.642
30.782
31.933

5000
5203
5407
5613
5821

20.640
21.493
22.346
23.198
24.050

5066
5276
5485
5694
5903

- 100
- 80
- 60
- 40
- 20

-

4.632
3.785
2.892
1.960
.995

-

782
629
468
299
125

-

3.553
2.920
2.243
1.527
.777

-

872
717
551
375
191

600
620
640
660
680

33.096
34.273
35.464
36.671
37.893

6031
6243
6458
6676
6897

24.902
25.751
26.599
27.445
28.288

6112
6321
6529
6737
6944

-

-

.501
0
.507
1.019
1.277

-

36
54
146
238
285

-

.392
0
.397
.798
1.000

-

96
0
97
196
245

700
720
740
750
760

39.130
40.382
41.647
42.283
-

7120
7346
7575
7689
-

29.128
29.965
30.799
31.214
31.629

7150
7355
7560
7662
7764

10
0
10
20
25

30
40
50
60
80

1.536
2.058
2.585
3.115
4.186

332
426
521
617
810

1.203
1.611
2.022
2.436
3.266

295
395
496
598
802

780
800
820
840
860

32.455
33.277
34.095
34.909
35.718

7966
8168
8369
8569
8767

100
120
140
160
180

5.268
6.359
7.457
8.560
9.667

1006
1203
1401
1600
1800

4.095
4.919
5.733
6.539
7.338

1005
1207
1407
1605
1801

880
900
920
940
960

36.524
37.325
38.122
38.915
39.703

8965
9162
9357
9552
9745

200
220
240
260
280

10.777
11.887
12.998
14.108
15.217

2000
2201
2401
2602
2802

8.137
8.938
9.745
10.560
11.381

1997
2194
2392
2592
2794

980
1000
1020
1040
1060

40.488
41.269
42.045
42.817
43.585

9938
10130
10320
10510
10698

300
320
340
360
380

16.325
17.432
18.537
19.640
20.743

3002
3202
3402
3601
3800

12.207
13.039
13.874
14.712
15.552

2996
3201
3406
3611
3817

1080
1100
1120
1140
1160

44.439
45.108
45.863
46.612
47.356

10908
11072
11258
11441
11624

400
420
440
460
480

21.846
22.949
24.054
25.161
26.272

3999
4198
4398
4598
4798

16.395
17.241
18.088
18.938
19.788

4024
4232
4440
4649
4857

1180
1200
1220
1240
1250

48.095
48.828
49.555
50.276
50.633

11805
11985
12164
12341
12428

Table I. Output Voltage vs. Thermocouple Temperature (Ambient + 60°C, Vs = - 5V, + 15V)

TEMPERATURE PROPORTIONAL OUTPUT MODE
The AD596/AD597 can be used to generate a temperature pro
portional output of 10mV/°C when operated with J and K type
thermocouples as shown in Figure 1. Thermocouples produce
low level output voltages which are a function of both the tem
perature being measured and the reference or cold junction
temperature. The AD596/AD597 compensates for the cold junc
tion temperature and amplifies the thermocouple signal to produce
a high level 10mV/°C voltage output which is a function only of
the temperature being measured. The temperature stability of
the part indicates the sensitivity of the output voltage to changes
in ambient or device temperatures. This is typically 0.02°C/°C
over the + 25°C to + 100°C recommended ambient temperature
range. The parts will operate over the extended ambient tem
perature ranges from — 55°C to + 125°C, but thermocouple
nonlinearity at the reference junction will degrade the temperature
stability over this extended range. Table I is a list of ideal AD596/
AD597 output voltages as a function of Celsius temperature for
type J and K ANSI standard thermocouples with package and
reference junction at 60°C. As is normally the case, these outputs

Figure 1. Temperature Proportional Output Connection

are subject to calibration and temperature sensitivity errors.
These tables are derived using the ideal transfer functions:
AD596 output = (Type J voltage +3O1.5p.V) x 180.57
AD597 output = (Type K voltage) x 245.46

The offsets and gains of these devices have been laser trimmed
to closely approximate thermocouple characteristics over meas
urement temperature ranges centered around 175°C with the
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AD596/AD597 at an ambient temperature between 25°C and
100°C. This eliminates the need for additional gain or offset
adjustments to make the output voltage read:
Vout ~ 10mV/°C x (thermocouple temperature in °C)
(within specified tolerances).

Excluding calibration errors, the above transfer function is accurate
to within 1°C from + 80°C to + 55O°C for the AD596 and -20°C
to + 35O°C for the AD597. The different temperature ranges are
due to the differences in J and K type thermocouple curves.
European DIN FE-CuNi thermocouple vary slightly from ANSI
type J thermocouples. Table I does not apply when these types
of thermocouples are used. The transfer functions given previously
and a thermocouple table should be used instead.

Figure 1 also shows an optional trimming network which can be
used to change the device’s offset voltage. Injecting or sinking
200nA from Pin 3 will offset the output aproximately lOmV
(1°C).
The AD596/AD597 can operate from a single supply from 5V to
36V or from split supplies totalling 36V or less as shown. Since
the output can only swing to within 2V of the positive supply,
the usable measurement temperature range will be restricted
when positive supplies less than 15V for the AD597 and 10V for
the AD596 are used. If the AD596/AD597 is to be used to
indicate negative Celsius temperatures, then a negative supply is
required.

Common-mode voltages on the thermocouple inputs must remain
within the common-mode voltage range of the AD596/AD597,
with a return path provided for the bias currents. If the ther
mocouple is not remotely grounded, then the dotted line connection
shown in Figure 1 must be made to one of the thermocouple
inputs. If there is no return path for the bias currents, the input
stage will saturate, causing erroneous output voltages.

In this configuration, the AD596/AD597 has circuitry which
detects the presence of an open thermocouple. If the thermocouple
loop becomes open, one or both of the inputs to the device will
be deprived of bias current causing the output to saturate. It is
this saturation which is detected internally and used to activate
the alarm circuitry. The output of this feature has a flexible
format which can be used to source or sink up to 20mA of
current. The collector (+ ALM) should not be allowed to become
more positive than ( —Vs +36V), however, it may be permitted
to be more positive than + Vs. The emitter voltage (-ALM)
should be constrained such that it does not become more positive
than 4V below + Vs. If the alarm feature is not used, this pin
should be connected to Pins 4 or 5 as shown in Figure 1.
SET-POINT CONTROL MODE
The AD596/AD597 can be connected as a set-point controller as
shown in Figure 2. The thermocouple voltage is cold junction
compensated, amplified, and compared to an external set-point
voltage. The relationship between set-point voltage and temper
ature is given in Table I. If the temperature to be controlled is
within the operating range (-55°C to + 125°C) of the device, it
can monitor its own temperature by shorting the inputs to ground.
The set-point voltage with the thermocouple inputs grounded is
given by the expressions:
AD596 Set-Point Voltage = °C x 9.6mV/°C +42mV
AD597 Set-Point Voltage = °C x 10.1mV/°C -9.1mV

The input impedance of the set-point pin of the AD596/AD597
is approximately 50kfl. The temperature coefficient of this
resistance is ± 15ppm/°C. Therefore, the 100ppm/°C 5kfl pot

Figure 2. Set-Point Control Mode

shown in Figure 2 will only introduce an additional ± 1°C de
gradation of temperature stability over the +25°C to + 100°C
ambient temperature range.

Switching hysteresis is often used in set-point systems of this
type to provide noise immunity and increase system reliability.
By reducing the frequency of on-off cycling, mechanical compo
nent wear is reduced leading to enhanced system reliability.
This can easily be implemented with a single external resistor
between Pins 7 and 3 of the AD596/AD597. Each 200nA of
current injected into Pin 3 when the output switches will cause
Vqut
1__
200nA
°Chyst
In the set-point configuration, the AD596/AD597 output is
saturated at all times, so the alarm transistor will be ON regardless
of whether there is an open circuit or not. However, — ALM
must be tied to a voltage below (+ Vs — 4V) for proper operation
of the rest of the circuit.
about 1°C of hysteresis; that is: RHYST (^) =

STAND-ALONE TEMPERATURE TRANSDUCER
The AD596/AD597 may be configured as a stand-alone Celsius
thermometer as shown in Figure 3.

Figure 3. Stand-Alone Temperature Transducer
Temperature Proportional Output Connection

Simply omit the thermocouple and connect the inputs (Pins 1
and 2) to common. The output will now reflect the compensation
voltage and hence will indicate the AD596/AD597 temperature.
In this three terminal, voltage output, temperature sensing
mode, the AD596/AD597 will operate over the full extended
-55°C to + 125°C temperature range. The output scaling will be
9.6mV per °C with the AD596 and 10.lmV per °C with the
AD597. Additionally there will be a 42mV offset with the AD596
causing it to read slightly high when used in this mode.
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AD596/AD597
THERMOCOUPLE CONNECTIONS
The connection of the thermocouple wire and the normal wire
or printed circuit board traces going to the AD596/AD597 forms
an effective reference junction as shown in Figure 4. This junction
must be kept at the same temperature as the AD596/AD597 for
the internal cold junction compensation to work properly. Unless
the AD596/AD597 is in a thermally stable enclosure, the ther
mocouple leads should be brought in directly to Pins 1 and 2.

Figure 5. Drift Error vs. Temperature

To ensure secure bonding, the thermocouple wire should be
cleaned to remove oxidization prior to soldering. Noncorrosive
resin flux is effective with iron, constantan, chromel, and alumel,
and the following solders: 95% tin-5% silver, or 90% tin-10%
lead.
SINGLE AND DUAL SUPPLY CONNECTIONS
In the single supply configuration as used in the set-point controller
of Figure 2, any convenient voltage from + 5V to + 36V may be
used, with self-heating errors being minimized at lower supply
levels. In this configuration, the — Vs connection at Pin 5 is tied
to ground. Temperatures below zero can be accommodated in
the single supply set-point mode, but not in the single supply
temperature measuring mode (Figure 1 reconnected for single
supply). Temperatures below zero can only be indicated by a
negative output voltage, which is impossible in the single supply
mode.
Common-mode voltages on the thermocouple inputs must remain
below the positive supply, and not more than 0.15V more negative
than the minus supply. In addition, a return path for the input
bias currents must be provided. If the thermocouple is not
remotely grounded, then the dotted line connections in Figures
1 and 2 are mandatory.

STABILITY OVER TEMPERATURE
The AD596/AD597 is specified for a maximum error of ± 4°C
at an ambient temperature of 60°C and a measuring junction
temperature at 175°C. The ambient temperature stability is
specified to be a maximum of 0.05°C/°C. In other words, for
every degree change in the ambient temperature, the output will
change no more than 0.05 degrees. So, at 25°C the maximum
deviation from the temperature-voltage characteristic of Table I
is ±5.75°C, and at 100°C it is ±6°C maximum (see Figure 5).
If the offset error of ± 4°C is removed with a single offset ad
justment, these errors will be be reduced to ± 1.75°C and ±2°C
max. The optional trim circuit shown in Figure 1 demonstrates
how the ambient offset error can be adjusted to zero.

THERMAL ENVIRONMENTAL EFFECTS
The inherent low power dissipation of the AD596/AD597 keeps
self-heating errors to a minimum. However, device output is
capable of delivering ± 5mA to an external load and the alarm
circuitry can supply up to 20mA. Since the typical junction to
ambient thermal resistance in free air is 150°C/W, significant
temperature difference between the package pins (where the
reference junction is located) and the chip (where the cold junction
temperature is measured and then compensated) can exist when
the device is operated in a high dissipation mode. These tem
perature differences will result in a direct error at the output. In
the temperature proportional mode, the alarm feature will only
activate in the event of an open thermocouple or system transient
which causes the device output to saturate. Self-Heating errors
will not effect the operation of the alarm but two cases do need
to be considered. First, after a fault is corrected and the alarm
is reset, the AD596/AD597 must be allowed to cool before readings
can again be accurate. This can take 5 minutes or more depending
upon the thermal environment seen by the device. Second, the
junction temperature of the part should not be allowed to exceed
150°C. If the alarm circuit of the AD596/AD597 is made to
source or sink 20mA with 30V across it, the junction temperature
will be 90°C above ambient causing the die temperature to exceed
150°C when ambient is above 60°C. In this case, either the load
must be reduced, or a heat sink used to lower the thermal
resistance.
TEMPERATURE READOUT AND CONTROL
Figure 6 shows a complete temperature indication and control
system based on the AD596/AD597. Here the AD596/AD597 is
being used as a closed-loop thermocouple signal conditioner and
an external op-amp is used to implement set point. This has two
important advantages. It provides a high level (10mV/°C) output
for the A/D panel meter and also preserves the alarm function
for open thermocouples.
The A/D panel meter can easily be offset and scaled as shown to
read directly in degrees Fahrenheit. If a two temperature cali
bration scheme is used, the dominant residual errors will arise
from two sources; the ambient temperature rejection (typically
±2°C over a 25°C to 100°C range) and thermocouple nonlinearity
typical + 1°C from 80°C to 55O°C for type J and + 1°C from
-20°C to 35O°C for type K.
An external voltage reference is used both to increase the stability
of the A/D converter and supply a stable reference for the set-point
voltage.
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A traditional requirement for the design of set-point control
thermocouple systems has been to configure the system such
that the appropriate action is taken in the event of an open
thermocouple. The open thermocouple alarm pin with its flexible
current-limited output format supports this function when the
part operates in the temperature proportional mode. In addition,
if the thermocouple is not remotely grounded, it is possible to
program the device for either a positive or negative full scale
output in the event of an open thermocouple. This is done by
connecting the bias return resistor directly to Pin 1 if a high

output voltage is desired to indicate a fault condition. Alternately,
if the bias return is provided on the thermocouple lead connected
to Pin 2, an open circuit will result in an output low reading.
Figure 6 shows the ground return connected to Pin 1 so that if
the thermocouple fails, the heater will remain off. At the same
time, the alarm circuit lights the LED signalling the need to
service the thermocouple. Grounding Pin 2 would lead to low
output voltage saturation, and in this circuit would result in a
potentially dangerous thermal runaway under fault conditions.

Figure 6. Temperature Measurement and Control
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LVDT Signal
Conditioner

ANALOG
DEVICES

AD598
AD598 FUNCTIONAL BLOCK DIAGRAM

FEATURES
Single Chip Solution, Contains Internal Oscillator and
Voltage Reference
No Adjustments Required
Insensitive to Transducer Null Voltage
Insensitive to Primary to Secondary Phase Shifts
DC Output Proportional to Position
20 Hz to 20 kHz Frequency Range
Single or Dual Supply Operation
Unipolar or Bipolar Output
Will Operate a Remote LVDT at Up to 300 Feet
Position Output Can Drive Up to 1000 Feet of Cable
Will Also Interface to an RVDT
Outstanding Performance
Linearity: 0.05% of FS max
Output Voltage: ±11 V min
Gain Drift: 50 ppm/°C of FS max
Offset Drift: 50 ppm/°C of FS max

EXCITATION (CARRIER)

PRODUCT DESCRIPTION
The AD598 is a complete, monolithic Linear Variable Differen
tial Transformer (LVDT) signal conditioning subsystem. It is
used in conjunction with LVDTs to convert transducer mechan
ical position to a unipolar or bipolar de voltage with a high de
gree of accuracy and repeatability. All circuit functions are
included on the chip. With the addition of a few external pas
sive components to set frequency and gain, the AD598 converts
the raw LVDT secondary output to a scaled de signal. The de
vice can also be used with RVDT transducers.
The AD598 contains a low distortion sine wave oscillator to
drive the LVDT primary. The LVDT secondary output consists
of two sine waves that drive the AD598 directly. The AD598
operates upon the two signals, dividing their difference by their
sum, producing a scaled unipolar or bipolar de output.
The AD598 uses a unique ratiometric architecture (patent pend
ing) to eliminate several of the disadvantages associated with
traditional approaches to LVDT interfacing. The benefits of this
new circuit are: no adjustments are necessary, transformer null
voltage and primary to secondary phase shift does not affect sys
tem accuracy, temperature stability is improved, and transducer
interchangeinterchangeabilityability is improved.

The AD598 is available in two performance grades:
Grade

Temperature Range

Package

AD598JR 0 to +70°C
20-Pin Small Outline (SOIC)
AD598AD -40°C to +85°C
20-Pin Ceramic DIP
It is also available processed to MIL-STD-883B, for the military
range of -55°C to +125°C.

PRODUCT HIGHLIGHTS
1. The AD598 offers a monolithic solution to LVDT and
RVDT signal conditioning problems; few extra passive com
ponents are required to complete the conversion from
mechanical position to de voltage and no adjustments are
required.
2. The AD598 can be used with many different types of
LVDTs because the circuit accommodates a wide range of
input and output voltages and frequencies; the AD598 can
drive an LVDT primary with up to 24 V rms and accept sec
ondary input levels as low as 100 mV rms.
3. The 20 Hz to 20 kHz LVDT excitation frequency is deter
mined by a single external capacitor. The AD598 input signal
need not be synchronous with the LVDT primary drive.
This means that an external primary excitation, such as the
400 Hz power mains in aircraft, can be used.
4. The AD598 uses a ratiometric decoding scheme such that
primary to secondary phase shifts and transducer null voltage
have absolutely no effect on overall circuit performance.

5. Multiple LVDTs can be driven by a single AD598, either in
series or parallel as long as power dissipation limits are not
exceeded. The excitation output is thermally protected.
6. The AD598 may be used in telemetry applications or in hos
tile environments where the interface electronics may be
remote from the LVDT. The AD598 can drive an LVDT at
the end of 300 feet of cable, since the circuit is not affected
by phase shifts or absolute signal magnitudes. The position
output can drive as much as 1000 feet of cable.
7. The AD598 may be used as a loop integrator in the design of
simple electromechanical servo loops.
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QnrPiriP ATinklC (typ<cal @ +25°c and ±15 V de, Cl = 0.015 pF, R2 = 80 kll, RL = 2 k£l, unless otherwise
OrtblrlbAI I UNO noted See Figure 7.)
AD598A

AD598J

Model

Min

TRANSFER FUNCTION1

"oiT -

OVERALL ERROR2
Tmin to Tmax

SIGNAL OUTPUT CHARACTERISTICS
Output Voltage Range (Tmin to Tmax)
Output Current (Tmin to Tmax)
Short Circuit Current
Nonlinearity3 (Tmin to Tmax)
Gain Error4
Gain Drift
Offset5
Offset Drift
Excitation Voltage Rejection6
Power Supply Rejection (± 12 V to ± 18 V)
PSRR Gain (Tmin to Tmax)
PSRR Offset (Tmin to Tmax)
Common Mode Rejection (±3 V)
CMRR Gain (Tmin to Tmax)
CMRR Offset (Tmin to Tmax)
Output Ripple7

EXCITATION OUTPUT CHARACTERISTICS «a 2.5 kHz)
Excitation Voltage Range
Excitation Voltage
(Rl = Open)8
(Rl = 12.7 kfl)8
(Rl = 487 II)8
Excitation Voltage TC9
Output Current
Tmi„ to Tmax
Short Circuit Current
DC Offset Voltage (Differential, Rl = 12.7 kll)
Tmin to Tmax
Frequency
Frequency TC, (Rl = 12.7 kll)
Total Harmonic Distortion

SIGNAL INPUT CHARACTERISTICS
Signal Voltage
Input Impedance
Input Bias Current (AIN and BIN)
Signal Reference Bias Current
Excitation Frequency
POWER SUPPLY REQUIREMENTS
Operating Range
Dual Supply Operation (± 10 V Output)
Single Supply Operation
0 to + 10 V Output
0 to -10 V Output
Current (No Load at Signal and Excitation Outputs)
Tmin to Tmax
TEMPERATURE RANGE
JR (SOIC)
AD (DIP)

Typ

0.6

Max

Vi-Vb
V.4 +

Min

Max

Typ

x 500 pA x R2
1.65

0.6

2.35
±11

±11
8

6

20
75
0.4
20
0.3
7
100

20
75
0.4
20
0.3
7
100

±500
±1
±100
±1
±200

±500
±1
±50
±1
±50

Unit

V

% of FS
V
mA
mA
ppm of FS
% of FS
ppm/°C of FS
% of FS
ppm/°C of FS
ppm/dB

300
100

100
15

400
200

100
15

ppm/V
ppm/V

100
100

25
6
4

200
200

25
6
4

ppm/V
ppm/V
mV rms

2.1

24

2.1

24

V rms

1.2
2.6
14

2.1
4.1
20

1.2
2.6
14

2.1
4.1
20

V rms
V rms
V rms
ppm/°C
mA rms
mA rms
mA

±100

mV
Hz
ppm/°C
dB

600

600
30

30

12

12

60
30

60

30

±100

20k

20

200
-50

200
-50

0.1

3.5

200
1
2

20k

20

0.1

3.5

200
1
2

5
10

5
10

0

20

0

20

13
±13

36

13
±13

36

12
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15
18

+ 85

°C
°C

70

0

PACKAGE OPTION10
SOIC (R-20)
Side Brazed DIP (D-20)

12

15
16

-40

V
V

V
V
mA
mA

17.5
17.5

17.5
17.5

V rms
kll
pA
pA
kHz

AD598JR

AD598AD

AD598
NOTES
*VA and VB represent the Mean Average Deviation (MAD) of the detected sine waves. Note that for this Transfer Function to linearly represent positive dis
placement, the sum of VA and VB of the LVDT must remain constant with stroke length. See “Theory of Operation.” Also see Figures 7 and 12 for R2.
’From Tmin to Tmax the overall error due to the AD598 alone is determined by combining gain error, gain drift and offset drift. For example, the worst case
overall error for the AD598AD from Tmi„ to Tmax is calculated as follows: overall error = gain error at +25°C (±1% full scale) + gain drift from -40°C to
+25°C (50 ppm/°C of FS x +65°C) + offset drift from -40°C to +25°C (50 ppm/°C of FSx 65’C) = ±1.65% of full scale. Note that 1000 ppm of full scale
equals 0.1% of full scale. Full scale is defined as the voltage difference between the maximum positive and maximum negative output.
’Nonlinearity of the AD598 only, in units of ppm of full scale. Nonlinearity is defined as the maximum measured deviation of the AD598 output voltage from
a straight fine. The straight line is determined by connecting the maximum produced full-scale negative voltage with the maximum produced full-scale positive
voltage.
4See Transfer Function.
’This offset refers to the (VA-VB)/(VA+VB) input spanning a full-scale range of ±1. [For (VA-VB)/(VA+VB) to equal +1, VB must equal zero volts; and corre
spondingly for (VA~VB)/(Va+Vb) to equal -1, VA must equal zero volts. Note that offset errors do not allow accurate use of zero magnitude inputs; practical
inputs are limited to 100 mV rms.] The ±1 span is a convenient reference point to define offset referred to input. For example, with this input span a value of
R2 = 20 kfl would give VOUT span a value of ±10 volts. Caution, most LVDTs will typically exercise less of the (VA-VB)/(VA+VB) input span and thus re
quire a larger value of R2 to produce the ± 10 V output span. In this case the offset is correspondingly magnified when referred to the output voltage. For ex
ample, a Schaevitz E100 LVDT requires 80.2 kfl for R2 to produce a ±10.69 V output and (VA-VB)/(VA+VB) equals 0.27. This ratio may be determined
from the graph shown in Figure 18, (VA-VB)/(VA+VB) = (1.71 V rms-0.99 V rms)/(1.71 V rms+0.99 V rms). The maximum offset value referred to the
±10.69 V output may be determined by multiplying the maximum value shown in the data sheet (±1% of FS by 1/0.27 which equals ±3.7% maximum. Simi
larly, to determine the maximum values of offset drift, offset CMRR and offset PSRR when referred to the ± 10.69 V output, these data sheet values should
also be multiplied by (1/0.27). For this example, for the AD598AD the maximum values of offset drift, PSRR offset and CMRR offset would be: 185 ppm/’C
of FS; 741 ppm/V and 741 ppm/V respectively when referred to the ±10.69 V output.
6For example, if the excitation to the primary changes by 1 dB, the gain of the system will change by typically 100 ppm.
’Output ripple is a function of the AD598 bandwidth determined by C2, C3 and C4. See Figures 16 and 17.
8R1 is shown in Figures 7 and 12.
’Excitation voltage drift is not an important specification because of the ratiometric operation of the AD598.
l0See Section 20 for package outline information.
Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tested are used to calculate outgoing quality levels.
All min and max specifications are guaranteed, although only those shown in boldface are tested on all production units.

THERMAL CHARACTERISTICS
SOIC Package
Side Brazed Package

®jc
22°C/W
25°C/W

CONNECTION DIAGRAM

Oja
80°C/W
85°C/W

Plastic SOIC (R) Package
and
Side Brazed Ceramic DIP (D) Package

ABSOLUTE MAXIMUM RATINGS
Total Supply Voltage + VS to -Vs .................................... 36 V
Storage Temperature Range
R Package ...................................................... -65°C to +150°C
D Package ...................................................... -65°C to +150°C
Operating Temperature Range
AD598JR.................................................................. 0 to +70°C
AD598AD........................................................ -40°C to +85°C
Lead Temperature Range (Soldering 60 Seconds) .... +300°C
Power Dissipation Up to +65°C ....................................... 1.2 W
Derates Above +65°C................................................... 12 mW/°C
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Typical Characteristics

(at +25°C and Vs = ±15 V unless otherwise noted)

TEMPERATURE - °C

Figure 1. Gain and Offset PSRR vs. Temperature

TEMPERATURE - °C

Figure 3. Gain and Offset CMRR vs. Temperature
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Figure 2. Typical Gain Drift vs. Temperature

TEMPERATURE - °C

Figure 4. Typical Offset Drift vs. Temperature

AD598
THEORY OF OPERATION
A block diagram of the AD598 along with an LVDT (Linear
Variable Differential Transformer) connected to its input is
shown in Figure 5. The LVDT is an electromechanical trans
ducer whose input is the mechanical displacement of a core and
whose output is a pair of ac voltages proportional to core posi
tion. The transducer consists of a primary winding energized by
an external sine wave reference source, two secondary windings
connected in series, and the moveable core to couple flux
between the primary and secondary windings.
EXCITATION (CARRIER)

Figure 5. AD598 Functional Block Diagram

The AD598 energizes the LVDT primary, senses the LVDT
secondary output voltages and produces a de output voltage pro
portional to core position. The AD598 consists of a sine wave
oscillator and power amplifier to drive the primary, a decoder
which determines the ratio of the difference between the LVDT
secondary voltages divided by their sum, a filter and an output
amplifier.
The oscillator comprises a multivibrator which produces a tri
wave output. The triwave drives a sine shaper, which produces
a low distortion sine wave whose frequency is determined by a
single capacitor. Output frequency can range from 20 Hz to
20 kHz and amplitude from 2 V rms to 24 V rms. Total har
monic distortion is typically -50 dB.

The output from the LVDT secondaries consists of a pair of
sine waves whose amplitude difference, (VA-VB), is proportional
to core position. Previous LVDT conditioners synchronously

detect this amplitude difference and convert its absolute value to
a voltage proportional to position. This technique uses the pri
mary excitation voltage as a phase reference to determine the
polarity of the output voltage. There are a number of problems
associated with this technique such as (1) producing a constant
amplitude, constant frequency excitation signal, (2) compensat
ing for LVDT primary to secondary phase shifts, and (3) com
pensating for these shifts as a function of temperature and
frequency.

The AD598 eliminates all of these problems. The AD598 does
not require a constant amplitude because it works on the ratio of
the difference and sum of the LVDT output signals. A constant
frequency signal is not necessary because the inputs are rectified
and only the sine wave carrier magnitude is processed. There is
no sensitivity to phase shift between the primary excitation and
the LVDT outputs because synchronous detection is not
employed. The ratiometric principle upon which the AD598
operates requires that the sum of the LVDT secondary voltages
remains constant with LVDT stroke length. Although LVDT
manufacturers generally do not specify the relationship between
VA+VB and stroke length, it is recognized that some LVDTs do
not meet this requirement. In these cases a nonlinearity will
result. However, the majority of available LVDTs do in fact
meet these requirements.
The AD598 utilizes a special decoder circuit. Referring to the
block diagram and Figure 6 below, an implicit analog comput
ing loop is employed. After rectification, the A and B signals are
multiplied by complementary duty cycle signals, d and (1—d)
respectively. The difference of these processed signals is inte
grated and sampled by a comparator. It is the output of this
comparator that defines the original duty cycle, d, which is fed
back to the multipliers.
As shown in Figure 6, the input to the integrator is [(A + B)d]B. Since the integrator input is forced to 0, the duty cycle
d = B/(A+B).

The output comparator which produces d = B/(A+B) also con
trols an output amplifier driven by a reference current. Duty
cycle signals d and (1-d) perform separate modulations on the
reference current as shown in Figure 6, which are summed. The
summed current, which is the output current, is IREF x (1 — 2d).

SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS

13-27

Since d = B/(A + B), by substitution the output current equals
IREF x (A-B)/(A + B). This output current is then filtered and
converted to a voltage since it is forced to flow through the scal
ing resistor R2 such that:

Vout = Iref x

lA - B i/lA + B i x R2

CONNECTING THE AD598
The AD598 can easily be connected for dual or single supply
operation as shown in Figures 7 and 12. The following general
design procedures demonstrate how external component values
are selected and can be used for any LVDT which meets AD598
input/output criteria.

Parameters which are set with external passive components
include: excitation frequency and amplitude, AD598 system
bandwidth, and the scale factor (V/inch). Additionally, there are
optional features, offset null adjustment, filtering, and signal
integration which can be used by adding external components.

4. Determine the sum of LVDT secondary voltages VA and
VB. Energize the LVDT at its typical drive level VPRI as
shown in the manufacturer’s data sheet (3 V rms for the
El00). Set the core displacement to its center position
where VA = VB. Measure these values and compute their
sum VA + VB. For the E100, VA+VB = 2.70 V rms. This
calculation will be used later in determining AD598 output
voltage.
5. Determine optimum LVDT excitation voltage, VEXC. With
the LVDT energized at its typical drive level VPRI, set the
core displacement to its mechanical full-scale position and
measure the output VSEC of whichever secondary produces
the largest signal. Compute LVDT voltage transformation
ratio, VTR.
VTR = VPRr/VSEC

For the E100, VSEC = 1.71 V rms for VPRI = 3 V rms.
VTR =1.75
The AD598 signal input, VSEC, should be in the range of
1 V rms to 3.5 V rms for maximum AD598 linearity and
minimum noise susceptibility. Select VSEC = 3 V rms.
Therefore, LVDT excitation voltage VEXC should be:
VEXC = Vsec x VTR = 3 x 1.75 = 5.25 Vrms

DESIGN PROCEDURE
DUAL SUPPLY OPERATION

Figure 7 shows the connection method with dual ±15 volt
power supplies and a Schaevitz E100 LVDT. This design proce
dure can be used to select component values for other LVDTs
as well. The procedure is outlined in Steps 1 through 10 as
follows:
1. Determine the mechanical bandwidth required for LVDT
position measurement subsystem, fsuBSYSTEM- For this
example, assume (subsystem = 250 Hz.

2. Select minimum LVDT excitation frequency, approximately
10 x fSuBSYSTEM- Therefore, let excitation frequency =
2.5 kHz.
3. Select a suitable LVDT that will operate with an excitation
frequency of 2.5 kHz. The Schaevitz E100, for instance,
will operate over a range of 50 Hz to 10 kHz and is an eligi
ble candidate for this example.

Check the power supply voltages by verifying that the peak
values of VA and VB are at least 2.5 volts less than the volt
ages at +VS and — Vs.

6. Referring to Figure 7, for Vs = ±15 V, select the value of
the amplitude determining component R1 as shown by the
curve in Figure 8.
7. Select excitation frequency determining component CL

C1 = 35

HzlfExcllATlON

8. C2, C3 and C4 are a function of the desired bandwidth of
the AD598 position measurement subsystem. They should
be nominally equal values.

R4USE STANDARD 1%
RESISTORS

Figure 7. Interconnection Diagram for Dual Supply Operation
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AD598

Figure 9. VOUT (± 10 V Full Scale)
vs. Core Displacement (±0.1 Inch)

10. Selections of R3 and R4 permit a positive or negative output
voltage offset adjustment.

VOS - 1.2 V x R2 X

- 5477^)®

•These values have a ±20% tolerance.

Figure 8. Excitation Voltage VEXC vs. R1

For no offset adjustment R3 and R4 should be open circuit.

To design a circuit producing a 0 to +10 V output for a
displacement of ±0.1 inch, set VOUT to +10 V, d = 0.2
inch and solve Equation (1) for R2.

C2 = C3 = C4 = 10 4 Farad Hzlf$UBSYSTBM (Hz)
If the desired system bandwidth is 250 Hz, then

C2 = C3 = C4 = 10’4 Farad Hz/250 Hz = 0.4 jiF

R2 = 37.6 ktl

See Figures 13, 14 and 15 for more information about
AD598 bandwidth and phase characterization.

This will produce a response shown in Figure 10.

9. In order to Compute R2, which sets the AD598 gain or fullscale output range, several pieces of information are needed:
a. LVDT sensitivity, S
b. Full-scale core displacement, d

c. Ratio of manufacturer recommended primary drive level,
VpRj, to (VA + VB) computed in Step 4.
LVDT sensitivity is listed in the LVDT manufacturer’s
catalog and has units of millivolts output per volts input
per inch displacement. The El00 has a sensitivity of
2.4 mV/V/mil. In the event that LVDT sensitivity is not
given by the manufacturer, it can be computed. See section
on Determining LVDT Sensitivity.

Figure 10. VOUT (±5 V Full Scale)
vs. Core Displacement (±0.1 Inch)

In Equation (2) set Vos = 5 V and solve for R3 and R4.
Since a positive offset is desired, let R4 be open circuit.

For a full-scale displacement of d inches, voltage out of the
AD598 is computed as

Vout ~ $

Rearranging Equation (2) and solving for R3

1.2 x R2
R3 = —- --------- 5 k(l = 4.02 m

y^J x 500jiA x R2 x d.

x jjy^

vos

Vout *s measured with respect to the signal reference,
Pin 17 shown in Figure 7.

Figure 11 shows the desired response.

Solving for R2,

„2

Vout x (Kt + Vs)
Vpri x 500 pA x

~ S x

(1)
d

Note that VPRI is the same signal level used in Step 4 to
determine (VA + VB)

For VOUT = 20 V full-scale range (±10 V) and d = 0.2
inch full-scale displacement (±0.1 inch),

20 V x 2.70 V
= 75.3 kD
2.4 x 3 x 500 jjA x 0.2

VOut as a function of displacement for the above example
is shown in Figure 9.

Figure 11. VOUT (0-10 V Full Scale)
vs. Displacement (±0.1 Inch)
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+ 30V

6.8pF

+
♦V, 20]-------=J R4
OFFSET 1 19pW

-Vs

EXC 1

3

LEV 1

SIG OUT 16

LEV 2
FREQ 1

FEEDBACK

FREQ 2

OUT FILT

B1 FILT

A1 FILT

B2 FiLT

A2 FILT

VB

SIGNAL
REFERENCE

OFFSET 2 18pW
R3
SIG REF

EXC2

AD598

VA

SCHAEVITZ E100
LVDT

Figure 12. Interconnection Diagram for Single Supply Operation

DESIGN PROCEDURE
SINGLE SUPPLY OPERATION

Figure 12 shows the single supply connection method.
For single supply operation, repeat Steps 1 through 10 of the
design procedure for dual supply operation, then complete the
additional Steps 11 through 14 below. R5, R6 and C5 are addi
tional component values to be determined. VOUT is measured
with respect to SIGNAL REFERENCE.

ducer and interface elements. The transducer itself is very quick
to respond once the core is moved. The dynamics arise prima
rily from the interface electronics. Figures 13, 14 and 15 show
the frequency response of the AD598 LVDT Signal Condi
tioner. Note that Figures 14 and 15 are basically the same; the
difference is frequency range covered. Figure 14 shows a wider
range of mechanical input frequencies at the expense of accu
racy. Figure 15 shows a more limited frequency range with

11. Compute a maximum value of R5 and R6 based upon the
relationship
/?5 + /?6<V>s/100 pA
12. The voltage drop across R5 must be greater than
/ 1.2 V
Vout \ Volts
2 + 10 kll
*
—---- —- + 250 jlA + , uu‘
\R4 + 5^0
4 x R2J
Therefore

2 + 10 kfT
RS > --------------

100 nA

Ohms

‘These values have ±20% tolerance.

Based upon the constraints of R5 + R6 (Step 11) and R5
(Step 12), select an interim value of R6.
13. Load current through R, returns to the junction of R5 and
R6, and flows back to VPS. Under maximum load condi
tions, make sure the voltage drop across R5 is met as
defined in Step 12.

As a final check on the power supply voltages, verify that
the peak values of VA and VB are at least 2.5 volts less than
the voltages at +VS and -Vs.
14. C5 is a bypass capacitor in the range of 0.1 p.F to 1 p.F.
Gain Phase Characteristics
To use an LVDT in a closed loop mechanical servo application,
it is necessary to know the dynamic characteristics of the trans
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0

Ik

100

10k

FREQUENCY - Hz

Figure 13. Gain and Phase Characteristics vs. Frequency
(0-10 kHz)

AD598
enhanced accuracy. The figures are transfer functions with the
input to be considered as a sinusoidally varying mechanical posi
tion and the output as the voltage from the AD598; the units of
the transfer function are volts per inch. The value of C2, C3 and

C4, from Figure 7, are all equal and designated as a parameter
in the figures. The response is approximately that of two real
poles. However, there is appreciable excess phase at higher fre
quencies. An additional pole of filtering can be introduced with
a shunt capacitor across R2, (see Figure 7); this will also
increase phase lag.
When selecting values of C2, C3 and C4 to set the bandwidth of
the system, a trade-off is involved. There is ripple on the “de”
position output voltage, and the magnitude is determined by the
filter capacitors. Generally, smaller capacitors will give higher
system bandwidth and larger ripple. Figures 16 and 17 show the
magnitude of ripple as a function of C2, C3 and C4, again all
equal in value. Note also a shunt capacitor across R2 shown as a
parameter (see Figure 7). The value of R2 used was 81 kfl with
a Schaevitz E100 LVDT.

FREQUENCY - Hz

Figure 14. Gain and Phase Characteristics vs. Frequency
<0-50 kHz)

Figure 16. Output Voltage Ripple vs. Filter Capacitance

-50
-60
-70

0

Ik

100

10k

FREQUENCY - Hz

Figure 15. Gain and Phase Characteristics vs. Frequency
(0-10 kHz)

Figure 17. Output Voltage Ripple vs. Filter Capacitance
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Determining LVDT Sensitivity
LVDT sensitivity can be determined by measuring the LVDT
secondary voltages as a function of primary drive and core posi
tion, and performing a simple computation.

Energize the LVDT at its recommended primary drive level,
VpRj (3 V rms for the E100). Set the core to midpoint where
VA = VB. Set the core displacement to its mechanical full-scale
position and measure secondary voltages VA and VB.

VA \at Full Scale} - VB (at Full Scale]
Sensitivity = ----------------- —--------- ;----------------V/w x d
From Figure 18,

Sensitivity =

1.71-0.99
-----——— = 2.4 mV/V/mil
3 x 100 mils

Thermal Shutdown and Loading Considerations.
The AD598 is protected by a thermal overload circuit.If the die
temperature reaches 165°C, the sine wave excitation amplitude
gradually reduces, thereby lowering the internal power dissipa
tion and temperature.

Due to the ratiometric operation of the decoder circuit, only
small errors result from the reduction of the excitation ampli
tude. Under these conditions the signal-processing section of the
AD598 continues to meet its output specifications.

Figure 18. LVDT Secondary Voltage vs. Core
Displacement

The thermal load depends upon the voltage and current deliv
ered to the load as well as the power supply potentials. An
LVDT Primary will present an inductive load to the sine wave
excitation. The phase angle between the excitation voltage and
current must also be considered, further complicating thermal
calculations.

APPLICATIONS

FORCE/LOAD

PROVING RING-WEIGH SCALE
Figure 20 shows an elastic member (steel proving ring) com
bined with an LVDT to provide a means of measuring very
small loads. Figure 19 shows the electrical circuit details.
The advantage of using a Proving Ring in combination with an
LVDT is that no friction is involved between the core and the
coils of the LVDT. This means that weights can be measured
without confusion from frictional forces. This is especially
important for very low full-scale weight applications.

Although it is recognized that this type of measurement system
may best be applied to weigh very small weights, this circuit
was designed to give a full-scale output of 10 V for a 500 lb
weight, using a Morehouse Instruments model 5BT Proving
Ring. The LVDT is a Schaevitz type HR050 (±50 mil full

Figure 20. Proving Ring-Weigh Scale Cross Section

scale). Although this LVDT provides ± 50 mil full scale, the
value of R2 was calculated for d = ±30 mil and VOUT equal to
10 V as in Step 9 of the design procedures.
The 1 p,F capacitor provides extra filtering, which reduces noise
induced by mechanical vibrations. The other circuit values were
calculated in the usual manner using the design procedures.

This weigh-scale can be designed to measure tare weight simply
by putting in an offset voltage by selecting either R3 or R4 (as
shown in Figures 7 and 12). Tare weight is the weight of a con
tainer that is deducted from the gross weight to obtain the net
weight.
The value of R3 or R4 can be calculated using one of two sepa
rate methods. First, a potentiometer may be connected between
Pins 18 and 19 of the AD598, with the wiper connected to
~VSUppLy. This gives a small offset of either polarity; and the
value can be calculated using Step 10 of the design procedures.
For a large offset in one direction, replace either R3 or R4 with
a potentiometer with its wiper connected to -VSUpPLY.
Figure 19. Proving Ring-Weigh Scale Circuit
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The resolution of this weigh-scale was checked by placing a 100
gram weight on the scale and observing the AD598 output sig
nal deflection on an oscilloscope. The deflection was 4.8 mV.

The smallest signal deflection which could be measured on the
oscilloscope was 450 p.V which corresponds to a 10 gram
weight. This 450 p.V signal corresponds to an LVDT displace
ment of 1.32 microinches which is equivalent to one tenth of the
wave length of blue light.
The Proving Ring used in this circuit has a temperature coeffi
cient of 250 ppm/°C due to Young’s Modulus of steel. By put
ting a resistor with a temperature coefficient in place of R2 it is
possible to temperature compensate the weigh-scale. Since the
steel of the Proving Ring gets softer at higher temperatures, the
deflection for a given force is larger, so a resistor with a negative
temperature coefficient is required.

SYNCHRONOUS OPERATION OF MULTIPLE LVDTS
In many applications, such as multiple gaging measurement, a
large number of LVDTs are used in close physical proximity. If
these LVDTs are operated at similar carrier frequencies, stray
magnetic coupling could cause beat notes to be generated. The
resulting beat notes would interfere with the accuracy of mea
surements made under these conditions. To avoid this situation
all the LVDTs are operated synchronously.

MECHANICAL POSITION INPUT

The circuit shown in Figure 21 has one master oscillator and
any number of slaves. The master AD598 oscillator has its fre
quency and amplitude programmed in the usual manner via RI
and C2 using Steps 6 and 7 in the design procedures. The slave
AD598s all have Pins 6 and 7 connected together to disable their
internal oscillators. Pins 4 and 5 of each slave are connected to
Pins 2 and 3 of the master via 15 kfl resistors, thus setting the
amplitudes of the slaves equal to the amplitude of the master. If
a different amplitude is required the 15 kfl resistor values
should be changed. Note that the amplitude scales linearly with
the resistor value.The 15 kfl value was selected because it
matches the nominal value of resistors internal to the circuit.
Tolerances of 20% between the slave amplitudes arise due to
differing internal resistors values, but this does not affect the
operation of the circuit.

Note that each LVDT primary is driven from its own power
amplifier and thus the thermal load is shared between the
AD598s. There is virtually no limit on the number of slaves in
this circuit, since each slave presents a 30 kfl load to the master
AD598 power amplifier. For a very large number of slaves (say
100 or more) one may need to consider the maximum output
current drawn from the master AD598 power amplifier.

MECHANICAL POSITION INPUT

MECHANICAL POSITION INPUT

Figure 21. Multiple LVDTs - Synchronous Operation
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HIGH RESOLUTION POSITION-TO-FREQUENCY
CIRCUIT
In the circuit shown in Figure 22, the AD598 is combined with
an AD652 voltage-to-frequency (V/F) converter to produce an
effective, simple data converter which can make high resolution
measurements.

This circuit is particularly useful if there is a large degree of
mechanical vibration (hum) on the position to be measured.
The hum may be completely rejected by counting the digital
frequency pulses over a gate time (fixed period) equal to a mul
tiple of the hum period. For the effects of the hum to be com
pletely rejected, the hum must be a periodic signal.

This circuit transfers the signal from the LVDT to the V/F con
verter in the form of a current, thus eliminating the errors nor
mally caused by the offset voltage of the V/F converter. The
V/F converter offset voltage is normally the largest source of
error in such circuits. The analog input signal to the AD652 is
converted to digital frequency output pulses which can be
counted by simple digital means.

The V/F converter is currently set up for unipolar operation.
The AD652 data sheet explains how to set up for bipolar opera
tion. Note that when the LVDT core is centered, the output
frequency is zero. When the LVDT core is positioned off cen
ter, and to one side, the frequency increases to a full-scale value.
To introduce bipolar operation to this circuit, an offset must be
introduced at the LVDT as shown in Step 10 of the design
procedures.

♦Vs

♦V»

-Vs

O.OISpF

2

EXC 1

OFFSET 1

3

EXC2

OFFSET 2

4

LEV 1

SIG REF
SIG OUT

LEV 2

FREQ 1

FEEDBACK

FREQ 2

OUT FILT

B1 FILT

A1 FILT

B2 FILT

A2 FILT

vB

AD598

V,

20]----

13
13
i3—
i3—
13-rr
2^
n]—L

TRIM

TRIM

AD652
SYNCHRONOUS
VOLTAGE TO
FREQUENCY
CONVERTER

OP AMP OUT

OP AMP
OP AMP ■■+"

10 VOLT INPUT

COMP REF
COMP V

COMP-"
ANALOG GND

DIGITAL GND
FREQ OUT
CLOCK INPUT

500KHZ

22}—

-Vs

Cos

►Vs

LVDT
SCHAEVITZ E 100
MECHANICAL POSITION INPUT

Figure 22. High Resolution Position-to-Frequency
Converter
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LOW COST SET-POINT CONTROLLER
A low cost set-point controller can be implemented with the cir
cuit shown in Figure 23. Such a circuit could possibly be used
in automobile fuel control systems. The potentiometer, Pl, is
attached to the gas pedal, and the LVDT is attached to the but
terfly valve of the fuel injection system or carburetor. The posi
tion of the butterfly valve is electronically controlled by the
position of the gas pedal, without mechanical linkage.

This circuit is a simple two IC closed loop servo-controller. It is
simple because the LVDT circuit is functioning as the loop inte
grator. By putting a capacitor in the feedback path (normally
occupied by R2), the output signal from the AD598 corresponds
to the time integral of the position being measured by the
LVDT. The LVDT position signal is summed with the offset
signal introduced by the potentiometer, Pl. Since this sum is
integrated, it must be forced to zero. Thus the LVDT position
is forced to follow the value of the input potentiometer, Pl. The
output signal from the AD598 drives the LM675 power ampli
fier, which in turn drives the solenoid.
This circuit has dual advantages of being both low cost and high
accuracy. The high accuracy results from avoiding the offset
errors normally associated with converting the LVDT signal to a
voltage and then subsequently integrating that voltage.

MECHANICAL FOLLOWER SERVO-LOOP
Figure 24 shows how two Schaevitz E100 LVDTs may be com
bined with two AD598s in a mechanical follower servo-loop con
figuration. One of the LVDTs provides the mechanical input
position signal, while the other LVDT mimics the motion.

The signal from the input position circuit is fed to the output as
a current so that voltage offset errors are avoided. This current
signal is summed with the signal from the output position
LVDT; this summed signal is integrated such that the output
position is now equal to the input position. This circuit is an
efficient means of implementing a mechanical servo-loop since
only three ICs are required.
This circuit is similar to the previous circuit (Figure 23) with
one exception: the previous circuit uses a potentiometer instead
of an LVDT to provide the input position signal. Replacing the
potentiometer with an LVDT offers two advantages. First, the
increased reliability and robustness of the LVDT can be
exploited in applications where the position input sensor is
located in a hostile environment. Second, the mechanical
motions of the input and output LVDTs are guaranteed to be
identical to within the matching of their individual scale factors.
These particular advantages make this circuit ideal for applica
tion as a hydraulic actuator controller.

Figure 24. Mechanical Follower Servo-Loop
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DIFFERENTIAL GAGING
LVDTs are commonly used in gaging systems. Two LVDTs
can be used to measure the thickness or taper of an object. To
measure thickness, the LVDTs are placed on either side of the
object to be measured. The LVDTs are positioned such that
there is a known maximum distance between them in the fully
retracted position.

This circuit was designed to produce a ± 10 V signal output
swing, composed of the sum of the two independent ±5 V
swings from each LVDT. The output voltage swing is set with
an 80.9 kfl resistor. The output voltage Vout for this circuit is
given by:

This circuit is both simple and inexpensive. It has the advantage
that two LVDTs may be driven from one AD598, but the dis
advantage is that the scale factor of each LVDT may not match
exactly. This causes the workpiece thickness measurement to
vary depending upon its absolute position in the differential
gage head.

OUT

= [(Vx-Vs! (Vc-Vp) 1
[|VX + VBI + (Vc+Vp) ]

Figure 25. Differential Gaging
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x 500 M x Rl.

PRECISION DIFFERENTIAL GAGING
The circuit shown in Figure 26 is functionally similar to the dif
ferential gaging circuit shown in Figure 25. In contrast to Fig
ure 25, it provides a means of independently adjusting the scale
factor of each LVDT so that both scale factors may be matched.
■

.'■■■

■

..

■ r.i

- i-.'.

'5<n

The two LVDTs are driven in a master-slave arrangement
where the output signal from the slave LVDT is summed with
the output signal from the master LVDT. The scale factor of
the slave LVDT only is adjusted with Rl and R2. The summed
scale factor of the master LVDT and the slave LVDT is
adjusted with R3.

Rl and R2 are chosen to be 80.9 kfl resistors to give a ± 10 V
full-scale output signal for a single Schaevitz El00 LVDT. R3 is
chosen to be 40.2 kfl to give a ±10 V output signal when the
two E100 LVDT output signals are summed. The output volt
age for this circuit is given by:

+

iVc-Vp)
(Vc + Vp)

x 500 |xA x R3.

SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS

13-37

OPERATION WITH A HALF-BRIDGE TRANSDUCER
Although the AD598 is not intended for use with a half-bridge
type transducer, it may be made to function with degraded
performance.

A half-bridge type transducer is a popular transducer. It works
in a similar manner to the LVDT in that two coils are wound
around a moveable core and the inductance of each coil is a
function of core position.

In the circuit shown in Figure 27 the VA and VB input voltages
are developed as two resistive-inductor dividers. If the inductors
are equal (i.e., the core is centered), the VA and VB input volt
ages to the AD598 are equal and the output voltage VOUT is
zero. When the core is positioned off center, the inductors are
unequal and an output voltage VOUT is developed.
The linearity of this circuit is dependent upon the value of the
resistors in the resistive-inductor dividers. The optimum value
may be transducer dependent and therefore must be selected by
trial and error. The 300 fl resistors in this circuit optimize the

nonlinearity of the transfer function to within several tenths of
1%. This circuit uses a Sangamo AGH1 half-bridge transducer.
The 1 p-F capacitor blocks the de offset of the excitation output
signal. The 4 nF capacitor sets the transducer excitation fre
quency to 10 kHz as recommended by the manufacturer.

ALTERNATE HALF-BRIDGE TRANSDUCER CIRCUIT
This circuit suffers from similar accuracy problems to those
mentioned in the previous circuit description. In this circuit the
VA input signal to the AD598 really and truly is a linear func
tion of core position, and the input signal VB, is one half of the
excitation voltage level. However, a nonlinearity is introduced
by the A-B/A + B transfer function.
The 500 fl resistors in this circuit are chosen to minimize errors
caused by de bias currents from the VA and VB inputs. Note
that in the previous circuit these bias currents see very low resis
tance paths to ground through the coils.

Figure 27. Half-Bridge Operation

Figure 28. Alternate Half-Bridge Circuit
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Loop-Powered, 4-20mA
Sensor Transmitter

ANALOG
DEVICES

AD693
FEATURES
Instrumentation Amplifier Front End
Loop-Powered Operation
Precalibrated 30mV or 60mV Input Spans
Independently Adjustable Output Span and Zero
Precalibrated Output Spans: 4-20mA Unipolar
0-20mA Unipolar
12 ± 8mA Bipolar
Precalibrated 100(1 RTD Interface
6.2V Reference with Up to 3.5mA of Current Available
Uncommitted Auxiliary Amp for Extra Flexibility
Optional External Pass Transistor to Reduce
Self-Heating Errors

AD693 PIN CONFIGURATION
12mA

ZERO
4mA

6.2V
REF

PI

P2
+ SIG
-SIG

Vx

PRODUCT DESCRIPTION
The AD693 is a monolithic signal conditioning circuit which
accepts low-level inputs from a variety of transducers to control
a standard 4-20mA, two-wire current loop. An on-chip voltage
reference and auxiliary amplifier are provided for transducer
excitation; up to 3.5mA of excitation current is available when
the device is operated in the loop-powered mode. Alternatively,
the device may be locally powered for three-wire applications
when 0-20mA operation is desired.
Precalibrated 30m V and 60mV input spans may be set by simple
pin strapping. Other spans from lmV to lOOmV may be realized
with the addition of external resistors. The auxiliary amplifier
may be used in combination with on-chip voltages to provide six
precalibrated ranges for 100(1 RTDs. Output span and zero are
also determined by pin strapping to obtain the standard ranges:
4-20mA, 12 ± 8mA and 0-20mA.
Active laser trimming of the AD693’s thin-film resistors result
in high levels of accuracy without the need for additional adjust
ments and calibration. Total unadjusted error is tested on every
device to be less than 0.5% of full scale at +25°C, and less than
0.75% over the industrial temperature range. Residual nonlinearity
is under 0.05%. The AD693 also allows for the use of an external
pass transistor to further reduce errors caused by self-heating.

For transmission of low-level signals from RTDs, bridges and
pressure transducers, the AD693 offers a cost-effective signal
conditioning solution. It is recommended as a replacement for
discrete designs in a variety of applications in process control,
factory automation and system monitoring.

PRODUCT HIGHLIGHTS
1. The AD693 is a complete monolithic low-level voltage-tocurrent loop signal conditioner.
2. Precalibrated output zero and span options include 4-20mA,
0-20mA, and 12 ± 8mA in two- and three-wire configura
tions.

3. Simple resistor programming adds a continuum of ranges to
the basic 30mV and 60mV input spans.
4. The common-mode range of the signal amplifier input extends
from ground to near the device’s operating voltage.

5. Provision for transducer excitation includes a 6.2V reference

6. The circuit configuration permits simple linearization of
bridge, RTD, and other transducer signals.
7. A monitored output is provided to drive an external pass
transistor. This feature off-loads power dissipation to extend
the temperature range of operation, enhance reliability, and
minimize self-heating errors.

8. Laser-wafer trimming results in low unadjusted errors and
affords precalibrated input and output spans.
9. Zero and span are independently adjustable and noninteractive
to accommodate transducers or user defined ranges.

10. Six precalibrated temperature ranges are available with a
100(1 RTD via pin strapping.

The AD693 is packaged in an 20-pin ceramic side-brazed DIP
and is specified over the — 40°C to + 85°C industrial temperature
range.
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Qnrpirip AT|HMQ(@ +25°CandVs= + 24V, Input Span = 30mV or 60mV, Output Span = 4-20mA,
Ol Lull I Un I IUIiuRl = 25OI1, = 3.1V, with external pass transistor unless otherwise specified)
Model
LOOP-POWERED OPERATION

Conditions

Min

AD693AD
Typ

Max

Units

TOTAL UNADJUSTED ERROR1’2
TmintoT,^

±0.25
±0.4

±0.5
±0,75

% Full Scale
% Full Scale

100(1 RTD CALIBRATION ERROR3 (See Fig. 17)

±0.5

±2.0

°C

±25
±40
+ 35
±0.5
±3.0

±80
±120
+ 100
±1.5
±5.6

pA
pA
pA
pA/°C
pV/V

±10
+5
+7

+ VOP-4V6
±30
+ 20
+ 25

V
pV/V
nA
nA

Vsig = 0

±0.5

±3.0

nA

30mV Input Span
60mV Input Span

0.5333
0.2666
±0.05

±0.2

A/V
A/V
%

±0.03
±0.05
±20
±0.01
±0.02

±0.04
±0.06
±50
±0.05
±0.07

%/V
%/V
ppm/°C
% of Span
% of Span

+ 500

+ 36
+ 700

V
pA

+ 25

+ 32

mA

±40
±1.0
±3.0

±200
±2.5
±5.6

nV
pV/°c
pV/V

±30
±1.0

±80
±3.0

pA
pA/V

0.2666
±0.05

±0.2

A/V
%

LOOP POWERED OPERATION2
Zero Current Error4

vs. Temp.
Power Supply Rejection (RTI)

Common-Mode Input Range
Common-Mode Rejection (RTI)
Input Bias Current7
TmintoTnu,

Input Offset Current7
T ransconductance
Nominal

Unadjusted Error
vs. Common-Mode

Error vs. Temp.
Nonlinearity8

Zero = 4mA
Zero = 12mA
Zero = 0mA5
Zero = 4mA
12V<VOP<36V6
0V<VCM<6.2V
(See Fig. 3)
0V<VcmS6.2V

+7

0

0V<VCm—62 V
30mV Input Span
60mV Input Span
30mV Input Span
60mV Input Span

OPERATIONAL VOLTAGE RANGE
Operational Voltage, VOp6
Into Pin 9
Quiescent Current

+ 12

OUTPUT CURRENT LIMIT

+ 21

COMPONENTS OF ERROR

SIGNAL AMPLIFIER9
Input Voltage Offset
vs. Temp
Power Supply Rejection
V/I CONVERTER9’10
Zero Current Error
Power Supply Rejection
Transconductance
Nominal
Unadjusted Error
6.200V REFERENCE9’12
Output Voltage Tolerance
vs. Temp.
Line Regulation
Load Regulation11
Output Current13

AUXILIARY AMPLIFIER
Common-Mode Range
Input Offset Voltage
Input Bias Current
Input Offset Current
Common-Mode Rejection
Power Supply Rejection

12V<VOP<36V6
0V<Vcms6.2V
Output Span = 4-20mA
12VsVop—36V6

12V<VOP<36V6
0mA<IRpF< 3mA
Loop Powered, (Fig. 10)
3-Wire Mode, (Fig. 15)

+ 3.0

±3
±20
±200
±0.3
+ 3.5
+ 5.0

0
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±50
+5
+ 0.5
90
105

±12
±50
±300
±0.75

+ VOP-4V6
±200
+ 20
±3.0

mV

ppm/°C
pV/V
mV/mA
mA
mA
V
pV
nA
nA
dB
dB

AD693
Model

Output Current Range
Output Current Error
TEMPERATURE RANGE
Case Operating14
Storage

PACKAGE OPTION15

Conditions

Min

Pin Ix OUT
Pin Vx — Pin Ix

+ 0.01

Train tO Tmax

-40
-65

\D693AD
Typ

Max

Units

+5

mA
%

+ 85
+ 150

°C
°C

±0.005

D-20

NOTES
‘Total error can be significantly reduced (typically less than 0.1%) by trimming the zero current. The remaining unadjusted
error sources are transconductance and nonlinearity.
2The AD693 is tested as a loop powered device with the signal amp, V/I converter, voltage reference, and application voltages
operating together. Specifications are valid for preset spans and spans between 30mV and 60mV.
’Error from ideal output assuming a perfect lOOfl RTD at 0 and + 100°C.
‘Refer to the Error Analysis to calculate zero current error for input spans less than 30mV.
5By forcing the differential signal amplifier input sufficiently negative the 7p.A zero current can always be achieved.
6The operational voltage (VOp) is the voltage directly across the AD693 (Pin 10 to 6 in two-wire mode, Pin 9 to 6 in
local power mode). For example, V^p = Vs - (Iloop x Rl) in two-wire mode (refer to Figure 10).
’Bias currents are not symmetrical with input signal level and flow out of the input pins. The input bias current of the
inverting input increases with input signal voltage, see Figure 2.
’Nonlinearity is defined as the deviation of the output from a straight line connecting the endpoints as the input is swept over a
30mV and 60mV input span.
’Specifications for the individual functional blocks are components of error that contribute to, and that are included in, the Loop
Powered Operation specifications.
'“includes error contributions of V/I converter and Application Voltages.
“Changes in the reference output voltage due to load will affect the Zero Current. A 1% change in the voltage reference output will
result in an error of 1% in the value of the Zero Current.
“if not used for external excitation, the reference should be loaded by approximately 1mA (6.2kfl to common).
”ln the loop powered mode up to 5mA can be drawn from the reference, however, the lower limit of the output span will be
increased accordingly. 3.5mA is the maximum current the reference can source while still maintaining a 4mA zero.
“The AD693 is tested with a pass transistor so TAsTc.
“See Section 20 for package outline information.
Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to
calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are
tested on all production units.

ABSOLUTE MAXIMUM RATINGS
Supply Voltage............................................................................ +36V
Reverse Loop Current...................................................... /-200mA
Signal Amp Input Range...................................... -0.3V to VOp
Reference Short Circuit to Common ..........................Indefinite
Auxiliary Amp Input Voltage Range................... —0.3V to Vop
Auxiliary Amp Current Output....................................... 10mA
Storage Temperature...................................... — 65°C to + 150°C
Lead Temperature, lOsec Soldering............................. + 300°C
Max Junction Temperature.............................................. +150°C
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Typical Characteristics

Figure 1. Maximum Load Resistance vs. Power Supply

Figure 5. Signal Amplifier PSRR vs. Frequency

LOOP SUPPLY VOLTAGE

Figure 3. Maximum Common-Mode Voltage vs. Supply

Figure 4. Bandwidth vs. Series Load Resistance
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Figure 8. Input Voltage Noise vs. Frequency

Operation of the AD693
FUNCTIONAL DESCRIPTION
The operation of the AD693 can be understood by dividing the
circuit into three functional parts (see Figure 9). First, an in
strumentation amplifier front-end buffers and scales the low-level
input signal. This amplifier drives the second section, a V/I
converter, which provides the 4-to-20mA loop current. The
third section, a voltage reference and resistance divider, provides
application voltages for setting the various “live zero” currents.
In addition to these three main sections, there is an on-chip
auxiliary amplifier which can be used for transducer excitation.
VOLTAGE-TO-CURRENT (V/I) CONVERTER
The output NPN transistor for the V/I section sinks loop current
when driven on by a high gain amplifier at its base. The input
for this amplifier is derived from the difference in the outputs
of the matched preamplifiers having gains, G2. This difference
is caused to be small by the large gain, +A, and the negative
feedback through the NPN transistor and the loop current
sampling resistor between IiN and Boost. The signal across this
resistor is compared to the input of the left preamp and servos
the loop current until both signals are equal. Accurate voltage-tocurrent transformation is thereby assured. The preamplifiers
employ a special design which allows the active feedback amplifier
to operate from the most positive point in the circuit, Ijn.
The V/I stage is designed to have a nominal transconductance of
0.2666 A/V. Thus, a 75mV signal applied to the inputs of the
V/I (Pin 16, noninverting; Pin 12, inverting) results in a full-scale
output current of 20mA.
The current limiter operates as follows: the output of the feedback
preamp is an accurate indication of the loop current. This output
is compared to an internal setpoint which backs off the drive to
the NPN transistor when the loop current approaches 25mA. As
a result, the loop and the AD693 are protected from the conse
quences of voltage overdrive at the V/I input.

VOLTAGE REFERENCE AND DIVIDER
A stabilized bandgap voltage reference and laser-trimmed resistor
divider provide for both transducer excitation as well as pre
calibrated offsets for the V/I converter. When not used for
external excitation, the reference should be loaded by approxi
mately 1mA (6.2kfl to common).
The 4mA and 12mA taps on the resistor divider correspond to
— 15mV and — 45mV, respectively, and result in a live zero of
4mA or 12mA of loop current when connected to the V/I converter’s

inverting input (Pin 12). Arranging the zero offset in this way
makes the zero signal output current independent of input span.
When the input to the signal amp is zero, the noninverting
input of the V/I is at 6.2V.
Since the standard offsets are laser trimmed at the factory,
adjustment is seldom necessary except to accommodate the zero
offset of the actual source. (See “Adjusting Zero”.)
SIGNAL AMPLIFIER
The Signal Amplifier is an instrumentation amplifier used to
buffer and scale the input to match the desired span. Inputs
applied to the Signal Amplifier (at Pins 17 and 18) are amplified
and referred to the 6.2V reference output in much the same way
as the level translation occurs in the V/I converter. Signals from
the two preamplifiers are subtracted, the difference is amplified,
and the result is fed back to the upper preamp to minimize the
difference. Since the two preamps are identical, this minimum
will occur when the voltage at the upper preamp just matches
the differential input applied to the Signal Amplifier at the left.

Since the signal which is applied to the V/I is attenuated across
the two 80011 resistors before driving the upper preamp, it will
necessarily be an amplified version of the signal applied between
Pins 17 and 18. By changing this attenuation, you can control
the span referred to the Signal Amplifier. To illustrate: a 75mV
signal applied to the V/I results in a 20mA loop current. Nominally,
15mV is applied to offset the zero to 4mA leaving a 60mV range
to correspond to the span. And, since the nominal attenuation
of the resistors connected to Pins 16, 15 and 14 is 2.00, a 30mV
input signal will be doubled to result in 20mA of loop current.
Shorting Pins 15 and 16 results in unity gain and permits a
60mV input span. Other choices of span may be implemented
with user supplied resistors to modify the attenuation. (See
section “Adjusting Input Span”.)

The Signal Amplifier is specially designed to accommodate a
large common-mode range. Common-mode signals anywhere up
to and beyond the 6.2V reference are easily handled as long as
Vin is sufficiently positive. The Signal Amplifier is biased with
respect to ViN and requires about 3.5 volts of headroom. The
extended range will be useful when measuring sensors driven,
for example, by the auxiliary amplifier which may go above the
6.2V potential. In addition, the PNP input stage will continue
to operate normally with common-mode voltages of several
hundred mV, negative, with respect to common. This feature
accommodates self-generating sensors, such as thermocouples,

Figure 9. Functional Block Diagram
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which may produce small negative normal-mode signals as well
as common-mode noise on “grounded” signal sources.

3.5V of headroom with respect to ViN at its input and about 2V
of difference between Ix and the voltage to which Vx is required
to swing.

AUXILIARY AMPLIFIER
The Auxiliary Amplifier is included in the AD693 as a signal
conditioning aid. It can be used as an op amp in noninverting
applications and has special provisions to provide a controlled
current output. Designed with a differential input stage and an
unbiased Class A output stage, the amplifier can be resistively
loaded to common with the self-contained lOOfl resistor or with
a user supplied resistor.

The output stage of the Auxiliary Amplifier is actually a high
gain Darlington transistor where Ix is the collector and Vx is
the emitter. Thus, the Auxiliary Amplifier can be used as a V/I
converter when configured as a follower and resistively loaded.
Ix functions as a high-impedance current source whose current
is equal to the voltage at Vx divided by the load resistance. For
example, using the onboard lOOfl resistor and the 75mV or
150mV application voltages, either a 750pA or 1.5mA current
source can be set up for transducer excitation.

As a functional element, the Auxiliary Amplifier can be used in
dynamic bridges and arrangements such as the RTD signal
conditioner shown in Figure 17. It can be used to buffer, amplify
and combine other signals with the main Signal Amplifier. The
Auxiliary Amplifier can also provide other voltages for excitation
if the 6.2V of the reference is unsuitable. Configured as a simple
follower, it can be driven from a user supplied voltage divider
or the precalibrated outputs of the AD693 divider (Pins 3 and
4) to provide a stiff voltage output at less than the 6.2 level, or
by incorporating a voltage divider as feedback around the amplifier,
one can gain-up the reference to levels higher than 6.2V. If
large positive outputs are desired, Ix, the Auxiliary Amplifier
output current supply, should be strapped to either Vin or
Boost. Like the Signal Amplifier, the Auxiliary requires about

The Ix terminal has voltage compliance within 2V of Vx. If the
Auxiliary Amplifier is not to be used, then Pin 2, the noninverting
input, should be grounded.
REVERSE VOLTAGE PROTECTION FEATURE
In the event of a reverse voltage being applied to the AD693
through a current-limited loop (limited to 200mA), an internal
shunt diode protects the device from damage. This protection
mode avoids the compliance voltage penalty which results from
a series diode that must be added if reversal protection is required
in high-current loops.

Applying the AD693
CONNECTIONS FOR BASIC OPERATION
Figure 10 shows the minimal connections for basic operation:
0-30mV input span, 4-20mA output span in the two-wire, looppowered mode. If not used for external excitation, the 6.2V
reference should be loaded by approximately 1mA (6.2kfi to
common).
USING AN EXTERNAL PASS TRANSISTOR
The emitter of the NPN output section, Iout> of the AD693 is
usually connected to common and the negative loop connection
(Pins 7 to 6). Provision has been made to reconnect Iout to the
base of a user supplied NPN transistor as shown in Figure 11.
This permits the majority of the power dissipation to be moved
off chip to enhance performance, improve reliability, and extend
the operating temperature range. An internal hold-down resistor
of about 3k is connected across the base emitter of the external
transistor.
The external pass transistor selected should have a BVCeo greater
than the intended supply voltage with a sufficient power rating

for continuous operation with 25mA current at the supply voltage.
Ft should be in the 10MHz to 100MHz range and |3 should be
greater than 10 at a 20mA emitter current. Some transistors that
meet this criteria are the 2N1711 and 2N2219A. Heat sinking
the external pass transistor is suggested.
The pass transistor option may also be employed for other ap
plications as well. For example, Iout can be used to drive an
LED connected to Common, thus providing a local monitor of
loop fault conditions without reducing the minimum compliance
voltage.

ADJUSTING ZERO
In general, the desired zero offset value is obtained by connecting
an appropriate tap of the precision reference/voltage divider
network to the inverting terminal of the V/I converter. As shown
in Figure 9, precalibrated taps at Pins 14, 13 and 11 result in
zero offsets of 0mA, 4mA and 12mA, respectively, when connected
to Pin 12. The voltages which set the 4mA and 12mA zero
operating points are 15mV and 45mV negative with respect to

Figure 10. Minimal Connection for 0-30mV Unipolar Input,
4-20mA Output
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Figure 11. Using an External Pass Transistor to Minimize
Seif-Heating Errors

6.2V, and they each have a nominal source resistance of 4500.
While these voltages are laser trimmed to high accuracy, they
may require some adjustment to accommodate variability between
sensors or to provide additional ranges. You can adjust zero by
pulling up or down on the selected zero tap, or by making a
separate voltage divider to drive the zero pin.
The arrangement of Figure 12 will give an approximately linear
adjustment of the precalibrated options with fixed limits. To
find the proper resistor values, first select IA> the desired range
of adjustment of the output current from nominal. Substitute
this value in the appropriate formula below for adjustment at
the 4mA tap.

RZ1 = (1.6V/Ia) - 4000 and

These can be rounded down to more convenient values of 7.5kO
and 1.3MO, which will result in an adjustment range comfortably
greater than ± 200pA.
ADJUSTING INPUT SPAN
Input Span is adjusted by changing the gain of the Signal Amplifier.
This amplifier provides a 0-to-60mV signal to the V/I section to
produce the 4-to-20mA output span (or a 0-to-75mV signal in
the 0-to-20mA mode). The gain of this amplifier is trimmed to
2.00 so that an input signal ranging from 0-to-30mV will drive
the V/I section to produce 4-to-20mA. Joining Pl and P2 (Pins
15 and 16) will reduce the Signal Amplifier gain to one, thereby
requiring a 60mV signal to drive the V/I to a full 20mA span.
To produce spans less than 30mV, an external resistor, Rsi, can
be connected between Pl and 6.2V. The nominal value is given
by:
D _ 4000
Ksi
30mV -1

Rzz = Rzi x 3.1V/(15mV + IA x 3.750)
Use a similar connection with the following resistances for ad
justments at the 12mA tap.

S
where S is the desired span. For example, to change the span to
6mV a value of:
_ 4000
1000
S1
30mV -1
6mV
is required. Since the internal, 8000 gain setting resistors exhibit
an absolute tolerance of 10%, Rsi should be provided with up to
± 10% range of adjustment if the span must be well controlled.

RZ1 = (4.8V/Ia) - 4000 and
Rzz = Rzi x 3.1V/(45mV + IA x 3.750)

These formulae take into account the ± 10% tolerance of tap
resistance and insure a minimum adjustment range of IA. For
example, choosing IA = 200jjlA will give a zero adjustment
range of ± 1% of the 20mA full-scale output. At the 4mA tap
the maximum value of:
RZ1 = 1 .6V/200jjlA - 4000 = 7.6kO and
Rzz = 7.6kO x 3.1V/(15mV + 200p.A x 3.750) = 1.49MO

For spans between 30mV and 60mV a resistor RS2 should be
connected between Pl and P2. The nominal value is given by:

4000 (1 -60mV)
30mV - 1
S
For example, to change the span to 40mV, a value of:
S2

4000 (1 - 60mV)
________ 40mV
Rs2 ~
30mV -1
40mV

Figure 12. Optional 4mA Zero Adjustment (12mA Trim
Available Also)

8000

is required. Remember that this is a nominal value and may
require adjustment up to ± 10%. In many applications the span
must be adjusted to accommodate individual variations in the
sensor as well as the AD693. The span changing resistor should,
therefore, include enough adjustment range to handle both the
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sensor uncertainty and the absolute resistance tolerance of Pl
and P2. Note that the temperature coefficient of the internal
resistors is nominally - 17ppm/°C, and that the external resis
tors should be comparably stable to insure good temperature
performance.

by measuring the resistance between the 4mA of offset (Pin 13)
and common (Pin 6) with the 6.2V reference (Pin 14) connected
to common. The measured value, Rd, is then used to calculate
Re, and RE2 via the following formula:

R«-R»(s^oSv-L0024)

An alternative arrangement, allowing wide range span adjustment
between two set ranges, is shown in Figure 13. Rsi and RS2 are
calculated to be 90% of the values determined from the previous
formulae. The smallest value is then placed in series with the
wiper of the 1.5kfl potentiometer shown in the figure. For
example, to adjust the span between 25mV and 40mV, RS) and
Rs2 are calculated to be 200011 and 8000, respectively. The
smaller value, 8000, is then reduced by 10% to cover the possible
ranges of resistance in the AD693 and that value is put in place.

and Rei = 412Rp2

Figure 14. Adjusting for Spans between 60mV and 100mV
(RE1 and RE2) with Fine-Scale Adjust (RE3 and RE4)

Figure 13. Wide Range Span Adjustment

A number of other arrangements can be used to set the span as
long as they are compatible with the pretrimmed noninverting
gain of two. The span adjustment can even include thermistors
or other sensitive elements to compensate the span of a sensor.
In devising your own adjustment scheme, remember that you
should adjust the gain such that the desired span voltage at the
Signal Amplifier input translates to 60mV at the output. Note
also that the full differential voltage applied to the V/I converter
is 75mV; in the 4-20mA mode, - 15mV is applied to the inverting
input (zero pin) by the Divider Network and + 60mV is applied
to the noninverting input by the Signal Amplifier. In the 0-to-20mA
mode, the total 75mV must be applied by the Signal Amplifier.
As a result, the total span voltage will be 25% larger than that
calculated for a 4-20mA output.

Finally, the external resistance from P2 to 6.2V should not be
made less than lkfl unless the voltage reference is loaded to at
least 1.0mA. (A simple load resistor can be used to meet this
requirement if a low value potentiometer is desired.) In no case
should the resistance from P2 to 6.2V be less than 200D.

Input Spans Between 60 and lOOmV
Input spans of up to lOOmV can be obtained by adding an
offset proportional to the output signal into the zero pin of the
V/I converter. This can be accomplished with two resistors and
adjusted via the optional trim scheme shown in Figure 14. The
resistor divider formed by REi and RE2 from the output of the
Signal Amplifier modifies the differential input voltage range
applied to the V/I converter.
In order to determine the fixed resistor values, RE1 and RE2,
first measure the source resistance (RD) of the internal divider
network. This can be accomplished (power supply disconnected)

Figure 14 shows a scheme for adjusting the modified span and
4mA offset via RE3 and RE4. The trim procedure is to first
connect both signal inputs to the 6.2V Reference, set RE4 to
zero and then adjust RE3 so that 4mA flows in the current loop.
This in effect, creates a divider with the same ratio as the internal
divider that sets the 4mA zero level (— 15mV with respect to
6.2V). As long as the input signal remains zero the voltage at
Pin 12, the zero adjust, will remain at — 15mV with respect to
6.2V.

After adjusting RE3 place the desired full scale (S) across the
signal inputs and adjust RE4 so that 20mA flows in the current
loop. An attenuated portion of the input signal is now added
into the V/I zero to maintain the 75mV maximum differential.
If there is some small offset at the input to the Signal Amplifier,
it may be necessary to repeat the two adjustments.

LOCAL-POWERED OPERATION FOR 0-20mA OUTPUT
The AD693 is designed for local-powered, three-wire systems as
well as two-wire loops. All its usual ranges are available in threewire operation, and in addition, the 0-to-20mA range can be
used. The 0-20mA convention offers slightly more resolution
and may simplify the loop receiver, two reasons why it is sometimes
preferred.

The arrangement, illustrated in Figure 15, results in a 0-20mA
transmitter where the precalibrated span is 37.5mV. Connecting
Pl to P2 will double the span to 75mV. Sensor input and excitation
is unchanged from the two-wire mode except for the 25% increase
in span. Many sensors are ratiometric so that an increase in
excitation can be used instead of a span adjustment.
In the local-powered mode, increases in excitation are made
easier. Voltage compliance at the IiN terminal is also improved;
the loop voltage may be permitted to fall to 6 volts at the AD693,
easing the trade-off between loop voltage and loop resistance.
Note that the load resistor, RL, should meter the current into
Pin 10, IIN, so as not to confuse the loop current with the local
power supply current.
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Figure 15. Local Powered Operation with 0-20mA Output

OPTIONAL INPUT FILTERING
Input filtering is recommended for all applications of the AD693
due to its low input signal range. An RC filter network at each
input of the signal amplifier is sufficient, as shown in Figure 16.
In the case of a resistive signal source it may be necessary only
to add the capacitors, as shown in Figure 18. The capacitors
should be placed as close to the AD693 as possible. The value
of the filter resistors should be kept low to minimize errors due
to input bias current. Choose the 3dB point of the filter high
enough so as not to compromise the bandwidth of the desired
signal. The RC time constant of the filter should be matched to
preserve the ac common-mode rejection.

Figure 16. Optional Input Filtering

INTERFACING PLATINUM RTDs
The AD693 has been specially configured to accept inputs from
10011 Platinum RTDs (Resistance Temperature Detectors).
Referring to Figure 17, the RTD and the temperature stable
100D resistor form a feedback network around the Auxiliary
Amplifier resulting in a noninverting gain of (1 + Ry/100fl),
where RT is the temperature dependent resistance of the RTD.
The noninverting input of the Auxiliary Amplifier (Pin 2) is
then driven by the 75mV signal from the Voltage Divider (Pin
4). When the RTD is at 0, its lOOO resistance results in an
amplifier gain of + 2 causing Vx to be 150mV. The Signal
Amplifier compares this voltage to the 150mV output (Pin 3) so
that zero differential signal results. As the temperature (and
therefore, the resistance) of the RTD increases, Vx will likewise
increase according to the gain relationship. The difference between
this voltage and the zero degree value of 150mV drives the
Signal Amp to modulate the loop current. The AD693 is pre
calibrated such that the full 4-20mA output span corresponds to
a 0 to 104°C range in the RTD. (This assumes the European
Standard of a = 0.00385.) A total of 6 precalibrated ranges for
three-wire (or two-wire) RTDs are available using only the pin
strapping options as shown in Table I.
A variety of other temperature ranges can be realized by using
different application voltages. For example, loading the Voltage
Divider with a 1.5kfl resistor from Pin 3 to Pin 6 (common)
will approximately halve the original application voltages and

Figure 17. 0-to-104 CDirect Three-Wire 100/1 RTD Interface,
4-20mA Output
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Temperature
Range

Pin Connections

0to + 104°C

12 to 13

Oto + 211°C

12 to 13, and
15 to 16

+ 25°Cto + 130°C

12 to 14

+ 51°Cto + 266°C

12 to 14, and
15 to 16

-50°Cto + 51°C

12 toll

- 100°Cto + 104°C

12 to 11 and
15 to 16

Table I. Precalibrated Temperature Range Options Using
a European Standard 10011 RTD and the AD693

allow for a doubling of the range of resistance (and therefore,
temperature) required to fill the two standard spans. Likewise,
increasing the application voltages by adding resistance between
Pins 14 and 3 will decrease the temperature span.

An external voltage divider may also be used in conjunction
with the circuit shown to produce any range of temperature
spans as well as providing zero output (4mA) for a non 0 tem
perature input. For example, measuring Vx with respect to a
voltage 2.385 times the excitation (rather than 2 times) will
result in zero input to the Signal Amplifier when the RTD is at
100°C (or 138.50).
As suggested in Table I, the temperature span may also be
adjusted by changing the voltage span of the Signal Amplifier.
Changing the gain from 2 to 4, for example, will halve the tem
perature span to about 52°C on the 4-20mA output configuration.
(See section “Adjusting Input Span”.)
The configuration for a three-wire RTD shown in Figure 17 can
accommodate two-wire sensors by simply joining Pins 1 and 5
of the AD693.

INTERFACING LOAD CELLS AND METAL FOIL
STRAIN GAGES
The availability of the on-chip Voltage Reference, Auxiliary
Amplifier and 3mA of excitation current make it easy to adapt
the AD693 to a variety of load cells and strain gages.

The circuit shown in Figure 18 illustrates a generalized approach
in which the full flexibility of the AD693 is required to interface
to a low resistance bridge. For a high impedance transducer the
bridge can be directly powered from the 6.2V Reference.
Component values in this example have been selected to match
the popular standard of 2mV/V sensitivity and 35011 bridge
resistance. Load cells are generally made for either tension and
compression, or compression only; use of the 12mA zero tap
allows for operation in the tension and compression mode. An
optional zero adjustment is provided with values selected for
± 2% FS adjustment range.
Because of the low resistance of most foil bridges, the excitation
voltage must be low so as not to exceed the available 4mA zero
current. About IV is derived from the 6.2V Reference and an
external voltage divider; the Aux-Amp is then used as a follower
to make a stiff drive for the bridge. Similar applications with
higher resistance sensors can use proportionally higher voltage.

Finally, to accommodate the 2mV/V sensitivity of the bridge,
the full-scale span of the Signal Amplifier must be reduced.
Using the load cell in both tension and compression with IV of
excitation, therefore, dictates that the span be adjusted to 4mV.
By substituting in the expression, RS] = 400fl/[(30mV/S) - 1],
the nominal resistance required to achieve this span is found to
be 61.5411. Calculate the minimum resistance required by sub
tracting 10% from 61.5411 to allow for the internal resistor
tolerance of the AD693, leaving 55.3811 (See “Adjusting Input
Span”.) The standard value of 54.90 is used with a 200 poten
tiometer for full-scale adjustment.
If a load cell with a precalibrated sensitivity constant is to be
used, the resultant full-scale span applied to the Signal Amplifier
is found by multiplying that sensitivity by the excitation
voltage. (In Figure 18, the excitation voltage is actually
(10kO/62.3kO) (6.2V) = 0.995V).
THERMOCOUPLE MEASUREMENTS
The AD693 can be used with several types of thermocouple
inputs to provide a 4-20mA current loop output corresponding
to a variety of measurement temperature ranges. Cold junction
compensation (CJC) can be implemented using an AD592 or
AD59O and a few external resistors as shown in Figure 19.

Figure 18. Utilizing the Auxiliary Amplifier to Drive a Load
Cell, 12mA ±8mA Output
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Figure 19. Thermocouple Inputs with Cold Junction
Compensation

Table II. thermocouple Application-cold Junction compensation l able

From Table II simply choose the type of thermocouple and the
appropriate average reference junction temperature to select
values for Rcomp and Rz. The CJC voltage is developed across
Rcomp as a result of the AD592 IjjlA/K output and is added to
the thermocouple loop voltage. The 500 potentiometer is biased
by Rz to provide the correct zero adjustment range appropriate
for the divider and also translates the Kelvin scale of the AD592
to “Celsius. To calibrate the circuit, put the thermocouple in an
ice bath (or use a thermocouple simulator set to 0) and adjust
the potentiometer for a 4mA loop current.

The span of the circuit in °C is determined by matching the
signal amplifier input voltage range to it’s temperature equivalent
via a set of thermocouple tables referenced to °C. For example,
the output of a properly referenced type J thermocouple is
60mV when the hot junction is at 1035°C. Table II lists the
maximum measurement temperature for several thermocouple
types using the preadjusted 30mV and 60mV input ranges.
More convenient temperature ranges can be selected by deter
mining the full-scale input voltages via standard thermocouple
tables and adjusting the AD693 span. For example, suppose
only a 300°C span is to be measured with a type K thermocouple.
From a standard table, the thermocouple output is 12.207mV;
since 60mV at the signal amplifier corresponds to a 16mA span
at the output a gain of 5, or more precisely 60mV/12.207mV = 4.915
will be needed. Using a 12.207mV span in the gain resistor
formula given in “Adjusting Input Span” yields a value of about
2700 as the minimum from Pl to 6.2V. Adding a 500 poten
tiometer will allow ample adjustment range.

With the connection illustrated, the AD693 will give a full-scale
indication with an open thermocouple.
ERROR BUDGET ANALYSIS
Loop-Powered Operation specifications refer to parameters
tested with the AD693 operating as a loop-powered transmitter.
The specifications are valid for the preset spans of 30mV, 60mV
and those spans in between. The section, “Components of Error”,
refers to parameters tested on the individual functional blocks,
(Signal Amplifier, V/I Converter, Voltage Reference, and Auxiliary
Amplifier). These can be used to get an indication of device
performance when the AD693 is used in local power mode or
when it is adjusted to spans of less than 30mV.

Table III lists the expressions required to calculate the total
error. The AD693 is tested with a 250fl load, a 24V loop supply
and an input common-mode voltage of 3.1V. The expressions
below calculate errors due to deviations from these nominal
conditions.
The total error at zero consists only of offset errors. The total
error at full scale consists of the offset errors plus the span
errors. Adding the above errors in this manner may result in an
error as large as 0.8% of full scale, however, as a rule, the AD693
performs better as the span and offset errors do not tend to add
worst case. The specification “Total Unadjusted Error”, (TUE),
reflects this and gives the maximum error as a % of full scale
for any point in the transfer function when the device is operated
in one of its preset spans, with no external trims. The TUE is
less than the error you would get by adding the span and offset
errors worst case.
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Thus, an alternative way of calculating the total error is to start
with the TUE and add to it those errors that result from operation
of the AD693 with a load resistance, loop supply voltage, or
common-mode input voltage different than specified. (See Example
1 below.)
ERROR BUDGET FOR SPANS LESS THAN 30mV
An accommodation must be made to include the input voltage
offset of the signal amplifier when the span is adjusted to less
than 30mV. The TUE and the Zero Current Error include the
input offset voltage contribution of the signal amplifier in a gain
of 2. As the input offset voltage is multiplied by the gain of the
signal amplifier, one must include the additional error when the
signal amplifier is set to gains greater than 2.
For example, the 300 °K span thermocouple application discussed
previously requires a 12.207mV input span; the signal amplifier
must be adjusted to a gain of approximately 5. The loop trans
conductance is now 1.333 A/V, (5 x 0.2666 A/V). Calculate the
total error by substituting the new values for the transconductance
and span into the equations in Table III as was done in Example
I. The error contribution due to Vos is 5 x Vos, however, since
2 x Vos is already included in the TUE and the Zero Current
Error it is necessary to add an error of only (5 - 2) x Vos to the
error budget. Note that span error may by reduced to zero with
the span trim, leaving only the offset and nonlinearity of the
AD693.

RTI Contributions to Offset Error
Error Source

Ize
PSRR
CMRR
IOS

Zero Current Error
Power Supply Rejection Ratio
Common-Mode Rejection Ratio
Input Offset Current

Expression for RTI Error at Zero

Ize/Xs
(IVloof -24V| +(|Rl -25OQ|
|Vcm - 3.1 V| x CMRR

x Iz]) x PSRR

Rs x IOS

RTI Contributions to Span Error
Error Source

Expression for RTI Error at Full Scale

XSe
Xrsrr
X< .mrr
Xnl
Idiff

Vspan x X$e
|Rl -25OD| x Is x PSRR
|Vcm -3.1V| x Vspan x X<^rr
Vspan x Xni.
Rs x Idiff

Transconductance Error
Transconductance PSRR1
Transconductance CMRR
Nonlinearity
Differential Input Current2

Abbreviations
Iz
Is
Rs
Ri.
Vloop

Vcm
Vspan
Xs

Zero Current (usually 4mA)
Output span (usually 16mA)
Input source impedance
Load resistance
Loop supply voltage
Input common-mode voltage
Input span
Nominal transconductance in A/1

’The 4-20mA signal, flowing through the metering resistor, modulates the power supply

voltage seen by the AD693. The change in voltage causes a power supply rejection error
that varies with the output current, thus it appears as a span error.
2The input bias current of the inverting input increases with input signal voltage. The differential

input current, Idiff, equals the inverting input current minus the noninverting input current;
see Figure 2. Idiff, flowing into an input source inpedance, will cause an input voltage
error that varies with signal. If the change in differential input current with input signal is
approximated as a linear function, then any error due to source impedance may be approximated
as a span error. To calculate Idiff, refer to Figure 2 and find the value for Idiff/+ In cor
responding to the full-scale input voltage for your application. Multiply by +In max to get
Idiff- Multiply Idiff by the source impedance to get the input voltage error at full scale.

Table III. RTI Contributions to Span and Offset Error

EXAMPLE I
The AD693 is configured as a 4-20mA loop powered transmitter
with a 60mV FS input. The inputs are driven by a differential
voltage at 2V common mode with a 3000 balanced source resis
tance. A 24V loop supply is used with a 5000 metering
resistance. (See Table IV below.)

Trimming the offset and span for your application will remove
all span and offset errors except the nonlinearity of the AD693.

OFFSET ERRORS
Already included in the TUE spec.

O.OpV

PSRR

5.6pV

Iz

PSRR = 5.6p.V/V;(|24V -24V| + [|500(l -25O(l| x 4mA]) x 5.6p.V/V =
Vloop = 24 V
RL = 500(1 Iz = 4mA

CMRR CMRR = 30pV/V;|2V -3.1V| x 30p.V/V =
Vcm = 2V

IOS

IOS = 3nA,Rs =30011; 300(1 x 3nA =

33.0pV

0.9p.V

Total Additional Error at 4mA

39.5pV

As % of full scale; (39.5p.V x 0.2666 A/V)/20mA x 100% =

0.053% ofFS

SPAN ERRORS

XsE

Already included in the TUE spec.

O.OpV

XpSRR

PSRR = 5.6p.V/V;(|500(l - 25O(l| x 16mA) x 5.6pV/V =
Rl = 500(1, Is = 16mA

22.4|iV

X<;mrr

Xcmrr = 0.06%/V;|2V -3.1V| x 60mV x 0.06%/V =
VCM=2V,VSPAN = 60inV

39.6pV

Idiff

Vspan = + 60mV; 300(1 x 2 x 20nA
Idiff/ + In = 2
from Figure 2)

12.0p.V

Already included in the TUE
Xnl
Total Additional Span Error at Full Scale

0.0p.V

Total Additional Error at Full Scale; coffset + Cspan = 39.5pV + 74.0p.V =
As %of Full Scale; (113.5p.V x 0.2666 A/V)/20mA x 100% =

113.5p.V
0.151%ofFS

74.0|iV

New Total Unadjusted Error @FS;ctue + ^additional = 0.5% +0.151% =

Table IV. Example 1
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0.651% of FS

ANALOG
DEVICES

4-20 mA Transmitter

*
AD694
AD694 FUNCTIONAL BLOCK DIAGRAM

FEATURES
4-20 mA, 0-20 mA Output Ranges
Precalibrated Input Ranges:
0Vto2V, OVto 10 V
Precision Voltage Reference
Programmable to 2.000 V or 10.000 V
Single or Dual Supply Operation
Wide Power Supply Range: +4.5 V to +36 V
Wide Output Compliance
Input Buffer Amplifier
Open-Loop Alarm
Optional External Pass Transistor to Reduce
Self-Heating Errors
0.002% typ Nonlinearity

BOOST

•out
ALARM

PRODUCT HIGHLIGHTS
1. The AD694 is a complete voltage in to 4—20 mA out current
transmitter.

PRODUCT DESCRIPTION
The AD694 is a monolithic current transmitter that accepts high
level signal inputs to drive a standard 4-20 mA current loop for
the control of valves, actuators, and other devices commonly
used in process control. The input signal is buffered by an input
amplifier that can be used to scale the input signal or buffer the
output from a current mode DAC. Precalibrated input spans of
0 V to 2 V and 0 V to 10 V are selected by simple pin strap
ping; other spans may be programmed with external resistor.

2. Pin programmable input ranges are pre-calibrated at 0 V to
2 V and 0 V to 10 V.

The output stage compliance extends to within 2 V of Vs and its
special design allows the output voltage to extend below com
mon in dual supply operation. An alarm warns of an open 4 to
20 mA loop or noncompliance of the output stage.

4. The output voltage compliance extends to within 2 V of the
positive supply and below common. When operated with a
5 V supply, the output voltage compliance extends 30 V be
low common.

Active laser trimming of the AD694’s thin film resistors results
in high levels of accuracy without the need for additional adjust
ments and calibration. An external pass transistor may be used
with the AD694 to off-load power dissipation, extending the
temperature range of operation.

5. The AD694 interfaces directly to 8-, 10-, and 12-bit single
supply CMOS and bipolar DACs.

The AD694 is the ideal building block for systems requiring
noise immune 4—20 mA signal transmission to operate valves,
actuators, and other control devices, as well as for the transmis
sion of process parameters such as pressure, temperature, or
flow. It is recommended as a replacement for discrete designs in
a variety of applications in industrial process control, factory
automation, and system monitoring.

3. The input amplifier may be configured to buffer and scale
the input voltage, or to serve as an output amplifier for cur
rent output DACs.

6. The 4 mA zero current may be switched on and off with a
TTL control pin, allowing 0-20 mA operation.
7. An open collector alarm warns of loop failure due to open
wires or noncompliance of the output stage.
8. A monitored output is provided to drive an external pass
transistor. The feature off-loads power dissipation to extend
the temperature range of operation and minimize self-heating
error.

The AD694 is available in hermetically sealed, 16-pin cerdip,
specified over the -40°C to +85°C industrial temperature range
and in a 16-pin plastic DIP specified over the 0 to +70°C tem
perature range.
‘Protected by U.S. Patents: 30,586; 4,250,445; 4,857,862.
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SPECIFICATIONS

(@ +25°C, Rl = 250 fl and V$ = +24 V, unless otherwise noted)

Model
Min

AD694JN/AQ
Max
Typ

INPUT CHARACTERISTICS
Input Voltage Range
Input Bias Current
Either Input, Tmi„ to T„„
Offset Current, Tmin to Tmax
Offset Current Drift
Input Impedance

5

OUTPUT CHARACTERISTICS
Operating Current Range
Specified Performance
Output Voltage Compliance
Output Impedance, 4-20 mA
Current Limit @ 2x FS Overdrive
Slew Rate

0
4
Vs—36 V
40.0
50.0
24
1.3

SPAN AND ZERO ACCURACY1
4 mA Offset Error @ 0 V Input2
Error from 4.000 mA, 4 mA On
Error from 0.000 mA, 4 mA Off
Tmin to Tmax
vs. Supply (2 V Span/10 V Span)
Trim Range, 4 mA Zero
Span
Nominal Transfer Function
Input FS = 2 V
Input FS = 10 V
Transfer Function Error from Nom,
Input FS = 2 V, 10 V
Tmin to Tmax
vs. Supply
Nonlinearity3
4 mA On: Max Pin 9 Voltage
4 mA Off: Min Pin 9 Voltage

VOLTAGE REFERENCE
Output Voltage: 10 V Reference
Output Voltage: 2 V Reference
Tmin to Tmax4
vs. Output Current, VREF = 2 V, 10 V
vs. Supply, VREF = 2 V, 10 V
Output Current
Source
Sink

-0.2

1.5
±0.1
±1.0

0

TEMPERATURE RANGE
Specified Performance5 AD694AQ/BQ
AD694JN
Operating
AD694AQ/BQ
AD694JN

-0.2

5
±1
±5.0

±10
+ 10
±10
0.3/0.05

23
20
Vs—2 V

±0.1
±0.002
±0.001
±0.005

44

±20
+20
±40
0.8/0.4
4.8

0

1.5
±0.1
±1.0

5
±1
±5.0

nA
nA
pA/°C
Mil

23
20
Vs-2 V

mA
mA
V
Mfl
mA
mA/ps

±5
+5
±5
0.3/0.05

2.0

±0.3
±0.005
±0.005
±0.015
0.8

44

±10
+ 10
±20
0.8/0.4
4.8

10.040
2.008
50
0.50
±0.005

5

9.980
1.996

±0.05
±0.001
±0.001
±0.001

±0.15
±0.0025
±0.005
±0.005
0.8

%
%
%
%
V
V

10.000
2.000
20
0.15
±0.001

10.020
2.004
30
0.50
±0.005

V
V
ppm/°C
mV/mA
%/V

5

0.2

of Span
of Span/°C
of Span/V
of Span

mA
mA

0.2

0.35

pA
pA
pA
pA/V
mA

mA/V
mA/V

2.0
10.000
2.000
30
0.15
±0.001

Units

V

8.0
1.6

2.0

0.35

20

20

V
pA
mA

24

24

V

±1

4.5
12.5
1.5
-40
0
-55
-40

Max

Vs-2.0 V Vs-2.5 V

0
4
Vs—36 V
40.0
50.0
24
1.3

8.0
1.6

9.960
1.992

AD694BQ
Typ

5

2.0

ALARM CHARACTERISTICS
Vce(Sat) @ 2.5 mA
Leakage Current
Alarm Pin Current
POWER REQUIREMENTS
Specified Performance
Operating Range
2 V FS, VREF = 2 V
2 V, 10 V FS, VREF = 2 V, 10 V
Quiescent Current, 4 mA Off

Vs-2.0V Vs-2.5 V

Min

±1

36
36
2.0

4.5
12.5

+ 85
+ 70
+ 125
+ 85

-40
0
-55
-40
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1.5

36
36
2.0

V
V
mA

+ 85
+ 70
+ 125
+ 85

°C
°C
°C
°C

AD694
Model
Min
BUFFER AMPLIFIER6
Input Offset Voltage
Initial Offset
Tmin to Tmax

vs. Supply
vs. Common Mode
Trim Range
Frequency Response
Unity Gain, Small Signal
Input Voltage Noise (0.1 to 10 Hz)
Open-Loop Gain
Vo = +10 V, RL 2 10 kfl
Output Voltage (a Pin 1, FB1
Vol
VoH

80
80
±2.5

AD694JN/AQ
Max
Typ

Min

±500
±3

±150
±2
90
90
±4.0

80
80
±2.5

AD694BQ
Typ

±50
±2
90
90
±4.0

Max

Units

±500
±3

pV
J1V/°C
dB
dB
mV

300
2

300
2

kHz
P-V p-p

50

50

V/mV

1.0
Vs-2.5 V Vs-2 V

10

1.0
Vs-2.5 V Vs-2 V

10

mV
V

NOTES
'The single supply op amps of the AD694, lacking pull down current, may not reach 0.000 V at their outputs. For this reason, span, offset, and nonlinearity are
specified with the input amplifiers operating in their linear range. The input voltage used for the tests is 5 mV to 2 V and 5 mV to 10 V for the two pre
calibrated input ranges. Span and zero accuracy are tested with the buffer amplifier configured as a follower.
’Offset at 4 mA out and 0 mA out are extrapolated to 0.000 V input from measurements made at 5 mV and at full scale. See Note 1.
’Nonlinearity is specified as the maximum deviation of the output, as a % of span, from a straight line drawn through the endpoints of the transfer function.
’Voltage reference drift guaranteed by the Box Method. The voltage reference output over temperature will fall inside of a box whose length is determined by
the temperature range and whose height is determined by the maximum temperature coefficient multiplied by the temperature span in degrees C.
’Devices tested at these temperatures with a pass transistor. Allowable temperature range of operation is dependent upon internal power dissipation. Absolute
maximum junction and case temperature should not be exceeded. See section: “Power Dissipation Considerations.”
‘Buffer amplifier specs for reference. Buffer amplifier offset and drift already included in Span and Zero accuracy specs above.
Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS
Supply Voltage..................................................................... +36 V
Vs to Iout ........................................................................ + 36 V
Input Voltage, (Either Input Pin 2 or 3) ... . -0.3 V to +36 V
Reference Short Circuit to Common ............................ Indefinite
Alarm Voltage, Pin 10 ...................................................... +36 V
4 mA Adj, Pin 6..................................................................... +1V
4 mA On/Off, Pin 9 ................................................... 0 V to 36 V

Storage Temperature Range
AD694Q...................................................... -65°C to +150°C
AD694N...................................................... -65°C to +125°C
Lead Temperature, 10 sec Soldering ...............................+300°C
Maximum Junction Temperature...................................... +150°C
Maximum Case Temperature
Plastic Package (N) ................................................... +125°C
Cerdip Package (Q) ................................................... +125°C

Transistor Count:.............................................. 75 Active Devices
Substrate Connection:............................................ to Com, Pin 5
Thermal Characteristics:
Plastic (N) Package: 0JC = 50°C/Watt
0CA (Still Air) = 85°C/Watt
Cerdip (Q) Package: 0JC = 30°C/Watt
0CA (Still Air) = 70°C/Watt

ESD Susceptibility
All pins are rated for a minimum of 4000 V protection, except
for Pins 2, 3 and 9 which are rated to survive a minimum of
1500 V. ESD testing conforms to Human Body Model. Always
practice ESD prevention.

No pin, other than IOUT (11) and ±Sig (2), (3) as noted, may be permitted to become more negative than Com (5). No pin may be
permitted to become more positive than Vs (13).

PIN CONFIGURATION
FB [T

16] Vos ADJUST

-SIG [T

is] Vos ADJUST

+ SIG | 3
2V FS [T

COM [T
4mA ADJUST |T
10V (FORCE) [7
2V (SENSE) [7

AD694
TOP VIEW
(Not to Scale)

u] BW ADJUST

U] Vs
i7| BOOST
d]

'out

io] ALARM
T| 4mA ON/OFF
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Voltage Reference Power Supply Rejection

Maximum RL vs. Supply Voltage

lOUT: Voltage Compliance vs. Temperature

ORDERING GUIDE

Model

Package Option
*

AD694JN
AD694AQ
AD694BQ

Plastic DIP (N-16)
Cerdip (Q-16)
Cerdip (Q-16)

*See Section 20 for package outline information.
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AD694
FUNCTIONAL DESCRIPTION
The operation of the AD694 can best be understood by dividing
the circuit into three functional parts (see Figure 1). First, a
single supply input amplifier buffers the high level, single-ended
input signal. The buffer amplifier drives the second section, a
voltage to current (V/I) converter, that makes a 0 to 16 mA sig
nal dependent current.

The third section, a voltage reference and offset generator, is
responsible for providing the 4 mA offset current signal.

drive a load to a point 36 V below the positive supply (Vs). An
optional NPN pass transistor can be added to transfer most of
the power dissipation off-chip, to extend the temperature range
of operation.

The output stage is current-limited at approximately 38 mA to
protect the output from an overdrive at its inputs. The V/I will
allow linear operation to approximately 24 mA. The V/I con
verter also has an open collector alarm (Pin 10) which warns of
open-circuit condition at the IOut P'n or °f attempts to drive
the output to a voltage greater than Vs -2 V.

4 mA OFFSET GENERATOR
This circuit converts a constant voltage from the voltage refer
ence to a constant current of approximately 200 pi A. This cur
rent is summed with the signal current at Pin 14 (BW Adjust),
to result in a constant 4 mA offset current at IOUT. The 4 mA
Adj (Pin 6) allows the offset current to be adjusted to any cur
rent in the range of 2 mA to 4.8 mA. Pin 9 (4 mA On/Off) can
shut off the offset current completely if it is lifted to 2.0 V or
more, allowing 0 to 20 mA operation of the AD694. In normal
4-20 mA operation, Pin 9 is connected to ground.

BOOST

I OUT
ALARM

Figure 1. Functional Block Diagram

BUFFER AMPLIFIER
The buffer amplifier is a single supply amplifier that may be
used as a unity gain buffer, an output amplifier for a current
output D/A converter, or as a gain block to amplify low level
signals. The amplifier’s PNP input stage has a common-mode
range that extends from a few hundred mV below ground to
within 2.5 V of Vs. The Class A output of the amplifier appears
at Pin 1 (FB). The output range extends from about 1 mV
above common to within 2.5 V of Vs when the amplifier is op
erated as a follower. The amplifier can source a maximum load
of 5 kfl, but can sink only as much as its internal 10 kfl pull
down resistor allows.

V/I CONVERTER
The ground referenced, input signal from the buffer amplifier is
converted to a 0 to 0.8 mA current by A2 and level shifted to
the positive supply. A current mirror then multiplies this signal
by a factor of 20 to make the signal current of 0 to 16 mA. This
technique allows the output stage to drive a load to within 2 V
of the positive supply (Vs). Amplifier A2 forces the voltage at
Pin 1 across resistors Rl and R2 by driving the Darlington tran
sistor, Q2. The high gain Darlington transmits the resistor cur
rent to its collector and to R3 (900 fl). A3 forces the level
shifted signal across the 45 fl resistor to get a current gain of
20. The transfer function of the V/I stage is therefore:
Iout = (20 x (pin i)) / (Rl + R2)
resulting in a 0-16 mA output swing for a 0-10 V input. Tying
Pin 4 (2 V FS) to ground shorts out R2 and results in a 2 V
full-scale input for a 16 mA output span.
The output stage of the V/I converter is of a unique design that
allows the IOUT pin to drive a load below the common (sub
strate) potential of the device. The output transistor can always

VOLTAGE REFERENCE
A 2 V or 10 V voltage reference is available for user applica
tions, selectable by pin-strapping. The 10 V option is available
for supply voltages greater than 12.5 V, the 2 V output is avail
able over the whole 4.5 V - 36 V power supply range. The ref
erence can source up to 5 mA for user applications. A boost
transistor can be added to increase the current drive capability
of the 2 V mode.

APPLYING THE AD694
The AD694 can easily be connected for either dual or single
supply operation, to operate from supplies as low as 4.5 V and
as high as 36 V. The following sections describe the different
connection configuration, as well as adjustment methods.
Table I shows possible connection options.
Input
Range

Output
Range

0-2 V
0-10 V
0-2.5 V
0-12.5 V
0-2 V
0-10 V
0-2.5 V
0-12.5 V

4-20
4-20
0-20
0-20
4-20
4-20
0-20
0-20

mA
mA
mA
mA
mA
mA
mA
mA

Min
Voltage
Reference vs
2V
4.5 V
2V
12.5 V
5.0 V
2V
13.0 V
2V
10 V
12.5 V
10 V
12.5 V
10 V
12.5 V
10 V
13.0 V

Pin 9

Pin 4 Pin 8

Pin 5
Pin 5
>2V
>2V
Pin 5
Pin 5
>2 V
>2 V

Pin 5
Open
Pin 5
Open
Pin 5
Open
Pin 5
Open

Pin 7
Pin 7
Pin 7
Pin 7
Open
Open
Open
Open

Table I. Precalibrated Ranges for the AD694

BASIC CONNECTIONS: 12.5 V SINGLE SUPPLY
OPERATION WITH 10 V FS
Figure 2 shows the minimal connections required for basic oper
ation with a +12.5 V power supply, 10 V input span, 4-20 mA
output span, and a 10 V voltage reference. The buffer amplifier
is connected as a voltage follower to drive the V/I converter by
connecting FB (Pin 1) to -Sig (Pin 2). 4 mA On/Off (Pin 9) is
tied to ground (Pin 5) to enable the 4 mA offset current. The
AD694 can drive a maximum load RL = [Vs - 2 V] / 20 mA,
thus the maximum load with a 12.5 V supply is 525 fl.
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VS=*12.5V TO *36V

Figure 2. Minimal Connections for 0-10 V Single-Ended
Input, 4-20 mA Output, 10 V Reference Output

SELECTING A 2 V FULL-SCALE INPUT
The 2 V full-scale option is selected by shorting Pin 4 (2 V FS)
to Pin 5 (Common). The connection should be as short as possi
ble; any parasitic resistance will affect the precalibrated span
accuracy.
SELECTING THE 2 V VOLTAGE REFERENCE
The voltage reference is set to a 2 V output by shorting Pin 7 to
Pin 8 (10 V Force to 2 V Sense). If desired, the 2 V reference
can be set up for remote force and sense connection. Keep in
mind that the 2 V Sense line carries a constant current of
100 p.A that could cause an offset error over long wire runs.
The 2 V reference option can be used with all supply voltages
greater than 4.5 V.

DRIVING NONRESISTIVE LOADS
The AD694 is designed to be stable when driving resistive
loads. Adding a 0.01 pF capacitor from IOUT (Pin H)t0 Com
(Pin 5), as shown in Figure 3, insures the stability of the AD694
when driving inductive or poorly defined loads. This capacitor is
recommended when there is any uncertainty as to the character
istics of the load.

An NPN boost transistor can be added in the 2 V mode to in
crease the current drive capability of the 2 V reference. The
10 V force pin is connected to the base of the NPN, and the
NPN emitter is connected to the 2 V sense pin. The minimum
Vs of the part increases by approximately 0.7 V.
4.5 V SINGLE SUPPLY OPERATION
For operation with a +4.5 V power supply, the input span and
the voltage reference output must be reduced to give the ampli
fiers their required 2.5 V of head room for operation. This is
done by adjusting the AD694 for 2 V full-scale input, and a
voltage reference output of 2 V as described above.
GENERAL DESIGN GUIDELINES
A 0.1 pF decoupling capacitor is recommended in all applica
tions from Vs (Pin 13) to Com (Pin 5). Additional components
may be required if the output load is nonresistive, see section on
driving nonresistive loads. The buffer amplifier PNP inputs
should not be brought more than -0.3 V of common, or they
will begin to source large amounts of current. Input protection
resistors must be added to the inputs if there is a danger of this
occurring. The output of the buffer amplifier, Pin 1 (FB), is not
short circuit protected. Shorting this pin to ground or Vs with a
signal present on the amplifier may damage it. Input signals
should not drive Pin 1 (FB) directly; always use the buffer am
plifier to buffer input signals.

Figure 3. Capacitor Utilized When Driving Nonresistive
Loads; Protection Diodes Used When Driving Inductive
Loads

Additional protection is recommended when driving inductive
loads. Figure 3 shows two protective diodes, DI and D2, added
to protect against voltage spikes that may extend above Vs or
below common that could damage the AD694. These diodes
should be used in addition to the 0.01 pF capacitor. When the
optional NPN transistor is used, the capacitor and diodes should
connect to the NPN emitter instead of Pin 11.

0-20 mA OPERATION
A 0-20 mA output range is available with the AD694 by remov
ing the 4 mA offset current with the 4 mA On/Off pin. In nor
mal 4-20 mA operation 4 mA On/Off (Pin 9) is tied to ground,
enabling the 4 mA offset current. Tying Pin 9 to a potential of
2 V or greater turns off the 4 mA offset current; connecting Pin
9 to the voltage reference, 2 V or 10 V, is a convenient way to
do this. In 0-20 mA mode the input span is increased by 20%,
thus the precalibrated input spans of 2 V and 10 V become
2.5 V and 12.5 V. Minimum supply voltages for the two spans
increase to 5 V and 13 V.

The 4 mA On/Off pin may also be used as a “jiggle pin” to un
stick valves or actuators, or as a way to shut off a 4-20 mA loop
entirely. Note that the pin only removes the 4 mA offset and
not the signal current.
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Figure 4. Using Optional Pass Transistor to Minimize Self
Heating Errors; Dual Supply Operation Shown

DUAL SUPPLY OPERATION
Figure 4 shows the AD694 operated in dual supply mode. (Note
that the pass transistor is shown for illustration and is not re
quired for dual supply operation.) The device is powered com
pletely by the positive supply which may be as low as 4.5 V.
The unique design of the output stage allows the IOUT pin to
extend below common to a negative supply. The output stage
can source a current to a point 36 V below the positive supply.
For example, when operated with a +12.5 V supply, the AD694
can source a current to a point as low as 23.5 V below common.
This feature can simplify the interface to dual supply D/A con
verters by eliminating grounding and level-shifting problems
while increasing the load that the transmitter is able to drive.
Note that the IOUT pin *s the only pin that should be allowed to
extend lower than -0.3 V of common.

OPERATION WITH A PASS TRANSISTOR
The AD694 can operate as a stand-alone 4-20 mA converter
with no additional active components. However, provisions have
been made to connect IOUT to the base of an external NPN pass
transistor as shown in Figure 4. This permits a majority of the
power dissipation to be moved off-chip to enhance performance
and extend the temperature range of operation. Note that the
positive output voltage compliance is reduced by approximately
0.7 V, the VBE of the pass device.
The external pass transistor selected should have a BVCEO
greater than the intended supply voltage with a sufficient power
rating for continuous operation with 25 mA current at the sup
ply voltage. Ft should be in the 10 MHz to 100 MHz range and
p should be greater than 10 at a 20 mA emitter current. Heat
sinking the external pass transistor is suggested.

POWER DISSIPATION CONSIDERATIONS
The AD694 is rated for operation over its specified temperature
without the use of an external pass transistor. However, it is
possible to exceed the absolute maximum power dissipation,
with some combinations of power supply voltage and voltage
reference load. The internal dissipation of the part can be calcu
lated to determine there is a chance that the absolute maximum
dissipation may be exceeded. The die temperature must never
exceed 150°C.

Total power dissipation (PTOt)> is
sum °f power dissipated
by the internal amplifiers, P (Standing), the voltage reference,
P (VREF) and the current output stage, P(IOut) as follows:

Ptot ~ P (Standing) + P (VREF) + P (Iout)
where:

P (Standing) = 2 mA (max) x Vs
f3 (Vref) = (Vs — VREE)x IVREF
P (lour) ~ s ~ Vout) x Iout (max):
1out (max) may be the max expected operating cur
rent, or the overdriven current of the device.
P (Iout) drops to (2 Volts x IOUT) if a pass transistor
is used.

Definitions:
= output voltage of reference
Ivref = output current of reference

13
Vout = voltage at IOUT pin.

An appropriate safety factor should be added to PTOT.
The junction temperature may be calculated with the following
formula:
^7 = PtOT
+ ®Ca) + AMBIENT
0JC is the thermal resistance between the chip and the package
(case), 0CA is the thermal resistance between the case and its
surroundings and is determined by the characteristics of the
thermal connection of the case to ambient.

For example, assume that the part is operating with a Vs of
24 V in the cerdip package at 50°C, with a 1 mA load on the
10 V reference. Assume that IOUt *s grounded and that the max
Iout would be 20 mA. The internal dissipation would be:

P(tot) = 2mA
24V
*

+ (24 V - 10 V) x 1 mA + (24 V -0 V) x 20 mA
= 48 mW + 14 mW + 480 mW = 542 mW
Using 0JC of 30°C/Watt and 0CA of 70°C/Watt, (from spec page)
the junction temperature is:

Tj = 542 mW (3(FC/W + 70°C/W) +50°C = 104.2°C

The junction temperature is in the safe region.
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RP = 180 0.(1 /X - 4.5)

Rf = 500 fl [(V^p 11.22 V)

-0.18 - 0.82X][l/X - 4.5]

These formulae take into account the ± 10% internal resistor
tolerance and ensure a minimum adjustment range for the 4 mA
offset. For example, assume the 2 V reference option has been
selected. Choosing X = 0.05; gives an adjustment range of ±5%
of the 4 mA offset.

Figure 5. Internal Power Dissipation in mW

Internal power dissipation can be reduced either by reducing the
value of 0CA through the use of air flow or heat sinks, or by re
ducing P(Tot) of the AD694 through the use of an external pass
transistor. Figure 5 shows the maximum case and still air tem
peratures for a given level of power dissipation.

ADJUSTMENT PROCEDURES
The following sections describe methods for trimming the out
put current offset, the span and the voltage reference.

RP = 180 fl (1/0.05 - 4.5) = 2.79 kit
Rp = 500 fl [(2 V / 1.22) - 0.18 - 0.82 x 0.05][l/0.05 - 4.5]
= 10.99 kit
These can be rounded down to more convenient values of
2.5 kfl and 9.76 kfl. In general, if the value of RP is rounded
down slightly, the value of RF should be rounded down propor
tionately and vice versa. This helps to keep the adjustment
range symmetrical.
ADJUSTING SPAN FOR 10 V FS
When the AD694 is configured with a 10 V input full-scale the
span maybe adjusted using the network shown in Figure 7. This
scheme allows an approximately linear adjustment of the span
above or below the nominal value. The span adjustment does
not interact with the 4 mA offset. To select Rs and RT, choose
X, the desired adjustment range as a fraction of the span. Sub
stitute this value in the appropriate formula below.

Rt =

1.8 kO ((1 - X)/X)

Rs = 9 kit] 1 - 0.2 (1 + X)( 1 - X )] / 2X
ADJUSTING 4 mA ZERO
The 4 mA zero current may be adjusted over the range of 2 mA
to 4.8 mA to accommodate large input signal offsets, or to allow
small adjustment in the zero current. The zero may be adjusted
by pulling up or down on Pin 6 (4 mA Adj) to increase or de
crease the nominal offset current. The 4 mA Adj. (Pin 6) should
not be driven to a voltage greater than 1 V. The arrangement of
Figure 6 will give an approximately linear adjustment of the
4 mA offset within fixed limits. To find the proper resistor val
ues, first select X, the desired range of adjustment as a fraction
of 4 mA. Substitute this value in the appropriate formula below
along with the chosen reference output voltage (VREF = 2 V or
10 V usually), to determine the resistor values required.

These formulae take into account the ± 10% absolute resistor
tolerance of the internal span resistors and ensures a minimum
adjustment range of the span. For example, choosing the adjust
ment range to be ±2%, or 0.02 gives:

Rt =

1.8 kit((l - 0.02) 10.02) = 88.2 kil

Rs = 9 kit f 1 - 0.2 (1 + 0.02)( 1 - 0.02 )] / (2 x 0.02) =
175.5 kit
These values can be rounded up to the more convenient values
of 100 kfl and 198 kfl. In general, if RT is rounded up, then
the value of Rs should be rounded up proportionally and vice
versa.

Figure 7. Span Adjustment, 10 V Full Scale
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ADJUSTING SPAN FOR 2 V FS
The precalibrated 2 V full-scale range requires a different ad
justment scheme due to the single supply nature of the AD694.
Figure 8 shows an adjustment scheme that allows an approxi
mately linear adjustment of the 2 V span plus or minus the
nominal value. The span adjustment does not affect the value of
the 4 mA offset current.

required. This adjustment scheme makes the accuracy of the
span adjustment dependent upon the ratio accuracy of the re
quired gain resistors. Thus, it is possible to accurately configure
spans other than 2 V or 10 V without using trimming potenti
ometers, given that the resistor ratios are sufficiently accurate. A
supply voltage of 12.5 V is required for spans between 2 V and
10 V. Spans below 2 V require a Vs of 4.5 V or greater.

To find the proper resistor values first select X, the desired
range of adjustment as a fraction of the output span. Substitute
this value into the following formulae:

A second method, allows other spans of less than 10 V to be
programmed when supply voltage is less than 12.5 V. Since the
AD694 amplifiers require 2.5 V of headroom for operation, a
5 V full-scale input is possible with a 7.5 V supply. This is
achieved by placing a resistor, in parallel with R2, (2 V FS (Pin
4) to Com (Pin 5)), to adjust the transconductance of the V/I
converter without a headroom penalty. A disadvantage of this
method is that the external resistor must match the internal re
sistor in a precise manner, thus a span trim will be required.
The value should be chosen to allow for the ± 10% uncertainty
in the absolute value of the internal resistor R2.

Ra = 2 x Rb where RB is greater than 5 K
Rc = (2.75 kCl x X) /(I - 0.27SX)
These formulae take into account the ± 10% absolute tolerance
of the internal span resistors and ensure a minimum adjustment
range.

For example, choosing the adjustment range to be ±320 jjiA of
FS or, ±2%, let X = 0.02. Thus:

Setting Rb = 10 K, then RA = 2(.O2) x 10 kfl = 400 fl

ADJUSTING REFERENCE OUTPUT
Figure 9 shows one method of making small adjustments to the
10 V reference output. This circuit allows a linear adjustment
range of ±200 mV. The 2 V reference may also be adjusted but
only in the positive direction.

Rc = (2.75 kfl x 0.02)/ (1 - 0.275 x (0.02)) = 55.3 fl
The value of Rc can be rounded to the more convenient values
of 49.9 fl. In general, if RA is rounded up, then Rc should be
rounded up proportionally and vice versa; rounding up will in
crease the range of adjustment.

PROGRAMMING OTHER SPANS
There are two methods for programming input spans less than
10 V. The first decreases the input span by programming a non
inverting gain into the buffer amplifier. For example, to achieve
an input span of 0-5 V, the AD694 is set in its 10 V full-scale
mode and the buffer amplifier is configured with a noninverting
gain of 2 by adding 2 resistors. Now a 5 V signal at + Sig results
in a 10 V full-scale signal at FB (Pin 1), the input to the V/I.
This method requires that the V/I be programmed to a 10 V full
scale for input spans between 2 V to 10 V. It should be pro
grammed to a 2 V full scale if input spans of less than 2 V are

Other reference voltages can be programmed by adding external
resistors. For example, a resistor placed in parallel with R5 can
be added to boost the reference output as high as 20 V. Con
versely, a resistor in parallel with R6 can be used to set the ref
erence voltage to a value between 2 V and 10 V. The output
voltage VREF = 2 V (R6 + R5) / R5. In choosing external ad
justment resistors remember that the internal resistors, while
ratio matched to a high degree of accuracy, have an absolute
resistor tolerance of only ±10%. Be prepared to compensate for
this if a precise voltage other than the precalibrated values of
2 V or 10 V is required.
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BANDWIDTH CONTROL
The bandwidth of the AD694 can be limited to provide noise
filtering. This is achieved by connecting an external capacitor
from BW ADJ (Pin 14) to Vs (Pin 13) as shown in Figure 10.
To program the bandwidth, substitute the desired bandwidth in
Hz, into the formula below to determine the required capacitor.
C = 1 farad Hz fl I ( 2

-it

900 fl BW)

The bandwidth chosen will vary ±10% due to internal resistor
tolerance, plus an additional amount due to capacitor tolerance.

drift approximately lp.V/°C for each 300 p.V of induced offset.
To adjust the 4 mA offset current refer to the section “AD
JUSTING ZERO.”

ALARM CIRCUIT
The AD694 has an alarm circuit which warns of open circuit
conditions at IOUT (Pin 11), or of attempts to drive the voltage
at IOut higher than Vs-2 V. The alarm transistor will pull
down if an out of control condition is sensed. The alarm current
is limited to about 20 mA.

This method of bandwidth control is not recommended as a way
to filter large high frequency transients in the input signal. It is
recommended that frequencies greater than the BW of the
buffer amplifier be eliminated with an input filter to avoid recti
fication of noise by the input amplifiers.

AD694

c

BW ADJ (u)-----------

Figure 11. Buffer Amplifier Vos Adjustment
Figure 10. Noise Filtering with an External Capacitor

BUFFER AMPLIFIER OFFSET ADJUST
The buffer amplifier input voltage offset has been laser trimmed
to a high degree of accuracy; however, there may be occasions
when an offset trim is desired. Figure 11 shows the adjustment
method; a trim range of greater than ±2.5 mV is available with
this scheme. It is not recommended that this adjustment method
be used to affect the 4 mA offset current as the trim will induce
offset drift into the buffer amplifier. The buffer amplifier will

Figure 12 shows a typical application. In a digital/analog system
the alarm can provide a TTL signal to a controller. The collec
tor of the alarm transistor is tied to the system logic supply
through a 20 kfl pull-up resistor. The alarm is off in normal
operation and the voltage at the alarm pin is high. In the event
that the wire from IOUT (Pin 11) is opened, or if a large input
overdrive forces IOUT too close to Vs, then the alarm pin is
driven low. This configuration is compatible with CMOS or
TTL logic levels. The alarm transistor can also be used to di
rectly drive an LED or other indicators.

Figure 12. Using the Alarm to Drive a TTL Gate
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APPLICATIONS
CURRENT OUTPUT DAC INTERFACE
The AD694 can be easily interfaced to current output DACs
such as the AD566A to construct a digital to 4-20 mA interface
as shown in Figure 13. The AD694 provides the voltage refer
ence and the buffer amplifier necessary to operate the DAC.
Only simple connections are necessary to construct the circuit.
The 10 V reference of the AD694 supplies reference input of the
AD566. The buffer amplifier converts the full-scale current to
+10 V utilizing the internal resistors in the DAC; therefore the
AD694 is configured for a 10 V full-scale input. A 10 pF capaci
tor compensates for the 25 pF output capacitance of the DAC.
An optional 100 fl trim resistor, (RT), allows the full-scale to be
trimmed, a 50 fl resistor may be substituted if a trim is not re
quired; accuracy will be typically ± 1 LSB and the trim does not
affect the 4 mA offset. Care should be taken in managing the
circuit grounds. Connections from AD694 Pins 9, 3 and AD566
Pins 3 and 7 should be as short as possible and to a single point
close to Pin 5 of the AD694. Best practice would have separate
connections to the star ground from each pin; this is essential

for the AD566 power ground from Pin 12. The 4-20 mA output
(Pin 11) must have a return path to the power ground. The re
turn line from the load may be connected to the power ground,
or to the -15 V supply based upon the size of the load to be
driven, and on power dissipation considerations.

SINGLE SUPPLY DIGITAL TO 4-20 mA INTERFACE
A 12 bit input to 4-20 mA output interface can be constructed
that operates on a single 15 V supply. The DAC is operated in
its voltage switching mode; this allows the DAC, when supplied
with a voltage reference of less than 2.5 V, to provide an output
voltage that is proportional to the digital input code and ranges
from 0 V to VREF. The AD694 voltage reference is connected to
supply 2 V and the input stage is set to a 2 V full scale; the in
put buffer amplifier serves to buffer the voltage output from the
DAC. Connected in this manner a full-scale DAC input code
will result in a 20 mA output and an all 0 code will result in a
4 mA output. The loading on the AD694 voltage reference is

Figure 14. Single Supply Digital Input to 4-20 mA Output
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code dependent, and the response time of the circuit will be de
termined by the reaction of the voltage reference. The supply
voltage to the AD7541A should be kept close to 15 V. If Vs is
reduced significandy from 15 V the differential nonlinearity of
the DAC will increase and the linearity will be degraded.

In some applications it is desirable to have some under-range
and over-range in the 4—20 mA output. For example, assume an
over and under range capability of ±5% of span is needed, then
the output current range corresponding to the full scale of the
DAC is 3.2 mA to 20.8 mA. To accomplish this, the span of the
AD694 would be increased 10% to 17.6 mA by adding a nonin
verting gain of 1.1 to the buffer amplifier. The 4 mA offset
would then be reduced by 0.8 mA, by utilizing the adjustment
scheme explained in “Adjusting 4 mA Zero.” Then a digital
input from all zero code to full scale would result in an output
current of 3.2 mA to 20.8 mA.
LOW COST SENSOR TRANSMITTER
Sensor bridges typically output differential signals in the 10 mV
to 100 mV full-scale range. With an AD694, a dual op amp, and
some resistors, an instrumentation amplifier front end can be
added which easily handles these types of low level signals.
The traditional 3 op amp instrumentation amplifier is built us
ing an AD708, dual op amp for the front end, and the AD694’s
buffer amplifier is used for the subtractor circuit, as shown in
Figure 15. The AD694’s 2 V reference is used to provide a
“ground” of 2 V that insures proper operation of the in amp

over a wide common mode range. The reference pin of the sub
tractor circuit is tied to the 2 V reference (point C). A 2 kfl
pull-down resistor insures that the voltage reference will be able
to sink any subtractor current. The 2 V FS (Pin 4) is attached
to the 2 V reference; this offsets the input range of the V/I con
verter 2 volts positive, to match the “ground” of the in amp.
The AD694 will now output a 4—20 mA output current for a 0
to 2 V differential swing across VA. The gain of the in amp
front end is adjusted so that the desired full-scale input signal at
VIN results in a VA of 2 V. For example a sensor that has a
100 mV full scale will require a gain of 20 in the front end. The
gain is determined according to the equation:

G = [2RS / Rg] +1
The circuit shown, will convert a positive differential signal at
VIN to a 4-20 mA current. The circuit has common-mode range
of 3 V to 8 V. The low end of the common-mode range is lim
ited by the AD708’s ability to pull down on Rs. A single supply
amplifier could be used instead to extend the common-mode
range down to about 1.5 V.

As shown, the circuit handles positive differential signals, (VIN
positive). To handle bipolar differential signals (VIN is positive
or negative), the reference pin of the in amp (point C) must be
offset positively from the 2 V reference. For example, discon
nected point C from the 2 V reference and connecting it to a
3 V source would result in a VA of 1 V, (or half scale) for a zero
volt differential input from the sensor.

Vs=+10V TO *36V

V POWER SUPPLY COMMON

Figure 15. Low Cost, Single Supply, 3-Wire Sensor Transmitter
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Isolated, Loop-Powered
Voltage-to-Current Converter

ANALOG
DEVICES

1B21
FEATURES
Wide Input Range: 0-1V to 0-10V
High CMV Isolation: 1500V rms
Programmable Output Ranges: 4mA to 20mA
0 to 20mA
Load Resistance Range: 0 to 1.35kfl max
High Accuracy
Low Offset Tempco: ±300nA/°C
Low Gain Tempco: ±50ppm/°C
Low Nonlinearity: ±0.02%
High CMR: 90dB min
Small Package: 0.7" x 2.1" x 0.35"
Meets IEEE Std. 472: Transient Protection (SWC)
APPLICATIONS
Multichannel Process Control
D/A Converter - Current Loop Interface
Analog Transmitters and Controllers
Remote Data Acquisition Systems

GENERAL DESCRIPTION
The 1B21 is an isolated voltage-to-current converter that incor
porates a unique circuit design utilizing transformer based isolation
and automated surface mount manufacturing technology. It
provides an unbeatable combination of versatility and performance
in a compact plastic package. Designed for industrial applications,
it is especially suited for harsh environments with extremely
high common-mode interference.

Functionally, the V/I converter consists of four basic sections:
input conditioning, modulator, demodulator and current source
(1B21 Functional Block Diagram). The input is a resistor pro
grammable gain stage that accepts a 0-1V to 0-10V voltage input.
This maps into a 0 to 20mA output or can be offset by 20%
using the internal reference for 4mA to 20mA operation. The
high level signal is modulated and passed across the barrier
which provides complete input to output galvanic isolation of
1500V rms continuous by the use of transformer coupling tech
niques. Nonlinearity is an excellent ± 0.05% max.

Designed for multichannel applications, the 1B21 requires an
external loop supply and can accept up to 30V max. This would
provide a loop compliance of 27V, which is sufficient to drive a
1.35kD load resistance.
The 1B21 is fully specified over — 25°C to +85°C and operates
over the industrial (-40°C to + 85°C) temperature range.

DESIGN FEATURES AND USER BENEFITS
High CMV Isolation: The 1B21 features high input to output
galvanic isolation to eliminate ground loops and offer protection
against damage from transients and fault voltages. The isolation
barrier will withstand continuous CMV of 1500V rms and meets
the IEEE Standard for Transient Voltage Protection (Std. 472SWC).

Small Size: The 1B21 package size (0.7"x2.1" DIP) makes it
an excellent choice in multichannel systems for maximum channel
density. The 0.35" height also facilitates applications with limited
board clearance.
Ease of Use: Complete isolated voltage-to-current conversion
with minimum external parts required to get a conditioned
current signal. No external buffers or drivers are required.
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SPECIFICATIONS (typical at + 25°C and Vs = ± 15V unless otherwise noted)
Model

1B21AN

INPUT SPECIFICATIONS
Input Range
Full-Scale Input
Input Bias Current

Oto + 10V
+ IV min to 4- 10V max
± 30pA (± 400pA max)

OUTPUT SPECIFICATIONS
Current Output Range
Load Compliance at VLOop = 30V
Max Output Current @ Input Overload
Output Noise, 100Hz Bandwidth

4mA to 20mA, 0 to 20mA
27V min
25mA
1 p.A p-p

NONLINEARITY (% of Span)

±0.02% (±0.05% max)

ISOLATION
CMV, Input to Output Continuous
CMR, @ 60Hz
Transient Protection

1500V rms
90dB min
IEEE-STD472(SWC)

ACCURACY
Warm-Up Time to Rated Performance
Total Output Error @ + 25°C (Untrimmed)
Offset (VIN = 0V)1
Span(VIN = + 10V)
vs. Temperature (- 25°C to + 85°C)
Offset2
Span

AC1060 MATING SOCKET

5 min

± 100p.A
±0.6%FSR

\0 10(2.5)DIA
BOTH ENDS

± 300nA/°C
± 50ppm/°C

REFERENCE OUTPUT
Voltage
Output Error
Temperature Coefficient

+ 6.4V de
± 1.5% max
± 20ppm/°C max

DYNAMIC RESPONSE
Settling Time to 0.1% of F.S. for 10V Step
Small Signal Bandwidth

9ms
100Hz

POWER SUPPLY
Input Side
Operating Voltage
Quiescent Current
+ 15V Supply
- 15V Supply
Power Supply Rejection
Loop Side
Operating Voltage
Maximum Current

+ 15V to + 30V
25mA

ENVIRONMENTAL
Temperature Range
Rated Performance
Operating
Storage
Relative Humidity, Noncondensing

-25°Cto + 85°C
- 40°C to + 85°C
-40°Cto +85°C
Oto95%(<< +60°C

CASE SIZE

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

±15V ±5%

10mA
5mA
±0.01%/V

0.7"x2.1"x 0.35"
(17.8 x 53.3 x 8.9)mm

NOTES
‘For 0-20mA mode. For 4-20mA mode an additional 60p.A is contributed by the ± 1.5% reference error on the 4mA output.
2For a complete discussion of the temperature effects of the offset resistor and reference refer to “Using the 1B21 ” section.
Specifications subject to change without notice.
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PIN DESIGNATIONS
PIN

FUNCTION

1
17
18
19
20
21
22
38

OUT HI
IN
FB
REF
+ 15V
COM
-15V
OUT LOW

1B21
INSIDE THE 1B21
Referring to the functional block diagram, the ± 15V power
inputs provide power to both the input side circuitry and the
power oscillator. The 25kHz power oscillator provides both the
timing information for the signal modulator and drives transformer
T2 for the output side power supplies. The secondary winding
of T2 is full wave rectified and filtered to create the output side
power.
The input stage is configured as an inverting amplifier with
three user supplied resistors for gain, offset and feedback. The
conditioned signal is modulated to generate a square wave with
a peak-to-peak amplitude proportional to ViN. This signal drives
the signal transformer Tl. An internal reference with a nominal
output voltage of + 6.4V and tempco of ±20ppm/°C is provided
to develop a 4mA offset for 4mA to 20mA current loop
applications.

After passing through signal transformer Tl, the amplitude
modulated signal is demodulated and filtered by a single pole
filter. Timing information for the output side is derived from
the power transformer T2. The filtered output provides the
control signal for the voltage-to-current converter stage. An
external power supply is required in series with the load to
complete the current loop.

Figure 1. Basic Interconnections

Input
Volts

Output
mA

Ri
kft

kO

Ro
kfl

0-5
0-10
0-5
0-10
1-5

0-20
0-20
4-20
4-20
4-20

25
50
25
50
25

25
25
20
20
25

Open
Open
128
128
Open

Rf

Table I. Resistor Values for Typical Ranges

USING THE 1B21
Input Configurations: The 1B21 has been designed with a
flexible input stage for a variety of input and output ranges.
The basic interconnection for setting gain and offset is shown in
Figure 1. The output of the internal amplifier is constrained to
0 to — 5V, which maps into 0 to 20mA across the isolation
barrier. Thus to create a 4mA offset at the output, the input
amplifier has to be offset by IV.

For example, for 0 to 20mA operation the transfer function for
the input stage is:

5/Vin = Rp/Ri

Adjustments: Figure 2 is an example of using potentiometers
for trimming gain and offset for a 0-5V input and 0 to 20mA
output. The network for offset adjustment keeps the resistors
relatively small to minimize noise effects while giving a sensitivity
of ± 1% of span. For more adjustment range, resistors smaller
than 274k can be used. Resistor values from Table I can be
substituted for other input and output ranges.

In general, any bipolar voltage can be input to the 1B21 as long
as it is offset to meet the 0 to — 5V constraint of the modulator
and the input signal range is IV minimum.

and no offset resistor is needed. For 4mA to 20mA operation we
get:
4/Vin = Rf/Ri
which maps the input voltage into a 4V span. To create a IV
offset at the output of the internal amplifier (4mA at the output
of the 1B21) a current derived from the reference can be fed
into the summing node. The offset resistor (for a IV output
offset) will be given by the equation: Ro = 6.4RF. For most
applications it is recommended that RF be in the 25kfl ± 20%
range. Resistor values for typical input and output ranges are
shown in Table I.
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TC Considerations of External Resistors: The specifications

for gain and offset temperature coefficient (TC) for the 1B21
exclude the effects of external components. The total gain TC
for the circuit in Figure 1 is:
Gain TC = 1B21 Gain TC + (Tracking TC of RF and R[)
The offset TC is also affected by the thermal stability of the
internal voltage reference and its contribution is:
Ref TC = (VREF)(Ri.-/RoX4mA/V)(TC of VRI.;1, +
Tracking TC of RF and Ro)/1 x 106

Total Offset TC = 1B21 Offset TC + Ref TC
Figure 4. Low Tempco Resistor Network Configuration

Specifically using R)., R( and Ro from Case 3 in Table I, with
absolute TCs of ±25ppm/°C we get:
Gain TC = 50 + (25 + 25) = 100ppm/°C
Offset TC = 300 + (6.4V)(20k/128k)(4mA/V)(20 + 25 + 25)/
1 x 106
= ±580nA/°C

Multiloop Isolation: Multiple 1B2Is can be connected to a
single loop supply in parallel as shown in Figure 5. The amperage
of the loop supply should be sufficient to drive all the loops at
full-scale output.

Similarly, when using a resistor network with a tracking spec of
± 5ppm/°C, the total gain TC would be ± 55ppm/°C and the
total offset TC would be ±400nA/°C.
APPLICATIONS
Output Protection: In many industrial applications it may be

necessary to protect the current output from accidental shorts to
ac line voltages in addition to high common-mode voltages and
short circuits to ground. The circuit shown in Figure 3 can be
used for this purpose. The maximum permissible load resistance
will be lowered by the fuse resistance (typically 80) when
protection circuitry is utilized.

Figure 5. Multiple 1B21s with Single Loop Supply

Figure 3. Output Protection Circuitry
Low Drift Input Network: Figure 4 shows a configuration
suitable for applications where errors have to be minimized over
a wide temperature range. A temperature tracking network such
as a 50k Beckman (I’N 698-3R50KD) can be used to implement
both offset and gain for either 0 to 20mA or 4mA to 20mA
current loops. For 0-10V signals either INI or IN2 can be used
for input. For 0-5V signals, jumper INI to IN2. Similarly, for
4mA to 20mA operation the 4mA node should be jumpered to
OFFSET, while for 0 to 20mA it should be tied to COM.
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Programmable, Isolated
Voltage-to-Current Converter
1B22

ANALOG
DEVICES
FEATURES
Internal Isolated Loop Supply Drives 1000 fl Load
Pin Programmable Inputs: 0 to +5 V or 0 to +10 V
Pin Programmable Outputs: 4 to 20 mA or 0 to 20 mA
High CMV Isolation: 1500 V RMS
Normal Mode Output Protection: 240 V RMS
High Accuracy
Low Offset Tempco: ±300 nA/°C
Low Gain Tempco: ±50 ppm/°C
Low Nonlinearity: ±0.02%
High CMR: 90 dB min
Small Package: 1.0"x2.10"x0.35"
Meets IEEE STD 472: CMV Transient Protection (SWC)
APPLICATIONS
Multichannel Process Control
D/A Converter - Current Loop Interface
Analog Transmitters and Controllers
Remote Data Acquisition Systems

1B22 FUNCTIONAL BLOCK DIAGRAM

DESIGN FEATURES AND USER BENEFITS

GENERAL DESCRIPTION
The 1B22 is an isolated voltage-to-current converter that incor
porates transformer isolation to achieve high performance and
automated surface mount manufacturing for low cost and in
creased reliability. Designed for industrial applications, it is es
pecially suited for harsh environments with extremely high
common mode interference. With programmable inputs and out
puts, the 1B22 provides an unbeatable combination of versatility
and performance in a compact plastic package.
Functionally, the V/I converter consists of four basic sections:
input conditioning, modulator/demodulator, isolated loop supply
and current source (Figure 1). The 1B22 is pin programmable
for 0 to + 5 V or 0 to +10 V inputs and 0 to 20 mA or 4 to 20
mA outputs using an internal resistor network. It can also be set
by an external resistor to accept 0 to +1 V to 0 to +10 V in
puts. Transformer coupling provides 1500 V rms galvanic isola
tion between the inputs and the current loop. Nonlinearity is an
excellent ±0.05% max.

Isolated Loop Power: Internal loop supply completely isolates
the loop from the input terminals (1500 V rms) and provides the
capability to drive 0 to 1000 fl loads. This eliminates the need
for an external dc/dc converter.
Ease of Use: The 1B22 offers complete isolated voltage-tocurrent conversion with minimum external parts required to get
a conditioned current signal. No external buffers or drivers are
required.
High CMV Isolation: The 1B22 features high input to output
galvanic isolation to eliminate ground loops and offer protection
against damage from transients and fault voltages. The isolation
barrier will withstand continuous CMV of 1500 V rms and
meets the IEEE Standard for Common Mode Voltage Transient
Protection (STD 472-SWC).
Small Size: The 1B22 package size (1.0"x2.1" DIP) makes it an
excellent choice in multichannel systems for maximum channel
density. The 0.35" height also facilitates applications with lim
ited board clearance.

Loop power is generated internally through a dc/dc converter
and is also isolated from the input side (1500 V rms). Loop
compliance voltage is dependent on the voltage supplied to the
1B22, and with VLOOP = 28 V, it is sufficient to drive a 1000 fl
load.
The 1B22 is fully specified over -25°C to +85°C and operates
over the industrial (-40°C to +85°C) temperature range.
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(typical @ +25°C and Vs = ±15 V, VL00P = +24 V, unless otherwise noted)

Model

1B22AN

50 kfl
25 kfl

OUTPUT SPECIFICATIONS
Current Output Range, User Selectable
Load Compliance Range, VLOOP= + 15 V
VLOOP=+28 V
Maximum Output Current @ Input Overload
Output Noise, 100 Hz Bandwidth

4 to 20 mA, 0 to 20 mA
8 V min
20 V min
30 mA
300 nA p-p

NONLINEARITY (% OF SPAN)

±0.02% (±0.05% max)

ISOLATION
CMV, Input to Output Continuous
CMR, @ 60 Hz
Normal-Mode Output Protection
CMV Transient Protection

1500 V rms max
90 dB min
240 V rms continuous
IEEE - STD 472 (SWC)

ACCURACY
Warm-Up Time to Rated Performance
Total Output Error @ +25°C
Offset (VIN = 0 V)
Span (VIN = +10 V)
vs. Temperature (—25°C to +85°C)
Offset
Span
DYNAMIC RESPONSE
Settling Time to 0.1% of FS for 10 V Step
Small Signal Bandwidth
POWER SUPPLY
Bipolar Input Supplies
Operating Voltage
Quiescent Current
Power Supply Rejection
Loop Supply
Operating Voltage
Operating Current, at Full-Scale Output
Loop Supply Rejection

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

INPUT SPECIFICATIONS
Factory Calibrated, User Selectable
Input Impedance
0 to +10 V Input Range
0 to +5 V Input Range

0 to +5 V, 0 to +10 V

5 min
±60 ji A
±0.7% Full Scale

±300 nA/°C
±50 ppm/°C

AC1225 MATING SOCKET

9 ms
400 Hz

±15 V ±5%
±7.5 mA
±0.01%/V

+ 14 Vto +30 V
25 mA
±0.005%/V

ENVIRONMENTAL
Temperature Range
Rated Performance
Operating
Storage
Relative Humidity, Noncondensing

-25°C to +85°C
-40°C to +85°C
-40°C to +85°C
0 to 95% @ 60°C

CASE SIZE

1.0"x2.1"x0.35"

PIN DESIGNATIONS
PIN

NOTE
Specifications subject to change without notice.
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1

16
17
18
19
20
21
22
23
24
25
38

FUNCTION

OUT HI
IN2
IN1

S. NODE
4mA OFFSET
+ 15V
ANACOM
-15V

SYNC
Vloop

POWER COM
OUT LOW

1B22
INSIDE THE 1B22
The 1B22 produces an isolated 4 to 20 mA or 0 to 20 mA out
put current which is proportional to the input voltage and inde
pendent of the output load resistance (Figure 1). The input
stage is configured as an inverting amplifier with a resistor net
work to provide pin-strappable input ranges of 0 to +5 V and 0
to +10 V and output ranges of 0 to 20 mA and 4 to 20 mA.
The conditioned signal is modulated to generate a square wave
that drives transformer Tl. The peak-to-peak amplitude of the
signal is proportional to VIN. An internal, high stability refer
ence with a nominal output voltage of +6.4 V is used to develop
a 4 mA offset for the 4 to 20 mA current loop output.

P COM

Figure 2. Basic Interconnections

Figure 1. 1B22 Functional Block Diagram

After passing through signal transformer Tl, the amplitude
modulated signal is demodulated and filtered by a single pole
filter. This filtered output is the control signal for the voltageto-current converter stage. Timing information for the demodu
lator is derived from the power transformer T2. The 1B22
outputs are protected from accidental shorts to ac line voltages
up to 240 V rms. Combined with 1500 V input to output isola
tion, the 1B22 provides unbeatable protection against transients,
wiring errors and current loop short circuits to power lines.

Figure 3. Internal Resistor Network

Optional Trim Adjustments: Figure 4 is an example of using
potentiometers for trimming gain and offset for a 0 to +10 V
input and 4 to 20 mA output. The network for offset adjust
ment keeps the resistors relatively small to minimize noise
effects while giving a sensitivity of ±1% of span. For more
adjustment range, resistors smaller than 274 kfl can be used.

13

The dc-dc converter consists of a power driver, power trans
former T2, a full wave rectifier and a filter. The dc-dc converter
provides the power for the output circuitry as well as the iso
lated compliance voltage for the loop. This voltage is propor
tional to VLOOP on the input side. The 1B22 requires ±15 V
supplies to power the input side circuitry and a +14 V to
+ 30 V supply for the dc-dc converter.

USING THE 1B22
Basic Interconnections: The 1B22 may be applied to achieve
rated performance as shown in Figure 2. For 0 to 10 V signals
either INI or IN2 can be used for input; for 0 to +5 V signals
jumper INI to IN2. Similarly, for 4 to 20 mA operation the 4
mA OFFSET node should be jumpered to the S. NODE, while
for 0 to 20 mA it should be tied to COM. Figure 3 shows the
functional diagram of the resistor network used in the 1B22.

VlOo*

P COM

Figure 4. Optional Offset and Span Adjustment

For applications where a separate loop supply is not available,
the ±15 V supplies can be used by connecting +15 V to Vroop
(Pin 24) and COM to P.COM (Pin 25). For additional compli
ance voltage, P.COM can be connected to -15 V to drive
higher loads.
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Figure 5. Multiple 1 B22s' Synchronization

Synchronizing Multiple lB22s: In applications where multiple
lB22s are used in close proximity, radiated individual oscillator
frequencies may cause “beat frequency” related output errors.
These errors can be eliminated by driving the SYNC pins of all
the units with a 40 kHz clock circuit at 50% duty cycle (Figure
5). The SYNC input typically has an input impedance of

Pressure Transmitter: In Figure 8, the 1B22 is used in a pres
sure transmitter application to provide complete input-output
isolation and avoid signal errors due to ground loop currents.
The process pressure is monitored with a strain gage type pres
sure transducer interfaced by the Analog Devices’ 1B32 trans
ducer signal conditioner. The high level voltage output of the
1B32 is converted to the isolated 4 to 20 mA current for trans
mission to a remote recorder or indicator.

Figure 8. Isolated Pressure Transmitter

Figure 6. Loop Supply vs. Load

Loop Supply Requirements: The 1B22 design allows flexible
loop supply options. The loop supply voltage required for any
value of load resistance can be calculated from the following
equation:

2Rl

Vwop - -----

+ 780

This value allows for approximately 10% overrange capability.
The graph in Figure 6 shows the relationship between supply
voltage and load resistance.
APPLICATIONS

Isolated D/A Converter: The 1B22 offers total ground isolation
and protection from high voltage transients in interfacing D/A
converters to standard 4 to 20 mA current loops. The D/A
converter, such as the Analog Devices’ 12-bit AD7245
DACPORT™, should be connected for operation on the
unipolar 0 to +10 V output range. This is shown in Figure 7.
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Wide Bandwidth Strain Gage
Signal Conditioner

ANALOG
DEVICES

1B31
FEATURES
Low Cost
Complete Signal-Conditioning Solution
Small Package: 28-Pin Double DIP
Internal Half-Bridge Completion Resistors
Remote Sensing
High Accuracy
Low Drift: ±0.25pV/°C
Low Noise: 0.3pV p-p
Low Nonlinearity: ±0.005% max
High CMR: 140dB min (60Hz, G = 1000V/V)
Programmable Bridge Excitation: +4V to +15V
Adjustable Low Pass Filter: fc = 10Hz to 20kHz

APPLICATIONS
Measurement of: Strain, Torque, Force, Pressure
Instrumentation: Indicators, Recorders, Controllers
Data Acquisition Systems
Microcomputer Analog I/O

GENERAL DESCRIPTION
Model 1B31 is a high performance strain gage signal-conditioning
component that offers the industry’s best price/performance
solution for applications involving high-accuracy interface to
strain gage transducers and load cells. Packaged in a 28-pin
double DIP using hybrid technology, the 1B31 is a compact and
highly reliable product. Functionally, the signal conditioner
consists of three sections: a precision instrumentation ampli
fier, a two-pole low pass filter, and an adjustable transducer
excitation.
The instrumentation amplifier (IA) section features low input
offset drift of ±0.25jjlV/°C (RTI, G= 1000V/V) and excellent
nonlinearity of ±0.005% max. In addition, the IA exhibits low
noise of 0.3p.V p-p typ (O.lHz-lOHz), and outstanding 140dB
min common-mode rejection (G= 1000V/V, 60Hz). The gain is
programmable from ININ up to 5000V/V by one external
resistor.
The two-pole low pass filter offers a 40dB/decade roll-off from
1kHz to reduce high frequency noise and improve system signalto-noise ratio. The comer frequency is adjustable downwards by
external capacitors and upwards to 20kHz by three resistors.
The output voltage can also be offset by ± 10V with an external
potentiometer to null out dead weight.
The lB31’s regulated transducer excitation stage features low
output drift (±0.004%/°C typ) and can drive 12011 or higher
resistance load cells. The excitation is preset at + 10V and is
adjustable from +4V and + 15V. This section also has remote
sensing capability to allow for lead-wire compensation in 6-wire
bridge configurations. For half-bridge strain gages, a matched

pair of thin-film 20kfl resistors is connected across the excitation
outputs. This assures temperature tracking of ± 5ppm/°C max
and reduces part count.

The 1B31 is available in a plastic package specified over the
industrial (- 40°C to + 85°C) temperature range and will be
available soon in a bottom-brazed ceramic package specified
over the military (- 55°C to + 125°C) temperature range.
DESIGN FEATURES AND USER BENEFITS
Ease of Use: Direct transducer interface with minimum ex
ternal parts required, convenient offset and span adjustment
capability.

Half-Bridge Completion: Matched resistor pair tracking to
± 5ppm/°C max for half-bridge strain gage applications.

Remote Sensing: Voltage drops across the excitation lead-wires
are compensated by the regulated supply, making 6-wire load-cell
interfacing straightforward.
Programmable Transducer Excitation: Excitation source preset
for + 10V de operation without external components. Userprogrammable from a +4V to + 15V de to optimize transducer
performance.
Adjustable Low Pass Filter: The two-pole active filter (fc = 1kHz)
reduces noise bandwidth and abasing errors with provisions for
external adjustment of cutoff frequency (10Hz to 20kHz).
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SPECIFICATIONS (typical @ +25°C and Vs = ± 15V unless otherwise noted)
Model

1B31AN

GAIN'
Gain Range

Gain Equation
Gain Equation Accuracy, Gs 1000V/V
Gain Temperature Coefficient2
Nonlinearity

OFFSET VOLTAGES'
Total Offset Voltage, Referred to Input
Initial, @ + 25°C (Adjustable to Zero)
G = 2V/V
G = 1000V/V
Warm-Up Drift, 5 min., G= 1000V/V
vs. Temperature
G = 2V/V
G = 1000V/V

OUTLINE DIMENSIONS

IB31SDf

Dimensions shown in inches and (mm).
2to5000V/V
D _ 80kfl
" G-2
±3%
± 15ppm/°C (± 25ppm/“C max)
±0.005% max

Plastic Package (N)

LEAD

± 2mV (± lOmV max)
± 50p.V (± 200|xV max)
Within ± lpV of final value
± 25pV/°C (± 50pV/°C max)
± O.25u.V/”C (± 2uV/°C max)

At Other Gains

vs. Supply
G = 2V/V
G = 1000V/V
Output Offset Adjust Range

± 50pV/V
±0.5pV/V
± 10V min

INPUT BIAS CURRENT
Initial @25°C
vs. Temperature

± lOnA(± 50nAmax)
±25pA/°C

INPUT DIFFERENCE CURRENT
Initial @ +25°C
vs. Temperature

± 5 nA (± 20nA max)
± 10pA”C

INPUT IMPEDANCE
Differential
Common Mode

lGD||4pF
lGO||4pF

INPUT VOLTAGE RANGE
Linear Differential Input (VD)

Maximum CMV Input
CMR, 1 kfl Source Imbalance
G = 2 V/V, de to 60Hz
G=100V/Vto5000V/V
1kHz Bandwidth5
® de to 60Hz
10Hz Bandwidth4
@dc
@60Hz

INPUT NOISE
Voltage, G = 1000V/V
O.lHzto 10Hz
lOHztolOOHz
Current, G = 1000V/V
O.lHzto 10Hz
lOHztolOOHz
RATED OUTPUT'
Voltage, 2kfl Load, min
Current
Impedance, de to 2Hz, G = 2 V/V to 1000V/V
Load Capacitance
Output Short-Circuit Duration
DYNAMIC RESPONSE'
Small Signal Bandwidth - 3dB, G = 2V/V to 1000V/V
Slew Rate
Full Power
Settling Time, G = 2V/V to 1000V/V, ± 10V Output,
Step to ±0.1%

LOW PASS FILTER
NumberofPoles
Gain (Pass Band)
Cutoff Frequency (- 3dB Point)
Roll-Off

Ceramic Package (D)

1 lOdBmin

1 lOdB min
140dB min

0.3jiV p-p
lpVp-p
60pAp-p
lOOpAp-p

lOOOpF
Indefinite

0.05V/p.s
350Hz

0 620(15 751

PIN DESIGNATIONS
40dB/decade
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PIN

FUNCTION

PIN

FUNCTION

1
2
3
4
8
9
10
11
12
13
14

+ INPUT
-INPUT
GAIN
GAIN
VOUT (UNFILTERED)
INPUT OFFSET ADJ.
INPUT OFFSET ADJ.
OUTPUT OFFSET ADJ.
BANDWIDTH ADJ. 1
8ANDWIDTH ADJ. 2
Vour (FILTERED)

15
16
17
18
19
20
21
25
26
27
28

-Vs
COMMON
+ VS
+ VS REGULATOR
REF OUT
REFIN
EXCITATION ADJ.
HALF BRIDGE COMP
SENSE LOW
SENSE HIGH
VexcOUT

1B31
Model

1B31AN

lB31SDt

+ 9.5V to + 28V
+ 4Vto + 15V
+ 3Vto+24V
100mA max
4 0.05%/V
x0.1%
±0.004%/°C
200pV p-p
+ 6.8V ±5%

A

BRIDGE EXCITATION
Regulator Input Voltage Range
Output Voltage Range
Regulator Input/Output Voltage Differential
Output Current5
Regulation, Output Voltage vs. Supply
Load Regulation, I l = 1 mA to 50mA
Output Voltage vs. Temperature
Output Noise, 10Hz to 1kHz6
Reference Voltage (Internal)
Internal Half-Bridge Completion
Nominal Resistor Value
Temperature Tracking

20kfl ± 1%
± 5ppm/°C max

*

POWER SUPPLY
Voltage, Rated Performance
Voltage, Operating
Current, Quiescent7

± 15V de
±12Vto±18Vdc
+ 10mA

*
*

ENVIRONMENTAL
Temperature Range
Rated Performance
Operating
Storage
Relative Humidity

- 40°C to + 85°C
-40°Cto +85°C
-40°Cto + 100°C
0to95%@ +60°C

-55°Cto + 125°C
-55°Cto + 125°C
-65°Cto + 150°C
*

0.83" xl.64” x 0.25"
(21.1 x41.7x6.350mm)max

0.81"xl.57"x0.23"
(20.6 x 40.0 x 5.72mm)

CASE SIZE

*
*
*
*
*
*
*
*
A

NOTES
*Specificationssameas 1B31AN.
|SD grade available in Spring 1988.
'Specifications referred to the filtered output at Pin 14.
^Exclusive of external gain settling resistor.
’Unadjusted filter setting.
4Filter cutoff frequency set with external capacitors.
’Derate from * 50°C as shown in Figure 14.
64.7p.F capacitor from VREFIN (Pin 20) to COMM.
Excluding bridge excitation’s current, and with no loading on the output.
Specifications subject to change without notice.

AC1222 CONNECTOR DESIGNATION
PIN
1
2
3
4
5
6
7
8
9
10
11
12
19
20
21
22

FUNCTION
+ INPUT
-INPUT
N/C
GAIN (3)
GAIN (4)
Vout (UNALTERED)
INPUT OFFSET ADJ. (9)
INPUT OFFSET ADJ. (10)
OUTPUT OFFSET ADJ
BANDWIDTH ADJ 1
BANDWIDTH ADJ. 2
Vout (ALTERED)
-v.
COMMON
+v.
-F Vs REG

PIN
T
U
V
w
X
Y
z

FUNCTION
VexcOUT
SENSE HIGH
SENSE LOW
HALF BRIDGE COMP
REF OUT
REFIN
EXC. ADJ.

The AC1222 mounting card is available for the 1B31. The AC1222
is an edge connector card with a 28-pin socket for plugging in
the 1B31. In addition, it has provisions for installing the gain
resistor and adjusting the bridge excitation voltage and cutoff
frequency. Adjustment potentiometers for offset, fine gain and
excitation are also provided. The AC 1222 comes with a Cinch
251-22-30-160 (or equivalent) edge connector.

JtoroTxs yr-

APPLICATIONS
The 1B31 can be interfaced easily and directly to a wide variety
of transducers for precise measurement of strain, torque, force
and pressure. For applications in harsh industrial environments,
such characteristics as high CMR, low noise and excellent tem
perature stability make the 1B31 unsurpassed for use in indicators,
recorders and controllers.
The combination of low cost, small size and high performance
of the 1B31 allows the system designer to use one conditioner
per channel. The advantages include significantly lower system
noise and high resolution, and elimination of crosstalk and
aliasing errors.

FUNCTIONAL DESCRIPTION
Model 1B31 is based on a two-stage amplifier design and an
adjustable voltage regulator section, as shown in Figure 1. The
front end is a low noise, low drift, instrumentation amplifier
(IA) that is optimized to amplify low level transducer signals
(from 2mV full scale) riding on high common-mode voltage
(±9.5V). The gain of the IA is programmed by a single resistor
(1V/V to 25OOV/V) and the input offset nulled out by an external
potentiometer across the offset adjust Pins 9 and 10. The inverted
signal (V_ input - V+INput) is brought out to Pin 8 for applications
such as vibration and torque testing where the unfiltered output
is required.
The signal is also fed to an inverting Butterworth filter with a
fixed gain of -ININ. This two-pole filter is preset with a 1kHz

VEXC out

SENSE HIGH
SENSE LOW
HALF BRIDGE
COMPLETION
NC

NC
NC
EXC. ADJ.

REF. IN
REF. OUT
+ VS REG

+V,
COMM
-V8

Figure 1. Block Diagram and Pinout

corner frequency which can be adjusted downwards to 10Hz by
using two external capacitors or upwards to 20kHz by three
resistors. This stage also provides a convenient means of adjusting
output offset voltage (± 10V) by connecting a 50kfl potentiometer
to Pin 11.
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The bridge excitation section is an adjustable output, regulated
supply with an internally provided reference voltage ( + 6.8V). It
is configured as a gain stage with the output preset at + 10V.
The excitation voltage is increased by connecting a resistor
between Pins 21 and 26, and decreased by connecting a resistor
between Pins 19 and 20. Sense lines are provided to compensate
for lead-wire resistance by effectively bringing the leads into the
feedback loop.

Filter Cutoff Frequency Programming: The low pass filter
cutoff frequency is internally set at 1kHz. It may be decreased
from 1kHz by the addition of two external capacitors connected
as shown in Figure 3 (from Pin 12 to common and between
Pins 13 and 14). The values of capacitors required for a desired
cutoff frequency, fc, below 1kHz are obtained by the equations
below:
CSEL1 = 0.015p.F
-1]

For half-bridge applications, two tracking thin-film resistors
(20kfl), ± 5ppm/°C max) are connected from Vexc OUT
(Pin 28) to SENSE LOW (Pin 26).

CSEL2 = 0.0022nF

CSELi can be polarized for large values.

OPERATING INSTRUCTIONS
Gain Setting: The differential gain, G, is determined by the
equation:

G= 2 +

-1]

80kfl
Rg

where Rg is connected between the GAIN terminals (Pins 3 and
4) of the IB31, as shown in Figure 2. For best performance, a
low temperature coefficient (5ppm/°C) Rg is recommended. For
fine span adjustment, a 500 potentiometer may be connected in
series with Rg.

Figure 3. Narrow Bandwidth Application

The cutoff frequency may also be increased from 1kHz to 20kHz
by the addition of three external resistors, connected as shown
in Figure 4. The equations for determining the resistor values
are:

Rseli = 20kfl/ [ 1kHz
Rsel2 = lbkfl/ |
[ 1kHz

J

Rsel3 ~ 40kfV |
1kHz
• USE 5ppm/X GAIN RESISTOR FOR LOW GAIN TEMPCO.
• ALL TRIM POTS SHOULO BE 100 ppm/X OR BETTER
(TYPE 79PR 1STURN CERMET RECOMMENDED).

Figure 2. Typical Application

Input Offset Adjustment: To null input offset voltage, an optional
lOkfl potentiometer may be connected across the INPUT
OFFSET ADJ. terminals (Pins 9 and 10 in Figure 2). With
gain set at the desired value, connect both inputs (Pins 1 and 2)
to COMMON (Pin 16), and adjust the lOkfl potentiometer for
zero volts at Pin 14. For applications using software nulling,
Pins 9 and 10 should be left unconnected.
Output Offset Adjustment: The output can be offset over the
± 10V range to compensate for dead load or bridge imbalance
by using a 50kO potentiometer connected to Pin 11 as shown in
Figure 2. Pin 11 is normally grounded if output offsetting is not
desired.
Figure 4. Wide Bandwidth Application
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1B31
Table I gives the nearest resistor and capacitor values for several
common filter cutoff frequencies.

fc(Hz)

10
50
100
200
500

CsELl (pF)
1.5
0.27
0.15
0.056
0.015

CsEL2 (pF)
0.2
0.039
0.02
0.0082
0.0022

2000
5000
10000
20000

Rseli (kfl)
20
4.99
2.21
1.05

RsEL2 (kfl)
16.2
4.12
1.78
0.866

Table I. Filter CutoffFrequency vs.

A 20kfl potentiometer between the REF IN and REF OUT
pins will span the +4V to + 10V excitation range. A 4.7p.F
tantalum capacitor from REF IN (Pin 20) to COMMON (Pin
16) is recommended in all cases to lower the voltage noise at the
reference input.

RsEL3 (kfl)
40.2
10.0
4.42
2.21

RSel and CSel

Note: The 25MHz gain bandwidth product of the IA should be
considered in high-gain, wide bandwidth configurations.
Voltage Excitation Programming: The excitation voltage is
preset to + 10V. To increase Vexc up to + 15V a resistor must
be connected between EXC. ADJ. and SENSE LOW (Pins 21
and 26) as shown in Figure 5. For a desired Vexc the resistor
value, Rext> is determined by the following equations:

lOkfl x Vref out
Vexc ~ Vref out

j

The remote sensing inputs should be connected to the transducer
separately from the excitation leads or jumpered as shown in
Figure 2.

Power Supply Decoupling: The power supplies should be de
coupled with lp,F tantalum and lOOOpF ceramic capacitors as
close to the 1B31 as possible (Figure 2).

Vref out — +6.8V

20kfl x Ry
Rext = 2Okfl - Rt

Input Protection: The differential inputs of the 1B31 can be
protected from accidental shorts to power line voltages (115V
rms) by the circuit shown in Figure 7. The back-to-back diodes
clamp the inputs to a maximum of ± 12.5V and were selected
for low leakage current. The 15kfl resistors in series with the
inputs will degrade the noise performance of the 1B31 to 4.2jjlV
p-p in a bandwidth of 0.1 Hz to 1kHz. For six-wire load cells in
harsh environments the additional protection for the sense inputs
shown in Figure 7 is recommended.

The + 10V to + 15V range can be covered by a 20kfl
potentiometer between the reference terminals.

Figure 5. Constant Voltage Excitation: + 10V to + 15V
Range

To decrease Vexc down to +4V, a resistor has to be connected
between REF IN and REF OUT (Pins 19 and 20) as shown in
Figure 6. The equations to determine the value of Rext are:

Figure 7. 115V Input Protection for 1B31

Vref in = 0.68VExc
Rext ~ lOkfl [-y
L ’REFIN

— ll ; VREFOUT

+ 6.8V

J
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PERFORMANCE CHARACTERISTICS
Input Offset Voltage Drift: Total offset voltage drift is composed
of input and output drifts and is a function of gain. The 1B31
typically exhibits ±0.25p.V/°C RTI drift at a gain of 1000V/V
over the full temperature range. The RTI voltage offset drift vs.
gain is graphed in Figure 8.

Figure 8. Total Input Offset Drift vs. Gain

Low Pass Filter: The two pole Butterworth filter is a multiple
feedback design with a gain of - 2V/V. It is preset at a cutoff
frequency of 1kHz (-3dB) with a 40dB/decade roll-off. The
step response at 1kHz is 1.5ms settling time to 0.1% of final
value with less than 5% overshoot. The frequency response of
the filter is shown graphically in Figure 9.

Figure 10. Voltage Noise, RTO @ G= 1000V/V

Common-Mode Rejection: CMR as a function of gain and
frequency is shown in Figure 11. The best results (140dB @
60Hz) are obtained by programming the low pass filter with a
10Hz cutoff frequency, which contributes an additional 30dB to
the 1kHz specification where 60Hz noise is not attenuated by
the filter.

Figure 9. Filter Amplitude Response vs. Frequency

Gain Nonlinearity and Noise: Gain Nonlinearity is specified as
a percent of full-scale output, and for the 1B31 it is ±0.005%
maximum over the full-gain range. The IA design also offers
exceptionally quiet performance with typical input noise of
0.3pV p-p for a 10Hz bandwidth (Figure 10a) and lp.V p-p for
a 1kHz bandwidth (Figure 10b).
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FREQUENCY - Hz
•1kHz CUTOFF FREQUENCY

Figure 11. Common-Mode Rejection vs. Frequency and
Gain

1B31
Turn On Drift: The input offset of the 1B31 stabilizes to within
ljxV of final value in 5 minutes (Figure 12). The test conditions
are: 3500 bridge with + 10V excitation and ambient temperature
of + 25°C.

Figure 14. Excitation Source Internal Power Dissipation
vs. Temperature

WARM-UP TIME - Minutes

Figure 12. Offset Voltage, RTI, Turn-On Drift

Bridge Excitation: The adjustable bridge excitation is specified
over a wide regulator input voltage range ( + 9.5V to + 28V).
Maximum load current IL as a function of regulator input-output
differential voltage is shown in Figure 13. The maximum output
current also depends on ambient temperature and above 50°C a
derating factor should be derived from Figure 14.

dummy gage mounted adjacent to the active gage provides tem
perature compensation. The rest of the bridge is completed by
the 1B31 internal half-bridge network which consists of two
20kO, 1% thin-film resistors tracking to within ± 5ppm/°C max.
Bridge excitation is set at + 4V to avoid self-heating errors from
the strain gage. System calibration produces a + IV output for
an input of 1000 microstrains. The filter cutoff frequency is set
at approximately 100Hz.

Figure 15. Strain Gage Application Using Internal
Half-Bridge

INPUT-OUTPUT VOLTAGE DIFFERENTIAL - V

Figure 13. Excitation Source Input - Output Voltage
Differential vs. Load Current; Ambient Temperature
<25‘C.

APPLYING THE 1B31
Strain Measurement: The 1B31 is shown in a strain measurement
system in Figure 15. A single active gage (1200, Gage Factor =
2) is used in a bridge configuration to detect fractional changes
in gage resistance caused by strain. An equivalent resistance

Pressure Transducer Inferface: A strain gage type pressure
transducer (Dynisco 800 series) is interfaced to a 1B31 in Figure
16. Regulated excitation of + 10V de is provided for a 30mV
full-scale output. The gain is sett at 333.3 to achieve a 0-10V
output for a 0-10,000 psi range of the transducer. A shunt cali
bration resistor is built into the transducer for easy verification
of the 80% point of its full-scale output. A typical shielding
scheme to preserve the excellent performance characteristics of
the 1B31 is also shown. To avoid ground loops, signal return or
cable shield should be grounded only at one point.
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Multiple Load-Cells: For transducer configurations where the
maximum load current of 100mA of the 1B31 is not sufficient, a
buffer and a power transistor such as a TIP31 can be used as
shown in Figure 17. This design can supply 300mA at + 10V
excitation over the full industrial temperature range (— 25°C to
+ 85°C). In a multiple 1B31 system an added advantage is that
ratiometric operation can be preserved by using one excitation
source which also serves as the reference voltage for the system
A/D converter.

Figure 18. Negative Supply Generation for 1B31

AD1170. In addition, fixed offsets caused by bridge imbalance
can be nulled out by the ADI 170 with a power-up initialization
command from the microcomputer. This eliminates a poten
tiometer or software overhead which might otherwise be
needed.

Figure 17. Multiple Load-Cell Application

Mobile Transducer Application: The small size and reliability
of the 1B31 make it an ideal choice for mobile applications.
Since the 1B31 requires a negative supply, one possible solution
for its generation is shown in Figure 18. The positive voltage of
a + 12V battery is used to drive a CMOS TLC555 oscillator
with a typical supply current of 360pA. The output is a square
wave that is rectified by the diodes and filtered to provide a
- 9V supply. Excitation voltage should be equal to or less than
+ 9V for adequate headroom for the 1B31 voltage regulator.

Pressure Transducer Data Acquisition System: Figure 19
shows a two module solution for microcomputer based data
acquisition using a 1B31 and an ADI 170 18-bit A/D converter.
A 3mV/V pressure transducer (e.g. Dynisco 800 series) is interfaced
to a 1B31 set up with a gain of 333.3 to give a 0 - 5V output.
The regulated excitation is + 5V, and for ratiometric operation
it is also used as the voltage reference input for the ADI 170. An
initial ECAL command establishes the voltage excitation as the
full-scale input of the AD 1170 and periodic calibration cycles
keep the converter tracking the reference input. This configuration
yields very high CMR (168dB @ 60Hz) enhanced by the 1B31
low pass filter and the integrating conversion scheme of the

• 3m V/V LOAD CELL
• + 5V EXCITATION. 15mV FS
• GAIN = 333
• USE 10ppm.°C GAIN RESISTOR FOR LOW GAIN TEMPCO

Figure 19. Pressure Transducer Data Acquisition Using
1B31 and AD1170

Isolated Current Loop Interface: The output of the 1B31 can
be interfaced to a process loop as shown in Figure 20. The 2B23
module produces an isolated 4-to-20mA output current which is
proportional to the input voltage and independent of the output
load resistance. Common-mode input/output isolation is ± 1500V
pk continuous.
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Bridge Transducer
Signal Conditioner

ANALOG
DEVICES

1B32
1B32 FUNCTIONAL BLOCK DIAGRAM

FEATURES
Low Cost
Complete Signal-Conditioning Solution
Small Package: 28-Pin Double DIP
Internal Thin-Film Gain Network
High Accuracy
Low Input Offset Tempco: ±0.07pV/°C
Low Gain Tempco: ±2ppm/°C
Low Nonlinearity: ±0.005% max
High CMR: 140dB min (60Hz, G = 1000V/V)
Programmable Bridge Excitation: +4V to +15V
Remote Sensing
Low Pass Filter (fc=4Hz)
APPUCATIONS
Weigh Scales
Instrumentation: Indicators, Recorders, Controllers
Data Acquisition Systems
Microcomputer Analog I/O

The 1B32 is fully specified over the industrial (- 25°C to + 85°C)
temperature range.

GENERAL DESCRIPTION
Model 1B32 is a precision, chopper-based, signal-conditioning
component ideally suited for high-accuracy applications of load
cells and bridge transducers. Packaged in a compact 28-pin
plastic double DIP, the 1B32 takes advantage of hybrid technology
for high reliability as well as higher channel density. Functionally,
the signal conditioner consists of three basic parts: a high per
formance chopper-based amplifier, a low-pass filter and an ad
justable transducer excitation source.

DESIGN FEATURES AND USER BENEFITS
Pin-Strappable Gain: The internal resistor network can be pin
strapped for gains of 500V/V and 333.3V/V for 2mV/V and
3mV/V load cells. The tracking network guarantees a gain tempco
of ±6ppm/°C max.

The chopper-based amplifier features extremely low input offset
tempco of ±0.07jjlV/°C (RTI, G = 500V/V) and excellent non
linearity of ± 0.005% max over its full gain range of 100 to
5000V/V. The 1B32 has a thin-film resistor network for pin
strapping the gain to 500V/V or 333.3V/V (for 2mV/V and
3mV/V load ceUs). The gain tempco for these fixed gains is a
highly stable ±2ppm/°C. Additionally, the gain can be set to
any value in the gain range with two external resistors. The
amplifier also has a wide-range input referred zero suppression
capability (± 10V), which can easily be interfaced to a D/A
converter. The bandwidth of the chopper is 4Hz at G = 100V/V.

Wide Range Zero Suppression: The output can be offset by
± 10V for nulling out a dead load or to do a tare adjustment.

The integral three-pole, low-pass filter offers a 60dB/decade roll
off from 4Hz to reduce common-mode noise and improve system
signal-to-noise ratio.

Custom Trimmable Network: For volume applications, the
1B32 can be supplied with a custom laser trimmed gain network.
Contact factory for further information.

Remote Sensing: Voltage drops across the excitation lead-wires
are compensated by the regulated supply, making 6-wire load-cell
interfacing straightforward.

Programmable Transducer Excitation: The excitation source is
preset for + 10V de operation without external components. It
is user-programmable for a +4V to + 15V de range (@ 100mA)
to optimize transducer performance.
Low-Pass Filter: The three-pole active filter (fc = 4Hz) reduces
60Hz line noise and improves system signal-to-noise ratio.

The lB32’s regulated transducer excitation stage features low
output drift (±40ppm/°C typ) and can drive 12011 or higher
resistance load cells. The excitation is preset at + 10V with
other voltages between +4V and + 15V programmable with
external resistors. This section also has remote sensing capability
to allow for lead-wire compensation in 6-wire load cells and
other bridge configurations.
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(typical @ + 25°C and Vs = ± 15V unless otherwise noted)
Model

1B32AN

GAIN
Gain Range
Internal Gain Setting

100V/V to 5000V/V
333.3V/Vand5OOV/V

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).
0.83(21.UMAX --------- »

Gain Equation
Gain Equation Accuracy1
Gain Temperature Coefficient2
Gain Nonlinearity

OFFSET VOLTAGES
Total Offset Voltage, RTI
Initial, @ + 25°C, G = 1000V/V
Warm-Up Drift, G = 1000V/V, 10 min
vs. Temperature (- 25°C to + 85°C)
G = 1000V/V
At Other Gains
Output Offset Adjust Range

“T

±0.1%
± 2ppm/°C (± 6ppm/°C max)
±0.005% max

0.010 (0.25) x
0.020(0.51)
RECTANGULAR LEAD

± 0.07p.V/°C (± 0.2pV/°C max)
± ^0.06 + ^)tiV/»C
±10V

INPUT DIFFERENCE CURRENT
Initial @ + 25°C
vs. Temperature (- 25°C to + 85°C)

±3nA
± 10pA/°C

INPUT RESISTANCE
Differential
Common Mode

100MII
100MH
±0.1V
+ 5V
Oto + 7.5 V

86dB
120dB
140dBmin

INPUT NOISE
Voltage, G= 1000V/V
O.lHztolOHz
Current, G - 1000V/V
O.lHztolOHz

3pAp-p

RATED OUTPUT
Voltage, 2kflLoad, min
Current
Impedance, de to 2Hz, G = 100V/V
Load Capacitance
Output Short Circuit Duration (to Ground)

±10V
± 5mA
0.6Q
500pF
Indefinite

LOW PASS FILTER
Number of Poles
Cutoff Frequency (- 3dB Point)
Roll-Off

♦

0.015(0.38)
MAX

T”

±3nA
± 50pA/°C

DYNAMIC RESPONSE
Small Signal Bandwidth
- 3dB Gain Accuracy, G = 100V/V
G=1000V/V
Slew Rate
Full Power
Settling Time, G= 100V/V, ± 10V Output
Step to ±0.1%

1
0.15
(3.8) MIN

±40pV
Within ± 1 jjlV

INPUT BIAS CURRENT
Initial @25°C
vs. Temperature (- 25°C to + 85°C)

INPUT VOLTAGE RANGE
Linear Differential Input
Maximum Differential Input
CMV Input Range
CMR, 1 kfl Source Imbalance3
G = 100V/V to 5000V/V @ de
G = 100V/V, @ 60Hz
G=1000V/V,@60Hz

0.250
(6.4) MAX

1

PIN DESIGNATIONS
lp.Vp-p

4Hz
3.5Hz
20V/sec
0.5Hz
2sec

3
4Hz
60dB/decade

(Continued on next page)
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PIN

FUNCTION

PIN

FUNCTION

1
2
3
4
5
6
7
8
9
10
11
12
13
14

+ INPUT
-INPUT
INPUT OFFSET ADJ
NC
NC
NC
NC
SIGNAL COMM
EXT GAIN SET
333.3 GAIN
500 GAIN
GAIN SENSE
GAIN COMM

15
16
17

-Vs
COMM
+ VS
+ VSREG
REF OUT
REFIN
EXCADJ
NC
NC
NC
NC
SENSE LOW
SENSE HIGH
VeXc OUT

Vqut

18
19

20
21

22
23
24
25
26
27
28

1B32

Model

1B32AN

BRIDGE EXCITATION
Regulator Input Voltage Range
Output Voltage Range
Regulator Input/Output Voltage Differential
Output Current
*
Regulation, Output Voltage vs. Supply
Load Regulation, IL = 1mA to 50mA
Output Voltage vs. Temperature (- 25°C to + 85°C)
Output Noise, 0.1Hz to 10Hz5
Reference Voltage (Internal)
Sense & Excitation Lead Resistance

+ 9.5V to + 28V
+ 4Vto + 15V
+ 3Vto+24V
100mA max
±0.05%/V
±0.1%
±40ppm/°C
300p.V p-p
+ 6.8V ±5%
1 Ofl max

POWERSUPPLY
Voltage, Rated Performance
Voltage, Operating
Current, Quiescent6

± 15 V de
± 12V to ± 18V de
+ 4mA, - 1mA

ENVIRONMENTAL
Temperature Range
Rated Performance
Operating
Storage
Relative Humidity

-25°Cto +85°C
-40°Cto +85°C
-40°Cto + 100°C
0 to 95%, Noncondensing, @ + 60°C

CASE SIZE

0.83" x 1.64" x 0.25”
(21.1 x 41.7x6.35mm) max

NOTES
'Using internal network for gain.
Tor pin-strapped gain. The tempco of the individual thin-film resistors is ± 50ppm/°C max.
S3V p-p 60Hz common-mode signal used in test setup.
4I>erate 2mA/°C from + 50°C.
s4.7p.F capacitor from REF IN (Pin 20) to COMM.
‘Excluding bridge excitation current and with no loading on the output.
Specifications subject to change without notice.

AC1224 GAIN SETTINGS VIA SWITCH SI

GAIN
333
500
EXTERNAL

S1-1
CLOSED
OPEN
OPEN

S1-2

S1-3

OPEN
CLOSED
OPEN

CLOSED
CLOSED
OPEN

AC1224 CONNECTOR DESIGNATIONS

PIN

FUNCTION

PIN

FUNCTION

T
U
V
X
Y
z

VexcOUT
SENSE HIGH
SENSE LOW
REFOUT
REFIN
EXCADJ

1
2
12
19
20
21
22

4- INPUT
-INPUT
Vout
-Vs
COMM
+ VS
+VsREG

The AC1224 mounting card is available for the 1B32. The AC1224
is an edge connector card with a socket for plugging in the
1B32. In addition it has provisions for switch selecting internal
gains as well as installing gain resistors. Adjustment pots for
offset, fine gain and excitation are also provided. The AC 1224
comes with a Cinch 251-22-30-160 (or equivalent) edge
connector.
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FUNCTIONAL DESCRIPTION
Model 1B32 is based on a switched capacitor, chopper stabilized
amplifier followed by an active filter and an adjustable voltage
regulator section for excitation. The ultralow drift chopper
samples the difference between the + INPUT and - INPUT at
190Hz. The signal is modulated, amplified and then demodulated.
This stage introduces a pole with a 20dB/decade rolloff from
4Hz. The high-level signal is then filtered by a two-pole active
filter with a 4Hz cutoff frequency to give a ± 10V output. The
clock signal for the chopper is generated by an on-board
oscillator.

As shown in Figure 1, the gain can be pin-strapped by an internal
resistor network. Standard gains of 333.3 and 500 can be achieved
by this method with gain tempco of ±6ppm/°C max. Finally,
the offset adjust of the amplifier is input referred, and requires
a voltage input similar to the differential input voltage to implement
wide range suppression.
The bridge excitation section is an adjustable ouput, regulated
supply with an internally provided reference voltage ( + 6.8V). It
is configured as a gain stage with the output preset at + 10V.
The excitation voltage is increased by connecting a resistor
between Pins 19 and 20. Sense lines are provided to compensate
for lead-wire resistance by bringing the leads into the feedback

VEXC OUT

SENSE HIGH
SENSE LOW
NC

NC
NC
NC
EXC ADJ
REF IN

REF OUT

are left unconnected, effectively floating the internal network.

+ VS (REG)

Offset Adjustment: The input-referred offset adjust has the

+ VS

same sensitivity as the inputs of the 1B32. The voltage level at
INPUT OFFSET ADJ (Pin 3) is gained by the same factor as
the input signal to provide a ± 10V output adjust. Figure 2
shows an external network and potentiometer set up for a ± 7.5mV
span at the input, which gives a ±2.5V (7.5mV x 333.3) output
adjust capability. Wider ranges can be chosen with the appropriate
resistor and potentiometer values.

COMM

-Vs

Figure 1. 1B32 Block Diagram and Pinout
OPERATING INSTRUCTIONS
Ground Connections: Signal common (Pin 8) and power common

Note: If offset adjustment is not required, Pin 3 must be
grounded.

(Pin 16) are not internally connected within the 1B32. These
pins must be connected together externally or excessive current
will be drawn.

Voltage Excitation Programming: The excitation voltage is

Gain Setting: The differential gain of the 1B32 can be either
pin-strapped or programmed externally with two resistors. The
internal thin-film gain network (Figure 1) provides gains of 500
and 333.3 for standard load-cell sensitivities of 2mV V and
3mV/V. This is achieved by connecting GAIN SENSE (Pin 12)
to GAIN COMM (Pin 13) and grounding Pin 10 or Pin 11
(Figure 2). The gain tempco using the internal network is an
excellent ± 2ppm.'°C typ (± 6ppm/°C max).

preset to + 10V. To increase VExc up to + 15V a resistor must
be connected between EXC ADJ and SENSE LOW (Pins 21
and 26) as shown in Figure 4.
The Vs (REG) input (Pin 18) must be raised to a- 18V to satisfy
the +3V min input-output voltage differential of the regulator.
Consult the Performance Characteristics section for safe operating
conditions of the regulator. For a desired Vp.xc the resistor
value, Rext, is determined by the following equations:

lOkfl x Vrefqvt
Vexc ~ VREp out

To program the gain externally, two resistors are connected as
shown in Figure 3. The gain equation is:

The gain-strapping Pins (10 and 11) and GAIN SENSE (Pin 12)

Vrefoct - ^6.8V

20kll x Rr
Rext " 20kfI - Rt

The + 10V to + 15V range can be covered by a 20kfl potentiometer
between REF IN (Pin 20) and REF OUT (Pin 19). Rext of

13-82 SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS

1B32

Figure 4. Constant Voltage Excitation: + 10V to + 15V
Range

200kfl is recommended for fine adjustment at + 10V excitation
voltage.

Figure 6. 115V Input Protection

PERFORMANCE CHARACTERISTICS
Input Offset Voltage Drift: The chopper front end of the 1B32
gives it excellent input offset stability. As shown in Figure 7, it
typically exhibits drift of ±0.07jjlV/°C RTI at a gain of 1000V/V
(±75jiV/°C RTO). The measurement is two-point, and is taken
at - 25°C and + 85°C, which covers the specified temperature
range of the 1B32.

Similarly to decrease VI!Xc down to +4V, connect a 20ki 1
potentiometer between Pins 19 and 20, as shown in Figure 5.

Figure 5. Constant Voltage Excitation: +4V to + 10V
Range

A 4.7pF tantalum capacitor from REF IN (Pin 20) to COMMON
(16) is recommended in all cases to lower the voltage noise at
the reference input.

Figure 7. Total Output Offset Drift vs. Gain

The remote sensing inputs should be connected to the transducer
separately from the excitation leads or jumpered as shown in
Figure 2. The resistance of the excitation and sense lines should
not exceed lOfl.
Power Supply: The Vs REG input (Pin 18) should be connected
to + Vs (Pin 17) even if the bridge excitation section is not
used. Also the power supplies should be decoupled with lp,F
tantalum and lOOOpF ceramic capacitors as close to the 1B32 as
possible (Figure 2).

Input Protection: The 1B32 differential inputs can be protected
from accidental shorts to power line voltages (115V rms) by the
circuit shown in Figure 6. The back-to-back diodes clamp the
inputs to a maximum of ± 12.5V and were selected for low
leakage current. The 15kH resistors in series with the inputs
will degrade the noise performance of the 1B32 to 4|jlV p-p
(0.1Hz to 10Hz). When interfacing with six-wire load cells in
harsh environments, input protection for the sense inputs is also
recommended (Figure 6).
Figure 8. Common-Mode Rejection vs. Frequency
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15

WARM-UP TIME - Minutes

Figure 11. Offset Voltage RTI, Turn-On Drift
Figure 9. Voltage Noise, 0.1Hz to 10Hz, G = 1000

Common-Mode Rejection: CMR as a function of frequency is
shown in Figure 8. Test conditions are a 3V p-p common-mode
signal and lkfl source imbalance. The CMR improves with
increasing gain. Note that the 4Hz filter enhances the CMR
performance above the comer frequency by attenuating the
normal-mode signal at 60dB/decade.

Bridge Excitation: The adjustable bridge excitation is specified
over a wide regulator input voltage range ( + 9.5V to +28V).
Maximum load current II as a function of regulator input-output
differential voltage is shown in Figure 12. The maximum output
current also depends on ambient temperature, and above + 50°C
a derating factor of 2mA/°C must be applied. The safe operating
region for internal power dissipation vs. temperature is graphed
in Figure 13.

Gain Nonlinearity and Noise: Gain Nonlinearity is specified as
a percent of full-scale output, and for the 1B32 it is ±0.005%
max over the full span. The chopper design also offers exceptional
low-noise performance, with typical input noise of lpV p-p in
the 0.1Hz to 10Hz bandwidth (Figure 9).
Low-Pass Filter: The 1B32 has three poles at 4Hz in its design.
One is introduced in the amplifier, while the other two are
provided by an active Butterworth filter following the amplifier.
Total roll-off is 60dB/decade from 4Hz. The frequency response
of the filter is shown in Figure 10.

INPUT-OUTPUT VOLTAGE DIFFERENTIAL - V

Figure 12. Excitation Source Load Current vs. Input-Output
Voltage Differential, <25°C

Figure 10. Filter Amplitude Response vs. Frequency,
G = 500

Turn-On Drift: The 1B32 offset voltage stabilizes to within
lp.V of its final value in 10 minutes (Figure 11). The test conditions
are: 3500 bridge with a + 10V excitation and ambient temperature
of +25°C.
Figure 13. Excitation Source Internal Power Dissipation
vs. Temperature
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1B32
APPLYING THE 1B32
Pressure Transducer Interface: A strain gage type pressure
transducer (Dynisco 800 series) is interfaced to a 1B32 in Figure
14. Regulated excitation of + 10V de is provided for a 30mV
full-scale output for a 0-10,000 psi range of the transducer. A
shunt calibration resistor is built into the transducer for easy
verification of the 80% point of its full-scale output. A typical
shielding scheme to preserve the excellent performance charac
teristics of the 1B32 is also shown. To avoid ground loops,
signal return and cable shield should be grounded only at one
point.

This configuration yields very high CMR enhanced by the 1B32
low pass filter and the integrating conversion scheme of the
ADI 170.

Figure 15. Auto-Calibrating Data Acquisition Using
1B32 and AD1170

In addition, fixed offsets caused by bridge imbalance can be
nulled out by the ADI 170 with a power-up initialization command
from the microcomputer. The full-scale output of the 1B32 and
transducer can be normalized to the ADI 170 full scale through
the electronic calibration command ECAL. Both the offset and
full-scale correction data will then be stored in nonvolatile memory
to eliminate the need for the trim process after each power-up.
The ADI 170 eliminates a potentiometer or software overhead
which might otherwise be needed for these functions.

Figure 14. Pressure Transducer Interface

Pressure Transducer Data Acquisition System: A two module
solution for microcomputer based data acquisition using a 1B32
and an ADI 170 18-bit A/D converter is shown in Figure 15. A
3mV/V pressure transducer (e.g. Dynisco 800 series) is interfaced
to a 1B32 configured with a gain of 333.3, to provide a 0 to 5V
output. The regulated excitation is -I- 5V, and is used as the
reference input for the ADI 170 to produce ratiometric operation.

Multiple Load-Cells: For transducer configurations where the
maximum load current of the 1B32 is not sufficient, a buffer
and a power transistor such as a TIP31 can be used as shown in
Figure 16. This approach will supply 300mA at + 10V excitation
over -25°C to +85°C temperature range. In a multiple 1B32
system an added advantage is that ratiometric operation can be
preserved by using the excitation voltage as the reference for the
system A/D converter.

Figure 16. Multiple Load-Cell Application
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Mobile Transducer Applications: The small size and reliability
of the 1B32 make it an excellent choice for mobile applications.
Since the 1B32 requires bipolar supplies, a possible circuit to
provide the negative voltage is shown in Figure 17. The CMOS
TLC555 is powered by a + 12V battery, and typically draws
36O)jiA. The output is a square wave that is rectified by the
diodes and filtered to provide a — 9V supply. Excitation voltage
should be equal to or less than + 9V for adequate headroom for
the 1B32 voltage regulator. Note that the 1B32 will operate with
± 9V supplies as long as the excitation voltage and the output
range are less than 5V.

Digital Output Offset Adjust: A 10-bit multiplying DAC such
as the AD7533 can be used to control the output offset of the
1B32 as shown in Figure 18. The DAC is configured for unipolar
operation with an AD OP-07 generating a voltage output. This
0-1OV output is attenuated by Ri and RSEL and superposed on
another fixed voltage derived from Vexc- Thus the voltage at
Pin 3 (INPUT OFFSET ADJUST) is insensitive to the tempco
of the excitation voltage since it is also used as the reference of
the DAC. For best performance Rj and R2 should track to
± 5ppm/°C. As an example, a ± 5V output adjustment can be
obtained by using Rsel = 20011 for G = 500 and Vexc =
10V.
TO PIN 28
1B32

Vdo( + 15V)

Figure 18. Output Offset Adjust Using a 10-Bit DAC

DIGITAL INPUT
MSB
LSB

ANALOG OUTPUT
(Eq as shown in Figure 18)

1111111111
1000000001

~vRef(^)

1000000000

v
/ 512 \
Vref\1024/

0111111111

"vREf(^)

0000000001

"Vref^)

0000000000

-VREf(i^4)=°

Vref
2

Table I. Unipolar Binary Code Table
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Isolated RTD
Signal Conditioner
1B41

ANALOG
DEVICES
FEATURES
Complete RTD Signal Conditioning Solution
Resistor Programmable Linearization
Lead Resistance Compensation
High CMV Isolation: 1500 V rms Continuous
High Accuracy
Low Input Offset Tempco: 0.002 fl/°C
Linearization Conformance: ±0.1% FSR
High CMR: 160 dB (60 Hz, G = 1000 V/V)
Small Package: 1.0"x2.1"x0.35" DIP
Low Pass Filter (fc = 3 Hz)
Pin Compatible with 1B51 Isolated mV/Thermocouple
Conditioner
APPLICATIONS
Multichannel RTD Temperature Measurement
Industrial Measurement and Control Systems
Data Acquisition Systems

GENERAL DESCRIPTION
The 1B41 is a precision, isolated, RTD signal conditioner that
incorporates a circuit design utilizing transformer based isolation
and automated surface mount manufacturing technology. It pro
vides an unbeatable combination of versatility and performance
in a compact plastic package. Designed for measurement and
control applications, it is especially suited for harsh environ
ments with extremely high common mode interference. Unlike
expensive solutions that require separate dc/dc converters, each
1B41 generates its own floating current excitation, providing
true low cost channel-to-channel isolation.

Functionally, the signal conditioner consists of four basic sec
tions: chopper stabilized amplifier, isolation, current excitation
and output filter. The amplifier section allows an RTD resis
tance range of 20 Q to 5 kfl. Wide range zero suppression can
be implemented at this stage.

1B41 FUNCTIONAL BLOCK DIAGRAM

DESIGN FEATURES AND USER BENEFITS
Ease of Use: The 1B41 has direct RTD interface with mini
mum external parts required to get a high-level, conditioned
signal.
Lead Resistance Compensation: Voltage drops in RTD lead
wires are compensated by the use of matching current sources in
the 1B41.

High Noise Rejection: The combination of a chopper stabi
lized front end with a low pass filter provides high system accu
racy in harsh industrial environments as well as good rejection
of 50/60 Hz noise.
Small Size: The 1B41 package size (1.00"x2.1"x0.35") and
functional completeness makes it an excellent choice in systems
with limited board space and clearance.

Wide Range Zero Suppression: This input referred function is
a convenient way to null large input offsets. A single resistor
value sets the RTD resistance for which the output is zero volts.

The isolation section has complete input to output galvanic iso
lation of 1500 V rms continuous by the use of transformer cou
pling techniques. A stable sensor excitation provides 0.25 mA
for most RTD applications. For platinum RTDs the excitation
is internally compensated to provide an output that is linear
with temperature. Filtering at 3 Hz is implemented by a passive
antialiasing filter at the input and a two-pole active filter at the
output. Overall NMR is 60 dB and CMR is 160 dB min (a
60 Hz.

Low Pass Filter: The three-pole active filter (fc = 3 Hz) re
duces 50/60 Hz noise and aliasing errors.

The 1B41 is fully specified over -25°C to + 85°C and operates
over the industrial (~40°C to +85°C) temperature range.
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SPECIFICATIONS1
Model

INPUT SPECIFICATIONS
Sensor Type
Linear Input Resistance Range
Max InputVoltage Range
Input Offset
Input Offset Tempco
Max CMV, Input to Output
ac, 60 Hz, Continuous
Continuous, de
CMR, (a 60 Hz, 1 kfl Source Imbalance
NMR, @ 60 Hz
Common Mode Transient Protection
Sensor Current Excitation
Current Source Matching

OUTPUT SPECIFICATIONS
Voltage, 2 kfl Load, min
Current
Output Offset Voltage
Initial
vs. Temperature
Output Noise, de to 100 kHz
Impedance, de

(typical @ +25°C and Vs = +15 V unless otherwise noted)
1B41AN

1B41BN

Pt 100 O @ 0°C, a = 0.00385, 0.00392
20 fl to 5 kfl Full Scale
+ 1 V to -5 V
0.5 fl (2 fl max)
0.002 fl/°C (0.01 fl/°C max)

*

*
*
*
*

1500 V rms
±2000 V peak
160 dB min
60 dB min
IEEE-STD 472 (SWC)
0.25 mA
1.5 jj.A

*
*
*
*
*
*

±10 V
±5 mA

*

50 mV typ
175 |iV/°C
1 mV pk-pk
0.1 fl

25 mV typ
50 pV/”C
*
*

*

ACCURACY
Gain Accuracy2
Gain Tempco (0 to +70°C)
(-25°C to + 85°C)
Gain Nonlinearity
Linearization Conformance
Pt 100 fl
0 to +600°C
0 to + 200°C
0 to + 100°C
-100°Cto +100°C
Lead Wire Compensation

2% FSR (5% FSR max)
±50 ppm/°C
±75 ppm/°C
±0.035%

*

0.1% FSR
0.09% FSR
0.06% FSR
0.06% FSR
0.06% FSR
0.01 fl/fl

•

DYNAMIC RESPONSE
Bandwidth, -3 dB

de to 3 Hz

★

POWER SUPPLY
Voltage, Rated Performance
Voltage, Operating
Current, Quiescent

±15 V de
±13.5 V to ±18 V
+12 mA, -4 mA

*

*
*

ENVIRONMENTAL
Temperature Range
Rated Performance
Operating
Storage
Relative Humidity

-25°C to +85°C
-40°C to +85°C
-40°C to +85°C
0 to 95% (« 60°C

*
*
*

1.0"x2.1"x0.35"
(25.4x53.3x8.9) mm

*
*

CASE SIZE

NOTES
•Specifications same as 1B41AN.
‘All specifications use the test circuit of Figure 1.
‘Excluding external ranging resistor errors.
Specifications subject to change without notice.
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OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

*
*
±0.025%

*
*
•
*
*

AC 1227 MATING SOCKET

PIN DESIGNATIONS
PIN
1
2
3
4
5
6
16
17
22
23
33
35
36
37
38

DESIGNATION
HI
PROT HI
RTD EXC
ICOM
LO
Rz EXC
+ 15 V
-15 V
Vo
GND
LIN
+v,so
LIN
GAIN
FB

1B41
INSIDE THE 1B41
Referring to the functional block diagram, the ±15 V power
inputs provide power to both the output side circuitry and the
power oscillator. The 25 kHz power oscillator provides both the
timing information for the signal demodulator and drives trans
former T2 for the input side power supplies. The secondary
winding of T2 is half wave rectified and filtered to create the
input side power.

Figure 1. 1B41 Basic Hookup

Since gain and linearization are interactive, it is recommended
that any offset and span errors be removed in software or at a
later stage in the data acquisition circuitry.
1B41 Functional Block Diagram

Dual current sources of 0.25 mA are derived from the floating
power supply and accomplish 3-wire compensation as well. This
creates a voltage difference between the RTD and Rz. This
voltage is applied to the chopper stabilized differential amplifier.
Linearization can be implemented at this stage by a simple
jumper option. This creates a bow in the current source that
nulls out the nonlinearity of Pt 100 RTDs.
The signal input (HI) is single pole filtered for noise rejection
and antialiasing. PROT HI is the output node of the filter, and
is used only for special input applications as described in the
applications section of this data sheet.
The chopper stabilized gain stage amplifies the differential input
voltage with a gain set by external resistors.
The signal is amplitude modulated onto a 25 kHz carrier and
passed through the signal transformer Tl. The synchronous
demodulator restores the signal to the baseband. A two-pole
active low pass stage filters out clock noise and completes a
three-pole Butterworth filter formed with the input pole.

The accuracy of the resistor values must be taken into account
when calculating the initial gain accuracy of an application. The
initial accuracy of the 1B41 must then be added to the resistor
errors to predict the total accuracy. Likewise, the ratiometric
temperature coefficient of the gain and feedback resistors must
be added to the temperature coefficient of the 1B41 to predict
the total resulting thermal drift.

3-Wire Compensation: The 1B41 accomplishes 3-wire compen
sation by using matched current sources on both RTD EXC
(Pin 3) and Rz EXC (Pin 6). Figure 2 shows lead wires with
resistances of RL1, RL2 and RL3. The following equation de
scribes the error voltage caused by lead resistance and the cur
rent source mismatch.

VERROR ~

-IlR-Ll

This equation depends upon the matching of the wire resistance
and the matching of the 1B41 current sources. When all leads
have the same resistance and the current sources are matched,
no error is introduced.

USING THE 1B41
Range Setting: The gain of the 1B41 is controlled on the input
side by a pair of user provided resistors (see Figure 1). A feed
back resistor of 20 kfl ±1% is required between the feedback
pin (Pin 38) and the gain pin (Pin 37). The gain setting resistor
is connected between the gain pin (Pin 37) and input side com
mon (Pin 4).

For 2-wire RTDs, ICOM (Pin 4) can be connected as shown in
Figure 1. This does not compensate for lead wire resistance.

In the equations below Rz is the value of the RTD resistance at
the temperature at which zero volts ouptut is desired, RHS is the
resistance of the RTD when the temperature is the average of
the zero ouput temperature and the full-scale temperature, and
Rfs is the resistance of the RTD at the full-scale temperature.

Rg =
Run

20£fl/(G-l)

= 6.1 *
fl(2Q-3)/(2-Q)

where Q T ARfs/ARhs
G = (20 kfl/ARpsXQ-1)
ARps = rfs_rz
ARHs = rhs_rz
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Note that since the current sources are in fact current sinks, as
the RTD resistance increases, the voltage at HI (Pin 1) gets
more negative. This causes the output of the 1B41 to get more
positive.

Example: A 100 fl platinum RTD, a = 0.00385, is 100 fl at
0°C, 138.50 fl at 100°C, and 175.84 fl at 200°C.

Rz = 100 fl, Rhs = 138.50 fl, RFS = 175.84 fl
175.84- 100
138.50- 100
^UN -

6.1 *
fl(2 x 1.9699-31
(2-1.96991

Rg

1.9699

190.46 ktt

20 £fl
= 78.5 fl
255.78-1

PERFORMANCE
CMR and NMR: Common mode rejection is a result of both
isolation and filtering, and is dependent on signal frequency,
conditioner gain and source impedance imbalance.
The CMR performance is also enhanced by low pass filtering,
giving an effective CMR of 160 dB at 60 Hz (fc = 3 Hz) at the
output of the filter.
Gain Nonlinearity: 1B41 gain nonlinearity is defined as the
deviation of the output voltage from the best straight line and is
specified as % peak-to-peak of a ±10 V output span.

APPLICATION EXAMPLES
Input Protection: Although the 1B41 provides ±1500 V of
common mode protection, it is sometimes desirable to have
some level of normal mode protection as well. The signal input
of the 1B41 is normally less than 500 mV but could be very
large under a fault condition.

Referring to Figure 3, the inputs and current sources show
240 V rms protection. The PN3906 pnp transistors are used for
the diode properties of the base emitter junction. When the
emitter is more positive than the base, the transistor functions as
a forward biased diode. When the emitter is negative with
respect to the base, the junction is a very low leakage Zener
diode with a breakdown voltage of about -8 V. This serves as a
voltage clamp for LO and PROT HI. A fault voltage applied
between ICOM and either of the two inputs will appear mostly
across the 40 kfl resistor. The power dissipated in the resistor is
approximately 1.44W for a 240 V fault.
Each current source is protected by a MOSFET and a diode.
The MOSFET is an n-channel enhancement mode device. The
RTD EXC and Rz EXC pins are normally about -3.5 V with
respect to ICOM. The voltage at +VISO is about +6.5 V, yield
ing a VGS of about 10 V. For normal operation, the FET must
be saturated on. A device with a threshold voltage of less than
5 V at 1 mA IDS guarantees saturation.

The VDS breakdown voltage must be greater than the expected
fault voltage. At 240 V rms, the peak voltage is 339V, so the FET
must have a breakdown voltage of at least 350 V. The power
dissipation requirements are minimal, however. The power dis
sipated in the FET under fault mode is 240 Vx0.25 mAx0.5
= 30 mW. The factor of 0.5 is due to the 50% duty cycle.
This allows a compact TO-92 packaged device, such as the
VN0650.

During the other half of the cycle, the fault voltage is applied
across the series diode. The diode must have a reverse break
down voltage of at least 350 V.
Other RTD Measurements. The 1B41 can be configured for
making differential measurements using 2-wire RTDs. As shown
in Figure 4, the two RTDs are connected between ICOM and
HI and LO. The current sources at Rz EXC and RTD EXC
create a differential signal across HI and LO that is proportional
to the difference in resistance of the two RTDs. The following
equation shows how to calculate RG for applications where hard
ware linearization is not desired.

40 kil
The LIN pins (Pins 33 and 36) must be left unconnected to
maintain a constant current source.

Figure 4. Differential RTD Measurement
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Isolated mV/Thermocouple
Signal Conditioner
1B51

ANALOG
DEVICES
FEATURES
Functionally Complete Precision Conditioner
High Accuracy
Low Input Offset Tempco: ±0.1p.V/°C
Low Nonlinearity: ±0.025%
High CMR: 160dB (60Hz, G=1000V/V)
High CMV Isolation: 1500V rms Continuous
240V rms Input Protection
Small Package: 1.0"x2.1"x0.35" DIP
Isolated Power
Low Pass Filter (fc=3Hz)
Pin Compatible with 1B41 Isolated RTD Conditioner

APPLICATIONS
Multichannel Thermocouple Temperature
Measurement
Low Level Data Acquisition Systems
Industrial Measurement & Control Systems

GENERAL DESCRIPTION
The 1B51 is a precision, mV/thermocouple signal conditioner
that incorporates a circuit design utilizing transformer based iso
lation and automated surface mount manufacturing technology.
It provides an unbeatable combination of versatility and perfor
mance in a compact plastic package. Designed for measurement
and control applications, it is specially suited for harsh environ
ments with extremely high common-mode interference. Unlike
costlier solutions that require separate dc/dc converters, each
1B51 generates its own input side power, providing true, low
cost channel-to-channel isolation.
Functionally, the signal conditioner consists of three basic sec
tions: chopper stabilized amplifier, isolation and output filter.
The chopper amplifier features a highly stable offset tempco of
±0. lp.V/°C and resistor programmable gains from 2 to 1000.
Wide range zero suppression can be implemented at this stage.

the front end and a two-pole active filter at the output. Overall
NMR is 60dB and CMR is 160dB min @ 60Hz, G= 1000.

The 1B51 is specified over -25°C to + 85°C and operates over
the industrial (-40°C to +85°C) temperature range.
DESIGN FEATURES AND USER BENEFITS
High Noise Rejection: The combination of a chopper stabilized
front end with a low pass filter provides high system accuracy in
harsh industrial environments as well as excellent rejection of
50/60Hz noise.

Input Protection: The input is internally protected against
continuous application of 240V rms.
Low Cost: The 1B51 offers a very low cost per channel for
high performance, isolated, low level signal conditioners.
Wide Range Zero Suppression: This input referred function
is a convenient way to null large input offsets.

The isolation section has complete input to output galvanic iso
lation of 1500V rms continuous using transformer coupling tech
niques. Isolated power of 2mA at ±6.2V is provided for ancil
lary circuits such as zero suppression and open-input detection.
Filtering at 3Hz is implemented by a passive antialiasing filter at

Low Pass Filter: The three pole active filter (fc=3Hz) reduces
60Hz noise and aliasing errors.
Small Size: The 1B51 package size (1.0"x2.1"x0.35") and
functional completeness make it an excellent choice in systems
with limited board space and clearance.
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(typical @ +25°C and Vs =±15V unless otherwise noted)
Model

1B51AN

1B51BN

GAIN

*

Gain Equation
Gain Error
Gain Temperature Coefficient1
Gain Nonlinearity
OFFSET VOLTAGES
Input Offset Voltage
Initial, @ +25°C (Adjustable to Zero)
vs. Temperature
vs. Time, Noncumulative
Output Offset Voltage
Initial
vs. Temperature

INPUT OFFSET CURRENT
Initial
vs. Temperature
INPUT BIAS CURRENT
Initial (a +25°C
vs. Temperature
INPUT IMPEDANCE
Power On
Power Off

1% max
50ppm/°C
±0.035% (±0.05% max)

•
±0.025% (±0.04% max)

25p.V (100p.V max)
±0.1p.V/°C (±0.5p.VTC max)
± 1 p.V/month max

*
*

-50mV
— 175|xV/°C

-25mV
-50pV/°C

0.6nA (2.5nA max)
±2.5pA/°C (12.5pA/°C max)

*

lOnA
lOpATC

*

50MD
40kQ min

*

*

*

*

INPUT VOLTAGE RANGE
Linear Differential Input
Max CMV, Input to Output
ac, 60Hz, Continuous
Continuous, de
CMR @ 60Hz, lkll Source Imbalance, G= 1000
NMR @ 60Hz
Transient Protection

±10mV to ±5V

*

1500V rms
± 2000V
160dB min
60dB min
IEEE-STD 472 (SWC)

«
*
*
*
*

INPUT NOISE
Voltage, 0.1Hz to 10Hz, lkfl Source Imbalance

lpV p-p

RATED OUTPUT
Voltage, 2k!l Load, min
Current
Output Noise, de to 100kHz
Impedance, de

±10V
±5mA
lmV p-p
O.lfl

FREQUENCY RESPONSE
Bandwidth, -3dB

de to 3Hz

ISOLATED POWER
Voltage, No Load
Current
Regulation, No Load to Full Load
Ripple

±6.2V±5%
2mA
7.5%
250mV p-p

*
*
*
*

POWER SUPPLY
Voltage, Rated Performance
Voltage, Operating
Current, Quiescent
PSRR

±15V de
± 13.5V to ±18V
+ 12mA(« +15V, -4mA f<i -15V
0.1%/V

*
*
*
*

ENVIRONMENTAL
Temperature Range
Rated Performance
Operating
Storage
Relative Humidity

-25°C to -85°C
-40°C to +85°C
-40°C to +85°C
0 to 95% (a +60°C

CASE SIZE

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

1.00"x2.10"x0.35"
(25.4x53.3x8.9)mm

NOTES
‘Specifications same as IBS IAN.
‘See graph in text.

Specifications subject to change without notice.
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*
*
*

PIN DESIGNATIONS

*
*
*
*

PIN

DESIGNATION

1
2
4
5
16
17
22
23
34
35
37
38

HI
PROT HI
ICOM
LO
+ 15V
-15V
Vo
GND
~ Viso
+Viso
GAIN
FB

1B51

Functional Block Diagram

INSIDE THE 1B51
Referring to the functional block diagram, the ±15V power in
puts provide power to both the output side circuitry and the
power oscillator. The 25kHz power oscillator provides the tim
ing information for the signal demodulator and drives power
transformer T2 for the input side power supplies. The second
ary winding of T2 is half wave rectified and filtered to create the
input side bipolar unregulated supplies.

USING THE 1B51
Gain Setting:
The gain of the 1B51 is controlled on the input side by a pair of
user provided resistors (see Figure 1). A feedback resistor of
between lOkfl and 20kfl is required between the feedback pin
(FB) and the gain pin. The gain setting resistor is connected
between the gain pin and input side common (ICOM). The gain
equation is

The signal input (HI) is single-pole filtered for noise rejection
and antialiasing. The protection clamps limit the voltage at
PROT HI to ±8V. Thus, a large voltage applied between HI
and input common (I COM) appears mostly across the input
resistor.

Gains of 2-1000 can be achieved by adjusting this ratio.

The chopper stabilized gain stage amplifies the differential input
voltage with a gain set by external resistors. The voltage at the
inverting input of the chopper stabilized amplifier (LO) should
be equal to the input voltage at which the desired output voltage
is zero. This is a true input referred zero suppression function.
The signal is amplitude modulated onto a 25kHz carrier and
passed through the signal transformer Tl. The synchronous de
modulator restores the signal to the baseband. A two-pole active
low pass stage filters out clock noise and completes a three-pole
Butterworth filter formed with the input pole.

The accuracy of the resistor values must be taken into account
when calculating the initial gain accuracy of an application. The
initial accuracy of the 1B51 must then be added to the resistor
errors to predict the total accuracy. Likewise, the ratiometric
temperature coefficient of the gain and feedback resistors must
be added to the temperature coefficient of the 1B51 to predict
the total resulting thermal drift.

It is possible to use a trimming potentiometer to correct for ini
tial gain and system gain errors. The feedback resistor can be
comprised of a resistor in series with a trimming potentiometer,
as long as the total resistance remains between 10kfl and 20kfl.
Alternatively, the gain resistor can also be an adjustable resistor.
In general, the greater the trim range, the coarser the resolution.
Zero Suppression:
Since the 1B51 is a differential input device, true input referred
zero suppression can be accomplished (see Figure 1). A voltage
reference powered by the input side power supplies is applied to
the LO terminal. Since the transfer function is

Vo = (V(HI) - V(LO)) x GAIN
the input voltage for which the desired output is zero should be
applied to the LO pin. The equation is

Vz = 1.25(R2/(R, + R2))
Any drift of this input zero suppression voltage appears as offset
drift, so a temperature stable reference should be used. The
source impedance at the LO terminal should be kept below
lkfl.
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Open Input Detection:
The 1B51 can sense an open thermocouple or broken input line
with the addition of an external resistor. By connecting a
220MD resistor between the HI pin and the positive or negative
isolated supply, an open input will cause a positive or negative
full scale output, respectively.

To preserve the normal mode input protection capability of the
1B51, the resistor must be able to withstand 220Vac. A high
voltage rating can be obtained by connecting lower value resis
tors in series.
Cold Junction Compensation:
When using a thermocouple as an input to the 1B51, a second
thermocouple junction is formed at the terminations of the ther
mocouple wires, commonly referred to as the cold junction. The
measured output voltage of the sensor is the voltage generated
by the thermocouple minus the voltage generated by the cold
junction.

of the cold junction voltage must be the same as that of the ther
mocouple. Therefore, the cold junction compensation depends
on the thermocouple type.

Sometimes, one cold junction compensation sensor is used by a
number of thermocouple channels. This is accomplished by
measuring the temperature of the connection block directly, and
adding the appropriate voltage to each uncompensated thermo
couple channel after the gain has been taken. In all cases, the
cold junction sensor must be in the thermal proximity with the con
nection block.
Figure 2 shows a monolithic cold junction compensation device
used with the 1B51. The Analog Devices AC 1226 measures the
ambient temperature and generates the appropriate cold junction
voltage for several different thermocouple types.

Since thermocouples are specified with OV representing 0°C, it
would be ideal to maintain the cold junction at 0°C. A more
practical approach involves adding a temperature dependent
voltage to the thermocouple signal so as to oppose the cold junc
tion effects. This type of correction is known as cold junction
compensation.

Many different methods are commonly used to implement cold
junction compensation. Usually a thermistor or a semiconductor
sensor is used to generate the cold junction voltage. The slope

'PIN NUMBER DEPENDS ON THERMOCOUPLE TYPE
SEE AC1226 DATA SHEET FOR DETAILS.

Figure 2. 1B51 Cold Junction Compensation

TYPICAL PERFORMANCE CURVES

(@TA=+25°C, Vs = ±15V)

CAPACITANCE - >lF

+ V/so Ripple vs. Capacitance
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+ ViSO vs. Load

High Performance, 4-20mA Output
Voltage-to-Current Converter

ANALOG
DEVICES

2B20
FEATURES
Complete, No External Components Needed
Small Size: 1.1
*
x 1.1
*
x 0.4" Module

2B20 FUNCTIONAL BLOCK DIAGRAM

Input: 0 to +10V; Output: 4 to 20mA
Low Drift: 0.005%/°C max; Nonlinearity: 0.005% max
(2B20B)
Wide Temperature Range: -25°C to +85°C

Single Supply: +10V to +32V
Meets ISA Std 50.1 for Type 3, Class L and U, Nonisolated
Current Loop Transmitters
Economical
APPLICATIONS
Industrial Instrumentation and Control Systems
D/A Converter — Current Loop Interface
Analog Transmitters and Controllers
Remote Data Acquisition Systems

GENERAL DESCRIPTION
Model 2B20 is a complete, modular voltage-to-current con
verter providing the user with a convenient way to produce
a current output signal which is proportional to the voltage
input. The nominal input voltage range is 0 to +10V. The out
put current range is 4 to 20mA into a grounded load.
Featuring low drift (0.005%/°C max, 2B2OB) over the -25°C
to +85°C temperature range and single supply operation (+10V
to +32V), model 2B20 is available in two accuracy grades. The
2B20B offers precision performance with nonlinearity error
of 0.005% (max) and guaranteed low offset error of ±0.1%
max and span error of ±0.2% max, without external trims. The
2B20A is an economical solution for applications with lesser
accuracy requirements, featuring nonlinearity error of 0.025%
(max), offset error of ±0.4% (max), span error of ±0.6% (max),
and span stability of 0.01%/°C max.
The 2B20 is contained in a small (1.1" x 1.1" x 0.4"), rugged,
epoxy encapsulated package. For maximum versatility, two
signal input (Vjni and V1N2) and two reference input (REFini
and REFjn2) terminals are provided. Utilizing terminals Vjni
and REFjni eliminates the need for any external components,
since offset and span are internally calibrated. If higher accu
racy (up to ±0.01%) is required, inputs V1N2 and REFIN2 with
series trim potentiometers may be utilized.

COM

trol system as transmitters, indicators, controllers, recorders,
computers, actuators and signal conditioners.

In a typical application, model 2B20 may act as an interface
between the D/A converter output of a microcomputer based
system and a process control device such as a variable position
valve. Another typical application of the 2B20 may be as a
current output stage of a proportional controller to interface
devices such as current-to-position converters and current-topneumatic transducers.
DESIGN FEATURES AND USER BENEFITS
Process Signal Compatibility: To provide output signal com
patibility, the 2B2O meets the requirements of the Instrument
Society of America Standard S50.1, “Compatibility of Analog
Signals for Electronic Industrial Process Instruments” for Type
3, Class L and U, nonisolated current loop transmitters.
External Reference Use: For increased flexibility, when ratio
metric operation is desired, the 2B20 offers a capability of
connecting an external reference (i.e., from multiplying D/A
converter) to the REF1N2 terminal.

Wide Power Supply Range: A wide power supply range (+10V
to +32V de) allows for operation with either a +12V battery,
a +15V powered data acquisition system, or a +24 V powered
process control instrumentation.

APPLICATIONS
Model 2B2O has been designed for applications in process con
trol and monitoring systems to transmit information between
subsystems or separated system elements. The 2B20 can serve
as a transmission link between such elements of process con-
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(typical @ +25°C and Vs = + 15V unless otherwise noted)
Model
INPUT SPECIFICATIONS
Voltage Signal Range
Input Impedance
OUTPUT SPECIFICATIONS
Current Output Range1
Load Resistance Range2
VS = +12V
VS=+15V
Vs= +24V

NONLINEARITY (% of Span)
ACCURACY3
Warm-Up Time to Rated Specs
Total Output Error @ +25°C3'4
Offset (V[N = 0 volts)
Span ( V|n =+10 volts)
vs. Temperature (-25°C to +85°C)
Offset (Vjn= 0 volts)
Span (Vin = +10 volts)
DYNAMIC RESPONSE
Settling Time — to 0.1% of F.S.
for 10V Step
Slew Rate

REFERENCE INPUT5
Voltage
Input Impedance
POWER SUPPLY
Voltage, Rated Performance
Voltage, Operating
Supply Change Effect (% of Span)6
on Offset
on Span
Supply Current
TEMPERATURE RANGE
Rated Performance
Storage
CASE SIZE

2B20A

2B20B

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

0 to +10V
lOkfi

*
«

4 to 20mA

*

0 to 3 5OL2 max
0 to 5OOf2 max
0 to 95OS2 max

♦
•
*

±0.025% max

±0.005% max

1 minute

*

±0.4% max
±0.6% max

±0.1% max
±0.2% max

±0.01%/°C max
±0.01%/°C max

±0.005%/° C max
±0.005%/°C max

25ms
2.5mA/MS

•
♦

+2.5V de
10kfi

•
•

+15Vdc
+10V to +32V de max

•
*

±0.005%/V
±0.005%/V
6mA + Iload

♦
•
♦

-25°C to+85°C
-55°C to +125°C

*
*

1.125" X 1.125"
X 0.4"

•

BOTTOM VIEW
WEIGHT: 106 Gram*

MATING SOCKET: AC1016

LOAD RESISTANCE RANGE
The load resistance is the sum of the resistances
of all connected receivers and the connection
lines. The 2B20 operating load resistance is
power supply dependent and will decrease by
50 ohms for each 1 volt reduction in the power
supply. Similarly, it will increase by 50 ohms
per volt increase in the power supply, but must
not exceed the safe voltage capability of the unit.

NOTES
'Specifications same as 2B20A.
1 Current output sourced into a grounded load over a supply voltage range of +10V to + 32V,
2 See Figure 1 for the maximum load resistance value over the power supply range.
’ Accuracy is guaranteed with no external trim adjustments when REFin is connected to REFqut.
'All accuracy is specified as % of output span where output span is 16mA (±0.1%=±0.016mA
output error).
’Reference input is normally connected to the reference output (+2.5V de).
6 Optional trim pots may be used for calibration at each supply voltage.
Specifications subject to change without notice.
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Figure 1. Maximum Load Resistance vs.
Power Supply

Applying the 2B20
PRINCIPLE OF OPERATION
The design of the 2B2O is comprised of high performance op
amps, precision resistors and a high stability voltage reference
to develop biasing and output drive capability. The 2B2O is
designed to operate from a single positive power supply over a
wide range of +10V to +32V de and accepts a single ended, 0
to +10V voltage input. The internal reference has nominal out
putvoltage of +2.5V (REFout) and is used to develop 4mA out
put current for a zero volts input when REFjn is connected
to REFoutThe output stage of the 2B20 utilizes a sensing resistor in the
feedback loop, so the output current is linearly related to the
voltage input and independent of the load resistance. There is
no minimum resistance for the loads driven by the 2B20; it
can drive even a short circuit with no damage to the unit. The
maximum resistance of the load as seen by the unit (resistance
of the load plus the resistance of the connecting wire) is lim
ited. The maximum external loop resistance, Rl, is given by.RL(O>m.x.^0m5/ j

Figure 3. Model 2B20 Connections Using Optional Offset
and Span Trims

CONNECTING THE 2B20 FOR 0 TO 10mA OUTPUT
The 2B20 may be utilized in applications requiring 0 to 10mA
current output for a 0 to +10V input voltage range as shown
in Figure 4a. To obtain 0mA output for 0V input, adjust the
offset potentiometer until there is no current flowing in the
output. The 2B20 span calibration may be adjusted by a 2kf2
gain potentiometer in series with the Vgic input.

Figure 1 shows the operating region of the 2B20. The load
must be returned to power supply common. The voltage
appearing between Iout (P
* n 5) and COM (pin 2) should not
exceed Vmax = +Vg - 5V. Exceeding this value (up to +3 2V
de) will not damage the unit, but it will result in a loss of
linearity.

The basic connections of the 2B20 are shown in Figure 2.

Figure 4a. 2B20 Configuration for 0 to 10mA Operation

CONNECTING THE 2B20 FOR 0 TO 20mA OUTPUT
The 2B20 may also be configured for use in applications
requiring 0 to 20mA output for a 0 to +10V input range as
shown in Figure 4b. To obtain 0mA output for 0V input,
adjust the offset potentiometer. The 2B20 span calibration
may be adjusted by a 2k£2 gain potentiometer in series with

Figure 2. Basic Connections Diagram

OPTIONAL CALIBRATION AND TRIM PROCEDURE
Model 2B20’s factory trimmed offset error is ±0.1% max and
span error is ±0.2% max (2B20B). In most applications, further
trimming will not be required. If it is necessary to obtain cali
brated accuracy of up to ±0.01%, or, if a high signal source
resistance (with respect to 10kf2) introduces calibration error,
inputs Vjn2 and REFjn2 and optional trim pots should be
used with Vjni and REFini open. To perform external trims,
connect 5OOf2 potentiometers in series with Vjn2 (span trim)
and REFjn2 (offset trim) as shown in Figure 3. Adjust span
pot, monitoring voltage drop across Rload. to obtain an out
put voltage of 5.000V (IoUT = 20mA) for a +10V input. Next,
with 0 volts input, adjust offset pot to obtain 1.000V output
(IouT = 4mA). Check both offset and span and retrim if neces
sary after each adjustment.
Figure 4b. 2B20 Configuration for 0 to 20mA Operation
SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS
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OUTPUT PROTECTION
In many industrial applications, it may be necessary to protect
the 4 to 20mA output from accidental shorts to ac line volt
ages. The circuit shown in Figure 5 can be used for this pur
pose. The maximum permissible load resistance will be lowered
by a fuse resistance value when protection circuitry is utilized.

FUSE (S.B.I

Figure 7. 12-Bit — 4 to 20mA Current Loop interface

Figure 5. Output Protection Circuitry Connections

APPLICATIONS
Interfacing Voltage Output D/A Converters: The 2B2O is well
suited in applications requiring 4 to 20mA output from
D/A converters. The voltage necessary to power the current
loop can be derived from the same +15V supply that is used
to' power the converter. The D/A converter, such as the 12-bit
AD DAC80, should be connected for operation on the uni
polar 0 to +10V output range. This is shown in Figure 6. After
the load resistor connection has been made, the current
loop can be calibrated using the offset and span adjustment
potentiometers associated with the 2B2O (or the AD DAC80).
First, a digital input code of all ones is loaded into the D/A,
and the offset adjustment potentiometer is adjusted for a
current output of exactly 4mA. Then, a digital code of all Os
is loaded into the D/A, and the span adjustment potentiometer
is adjusted for a voltage across the load that corresponds to a
current of 20mA -1LSB = 19.9961mA.

Microcomputer — Current Loop Interface: Figure 8 shows a
typical application of the 2B20 in a multichannel microcom
puter analog output system. When a microcomputer is to con
trol a final control element, such as a valve positioner, servo
mechanism or motor, an analog output board with 4 to 20mA
outputs is often necessary. The output boards typically have
from one to eight channels, each with its own D/A converter.
The 2B20, in a compact package, allows for an easy installation
without any additional components and offers a 12-bit system
compatible performance.
VOLTAGE

Figure 8. Microcomputer Analog Output Subsystem

Pressure Control System: In Figure 9, model 2B20 is used in a
proportional pressure control system. The 3-15psi working
pressure of a system is monitored with a pressure transducer
interfaced by the model 2B31 signal conditioner. The high level
voltage output of the 2B31 is converted to a 4 to 20mA to
provide signal to the limit alarm and proportional control cir
cuitry. A current-to-position converter controlling a motorized
valve completes the pressure-control loop.

Figure 6. AD DAC80 - 4 to 20mA Current Loop Interface

Interfacing Current Output D/A Converters: To interface cur
rent output D/A converters, such as the AD562, a circuit con
figuration illustrated in Figure 7 should be used. Since the
AD562 is designed to operate with an external +10V reference,
the same external reference may be utilized by the 2B20 for
ratiometric operation. The output of the AD562 is used to
drive the summing junction of an operational amplifier to pro
duce an output voltage. Using the internal feedback resistor of
the AD562 provides a 0 to +10V output voltage range suitable
to drive the 2B20.

Figure 9. Proportional Pressure Control System

Isolated 4 to 20mA Output: For applications requiring up to
±1500V de input to output isolation, consider using Analog
Devices’ model 2B22 isolated voltage-to-current converter.
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►

High Performance, Isolated
Voltage-to-Current Converter

ANALOG
DEVICES

2B22
2B22 FUNCTIONAL BLOCK DIAGRAM

FEATURES
Wide Input Range: 0 to +1V to 0 to +10V
Standard Output Range: 4 to 20mA
High CMV Input/Output Isolation: 1500V de Continuous
Low Nonlinearity: 0.05% max, 2B22L
Low Span Drift: 0.005%/°C max, 2B22L
Single Supply: +14V to +32V
Meets IEEE Std 472: Transient Protection (SWC)
Meets ISA Std 50.1: Isolated Current Loop Transmitters

♦CURRENT
OUT

-CURRENT
OUT

APPLICATIONS
Industrial Instrumentation and Process Control
Ground Loop Elimination
High Voltage Transient Protection
D/A Converter — Current Loop Interface
Analog Transmitters and Controllers
Remote Data Acquisition Systems

28V
Viooeout

GENERAL DESCRIPTION
Model 2B22 is a high performance, compact voltage-to-current converter offering 1500V de input to output isolation in
interfacing standard process signals. The input stage of the
model 2B22 is single resistor programmable to accept voltage
ranges from 0 to +1V to 0 to +10V. The isolated output cur
rent range is 4 to 20mA, and the 2B22 can be operated with
0 to 1000fi grounded or floating loads.

meets the requirements of the Instrument Society of America
Std. 50.1 “Compatibility of Analog Signals for Electronic
Industrial Process Instruments” for Type 4, Class U isolated
current loop transmitters.

Using modulation techniques with transformer isolation for
reliable performance, the 2B22 is available in three accuracy
selections offering guaranteed nonlinearity error (2B22L:
±0.05% max, 2B22K: ±0.1% max, and 2B22J: ±0.2% max)
and guaranteed low span drift: ±0.005%/°C max, ±0.01%/°C
max, and ±0.015%/°C max, respectively. The internally trim
med span and offset errors are ±0.1% max for the 2B22L and
±0.25% max for the 2B22J/2B22K. Both span and offset are
adjustable by the optional external potentiometers.
Featuring a wide range, single supply operation (+14V to
+32V), the 2B22 provides isolated +28V loop power and is
capable of delivering rated cunent into an external 0 to 1000S2
load resistance. The unique output stage configuration also al
lows the user to utilize an optional external loop power supply
to interface systems designed for a two-wire operation.
APPLICATIONS
Model 2B22 has been specifically designed for high accuracy
applications in process control and monitoring systems to offer
complete galvanic isolation and protection against damage
from transients and fault voltages in transmitting information
between subsystems or separated system elements. The 2B22

In the industrial environment, model 2B22 can serve as a
transmission link between such system elements as transmit
ters, indicators, controllers, recorders, computers, actuators
and signal conditioners. In data acquisition and control sys
tems, the 2B22 may act as an isolated interface between the
D/A converter output of a microcomputer and standard 4 to
20mA analog loops.
DESIGN FEATURES AND USER BENEFITS
High Reliability: Model 2B22 is a conservatively designed,
compact module capable of reliable operation in harsh
environments. To assure high reliability, the 2B22 has a
calculated MTBF of over 270,000 hours and has been de
signed to meet the IEEE Standard for Transient Voltage
Protection (472-1974: Surge Withstand Capability).

Process Signal Compatibility: The versatile input stage design
with a single resistor gain adjustment enables the 2B22 to ac
cept any one of the standard inputs—0-1V, 0-10V, 1-5 V; or
5mA, 4-20mA, 10-50mA; and provide standard, isolated
l4-20mA output.
Isolated Loop Power: Internal 28V de loop supply, completely
isolated from the input power terminals (±1500V de isolation),
provides the capability to drive 0 to 1000J2 loads and elimi
nates the need for an external dc/dc converter.

SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS

13-99

(typical @ +25°C and Vs = 4- 15V unless otherwise noted)
Model

2B22J

INPUT SPECIFICATIONS
Voltage Signal Range, G = 1.6mA/V
G = 16mA/V
Gain Range
Maximum Safe Input
Input Impedance

0 to +10V
Oto+lV
1.6 to 16mA/V
+15V
10M12

OUTPUT SPECIFICATIONS
Current Output Range
Load Resistance Range, Vj = +14V to +32V,
Internal Loop Power
Maximum Output Current,
@ Input Overload
Output Ripple, 100Hz Bandwidth
G = 1.6mA/V_______________

*

25mA

•

6 OpA pk-pk

•

CMV, INPUT TO OUTPUT
ac, 60Hz, 1 Minute Duration
Continuous, ac or de

1500V rms
±1500V pk max

CMR, INPUT TO OUTPUT
60Hz, lkQ Source Imbalance

90dB

ACCURACY1
Warm Up Time to Rated Performance 5 Minutes
Total Output Error ® +25°C’,J
Offset (Vm = 0V)
±0.25% max
Span (VIN = +10V)
±0.25% max
vs. Temperature (0 to +70°C, G • 1.6mA/V)
±0.01%/°C max
Offset (VfN = 0V)
±0.015%/°C max
Span (VIN = +10V)
vs. Temperature (0 to +70°C)
Offset (V[n = 0V, G = 1.6m A/V to
±0.01%/°C
16mA/V)
Span (G = 1.6mA/V to 16mA/V)3
±0.015%/°C
DYNAMIC RESPONSE
Settling Time — to 0.1% of F.S. for 10V Step
Slew Rate

300ps
0.06mA/ps

REFERENCE INPUT
Voltage
Input Impedance

+2.5V de
6kO

Voltage

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

0 to 1000S2 max

±0.2% max

POWER SUPPLY
Voltage, Rated Performance
Voltage, Operating
Supply Current (at Full Scale Output)
Using Internal Loop Power
Using External Loop Power
Supply Change Effect (% of Span)
on Offset (Vjn = 0V)
on Span (Vin = +10V)

2B22L

4 to 20mA

NONLINEARITY (% of Span)

OSCILLATOR
Frequency, Internal Oscillator
External Sync Input
Frequency
Waveform

2B22K

±0.1%max

±0.05% max

±0.1% max
±0.1% max

±0.25% max
±0.25% max
±0.005%/°C max
±0.01%/° C max

±0.0025%/°C max
±0.005%/° C max

±0.005%/°C
±0.01%/°C

±0.002 5%/°C
±0.005%/°C

100kHz ±10%
100kHz ± 10% max
Square wave,
50% duty cycle
20V p-p

+ 15V de
+ 14 V to +32V de
100mA
50mA

±0.0005%/V
±0.0005%/V

TEMPERATURE RANGE
Rated Performance
Operating
Storage______________

0 to +70°C
-25°C to +75°C
-55°Cto +85°C

CASE SIZE

2.2" X 3" X 0.6"

INTERCONNECTION DIAGRAM
Model 2B22 can be applied directly to
achieve rated performance as shown in
Figure 1 below. The input stage gain of
1.6mA/V, to convert a 0 to +10V signal
into a 4 to 20mA output current, is ob
tained with the values shown. A single
polarity power supply (+14V to + 32V de)
should be connected to pin 8. To elimi
nate ground loops, the user should ensure
that the signal return (common) lead does
not carry the power supply current. Pow
er common (pin 7) and signal common
(pin 6) should be tied at the power supply
common terminal. The voltage difference
between pins 6 and 7 should not exceed
0.2V. An internal dc-dc converter pro
vides isolated output loop power (pins 13
and 14), which is connected externally to
the current output terminals (pins 11 and
12) and a load resistance. The standard 4
to 20mA current output signal is delivered
into any external load between zero and

iooon.

NOTES
1 Accuracy is guaranteed at G = 1.6mA/V with no external trim
adjustments when connected as shown in Figure 1.
1 All accuracy is % of span where span is 16mA (e0.1% = t0.016mA error).
1 Span T.C. for gains higher than 1.6mA/V is
dependent a low T.C.
lOppm/'C) Rq is recommended for best performance.

*Specifications same as 2B22J.
Specifications subject to change without notice.

± 1500V de MAX
NOTE:

Resistors Ro and RG are 1%, SOppmf’C Metal Film Type. Values
shown are for G • 1.6mA/V. For G = 16mA/V. use 10ppm/“C RG
and 50ppm^C Rq-

Figure 1. Basic Connections
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Applying the 2B22
FUNCTIONAL DESCRIPTION
The high performance of model 2B22 is derived from the
carrier isolation technique which is used to transfer both signal
and power between the V/I converter’s input circuitry and the
output stage. High CMV isolation is achieved by the transform
er coupling between the input amplifier, modulator section
and the current output circuitry. The block diagram for model
2B22 is shown in Figure 2 below.
The 2B22 produces an isolated 4 to 20mA output current
which is proportional to the voltage input and independent of
the load resistance. The input amplifier operates single-ended
and accepts a positive voltage within 0 to +10V range. Gain
can be set from 1.6mA/V to 16mA/V by changing the gain
resistor RG to accommodate input ranges from 0 to +1V (G =
16mA/V) to 0 to +10V (G = 1.6mA/V). The transfer function
is Iout = (4mA + G X V(n).
An internal, high stability reference has nominal output volt
age of +2.5V (REF OUT) and is used to develop a 4mA output
current for a 0 volts input. The terminals REF OUT (pin 1)
and REF IN (pin 2) should be connected via the offset setting
resistor Ro- For ratiometric operation, an external reference
voltage can be connected to the REF IN terminal.

The 2B22 is designed to operate from a single positive power
supply over a wide range of +14V to +32V de. An internal
dc-dc converter provides isolated +28V loop power which is
independent of +V§. The maximum resistance of the load Rl
(resistance of the receivers plus the resistance of the connec
ting wire) is 1000f2. Since the loop power is derived from the
input side, the current capability of the power supply (+Vg)
must be 100mA min to supply full output signal current.

Figure 2. Block Diagram — 2B22

OPTIONAL TRIM ADJUSTMENTS
Model 2B22 is factory calibrated for a 0 to +10V input range
(G = 1.6mA/V). As shipped, the 2B22 meets its listed specifica
tions without use of any external trim potentiometers. Addi
tional trim adjustment capability, to reduce span and offset
errors to ±0.05% max, is easily provided as shown in Figure 3.
The span and offset trim pots are adjusted while monitoring
the voltage drop across a precision (or known) load resistor.
The following trim procedure is recommended;
1. Connect model 2B22 as shown in Figure 3.
2. Apply Vjn = 0 volts and adjust Ro (Offset Adjust) for
VOuT = +2V±4mV.

3. Apply Vin = +10.00V and adjust Rc (Span Adjust) for
VOUT = +10V±4mV.

GAIN AND OFFSET SETTING
The gain of the 2B22 is a scale factor setting that establishes
the nominal conversion relationship to accommodate +1V to
+ 10V full scale inputs (Vjn). The value of the gain setting re
sistor Rg is determined by: RG(k£2) = 6.314SF/(10.1 - SF)
where SF is a scale factor equal to the value of Vjjj F.S. Ex
ample: to convert a 0 to +1V input to the 4 to 20mA output,
SF = 1 and RG = 6930. Due to device tolerances, allowance
should be made to vary RG by ±5% using the potentiometer.

The value of the offset resistor Rq is independent from the
gain setting and given by the relationship: Rq (kO) = 2.5
(Vref “ 2.4) where Vref is the reference voltage applied. For
example, the reference provided by the 2B22 is +2.5V and
therefore Ro = 2500. The accuracy of the Rq calculation from
from the above formula is ±5%. When an external reference
operation is desired (i.e. for ratiometric operation), connect
the reference voltage via Rq to pin 2 and leave pin 1 open.

EXTERNAL LOOP POWER OPERATION
For maximum versatility, the 2B22’s output stage is designed
to operate from the optional, isolated external loop power sup
ply. This feature allows the user to interface systems wired for
a two-wire operation. As shown in Figure 4, the same wiring is
used for loop power and output. The load resistance is con
nected in series with an external de power supply (+6V to
+32V), and the current drawn from the supply is the 4 to
20mA output signal. The input stage of the 2B22 still requires
+Vg power, but the current drain from +V§ is limited to 50mA.
Use of an external loop power may require gain and offset
trimming to obtain specified accuracy. The maximum series
load resistance depends on the loop supply voltage as shown
in Figure 4.

TTin nr

.^r

rlmax

/

i RATING
beE
i REGION;

IMflll
Figure 4. Optional External Loop Power Operation
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SYNCHRONIZING MULTIPLE 2B22’S
In applications where multiple 2B22’s are used in close prox
imity, radiated individual oscillator frequencies may cause
“beat frequency” related output errors. These errors can be
eliminated by synchronizing multiple units by connecting the
SYNC OUT (pin 10) terminal to the SYNC IN (pin 9) terminal
of the adjacent 2B22. The SYNC OUT terminal of this
“slaved” unit can be used to drive another adjacent 2B22
(Figure 5). For best accuracy, each 2B22 should be retrim
med when synchronizing connections are used.

OUTPUT PROTECTION
The current output terminals (pins 11 and 12) are protected
from shorts up to +32V de but in many industrial applications,
it may be necessary to protect the 4 to 20mA output from
accidental shorts to ac line voltages in addition to back EMF
induced from long output connections. The circuit shown in
Figure 6 can be used for this purpose. The maximum per
missible load resistance will be lowered by a fuse resistance
value when protection circuitry is utilized.

Rc converting the current from a remote loop to a voltage in
put, and a span adjustment resistor Rq. A value of R<; should
be selected to develop a minimum of +1V signal with full scale
input cunent applied. For example, a 50f2 resistor converts
the 4 to 20mA current input to a 200mV to IV voltage input,
which the 2B22 isolates and converts to a 4 to 20mA output.
The reference input (pin 2) is not connected since the process
signal provides a desired offset.
Isolated D/A Converter: Model 2B22 offers total ground isola
tion and protection from high voltage transients in interfacing
D/A converters to standard 4 to 20mA current loops. This
requirement is common in a microcomputer-based control
system. The voltage necessary to power the current loop can
be derived from the same +15V supply that is used to power
the D/A converter. The D/A converter, such as the 12-bit AD
DAC80, should be connected for operation on the unipolar
0 to +10V output range. This is shown in Figure 8. After the
load resistor connection has been made, the current loop can
be calibrated using the offset and span adjustment potentio
meters associated with the 2B22. First, a digital input code of
all one’s is loaded into the D/A, and the offset adjustment
potentiometer is adjusted for a current output of exactly 4mA.
Then, a digital code of all zero’s is loaded into the D/A, and the
span adjustment potentiometer is adjusted for a voltage across
the load that corresponds to a current of 20mA less 1LSB
(19.9961mA).

Figure 6. Output Protection Circuitry Connections

APPLICATIONS IN INDUSTRIAL MEASUREMENT AND
CONTROL SYSTEMS
Process Signal Isolator: In process control applications, model
2B22 can be applied to interface standard process signals (e.g.
1 to 5mA, 4 to 20mA, 10 to 50mA, 1 to 5V) and convert
them to isolated 4 to 20mA output. A typical hook-up of
model 2B22 is illustrated in Figure 7, showing input resistor

Figure 8. D/A Converter — Isolated 4 to 20mA Interface

Pressure Transmitter: In Figure 9, model 2B22 is used in a
pressure transmitter application to provide complete input
output isolation and avoid signal errors due to ground loop
currents. The process pressure is monitored with a strain gage
type pressure transducer interfaced by the Analog Devices’
model 2B3O transducer conditioner. The bridge excitation and
system power is provided by the model 2B35 triple output
power supply. The high level voltage output of the 2B3O is
converted to the isolated 4 to 20mA current for transmission
to a remote recorder or indicator.

•1500V de MAX

Figure 7. Process Signa! Current Isolator

13-102 SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS

Figure 9. Isolated Pressure Transmitter

ANALOG
DEVICES

Programmable Output,
Isolated Voltage-to-Current Converter

2B23
2B23 FUNCTIONAL BLOCK DIAGRAM

FEATURES
Wide Input Range, Resistor Programmable
Pin Programmable Output: 4 to 20mA or 0 to 20mA
High CMV Input/Output Isolation: ± 1500V pk
Continuous
Low Nonlinearity: ±0.05% max (2B23K)
Low Span Drift: ±0.005%/°C max (2B23K)
Single Supply Operation: + 14V to +28V
Small Size: 1.8" x 2.4" x 0.6"
Meets IEEE Std. 472: Transient Protection (SWC)
Meets ISA Std. 50.1: Isolated Current Loop
Transmitters

APPLICATIONS
Industrial Instrumentation and Process Control
Ground Loop Elimination
Transient Voltage Protection
Analog Transmitters and Controllers
Remote Data Acquisition Systems

GENERAL DESCRIPTION
The model 2B23 is a high performance, low cost voltage to
current converter featuring ± 1500V pk input to output isolation
for interfacing with standard process signals. The input stage of
the 2B23 may be single resistor programmed to accept voltages
within a 0 to + 10V range ( + 0.1V to + 10V full scale). The
isolated output is pin programmable to provide current in the
range of 4 to 20mA or 0 to 20mA and can be operated with 0 to
800(1 grounded or floating loads.
The 2B23 uses reliable transformer isolation techniques and is
available in two accuracy selections offering guaranteed non
linearity error (2B23K: ±0.05% max, 2B23J: ±0.1% max) and
guaranteed low span drift (2B23K: ±0.005%/°C max, 2B23J:
±0.01%/°C max). The internally trimmed span and offset errors
are ±0.1% for the 2B23K and ±0.25% for the 2B23J. Both
span and offset may be adjusted using optional external
potentiometers.
Featuring wide range, single supply operation (+ 14V to +28V
de), the 2B23 provides isolated loop power, thus eliminating the
need for an external dc/dc converter.
APPLICATIONS
Model 2B23 has been designed to provide high accuracy, versatility
and low cost in industrial and laboratory system applications
requiring isolated current transmission. The 2B23 meets the
requirements of the Instrument Society of America Std. 50.1
“Compatibility of Analog Signals for Electronic Industrial Process
Instruments” and may serve as a transmission link between
such system elements as computers, controllers, actuators, re
corders and indicators.

In data acquisition and control systems, the 2B23 may act as an
isolated interface between the D/A converter output of a micro
computer analog I/O and standard 4 to 20mA or 0 to 20mA
analog loops. In process control systems, the 2B23 may be used
as a current output stage of a proportional controller to interface
devices such as current-to-position converters and current-topneumatic transducers.

DESIGN FEATURES AND USER BENEFITS
High CMV Isolation: The 2B23 features high input to output
galvanic isolation to eliminate ground loops and offer protection
against damage from transients and fault voltages. Its isolation
barrier will withstand continuous CMV of ± 1500V pk and
1500V rms @ 60Hz for 60 seconds.
High Reliability: To assure high reliability in harsh industrial
environments, reliable magnetic isolation is used. The 2B23
meets the IEEE Standard for Transient Voltage Protection (4721974: Surge Withstand Capability) and offers reliable operation
over — 25°C to +85°C temperature range.

Versatility: The 2B23 can be easily tailored to the user’s appli
cation, accommodating a wide range of input voltages, providing
pin programmable, standard current outputs and offering wide
range, single supply operation.
Small Size: To conserve board space, the 2B23 is packaged in a
compact, 1.8" x 2.4" x 0.6" module.
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(typical @ + 25°C and Vs = +15V unless otherwise noted)
Model

INPUT SPECIFICATIONS
Input Voltage Range
Factory Calibrated
Full Scale Input
Transfer Function (TF)
Factory Calibrated
User Programmable
Maximum Safe Input
Input Impedance
OUTPUT SPECIFICATIONS
Current Output Range
User Selectable
Load Resistance Range
Internal Loop Power
Maximum Output Current
@ Input Overload
Output Noise
100Hz Bandwidth
NONLINEARITY
ISOLATION
CMV, Input to Output
ac, 60Hz, 1 min
Continuous, ac or de
Transient Protection
CMR
@ 60Hz, 1 kfl Source Imbalance
ACCURACY1
Warm Up Time to Rated Performance
Total Output Error® + 25°C2,3
Offset (V|N = 0V)
Span(V!N= +10V)
vs. Temperature (0 to + 70°C)
Offset, 4-20mA Mode
0-20mA Mode
Span, Both Modes

DYNAMIC RESPONSE
Settling Time to 0.1% of FS for 10V Step
Small Signal Bandwidth
POWERSUPPLY
Voltage, Rated Performance (+ Vs)
Voltage, Operating
Supply Current (@ 20mA Output)
Supply Change Effect
on Offset and Span
ENVIRONMENTAL
Temperature Range
Rated Performance
Operating
Relative Humidity
per MIL-STD 202, Method 103B
RFI Immunity
27MHz@5W@3ft

CASE SIZE

2B23J

2B23K

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

Oto + lOV
+ 0. IV min to + lOVmax

*
★

1.6mA/V
1.6mA/Vto200mA/V
±15V
lOMfl

*
*
*
*

4 to 20m A, 0 to 20mA

*

MODEL 2B23

0 to 80011 max

★

22mA typ

★

1.5 p.A pk-pk

*

±0.1% max

± 0.05% max (± 0.02% typ)

BOTTOM VIEW
0 1 (2 51 GRID

MATING SOCKET:
AC1586
1500V rms
±1500Vpk
IEEE Std. 472 (SWC)

*
*
*

86dB

*

5 Minutes

*

±0.25% max
±0.25% max

± 0.1% max
±0.1% max

±0.01%/°C max
±0.01%/°Ctyp
±0.01%/°Cmax

± 0.005%/°C max
± 0.005%/°C typ
±0.005%/°Cmax

Sms
400Hz

*
★

+ 15V de
+ 14V min to + 28V max
75mA

*
*
★

±0.0015%/V

★

0 to + 70°C
-25°Cto +85°C

★
★

±0.2% Error

*

±0.1% Error

*

1.8" x 2.4" x 0.6"

*

NOTES
'Accuracy is guaranteed @ TF = 1.6mA/V with no external trim adjustments when connected in the basic configuration.
2All accuracy is % of span where span is 16mA (i.e., *0.1% = 0.016mA error).
’SpanT.C. for transfer functions higher than 1.6mA/V is RG dependent-low T.C. (* 10ppm/°C)
Ro recommended for best performance.
•Specifications same as 2B23J.
Specifications subject to change without notice.
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Dimensions shown in inches and (mm).

Applying the 2B23
FUNCTIONAL DESCRIPTION
The high performance of model 2B23 is derived from the carrier
isolation technique which is used to transfer both signal and
power between the V/I converter’s input circuitry and the output
stage. High CMV isolation is achieved by the transformer coupling
between the input amplifier stage, modulator, and current output
circuitry. A block diagram of the 2B23 is shown in Figure 1.

(+14V de to + Z8Vdc)

x 1500V pk MAX

Figure 2. Basic Interconnections

Figure 1. 2B23 Functional Block Diagram

The model 2B23 produces an isolated 4 to 20mA or 0 to 20mA
output current which is proportional to the input voltage and
independent of the output load resistance. The input amplifier
accepts a positive voltage within the range of 0 to + 10V. The
transfer function of the input stage may be set from 1.6mA/V to
200mA/V (dependent upon the output current range desired) by
changing the gain resistor Rq connected between pins 5 and 7.
An internal, high stability reference having a nominal output
voltage of + 5V (REF OUT) is used to develop a 4mA output
current for a 0 volts input. REF OUT (Pin 3) and REF IN (Pin
4) should be connected via the offset scaling resistor Ro- An
output current bypass section allows scaling of the nominal 4 to
20mA output current to a range of 0 to 20mA. This is accomplished
by connecting the output range select pin (Pin 12) to the IOut
pin (Pin 10) thereby providing a bypass for the 4mA. For 4-20mA
operation, the bypass pin is connected to lour COMMON
(Pin 11).
The 2B23 is designed to operate from a single positive power
supply ( + Vs) over a range of + 14V to + 28V de. The power
supply section consists of an input voltage regulator, a dc/dc
converter, plus associated rectifying and filtering circuitry. The
dc/dc converter generates isolated loop power which is independent
of Vs and capable of driving the maximum load resistance (re
sistance of receivers plus the resistance of connecting wire) of
8000. The current capability of the power supply ( +Vs) must
be 75mA minimum to supply full output signal current.

BASIC INTERCONNECTIONS
The 2B23 may be applied to achieve rated performance as shown
in Figure 2. The transfer function of 1.6mA/V, for conversion
of the 0 to + 10V input signal into a 4 to 20mA output current,
is obtained using the values shown (Ro= lOkO, RSc = 301Q,
Rg open). For best performance, Rsc should be a metal film,
±0.1% tolerance, 25ppm/°C resistor and Ro should be ± 1%,
100ppm/°C.

A power supply ( + Vs) is connected to Pin 1. To avoid ground
loops, the user should ensure that the input signal return (SIG
COM) does not carry the power supply return current. Power
common (Pin 2) and signal common (Pin 5) should be tied at
the power supply common terminal.

OPTIONAL TRIM ADJUSTMENTS
Model 2B23 is factory calibrated for a 0 to + 10V input range
and an output of 4 to 20mA, meeting its listed specifications
without use of any external trim potentiometers. If desired,
optional span and zero trim adjustments may be easily accom
plished as described in the following sections.
Input Gain Adjustment: The input gain of the 2B23 is a scale
factor setting that establishes the nominal conversion relationship
to accommodate + IV to + 10V full scale inputs (Vin). ln addition,
full scale inputs as low as lOOmV may be accommodated.

The value of the gain setting resistor RG is determined by: RG
(kfl) = 10kfl/(G- 1) where G represents a ratio of 10V/Vin(V)
F.S. For example, to convert a 0 to + IV input to 4 to 20mA
output, Vjn F.S. = + IV and G = 10V/1V = 10, therefore RG
= 10kfl/9 = l.lkfl. Due to resistor tolerances, allowance should
be made to vary RG by using a series cermet type potentiometer
(Figure 3). For best performance, Rg should be a metal film,
1% tolerance, 25ppm/°C resistor.

Figure 3. Input Gain Adjustment
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Offset and Output Scaling Adjustments: After selecting the
required input stage gain, the 2B23 must then be configured for
either 4 to 20mA or 0 to 20mA output current range. Figures 4a
and 4b illustrate the respective methods for each. The value of
the offset resistor Ro is independent from the gain setting and
may be adjusted by a series cermet pot.

APPLICATIONS
In Figure 6, model 2B23 is used in multiloop application of the
data acquisition and control system to provide isolated current
interface to a recorder, indicator and a valve positioner.

For fine adjustment of the output current, Rsc value should be
trimmed as shown in Figure 3.

ADJUST

4a. 4-20mA Output Connections

Figure 6. Multiloop Isolation

In applications requiring current to voltage conversion, the
2B23 may be used as shown in Figure 7. An external - 10V
reference is used to provide necessary input offset. This circuit
will provide ± 1500V isolation in converting 4-20mA into a 0 to
+ 10V output. The output measurement device must have a
high input impedance to avoid loading errors.

4b. 0-20mA Output Connections

Figure 4. 4~-20mA/0-20mA Scaling Connections

USING MULTIPLE 2B23s
Unlike other transformer-based isolators, the 2B23 does not
require any synchronizing circuits to eliminate beat frequency
related output errors in multichannel applications. This is due
to the use of pulse-width modulation technique in the 2B23.
Radiated individual oscillator frequencies will have no effect
upon performance, even in situations requiring multiple 2B23s
to be located in close proximity to one another. For this reason,
no provisions for external synchronization are necessary.
OUTPUT PROTECTION
The current output terminals (Pins 10 and 11) are protected for
reverse voltage and shorts up to + 32V de but in many industrial
applications it may be necessary to protect the 4 to 20mA from
accidental shorts to ac line voltages. The circuit shown in Figure
5 may be employed for this purpose. The maximum permissible
load resistance will be lowered by a fuse resistance value when
protection circuitry is utilized.

Figure 7. 4-20mA to 0 to +10V Isolated Converter

Figure 5. Output Protection Circuitry
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High Performance, Economy
Strain Gage/RTD Conditioners

ANALOG
DEVICES

2B30/2B31
FEATURES
Low Cost
Complete Signal Conditioning Function
Low Drift: 0.5pV/°C max ("L"); Low Noise: 1|iV p-p max

2B31 FUNCTIONAL BLOCK DIAGRAM

Wide Gain Range: 1 to 2000V/V
Low Nonlinearity: 0.0025% max ("L")
High CMR: 140dB min (60Hz, G = 1000V/V)
Input Protected to 130V rms
Adjustable Low Pass Filter: 60dB/Decade Roll-Off (from 2Hz)
Programmable Transducer Excitation: Voltage (4V to 15V @
100mA) or Current (100uA to 10mA)
APPLICATIONS
Measurement and Control of:
Pressure, Temperature, Strain/Stress, Force, Torque
Instrumentation: Indicators, Recorders, Controllers
Data Acquisition Systems
Microcomputer Analog I/O

GENERAL DESCRIPTION
Models 2B3O and 2B31 are high performance, low cost, com
pact signal conditioning modules designed specifically for high
accuracy interface to strain gage-type transducers and RTD’s
(resistance temperature detectors). The 2B31 consists of three
basic sections: a high quality instrumentation amplifier; a
three-pole low pass filter, and an adjustable transducer excita
tion. The 2B3O has the same amplifier and filter as the 2B31,
but no excitation capability.

Available with low offset drift of 0.5mV/°C max (RTI, G =
1000V/V) and excellent linearity of 0.0025% max, both
models feature guaranteed low noise performance (1/tV p-p
max) and outstanding 140dB common mode rejection (60Hz,
CMV = ±10V, G = 1000V/V) enabling the 2B3O/2B31 to main
tain total amplifier errors below 0.1% over a 20°C temperature
range. The low pass filter offers 60dB/decade roll-off from
2Hz to reduce normal-mode noise bandwidth and improve
system signal-to-noise ratio. The 2B31’s regulated transducer
excitation stage features a low output drift (0.015%/°C max)
and a capability of either constant voltage or constant cur
rent operation.
Gain, filter cutoff frequency, output offset level and bridge
excitation (2B31) are all adjustable, making the 2B3O/2B31
the industry’s most versatile high-accuracy transducer-interface
modules. Both models are offered in three accuracy selections,
J/K/L, differing only in maximum nonlinearity and offset drift
specifications.
APPLICATIONS
The 2B3O/2B31 may be easily and directly interfaced to a wide
variety of transducers for precise measurement and control of
pressure, temperature, stress, force and torque. For ap-

plications in harsh industrial environments, such characteristics
as high CMR, input protection, low noise, and excellent tem
perature stability make 2B3O/2B31 ideally suited for use in
indicators, recorders, and controllers.
The combination of low cost, small size and high performance
of the 2B3O/2B31 offers also exceptional quality and value to
the data acquisition system designer, allowing him to assign a
conditioner to each transducer channel. The advantages of this
approach over low level multiplexers include significant im
provements in system noise and resolution, and elimination of
crosstalk and aliasing errors.

DESIGN FEATURES AND USER BENEFITS
High Noise Rejection: The true differential input circuitry
with high CMR (140dB) eliminating common-mode noise
pickup errors, input filtering minimizing RFI/EMI effects, out
put low pass filtering (fc=2Hz) rejecting 5O/6OHz line frequen
cy pickup and series-mode noise.

Input and Output Protection: Input protected for shorts to
power lines (130V rms), output protected for shorts to ground
and either supply.
Ease of Use: Direct transducer interface with minimum exter
nal parts required, convenient offset and span adjustment
capability.

Programmable Transducer Excitation: User-programmable
adjustable excitation source-constant voltage (4V to 15V @
100mA) or constant current (lOOptA to 10mA) to optimize
transducer performance.

Adjustable Low Pass Filter: The three-pole active filter
(fc=2Hz) reducing noise bandwidth and aliasing errors with
provisions for external adjustment of cutoff frequency.
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(typical @ +25°C and Vs = ± 15V unless otherwise noted)
MODEL
*
GAIN
Gain Range
Gain Equation
Gain Equation Accuracy
Fine Gain (Span) Adjust. Range
Gain Temperature Coefficient
Gain Nonlinearity,

2B30J
2B31J

1 to 2000V/V
G = (1 + 94kf2/RG) 120kI2/(RF ♦
16.2kfl))
•
±2%
±20%
±25ppm/°C max (±10ppm/ Ctyp) •
±0.005% max
±0.01% max

OFFSET VOLTAGES
*
Total Offset Voltage, Referred to
Input
Initial, @ +25°C
Warm-Up Drift. 10 Min., G = 1000
vs. Temperature
G = 1V/V
G = 1000V/V
At Other Gains
vs. Supply. G = 1000V/V5
vs. Time, G = 1000V/V
Output Offset Adjust. Range

±150pV/°Cmax
±3pV/°C max
±(3 ± 150/G)/jV/°C max
±25pV/V
±5pV/month
±10V

INPUT BIAS CURRENT
Initial @ +25°C
vs. Temperature (0 to +70°C)

+200nA max (lOOnA typ)
-0.6nA/°C

INPUT DIFFERENCE CURRENT
Initial ® +25°C
vs. Temperature (0 to +70°C)

±5nA
±40pA/°C

INPUT IMPEDANCE
Differential
Common Mode

100Mf2||47pF
100MS2||47pF

INPUT VOLTAGE RANGE
Linear Differential Input
Maximum Differential or CMV Input
Without Damage
Common Mode Voltage
CMR, lkQ Source Imbalance
G = 1V/V, de to 60Hz’
G = 100V/V to 2000V/V, 60Hz
*
de2

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

•
±0.0025% max

±50pV/°C max
±75pV/°C max
i0.5pV/°C max
ilfiV/’Cmax
±(1 ± 75/G)pV/°C ma x ±(0.5 ± 50/G)pV/°C max

PIN DESIGNATIONS

±10V

BOV rms
±10V
90dB
140dB min
90dB min (112 typ.)

70pA p-p
30p/\ rms

RATED OUTPUT
*
Voltage, 2kI2 Load3
Current
Impedance, de to 2Hz, G = 100V/V
Load Capacitance

±10V min
±5mA min
o.m
O.OlpF max

LOW PASS FILTER (Bessel)
Number of Poles
Gain (Pass Band)
Cutoff Frequency (~3dB Point)
Roll-Off
Offset (at 25°C)
Settling Time, G = 100V/V, ±10V
Output Step to ±0.1%

2B30L
2B31L

Adjustable to Zero (±0.5mV typ)
Within ±5pV (RTI) of Final Value •

INPUT NOISE
Voltage, G= 1000V/V
0.01 Hz to 2Hz
10Hz to 100Hz2
Current, G = 1000
0.01Hz to 2Hz
10Hz to 100Hz2

DYNAMIC RESPONSE (Unfiltered)2
Small Signal Bandwidth
-3dB Gain Accuracy, G = 100V/V
G = 1000V/V
Slew Rate
Full Power
Settling Time, G = 100, ±10V Output
Step to ±0.1%

2B3OK
2B31K

lpV p-p max
lpV p p

30kHz
5kHz
lV/pis
15kHz

•

’

*

AC1211/AC1213
CONNECTOR DESIGNATIONS

3 Opts

3
♦1
2Hz
60dB/dccade
±5mV

600ms

PIN
B
C
D
E
F

*
•

*

*

J
L
M

BRIDGE EXCITATION (Sec Table 1)

FUNCTION
REGULATOR♦Vrm
SENSE LOW (-)
REF OUT
REF IN

*-v
♦v,

COMMON

POWER SUPPLY4
Voltage, Rated Performance
Voltage, Operating
Current, Quiescent6

±15Vdc
±(12 to 18)V de
±15mA

TEMPERATURE RANGE
Rated Performance
Operating
Storage

0 to +70°C
-25°C to +85°C
-55°C to+125°C

•
•

CASE SIZE

2" x 2" x 0.4" (51 x 51 x 10.2mm)

•

R
S
T
U

•
•

NOTES
•Specifications same as 2B3OJ/2B31J.
‘Specifications referred to output at pin 7 with 3.75k, 1%, 25ppm/°C
fine span resistor installed and internally set 2Hz filter cutoff
frequency.
5 Specifications referred to the unfiltered output at pin 1.
’ Protected for shorts to ground and/or either supply voltage.
* Recommended power supply ADI model 902-2 or model 2B35
’Tracking power supplies.
* Does not include bridge excitation and load currents.
Specifications subject to change without notice.
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Y
Z

FINE GAIN ADJ.
FINE GAIN ADJ.
FILTER OFFSET TRIM
FILTER OFFSET TRIM
OUTPUT 2 (FILTERED)
-INPUT
INPUT OFFSET TRIM
INPUT OFFSET TRIM
♦ INPUT

PIN

2
3
5
6
7
8
9
10
11
12
13
14
15

FUNCTION
EXC SEL 1
ISEL
VfXCOUT
•exc out
SENSE HIGH (♦)
EXC SEL 2
OUTPUT OFFSET TRIM
-v»
♦v,
COMMON

17

Roam

20
21
22

OUTPUT 1 (UNFILTERED)
BANDWIDTH ADJ. 1
BANDWIDTH ADJ. 3
BANDWIDTH ADJ. 2

The AC1211/AC1213 mounting card is available for the
2B30/2B31. The AC1211/AC1213 is an edge connector
card with pin receptacles for plugging in the 2B30/2B31.
In addition, it has provisions for installing the gain re
sistors and the bridge excitation, offset adjustment and
filter cutoff programming components. The AC1211/
AC1213 is provided with a Cinch 251-22-30-160 (or
equivalent) edge connector. The AC1213 includes the
adjustment pots; no pots are provided with the
AC1211.

Understanding the 2B30/2B31
FUNCTIONAL DESCRIPTION
Models 2B3O and 2B31 accept inputs from a variety of full
bridge strain gage-type transducers or RTD sensors and con
vert the inputs to conditioned high level analog outputs. The
primary transducers providing direct inputs may be 60Q to
1000J2 strain gage bridges, four-wire RTD’s or two- or threewire RTD’s in the bridge configuration.

The 2B3O and 2B31 employ a multi-stage design, shown in
Figure 1, to provide excellent performance and maximum
versatility. The input stage is a high input impedance (10® J2),
low offset and drift, low noise differential instrumentation
amplifier. The design is optimized to accurately amplify low
level (mV) transducer signals riding on high common mode
voltages (±10V), with wide (1-2000V/V), single resistor (Rq).
programmable gain to accommodate 0.5mV/V to 36mV/V
transducer spans and 5£2 to 2OOOJ2 RTD spans. The input
stage contains protection circuitry for accidental shorts to
power line voltage (130V rms) and RFI filtering circuitry.
The inverting buffer amplifier stage provides a convenient
means of fine gain trim (0.8 to 1.2) by using a 10k£2 poten
tiometer (Rp); the buffer also allows the output to be offset
by up to ±10V by applying a voltage to the noninverting input
(pin 29). For dynamic, high bandwidth measurements—the
buffer output (pin 1) should be used.

The three-pole active filter uses a unity-gain configuration and
provides low-pass Bessel-type characteristics-minimum over
shoot response to step inputs and a fast rise time. The cutoff
frequency (-3dB) is factory set at 2Hz, but may be increased
up to 5kHz by addition of three external resistors (RseLj rSEL3)INTERCONNECTION DIAGRAM AND SHIELDING
TECHNIQUES
Figure 1 illustrates the 2B31 wiring configuration when used
in a typical bridge transducer signal conditioning application.
A recommended shielding and grounding technique for pre
serving the excellent performance characteristics of the 2B3O/
2B31 is shown.
Because models 2B3O/2B31 are direct coupled, a ground return
path for amplifier bias currents must be provided either by di
rect connection (as shown) or by an implicit ground path
having up to 1MI2 resistance between signal ground and condi
tioner common (pin 28). The sensitive input and gain setting

terminals should be shielded from noise sources for best per
formance, especially at high gains. To avoid ground loops, sig
nal return or cable shield should never be grounded at more
than one point.

The power supplies should be decoupled with lgF tantalum
and lOOOpF ceramic capacitors as close to the amplifier as
possible.
TYPICAL APPLICATION AND ERROR BUDGET
ANALYSIS
Models 2B3O/2B31 have been conservatively specified using
min-max values as well as typicals to allow the designer to
develop accurate error budgets for predictable performance.
The error calculations for a typical transducer application,
shown in Figure 1 (35012 bridge, lmV/V F.S., 10V excitation),
are illustrated below.
Assumptions: 2B31L is used, G = 1000, AT = ±10°C, source
imbalance is 100f2, common mode noise is 0.25V (60Hz) on
the ground return.
Absolute gain and offset errors can be trimmed to zero. The
remaining error sources and their effect on system accuracy
(worst case) as a % of Full Scale (10V) are listed:
Error Source

Effect on
Absolute Accuracy
% of F.S.

Effect on
Resolution
% of F.S.

Gain Nonlinearity
Gain Drift
Voltage Offset Drift
Offset Current Drift
CMR
Noise (0.01 to 2Hz)

±0.0025
±0.025
±0.05
±0.004
±0.00025
±0.01

±0.0025

Total Amplifier Error
Excitation Drift

±0.09175 max
±0,15 (±0.03 typ)

±0.01275 max

Total Output Error
(Worst Case)

±0.24175 max
(±0.1 typ)

±0.0127 max

±0.00025
±0.01

The total worst case effect on absolute accuracy over ±10°C is
less than ±0.25% and the 2B31 is capable of 1/2 LSB resolu
tion in a 12 bit, low input level system. Since the 2B31 is con
servatively specified, a typical overall accuracy error would be
lower than ±0.1% of F.S.
In a computer or microprocessor based system, automatic
recalibration can nullify gain and offset drifts leaving noise,
nonlinearity and CMR as the only error sources. A transducer
excitation drift error is frequently eliminated by a ratiometric
operation with the system’s A/D converter.

SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS

13-109

BRIDGE EXCITATION (2B31)
The bridge excitation stage of the model 2B31 is an adjustable
output, short circuit protected, regulated supply with internally
provided reference voltage (+7.15 V). The remote sensing
inputs are used in the voltage output mode to compensate
for the voltage drop variations in long leads to the transducer.
The regulator circuitry input (pin 24) may be connected to
+VS or some other positive de voltage (pin 28 referenced)
within specified voltage level and load current range. Userprogrammable constant voltage or constant current excitation
mode may be used. Specifications are listed below in Table I.
Constant Voltage Output Mode
Regulator Input Voltage Range
Output Voltage Range
Regulator Input/Output Voltage
Differential
Output Current1
Regulation, Output Voltage
vs. Supply
Load Regulation, Ii = 1mA to
1L = 50mA
Output Voltage vs. Temperature
(0 to +70°C)
Output Noise
Reference Voltage (Internal)
Constant Current Output Mode
Regulator Input Voltage Range
Output Current Range
Compliance Voltage
Load Regulation
Temperature Coefficient
(0 to +70°C)
Output Noise

1 Output Current derated to 33mA
voltage differential.

2B31J

2B31K

+9.5V to +28V
♦4Vto+15V

•

3V to 24V
0 to 100mA max

2B31L

*

0.05%/V

0.1%
0.015%/°C max
0.003%/° C typ
lmV rms
7.15V ±3%

1% Rsel f°r several common filter cutoff (-3dB) frequencies.
c (Hi)

RSEL1 (kO)
(Pin 1 to 9)

2
5
10
50
100
500
1000
5000

Open
1270.000
523.000
90.000
44.200
8.660
4.320
0.866

rSEL2

(Pin 9 to 8)
Open
2050.00
806.00
137.00
68.10
13.30
6.65
1.33

RSEL3
(Pin 8 to 6)

Open
383.000
154.000
26.700
13.300
2.610
1.300
0.261

Table II. Filter Cutoff Frequency vs. RSEL

Voltage Excitation Programming: Pin connections for a con
stant voltage output operation are shown in Figure 2. The
bridge excitation voltage, Vpxc> *s adjusted between +4V to
+ 15V by the 20k£2 (50ppm/°C) Rvsel potentiometer. For
ratiometric operation, the bridge excitation can be adjusted
by applying an external positive reference to pin 25 of the
2B31. The output voltage is given by; Vpxc OUT = 3.265Vref
IN. The remote sensing leads should be externally connected
to the excitation leads at the transducer or jumpered as shown

*
*

♦9.5V to+28V
lOOpA to 10mA
0 to 10V
0.1%

*
•

0.003%/°C
1/1A rms

*
*

for 24V regulator input/output

Table I. Bridge Excitation Specifications

OPERATING INSTRUCTIONS
Gain Setting: The differential gain, G, is determined according
to the equation:
G = (1 +94kf2/RG) [20kf2/(RF + 16.2kfi)]
where RG is the input stage resistor shown in Figure 1 and Rp
is the variable 10k£2 resistor in the output stage. For best
performance, the input stage gain should be made as large as
possible, using a low temperature coefficient (lOpprn/ C) RG,
and the output stage gain can then be used to make a ±20%
linear gain adjustment by varying Rp.

Figure 2. Constant Voltage Excitation Connections

Current Excitation Programming: The constant current excita
tion output can be adjusted between 100/tA to 10mA by two
methods with the 2B31. Figure 3 shows circuit configuration
for a current output with the maximum voltage developed
across the sensor (compliance voltage) constrained to +5V. The
value of programming resistor Risel maY l>e calculated from
the relationship: Risel = <VREG IN - VREF inVIexc OUTThis application requires a stable power supply because any
variation of the input supply voltage will result in a change
in the excitation current output.

Input Offset Adjustment: To null input offset voltage, an op
tional 100kf2 potentiometer connected between pins 13 and
14 (Figure 1) can be used. With gain set at the desired value,
connect both inputs (pins 12 and 15) to the system common
(pin 28), and adjust the 100k£2 potentiometer for zero volts
at pin 3. The purpose of this adjustment is to null the internal
amplifier offset and it is not intended to compensate for the
transducer bridge unbalance.
Output Offset Adjustment: The output of the 2B3O/2B31 can
be intentionally offset from zero over the ±10V range by apply
ing a voltage to pin 29, e.g., by using an external potentiometer
or a fixed resistor. Pin 29 is normally grounded if output off
setting is not desired. The optional filter amplifier offset null
capability is also provided as illustrated in Figure 1.

Figure 3. Constant Current Excitation
Connections (Vqqmpl = 0 to +5V)

A compliance voltage range of 0 to +10V can be obtained by
connecting the 2B31 as shown in Figure 4. The 2k£2 potenti
ometer Risel >s adjusted for desired constant current excita-

Filter Cutoff Frequency Programming: The low pass filter cut
off frequency may be increased from the internally set 2Hz by
the addition of three external resistors connected as shown in
Figure 1. The values of resistors required for a desired cutoff
frequency, fc, above 5Hz are obtained by the equation below;

RsELj = 11.6 X 106/(2.67fc-4.34);
Rsel2 = 27.6 X 106/(4.12fc - 7)
rSEL3

= 1.05 X 106/(0.806fc - 1.3)

where Rsel *s 'n °hms and fc in Hz. Table II gives the nearest
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Figure 4. Constan t Curren t Excita tion
Connections (VqqmPL = 0 to +10V)

Applying the 2B30/2B31
APPLICATIONS
Strain Measurement: The 2B3O is shown in Figure 5 in a strain
measurement system. A single active gage (120f2, GF = 2) is
used in a bridge configuration to detect small changes in gage
resistance caused by strain. The temperature compensation is
provided by an equivalent dummy gage and two high precision
12OS2 resistors complete the bridge. The 2B35 adjustable
power supply is set to a low +3V excitation voltage to avoid
the self-heating error effects of the gage and bridge elements.
System calibration produces a IV output for an input of 1000
microstrains. The filter cutoff frequency is set at 100Hz.

wide range (-100°C to +600°C) RTD temperature measure
ment system. YSI - Sostman four-wire, 100f2 platinum RTD
(PT139AX) is used. The four wire sensor configuration, com
bined with a constant current excitation and a high input im
pedance offered by the 2B31, eliminates measurement errors
resulting from voltage drops in the lead wires. Offsetting may
be provided via the 2B31’s offset terminal. The gain is set by
the gain resistor for a +10V output at +600 C. This applica
tion requires a stable power supply.

Figure 7. Platinum RTD Temperature Measurement

Figure 5. Interfacing Half-Bridge Strain Gage Circuit

Pressure Transducer Interface: A strain gage type pressure
transducer (BLH Electronics, DHF Series) is interfaced by the
2B31 in Figure 6. The 2B31 supplies regulated excitation
(+10V) to the transducer and operates at a gain of 333.3 to
achieve 0-10V output for 0-10,000 p.s.i. at the pressure trans
ducer. Bridge Balance potentiometer is used to cancel out any
offset which may be present and the Fine Span potentiometer
adjustment accurately sets the full scale output. Depressing
the calibration check pushbutton switch shunts a system cali
bration resistor (Rcal) across the transducer bridge to give an

Figure 6. Pressure Transducer Interface Application

Platinum RTD Temperature Measurement: In Figure 7 model
2B31 provides complete convenient signal conditioning in a

Interfacing Three-Wire Sensors: A bridge configuration is par
ticularly useful to provide offset in interfacing to a platinum
RTD and to detect small, fractional sensor resistance changes.
Lead compensation is employed, as shown in Figure 8, to
maintain high measurement accuracy when the lead lengths are
so long that thermal gradients along the RTD leg may cause
changes in line resistance. The two completion resistors (Rl,
R2) in the bridge should have a good ratio tracking (±5ppm/°C)
to eliminate bridge error due to drift. The single resistor (R3)
in series with the platinum sensor must, however, be of very
high absolute stability. The adjustable excitation in the 2B31
controls the power dissipated by the RTD itself to avoid
self-heating errors.

Linearizing Transducer Output: To maximize overall system
linearity and accuracy, some strain gage-type and RTD trans
ducer analog outputs may require linearization. A simple cir
cuit may be used with the 2B31 to correct for the curvature
in the input signal as shown in Figure 9. The addition of feed
back in the excitation stage will allow for the correction of
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nonlinearity by the addition of two components. The sense
of the feedback is determined by whether the nonlinearity
is concave upward or concave downward (jumper A to pin 21,
or to pin 25). The magnitude of the correction is determined
by the resistor, Rsel > an<^ the linearity adjust pot provides
a fine trim.

If an RTD is to be used, the adjustment can be made effi
ciently, without actually changing the temperature, by
simulating the RTD with a precision resistance decade. The
offset is adjusted at the low end of the resistance range, the
fine span is adjusted at about one third of the range, and
the linearity is adjusted at a resistance corresponding to
full-scale temperature. One or two iterations of the adjust
ments will probably be found necessary because of the
interaction of linearity error and scale-factor error. This
circuit’s applications are not restricted to RTD’s; it will
work in most cases where bridges are used — e.g., load cells
and pressure transducers.

offer also an excellent voltage noise performance by guaran
teeing maximum RTI noise of lpV p-p (G = 1000V/V, R§ <
5k£2) with noise bandwidth reduced to 2Hz by the LPF.
Common Mode Rejection: CMR is rated at ±10V CMV and
lkJ2 source imbalance. The CMR improves with increasing
gain. As a function of frequency, the CMR performance is en
hanced by the incorporation of low pass filtering, adding to
the 90dB minimum rejection ratio of the instrumentation am
plifier. The effective CMR at 60Hz at the output of the filter
(fc = 2Hz) is 140dB min. Figure 11 illustrates a typical CMR
vs. Frequency and Gain.

FREQUENCY - Hz

Figure 11. Common-Mode Rejection vs. Frequency and Gain

Figure 9. Transducer Nonlinearity Correction

PERFORMANCE CHARACTERISTICS
Input Offset Voltage Drift: Models 2B3O/2B31 are available
in three drift selections: ±0.5, ±1 and ±3mV/°C (max, RTI, G =
1000V/V). Total input drift is composed of two sources (input
and output stage drifts) and is gain dependent. Figure 10 is a
graph of the worst case total voltage offset drift vs. gain for
all versions.

Low Pass Filter: The three pole Bessel-type active filter attenu
ates unwanted high-frequency components of the input sig
nal above its cutoff frequency (~3dB) with 60dB/decade roll
off. With a2Hz filter, attenuation of 70dB at 60Hz is obtained,
settling time is 600ms to 0.1% of final value with less than 1%
overshoot response to step inputs. Figure 12 shows the filter
response.

Output Voltage Differential

Figure 10. Total Input Offset Drift (Worst Case) vs. Gain

Gain Nonlinearity and Noise: Nonlinearity is specified as a per
cent of full scale (10V), e.g. O.25mV RTO for 0.0025%. Three
maximum nonlinearity selections offered are: ±0.0025%,
±0.005% and ±0.01% (G = 1 to 2000V/V). Models 2B3O/2B31

Bridge Excitation (2B31): The adjustable bridge excitation is
specified to operate over a wide regulator input voltage range
(+9.5V to +28V). However, the maximum load current is a
function of the regulator circuit input-output differential volt
age, as shown in Figure 13. Voltage output is short circuit
protected and its temperature coefficient is ±0.015% Vqut^C
max (±0.003%/°C typ). Output temperature stability is directly
dependent on a temperature coefficient of a reference and for
higher stability requirements, a precision external reference
may be used.
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Isolated, Thermocouple
Signal Conditioner

ANALOG
DEVICES
FEATURES
Accepts J, K, T, E, R, S or B Thermocouple Types
Internally Provided Cold Junction Compensation
High CMV Isolation: ±1500V pk
High CMR: 160dB min @ 60Hz
Low Drift: ±1pV/°C max (2B50B)
High Linearity: ±0.01% max (2B50B)
Input Protection and Filtering
Screw Terminal Input Connections

2B50 FUNCTIONAL BLOCK DIAGRAM
ISOLATED

APPLICATIONS
Precision Thermocouple Signal Conditioning for:
Process Control and Monitoring
Industrial Automation
Energy Management
Data Acquisition Systems

GENERAL DESCRIPTION
The model 2B5O is a high performance thermocouple signal
conditioner providing input protection, isolation and common
mode rejection, amplification, filtering and integral cold junc
tion compensation in a single, compact package.
The 2B50 has been designed to condition low level analog
signals, such as those produced by thermocouples, in the pres
ence of high common mode voltages. Featuring direct thermo
couple connection via screw terminals and internally provided
reference junction temperature sensor, the 2B5O may be jump
er programmed to provide cold junction compensation for
thermocouple types J, K, T, and B, or resistor programmed for
types E, R, and S.

The high performance of the 2B5O is accomplished by the use
of reliable transformer isolation techniques. This assures com
plete input to output galvanic isolation (±1500V pk) and
excellent common mode rejection (160dB @ 60Hz).
Other key features include: input protection (220V rms),
filtering (NMR of 70dB @ 60Hz), low drift amplification
(±lpV/°C max - 2B5OB), and high linearity (±0.01% max 2B5OB).

In thermocouple temperature measurement applications, out
standing features such as low drift, high noise rejection, and
1500V isolation make the 2B5O an ideal choice for systems
used in harsh industrial environments.
DESIGN FEATURES AND USER BENEFITS
High Reliability: To assure high reliability and provide isola
tion protection to electronic instrumentation, the 2B5O has
been conservatively designed to meet the IEEE Standard for
transient voltage protection (472-1974: SWC) and provide
220V rms differential input protection.
High Noise Rejection: The 2B5O features internal filtering
circuitry for elimination of errors caused by RFI/EMI, series
mode noise, and 5OHz/6OHz pickup.

Ease of Use: Internal compensation enables the 2B5O to be
used with seven different thermocouple types. Unique circuit
ry offers a choice of internal or remote reference junction
temperature sensing. Thermocouple connections may be
made either by screw terminals or, in applications requiring
PC Board connections, by terminal pins.

Small Package: 1.5" X 2.5" X 0.6" size conserves board space.

APPLICATIONS
The 2B5O has been designed to provide thermocouple signal
conditioning in data acquisition systems, computer interface
systems, and temperature measurement and control instrumen
tation.
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(typical @ +25°C and Vs = ± 15V unless otherwise noted)
MODEL

INPUT SPECIFICATIONS
Thermocouple Types
Jumper Configurable Compensation
Resistor Configurable Compensation
Input Span Range
Gain Range
Gain Equation
Gain Error
Gain Temperature Coefficient
Gain Nonlinearity1
Offset Voltage
Input Offset (Adjustable to Zero)
vs. Temperature
vs. Time
Output Offset (Adjustable to Zero)
vs. Temperature
Total Offset Drift

Input Noise Voltage
0.01Hz to 100Hz, Rs = lkQ
Maximum Safe Differential Input Voltage
CMV, Input to Output
Continuous, ac or de
Common Mode Rejection
@ 60Hz, lkf2 Source Unbalance
Normal Mode Rejection ® 60Hz
Bandwidth
Input Impedance
Input Bias Current2
Open Input Detection
Response Time3, G = 250
Cold Junction Compensation
Initial Accuracy
vs. Temperature5 (+5°C to +45°C)
OUTPUT SPECIFICATIONS
Output Voltage Range6
Output Resistance
Output Protection

POWER SUPPLY
Voltage
Output ±VS (Rated Performance)
(Operating)
Oscillator +Vqsc (Rated Performance)
ENVIRONMENTAL
Temperature Range, Rated Performance
Operating
Storage Temperature Range
RFI Effect (5W @ 470MHz ® 3ft)
Error

PHYSICAL
Case Size

2B5OA

OUTLINE DIMENSIONS

2B5OB

Dimensions shown in inches and (mm).
J, K, T, or B
R, S, or E
±5mV to ±100mV
50V/V to 1000V/V
1 + (2OOkf2/RG)
±0.25%
±35ppm/ C max
+0.025% max

*
♦
♦

±50gV
±2.5mV/°C max
±1.5pV/month
±10mV
±30pV/°C
±(2.5 + -|£) MV/°C

♦
±lgV/°C max
•
*
*
±(1 + ^-)mV/°C

ImV p-p
220V rms, Continuous

*

+ 1500V pk max

*

160dB min
70dB min
de to 2.5Hz (-3dB)
lOOMfi
±5nA
Downscale
1.4sec

*
*
*
♦

*
*
*
±25ppm/°C max
±0.01% max

*
*
*

±0.5°C
±0.01°C/°C

*
*

±5V ® ±2mA
0.112
Continuous Short to Ground

*
*
♦

±15V de ±10% @ ±0.5mA
±12V to ±18V de max
+13V to +18V @ 15mA

*
*
*

0 to +70°C
-25°C to +85°C
-55°C to +85°C

♦
*
*

±0.5% of Span

♦

1.5" X 2.5" X 0.6"

*

•Specifications same as 2B5OA.
1 Gain nonlinearity is specified as a percentage of output signal span representing peak deviation from the
best straight line; e.g., nonlinearity at an output span of 10V pk-pk (±5V) is ±0.01% or ±lmV.
’Does not include open circuit detection current of 20nA (optional by jumper connection).
’Open input response time is dependent upon gain.
4 When used with internally provided CJC sensor.
’ Compensation error contributed by ambient temperature changes at the module.
‘Output swing of +10V may be obtained through output scaling (Figure 5).

Specifications subject to change without notice.
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TYP
NOTE: TERMINAL PINS INSTALLED ONLY IN
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PIN DESIGNATIONS
PIN

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
IL
19
20
21

a

NOTES

'Z

FUNCTION

INPUT LO
INPUT HI

Rg
rg/com
♦V ISO OUT
-V iso out

OUTPUT OFFSET
ADJUST
OUTPUT SCALE
OUTPUT
OUTPUT COM
*vs
-Vs

PIN
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

FUNCTION

+V OSC
OSC COM

OPEN INPUT DET

kt!1 tvpe

J- 1 | PROGRAMMING

CJC SENSOR IN
Cjc sensor out

MATING SOCKET:
AC1218

Applying the 2B50
FUNCTIONAL DESCRIPTION
The internal structure of the 2B5O is shown in Figure 1. An
input filtering and protection network precedes a low drift,
high performance amplifier whose gain is set by a user supplied
resistor (RG) for gains of 50 to 1000V/V. Isolated power is
brought out to permit convenient adjustment of the input off
set voltage, if desired.

Two sets of parallel thermocouple input connections are pro
vided. The thermocouple input may be connected by screw
terminals (input +, Input -) or to terminal Pins 1 (-) and
2 (+) in cases where thermocouples are to be remotely termi
nated. The following sections describe a basic thermocouple
application, as well as detail some optional connections to en
hance performance in more demanding applications. Jumper A
(Figure 2) is used to disconnect cold junction compensation
circuitry during offset adjustments.

INTERCONNECTION GUIDELINES
All power supply inputs should be decoupled with 1/nF ca
pacitors as close to the unit as possible. Any jumpers installed
for programming purposes should also be installed as close as
possible to minimize noise pickup effects.
Since the oscillator section of the 2B5O accounts for most
of the power consumption but can accept a wide range of
voltages (+13V to +18V), it may be desirable to power this
section from a convenient source of unregulated power.

Figure 1. 2B50 Functional Block Diagram

Internal circuitry provides reference junction compensation.
An integral reference junction sensor is provided for direct
thermocouple connections, or an external reference sensor
(2N2222 transistor) may be used in applications having remote
thermocouple termination. Compensating networks for
thermocouple types J, K, and T are built into the 2B5O. A
fourth compensation (X) may be programmed with a single
resistor for any other thermocouple type. The 2B5O can be
programmed for uncompensated output when used with
inputs other than thermocouples.
Transformer coupling is used to achieve stable, reliable input
to output galvanic isolation, as well as elimination of ground
loop error effects.
Normally, the full scale output of the 2B5O is ±5V. However,
with the addition of an external resistive divider, the output
buffer amplifier may be scaled for a gain of up to 2, providing
a full scale output swing of ±10V.

OPERATING INSTRUCTIONS
The connections shown in Figure 2 are common to most appli
cations using the 2B5O, and, in many cases, will be all that is
required.

If the same supply is to be used for both amplifier and oscil
lator circuitry, the power supply returns should be brought
out separately so that oscillator power supply currents do not
flow in the low lead of the signal output. In either case, a
lgF capacitor must be connected from +Vqsc (Pin 28) to
Oscillator COM (Pin 29).

The oscillator and amplifier sections are completely isolated;
therefore, a de power return path is not required between the
two power supply commons.

GAIN SETTING
The gain of the 2B5O is set by a user-supplied resistor (Rg)
connected as shown in Figure 2. Gain will normally be selected
so that the maximum output of the signal source will result in
a plus full scale output swing. The resistor value required
is determined by the equation: Rg = 2OOkf2/(G-l).
A series trim on the gain setting resistor can be used to trim
out the resistor tolerance and module gain error (Figure 3).
Since addition of a series resistance will always decrease gain,
the value of the gain-setting resistor should be selected to pro
vide a gain somewhat higher than the desired trimmed gain. A
good quality (e.g., 10ppm/°C), metal-film resistor should be
used for Rg, since drift of Rg will add to the overall gain
drift of the 2B5O. A cermet pot is suitable for the trim. Note
that a minimum gain of 5 0 is required for guaranteed operation.

INPUT AND OUTPUT OFFSET ADJUSTMENTS
The 2B5O has provisions for adjusting input and output offset
errors of the module. None of the offset adjustments will af
fect drift performance, and adjustments need not be used
unless the particular application calls for lower offsets than
those specified.

Connections for offset adjustments are shown in Figure 4.
Isolated supply voltages are brought out for input trimming
convenience only and are not for use as a power supply for
external components.
SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS
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Type B thermocouples are unique, in that they have almost
no output in the +5°C to +45°C range, and, therefore, do not
require cold junction compensation at all. To accommodate a
type B thermocouple, resistor Rx must be left open. Error due
to cold junction temperature will be less than ±1°C for any
measurement above 260°C. In the measurement range above
1000°C (where type B thermocouples are normally used) the
error will be less than ±0.3°C.

9) -Vso

INPUT OFFSET
ADJUST

1MJ2

500k n

CZ

INPUT
LO

JH+VlSO
±VISO~±10V (» 100|iA

Figure 4. (A) Input and (B) Output Offset Adjustment

OFFSET CALIBRATION
1. Short Input + and Input - together.
2. Disconnect cold junction compensation circuitry by
removing Jumper “A” (Figure 2).
3. Adjust input offset trim pot (±250gV range, RTI) to
zero output while operating at the desired gain. In most
applications, adjustment of the input offset alone will be
sufficient. Output offset adjustment (±30mV range) may be
performed if it is desired to adjust output offset on the
nonisolated side.

OPEN INPUT DETECTION
Connecting the open input detection pin (Pin 39) to Input
High (Pin 2) creates a 20nA bias current which will provide a
negative overscale response if the input is opened, or in case
of thermocouple “burn out”. The speed at which this occurs
is dependent on gain, with a typical response time of 1.4sec
® G = 250. For positive upscale response, connect a 5OOMf2
resistor between +Vjso (Pin 8) and Input Hi (Pin 2).

RX (kJ2)

E
R,S
B

1.87
19.6
Open

Table I. Compensation Values for Thermocouple Types E,
R, Sand B

REMOTE REFERENCE SENSING
In applications requiring termination of thermocouple leads
at a point located remotely from the 2B5O, with connections
brought to the 2B5O (Pins 1, 2) by copper wires, reference
temperature sensing at the remote location will be necessary.
The 2B5O has provisions for connection of a 2N2222 tran
sistor (metal can version) for use as a reference junction
sensor. The connections are shown in Figure 6. The remote
sensing transistor is calibrated by adjusting Rcal to obtain
the value of Vcal 35 specified in Table II.

(Example: VCAL = 570.0mV ® 25°C)

OUTPUT SCALING
With the output scale (Pin 16) connected to the output (Pin
17), the full scale output range is ±5V and the total gain is
equal to the gain set by Rg. For applications requiring a full
scale output of ±10V, a resistive divider may be connected
to provide a gain of 2 at the output amplifier (see Figure 5).
In this configuration, total gain will be twice the gain set by
Rg. Output gains greater than 2 cannot be used.

Figure 6. Remote Reference Junction Sensing

Sensor Temp (°C)

5
10
15
20
25
30
35
40
45

tIOVoUT

Vcal (mV)
616.5
604.9
593.3
581.6
570.0
558.4
546.8
535.1
523.5

(Values may be interpolated)

Figure 5. Output Scaling Connections

COLD JUNCTION COMPENSATION
The 2B5O may be programmed to provide cold junction
compensation for types J, K and T thermocouples by con
necting a jumper from Input Low (Pin 1) to the appropriate
programming points (Pin 42 for J, Pin 41 for K or T). To
compensate other themocouple types, a resistor (Rx) is con
nected from the “X” programming point (Pin 40) to Input
Low (Pin 1). Table I shows the appropriate Rx values for
types E, R, and S. Rx should be a 50ppm/ C, 1% tolerance
resistor.

f Type

Table II. Calibration Voltages vs. Sensor Temperature

Proper sensor placement is important. Close thermal contact
of the sensor and thermocouple termination point (reference
junction) is essential for accurate operation of the 2B5O. The
sensor may be placed any distance from the 2B5O. When the
sensor leads are more than ten feet long, or in the presence of
strong noise signal sources, shielded cable should be used.
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Four-Channel, Isolated
Thermocouple/mV Conditioners

ANALOG
DEVICES

2B54/2B55
FEATURES
Low Cost Per Channel
Wide Input Span Range: ±5mV to ±100mV (2B54)
±50mV to ±5V (2B55)
Pin Compatible with 2B34 RTD Conditioner
High CMV Isolation: ±1000V de; CMR = 156dB min @ 60Hz
Low Input Offset Voltage Drift: ±1gV/°C max (2B54B)
Low Gain Drift: ±25ppm/°C max (2B54B)
Low Nonlinearity: ±0.02% max (±0.012% typ)
Normal Mode Input Protection (130V rms) and Filtering
Channel Multiplexing: 400 chan/sec Scanning Speed
Solid State Reliability

2B54/2B55 FUNCTIONAL BLOCK DIAGRAM

APPLICATIONS
Multichannel Thermocouple Temperature Measurements
Low and High Level Data Acquisition Systems
Industrial Measurement and Control Systems

GENERAL DESCRIPTION
Models 2B54 and 2B55 are low cost, high performance, fourchannel signal conditioners. Both models are functionally
complete, providing input protection, isolation and common
mode rejection, multiplexing, filtering and amplification.
The 2B54 has been designed to condition low level signals
(±5mV to ±100mV), like those generated by thermocouples
or strain gages, in the presence of high common mode voltages.
The 2B55 is optimized to condition ±50mV to ±5V or 4 to
20mA transmitter signals as inputs. The four-channel structure
of both models results in significant cost and size reduction.

The high performance of the 2B54 and 2B55 is accomplished
by the use of reliable transformer isolation techniques and an
amplifier-per-channel architecture. Each of the input channels
is galvanically isolated (±1000V de) from the other input
channels and from output ground. The amplifier-per-channel
structure is used to obtain low input drift (±lgV/°C max,
2B54B), high common mode rejection (156dB @ 60Hz), and
very stable gain (±25ppm/°C max). Other key features include
low input noise (lgV p-p), low nonlinearity (±0.02% max)
and open-thermocouple detection (2B54).
APPLICATIONS
Models 2B54 and 2B55 were designed to serve as a superior
alternative to the relay multiplexing circuits used in multi
channel data acquisition systems, computer interface systems,
process signal isolators, and temperature measurement and
control instrumentation. Advantages over relay circuits include
functional versatility, superior performance, and solid state
reliability. Both models are also pin compatible with the
2B34, four-channel RTD/strain gage conditioner.

In thermocouple temperature measurement applications, out
standing low drift, high noise rejection, high throughput and
1000V isolation make the 2B54 a natural choice over flying

capacitor multiplexers in conditioning any thermocouple type.
When cold junction compensation is required in measurement
of temperature with thermocouples, the 2B54 may be used
directly with the model 2B56 Universal Cold Junction Com-

13
DESIGN FEATURES AND USER BENEFITS
High Reliability: To assure high reliability and provide isola
tion protection to electronic instrumentation, reliable trans
former isolation and solid state switching are used. Both
models have been conservatively designed to meet the IEEE
standard for Transient Voltage Protection (472-1974:SWC)
and offer 130V rms normal mode input protection.
High Noise Rejection: To preserve high system accuracy in
electrically noisy industrial environments, the 2B54 and 2B55
provide excellent common mode noise rejection, RFI/EMI
immunity, and low pass filtering for rejection of series mode
noise and 5OHz/6OHz pickup.

Ease of Use: The multichannel, functionally complete design
in a compact (2 X 4 X 0.4") module, assures ease of use, con
serves board space and eliminates the need for a number of
discrete components necessary in relay multiplexing circuits.

Low Cost: The 2B54 and 2B55 offer the lowest cost per chan
nel for isolated, solid state, low level signal conditioners.
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(typical @ +25°C and Vs = ± 15V and Vosc= 4-15V, unless otherwise noted)
Model

2B54A

4
±5mV to ±100mV
G = 1 + lOkfl/Rc
±0.2% max (G = 50 to 300)
±l%max (G=1000)
±35ppm/ C max
±0.03% max (G = 50 to 300)
±0.03% (G = 1000)

Gain Temperature Coefficient
Gain Nonlinearity1
Offset Voltage
Input Offset, Initial (Adj. to Zero)
vs. Temperature
vs. Time
Output Offset (Adjustable to Zero)
vs. Temperature
Total Offset Drift (RTI), max
Input Noise Voltage
0.01Hz -100Hz, Rs = lkil
CMV, Channel-to-Channel or
Channel-to-Ground
Continuous, ac, 60Hz
Continuous, ac or de
Common Mode Rejection
RS<100Q, f > 50Hz
Rs < lOOfl.f > 50Hz
Normal Mode Input, Without Damage
Normal Mode Rejection, @ 60Hz
Input Resistance, Power On
Power Off
Input Bias Current
ANALOG OUPUT
Output Voltage Swing2

2B55A

OUTLINE DIMENSIONS

•
•
•

±25ppm/°C max
±0.02% max(±0.012% typ)

*
±50mV to ±5V
•
±0.2% max (G = 1 to 100)
NA
±25ppm/°C max

±0.02% max (G = 1 to 100)
NA

±!.$|<V/month
±12mV max
±50piV/°C max

±50pV max
•
±lgV/ C max(±0.5pV/ C typ) ±5iiVfC max
•
•
•
•
•
•

±(2.5+^)mV/°C

±(1+^)MV/’C

tfcgVr^V/’C

lpV pp

•

•

±20/1V max
±2.5pV/°C max

U------------ 2.01 (61.11 MAX----------I

750V rms
±1000V pk max

•
•

156dB min (G = 1000)
128dB min (G = 50)
130V rms, 60Hz
55dB min (G= 1000)
lOOMfi
35kfi min
+8nA max

145dB min (G = 100)
llOdB min (G= 1)
55dB min (G = 100)
74kQ min

±5V @ ±5mA
0.8mV p-p

Output Noise, de - 100kHz
Output Resistance
Direct Output
Switched Output

o.in
350

CHANNEL SELECTION
Channel Selection Time to ±0.01% FS
Channel Scanning Speed
Channel Select Input Reverse Voltage
Rating

POWER SUPPLY
Voltage
Output ±Vg (Rated Performance)
(Operating)
Oscillator +Vq§c
(Rated Performance)
Absolute max +VqSC
Current
Output ±VS = ±15V
Oscillator +Vqsc = +15V
Supply Effect on Offset
Output ±V$
Oscillator +VOSC

2B54B

Dimensions shown in inches and (mm).

ANALOG INPUTS
Number of Channels
Input Span Range
Gain Equation
Gain Error

2B54/2B55 PIN DESIGNATIONS

2.5ms max
400 chan/sec min
3 V max

±15Vdc ±10%
±12V to ±18V de max
+ 13.5V to +24V
+26V

±4mA max
40mA max

100/iV/V RTO
1/jV/V RTI

ENVIRONMENTAL
Temperature
Rated Performance
Operating
Storage
Relative Humidity
Non-Condensing to +40° C

0 to + 70 C
-25°C to +85°C
-55°Cto+85°C

CASE SIZE

2" X 4” X 0.4"

Oto 85%

NOTES

"Specifications sune as 2B54A.
1 Gain nonlinearity is specified as a percentage of output signal span representing peak deviation
from the best straight line; e.g. nonlinearity at an output span of 10V pk-pk (±5V) is t0.02% or ±2mV.
1 Protected for shorts to ground and/or either supply voltage.
Specifications subject to change without notice.

AC1215 OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

MOUNTING CARDS
AC1215, AC1216
The AC1215 and AC1216 mounting cards are available to assist in evaluation of the
2B54 and 2B55. These 4 1/2 X 6 printed circuit edge connector cards have sockets
that allow a 2B54/2B55 and 2B56 to be plugged directly onto them, as well as offset
adjustment pots, and address decoding circuitry. The AC1215 and AC1216 differ only
in input signal connections: the AC1215 includes a screw terminal block and AC1216
has an edge connector.
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Mating Connector:
Cinch 251-22-30-160 or equivalent.

Understanding the 2B54/2B55
FUNCTIONAL DESCRIPTION
The internal structure of the 2B54/2B55 is shown in Figure 1.
Four individually isolated input channels are multiplexed into
a single output buffer, with the desired channel selected by
control inputs SELECT A through SELECT D. Isolated power
and timing signals for the input channels are provided by an
internal oscillator.
Each channel contains an input protection and filtering net
work and a low-drift amplifier whose gain is set by a usersupplied resistor (Rg)- Additional filtering is provided in the
amplifier circuit. This structure preserves signal integrity by
taking all signal gain ahead of the isolation and multiplexing
circuits. The isolated power supply for each channel is brought
out to permit convenient fine adjustment of the input offset
voltage if desired.
Transformer coupling is used to achieve stable, reliable galvanic
isolation of each channel from all other channels and from out
put ground. Although the bandwidth of the input channels is
small «2Hz at high gains) to provide immunity to normal
mode noise, the multiplexing technique allows the channels
to be scanned at a high rate (400 channels/sec). Thus a high
revisitation rate is maintained even in systems with a large
number of input channels.
The output buffer amplifier operates at unity gain with feed
back provided by an external connection from the DIRECT
output to the SENSE input. The DIRECT output provides a
±5V swing with low source resistance to permit error-free
operation with heavy loads. In addition, a separate seriesswitched output with an active-low enable control is provided
so that multiple modules may be combined without the use of
external analog multiplexers. An offset trim point which does
not affect drift is also provided on the output channel.

2B55’s are used or when a system clock is present.
The 2B54 and 2B55 share the same design, differing only in
input specifications and filter characteristics.

OPERATING INSTRUCTIONS
The connections shown in Figure 2 are common to most
applications of the 2B54/2B55, and in many cases will be all
that is required. The following sections describe this basic
application and also detail some optional connections which
enhance the module’s utility in more complex applications.

OUTPUT

OUTPUT
POWER

OSC
POWER

♦dotted connections shown for

SEPARATE OSCILLATOR SUPPLY IF USED.

Figure 2. Basic 2B54/2B55 Application

Interconnection Guidelines
In any high accuracy isolator application it is important to
minimize coupling between input and output, and the 2B54/
2B55 pinout has been designed to make this easy to do. For
best results, keep all leads associated with signals on the input
edge as far as possible from signals on the output edge. This
will minimize the effects of board leakage and capacitance.
The use of a guard track on both sides of the board (Figure 2)
can also be helpful.

The power supplies should be decoupled with tantalum capac
itors as close to the unit as possible. For lowest noise, the out
put grounding scheme should be as shown in Figure 2. The
output signal common is connected directly to pin 12, with
power supply returns brought separately to that pin so that
power supply currents do not flow in the low lead of the signal
output.

Figure 1. 2B54/2B55 Functional Block Diagram

The internal oscillator has its own power supply pins for en
hanced application flexibility, and a sync mechanism is pro
vided to eliminate beat-frequency errors when multiple 2B54/

Since most of the power taken by the 2B54/2B55 is supplied
to the internal oscillator which requires only a positive supply
and can accommodate a wide range of supply voltages, it is
sometimes desirable to power the oscillator from a convenient
source of unregulated power (such as +24V — Figure 2). A
O.lgF capacitor should be then connected directly from
pin 12 to pin 31. Since the output and oscillator circuits
are not fully isolated, a de path must exist between the two
power supply commons. A small (one or two volts) potential
difference between OUT COM and OSC COM will not affect
operation.
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Gain Setting
The gain of each channel is independently set by a usersupplied resistor (Rq) connected as shown in Figure 2. Chan
nel gain will normally be selected so that the maximum output
of the signal source will result in a plus or minus full scale
(±5V) output swing. The resistor value required is Rq =
10kJ2/ (G - 1). Thus if Rq = 101S2, the gain will be 100, and
an input signal swing of ±50mV will yield an output span of
±5V.

A parallel trim on the gain-setting resistor can be used to trim
out the resistor’s tolerance and the module’s gain error (Fig
ure 3). Since a parallel trim will always increase the gain, the
value of the gain-setting resistor should be chosen to give an
untrimmed gain somewhat lower than the desired trimmed
gain. Good quality metal-film resistors should be used for R<j
since gain accuracy and drift are a direct function of Rq’s
characteristics. Cermet pots are suitable for the trim.

Figure 3. Input Offset and Gain Adjustments

Optional Offset Adjustment
The 2B54/2B55 has provision for fine adjustment of the input
offset of each channel and the output offset of the entire
module. None of the offset adjustments affect offset drift, and
there is no need to make any adjustment unless the application
calls for tighter offsets than those specified for the module type.
Connections for input offset adjustment are shown in Figure
3. This is a fine trim with a limited range (±250gV — 2B54
and ±lmV — 2B55, RTI), used to adjust each channel for
zero offset while operating at the desired gain. Since the
range of the input offset trim is small, it will usually be neces
sary to adjust output offset first. This can be conveniently
done by operating one channel with zero input at unity gain
(by disconnecting the gain resistor) and adjusting the output
offset control for zero output. Connections for output offset
adjustment are shown in Figure 4.

Stable components (a metal film resistor and a cermet pot)
should be used for the input offset adjustment to avoid com
promising drift. Output offset adjustment components are not
critical and may be omitted altogether when a single 2B54/
2B55 is followed by an A to D Converter that has a zero
adjustment.
Channel Selection
Each channel in the 2B54/2B55 is turned on and off by a
SELECT input. As indicated in Figure 1, each SELECT input
consists of an LED in series with a resistor, and is not con
nected to any other circuits in the module. Turning the LED
on (I>2.5mA) turns the channel on, and turning the LED off
(K50/iA) turns the channel off. This allows considerable
flexibility of connection, but the easiest way to use the SELECT
inputs is to tie all four SELECT + pins to +5V and drive the
SELECT—inputs from TTL logic (either open-collector or
totem-pole outputs can be used), as shown in Figure 2.
It is also possible to use CMOS logic to drive the SELECT
inputs (Figure 5). With a +15V logic supply a standard CMOS
decoder or gate can supply enough current to drive the SE
LECT inputs directly, but at lower supply voltages it is advisa
ble to use a buffer such as that shown in Figure 5b. The power
taken by the SELECT inputs is small, since only one is on at a
time, but at the higher CMOS supply voltages more current
than the required 2.5mA will flow. This does not affect opera
tion, but if desired the current can be brought back to the min
imum value with series resistors as shown in Figure 5. Use 2k£2
for 10V operation, and 3.9k£2 at 15V.
The maximum reverse voltage applied to any SELECT input
must be limited to 3V to avoid damage to the LED. Maximum
forward current should be kept below 25mA. Each SELECT
input is isolated from all other circuits in the module and may
be operated up to ±50V away from output and power ground.

Channels may be selected in any order, and there are no
restrictions on rate or duty cycle except the 2.5ms settling
time for access to a channel. It should be noted, however, that
selecting two or more channels simultaneously for more than
a few microseconds will result in a very long settling time when
the conflict is resolved. Timing overlaps should therefore be
avoided.

Figure 4. Output Offset and Master Gain Adjustments

An alternative offset adjustment procedure is appropriate in
applications where the channel gains are field-selected by
switching the gain-setting resistor. Here it is desirable to set
the input offset so that there is no zero shift at the output
when the gain is changed. To make the adjustment, switch
back and forth from low to high gain with zero input and ad
just the input offset control until no shift occurs at the output
when changing gains. Then adjust the output offset control for
zero output at the lower gain.
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Figure 5. CMOS Channel Selection

2B54/2B55
Channel Expansion
The 2B54/2B55 has provision for directly interconnecting
several modules when more than four channels are needed.
The series-switched outputs of a group of modules are con
nected together, the SELECT inputs are driven in parallel,
and the output of the desired module is selected using the
Output Enable pin. This is shown in Figure 6. A single
74LS139 decoder is used to drive the SELECT inputs of up
to four modules, and also provides address expansion so that
the binary coded channel address word selects the appropriate
module output via the Output Enable pins. The overall opera
tion of the series-switched outputs is analogous to three-state
logic, and the output rail is thus an analog bus.

It is possible to operate up to sixteen modules in parallel, for
a total of 64 input channels. Note that it will be necessary to
break up the SELECT inputs into several groups to avoid over
loading the decoder when many modules are used. The set
tling time of the output switches is <50gs to ±0.01% and is
thus negligible in comparison to the channel selection times.

The Output Enable signal is active low, and is compatible with
both TTL and CMOS logic. The switching threshold is +1.8V;
input current at 0V is typically -0.4mA.
The output resistance of the Switched Output (typically 3 5S2
+0.5%/°C) is low enough to provide fast switching times but
will cause gain errors when driving a heavy load. A single buf
fet isolating the Switched Outputs from the load will solve
this problem in an “analog bus” application (Figure 6). In
single-module applications the DIRECT (low impedance) out
put should be used. Note that in all cases the SENSE pin must
be connected to the DIRECT output to provide feedback for
the output amplifier.
TO ADDITIONAL MODULES
SELECT

32) terminal of the adjacent 2B54/2B55 (Figure 7). The first
of a group of modules may be synchronized to an external
source via the SYNC IN pin. To minimize noise pickup, sync
wiring should be separated from analog signal runs.
The frequency of the external sync source, when used, will
have a small effect on the gain and output offset of the 2B54/
2B55. Thus any adjustments should be made with the module
synchronized.

FROM EXTERNAL NOTE: MAKE NO CONNECTIONS TO SYNC IN OR SYNC OUT
SYNC SOURCE
FOR UNSYNCHRONIZED OPERATION
(IF USED)
400k Hi t10%, 1V-15V PP.
30% TO 70% DUTY CYCLE

Figure 7. Synchronization

Open Input Detection
The 2B54 can be programmed to respond to an open-circuit
condition on a channel input with either an upscale or down
scale response when the affected channel is selected. The
response time to detect an open input can be in the tens of
seconds, since only a few nA of input bias current are avail
able to charge the input filter. The circuits in Figure 8
indicate the selection of either downscale or upscale response
and can be used to provide shorter open-circuit response
times. Either circuit will produce a bias current of approxi
mately 20nA which can be used to aid or oppose the 3nA
typically supplied by the module, as shown. The circuit of
Figure 8A has the advantage of simplicity, but the highvalue resistor may not be readily available. Figure 8B shows
how to solve the problem at the expense of complexity. The
values shown may be modified to give an optimum trade of
bias current for response time in a given application. A 2 to
5 second response is typical for the values shown.

SELECT

If a downscale response is desired, a resistor divider circuit
like Figure 8B may be desired to prevent a negative over
scale. If a negative overscale condition occurs (typically
-7V), the output will saturate on all channels.

CHANNEL
ADDRESS

0 GIVES DOWNSCALE RESPONSE

(7) GIVES DOWNSCALE RESPONSE

(2) GIVES UPSCALE RESPONSE

(2) GIVES UPSCALE RESPONSE

Figure 8. High Speed or Reversed Open input Detection

NOTE: ALL "SELECT +" PINS TIED TO +5V.

Figure 6. Expansion to More than Four Channels

Synchronization
In applications where multiple 2B54/2B55’s are used in close
proximity or when system clock signals are present near the
isolator, differences in individual oscillator frequencies may
cause “beat frequency” related output errors. To eliminate
these errors, multiple units may be synchronized by con
necting the SYNC OUT (pin 33) terminal to the SYNC IN (pin

Output Filtering
In most applications, no output filtering will be required since
the effect of the small carrier-related noise spikes on the out
put (<lmV p-p, 100kHz B.W.) drops off rapidly as bandwidth
decreases and in many cases will be negligible. In some applica
tions (e.g., when driving a successive-approximation A to D)
the effective system bandwidth may be large enough to pass
the noise. To eliminate the carrier noise (without any effect
on switching times), a simple R-C filter may be used at the
output (Figure 9A). Only one filter is needed even when mul
tiple modules are used, as shown in Figure 9B. If the load to
be driven has an input resistance of less than 10MS2, a buffer
will be needed.
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ADDITIONAL
MODULES

thermocouples must be compensated for the temperature of
the reference junction which is formed where the thermo
couple leads are terminated, the 2B56 Universal Cold Junction
Compensator is used. The 2B56 monitors the temperature of
the reference junction (terminal block) via an external sensor
and corrects the signal at the output of the 2B54 for reference
temperature. Compensation for several thermocouple types is
selectable via digital control inputs. Thermocouple lineariza
tion, if needed, would be typically performed in system’s
software.

CMR AND NMR PERFORMANCE
Common mode rejection is a result of both isolation and
filtering and indicates ability to reject common mode inputs
while amplifying differential signal inputs. CMR is dependent
on source impedance imbalance, signal frequency and condi
tioner gain.

Normal mode rejection is also a function of the 2B54/2B55
gain. Figures 10 and 11 illustrate typical CMR and NMR
performance. Note that any additional low pass filtering (e.g.,
an integrating A to D converter) at the output of the 2B54/

Figure 12. Four-Channel Thermocouple Temperature Measure
ment with Cold Junction Compensation

Process Signals Interface: In Figure 13, the 2B55 is used to
provide floating inputs for four 4-20mA process signal loops.
The use of floating inputs in this type of application gives
protection from common-mode voltages and greatly simplifies
system configuration, since additional loads in series with the
loop can be connected on either side of the isolator input.

FREQUENCY - Hz

Figure 10. Common Mode and Normal Mode
Response - 2B54

Each current input is converted into a 1 to 5 volt signal by
a 25OJ2 resistor. The 2B55 is operated at unity gain (no gain
setting resistors) so that a 1 to 5 volt signal appears at the out
put. Since no gain-setting resistors are used, gain adjustment,
if required, is done by connecting trims directly across the
input resistors. Other current ranges can be accommodated
by changing the value of the input resistors.

When there are several loads on the loop, compliance voltage
at the transmitter may be at a premium. In this case it will
be advantageous to reduce the voltage swing at the isolator
inputs by using smaller resistors (perhaps 25£2) and scaling
the output back to a 5V span by taking an appropriate gain
in the isolator.

Figure 11. Common Mode and Normal Mode
Response - 2B55

APPLICATIONS
Thermocouple Temperature Measurement: Figure 12 shows a
four-channel thermocouple input system with isolation, amp
lification, and multiplexing provided by the 2B54. Several
different thermocouple types are used, and the gain-setting
resistors on each channel have been chosen to take the stand
ard ANSI range for each type to a 5V output span. Since
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Complete
Signal Conditioning I/O Subsystem

ANALOG
DEVICES

3B Series
FEATURES/BENEFITS
Low Cost, Completely Integrated 16-Channel Modular
Signal Conditioning Subsystem
Wide Selection of Functionally Complete Input and
Output Plug-In Modules
Rugged Industrial Chassis, Rack or Surface Mounted
On-Board Power Supplies Available
Analog Input Modules Available for Direct Interface to a
Wide Variety of Signal Sources
Thermocouples, RTDs, AC and DC Strain
Gages, Torque Transducers, LVDTs
Millivolt, Voltage and Frequency Sources,
4-20mA/0-20mA Process Current Inputs
Current Output Modules
4-20mA/0-20mA Outputs
Complete Signal Conditioning Function
Input Protection, Filtering, Amplification,
Galvanic Isolation to ± 1500V,
Wide-Range Zero Suppression,
High Noise Rejection and RFI/EMI Immunity,
Simultaneous Voltage and Current Outputs
FM Approved for Use in Class I, Division 2,
Groups A, B, C and D Locations

GENERAL DESCRIPTION
The 3B Series Signal Conditioning I/O Subsystem provides a
low cost, versatile method of interconnecting real-world analog
signals to a data acquisition, monitoring or control system. It is
designed to interface directly to analog signals such as ther
mocouple, RTD, ac and de strain gage, torque transducer, or
AD590/AC2626 solid state temperature sensor outputs or millivolt
or process current signals and convert the inputs to standardized
analog outputs compatible with high level analog I/O subsys
tems.
The 3B Series Subsystem consists of a 19" relay rack compatible
universal mounting backplane and a family of plug in (up to 16
per rack) input and output signal conditioning modules. Eight
and four channel backplanes are also available. Each backplane
incorporates screw terminals for sensor inputs and current outputs
and a connector for high level single ended outputs to the user’s
equipment.
The input and output modules are offered in both isolated
(± 1500V peak) and nonisolated versions. The input modules
feature complete signal conditioning circuitry optimized for
specific sensors or analog signals and provide high level analog
outputs. Each input module provides two simultaneous outputs:
0 to 10V (or ± 10V) and 4-20mA (or 0-20mA). Output modules
accept high level single ended signals and provide an isolated or
nonisolated 4-20mA (or 0-20mA) process signal. All modules
feature a universal pin-out and may be readily “mixed and
matched” and interchanged without disrupting field wiring.
Each backplane contains the provision for a subsystem power
supply. The 3B Series Subsystem can operate from a dc/dc
converter or ac power supply mounted on each backplane or
from externally provided de power. Two LEDs are used to
indicate that power is being applied.

APPLICATIONS
The Analog Devices 3B Series Signal Conditioning Subsystem is
designed to provide an easy and convenient solution to signal
conditioning problems in measurement and control applications.
Some typical uses are in mini- and microcomputer based systems,
standard data acquisition systems, programmable controllers,
analog recorders, dedicated control systems, and any other ap
plications where monitoring and control of temperature, pressure,
flow, and analog signals are required. Since each input module
features two simultaneous outputs, the voltage output can be
used to provide an input to a microprocessor based data acquisition
or control system while the current output can be used for
analog transmission, operator interface, or an analog backup
system.
DESIGN FEATURES AND USER BENEFITS
Ease of Use: Direct sensor interface via screw terminals, stan
dardized high level outputs, factory precalibration of each unit
and the modular design make the 3B Series Subsystem extremely
easy to use. The subsystem features rugged packaging for the
industrial environment and can be easily installed and
maintained.
High Protection and Reliability: All field wired terminations
offer BOV or 220V rms normal-mode protection. To assure
connection reliability, gold plated pin and socket connections
are used throughout the system. The isolated modules offer
protection against high common-mode voltages and are designed
to meet the IEEE Standard for Transient Voltage Protection
(472-1974: SWC).

High Performance: The high quality signal conditioning features
±0.1% calibration accuracy and chopper-based amplification
which assures low drift (± 1jjlV/°C) and excellent long-term
stability. For thermocouple applications, high accuracy cold
junction sensing is provided in the backplane on each channel.
Low drift sensor excitation is provided for RTD, strain gage,
LVDT and AD590 models. RTD models and the 3B47 ther
mocouple model linearize the input signal to provide an output
which is linear with temperature.
This four-page data summary contains key specifications to speed your selec
tion of the proper solution for your application. Additional information on
this product can be obtained from your local sales office.
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FEATURES
Wide Variety of Sensor Inputs
Thermocouples, RTDs, AC and DC Strain
Gages, Torque Transducers, LVDTs,
AD590/AC2626
Dual High Level Outputs
Voltage: 0 to + 10V or ± 10V
Current: 4-20mA/0-20mA
Mix and Match Input Capability
Sensor Signals, mV, V, 4-20mA, 0-20mA
High Accuracy: ±0.1%
Low Drift: ±1p.V/°C
Reliable Transformer Isolation:
± 1500V CMV, CMR =160dB
Meets IEEE-STD 472: Transient Protection (SWC)
Input Protection: 130V or 220V rms Continuous
Low Cost Per Channel

to dynamic signals.
GENERAL DESCRIPTION
Each input module is a single channel signal conditioner that
plugs into sockets on the backplane and accepts its signal from
the input screw terminals. All input modules provide input
protection, amplification and filtering of the input signal, accuracy
of ±0.1%, low drift of lpV/°C (low level input modules), and
feature two high level analog outputs that are compatible with
most process instrumentation. The isolated input modules also
provide ± 1500V isolation.
The choice of specific 3B module depends on the type of input
signal and also whether an isolated or nonisolated interface is
required. Input modules are available to accept millivolt, volt,
process current, thermocouple, RTD, ac and de strain gage,
torque transducers and AD590 inputs. The voltage output of
each module is available from the voltage I/O connector while
the current output is available on the output screw terminals.

THERMOCOUPLE INPUT MODELS 3B37, 3B47
The isolated thermocouple models incorporate cold junction
compensation circuitry which provides an accuracy of ±0.5°C
over the +5°C to + 45°C ambient temperature range. Open
thermocouple detection (upscale) is also provided. Standard
models are available for thermocouple types J, K, T, E, R, S
and B. Factory configured custom ranges are also available. The
3B37-X-OO can be user configured with the AC1310 ranging
card. The 3B47 internally linearizes the thermocouple signal.
All screw terminals have a 220V rms protection.

RTD INPUT MODELS 3B14, 3B15, 3B34
Each RTD model provides a sensor excitation current and produces
an output signal that is linear with temperature with a conformity
error of ±0.05% of span and accuracy of ±0.1% span. The
lead resistance effect for the three models is ± 0.02°C/fl for the
3B14 and the 3B34, and ± ,00001°C/fl for the 3B15. All excitation
input and output screw terminal connections have at least 130V
rms protection.
STRAIN GAGE INPUT MODEL 3B16
Models 3B16 accepts inputs from full four arm bridge strain
gage-type transducers. It provides a constant + 10V bridge
excitation and can be used with a bridge resistance of 30011 or
greater. All excitation input and output screw terminal connections
have BOV rms protection.
WIDEBAND STRAIN GAGE MODEL 3B18
Model 3B18 accepts inputs from full four arm bridge strain
gage-type transducers. It provies a switch selectable excitation of
+ 3.3V or + 10.0V and can be used with 10011 to 100011 strain
gage bridges. The module has a 20kHz bandwidth to interface

AC STRAIN GAGE/TORQUE TRANSDUCER INPUT
MODEL 3B20
Model 3B20 is a nonisolated wideband input module that is
designed to interface to four arm bridge transducers or transformer
coupled torque transducers. The 3B20 provides an ac excitation
of 2-10V rms at frequencies ranging from 1kHz to 10kHz. This
module can accept inputs from 1.5mV rms to 150mV rms.
MILLIVOLT AND VOLTAGE INPUT MODELS 3B10,
3B11, 3B30, 3B31
Models 3B10 and 3B11 are nonisolated modules that accept mV
and V signals respectively. Models 3B30 and 3B31 are isolated
modules that accept mV and V signals respectively. All screw
terminal connections have at least BOV rms protection.
WIDEBAND MILLIVOLT AND VOLT INPUT
MODELS 3B40, 3B41
Models 3B40 and 3B41 are isolated modules that accept mV and
V signals respectively. The modules have a 10kHz bandwidth to
interface to dynamic signals. All screw terminal connections
have at least BOV rms protection.

CURRENT INPUT MODELS 3B12, 3B32
Models 3B12 (nonisolated) and 3B32 (isolated) accept process
current signals. Both models use a 10011 sensing resistor that is
mounted on backplane terminals 2 and 3. All screw terminal
connections have at least BOV rms protection.
AD590 INPUT MODEL 3B13
Model 3B13 accepts an AD590 as its input signal. Sensor excitation
is provided and a 2kfl sensing resistor is mounted on backplane
terminals 2 and 3. All excitation input and output screw terminal
connections have BOV rms protection.

LVDT OR RVDT INPUT MODEL 3B17
Model 3B17 accepts signals from 4, 5 and 6 wire LVDT or
RVDT transducers. It provides an ac excitation of 1-5V rms at
frequencies ranging from 1kHz to 10kHz and has a 100Hz
bandwidth. All screw terminal connections have BOV rms
protection.
AC INPUT MODELS 3B42, 3B43 AND 3B44
Models 3B42, 3B43, and 3B44 accept ac signals from 20mV to
450V rms. The modules are rms calibrated for sinusoidal inputs,
such as ac power lines. All screw terminal connections have at
least BOV rms protection.
FREQUENCY INPUT MODELS 3B45, 3B46
Models 3B45 and 3B46 accept frequency input signals from
25Hz to 25kHz. User selectable thresholds of 1.6V and 0V (for
zero crossing) are available. All screw terminal connections have
at least BOV rms protection.
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Output Modules - 3B Series
FEATURES
High Level Voltage Input (0 to + 10V, ±10V)
Process Current Output (4-20mA/0-20mA)
High Accuracy: ±0.1%
Reliable Transformer Isolation: ± 1500V CMV, CMR =
90dB
Meets IEEE-STD 472: Transient Protection (SWC)
Output Protection: 130V or 220V rms Continuous
Reliable Pin and Socket Connections
Low Cost Per Channel

GENERAL DESCRIPTION
Each output module accepts a high level analog signal from the
system connector and provides a current output on the output
screw terminals. When a +24V loop supply is used, loads up to
8500 can be driven. If desired, + 15V can be used to power the
output modules with a smaller load (up to 400Q). Each output
module features high accuracy of ±1%. If isolation is required,
the 3B39 provides ± 1500V peak common-mode voltage isolation
protection.
NONISOLATED OUTOUT MODEL 3B19
The 3B19 output module accepts a 0 to + 10V or ± 10V input
signal and converts it to a proportional current output. Output

ranges are jumper selectable for either 0-to 20mA or 4-to-20mA.
The current output is protected to BOV rms continuous.

ISOLATED OUTPUT MODEL 3B39
Model 3B39 is an isolated module that accepts a 0 to 4- 10V or
± 10V input signal and converts it to a proportional current
output. Output ranges are jumper selectable for either 0-to-20mA
or 4-to-20mA. Input to output isolation is rated to 1500V pk
continuous.

Backplanes
FEATURES
4-, 8-, or 16-Channel Versions Available
ac or de Power Supply Options

GENERAL DESCRIPTION
The three backplane models, 3B01, 3B02 and 3B03 are designed
for 16, 8 and 4 channels, respectively, to give users the flexibility
to match the size of a system to specific applications. The 16-channel backplane can be mounted in a 19" x 5.25" panel space. The
backplanes can be surface mounted, mounted on a rack or mounted
in a NEMA enclosure.
POWER SUPPLY
The 3B Series Subsystem can operate from a common ac power
supply or dc/dc (+ 24V input) power supply mounted on the
backplane or an externally provided ± 15V and +24V supply.
The power supply is bussed to all signal conditioners in the
system. The current consumption is a function of the modules
that are actually used.
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3B Series Subsystem Specifications

INPUT MODULES

BACKPLANES

Input Types
Thermocouples: J, K, T, E, R, S, B
Thermocouples: J, K, T, E, R, S, B (Linearized)
RTDs: 100(1 Platinum, 10(1 Copper, 120(lNickel (Linearized)
DC Strain Gage Transducers: ±30mV and ± lOOmV spans
AC Strain Gage/Torque Transducers: 1.5mV to 150mV rms
LVDT or RVDT: 4, 5, 6 Wire
Solid State Temperature Transducers: AD590 or AC2626
DC Voltage: ± lOmV, ±50mV, ± lOOmV ± IV, ±5V,±10V
DC Current: 4-to-20mA, 0-to-20mA
AC Voltage: 0-50mV rms, 0-100mV rms, 0-10V rms,
0-150V rms, O-25OV rms
Frequency: O-25Hz, 0-300Hz, 0-1500Hz, 0-3000Hz, 0-25kHz

Channel
3B01:
3B02:
3B03:

Outputs (Simultaneous)
0 to + 10V or ± 10V and
4-to-20mA or 0-to-20mA
*
Performance
Accuracy: ±0.1% of span
Nonlinearity: ±0.01% of span
Bandwidth: 3Hz (- 3dB)
Isolated Modules
Common-Mode Voltage, Input to Output: ± 1500V pk continuous
Transient Protection: Meets IEEE-Std 472 (SWC)
Normal-Mode Input Protection: 220V rms continuous
Current Output Protection: BOV rms continuous
Common-Mode Rejection @ 50Hz or 60Hz: 160dB
Normal-Mode Rejection @ 50Hz or 60Hz: 60dB

Nonisolated Modules
Common-Mode Voltage: ±6.5V
Normal-Mode Input Protection: BOV rms continuous
Current Output Protection: BOV rms continuous
Common-Mode Rejection @ 50Hz or 60Hz: 90dB
Normal-Mode Rejection @ 50Hz or 60Hz: 60dB
OUTPUT MODULES

Input
0 to + 10V or ± 10V
Output
4-to-20mA or 0-to-20mA

Performance
Accuracy: ±0.1% of span
Nonlinearity: ±0.01% of span
Isolated Module
Common-Mode Voltage,
Input to Output: ± 1500V pk continuous
Current Output Protection
Transient: Meets IEEE-Std 472 (SWC)
Continuous: 220V rms

Nonisolated Module
Current Output Protection: BOV rms continuous
•There is no current output on the 3B47.
Specifications subject to change without notice.

73-126 SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS

Capacity
16 channels
8 channels
4 channels

POWER SUPPLIES

Backplane Mounted:
100, 115, 220, 240V ac, 50/60Hz
or +24V de
External Power Option
± 15V de and +24V de

MECHANICAL

Input or Output Modules:
3.150" x 0.775" x 3.395"
(80.0mm x 19.7mm x 86.2mm)
Backplanes:
3B01: 17.40" x 5.20" x 4.37"
(442.0mm x 132.1mm x 111.1mm)
3B02: 11.00" x 5.20" x 4.37"
(279.4mm x 132.1mm x :111.1mm)
3B03: 7.80" x 5.20" x 4.37"
(198.1mm x 132.1mm x :111.1mm)

ENVIRONMENTAL

Temperature Range, Rated Performance:
— 25°C to + 85°C
Storage Temperature Range:
- 55°C to + 85°C
Relative Humidity: Conforms to MIL-STD 202,
Method 103
RFI Susceptibility: ±0.5% span error,
5W @ 400MHz @ 3 ft.

Compact, Low Cost
Modular Signal Conditioners

ANALOG
DEVICES

5B Series
FEATURES
• Rugged, Compact, Low Cost Signal Conditioners
• Analog Input Modules for Direct Interface to
Sensors: Thermocouples, RTDs, and Strain Gages
Millivolt and Voltage Sources
4-20mA or 0-20mA Process Current Inputs
• Analog Output Module
4-20mA or 0-20mA Process Current Output
• Complete Signal Conditioning Function
240V rms Field Wiring Protection, Filtering,
Amplification, 1500V rms CMV Isolation,
High Noise Rejection, RFI/EMI Immunity, and
Wide Range Zero Suppression
• High Accuracy: ±0.05%
• Low Drift: ±1pV/°C
• -25°C to +85°C Temperature Range
• Mix and Match Module Capability
• Convenient Connection to User's Equipment
• Simplified Designer Application
• Custom Ranged Modules Available
• FM Approved
Approved for Use in Class I, Division 2,
Groups A, B, C and D Locations

GENERAL DESCRIPTION

The 5B Series represents an innovative generation of low cost,
high performance plug-in signal conditioners. Designed for
industrial applications, these modules incorporate a new circuit
design utilizing transformer-based isolation and automated surface
mount manufacturing technology. They are compact, economical
components whose performance exceeds that available from
more expensive devices. Combining 1500V rms continuous
CMV isolation, ±0.05% calibrated accuracy, small size and low
cost, the 5B Series is an attractive alternative to expensive signal
conditioners and in-house designs.
All modules are hard potted and identical in pinout and size
(2.25" x 2.25" x 0.60"). They can be mixed and matched, permit
ting users to address their exact needs, and may be changed
without disturbing field wiring. The isolated input modules
provide 0 to +5V or ±5V outputs and accept J, K, T, E, R, S
and B thermocouples; 10011 platinum, 1011 copper and 12011
nickel RTDs, full or half bridge strain gages; mV, V, 4-20mA
or 0-20mA, and wide bandwidth (10kHz) mV and V signals.
These modules feature complete signal conditioning functions
including 240V rms input protection, filtering, chopper stabilized
low drift (± lp.V/°C), amplification, 1500V rms isolation, lineariza
tion for RTD and thermocouple (with 5B47) inputs and sensor
excitation when required. The output module converts a 0 to
+ 5V input to an isolated 4-20mA or 0-20mA process current
signal. All modules feature excellent common mode rejection
and meet IEEE 472-1974 surge withstand specs.

The 5B Series provides system designers with an easy to use
solution for analog I/O in a minimum of board space. The modules’
simple pinout and easy mechanical application simplify design.

There are also a number of backplanes which provide a complete
signal conditioning solution for end users. Each backplane in
corporates screw terminals for field wiring inputs and outputs
and cold junction compensation sensors for thermocouple appli
cations. Nineteen-inch relay rack compatible units that can hold
up to sixteen modules are available.
APPLICATIONS

These signal conditioners are designed to provide an easy and
convenient solution to signal conditioning problems of both
designers and end users in measurement and control applications.
Typical uses include mini- and microcomputer-based measurement
systems, standard data acquisition systems, programmable con
trollers, analog recorders and dedicated control systems. The 5B
Series modules are ideally suited to applications where monitoring
and control of temperature, pressure, flow and other analog
signals are required.
FM APPROVAL/THE 5B SERIES

The 5B Series Signal Conditioners are approved by Factory
Mutual for use in Class I, Division 2, Groups A, B, C and D
locations. This approval certifies that the 5B Series is suitable
for use in locations where a hazardous concentration of flammable
gas exists only under unlikely conditions of operation. Equipment
of this type is called “nonincendive” and needs no special enclosure
or other physical safeguards.
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DESIGN FEATURES AND USER BENEFITS
System Design: It is easy for system designers to apply the

functionally complete 5B Series modules in their own circuit
board or backplane. These modules feature a simple pinout,
plug into widely available sockets and are secured with selfcontained mounting screws. Other features, which can be used
to minimize system interface cost, have also been incorporated
in the 5B Series design. Each input module has an output switch
which is controlled by a TTL-compatible enable input, eliminating
the need for an external multiplexer. Each output module has a
track and hold input which permits a single DAC to serve numerous
current output channels. For thermocouple applications, cold
junction compensation sensors are available.
Subsystem Solution: The 5B Series provides a complete signal
conditioning solution. A family of backplanes, plug-in modules,
factory precalibration of each unit, direct sensor interface via
screw terminal connections, standardized high level outputs,
and ribbon cable system interface result in easy integration into
any system. For thermocouple applications, high accuracy cold
junction compensation sensing is provided on each channel. A
general susbsystem application is outlined in Figure 1.
Flexibility: The 5B Series can be easily tailored to meet each

user’s needs. These plug-in signal conditioners can be mixed
and matched to provide I/O for various process sensors and
actuators. Many standard configurations of each module are
available, and, for added flexibility, factory laser trimmed custom
units can be supplied. A wide zero suppression capability allows
a user to map any portion of the input signal into the full ouput
span permitting improved system resolution within a selected
measurement range.
High Reliability: The 5B Series was designed to assure maximum

reliability under real-world conditions. The modules are specified
over the -25°C to + 85°C temperature range. Each module is
hard potted; there are no adjustment potentiometers which
could introduce mechanical and human errors that impair system
integrity. All field wired terminations, including sensor inputs,
excitations and current outputs, are protected against continuous
240V rms line voltage. This prevents a fault from damaging the
module, the backplane or other devices connected to the system.
The modules also provide protection against high common-mode

voltages and are designed to meet the IEEE standard for transient
voltage protection (472-1974: SWC). Gold plated pin and socket
connections are used throughout the system to assure connection
reliability.

High Performance: The high quality signal conditioning features
±0.05% calibration accuracy, nonlinearity of only ±0.02% span
and chopper-based amplification which assures low drift (± lp.V'
°C) and excellent long-term stability. Low drift sensor excitation
is provided when required, and the RTD and thermocouple
modules provide an output which is linear with temperature.
High Noise Rejection: The 5B Series modules were designed
to accurately process low level signals in electrically noisy envi
ronments by providing 1500V rms continuous transformer isolation
which eliminates ground loops, protects against transients and
solves common-mode voltage problems. To further preserve
signal integrity, 160dB common-mode rejection, 60dB normal
mode rejection and excellent RFI/EMI immunity are provided.
Small Size: Each 5B Series module measures only

2.25" x 2.25" x 0.60" resulting in space savings for both system
designers and end users: each module occupies 1.35 square
inches of board space and a 16-channel backplane occupies only
3.5 inches in a rack.

Figure 1. Functional Block Diagram ofa General Measurement and Control Application Using the 5B Series
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5B Series
INPUT MODULE FEATURES
• Variety of Signal Source Inputs
Sensors: Thermocouples, RTDs, and Strain Gages
Millivolt and Voltage Sources
4-20mA or 0-20mA Process Current Inputs
• Mix and Match Input Capability
• High Level Voltage Output: ±5V or 0 to +5V
• High Accuracy: ±0.05%
• Low Drift: ±1pV/°C
• Reliable Transformer Isolation: 1500V rms CMV,
160dB CMR, Meets IEEE-STD 472: Transient
Protection (SWC)
• Input Protection: 240V rms Continuous
• Factory Ranged and Trimmed, Custom Ranges
Available

GENERAL DESCRIPTION

The galvanically isolated 5B Series input modules are single
channel, plug-in signal conditioners that provide input protection,
amplification and filtering, series output switching, and a high
level analog output. Key specifications include: 1500V rms
isolation, accuracy of ±0.05%, ±0.02% span nonlinearity and
low drift of ± lpV/°C. All modules operate from a single + 5V
supply with typical power consumption of 0.15W. The modules
are hard potted.
The transfer function provided by each input module is:
Input - specified sensor measurement range
Output - Oto+5Vor±5V.
Each 5B Series input module is available in a number of standard
ranges, and special ranges can be factory configured. Analog
Devices will provide a special function when a model 5B_
-CUSTOM is ordered with the desired range.
5B37 FUNCTIONAL DESCRIPTION

Figure 2 shows a functional diagram for a typical input module,
the 5B37 thermocouple conditioner. The module provides cold
junction compensation for the associated screw terminals as well
as a bias current to give a predictable (upscale) response to an
open thermocouple. Input protection allows safe operation even
in the event of a 240V rms power line being connected to the
signal terminals. (In modules designed to work with sensors
requiring excitation, low drift sensor excitation is provided and
is protected at the same level.)
A three-pole filter with a 4Hz cutoff provides 60dB of normal-mode
rejection and CMR enhancement at 60Hz. One pole of this filter
is located at the module input while the other two poles are in
the output stage for optimum noise performance. A chopperstabilized input amplifier provides all of the module’s gain for
ultralow drift. This amplifier operates on the input signal after
subtraction of a stable, laser trimmed zero-suppression signal
which sets the zero-scale input value. It is, therefore, possible to
suppress a zero-scale input which is many times the total span
to provide precise expanded scale measurements.

Signal isolation is provided by transformer coupling, using a
proprietary modulation technique for exceptionally linear, stable
performance at low cost. A demodulator on the output side of
the signal transformer recovers the original signal, which is then
filtered and buffered to provide a clean, low impedance output.
A series output switch is included to eliminate the need for
external multiplexing in many applications. This switch has a
low output resistance (500) and is controlled by an active-low
enable input which is compatible with CMOS and LSTTL
signals. In cases where the output switch is not used, such as
single-channel and conventionally multiplexed applications, the
enable input should be grounded to power common to turn on
the switch.
A single + 5V power supply input (as used for all 5B Series
modules) operates a clock oscillator which drives power trans
formers for the input and output circuits. The input circuit is,
of course, fully floating. In addition, the output section acts as a
third floating port, eliminating many problems that might be
created by ground loops and supply noise. The common-mode
range of the output circuit is limited; however, output common
must be kept within ± 3V of power common, and a current
path must exist between the two commons at some point for
proper operation of the demodulator and output switch.

Figure 2. 5B37 Block Diagram
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INPUT MODULE SPECIFICATIONS (typical

(a + 25°C and + 5V power)

Model

5B30 5B31

5B32

5B34

5B37/5B47

5B40/5B41

5B38

Input Ranges
Output Ranges
Accuracy1
Nonlinearity
Stability vs. Ambient Temperature
Input Offset
Output Offset
Span
Common-Mode Voltage, Input to Output
Common-Mode Rejections 50Hz to 60Hz
lkfl Source Unbalance
Normal-Mode Rejection fa 50Hz or 60Hz
Differential Input Protection
Output Resistance
Voltage Output Protection
Input T ransient Protection
Input Resistance
Bandwidth
Output Selection Time
Power Supply
Power Consumption
Size
Environmental
Temperature Range, Rated Performance
Temperature Range, Operation
Storage Temperature Range
Relative Humidity Conforms to
MIL Spec 202
RFI Susceptibility

dcmV/dcV
±5Vor0to + 5V
± 0.05% Span
± 0.02% Span

Process Current
Oto +5V
*
*

RTD
Oto +5V
*
0.05% Span Conformity

Thermocouple
Oto +5V
* 0.10% Span
* NA

Wideband de mV V
*
*
*

30011 to lOkll Bridges
±5V
*
•

±0.0025% Span °C

±0.02°CX

± InV-C
•NA

± 35ppm of rdg °C

± 50ppm of rdg °C

±2pV"’O±401»VC
*
*
*

*
*
*

100dB90dB
NA
*
*
*
*
200Mli 650kn
10kHz
*
*
*
*

lOOdB
NA
*
*
•
♦
>20M!i
10kHz
*
*
1W
*

*
*

*
•

•

•

± lpV/°O20|iV7°C
±20p.V/"C
± 25ppmofrdg °C
1500V rms Continuous
160dB/150dB
60dB
240V' rms Continuous
5011
Continuous Short to Ground
Meets IEEE-STD 472 (SWC)
5M(V650kIl
4Hz
20jis
+ 5V ± 5%
0.15W
2.25" x 2.25" x 0.6"
-25°Cto + 85°C
-40‘Cto +85“C
- 40°C to + 85CC
Oto95%fa 60°C
Noncondensing
± 0.5% Span Error, 5W
fit 400MHz fit 3'

NOTES
‘Specifications same as 5B3O.
'Accuracy specification includes the combined effects of repeatability, hysteresis and linearity and does not include sensor or signal source error.
This specification is for the 5B Series family and may not apply to all ranges of all modules. Consult the 5B Series User's Manual for detailed specifications
Specifications subject t ochange without notice.

Input Type/Span

Output

Model

de, ± 5mV to ± 500mV
de, ± 500mV to ± 10V
Process Current, 4-20m A or 0-20m A
Thermocouple Types J, K, T, E, R, S, B
Linearized Thermocouple
Types J, K, T, E, R, S, B
2,3,4 Wire RTDs- 100(1 Platinum,
10(1 Copper, 120(1 Nickel
Full and Half Bridge Strain Gages

±5V
±5V
0-5V
0-5V

5B3O,5B40
5B31,5B41
5B32
5B37/5B47

0-5V

5B47

0-5V
±5V

5B34
5B38

Table /. Input Selection

ISOLATED MILLIVOLT AND VOLTAGE INPUT
MODELS 5B30 AND 5B31

Models 5B3O and 5B31 accept millivolt and voltage signals
respectively and have a 4Hz. bandwidth.
ISOLATED CURRENT INPUT MODEL 5B32

Model 5B32 accepts process current signals. A resistor is supplied
to convert the signal current to a voltage, and, since that resistor
cannot be protected against destruction in the event of inadvertent
connection of the power line, it is provided in the form of a
separate pluggable resistor carrier assembly. Extra current con
version resistors are available as accessories.
ISOLATED RTD INPUT MODEL 5B34

This RTD input module provides 3 wire lead resistance com
pensation and can be connected to 2, 3 or 4 wire RTDs. The

lead resistance effect is ±0.02°C/IL It provides a low drift sensor
excitation current of 0.25mA for the 5B34 or 5B34-N or 1.0mA
for the 5B34-C and produces an output signal that is linear with
temperature with a conformity error of ±0.05% of span and
accuracy of ±0.05% of span.
ISOLATED THERMOCOUPLE INPUT MODELS 5B37
AND 5B47

The isolated thermocouple models incorporate cold junction
compensation circuitry which provides an accuracy of ±0.5°C
over the +5°C to +45°C ambient temperature range. Open
thermocouple detection (upscale) is also provided. Standard
models are available for thermocouple types J, K, T, E, R, S
and B. Model 5B47 provides a linearized 0-5V output signal for
all thermocouple types.
ISOLATED WIDEBAND MILLIVOLT AND VOLTAGE
INPUT MODELS 5B40 AND 5B41

Models 5B40 and 5B41 accept millivolt and voltage signals
respectively and have a 10kHz bandwidth for interface to dynamic
signals.
ISOLATED WIDEBAND STRAIN GAGE INPUT MODEL
5B38

The 5B38 accepts signals from full and half bridge 300(1 to
lOkfi transducers. The 5B38 provides + 10.0V excitation and
provides a - 5V to +5V output. This module features a 10kHz
bandwidth.
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5B Series
5B SERIES MODULE OUTLINE
Dimensions shown in inches and (mm).
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Figure 3. 5B Series Input Connections
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OUTPUT MODULE FEATURES
• Voltage Input Ranges: 0 to +5V or ±5V
• Process Current Output: 4-20mA or 0-20mA
• High Accuracy: ±0.05%
• Reliable Transformer Isolation: 1500V rms CMV,
CMR = 90dB
• Meets IEEE-STD 472: Transient Protection (SWC)
• Output Protection: 240V rms Continuous

GENERAL DESCRIPTION
The 5B39 Current Output Module accepts a high level analog
signal at its input and provides a 4-20mA or 0-20mA process
current signal at its output. The module features high accuracy
of ±0.05% and 1500V rms common-mode voltage isolation pro
tection.
The transfer function provided by this module is:
Input - 0 to + 5V or ± 5V
Output - 4-20mAor0-20mA.

To provide this range of functions four varieties of the 5B39 are
available; unipolar or bipolar input and output range must be
specified when ordering.
5B39 FUNCTIONAL DESCRIPTION
Figure 4 is a functional block diagram of the 5B39 current
output module. The voltage input, usually from a digital-to-analog
converter, is buffered and a quarter scale offset is added if a
4-20mA output is specified.

The signal is latched in a track-and-hold circuit. This track-andhold allows 1 DAC to serve numerous output channels. The
output droop rate is 80pA/s which corresponds to a refresh
interval for 0.01% FS droop of 25ms. The track-and-hold is
controlled by an active-low enable input which is compatible
with CMOS and LSTTL signals. In conventional applications
where one DAC is used per channel and the track-and-hold is
not used, the enable input should be grounded to power common.
This keeps the module in tracking mode.
The signal is sent through an isolation barrier to the current
output (V-to-I converter) stage. Signal isolation is provided by
transformer coupling using a proprietary modulation technique
for linear, stable performance at low cost. A demodulator on the
output side of the signal transformer recovers the original signal,
which is then filtered and converted to a current output. Output
protection allows safe operation even in the event of a 240V rms
power line being connected to the signal terminals.

A single + 5V supply powers a clock oscillator which drives
power transformers for the input circuit and the output’s high
compliance, current loop supply. The output current loop is, of
course, fully floating. In addition, the input section acts as a
third floating port, eliminating many problems that might be
created by ground loops and supply noise. The common-mode
range of the input circuit is limited; however, input common
must be kept with ± IV of power common, and a current path
must exist between the two commons at some point for proper
operation of the track-and-hold control input.

OUTPUT MODULE SPECIFICATIONS

(typical @ + 25°C and + 5V power)

Input Ranges
Output Ranges
Load Resistance Range1
Accuracy2
Nonlinearity
Stability vs. Ambient Temperature
Zero
Span
Common-Mode Voltage, Output to
Input and Power Supply
Common-Mode Rejection
Normal-Mode Output Protection
Output Transient Protection
Sample & Hold:
Output Droop Rate
Acquisition Time
Over Range Capability
Maximum Output Under Fault
Input Resistance
Bandwidth
Power Supply
Power Consumption
Maximum Input Voltage Without Damage
Size
Environmental
Temperature Range, Rated Performance
Storage Temperature Range
Relative Humidity Conforms to
MIL Spec 202
RFI Susceptibility

Oto + 5Vor ±5V
4-20mA or 0-20mA
Oto 65011
± 0.05% Span
± 0.02% Span
±0.5»iA
20ppmofSpan/°C
1500V rms Continuous
90dB
240V rms Continuous
Meets IEEE-STD 472 (SWC)
80p.A/s
50p,s
10%
26mA
lOMfl
400Hz
+ 5Vdc ±5%
0.85W (170mA)
±10V
2.25"x 2.25"x 0.6"

- 25°C to + 85’C
-40°Cto +85“C
Oto95%(a 60°C
Noncondensing
±0.5% span error, 5W
(fl 400MHz(« 3 ft.

NOTES
'With a minimum power supply voltage of 4.95 V, RL can be up to 75011.
2 Accuracy specification includes the combined effects of repeatability, hysteresis and

linearity. Does not include signal source error.
Specifications subject to change without notice.

Figure 4. 5B39 Block Diagram
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5B Series
The SB Series User’s Manual includes an extensive discussion of
system design issues. Design of backplanes which take full
advantage of the 5B Series’ capabilities by maintaining isolation
is emphasized.

DESIGNER APPLICATION FEATURES
• Module Pins Fit Widely Available Sockets
• Single Threaded Insert for Module Hold Down
• Cold Junction Compensation Sensors Available
• Input Modules Have Internal Series Output
Switches
• Output Modules Have Track-and-Hold Inputs

OUTLINE DIMENSIONS
Dimensions shown in inches and (nun).

DESIGNER APPLICATION INFORMATION
The 5B Series was designed to facilitate integration by a system
designer into his own circuit board or backplane. Only a single
3.0mm threaded insert is required for module hold down. Module
pins are accommodated by widely available sockets, and temper
ature sensors for thermocouple cold junction compensation are
available as one-piece precalibrated units.
The 5B Series was also designed to minimize system interface
space and cost. Each input module has an internal series output
switch which can be controlled by a TTL-compatible enable
input eliminating the need for external multiplexers. Each output
module has a track-and-hold input which allows a single digital-toanalog converter to serve numerous channels. In applications
where it is desirable to do so, the module enable lines can be
grounded, and the 5B Series input modules can be used with a
conventional external mux and the output modules with a DAC
per channel.

Ease of system application of these modules is enhanced by the
fact that the output modules have enable and signal input pin
assignments which do not coincide with the enable and signal
output pins of the input modules, see Figure 5. This means that
in a single mix-and-match backplane environment the reading of
inputs and the writing and refreshing of outputs are completely
independent and occur simultaneously. For example, the input
system may dwell for a long time on a single channel to collect
thousands of samples without having to interrupt the process to
do an output refresh or set a new output value. Similarly, a
“dumb” refresh circuit can be built which can maintain outputs
without even knowing which channels have output modules; it
can refresh all channels, and those that are really inputs will
ignore the operation.
BASIC DESIGN GUIDELINES
Modules may be mounted in any position and will normally be
placed next to the screw terminals connecting to the associated
field wiring. The temperature sensor is only used by thermocouple
modules, but it is normally installed in all channel locations in a
“mix-and-match” application. This sensor must be physically
close to the terminals where the thermocouple wire connects to
copper. Because the low power dissipation of the 5B Series
minimizes temperature gradients on the backplane, no special
precautions are needed to get accurate temperature sensing.
Provision must be made on each channel for the 5B32’s current
conversion resistor.

0.345
(8.8)

0.375 (9.2)

0.525 (12.9)

-4

2.250
(57.2)

0.275 (6.7)

INSERT
FOR
3mm
SCREW

0.475 (11.6)

0.375 (9.5)

L
SOCKET
FOR
0.038 PIN
(TOP)

Figure 5. Module Footprint and Pinout

PIN DESIGNATIONS

WRITE EN(0)

23

RESERVED

21

I/O COM

+ 5V

IN LO

22

READ EN (0)

20

Vout

18

Vin

16

POWER COM

19

17

6

IN HI

4

+ EXC

2

SENSOR +

5

-EXC

3

SENSOR -

1

The width of the modules is intended to permit installation on
0.6" centers where required, but consideration must be given in
each application to the required distance between backplane
conductors where large interchannel voltages exist or where
code requirements apply. The nature of the screw terminals
used for field wiring will also factor in determining practical
interchannel spacing.
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BACKPLANE FUNCTIONAL DESCRIPTION

BACKPLANE SPECIFICATIONS

To address diverse applications, the 5B Series includes an ex
panding family of backplanes. Two 16-channel backplanes which
can be mounted in a 19" x 3.5" panel space are available. Each
channel has four screw terminals for field connections. These
connections satisfy all transducer inputs, process current outputs,
and provide transducer excitation when necessary. A cold junction
sensor is supplied on each channel to accommodate thermocouple
modules. A system interface connector provides high level voltage
I/O for all channels. Both 5B Series backplanes require a +5V
external power source. Other backplanes with integral power
supplies are under development.

Channels
External Power
Requirement
Cold Junction Sensor
Physical Size

5B01.5B02

5B03/5B04

16

1,2

+ 5V
On Each Channel
3.5"x 17.4"
88.9mm x 442mm

★
★
4.25" x 1.37"
108mm x 34.7mm

*Same as 5B01, 5B02.

The 5B Series offers high density packaging to conserve mounting
space and can be easily tailored to fit the user’s needs. All modules
feature universal pin out which assures interchangeability. The
screw down design allows easy reconfiguration.
The 5B01, diagrammed in Figure 6, provides sixteen single
ended input/otitput pins on the system connector. It is pin
compatible with Analog Devices’ 3B Series applications. (Note,
however, that 5B Series modules provide a ± 5V output swing
rather than the ± 10V swing provided by 3B Series modules).

,UTf I

RESERVED

IS THE ANALOG OUTPUT OF INPUT MODULES
IS THE ANALOG INPUT OF OUTPUT MODULES

MATING CONNECTOR

MATING CONNECTOR AMP PN 499&S-6 OR EQUIVALENT

Figure 8. System Connector Pinout
ACCESSORIES

To ease the board design process for designers and to complete
the 5B Series subsystem solution, the following accessories are
available.
Figure 6. 5B01 Block Diagram

CJC Sensors. SIP temperature sensors are available to provide

cold junction temperature measurement for thermocouple appli
cations on user designed backplanes. These sensors are provided
on each channel of all backplanes. Model number AC 1361.

The 5B02, diagrammed in Figure 7, incorporates an input and
an output bus which take advantage of the internal series output
switches in the input modules and the track-and-holds in the
output modules. Designers integrating the 5B02 into a measure
ment and control system do not need external multiplexers and
can use a single digital to analog or analog to digital converter to
serve numerous output or input channels.

Current Conversion Resistors. Supplied with each 5B32 Current

Input Module, a replacement pluggable resistor (2011) assembly.
Model number AC1362.
Single Channel Socket. A single channel test socket with screw
terminals and cold junction compensation for module evaluation.
DIN rail compatible. Model number AC1360.

For smaller applications, the 5BO3 and 5B04 module sockets are
available for one and two 5B Series modules, respectively. These
module sockets may be clustered for groups of three or more
signals, and they are DIN rail compatible using Phoenix Universal
Module UM elements.

Rack Mount. A single piece metal chassis for mounting 5B

Series backplanes in a 19" rack. Model number AC1363.
Power Supplies. Chassis mounted 1A (model number 955), 3A

(model number 976) and 5A (model number 977) 5V power
supplies are available.

ADDRESS
DECODERS

Cables. A 2' (60cm) 26-pin cable with two connectors, model

number AC1315. For daisy chaining 5B02 backplanes, a 26-pin
cable with three connectors, model number CAB-01.
Interface Board. A universal interface board with a 26-pin
connector in and 26 screw terminals out. Model number
AC 1324.
Voltage Switch Input Module. A nonisolated, unity gain module

which allows a preconditioned signal to be connected into the
5B Series backplane. Model number AC 1367.

®]
Figure 7. 5B02 Block Diagram
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►

Configurable, Analog and Digital I/O
Signal Conditioners

ANALOG
DEVICES

6B Series

• Small Package: 2.3"x3.1"x0.75"
Modules Plug into Backplane for High Channel
Density
• Specifications Valid Over the -25°C to +85°C
Temperature Range

ANALOG I/O FEATURES
• Sensor-to-Computer Conditioning and Digitizing
• Inputs/Outputs: Thermocouples, RTDs, Millivolt,
Volt, Process Current
• Communication Interface: RS-485
Backplane Option of RS-232 or RS-485
• Field Configurable via Software
6B11: J, K, T, E, R, S and B Thermocouple,
±15 mV to ±5 V, 4-20 mA, 0-20 mA
6B12: ±150 mV to ±50 V, 4-20 mA, 0-20 mA
6B13: 100 O Pt, 120 fl Ni and 10 fl Cu
6B21: 0-20 mA or 4-20 mA Output
• Configurable Parameters Stored in Module's
EEPROM
• Autocalibrating, High Performance Integrating
Converter, No Potentiometers Required
• Linearized Outputs in Engineering Units
• Input to Output Isolation: 1500 V rms
Meets IEEE Standard for CMV Transient Voltage
Protection (IEEE-STD 472)

DIGITAL I/O FEATURES
• 24 Channels of Digital I/O
• Interfaces with Industry Standard Solid-State Relay
Panels
• Readback for Output Monitoring
• Bit or Byte Addressable
• Communication Compatible with Analog I/O
Backplanes

APPLICATIONS
Distributed Data Acquisition and Control
Test Stand Automation
Machine Monitoring
Material Testing
Energy Management

This eight-page data summary contains key specifications to speed
your selections of the proper solution for your application. Addi
tional information on this product can be obtained by from your
local sales office.
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GENERAL DESCRIPTION
The 6B Series of modules and boards provide the hardware
needed to implement a flexible, distributed monitoring and con
trol application. By selecting only the modules and interfaces
needed and connecting them via RS-485, the data acquisition
and control strategy can be designed for optimum location of the
I/O as well as minimizing sensor runs. The modularity and con
figurability of the 6B Series also makes them very cost effective.

Analog I/O
The 6B Series analog I/O modules represent a complete sensorto-RS-485 solution. Each module performs signal conditioning,
isolation, ranging, A/D or D/A conversion and digital communi
cations. The sensors and inputs supported include thermocou
ples, RTDs, millivolt, volt and current signals. The output
module can drive 0-20 mA or 4-20 mA interface valves or actua
tors. All calibration, address and linearizing parameters are
stored in nonvolatile memory in the module.

Designed for industrial applications, the 6B Series modules in
corporate transformer based isolation with automated surface
mount manufacturing technology for increased reliability at
low cost. These compact, rugged modules can be mixed and
matched on a 16 channel backplane for high density, remote
data acquisition and control.

DESIGN FEATURES AND USER BENEFITS
Digitizing and Conditioning: By combining the signal condi
tioning and isolation functions with the A/D or D/A converter,
the task of designing a computer based data acquisition system
is greatly simplified. Since the RS-485 standard is a party line
configuration, multiple 6B modules can be daisy chained onto
the same bus.

Configurable: Each 6B Series module is configurable through
software for many parameters including sensor type, output for
mat, baud rate and checksum status. This can be very useful in
pilot plant environments where the temperature ranges are not
known beforehand. An additional benefit is that inventory can
be greatly reduced for an application.

High Performance: The high quality signal conditioning com
bined with a precision A/D or D/A converter delivers ±0.05%
accuracy including all temperature effects. For input modules,
the auto-zeroing feature of the A/D converter assure excellent
zero drift and long term stability.
Small Size and Remotely Mountable: A 16-channel backplane
can be mounted on a 19" rack and occupies only 3.5" of rack
space. Each backplane has a RS-485 interface on screw terminals
and an optional converter to RS-232. This allows easy hookup to
a computer over distances up to 4000 ft (RS-485).

Unlike conventional signal conditioners, each 6B module is a
complete microcomputer based data acquisition system. A big
advantage of an onboard microcontroller is the ability to recon
figure each module for various sensor types and input ranges.
This reduces the number of different models that have to be
used in a given application and carried in inventory. Also, by
distributing the processing needs down to the node level, the
host is off-loaded for supervisory and higher level control
functions.
Interconnection between modules is via an RS-485 bidirectional
serial bus standard. Communications between modules and host
is in ASCII over an RS-232 or RS-485 link. Interface circuitry
to convert RS-232 to RS-485 is built into the backplane. Baud
rates are software programmable, and speeds up to 19.2 K baud
can be selected.

All modules are fully encapsulated and identical in pinout and
size (2.3"x3.1"x0.75"). The 6B Series is fully specified over the
industrial temperature range of -25°C to +85°C.
Digital I/O
Digital signals can be monitored and controlled in a 6B Series
RS-485 network by a 24-channel digital I/O interface board.
This subsystem is completely compatible with the 6B Series
protocol. Connections to 16 and 24 channel solid-state relay
backplanes is via a 50 conductor ribbon cable. This allows inter
facing with inputs and outputs from 4 to 240 V. Power control
modules are also available that can switch up to three amps and
come with a variety of ratings for low voltage de to 280 V ac.

Similar to the analog modules, the digital I/O subsystem has an
onboard microcontroller as well as nonvolatile memory. All the
digital channels are addressable on a byte or bit-by-bit basis. In
addition, the board can easily be configured for its address,
baud rate and checksum status.
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Figure 1. 6B Series Analog I/O Block Diagram

Analog I/O Modules - 6B Series
FEATURES
• Variety of Signal Source Inputs
Sensors: Thermocouples and RTDs
Millivolt and Voltage Sources
4-20 mA and 0-20 mA Process Current Inputs
• RS-485 Output
• Software Configurable for Ranges and Sensors
• All Configurable Parameters Stored in EEPROM
• Linearized Output in Engineering Units
• Mix and Match Input Capability
• Reliable Transformer Isolation: 1500 V CMV,
160 dB CMR, Meets IEEE-472: CMV Transient
Protection
• Input Protection: 240 V rms Continuous

DESCRIPTION
The 6B Series input modules cover all signal ranges from
±15 mV to ±50 V and all thermocouple and RTD types. The
input signal is conditioned and scaled by the programmable gain
amplifier and digitized by a 16-bit integrating converter under
microprocessor control. The conversion rate is 9 samples/sec
which gives a Nyquist bandwidth of 4.5 Hz.

The digitized value is passed serially across a magnetically iso
lated barrier (1500 V rms) and clocked in by a custom controller
chip. The onboard microcontroller then converts the data into
engineering units as determined by the channel parameters, i.e.,
whether the input signal was from a thermocouple, an RTD or a
process current. In between conversions the microcontroller
auto-zeros the offset and gain by monitoring the onboard tem
perature and reference drift. CJC compensation is also per
formed at this stage.

dressing. The format is ASCII, and all standard baud rates up
to 19.2 K baud are possible. Refer to the communication section
of the data sheet for a summary of the command set.
Each 6B Series module can be recalibrated in the field or lab to
an external reference. Similarly it can be reconfigured in the
field for a different transfer function. All user configured param
eters are stored in the nonvolatile memory (EEPROM) of the
module.

The 6B11 linearizes and compensates J, K, T, E, R, S and B
thermocouples and digitizes millivolt and volt ranges from
±15 mV to ±5 V. The 6B12 interfaces with high level signals
ranging from ±150 mV to ±50 V and the 6B13 linearizes 100 fl
Pt (alphas of 0.00385 and 0.003916), 120 fl Ni RTDs and 10 fl
Cu RTDs.
The 6B Series modules have a simple master-slave relationship
with the host and respond only when spoken to. Each module
has a unique ID number stored in nonvolatile memory for ad

Figure 3. 6B Input Module Block Diagram
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FEATURES
Digitally Controlled Current Loop Output (12-Bits)
Programmable Output Ranges: 0-20 mA or 4-20 mA
Active Current Output; External Loop Power Supply
Not Required
Common Mode Isolation: 1500 V
Meets lEEE-Std 472 for CMV Transient Protection
Normal Mode Output Protection: 240 V rms
Programmable Slew Rate Limiting
Output Monitoring and Readback for Fault Detection

APPLICATIONS
Distributed Data Acquisition and Control
Industrial Pilot Plant Control
Machine Control
Energy Management

GENERAL DESCRIPTION
The 6B21 is an output module in the 6B Series that provides
0-20 mA or 4-20 mA process currents. It is electrically and me
chanically compatible with the existing modules and backplanes.
It takes a command from the host and converts it into an iso
lated process current suitable for interfacing with valves and ac
tuators. The 6B21 was designed with fault protection as a key
objective. In addition, the actual current flowing in the current
loop can be read back by an on-board isolated A/D converter.
The module will revert to a preset output stored in
EEPROM in case of a brown-out.
The block diagram for the 6B21 is shown in Figure 4. An on
board microprocessor communicates with the host through a
RS-485 port to exchange command and status information. An
EEPROM is used to store calibration constants as well as config-

Output Module Specifications
Model
OUTPUT SPECIFICATIONS
Range

Initial Accuracy
Output Offset
Span
Accuracy vs. Temperature
Output Offset TC
Gain TC
Resolution
Nonlinearity
Bandwidth
Settling Time
Noise (100 Hz Bandwidth)
Load Resistor
Normal Mode Protection
Slew Rate

Figure 4. 6B21 Block Diagram

uration information. The microprocessor also controls the
output DAC through an optically isolated serial interface. The
D/A converter drives the current loop through a protected V/I
converter.

The output monitor is a V/F converter whose frequency is pro
portional to the loop current. This variable signal frequency is
fed back to the microprocessor through an optical isolator. The
microprocessor then scales the frequency signal and returns the
current readback data to the host. A DC/DC converter generates
25 V @ 25 mA to power the current loop and output circuitry
from the +5 V power supply.
The 6B21 is encapsualted and packaged in a 2.3"x3.1"x0.75"
module. It is fully specified over the industrial (-25°C to
+ 85°C) temperature range.

(typical @ 25°C and +5 V power unless otherwise noted)

6B21

0-20 mA + 10% Overange
4-20 mA +10% Overrange
±5 pA (±15 pA max)
±0.02% FSR (±0.05% FSR max)
±1 pA/°C
±50 ppm/°C
±0.02% FSR
±0.02% FSR
100 samples/sec
1 ms to 0.1% FSR
1 pA pk-pk
0 to 750 11
240 V rms
Step Response Plus 0.125 - 128 mA/sec in Eleven Binary Ranges

READBACK SPECIFICATIONS
Initial Accuracy
Output Offset
Span
Accuracy vs. Temperature
Output Offset TC
Gain TC
Resolution
Nonlinearity

±5 pA/°C
±200 ppm/°C
0.5% FSR
0.5% FSR

ISOLATION SPECIFICATIONS
Common Mode Voltage Input to Output
CMR @ 60 Hz
Transient Protection

1500 V rms
90 dB min
IEEE-Std 472 (SWC)

POWER CONSUMPTION

1.2 W

±100 pA
±0.5% FSR

NOTES
jSee table for specific accuracy by range.
*Specifications same as 6B11.
Specifications subject to change without notice.
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Digital I/O - 6B Series
FEATURES
24 Channels of Digital I/O
Interfaces with Industry Standard Digital I/O Panels
High Output Current Capability
RS-232 Interface to Host (6B50-2)
RS-485 Interface to Other 6B Series Backplanes
Instruction Set Compatible with 6B Series
Readback for Output Monitoring

APPLICATIONS
Distributed Data Acquisition and Control
Industrial Pilot Plant Control
Machine Control
Energy Management

GENERAL DESCRIPTION
The 6B50 is a digital I/O board that is compatible with the 6B
Series at the network level. It takes a command from the host
and converts it into logic levels suitable for interfacing with in
dustry standard optoisolated digital I/O panels. All I/O channels
can be configured for input or output, using bit or byte address
ing. In addition, the status of the port can be read back by the
host to confirm the I/O configuration.

The block diagram for the 6B50 is shown below. An onboard
microprocessor communicates with the host to exchange com
mand and status information. An EEPROM is used to store
system parameters (address, baud rate, etc.) as well as I/O
configuration information. The microcontroller is interfaced to
8-bit latches and buffers for a maximum of 24 digital I/O chan
nels. Each channel can be set individually as an input or output.
Similar to other 6B Series backplanes, the 6B50 is available
with only an RS-485 interface (6B50-1), or with an additional
RS-485/RS-232 converter (6B50-2). The 6B50 is a 3.47" x 6.5"
open board that can be panel or rack mounted. It is fully speci
fied over the commercial (0 to +70°C) temperature range.
INTERFACING
The 6B50 interfaces with industry standard single and quad
solid-state relay modules. These are available for use with inputs
and outputs from 4 V to 240 V. Power control modules can
switch up to three amps and are available in a variety of ratings
for low voltage de to 280 V ac. Analog Devices also supplies 16and 24-channel digital subsystems (DB-16 and DB-24) that in
terface with the 6B50 through a 50 conductor flat ribbon cable.

Figure 5. 6B50 Block Diagram

Model

Range

IA140A
IA280A
OA140A
OA280A
ID016
ID032
OD060
OD200

AC Input, 140 V
AC Input, 280 V
AC Output, 140 V
AC Output, 280 V
DC Input, 16 V
DC Input, 32 V
DC Output, 60 V
DC Output, 200 V

The quad modules listed below plug into the DB-24 board.
Model

Range

OA240QA
OD60Q
IA120QA
IA240QA
ID32Q
ID16FQ

4 Channels Output, 120 V/240 V AC
4 Channels Output, 60 V DC
Input, 120 V AC
4 Channels Input, 240 V AC or DC
4 Channels Input, 10-32 V DC
4 Channels Fast Input, 16 V DC
50 pis Turn-on Time, 100 p.s Turn-off Time

The single channel modules listed below plug into the DB-16
board.
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BACKPLANES
Backplane Description
The 6B Series backplanes, combined with modules, provide a
complete data acquisition system for end users. Each backplane
incorporates screw terminals for field wiring inputs and outputs
and cold junction compensation for thermocouple applications.
The communication interface is RS-232 or RS-485 depending on
the option.
For flexibility in application, one, four and sixteen channel
backplanes are provided. These can be ordered either with the
standard RS-485 interface, or with the optional RS-485 to RS232 converter. The RS-232 interface allows easy hookup to most
serial ports, while the standard RS-485 interface can be used for
daisy chaining additional backplanes. The RS-485 interface can
drive a twisted pair cable upto a maximum of 4000 ft.

BACKPLANE SPECIFICATIONS
Power
Channels Interface
*
Dimensions Consumption

6BP01-1
6BP01-2
6BP04-1
6BP04-2
6BP16-1
6BP16-2

1
1
4
4
16
16

RS-485
RS-232
RS-485
RS-232
RS-485
RS-232

4.25"xl.37"
4.25"x2.85"
3.47"x6.5"
3.47"x6.5"
3.47"x 17.4"
3.47"x 17.4"

Passive
200 mA
200 mA
200 mA
200 mA
200 mA

SOFTWARE SUPPORT
Utility Disk: A test program to evaluate the 6B Series is part of
the 6B Series User’s Manual. This allows for functionality of the
modules to be tested on the bench as well as for programming all
parameters, i.e., address, range, output format, checksum
enable, etc.
Drivers: Drivers for popular software packages are also available
as accessories. These drivers provide transparent access to the 6B
Series modules from the serial port, and maintain a user friendly
interface. Drivers are currently available for: Control EG
*,
LABTECH NOTEBOOK1 and THE FIX1.

LABTECH1 ACQUIRE: Bundled with every 6B Series order at
no extra charge, ACQUIRE is a basic software package that sim
plifies the data acquisition and recording process. It provides a
menu driven software interface for the 6B Series and is very easy
to learn. ACQUIRE features data logging and triggering options,
as well as several ways to display data graphically.
‘Control EG is a trademark of Quinn-Curtis.
+LABTECH and LABTECH NOTEBOOK are registered trademarks of
Laboratory Technologies Corporation.
*THE FIX is a registered trademark of Intellution, Inc.

'All backplanes have the RS-485 interface.

All 6B Series backplanes require a +5 V ± 5% power supply for
the backplane circuitry as well as the modules. Backplanes and
power supplies can be easily mounted on a rack mount kit
described below.

RS-232 TO/FROM

CONFIG JUMPER

RS-485 TO/FROM NEXT BACKPLANE;
ALL SUBSEQUENT BACKPLANES MUST
BE RS-485 INTERFACE ONLY

Figure 6. 6BP16-2 Block Diagram
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6B Series

Input Module Specifications

(typical @ 25°C and +5 V power)

Model

6B11

6B12

6B13

Input Ranges

Thermocouple, mV,
V, mA
RS-485
±0.05% or better1
±0.3 p.V/°C
±25 ppm/°C max
1500 V rms Continuous
160 dB

mV, V, mA

Pt, Ni, Cu RTD

*
*
*
± 50 ppm/°C max
*
108 dB

*
±0.03°C (Pt, Ni)
| Combined Effect: ±0.005°C/°C

58 dB
240 V rms Continuous
IEEE-Std 472 (SWC)
100 Mfl
4 Hz
9 samples/sec
1.2 W

56 dB
*
*
1 Mil
*
*
*

*
*
*
N/A
*
*
*

Output
Accuracy1
Zero Drift
Span Drift
Common Mode Voltage, Input to Output
Common Mode Rejection @ 50 Hz or 60 Hz
1 kfl Source Imbalance
Normal Mode Rejection @ 50 Hz or 60 Hz
Differential Input Protection
Input Transient Protection (CMV)
Input Resistance
Bandwidth
Conversion Rate
Power Consumption

*
*

Range Accuracy (typical @ 25°C and +5 V power)
Hex
Code

Range Description

Typical
Accuracy

Maximum
Error

Peak-to-Peak
Noise

Units

00
01
02
03
04
05
06
0E
OF
10
11
12
13
14

6B11
±15 mV
±50 mV
±100 mV
±500 mV
±1 V
±5 V
±20 mA1
J Thermocouple, 0 to 760°C
K Thermocouple, 0 to 1000°C
T Thermocouple, - 100°C to 400°C
E Thermocouple, 0 to 1000°C
R Thermocouple, 500°C to 1750°C
S Thermocouple, 500°C to 1750°C
B Thermocouple, 500°C to 1800°C

±0.03
±0.015
±0.0055
±0.005
±0.005
±0.005
±0.008
±0.4
±0.5
±0.5
±0.5
±0.63
±0.62
±1.2

±0.06
±0.04
±0.03
±0.03
±0.03
±0.03
±0.03
±0.75
±0.75
±0.75
±0.75
±1.5
±1.5
±2.0

±0.02
±0.01
±0.005
±0.002
±0.005
±0.0015
±0.005
±0.14
±0.22
±0.2
±0.2
±0.3
±0.4
±0.7

% of FS
% of FS
% of FS
% of FS
% of FS
% of FS
% of FS
°C
°C
°C
°C
°C
°C
°C

07
08
09
0A
0B
OC
0D

6B12
±50 V
±10 V
±5 V
±1 V
±500 mV
±150 mV
±20 mA1

±0.006
±0.006
±0.006
±0.006
±0.01
±0.03
±0.006

±0.03
±0.03
±0.03
±0.03
±0.04
±0.06
±0.03

±0.004
±0.005
±0.006
±0.007
±0.008
±0.02
±0.007

% of FS
% of FS
% of FS
% of FS
%of FS
% of FS
% of FS

20
21
22
23
24
25
26
27
28
29
2A
2B

6B13
Pt, -100°C to + 100°C, a = 0.00385
Pt, 0°C to + 100°C, a = 0.00385
Pt, 0°C to +200°C, a = 0.00385
Pt, 0°C to +600°C, a = 0.00385
Pt, -100°C to + 100°C, a = 0.003916
Pt, 0°C to + 100°C, a = 0.003916
Pt, 0°C to + 200°C, a = 0.003916
Pt, 0°C to +600°C, a = 0.003916
Ni, -80°C to +100°C
Ni, 0°C to + 100°C
Cu, 0°C to + 120°C, = 0 fl @ 25°C
Cu, 0°C to +120°C, 10 fl @ 25°C

0.02
0.03
0.03
0.05
0.03
0.05
0.03
0.04
0.05
0.03
0.13
0.11

0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.5
0.5

0.03
0.04
0.04
0.05
0.03
0.03
0.04
0.05
0.02
0.02
0.04
0.04

°C
°C
°C
°C
°C
°C
°C
°C
°C
°C
°C
°C

NOTE
‘Excluding error contribution from current sense resistor.

Common Module Specifications
POWER SUPPLY
Voltage, Operating

+ 5 V ± 5%

ENVIRONMENTAL
Temperature Range
Rated Performance
Storage
Relative Humidity (MIL Spec 202)

-25°C to +85°C
—40°C to +85°C
0 to 95% (?< 60°C
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Digital I/O Specifications

(typical @ 25°C and +5 V power unless otherwise noted)

6B50

Model

DIGITAL I/O
Number of I/O
I/O Circuit Configuration
Digital Inputs
High Level Input
Low Level Input
Digital Outputs
High Level Output Current
Low Level Output Current
High Level Output Voltage

24 (Configurable for Input or Output)
Open Collector Outputs with 47 kfl Pullups to +5 V

3.5 V min, 5.25 V max
0.8 V max
50 pA (fl 5 V
100 mA (fl 1.1 V
5.25 V max

COMMUNICATIONS
RS-232C
Baud Rates
Maximum Distance
RS-485
Baud Rates
Maximum Distance

300, 600, 1200, 2400, 4800, 9600, 19.2 K
4000 ft

POWER SUPPLY
Voltage, Operating
Current, Quiescent

+ 5 V ± 5%
225 mA1

SIZE

3.47" x 6.5" (90.68 mm x 365.1 mm)

ENVIRONMENTAL
Temperature Range
Rated Performance
Storage
Relative Humidity

0 to +70°C
-40°C to +85°C
0 to 90% Noncondensing

300, 600, 1200, 2400, 4800, 9600, 19.2 K
50 ft

NOTE
'Excluding load current.
Specifications subject to change without notice.
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Figure 7. 6B50 Digital I/O Board Block Diagram

Figure 8. 6B Series Connections
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ANALOG
DEVICES

Low Cost, Modular
Process Control Signal Conditioners
7B Series

FEATURES
• Accepts Process Control Input Signals:
Thermocouples, RTDs, Current, Millivolt and
Voltage Inputs
• Powered Current Input Provides Isolated +24 V
for a Transmitter
• Analog Current Output Module
• Complete Signal Conditioning Function: 120 V RMS
Field Wiring Protection, Filtering, Amplification,
1500 V RMS Transformer Based Isolation
• Operates From +14 V DC to +35 V DC Power
• Factory Calibrated Accuracy
• Mix and Match Modularity
• Custom Ranges Available

GENERAL DESCRIPTION
The 7B Series of signal conditioners represents a new level of
price versus performance for the process control industry. These
modular, plug-in conditioners accept inputs from the most com
mon process control transducers and signals and provide a high
level isolated output voltage. Galvanic isolation of 1500 volts rms
is achieved by transformer based circuitry. Both the signal path
and the power supply are isolated enabling true channel-to- ,
channel isolation.

A variety of backplanes are available to provide a complete solu
tion for the end user or systems integrator. Each backplane con
tains screw terminals for the field wiring connections. A cold
junction compensation thermistor is installed under the terminal
blocks on each channel. Only the thermocouple input module
receives this input signal. This flexibility allows any module
type, input or output, to be used in any channel on the back
plane. A 25-pin D style connector is used for system hookup.
Provisions are made for redundant power connections as well as
an LED to indicate power on. Nineteen-inch rack mount kits

The modules accept a nominal power supply input of +24 volts
are available,
****
de with a range of +14 volts to +35 volts. The small size of 1.7"
x 2.1" x 0.60" allows large point count applications without
w
taking up a lot of space. All specifications are valid over
W APPLICATIONS
The 7B Series of signal conditioners is designed to provide an
to +85°C.
■■
■.
'
easy and cost effective solution to interfacing to transducers in
Isolated input modules are available for J, K, T, E, R, S and B
process monitoring and control systems. These modules can be
thermocouples; platinum, copper and nickel RTDs; and cur
designed into a system as a component or used with Analog De
rent, voltage and millivolt signals. The isolated powered loop *
vices’ backplanes to provide a higher level solution. The +24
input module provides +24 volts for a transmitter and accepts a
volt power supply requirement and a simple pinout eases the
4-20 mA current input. All input modules provide a high level
integration of the 7B Series into a user designed backplane. Ap
1-5 volt output signal, with additional output ranges available.
plications requiring monitoring and control of large numbers of
An isolated current output module provides a 0-20 mA or
analog signals are a perfect fit for the 7B Series.
4-20 mA signal to the field for control applications. A compact
sensor for cold junction compensation reduces the space re
quired on the backplane.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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SPECIFICATIONS

Input Modules (All specifications are at +25°C, +24 V power.)
7B34

Model

7B30/7B31

7B32

Input Ranges
Output Ranges
Accuracy'

DC mV/DC V
1-5 V, 0-10 V
±0.1% Span max

Nonlinearity

±0.02% max

Current
de V
RTD
Current
1-5 V, 2-10 V 1-5 V, 2-10 V
1-5 V, 2-10 V
*
±0.13%—±0.25%
Span max2
±0.025%
±0.05% Span
±0.025%
Conformance

Stability vs. Ambient Temperature
Input Offset (max)
Output Offset
Span
CMV, Input to Output
CMR @ 50 or 60 Hz,
1 kfl, Source Unbalance
NMR @ 60 Hz
NMR @ 50 Hz
Input Protection, Continuous
Voltage Output Protection
Input Transient Protection
Input Resistance
Bandwidth
Response Time, 0 to 90%
Minimum Output Voltage
Maximum Output Voltage
Open Input Response
Open Input Detection Time
Power Supply
Power Supply Sensitivity
Power Consumption
Size (H)(W)(D)
Environmental
Rated Temperature Range
Operating Temperature Range
Storage Temperature Range
Relative Humidity

±1 p.V/’C/ ±5 pV/°C
±35 ppm/°C
± 10 ppm/°C
60 ppm/°C max/80 ppm/°C max
1500 V RMS Continuous
140 dB/120 dB min
60 dB min
56 dB min
120 V AC Continuous
Continuous Short to Gnd
Meets IEEE-STD472
10 Mfl/100 kfl
3 Hz
200 ms max

7B33

±35 ppm/°C

105 dB min

±0.02oC/°C

±25 ppm/°C

160 dB min

105 dB min

Thermocouples
±0.10%—±0.15%
Span Max2

160 dB min

*

100 Hz
10 ms max

ownscale

Downscale
2 s max

Upscale
10 s max

±0.01% Span/V, m.ix
25 mA max
»
’
2.13"x 1.705"x0.605”, max
-40°C to
-40°C to
-40°C to
0 to 90%,

7B37

7B35

+85°C
+85°C
+85°C
Noncondensing

10 Mfl min
3 Hz
200 ms max

Downscale
Upscale
2 s max
10 s max
+ 18 Vto +30 V
★
±0.025%
60 mA max

★

NOTES
‘Accuracy specification includes the combined effects of repeatability, hysteresis and linearity and does not include sensor or signal source error.
2Accuracy specification is dependent on input range, consult factory.
3l-5 V output.
40-10 V output.
‘Specifications same as 7B30.
Specifications subject to change without notice.

Input Type / Span
VOLTAGE
mV DC:
V DC:
V DC:
V:

Output

0-10 mV, 0-50 mV, 0-100 mV
0-1 V, 0-5 V, 1-5 V
0-10 V
1-5 V

PROCESS CURRENT
4-20 mA
4-20 mA, External 250 fl Resistor
0-20 mA dc/4-20 mA de,
External 250 flResistor
4-20 mA Powered Loop Current

1-5
1-5
1-5
1-5

V, 0-10 V
V, 0-10 V
V, 0-10 V
V

Model
7B30
7B30
7B31
7B33

1-5 V
1-5 V

7B32
7B33

1-5 V, 0-10 V
1-5 V

7B30
7B35

RTDs
100 fl Pt, 10 fl Cu, 120 fl Ni

1-5 V, 0-10 V

7B34

THERMOCOUPLES
J, K, T, E, R, S, B

1-5 V, 0-10 V

7B37

PIN DESIGNATIONS
I/O & POWER COM
V<3UT

+24 VOLTS
INPUT LOW
INPUT HIGH
SENSOR

5
4
3
2
1
0

NOTE
PIN 0 IS ONLY USED ON THE
7B34 RTD INPUT AND THE 7B37
THERMOCOUPLE INPUT MODULES.

Table I. Input Selection

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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Output Module (All specifications are at +25°C ±5°C, +24 V power.)
Model

7B39___________________

Input Range
Output Range
Load Resistance Range
Accuracy1
Nonlinearity
Stability vs. Ambient Temperature
CMV, Input To Output
Normal Mode Output Protection
Output Transient Protection
Input Resistance
Open Input Response
Open Input Detection Time
Response Time 0 to 90%
Output Range
Minimum Output Current
Maximum Output Current
Bandwidth
Power Supply
Power Supply Sensitivity
Power Consumption
Maximum Input Voltage
Size
Environmental
Rated Temperature Range
Operating Temperature Range
Storage Temperature Range
Relative Humidity

1-5 V, 0-10 V
4-20 mA, 0-20 mA
0 to 750 ft
±0.1% max
±0.02% max
±0.01%/°C max
1500 V RMS Continuous
120 V RMS Continuous
Meets IEEE-STD472 (SWC)
10 MQ
Downscale
2 s max
10 ms max

32 mA
100 Hz
+ 14 V de to +35 Vdc
±0.012%/V
65 mA

-40 C
-40°C
-40°C

0 to 90% Noncon

NOTES
‘Accuracy specification includes the combined effects of repeatability, hysteresis and linearity. Does not include signal source error.
Specifications subject to change without notice.

7B SERIES MODULE OUTLINE
Dimensions shown in inches and (mm).

Module

Fastening Screw

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
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SYSTEM DESIGN FEATURES
• Power Supply Range of +14 Volts to +35 Volts
• Single Threaded Insert for Module Hold Down
• Accepts Thermistor for Cold Junction Compensation

SYSTEM DESIGN INFORMATION
The 7B Series was designed to be easily integrated into a process
control system. The pins and the hold down screw fit into the
same sockets as those used with the solid-state relays. The ther
mistor recommended for cold junction compensation is commer
cially available. The pins are 0.040" in diameter and 0.210"
extending from the bottom of the case. The millivolt, volt and
current input modules and the current output module have five
pins and the thermocouple and RTD modules have six pins
each. The RTD module requires three field wiring connections,
all others need two.

BASIC DESIGN GUIDELINES
Modules may be mounted in any position and will normally be
placed next to the screw terminals connecting to the associated
field wiring. The temperature sensor is used only by the ther
mocouple modules; but if it is installed in each channel, then
modules can be inserted in any channel depending upon the ap
plication. The operation of the non-thermocouple modules is not
affected by the temperature sensor. This sensor must be physi
cally close to the terminals where the thermocouple wire connects to copper. Because the low power dissipation of the 7B
Series modules minimizes temperature gradients on the back
plane, no special precautions are needed to get accurate temper
ature sensing.
Provisions must be made for a current sense resistor if there are
current inputs and the 7B32 with the internal Sense resistor is *
not being used. The the screw terminals for the field wiring
connections are large enough the resistor can be connected di
rectly on the terminals. Provisions can also be made to use the
pluggable current sense resistor offered as an accessory.

The width of the modules permits installation on 0.625" centers
where required, but consideration must be given in each appli
cation to the required distance between backplane conductors
where large interchannel voltages exist or code requirements ap
ply. The isolation specification may be downrated due to the
module spacings.

MODULE DESCRIPTIONS
7B30 and 7B31: Isolated Millivolt and Voltage Input
The 7B30 and 7B31 accept millivolt and volt signals, respec
tively. They each provide an isolated +1 to +5 volt or 0 to +10
volt output signal. Both thodules have standard ranges from
±10m volts up th +10 V or a custom range can be specified
within these limits. The 7B31 can be used with the AC1372 cur
rent sense resistor to provide a current input module with a 0 to
+10 volt output. These modules have a 3 Hz bandwidth.
Figure 1 shows a block diagram of the 7B30/7B31. The high
and low input terminals are protected for up to 120 V rms. The
high. level
*signals
of the 7B31 are attenuated and both modules
have a one pole low pass filter on the input. A low drift ampli
fier provides the gain of the module. The signal is modulated
and passed across a transformer supplying 1500 volts of isola
tion. The signal is then demodulated so the original signal is
recovered. The two pole output filter and buffer ensure a clean
low noise signal on the output. The power supply section of the
module is also isolated allowing channel-to-channel isolation.

SIGNAL

Figure 1. 7B30/7B31 Block Diagram

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.

13-146 SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS

7B Series
SIGNAL

Figure 2. 7B32 Block Diagram

7B32: Isolated Current Input
The 7B32 accepts a 4-20 mA current input and provides a +1
to +5 volt output. The 7B32 incorporates an internal protected
current conversion resistor allowing the process current to be
directly connected to the module without compromising system
integrity. The internal resistor allows the module calibration to
include the current sense resistor. Downscale open input detec
tion and a bandwidth of 100 Hz is featured.

Figure 2 is a functional block diagram of the 7B32. The module
features input protection of 120 V rms in addition to a low pass
filter on the input. The input current is converted to a voltage
signal and then modulated to pass across the transformer bar
rier. The isolated signal is then demodulated and bifffCred and
filtered to provide a clean output voltage proportional to the in
put current.
The 7B32 is available with a +1 to +5 volt output. If a current
input module with a 0 to +10 volt output is desired, a standard
7B31 with a +1 to + 5 volt input and a 250 fl current conver
sion resistor (model AC1372) can be used. In applications where
an external current sense resistor is preferred, the 7B33 voltage
input module and the current sense resistor can be used to allow
a +1 to +5 volt output.

7B33: Isolated High Level Voltage Input
The 7B33 accepts a +1 to + 5 volt input signal and provides a
+1 to +5 volt output with a signal bandwidth of 100 Hz.

Figure 3 is a functional block diagram of the 7B33. The two
input terminals are protected for the hookup of 120 V rms. A
2.2 Mfl resistor on the input provides downscale open input
defection within 2 seconds of a break on the input. A low pass
filter combined with a low drift amplifier insure a clean signal
into the modulator stage. The signal is modulated and passed
across the transformer to provide 1500 V rms common mode
isolation. The signal is recovered by the demodulator and fed
through a 2-pole filter and buffered to provide a clean, low im
pedance output signal.
The 424 volt power input to the 7B33 provides power for the
output stage and is passed across a second transformer in order
to provide isolated power for the input circuitry. This ensures
channel-to-channel isolation of the modules.

The 7B33 is available with a +1 to +5 volt input and a +1 to
+ 5 volt output, this module has no provisions for gain or atten
uation or custom ranges. The 7B30 and 7B31 mV and V input
modules should be used for custom ranges or different input or
output ranges.
The 7B33 can be used with a 250 fl resistor as a current input
module. This external current sense resistor allows the current
loop to be maintained if the module has to be removed.
SIGNAL

Figure 3. 7B33 Block Diagram
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REF

Figure 4. 7B34 Functional Block Diagram

7B34: Isolated Linearized RTD Input
The 7B34 accepts inputs from 100 fl platinum (DIN and JIS
alphas), 120 fl nickel and lOfl copper RTDs and provides a lin
ear voltage output. The 7B34 is available with a +1 to +5 volt
or a 0 to +10 volt output range, all ranges feature a 3 Hz band
width. Three wire lead compensation is provided, and 2, 3 or 4
wire RTDs may be used. Upscale open input protection is pro
vided on the signal leads.

Figure 4 is a functional block diagram of the 7B34. The 7B34
uses three pins for the RTD input, two for the sensor and a
third for the excitation. All three input terminals are protected
for up to 120 V rms. Low drift sensor excitation current of
0.25 mA is provided for platinum and nickel RTDs and 1.0 mA
current for copper RTDs. A current source identical to the exci
tation current source is connected to the third lead of the RTD
to cancel the effects of lead resistance. This current also flows ?
through Rz, chosen to represent the RTD value of the zero out
put to voltage of the module. This signal is then amplified and
modulated to be passed across the isolation barrier. The original
signal is recovered in the demodulator stage. A two pole filter
and a buffer ensure a clean low noise output voltage is provided.

7B35: Isolated Powered Current Loop Input
The 7B35 accepts a 4-20 mA current input and provides the
loop power for a transmitter. This module features downscale
open input detection and a ^bandwidth of 100 Hz. The module
incorporates a protected 250 fl current sense resistor eliminating
the need for external resistors. A +1 to +5 volt output range is
standard.

The functional block diagram is shown in Figure 5. The two
input terminals are protected for 120 V rms. A one-pole input
filter eliminates high frequency noise. A 250 fl current conver
sion resistor converts the signal to a voltage to be amplified. The
signal is then modulated and passed across the galvanic isolation
of the transformer to provide 1500 volts of common mode isola
tion. The demodulator reclaims the original signal, which is fil
tered and buffered to give a clean, low noise output voltage.
The power supply for the module is also isolated and the mod
ule will accept power inputs from +18 volts to +30 volts.

The +24 volt power is also isolated by transformer coupling to
provide channel-to-channel isolation and signal to power isola
tion. The 7B34 will accept power supply inputs from +14 volts
to +35 volts.
SIGNAL

Figure 5. 7B35 Functional Block Diagram
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7B39: Isolated Current Output
This module accepts a +1 to +5 volt or 0 to +10 volt input
from the user’s system and provides a galvanically isolated
4-20 mA or 0-20 mA current output to the field wiring capable
of driving a J50 fl load at +24 volt power. The bandwidth is

7B37: Isolated Thermocouple Input
The 7B37 accepts inputs from J, K, T, E, R, S and B type
thermocouples and provides a nonlinearized +1 to +5 volt or 0
to +10 volt output. Upscale open thermocouple detectioiw fj
featured within 10 seconds of a break in in the thermocouple
wiring. This module is designed to accept cold junction compen
sation from a thermistor mounted on the backplane adjacent to
the field wiring terminals.

Bock diagram is shown in Figure 7. The module
The functi'
accepts its input signal from the user’s system, typically a D/A.
There are standard ranges available for each thermocouple type
The signal is buffered and then modulated to be passed across
and custom ranging is available to map a specific input range to
J the transformer isolation barrier. After the signal is demodu
the full output span.
lated, it is converted to an output current. The output current
Figure 6 is a functional block diagram of the 7B37. In order|to|p * loop is floating. The output terminals are protected even if a
120 V rms signal is connected.
accommodate the CJC input, the 7B37 uses three input pifis.
Cold junction compensation circuitry corrects for the effects of
A single +24 volt power supply drives the module’s power
connecting the thermocouple wires to the screw terminals on the
transformer and the clock oscillator. The power is isolated from
backplane. Upscale open input detection is provided through the
the input signal.
22 nA current source. The input terminals are protected for the
inadvertent connection of 120 V rms. A one-pole low pass filter
on the input rejects high frequency noise. The input signal is
offset to set the zero scale input value. A low drift amplifier pro
vides a stable signal into the modulator; 1500 volt signal isola
tion is provided by transformer coupling. A demodulator on the
output side recovers the original, which is buffered and filtered
to provide a clean output signal.
SIGNAL
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Figure 7. 7B39 Functional Block Diagram
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BACKPLANE FUNCTIONAL DESCRIPTION
The 7B Series includes a variety of backplanes to address end
user and evaluation needs. Backplanes are available in 16-, 8and 4-channel sizes. The 16- and 8-channel backplanes can be
mounted in a 19" by 3.5" panel space. The 4-channel backplane
is ideal for evaluation purposes or small point count applica
tions.
Each backplane channel has three screw terminals for field con
nections. The field connections accept transducer or signal in
puts and provide excitation and current outputs when needed. A
cold junction compensation sensor is mounted underneath the
screw terminal block on each channel to accommodate thermo
couple modules. Each I/O channel has six pin sockets to ensure
interchangeability of the modules. A standard D type 25-pin
connector is used for system interface on the 16-channel back
plane. The connector provides 16 single ended input and/or out
put signals.

Figure 8. 7BP16 Block Diagram
7BP16

All 7B Series backplanes have three power supply connections.
The modules can accept power supply levels from +14 to +35
volts. Two connections are used for a primary +24 volt power
input and a backup power supply. A series diode is used to
sense the power supply. If one supply fails, the other supply can
take over. The diode also provides reverse power connection
protection. The third power connection can be used for a +15
volt power supply since there is no diode drop in the line
feet the power supply level. A LED on eac
the power status.

BACKPLANE SPECIFICATIONS

Channels

7BP16

7BP08 7BP04

16

8 1 4

External Power
Requirement

+ 14 V to +35 V ★
Cold Junction Sensor On Each Channel ★

Size

★
★

3.5"xl7.4"

Figure 9. System Connector Pinout
Bottom View

‘Specifications same as 7BP16

ACCESSORIES
To facilitate system design with the 7B Series the following ac
cessories are available:
CJC Sensor. The thermistor used for cold junction compensa
tion is available for integration into a custom designed back
plane. This sensor is installed on each channel of the backplane.
Current Conversion Resistor. This encapsulated, precision
250 fl resistor can be used with the 7B33 Isolated Voltage Input
Module to convert a 4-20 mA current input to the 1-5 volt in
put for the module.

Rack Mount. A single piece metal chassis for mounting a 7B
Series backplane in a 19" rack. Model number AC 1363.

Power Supply. Chassis mounted +24 volts at 1 amp power
supply, capable of supplying a 16-channel backplane.

Cables. A 2 foot cable with a 25-pin D type connector and a
26-pin connector is available to connect the 7B Series backplane
to systems compatible with the 3B and 5B Series families.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
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14-2 DIGITAL PANEL INSTRUMENTS

Orientation
Digital Panel Instruments
A digital panel instrument is a self-contained instrument designed
for panel mounting. It contains circuitry for measuring analog
quantities, converting them to digital and providing a numeric
readout. In addition, it usually provides data outputs for interfacing
with a printer and/or a computer system.
Digital panel instruments manufactured by Analog Devices fall
into two classes: digital panel meters for voltage measurements
and microprocessor-based digital thermometers to read out
temperature measurements from user-chosen sensors. A digital
panel meter measures voltage, generally with fractional-millivolt
resolution. A temperature meter accepts inputs from standard
thermocouples, RTDs, and thermistors, and provides readouts
directly in temperature, to 3 1/2 or 4 1/2 digits; thermocouple
meters provide reference-junction compensation and linearization,
while RTD/thermistor meters also provide current excitation for
RTDs and thermistors.

Two useful publications from Analog Devices may be helpful in
understanding the issues involved in signal conditioning and
data conversion: Analog-Digital Conversion Handbook, third
edition (1986, $32.95) and Transducer Interfacing Handbook
(1980, $14.50). Both are available from the Analog Devices
Literature Center at P.O. Box 9106, Norwood MA 02062-9106.
A DPM samples the input voltage periodically, converts that
voltage to digital, and displays the corresponding reading visually.
A digital panel meter, then, consists of four basic functional
sections: the input section, including signal conditioning and
analog to digital conversion circuitry; the display; the data outputs
and the power supply.

Processing the Input Signal
The primary function of the input section is to convert an analog
input voltage into a digital signal for display. Besides this basic
function, the input section also buffers the input to provide a
high input impedance, prevent circuit damage in overvoltage
conditions, reject both normal-mode and common-mode noise
on the input signal, compensate for large variations in operating
temperature and sometimes even measure the ratio of two separate
input voltages.
The analog to digital conversion scheme used on most DPMs is
the dual-slope type due to its inherent stability and normal-mode
noise rejection. The dual-slope converter can also be used to
measure the ratio of two input voltages in some DPM designs.
Lower-resolution DPMs sometimes use staircase or single slope
converters which require RC filtering of the input signal for a
normal-mode-noise rejection.
The input of the DPM may be single-ended, differential or
floating. Single-ended inputs measure the input voltage with
respect to input common and may require some care in application
to avoid ground loop problems. To prevent ground loops, some
of Analog Devices’ DPMs use a “limited differential input,”
where a resistor separates analog and digital grounds allowing
up to 200mV of common-mode voltage and providing up to
60dB of common-mode rejection.

AC-powered DPMs can be floated on the power-supply trans
former to provide isolation and CMR. For example, the linepowered AD2026-2 has floating inputs with 116dB of CMR and
a 1,000-volt common-mode rating.

Displaying the Data - Digital Outputs
Once the input signal is digitized, it is decoded and displayed
on a digital readout. Analog Devices DPMs use large seven
segment light-emitting diode (LED) displays.

DPM full-scale range, including overrange, is defined by the
number of digits and polarity. In mixed-fraction designations
(e.g., 3 1/2 digits), a full digit is one capable of displaying any
numeral from 0 through 9. The fraction generally means the
ratio of the display’s maximum leading digit to the power of two
that corresponds to the number of overrange bits; for example,
a 3 1/2-digit meter’s maximum reading is 1999, a 4 3/4-digit
meter’s maximum reading is 39999.

Since the visual display of a DPM must be in a decimal format,
counter chips used in DPM conversion circuitry are generally
binary-coded decimal (BCD) types. The data output format
depends on the circuit design of the meter; for example, the
AD2010 has parallel BCD data outputs with all BCD bits available
simultaneously, while the AD2021 has character-serial outputs each BCD digit is gated onto a single set of parallel output lines
in sequence. The latter technique requires fewer connections
and simplifies data interfacing.

Digital data outputs from DPMs are generally compatible with
DTL or TTL logic systems; many DPMs are also compatible
with CMOS logic.
Control
The kinds and number of control inputs and outputs - and
their interpretation - may differ from one model to another, but
they are well defined on the data sheets. Examples of typical
control functions that may be found in DPMs include triggering
of conversions, external hold, decimal points (jumper or logicprogrammable), display blanking and status output.

DIGITAL TEMPERATURE METERS
Microprocessor-based devices in this class include the AD2O5O/
AD2O51 Thermocouple Meters, the AD2060/AD2061 Autoranging
RTD/Thermistor Meters and the AD2070/AD2071 Autoranging
Thermocouple Meters.
In addition to the basic panel-meter circuitry, these instruments
have signal-conditioning front ends with overvoltage protection
and open-sensor detection, automatic self-calibration and sophis
ticated output options. Besides linearization, their functions
include cold-junction compensation for thermocouples and exci
tation for RTDs and thermistors. They read out in degrees
Fahrenheit or Celsius, and the autoranging types choose between
0.1° and 1° resolution, depending on range.

The AD2050, AD2060, and AD2070 are dedicated instruments
for optional specific sensor types (e.g., type K thermocouple),
while the AD2051, AD2061, and AD2071 are “universal instru
ments” for any one of a set of specified sensors, programmable
by the user to meet the needs of the application.

Communication options simplify temperature recording with
computers, strip-chart recorders or printers. In addition to 7-bit
character-serial ASCII outputs, the user has the option of a
linearized analog output for strip-chart recorders, and serial
ASCII output in two forms: isolated 20mA digital current-loop
and/or nonisolated TTL. The AD2070/AD2071 has optional
isolation for all data outputs, including RS-232.
DIGITAL PANEL INSTRUMENTS
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Understanding Performance Specifications
Resolution, Accuracy and Stability - these three specs are very
important in the selection of a DPM. Although more digits may
mean more resolution, the digits themselves are useless unless
the accuracy is sufficient for the digits to have real meaning.
Therefore, accuracy and resolution should be comparable.

Besides temperature variations, there are three components of
DPM inaccuracy: zero offset error, gain error and quantization
error. In any device using a counter and clock to determine a
digital output, there is always a potential ± 1 count error in the
output. This is caused by the timing of the input gate of the
counter; when the gate closes asynchronously with the clock, a
clock pulse that occurs just as the gate closes may or may not be
counted, hence the fixed ± 1 digit inaccuracy.

Zero-level offsets in the analog circuitry cause errors specified as
a percentage of full-scale reading. These errors can be corrected
by a zero-calibration potentiometer requiring periodic resetting,
or by internal calibration circuits that set the zero level automat
ically between each pair of readings, assuring no zero-level
contribution to the error.
Gain variations occur as a function of signal level in the analog
circuitry and produce errors which are specified as a percentage
of the reading. These are the hardest errors to design out of a
DPM circuit, but they can be minimized by component specifi
cation and selection. A range potentiometer is used for periodic
adjustment of the gain. Gain errors may also be calibrated out
in “smart” instruments having an automatic internal calibration
facility (e.g. AD2070).
Since all the electronic components used in the design of a
DPM have some temperature dependence, one can expect the
accuracy of the DPM to be affected by changes in operating
temperature. If automatic zero correction circuitry is not used,
the zero level may drift with temperature. Variations in the
reference voltage circuitry and its associated switches will cause
changes in the gain of the DPM, but careful selection and matching
of components can minimize this error.

To illustrate these specifications, consider a 3 1/2 digit DPM
(1999 counts full scale). The resolution of the unit is the value
of one digit, 1 part in 2000 or 0.05% of full scale. If the accuracy
is comparable to the resolution (exclusive of digital indecision),
the DPM should have a maximum error of ±0.05% ± 1 digit.
Temperature coefficient specifications for a DPM should be
very good to maintain the accuracy. A tempco of only 50ppm/°C
(0.005%/°C) will produce an additional error of ±0.05% over a
range of only ± 10°C.
Since each manufacturer tends to use a different method of
specifying accuracy and temperature coefficients, specifications
must be expressed in common terms to be comparable.
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DEFINITIONS - DPM TERMS & SPECIFICATIONS
Accuracy (Absolute): DPMs are calibrated with respect to a reference
voltage which is in turn calibrated to a recognized voltage standard.
The absolute accuracy error of the DPM is the tolerance of the
full-scale set point referred to the absolute voltage standard.

Accuracy (Relative): Relative accuracy error is the difference
between the nominal and actual ratios to full scale of the
digital output corresponding to a given analog input. See also:
Linearity.
Automatic Zero: To achieve zero stability, a time interval during
each conversion is provided to allow the circuitry to compensate
for drift errors, thereby providing virtually no zero drift error.

Bias Current: The current required from the source at zero
signal input by the input circuit of the DPM. Bias current is
normally specified at typical and maximum values. Analog Devices’
DPMs using transistor input circuitry are biased current sinks.
Binary Coded Decimal (BCD): Data coding where each decimal
digit is represented by a group of 4 binary coded digits (called
“quads”). Each quad has bits corresponding to 8, 4, 2 and 1
and 10 permissible levels with weights 0-9. BCD is normally
used where a decimal display is needed.

Bipolar: A bipolar DPM measures inputs which may be of either
positive or negative polarity and automatically displays the polarity
as well as the magnitude of the input voltage on the readout.

Character Serial BCD: Multiplexed BCD data outputs, where
each digit is gated sequentially onto four common output lines.
Common-Mode Rejection: A differential-input DPM will reject
any input signals present at both input terminals simultaneously
if they are within the common-mode voltage range. Common
mode rejection is expressed as a ratio and usually given in dB.
(CMR = 20 log CMRR 120dB of common-mode rejection.)
(CMRR = 106) means that a 10V common-mode voltage is
processed as though it were an additive differential input signal
of lOpV magnitude.
Common-Mode Voltage: A voltage that appears in common at
both input terminals of a device, with respect to its ground.
Conversion Rate: The frequency at which readings may be pro
cessed by the DPM. Specifications are typically given for internally
clocked rates and maximum permissible externally-triggered
rates.

Conversion Time: The maximum time required for a DPM to
complete a reading cycle, specified for the full-scale reading.
Dual-Slope Conversion: An integrating A/D conversion technique
in which the unknown signal is converted to a proportional time
interval, which is then measured digitally. This is done by inte
grating the unknown for a predetermined time.

Then a reference input is switched to the integrator, and integrates
“down” from the level determined by the unknown, until a
“zero” level is reached. The time for the second integration
process is proportional to the average of the unknown signal
level over the predetermined integrating period.

Input Impedance: The complex ratio of signal voltage to signal
current at the input terminals. For de measuring DPMs, the
input is measured at de. For ac measuring DPMs, it is expressed
as a de resistance shunted by a specified capacitance.
Linearity: The conventional definition for nonlinearity of a DPM
is the deviation from a “best” straight line which has been fitted
to a calibration curve. Analog Devices defines nonlinearity as
the deviation from a straight line drawn between the zero and
full-scale end points. Not only is this an easier method for customer
calibration, it is also a more conservative method of specifying
nonlinearity.

Overrange: An input signal that exceeds all nines on a DPM,
but is less than an overload. On a 3 1/2 digit DPM with a full-scale
range of 199.9mV, the all-nines range is 0-99.9mV, and signals
from 100-199.9mV are said to fall in the 100% overrange region.
Some DPMs have higher overrange capability. A 3 3/4 digit
DPM has a full-scale range of 3.999 or 300% overrange.
Overvoltage Protection: The input section of the DPM must
provide protection from large overloads. Specifications are given
for sustained de voltages that can be tolerated.

Parallel BCD: A data output format where all digital outputs
are available simultaneously.

Range (Temperature Operating): The range of temperatures
over which the DPM will meet or exceed its performance
specifications.
Range (Full Scale): The range of input signals that can be measured
by a DPM before reaching an overload condition. A 3 1/2 digit
DPM’s full-scale range consists of three digits (all-nines range)
and 100 percent overrange capability.

Ratiometric: Dual Slope DPMs compare voltage inputs to a
stable internal reference voltage. In some systems, the voltage
being measured is a function of another voltage, and accurate
measurements should be made as the ratio of the two voltages.
Some DPMs provide inputs for external reference voltages for
ratiometric measurements.
Resolution: The smallest voltage increment that can be measured
by a DPM. It is a function of the full-scale range and number
of digits of a DPM. For example, if a 3 1/2 digit DPM has a
resolution of 1 part in 2000 (0.05%) over a full-scale range of
199.9mV, the DPM can resolve 0.1 mV.

Digits
Linearity

Normal-Mode Rejection: Filtering or integrating the input signal
improves noise rejection of undesired signals present at the
analog high input. Normal-mode rejection is expressed as the
ratio of the actual value of the undesired signal to its measured
value over a specified frequency range. (NMR (dB) = 20 log
NMRR, e.g. NMR = 40dB means an attenuation of 100:1.)
Overload: An input voltage exceeding the full-scale range of the
DPM produces an overload condition. An overload condition is
usually indicated by conspicuous manipulation of the display
such as all dashes, flashing zeros, etc. On a 3 1/2 digit DPM
with a range of 199.9mV, a >200mV, signal will produce an
overload condition.

21/2
3
31/2
3 3/4
4
41/2
43/4

Counts (F. i.) Resolution (% F.S.)
199
999
1999
3999
9999
19999
39999

0.5%
0.1%
0.05%
0.025%
0.01%
0.005%
0.0025%

14

Temperature Coefficient: The additive error term (ppm/°C or %
Reading/°C) caused by effects of variations in operating temper
ature on the electronic characteristics of the DPM.
Unipolar Input DPM: A DPM designed to measure input voltages
of only one polarity.
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ANALOG
DEVICES

Low Cost, 31/2 Digit
DPM for OEM Applications
AD2010

FEATURES
LED Display with Latched Digital Outputs
Small Size, Lightweight
Automatic Zero Correction; Max Error: 0.05% ±1 Digit
High Normal Mode Rejection: 40dB @ 50 or 60Hz
Optional Ratiometric Operation
Leading “0" Display Blanking
5V de Powered

APPLICATIONS
Medical/Scientific/Analytic Instruments
Data Acquisition Systems
Industrial Weighing Systems
Readouts in Engineering Units
Digital Thermometers

GENERAL DESCRIPTION
Analog Devices’ model AD2010 represents an advance in price/
performance capabilities of 3% digit digital panel meters. The
AD2010 offers 0.05% ±1 digit maximum error with bipolar,
single ended input, resolution of 100/tV, and a common mode
rejection ratio of 60dB (CMRR) at ±200mV (CMV).
The AD2010 features a light-emitting-diode (LED) display
with a full scale range of 0 to ±199.9 millivolts, latched digital
data outputs and control interface signals, and leading zero dis
play blanking. Automatic-zero correction circuitry measures
and compensates for offset and offset drift errors, thereby
providing virtually no error. Another useful feature of the
AD2010 is its 5 V de operation. The AD2010 can operate from
the users’ 5 V de system supply, thereby eliminating the shield
ing and decoupling needed for line powered units when the ac
line must be routed near signal leads.

To satisfy most application requirements, the conversion rate
of the AD2010 is normally 4 readings per second. However, an
external trigger may be applied to vary the sampling rates from
a maximum of 24 readings per second down to an indefinite
hold time. The AD2010 can also be connected for automatic
conversion at its maximum conversion rate. During conversion,
the previous reading is held by the latched logic. The numeric

readout is available as BCD data. Application of the metering
system in a computer or data logging system is made easy with
the availability of the “overrange,” “polarity,” “overload,”
and “status” signals.
A simplified block diagram of the AD2010, illustrating the
features described above is shown in Figure 1.
IMPROVED NOISE IMMUNITY, ACCURACY AND
ZERO STABILITY
Dual-slope integration, as used in the AD2010 and as described
in the theory of operation section, offers several design benefits.
• Conversion accuracy, for example, is independent of both
the timing capacitor value and the clock frequency, since
they affect both the up ramp and down ramp integration
in the same ratio.
Normal mode noise at line frequencies or its harmonics is
rejected since the average value of this noise is zero over the
integration period.
To achieve zero stability, a time interval during each conver
sion is provided to allow the automatic-zero correction cir
cuitry to measure and compensate for offset and offset drift
errors, thereby, providing virtually no zero error.

For detailed information, contact factory.
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SPECIFICATIONS

(typical @+25°C and +5VDC unless otherwise noted)

DISPLAY OUTPUT
• Display consists of four LED’s (0.27” (6.9mm) high),
for data digits plus 100% overrange and polarity
indication.
• Overload — three data digits display zeros
and flashes.
• Decimal Points — selectable at input connector.
• Leading “0” Display Blanking — controlled externally.

INPUT
• Full Scale Range — 0 to ±199.9 millivolts
• Automatic Zero
• Automatic Polarity
• Bias Current — 3 nA
• DC Impedance — 100Mf2
• Overvoltage Protection — 20V sustained, 50V momentary
without damage.
• Decimal Points (3) - illuminate with logic “1”, extin
guish with logic “0”.
ACCURACY
• Maximum Error — 0.05% of reading ±1 digit
• Resolution — 0.1 millivolt
• Temperature Range — 0 to +50°C operating
-30°C to +85°C storage
• Temperature Coefficient — ±50ppm/°C
NORMAL MODE REJECTION
• 40dB @ 60Hz
COMMON MODE REJECTION
• 60dB @ ±200mV

CONVERSION RATE
• External Trigger — up to 24 conversions per second
• Internal Trigger — 4 conversions per second
• Automatic - A new conversion is initiated automatically
upon completion of conversion in process; conversion
rate will vary from 24/sec to 40/sec depending on input
magnitude.
• Hold and Read upon command.
CONVERSION TIME
• Normal Conversion — 42ms max (full scale input)
• Overload Conversion — 62ms max

INTERFACE SIGNALS
DTL/TTL Compatible
logic “0”
logic “1”

IN
<0.8V
>2.0V

OUT
<0.4V
>2.4V

Inputs
External Trigger — Operation in the “External Trigger”
mode requires that the “External Hold” input be a logic
“0” or ground.
Negative Trigger Pulses — Applying a logical “low" to
the “HOLD” input disables the internal trigger. A
negative trigger pulse (logic “1” to logic “0”) of
1.0/zs minimum applied to the “EXT TRIGGER” in
put will initiate conversion in the same manner as the
internal oscillator. The external trigger should not be
repeated, however, until the “status" indicates com
pletion of the conversion in process.
Positive Trigger Pulses — The “HOLD” input can be
used to trigger the AD2010 from a “normally low”
signal with the “EXT TRIGGER” input open or logic “1”.
Following a “hold” a new reading will be initiated on the
leading edge of the “hold” signal. Thus, a momentary
positive pulse on the “HOLD” input can be used to
trigger the AD2010. The drift correct interval, how
ever, begins on the trailing edge of the positive pulse,
so if the pulse width exceeds 1ms, the conversion will
actually be initiated by the internal trigger.

Maximum Conversion Rate - Automatic — The AD2010
can also be connected for automatic conversion at its
maximum conversion rate by connecting the “status”
output back into the “hold” input. In this manner the
status signal going high at the end of one conversion
immediately initiates a new conversion. The pulses
appearing on the status line can be used to step a
multiplexer directly, since the built-in drift-correct
delay of 8.33ms will allow settling of the input prior
to conversion. A logic “0” applied to the “EXT TRIGGER”
will inhibit the automatic trigger mode.
External Hold — Logic “0” or ground applied to this in
put disables the internal trigger and the last conversion is
held and displayed. For a new conversion under internal
control the input must be opened or at logic “1”. For a
new conversion under external control, a positive pulse
of less than 1.0ms can be applied (as previously explained).
OUTPUTS
• 3 BCD Digits (8421 Positive True) - latched - 3TTL loads
• Overrange - logic “1 ” - latched - 6TTL loads, indicates
overrange.
• Overload - logic “0” indicates overload (>199.9mV)
logic “1” - latched - 6TTL loads, indicates
data valid.
• Polarity - logic “1” - latched - 6TTL loads, indicates
positive polarity input.
• Status - logic “0” - conversion in process
logic “1” - latched - 6TTL loads, indicates con
version complete.

POWER
• +5V de ±5%, 500mA
WARM UP
• Essentially none to specified accuracy
ADJUSTMENTS
• Range potentiometer for full scale calibration. Calibra
tion recommended every six months.

SIZE
• 3"W x 1.8"H x 0.84"D (76.2 x 45.7 x 21.3mm) (overall
depth for case and printed circuit board extension is
1.40" (35.6mm)).
ORDERING GUIDE
• AD2010 - Standard AD2010 as described above - tuned
for peak normal mode rejection at 60Hz and its
harmonics.
WEIGHT
• 4 oz. (113.5gm)

OVERALL DIMENSIONS
All dimensions are given in inches and (mm).

Specifications subject to change without notice.

GAIN ADJUSTMENT

(AD2010R ONLY)
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ANALOG
DEVICES

Low Cost, 31/2 Digit
Logic Powered DPM with LED Displays
AD2021

FEATURES
"Second Generation" MOS-LSI Design
Large 0.5" (13mm) LED Displays
+5VDC Logic Powered
±1.999V, ±199.9mV or ±19.99V Full Scale Ranges
Limited Differential Input
Low Power Consumption: 2.0 Watts
Small Size, Industry Standard Case Design
APPLICATIONS
General Purpose Logic Powered DPM Applications
Portable Applications Requiring Low Power Consumption

GENERAL DESCRIPTION
The AD2O21 is a low cost, 3% digit, +5V de logic powered
digital panel meter with large LED displays. While designed for
general purpose DPM applications, the small size, light weight
and low power consumption of the AD2021 make it an ideal
digital readout for modern, compact instrument designs.
THE BENEFITS OF “SECOND GENERATION” DESIGN
The AD2O21 is designed around MOS-LSI (Metal-Oxide-Semiconductor, Large Scale Integration) integrated circuits, which
greatly reduce the number of components, and thereby the
size, and reduce power consumption to 2.0 watts. Both the
lower power consumption and fewer interconnections between
components promise greatly increased reliability, and the cir
cuit design maintains the performance and features of earlier
DPMs. Large 0.5 inch (13mm) LED displays offer the visual
appeal of gas discharge displays with the ruggedness and life
time of all solid state devices.

AD2021 uses the same pin connections as the AD2010 (except
in BCD outputs, of course) as a convenience to allow updating
designs to take advantage of the second generation design and
larger display of the AD2021. Each AD2O21 receives a full
one week failure free burn-in before shipment.

EXCELLENT PERFORMANCE AND EASY APPLICATION
The AD2O21 measures input voltage over a full scale range of
±1.999V de or ±199.9mV de <“S” option) with an accuracy
of ±0.05% reading ±0.025% full scale ±1 digit. Using the
“limited differential” input first used on Analog Devices’
AD2010, the AD2O21 prevents ground loop problems and
provides 35 to 50dB of common mode rejection at common
mode voltages up to ±200mV. Normal mode rejection is
40dB at 50Hz to 60Hz.

BCD data outputs are provided in a bit parallel, character serial
format compatible to CMOS logic systems. For those applica
tions requiring parallel BCD data, schemes for making the ser
ial to parallel conversion are available. Controls to hold readings,
select decimal points and blank the display are provided.
DESIGNED AND BUILT FOR RELIABILITY
The AD2021 is packaged in Analog Devices’ logic powered
DPM case size, only 1.25 inches (32mm) deep. The small size
of this DPM makes it easy to accommodate in any instrument
design, and since several other manufacturers now use the same
panel cutout for logic powered DPMs, this industry standard
ization allows mechanical second sourcing. In addition, the

7475 QUAD LATCH

Figure 1. AD2021 Bit Parallel Character Serial to Full Parallel
Data Conversion. AD2021 Pin Connections Are Shown in
Parentheses.

For detailed information, contact factory.
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(typical at +25°C and nominal power supply voltage)
DISPLAY OUTPUT
• Light emitting diode, planar seven segment display read
outs, 0.5 (13mm) high for three data digits, 100% over
range and negative polarity indication. Overload indicated
by flashing display, polarity remains valid.
• Decimal points selectable at input connector.
• Display blanking on three data digits (does not affect
overrange digit, polarity sign of decimal points).
ANALOG INPUT
• Configuration: bipolar, limited differential
• Full Scale Range: ±1.999V or ±199.9mV (“S” option)
±19.99V (“V” option)
• Automatic Polarity
• Auto Zero
• Input Impedance: 100MJ2 (1M£2 — “V” option)
• Bias Current: 50pA
• Overvoltage Protection: ±50V de, sustained

DATA OUTPUTS (See Application Section for details on
data outputs)
• BCD Data Outputs: (CMOS, LP TTL or LP Schottky
compatible), bit parallel, character serial format.
• Digit Strobe Outputs: (CMOS, DTL, TTL compatible,
one TTL load). Logic “1” on any of these lines indicates
the output data is valid for that digit.
• Polarity Output: (CMOS, TTL, DTL compatible, one
TTL load). Logic “1” indicates positive polarity input,
logic “0” indicates negative polarity.
• Status: (CMOS or LP TTL compatible). When this signal
is at Logic “1”, the output data is valid.
• Clock: (CMOS, DTL, TTL compatible, one TTL load).
The clock signal is brought out to facilitate conversion
from character serial to parallel data.
• INTERFACING DATA OUTPUTS. The BCD data outputs
are in a bit parallel, character serial format. There are four'
BCD bit outputs (1, 2, 4, 8) and four digit outputs (10°, 10
*,
102, 103 ). The BCD digits are gated onto the output lines
sequentially, and the BCD bits are valid for the digit whose
digit line is high. The data is valid except when being updated
which occurs within 2 milliseconds after the status line
goes low.

ACCURACY
• ±0.05% reading ±0.025% full scale ±1 digit1
• Resolution: lmV, lOmV (“V” option) or lOOjuV
(“S” option)
• Temperature Range2 : 0 to +50°C operating; -25°C to
+85 C storage
• Temperature Coefficient: Gain: 50ppm/ C
Zero: auto zero
• Warm-Up Time to Rated Accuracy: less than one minute
• Settling Time to Rated Accuracy: 0.4 second

REFERENCE OUTPUT
• A 6.4V ±5% analog reference output is made available.
This reference should be buffered and filtered if use in
external circuitry is desired.

NORMAL MODE REJECTION
• 40dB at 5O-6OHz

POWER INPUT
• +5V de ±5%, 1.45 watts

COMMON MODE REJECTION
• AD2021: 35dB (dc-lOkHz)
• AD2O21/S: 50dB (de-10kHz)
• AD2021/V: 15dB (de-10kHz)
COMMON MODE VOLTAGE
• ±200mV

CALIBRATION ADJUSTMENTS (See Application Section for
calibration instructions)
• Gain
• Zero
• Recommended recalibration interval: six months

CONVERSION RATE
• 5 conversions per second
• Hold and read on command
CONTROL INPUTS
• Display Blanking: (TTL, DTL compatible, 2 TTL loads).
Logic “0” or grounding blanks the three data digits only,
not the decimal points, overrange digit (if on) and polar
ity sign. Logic “1” or open circuit for normal operation.
Display blanking has no effect on output data and the
display reading is valid immediately upon removal of a
blanking signal.
• Hold: (CMOS, DTL, TTL compatible, 1LP TTL load).
Logic “0” or grounding causes the DPM to cease conver
sions and display the data from the last conversion. Logic
“1” or open circuit for normal operation. After the
“Hold” input is removed, one to two conversions are
needed before the reading is valid.
• Decimal Points: Grounding or Logic “0” will illuminate
the desired decimal point. External drive circuitry must
sink 35mA peak at a 25% duty cycle when the decimal
points are illuminated.
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SIZE
• 3"w x 1.8"H x 1.33"D (76 x 46 x 34mm)
• 1.90" (48mm) overall depth to rear of card edge connector.
• Panel cutout required: 3.175" x 1.810" (80.65 x 45.97mm).
WEIGHT
• 4 ounces, (115 grams)
OPTIONS - ORDERING GUIDE
• Input Voltage Range; AD2O21 — 1.999V de Full Scale
AD2021/S - 199.9mV de Full Scale
AD2021/V - 19.99V de Full Scale
CONNECTOR
• 30 pin, 0.156" spacing card edge connector. Viking
2VK15D/1-2 or equivalent.
• Optional: Order AC1501
NOTES
1 Guaranteed at 25°C and nominal supply voltage
2 Guaranteed

Specifications subject to change without notice.

ANALOG
DEVICES

Low Cost, 3 Digit
AC Line or Logic Powered DPM
AD2026*

FEATURES
Third Generation l2L LSI Design
Either Line Powered or Logic Powered
Large 0.56" Red Orange LEDs

Balanced Differential Input/Floating
1000V, CMV
Terminal Block Interface (ac Version)
High Reliability: >250,000 Hour MTBF
Small Size and Weight
Low Cost

GENERAL DESCRIPTION
The AD2O26 is specifically designed to provide a digital alter
native to analog panel meters. The AD2O26 is available either
logic powered (+5V de) or ac line powered. Most of the
analog and digital circuitry is implemented on a single I2L
LSI chip, the AD2O2O. Only 13 additional components are re
quired to complete the AD2026 +5V de version. The entire
de version is mounted on a single 3 X 1 5/8 PCB. AC line
power is achieved with the addition of a second PCB contain
ing the ac power transformer and power supply circuitry.

The AD2026, on both the ac line and logic powered versions,
offers as a standard feature, 0.56 ' high LED Displays. Brightness
is enhanced on both versions due to the Red Orange lens. In ad
dition to the Red Orange lens, the AD2O26 is also available
with a dark red lens for applications where maximum bright
ness is not required and minimum backlighting is desired.
A unique patented case design utilizes molded-in fingers, both
to capture the PCB in the case and to provide snap-in mount
ing of the DPM in a standard panel cutout. No mounting hard
ware of any kind is used. The de version occupies less than 1
of space behind the panel. The line powered version offers the
same mounting features but occupies 2 1/2" of behind-panel
space.

Optional 10.0V full scale (F.S.) range is available on the ac
line version that will accept inputs from -O.99V to 9.99V.

WIRING CONNECTIONS
For Balanced Differential operation with the AD2026 de ver
sion, connect input as shown in Figure 1. The common mode
loop must provide a return path for the bias currents internal
to the AD2O26. The resistance of this path must be less than
100k£2 and total common mode voltages must not exceed
200mV.
For applications where attenuation is required, scaling re
sistors can be connected between pins 6 and 7 and between
pins F and H. Pin 5 must be used as the High Analog Input
when scaling resistors are used and pin 4 when they are not.
Pin E is the Analog Low Input.
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EXCELLENT PERFORMANCE
The AD2026 offers the instrument designer digital accuracy,
resolution and use of readout while occupying less space than
its analog counterpart. Other features of analog meters such as
reliability and instantaneous response are retained in the
AD2026.

The AD2026 measures and displays inputs from -99mV to
+999mV, with an accuracy of 0.1% of reading ±1 digit. Zero
shift is less than one bit over the full operating temperature
range, resulting in the same performance as a DPM with auto
zero. The balanced differential input of the de powered
AD2026 rejects common mode voltages up to 200mV, enough
to eliminate most ground loop problems. The floating differ
ential input inherent in the ac line powered version offers
1000V of common mode voltage rejection.

Connection to the ac line powered AD2026 is via the terminal
strip on the rear. AC line power is connected to terminals 4
and 5 and the signal input is connected to terminal 1 (An
alog HI) and 2 (Analog Ground).

‘Covered by patent numbers: 4,092,698; 29,992; 3,872,466;
and 3,887,863.
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(typical at +25°C and nominal supply voltage unless otherwise noted)
POWER INPUT LOGIC POWER3
• Converter: +5V ±5%, 0.2 watts typ; 0.33 watts max
• Display: +5V ±40%, 0.45 watts typ; 0.75 watts max

DISPLAY OUTPUT
• Light emitting diode, planar seven segment display readouts, 0.56 (14.6mm)
high (orange)
• Overload Indication; EEE
• Negative indication: -XX
• Negative Overload Indication:-----• Decimal Points: three (3) selectable at input connector (de version); internally
on ac version

POWER INPUT AC LINE POWER
• AC line, 5060Hz, 1.5 watts

ANALOG INPUT
• Configuration: balanced differential input (de version) single ended isolated
(ac version)
• Full Scale Range: -99mV to +999mV
-0.99V to +9.99V (10V option on ac version)
• Automatic Polarity
• Input Impedance: lOOMft; 100kS2 (10V option)
• Bias Current: lOOnA
• Overvoltage Production: ±15V de, sustained

SIZE4
• 3.43"W X 2.0'
*H
X O.85
*D
(87 X 52 X 22mm)
• 0.88" (22mm) overall depth to rear of connector
• Panel cutout required: 3.175 ±0.015
**
X 1.810 ±0.015
*
(80.65 ±0.38 X 45.97 ±O.38mm)

ACCURACY
• ±0.1% ±1 digit1
• Resolution: lmV or lOmV
• Temperature Range2: -10°C to +60° C operating; -25°C to +80°C storage
• Temperature Coefficient: Gain: 50ppm/°C
Zero: lO^tV/0C (essentially auto zero)
• Warm-Up Time to Rated Accuracy: Instantaneous
• Settling Time to Rated Accuracy: 0.3 second for full input voltage
swing (de version); 0.75 second for full input voltage swing (ac version)
COMMON MODE REJECTION (lktt source imbalance, de to 1kHz)
• 50dB, ±200mV common mode voltage (de version)
• 116dB (96dB on 10V range); 1000V rms max CMV (ac version)
NORMAL MODE REJECTION
• 30dB at 5O-6OH/ (ac version)

CONVERSION RATE
• 4 conversions per second
• Hold and read on command (de version only)

CONTROL INPUTS
Display Blanking/Display Power Input, (de version only): The display of'the
AD2026 can be blanked by removal of power to the display power input, with
no effect on conversion circuitry. If external logic switching is used, the display
requires 110mA peak (85mA average) when illuminated.
Hold (de version only): When the Hold input is at Logic “0”, grounded or open
circuit, the AD2026 will convert at 4 conversions per second. If a voltage of
0.6V to 2.4V is applied to this input, the DPM will stop converting and hold the
last reading. A 12kf2 resistor in scries with this input to +5V will provide the
proper voltage input. (Consult factory for “HOLD” on ac version.)
DECIMAL POINT
• To illuminate decimal points on de version, ground appropriate pin
(A, B or 3).
• To illuminate decimal points on ac version, remove shroud and bridge
appropriate solder pad (A, B or 3).

CALIBRATION ADJUSTMENTS
• Gain
• Zero
• Recommended recalibration interval: six months

WEIGHT
• 1.8 ounces (53 grams) (de version)
• 7 ounces (198 grams) (ac version)

CONNECTIONS
A 10-pin T&B/Ansley 609-1000M with two feet of 10 conductor ribbon
cable is available. Order AC2618 (de version, only).
Conductor to pin A is color coded. Sequence of ribbon connections is
A, 1, B, 2, C, 3, etc.

The AD2026 ac version is complete with terminal strip for easy interface.
ORDERING GUIDE
AD2026
Power Input
+5V de
90-129V ac
198-264V ac
Full Scale Input5
IV de Full Scale
10V de Full Scale6
Lens5
Red Lens
Red Orange Lens

NOTES:
1 Guaranteed at +25°C and nominal supply voltage.
’Guaranteed.
3 When the same power supply is used to power both display and converter, + 5V, ±5%,
0.65 watts typical, 0.9 watts max is required.
4 Dimensions for ac line powered version: 3.43"W X 2.0"H X 2.44"D (87mm X 52mm X
63mm)
5 No Charge Options
6 10V de full scale option is available on ac power only
Specifications subject to change without notice.

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

PIN CONNECTIONS
AC VERSION
DC VERSION
PIN
1
2
3
5

FUNCTION
Input
Analog Ground
--------AC HI
AC LO

h*nc

PIN
1
2
3
4
*
6

*
6
7*

FUNCTION
*5V Power
♦SV Display Power
Decimal Point X XX
Input IWhen Scaling
Resistors Not Used)
Input IWhen Scaling
Series Arm of Scaling
Resistor Divider

PIN
A
B
C
D
E

f

FUNCTION
Decimal Point XX X
Decimal Point XXX.
Power Ground
Hold
Analog Ground
Shunt Arm of Scaling
Resistor Divider
Shunt Arm of Scaling
-SssasLarSsr

Resistor Divider

•NOT NORMALLY USED. ALLOWS CONVENIENT
MOUNTING OF SCALING RESISTORS.
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Microprocessor-Based
Thermocouple Meters
AD2050/AD2051

FEATURES
Automatic Self-Calibration for Gain, Offset, Cold Junction
Compensation and Thermocouple Linearization
J, K, T, E, R, S Thermocouple Selections (AD2050)
Universal Meter (AD2051), User Programmable
Character Serial ASCII Digital Output
Optional Linearized Analog Output: 1mV/degree
Optional Isolated 20mA Loop/TTL Serial Outputs
Meets DIN/NEMA Dimension Specifications
Temperature Ranges: -265°Fto +1999°F
—165°C to + 1760°C
Power Options: 120V ac, 240V ac, +7.5V de to +28V de
APPLICATIONS
Temperature Monitoring in Laboratory, Manufacturing,
and Quality Control Environments
Process Control Temperature Measurements
Remote Data Logging

GENERAL DESCRIPTION
The AD2050 and AD2O51 are high performance single channel
3‘/z digit thermocouple meters that can measure temperatures
accurately between —265 and + 1999 in degrees Celsius or
Fahrenheit. The AD2050 is supplied factory programmed to
interface directly with any of the following six thermocouple
types: J, K, T, E, R and S. The AD2O51 is a universal instrument
in which the user selects one of the six thermocouple types via
switch programming. Being microprocessor based, all gain and
offset error correction, cold junction compensation, thermocouple
linearization, and °C/°F scaling are automatically performed in
firmware.

The AD2050 and AD2051 display temperature information on
large 0.56" (14.3mm) high LEDs. Digital information is provided
in standard ASCII character serial format with rate selection for
easy interface to printers, terminals, and other peripherals. For
remote data acquisition applications, an optional isolated 20mA

serial loop/TTL compatible interface is available. Also an optional
analog output linearized to lmV/degree is provided for driving
recorders and other analog instruments. Selection of °C or °F
scaling is accessed by removing the front panel lens and setting
the selector switch to its proper position.
The AD2O5O and AD2O51 can also be ordered with any of the
following power versions: 120V ac, 240V ac, or +7.5V de to
+ 28V de. Input overvoltage protection for 300V peak (ther
mocouple to ac line shorts) and common mode voltages as high
as 1400V peak (ac version) with overrange and open thermocouple
detection are provided. These instruments are rated for operation
over the + 10°C to + 40°C temperature range. Testing is performed
per MIL-STD-202E Method 103B to insure specified operation
over various relative humidity conditions. The AD2050 and
AD2O51 are supplied in rugged high impact plastic cases that
meet DIN/NEMA standard dimensions.

14

(OPTIONAL)

For detailed information, contact factory.
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SPECIFICATIONS (typical @ + 25°C and rated supply voltages unless otherwise specified)
THERMOCOUPLE INPUTS
• ThermocoupleTypes:J,K,T,E,S,R
• Input Impedance: > lOOMfl
• External (Lead) Resistance Effect: <20p.V per 35011 of Lead
Resistance
• Cold Junction Compensation Error: ± 0.5°C max (+ 10°C to
+ 4O°C)
• Open Thermocouple: + EEE Display; + EEEE ASCII
Digital Output; + 2.048V AnalogOutput
• Thermocouple Short to ac Line: Internal Protection Provided
to 300V peak (200V ac rms)
• Common Mode Voltage: 1400V peak (de or ac), between
Input and Power Line Ground (ac Versions)
• Common Mode Rejection Ratio: >130dB with 25011 Source
Imbalance (ac Versions); (de to 60Hz)
• Normal Mode Rejection Ratio: >80dB @ 50/60Hz

DIGITAL OUTPUTS
• Character Serial ASCII
Data: Nine transmitted characters, (each 7 bits plus strobe)
Drive Capability: 2TTL loads, CMOS/TTL compatible
Strobe: Negative transition determines when character serial
data is valid. CMOS/TTL compatible.
Character Rate: Selectable on Pl (pin 32)
Grounded: 25 characters/sec. (SLOW)
Open: 100 characters/sec. (FAST)
• Isolated Serial Output (Optional)
Data: Asynchronous ASCII 20mA current loop
(Optically isolated to ± 600V peak)
Baud Rate: Selectable on Pl (Pin 32)
Grounded: 300 baud (SLOW)
Open: 1200 baud (FAST)
Distance: 10,000 ft. max
• Serial Output (Nonisolated, Optional)
Data: Serial ASCII
Drive Capability: 2TTL Loads, CMOS/TTL compatible
Baud Rate: (same as Isolated Serial Output)
• Overrange: ±EEEE
• Minimum Time Between New Data Update: 150ms
DIGITAL INPUTS
• REQ: Low-Level Triggered: Must go low at any time other
than during data transmission to be recognized. REQ line
taken low during data transmission will not be acknowledged
and the ASCII digital output transmission will not occur. Dis
play readings are not effected by REQ.
• SERIAL INPUT (Optional): Edge Triggered, Current On to
Current Off: Must be triggered at any time other than during
data transmission to be recognized. Serial Input triggered
during data transmission will not be acknowledged and the
20mA isolated/TTL compatible serial output transmission
will not occur. Display readings are not effected by Serial
Input.
ANALOG OUTPUT (OPTIONAL)
• Voltage: lmV/degree, linearized
• Current: ± 2mA max drive
• CMV: 1400V peak (ac or de) Peak between Analog Output
Ground & ac Power Line Ground
• Overrange: +2.048V, -O.512V

ACCURACY
• Temperature Resolution: 1°C/1°F
• All Ranges are Guaranteed Monotonic
• Range Temperature Coefficient: ±25ppm/°C typ, ±60ppm/
°C max
• Readout Accuracy (a.25°C:
Sensor
Accuracy
Range
Type
J
J
K
K
T
T
E
E
S,R

S,R

- 165°Cto760°C
- 265°F to 1400°F
- 50°Cto 1250°C
- 58°F to 1999°F
- 150°C to 400°C
-238°Fto752°F
- 100°Cto870°C
- 148°F to 1598°F
+ 300°Ctol760°C
0°to299°C
+ 572°F to 1999°F
+ 32°Fto571°F

±0.7°C
±1.3’F
±0.9°C
±1.6°F
±0.8°C
±1.4°F
±1.0’C
±2.0°F
±1.5’0
±6.0°C
±3.0°F
±12.0°F

± 1/2LSD
± 1/2LSD
± 1/2LSD
± 1/2LSD
± 1/2LSD
± 1/2LSD
± 1/2LSD
± 1/2LSD
± 1/2LSD
± 1/2LSD
± 1/2LSD
± 1/2LSD

ANALOG TO DIGITAL CONVERSION
• Technique: Offset Dual Slope with Gain and Offset Error
Correction
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• Rate: 2.5 Conversions/Second Typical
• Input Integration Period: 100ms for 5O/6OHz
Noise Rejection
POWER REQUIREMENTS (Choice of Three Supply Ranges)
• ac: 90V ac to 132V ac @ 25mA (47Hz to 500Hz)
198V ac to 264V ac @ 12.5mA (47Hz to 500Hz)
• de: + 7.5V to + 28V de @ 200mA (Protected Against
Supply Reversals)
DISPLAY
• Type: Seven Segment Orange LED 0.56" (14.3mm) high
• Polarity Indication: “ + ” or
displayed
• Overrange Indication: ± EEE
• Display Test: At Power Turn-On, 3 Second Display of
“ +1888” Tests all Segments of Display

ENVIRONMENTAL
• Rated Temperature Range: + 10°C to +40°C
• Operating Temperature Range: - 10°C to + 50°C
• Storage Temperature Range: -40°Cto +85°C
• Relative Humidity: Meets MIL-STD-202E, Method 103B

DIMENSIONS
• Case: 3.78" x 1.89" x 5.13" (96.8mm x 48.9mm x
131.3mm), high impact molded plastic case. DIN/NEMA
Standard
• Weight: 15.2 oz (431 grams) max, ac powered
12.0 oz (341 grams) max, de powered.
RELIABILITY
• Burn In: 168 Hours at +50°C and Power ON/OFF Cy
cles.
• Calibration: NBS Traceable
• Recalibration: Recommended 15-Month Intervals
• Warranty: 12 months

CONNECTOR
One 44 pin 0.1" (2.54mm) spacing card edge connector
Viking 3VH22/1 JN5 or equivalent
Optional: Order AC2630

ORDERING GUIDE

THERMOCOUPLE TYPE
*
J
K
T
E
R
S
POWER OPTION
*
(1) 120Vac
I
(2) 240Vac
I
(3) + 7.5V de to + 28V de '
ANALOG OUTPUT OPTION
(A) Contains Analog Output
(Blank) Does Not Contain Analog Output
SERIAL OUTPUT OPTION
(S) Contains Serial Output
(Blank) Does Not Contain Serial Output
*Only one option can be ordered. The thermocouple type docs not need to be specified
when ordering the AD2O51 since it is user programmable.
Specifications subject to change without notice.

Microprocessor-Based Autoranging
RTD/Thermistor Meters

ANALOG
DEVICES

AD2060/AD2061
FEATURES
Temperature Ranges: -328°Fto +1562°F
-200°C to + 850°C
Autoranging: 0.1° from -199.9° to +199.9°; 1°>200°
Sensor Selection (AD2060): RTD 1000 Platinum
a = 0.00385, 0.00390, 0.00392 or 22520 Thermistor
Universal Meter (AD2061) Sensor User Programmable
Switch Selectable Sensor Configuration: 2, 3 or 4-Wire
7-Bit ASCII Character Serial Data Output
Automatic Self-Calibration for Gain, Offset, Excitation
and Sensor Linearization
Optional Linearized Analog Voltage Output:
1mV/Degree
Optional Isolated 20mA ASCII Loop/TTL Serial Outputs

APPLICATIONS
Temperature Monitoring in Laboratory, Manufacturing
and Quality Control Environments
Process Control Temperature Measurements
Remote Data Logging

GENERAL DESCRIPTION
The AD2060/AD2061 are high performance single channel 3!6
digit RTD/Thermistor meters that can measure temperature
accurately between - 328°F and + 1562°F (- 200°C and + 85O°C).
Both meters offer autoranging from 0.1°C/F to 1°C/F. The
AD2060 is supplied factory programmed for one of four sensor
types: 10011 Platinum RTDs: a = 0.00385, 0.00390, 0.00392 or
a 2252Q Thermistor. The AD2061 is a universal meter in which
the user selects one of the four sensor types via switch program
ming. The microprocessor based AD2060/AD2061 provides
gain, offset and excitation error correction, linearization and °C/
°F scaling in firmware. The AD2060/AD2061 display temperature
information on large 0.56"(14.3mm) high LEDs. Digital infor
mation is provided in 7-bit standard ASCII character serial

format with baud rate selection for easy interface to printers,
terminals and other peripherals. For remote data acquisition
applications, an optional isolated 2-wire 20mA ASCII serial
loop/TTL compatible interface is available. For driving recorders
or other analog instruments, an optional linearized analog voltage
output of lmV/degree is available. Selection of °C or °F scaling
is accessed by removing the front panel lens and setting the
selector switch to its proper position.

The AD2060/AD2061 can be ordered in one of the following
power versions: 120V ac, 240V ac or +7.5V de to + 28.0V de.
Input voltage protection of 180V peak (RTD short to ac line),
common-mode voltage to 1400V peak (ac version) with overrange
and open sensor detection is provided. These meters are rated
for operation over the 0 to +40°C temperature range. Each
AD2060/AD2061 is burned-in for 168 hours @ 50°C with on/off
power cycles for increased reliability.The AD2060/AD2061 are
supplied in rugged molded plastic cases that meet UL94V-0 and
DIN/NEMA standard dimensions.

AD2060/AD2061 FUNCTIONAL BLOCK DIAGRAM

For detailed information, contact factory.
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(typical @ + 25°C and rated supply voltages unless otherwise specified)
RTDINPUTS
• RTD Types:

•
•
•

•
•
•
•
•
•
•

lOOfl Platinum
a = 0.00385 (Per DIN 43760)
a = 0.00390
a = 0.00392
Configuration: 2, 3 or 4 Wire
Excitation Current: 0.25mA nominal
External Lead
Resistance Effect: Automatically Compensated for 3 & 4 wire configurations
Lead Resistance: 50D/Lead max; RTD + Lead Resistance must be less than 40011
3 Wire Error: 2.8°C/Q of impedance imbalance
Open Sensor: DISPLAY + EEE
RTD Short to ac Line: Internal protection provided to 180V peak (BOV rms)
Maximum Common-Mode Voltage: 1400V peak (ac or de) between input and power
line ground (ac version)
Common-Mode Rejection Ratio: lOOdB ac power to RTD input
Normal Mode Rejection: 60dB (a1 50/60Hz

THERMISTOR INPUTS
• Thermistor Type: Series 400 R = 22520
• Configuration: 2 Wire
• Open Sensor: DISPLAY -EEE

ACCURACY
• Temperature Resolution: Autoranging (0.1° from - 199.9° to + 199.9°, l°>200°)
• All Ranges Guaranteed Monotonic
• Range Temperature Coefficient: 20ppm/°C typ, 30ppm/°C max
• Readout Accuracy
*
@ + 25°C
Sensor

100(1 RTD a = 0.00385
100(1 RTD a = 0.00392

100(1 RTD a = 0.00390
Thermistor R = 2252(1

Range

- 200°C to + 850°C
- 328°Fto + 1562°F
-200°Cto + 640°C
-328°Fto + 1184°F
-200°Cto +64O“C
-328°Fto + U84“F
- 30
*Cto
+ 100“C
-22°Fto +212°F

Accuracy

±0.3°C± 1/2LSD
±0.6°F± 1/2LSD
±0.3“C± 1/2LSD
± 0.6°F ± 1/2LSD
±0.3°C± 1/2LSD
±0.6°F± 1/2LSD
±0.4°C± 1/2LSD
±0.8°F ± 1/2LSD

'Readout Accuracy: Includes Gain and Offset Errors. Recommended
Recalibration Interval 15-MONTHS.
DIGITAL OUTPUTS
• Character Serial ASCII
Dau. Eleven transmitted characters, (each 7 bits plus strobe)
Drive Capability: 2TTL loads, CMOS/TTL compatible
Strobe: Negative transition determines when character serial dau is valid. CMOS/TTL
compatible.
Character Rate: Selecuble on Pl (Pin 32)
Grounded: 25 characters/sec. (SLOW)
Open: 100 characters/sec. (FAST)
• Isolated Serial Output (Optional)
Dau: Asynchronous ASCII 20mA current loop (Optically isolated to ± 600V peak)
Baud Rate: Selectable on JI (Pin 32)
Grounded: 300 baud (SLOW)
Open: 1200 baud (FAST)
Distance: 10,000 ft. max
• Nonisolated Serial Output (Optional)
Dau. Serial ASCII
Drive Capability: 2TTL Loads, CMOS/TTL compatible
Baud Rate: (same as Isolated Serial Output)
• Overrange: ±EEE.E
• Minimum Time Between New Data Update: 150ms

DIGITAL INPUTS
• REQ: Low-Level Triggered: Must go low at any time other than during data
transmission to be recognized. REQ line taken low during data transmission will
not be acknowledged and the ASCII digital output transmission will not occur.
Display readings are not effected by REQ.
• SERIAL INPUT (Optional): Edge Triggered, Current On to Current Off: Must be
triggered at any time other than during data transmission to be recognized. Serial
Input triggered during dau transmission will not be acknowledged and the 20mA
isolated/TTL compatible serial output transmission will not occur. Display readings
are not effected by Serial Input.

ANALOG OUTPUT (OPTIONAL)
• Voltage: ImV/degree, linearized
• Current: ± 2mA max drive
• CMV: 1400V peak (ac or de) between Analog Output Ground & ac Power Line
Ground
• Overrange: + 2.048V, -O.512V
• Accuracy: ± 2mV from Display Reading
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ANALOG TO DIGITAL CONVERSION
• Technique: Offset Dual Slope with Gain and Offset Error Correction
• Rate: 2.5 Conversions/Second Typical
• Input Integration Period: 100ms for 50/60Hz Noise Rejection

POWER REQUIREMENTS (Choice of Three Supply Ranges)
• ac: 90V ac to 132V ac @ 25mA (47Hz to 500Hz)
198V ac to 264V ac @ 12.5mA (47Hz to 500Hz)
• de: +7.5V to +28V de (fv 200mA (Protected Against Supply Reversals)
DISPLAY
• Type: Seven Segment Orange LED 0.56" (14.3mm) high
• Polarity Indication: “ + ” or
displayed
• Overrange Indication: ± EEE
• Display Test: At Power Turn-On, 3 Second Display of “+ 188.8.” Tests all
Segments of Display

ENVIRONMENTAL
• Rated Temperature Range: 0 to + 40°C
• Operating Temperature Range: - 10°C to + 50°C
• Storage Temperature Range: -40°C to +85°C
• Relative Humidity: Meets MIL-STD-202E, Method 103B
(0 to 90%, Noncondensing)

DIMENSIONS
• Case: 3.78" x 1.89" x 5.13" (96.8mm x 48.9mm x 131.3mm), rugged molded
plastic case. Meets UL94V-0 and DIN/NEMA Standard dimensions
• Weight: 15.2 oz (431 grams) max, ac powered
12.0 oz (341 grams) max, de powered.
RELIABILITY
• MTBF: >55,000 hours calculated
• Bum In: 168 Hours at +50°C and Power ON/OFF Cycles.
• Calibration: NBS Traceable
• Recalibration: Recommended 15-Month Intervals
• Warranty: 12 months

CONNECTOR
One 44 pin 0.1" (2.54mm) spacing card edge connector Viking 3VH22/1 JN5 or
equivalent
Optional: Order AC2630

Rear Panel View
ORDERING GUIDE
AD2061

SENSOR TYPE
*
(385) 100(1 Platinum RTD a = 0.00385
(390) 100(1 Platinum RTD a = 0.00390
(392) 100fi Platinum RTD a = 0.00392
(2252) Thermistor R = 2252(1
POWER OPTION
*
(1) 120Vac
]
(2) 240Vac
| ENTER(3) + 7.5Vde to + 28V de J

I

LLL

//_/_/_

>_

AD2060

J

ANALOG OUTPUT OPTION
(A) Contains Analog Output
I enter
(Blank) Does Not Contain Analog Output J
SERIAL OUTPUT OPTION
(S) Contains Serial Output
ENTER
(Blank) Does Not Contain Serial Output

•Only one option can be ordered. The sensor type does not need to be specified
when ordering the AD2061 since it is user programmable.
Specifications subject to change without notice.
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Microprocessor-Based Autoranging
Thermocouple Meters
AD2070/AD2071

FEATURES
Autoranging (0.1° - 1°)
4 1/2 Digit Resolution
Automatic Self-Calibration for Gain, Offset, Cold
Junction Compensation and Thermocouple
Linearization
J, K, T, E, R, S, C, B, J DIN, and T DIN Thermocouple
Selection
Universal Meter (AD2071), User Programmable for All
Thermocouple Types
Four Port Isolation: Input, Power, Digital Output
and Analog Output
Optional Isolated and Linearized Analog Voltage Out
put 1mV/Degree
Optional Isolated 20mA Loop/TTL Serial Data Output
Optional Isolated RS-232/TTL Serial Data Output
Heavy Gauge Rugged Metal Case

GENERAL DESCRIPTION
The AD2070/AD2071 are high performance, microprocessor
based, autoranging, single channel thermocouple meters that
can measure temperature accurately from - 328°F to + 4200°F
(-200°C to + 2315°C). The AD2070 is supplied factory pro
grammed for any of the following ten thermocouple types: J, K,
T, E, R, S, C, B, J DIN, and T DIN. The AD2071 is a universal
meter in which the user selects one of the ten thermocouple
types via switch programming. Both meters offer autoranging
from 0.1°C/°F to 1°C/°F. The microprocessor based AD2070/
AD2071 provides gain and offset error correction, cold junction
compensation, thermocouple linearization and °C/°F scaling in
firmware.
The AD2070/AD2071 display temperature information on large
0.56" (14.3mm) high LEDs. Digital information is provided in
standard ASCII character serial format with rate selection for
easy interface to printers. For remote data acquisition applications,
an optional isolated 20mA serial loop or RS-232 compatible

interface is available. For driving recorders or other analog
instruments, an optional isolated and linearized analog voltage
output of lmV/degree is available. Selection of °C or °F scaling
is accessed by removing the front panel lens and setting a selector
switch.

The AD2070/AD2071 can be ordered in one of the following
power versions: 120V ac, 240V ac or + 7.5V de to + 28.0V de.
Input overvoltage protection rating is 300V peak (thermocouple
to ac line shorts). The common-mode voltage rating is 1400V
peak. Overrange and open thermocouple detection are provided
in all models. Analog output and digital outputs are isolated to
500V peak from power, input and output sections. Each meter
is burned-in for 168 hours at 50°C with on/off power cycles for
increased reliability. These meters are rated for operation over a
+ 10°C to +40°C range. The AD2070/AD2071 are supplied in a
heavy gauge, rugged metal case that meets DIN/NEMA standard
dimensions.

Fordetailed information, contact factory.
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(typical @ + 25°C and rated supply voltages unless otherwise specified)
THERMOCOUPLE INPUTS

THERMOCOUPLE TYPES:
J, K, T, E, R, S, B, C, J DIN and T DIN
INPUT IMPEDANCE:
lOOMfl
EXTERNAL LEAD RESISTANCE EFFECT:
<2OjiV per 3500 of Lead resistance
COLD JUNCTION COMPENSATION ERROR:
+ 0.3°C max ( + 10°C to + 40°C)
OPEN THERMOCOUPLE:
+ EEEE Display; +EEEE.E ASCII DIGITAL OUTPUT: + 3.5OOV
ANALOG OUTPUT
THERMOCOUPLE SHORT TO AC LINE:
Internal Protection Provided to 300V peak, (200V ac rms)
COMMON-MODE VOLTAGE:
1400V peak (de or ac), Between Input and Power Line Ground
COMMON-MODE REJECTION RATIO:
>130dB with 25011 Source Imbalance (de to 60Hz)
NORMAL-MODE REJECTION RATIO:
>80dB @ 50/60Hz
DIGITAL OUTPUTS

ISOLATED CHARACTER SERIAL ASCII (Standard)
DATA:
Eleven transmitted characters, each 7 bits plus strobe
DRIVE CAPABILITY:
2TTL Loads, CMOS/TTL compatible
OVERRANGE: + EEEE.E
STROBE:
Positive transition determines when character serial data is valid.
CMOS/TTL compatible.
ISOLATION:
500V Between Input, Analog Output and Power Input
CHARACTER RATE:
Selectable on Pl (Pin 20)
Grounded: 25 Characters/sec. (SLOW)
Open: 100 Characters/sec. (FAST)
ISOLATED SERIAL OUTPUT (Optional)
DATA:
Asynchronous ASCII 20mA current loop or RS-232
BAUD RATE:
Selectable on Pl (Pin 20)
Grounded: 300 baud (SLOW)
Open: 1200 baud (FAST)
OVERRANGE:
±EEEE.E
DISTANCE:
50 ft. (RS-232), 10,000 ft. (20mA loop)
ISOLATION:
500V Between Input, Analog Output and Power Input
ISOLATED SERIAL OUTPUT
DATA:
Serial ASCII TTL
DRIVE CAPABILITY:
2TTL Loads, CMOS/TTL Compatible
BAUD RATE:
(same as above)
OVERRANGE:
+ EEEE.E
ISOLATION:
500V Between Input, Analog Output and Power Input
MINIMUM TIME BETWEEN NEW DATA UPDATE:
100ms
DIGITAL INPUTS
REQ: LOW-LEVEL TRIGGERED:
Must go low at any time other than during data transmission to be
recognized. REQ line taken low during data transmission will not be
acknowledged and the ASCII digital output transmission will not occur.
Display readings are not effected by REQ.
SERIAL INPUT: EDGE TRIGGERED, CURRENT ON TO CURRENT OFF
Must be triggered at any time other than during data transmission to be
recognized. Serial Input triggered during data transmission will not
be acknowledged and the isolated 20mA loop/TTL or isolated RS-232/TTL
compatible serial output transmission will not occur. Display readings
are not effected by Serial Input.

SOLATED ANALOG OUTPUT (OPTIONAL)
ZOLTAGE:
lmV/degree, Fahrenheit or Celsius linearized

CURRENT:
±2mA max
OVERRANGE:
+ 3.5OOV, -0.328V
ACCURACY:
±2mV from Display Reading
ISOLATION:
500V Between Input, Digital Output and Power Input
ACCURACY
TEMPERATURE RESOLUTION:
Autoranging 0.1°C/°F - 1°C/°F
RANGE TEMPERATURE COEFFICIENT:
20ppm/°C typ, ± 40ppm/°C max (of Reading)
All Ranges are Guaranteed Monotonic.

POWER REQUIREMENTS (Choice of Three Supply Ranges)
ac:

90V ac to 132V ac @ 25mA (de to 1kHz)
198V ac to 264V ac @ 12.5mA (de to 1kHz)
de:
+ 7.5V to + 28V de @ 600mA (Protected Against Supply Reversals)

DISPLAY

TYPE:
Seven Segment Orange LED 0.56" (14.3mm) high
POLARITY INDICATION:
“ + ” or “ - ” displayed
OVERRANGE INDICATION:
+ EEEE
DISPLAY TEST:
At Power Turn-On, 3 Second Display of “+ 1888.8.” Tests All Segments
of Display
DIMENSIONS
CASE:
3.78” x 1.89" x 6.75” (96.8mm x 48.0mm x 171.0mm), rugged
aluminum case. DIN/NEMA Standard.
+ 0.031" + ,8
+0.024
PANEL CUT OUT: 3.622" „
192 ’)mmx 1.771 „
145
PANEL THICKNESS:
-0 000
'’°
-0 000

1/16" (1.5mm) to 3/16" (4.8mm)
WEIGHT:
23 oz. (650 grams) typ

ORDERING GUIDE
THERMOCOUPLE TYPE
*
J
K
T
E
R
S
C
B
JDIN
TDIN

POWER OPTION
*
(1) 120V ac
(2) 240V ac
(3) +7.5V de to +28V de
ANALOG OUTPUT OPTION
y ENTER -----(A) Contains Analog Ouput
(BLANK) Does Not Contain Analog Output
SERIAL OUTPUT OPTION
*
(51) Contains RS-232 Serial Output
(52) Contains 20mA Loop Serial Output
(BLANK) Does Not Contain Serial Output

Example Order Number: AD2070/J/1/A/S1 =AD2070 for J Thermocouple
Type, 120V ac Power, Analog Voltage Output and
RS-232 Serial Output.
"Only one option can be ordered. The thermocouple type does not need to
be specified when ordering the AD2071 since it is user programmable.

Specifications subject to change without notice.
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Bus Interface & Serial I/O Products
THE fiMAC® SERIES
The jiMAC product line consists of data acquisition and control
front ends designed for use in industrial applications. The sys
tems provide signal conditioning, A/D and D/A conversion and
control capabilities in front of a supervisory computer or in a
stand-alone configuration. Two general groups of systems are
available: intelligent, fixed function systems and programmable
stand-alone systems.

Fixed-Function Front Ends
The fixed function systems are the p.MAC-4000 and the pMAC1050. The jjlMAC-4000 system provides isolation and condition
ing of signals, A/D and D/A conversion, and storage of data (in
engineering units) that is transferred to any host computer upon
command (via RS-232 link). The p.MAC-1050 offers additional
levels of functionality such as minimum/maximum recording,
local alarming, CAM sequence emulation, configuration storage
in EEPROM, ramping of analog outputs, and other features that
minimize host computer interaction. The unit also supports an
RS-422/485 port for multidrop configurations.
Software driver options are available for both the p.MAC-4000
and pMAC-1050 to provide a high level language interface to
the units. Refer to the chart for more detailed information.

Programmable Units
The programmable pMAC units are the p.MAC-1060, pMAC5000, pMAC-6000, and the pDCS-6000. The pMAC-5000 and
pMAC-6000 are fully programmable in pMACBASIC® or C
(pMAC-6000 only) and support battery-backed data and pro
gram storage, hardware watchdog timers, and serial communica
tions for stand alone operation or custom host interface.
The pMAC-1060 is a single board controller that offers unprece
dented price/performance levels. The unit is programmable in a
fast, space efficient version of C, and also provides a watchdog
timer, battery-backed memory, and up to three serial ports.
The pDCS-6000 provides a complete solution for distributed
process monitoring and control applications. Based on the
pMAC-6000 hardware, the system becomes a powerful control
ler with embedded FIX DMACS
*
software from Intellution.

THE RTI® SERIES
The RTI Series consists of analog and digital input/output
boards that are compatible with popular microcomputer bus
standards including:

•
•
•
•
•

RTI-800 Series,
RTI-200 Series,
RTI-1200 Series,
RTI-600 Series,
RTI-700 Series,

IBM PC/XT/AT
*
IBM PS/2,
*
Micro Channel
*
Architecture
STD
VMEbus
*
MULTIBUS

The RTI Series are families of boards that provide a wide range
of functionality. Each board can operate independently or can
be used with other RTI Series boards to solve an application.
Different analog-to-digital conversion speeds, resolutions, input
and output channel capacities are available, allowing customiza
tion of the systems. The RTI Series are typically used in appli
cations where the computer is close to the sensors being
measured.
RTI Software
The RTI-200 Series, RTI-800 Series and some of the RTI-1200
Series boards are supported by MS-DOS
*
driver software that
provides easy-to-use, high-level routines for user written soft
ware programs. The routines can be called from popular lan
guages like Microsoft
*
BASIC (Interpreted and Compiled), C,
*
QuickBASIC,
Borland International TURBO Pascal
*
and
TURBO C.
*

Industry standard data acquisition and control software products
like LABTECH NOTEBOOK,
*
LABTECH CONTROL,
*
SNAPSHOT STORAGE SCOPE,
*
Control EG,
*
THE FIX,
*
and UnkelScope
*
support many of the RTI Series boards.
Signal Conditioners
The pMAC and RTI products can be used with signal condi
tioners in applications that require conditioning for isolated or
nonisolated signals. The 3B and 5B Series of signal conditioning
modules and the STB family of analog signal conditioning pan
els can be used with most RTI and pMAC products.

15

RTI, pMAC and pMACBASIC are registered trademarks of Analog
Devices, Inc.
*ASYST is a trademark of ASYST Software Technologies, Inc.
Control EG is a trademark of Quinn-Curtis
PS/2, Micro Channel, PC DOS, IBM PC, PC/XT and PC AT are trade
marks of International Business Machines Corporation
LABTECH NOTEBOOK and LABTECH CONTROL are registered
trademarks of Laboratory Technologies Corporation
MS-DOS, QuickBASIC and Microsoft are registered trademarks of
Microsoft Corporation
MULTIBUS is a trademark of Intel Corporation
SNAPSHOT STORAGE SCOPE is a trademark of HEM Data
Corporation
THE FIX and FIX DMACS are trademarks of Intellution, Inc.
TURBO Pascal and TURBO C are trademarks of Borland International
Corporation
Unkelscope is a trademark of the Massachusetts Institute of Technology
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•

•

-f•

•

•

•

Additional Features
Programmable Gain Amplification
Single +5 V Operation
4-20 mA Output
Direct Sensor Interface
Thermocouples, RTDs
IBM PC Software Compatible

•

Bits

o
>©
ri
•

Bits
12 Bits

P

12

•

S 2

8

•

Output Resolution

p
cP

2

•

10 Bits

rrj
16/8

o
00
n

•

• •

16/16

|

•

Output

H
CP
24

(CMOS)
RTI-1281

•

Digital
I/O

•

32/16

RTI-1270

cP

•

16/8

|

STD BUS

00
n

Input Resolution

Input

Channel Capacity

RTI-1265

OS)

BUS

P

(Single Ended/
Differential)

Input
Input/Output
Output

P

Board Type

|

<75

RTI-1226

Q
HZ

Analog Devices
Part Number

1
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P
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RTI-222

D

Analog Output

N/A

Up to
16

12-Bit

12-Bit

kHz
16

Up to

21

12-Bit

Up to 64

Analog I/O

RTI-220

N/A

N/A

N/A

Digital I/O

RTI-817

12-Bit

19 kHz

12-Bit

8 SE

Low Cost Multifunction
Analog and Digital I/O

RTI-205

N/A

Low Cost Analog Input
and Digital I/O

Resolution

19 kHz

12-Bit

SE

8

o

RTI-204

Max
Throughput

o

Function

o

Model

rs]

Resolution

;

Analog Output

Analog
Output
Channels

Analog Inpu t

o

V/N

Analog
Input
Channels

IBM PS/2 Micro Channel I/O Boards

Digital Pattern Recognition

Interrupt on Change of State;

2 Counter/Timers

Bits

o
o

Four 8-Bit Ports

Interfaces Directly to Analog
Signal Conditioning Panels;
Slave Microprocessor Controls
Analog Outputs

Outputs

Interfaces Directly to
Analog Signal
Conditioning Panels;
Slave Microprocessor
Controls Analog

External Strobing and
Interrupt Support

Digital Pattern Recognition

2 Counter/Timers

8 Bits
8
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Time Related
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Digittai I/O

o

o
o
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Selection Guide
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*
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2
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12/14 Bits
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400-44

3

10
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13-18 Bits

O

13 Bits

272

48 AIN, 32 AOT

IEEE-488

u

m

Max I/O Points

1

None

1

None

Serial

128K

i

Comm Ports

u

Q
CJ
00
<
QQ
<D
<
3
i

#

±

Max RAM

0

y
7
<
PQ
O
<
s
i

Fixed Function

i

Fixed Function
(PC Programming
in C, Basic Pascal,
3rd Party Packages)

u

Programming

s.

V/N

ixMAC Series
M
u
Q
3.

BUS INTERFACE AND SERIAL I/O PRODUCTS

15-7

15-8 BUS INTERFACE AND SERIAL I/O PRODUCTS

Automotive Components
This section contains solid-state sensors and sensor signal condi
tioners designed specifically for automotive applications. The
solid-state sensors integrate one or more sensors with signal con
ditioning circuitry and a complete output interface onto a single
monolithic IC. The ability to work from typical automotive volt
age supplies over wide temperature ranges, together with the
benefits of advanced signal conditioning, make the products in
herently user friendly.

The car battery voltage, nominally +12 V, is a de voltage which
varies between +8.5 V and +14.6 V during normal operating
conditions. However, in some cases, the battery voltage can
drop far below +8.5 V (for example, during engine start in win
ter) or can go above +14.6 V (for example, when the alternator
charge controller fails). Some systems must remain operative
even under these harsh conditions, and all systems should re
main undamaged.

The devices in this section represent several years of market re
search and product development in a cooperative effort with ma
jor customers in the automotive industry. While ideally suited
for automotive applications, many of the products are attractive
for nonautomotive applications as well. All products are avail
able as described or can be modified for custom volume
applications.

Other situations which need to be considered are:
- reversed power supply (incorrectly installed battery)
- double battery voltage (jump start)
- voltage transients in the range of ±60 V to ±100 V
- load dump
- EMI (electromagnetic interference)

SOLID-STATE SENSOR PRODUCT CONCEPT
In order to achieve significant improvement in automotive sen
sors, Analog Devices utihzes its knowledge and expertise in
process technology, signal conditioning circuitry, and laser trim
mable on-chip thin film resistors. This allows the sensor and
signal conditioning circuitry to be brought onto one and the
same IC resulting in the following benefits:

1. Higher signal resolution is achieved by combining the sensor
and signal conditioner to get a high level output (for example
linear 0 V to 5 V) which can be transferred with high noise
immunity to the microcontroller.
This is an improvement over traditional sensors which trans
fer low level outputs (for example 100 mV) across long trans
fer lines between the sensor and microcontroller with
significant loss of resolution.
2. Increased accuracy and linearity are attained by using on-chip
smart compensation circuitry and linear signal processing to
compensate for all major sensor errors and unwanted drifts
over temperature and time.
3. Standard signal interfaces include voltage (for example 0 V to
5 V), current, or digital signal outputs. This increases the
possibility of sharing the solid-state sensor with more than
one controller unit.

AUTOMOTIVE POWER SUPPLY CONSIDERATIONS
Many of Analog Devices’ solid-state sensors are designed to
operate directly from the car battery, and thus withstand the
inherent harsh conditions present from an unregulated and un
protected power supply. Other members of the sensor family are
designed to use the existing +5 V regulated power supply from
the microcontroller PC board.

OPERATING TEMPERATURE RANGE
Automotive sensors must operate over a wide temperature
range. Typical requirement include:
Passenger Compartment
The minimum temperature rises
above 0°C almost immediately
after the car has been started.

—40°C to +85°C

Engine Compartment
Temperatures may exceed 150°C
or even 180°C depending
on ventilation.

—40°C to +125°C

Trunk and Chassis

—40°C to +110°C

Brake Systems
This may extend to +250°C
depending on location
and ventilation.

—40°C to + 180°C

All of the devices in this section meet the temperature range
of -40°C to +125°C. Many of the products extend to +150°C,
and Analog Devices is continuing developments to increase
the temperature range to + 180°C and beyond.

FUTURE DEVELOPMENTS
Analog Devices is continuing to develop new solid-state sensors
and signal conditioning circuits, both general purpose and appli
cation specific (ASIC). We will continue to seek direction from
key automotive system designers to develop and produce prod
ucts that will enhance the next generation of automobiles.
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AD22001 * - 5-Channel Monolithic Comparator
for Lamp Monitoring
FEATURES
Continuous Status Checks of Five Bulbs
Lamp Status Check In "On" and "Off" State
Status Checks of Two In-Line Fuses
Very Low Voltage Drop at Sensor Shunt Resistor
(Nominal 1.75 mV at 22°C)
Temperature and Supply Voltage Compensated
Can Be Powered Directly from Car Battery
Operating Temperature Range: -40°C to +125°C
15 V CMOS Compatible Digital Outputs Signals
Voltage Limited Power Supply Output for 15 V CMOS
Logic ICs

The AD22001 is a monolithic, five channel comparator circuit
for monitoring the functionality of various lamps in automotivfk
applications.

,

f

*

Digital outputs indicate the status of each channel. Additionally,
the AD22001 provides a voltage limited power supply output to
supply 15 V CMOS circuits that may interface to the AD22001.

AD22001 1 CHANNEL
♦ U BATT O-THJ-

SWITCH

SIGNAL OUTPUT TO
ISV CMOS LOGIC

COPPER
SHUNT RESISTO
SIGNAL CONDITIONING
AND SIGNAL PROCESSING

Circuit For a Single Channel Lamp

The basic function of the IC is to test the series circuit leading
to the lamp to determine if the circuit is intact and a functional 1
lamp is in the socket. The AD22001 continuously checks the
status of four to five bulbs in either their “on” or “off’ state,
and also tests for the presence of an in-line fuse in two of the
series circuits.
■ W
Tatents pending.

V

*AD22100 - Monolithic Temperature Sensor
with Signal Conditioning
FEATURES
200°C Temperature Span
Accuracy Better Than 2% of Full Scale
Linearity Better Than ±2°C
Ratiometric Output Voltage - Output Proportional to
Temperature x Supply Voltage
Reverse Voltage Protection
Low Quiescent Current - Minimal Self-Heating
High Level, Low Impedance Output
22.5 mV/°C from +5.000 V Supply
Wide Power Supply Range

The output voltage, which is proportional to the temperature
times the supply voltage, can be input directly to an analog-todigital converter, which can use the AD22100 supply voltage as
its reference.

The AD22100 is a monolithic temperature sensor with on-chip
signal conditioning. It covers the range -50°C to +150°C mak
ing it ideal for use in a wide range of automotive applications,
including both liquid and air temperature measurement.
The signal conditioning obviates the need for any trimming,
buffering or linearization circuitry, greatly simplifying the over
all system design.

Typical Application Circuit

Tatents pending.

This information applies to products under development. Their characteristics and specifications are subject to change with
out notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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*AD22050 - Single-Supply Sensor Interface
Circuit
FEATURES
Gain of x20 Alterable from x1 to x160
Input CMR from Ground to 6x (Vs -1 V)
Output Span 10 mV to (Vs -0.2) V
1-, 2-, 3-Pole Low Pass Filtering Available
Accurate Midscale Offset Capability
Differential Input Resistance 400 kfl
Drives 1 kfl Load to +4 V Using Vs = +5 V
Transient Spike Protection & RFI Filters Included
Operating Temperate Range -40°C to +125°C

APPLICATIONS
Current Sensing
Motor Control
Interface for Pressure Transducers,
Position Indicators, Strain Gages,
and Other Low Level Signal Sources

Supply voltage of between +3.0 V and +36 V can be used. The
input common-mode range extends from ground to over +24 V
using a +5 V supply with excellent rejection of this common
mode voltage. This is achieved by the use of a special resistive
attenuator at the input, laser trimmed to a very high differential
balance.
Provisions are included for optional low pass filtering and gain
adjustments. An accurate mid-scale offset feature allows bipolar
signals to be amplified.

♦V (CAR BATTERY)
SOLENOID
LOAO

—rAAA A
lOOmfi ) AD22050

♦ 5 VOLT
OUTPUT
4V PER AMP

200ku

CORNER
FREQUENCY >
0.796 Hi - pF

ANALOG
GROUND

The AD22050 is a single supply difference amplifier for amplify
ing and low pass filtering small differential voltages (typically
100 mV FS at a gain of 40) from sources having a large
common-mode voltage.

POWER
DARLINGTON

LOW PASS FILTERING, GAIN: 40

it for a Current Sensor Interface
'Patents pending.

*AD22150 - Monolithic Hall Effect Sensor with
Signal Conditioning
FEATURES
Sensitive to Small Changes in Field:: Operate and Re
lease Points at -12 G and +12 G Respectively
Switch Points Moved in Presence of Large Dynamic
Fields (Up to ±200 G)
Open Collector Output
Stable Over -40°C to +150°C Temperature Range
Hysteresis Built Into the Output
Maximum Frequency 50 kHz
Minimum Frequency User Selectable with One Exter
nal Capacitor
Powered Directly by Automobile Battery

fkllG 1^
*
The AD2215Q is stable over a wide temperature range and has a
abroad frequency response. Its tolerance of assembly inaccuracies
and its immunity to surface roughness combine to give a part
ideal for use in diverse applications.

AD22150

Typical Application Circuit

The AD22150 is a monolithic Hall effect sensor complete with
signal conditioning circuitry, which is sensitive to changes in
magnetic field provided, for example, by teeth on a moving fer
rous wheel.
When used in a biasing magnetic field, the ac coupling rejects
the steady state field to provide precisely controlled switch
points, while hysteresis of the output ensures bounce free transi
tions between states.
AD22150 Basic Connection Diagram
"Patents pending.

This information applies to products under development. Their characteristics and specifications are subject to change with
out notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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*
AD22180
- Automotive Battery Monitor Circuit
FEATURES
Measures Automotive Battery Temperature & Voltage
Built-In Battery Charging Characteristic
Provides a Signal to Maximize the Battery Charging
Without Exceeding the Battery Gassing Voltage at
Any Given Temperature
Signals "Charge Battery" for Battery Voltage Below
the Battery Voltage Characteristics of the Figure:
13.35 V @ 40°C +35 mV/°C for Temperatures Below
40°C and -11 mV/°C Above 40°C
TTL Compatible Open Collector Output
Output Short Circuit Protected
No External Components Required
Powered Directly by Automobile Battery with
Transient and Reverse Voltage Protection
Operating Temperature Range -55°C to +125°C

The digital open collector output indicates when the battery can
be further charged without damaging or reducing its lifetime
(digital state: high), and when to stop charging (digital state:
low).

The digital output of the AD22180 can be directly connected to
the Alternator Controller Circuit AD22181.

12 VOLT
LEAD CAR
11+ ||

AD22180
TEMPERATURE - VOLTAGE

CONVERTER

SIGNAL
OUTPUT TO
e.fl.: AD22181

--------- <?
Typical Application Circuit

The AD22180 is a three-terminal, monolithic monitor circuit for
12 V, lead based, automotive batteries.
The basic function of this IC is to measure the battery voltage
and temperature. The measured voltage and temperature will
then be compared with the internal battery charging curve. This
IC should be mounted in thermal contact with’the battery c
'Protected by U.S. Patent Re30,586; others pending.

Temperature-Voltage Characteristics

*
AD22181
- Alternator Control Circuit
FEATURES
Directly Controls Alternator Excitation
Temperature Invariant Charging Voltage Limiter
Over-Temperature Protective Shutdown
Remote Sensed Headlamp Voltage Charging Limit
Interface for Battery Temperature - Voltage Charge
Control Using AD22180
Fail-Safe Operation
Acceleration Cut-Off Mode

Typical Application Circuit

The AD22181 is a 4-pin hybrid device to control an automobile
alternator. The AD22181 and AD22180 work together to pro
vide a complete charging control system designed to maximize
battery charge without damaging the battery, alternator, head
lamps, or electrical system, due to overvoltage or extreme
temperature.

The AD22181 contains sensors, control circuitry, and a power
transistor to control the excitation to the alternator based on the
following input parameters: AD22180 output (car battery volt
age and temperature control), alternator temperature (to avoid
extreme temperatures), headlamp voltage (to avoid overvoltage
to headlamps when they are in “on” condition), and alternator
voltage (fail-safe mechanism to avoid overvoltage to the electrical
system in case the signal from the AD22180 is lost).

a) FIXED UPPER LIMIT FOR BATTERY VOLTAGE
b) FIXED CHARGING LIMIT
HEADLAMP VOLTAGE
C) OVER-TEMPERATURE SHUT-DOWN
d) BATTERY VOLTAGE vs TEMPERATURE
CHARGING LIMIT FROM AD22180

Temperature-Voltage Characteristics

‘Protected by U.S. Patent Re30,586; others pending.

This information applies to products under development. Their characteristics and specifications are subject to change with
out notice. Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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Application Specific Integrated Circuits
Analog Devices offers a full spectrum of capabilities in mixedsignal application specific integrated circuits (ASICs). These
chip-level systems can implement combined analog/digital de
signs with 12-bit accuracy and 16-bit resolution that formerly
required board-level solutions.
Analog Devices can incorporate most of the functions of its stan
dard monolithic parts in full-custom and semicustom ICs. Full
custom parts optimize performance and space requirements,
while cell-based semicustom parts reduce development time and
engineering expense. Development costs can be cut further by
tailoring a predefined system-on-a-chip known as a Linear
System Macro to your application.

Analog’s experienced design engineers work with powerful
computer-aided design tools to design and lay out your circuit.
Design centers are currently in Massachusetts, England and
Ireland.
Multiple locations for fabrication, assembly and testing ensure a
ready supply of production parts. Products can be processed in
full MIL-38510 certified facilities.
DESIGN EXAMPLES
Analog Devices has created a variety of customer-specific and
function-specific ASIC parts. Described here are three Linear
System Macros, a custom chipset and a semicustom chip.
AD75004 Quad DAC
This circuit contains four separate 12-bit D/A converters with
amplifiers for voltage output and an on-board reference. Double
buffering latches interface with an 8-bit parallel bus and permit
updating of all four channels individually or simultaneously.
AD75004 QUAD DAC
Vrefih

Vrefout

Vouti

Voo

Each channel may be independently programmed for gains from
1 to 128. A unique circuit design maintains constant 2 MHz
bandwidth at all gains and offers very low phase shift; the PGAs
also feature low input bias current (<10 pA).
AD75068 OCTAL PROGRAMMABLE GAIN AMPLIFIER
VDD1

VINO
VIN1
VIN2
VIN3
VIN4
VINS
VIN6
VIN7

VDD2

VSS1

ONE OF EIGHT PGA
CHANNELS SHOWN

I

I
GO
G1
G2
AO

A1
A2
WR

VSS2

VOUTO
VOUT1
VOUT2
VOUT3
VOUT4
VOUTS
VOUT6
VOUT7

AGNDO
AGND1
AGND2
AGND3
AGND4
AGND5
AGND6
AGND7

OCTAL
LATCH

DGND

Derivative Circuits
The circuits outlined above can be modified to suit a specific
customer’s application. For example, the AD75004 quad DAC
could be expanded to 6 channels, each of which may have sepa
rate reference inputs. The AD75068 could be configured to in
clude filtering. These modifications, if based on standard library
cells, can provide the fastest, most cost effective semicustom
solution.

Modem Chipset
Library cells can be combined to form macro building blocks
for high speed modems. This two-chip design concept filters
and converts data to interface a digital signal processor with the
analog circuitry of a 9600-baud modem. On one chip, the re
ceived signal passes through an antialiasing filter, sample-andhold, 12-bit A/D converter, 8th-order digital filter and
decimation. On the other chip, transmit data is 8 x oversam
pled, then goes to an 8th-order filter, a 12-bit DAC and an ac
tive reconstruction filter.
HIGH SPEED MODEM CHIPSET

Vtt

AGND

DGND
CS

WR A3 A2 A1 AO

AD75068 Octal Programmable Gain Amplifier
The AD75068 contains eight programmable gain amplifiers
(PGAs). Each is complete, including switch/resistor network and
gain programming latch, and requires no external components.
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AD79015 LOW LEVEL DAS
This circuit is a complete data acquisition system for low level
signals (e.g., ECG and EEG) with a throughput of 10,000 sam
ples per second. It provides high accuracy, high stability and
functional completeness in a small 28-pin PLCC package. It in
cludes a high performance instrumentation amp, bandpass and
50/60 Hz notch filters, and a 12-bit ADC with on-chip refer
ence. It also includes a fast 8/12-bit serial port to interface to
most microprocessor systems.
HPF

LPFCAP

BPF

HIGH PERFORMANCE PROCESSES
Analog Devices’ semicustom and custom circuits are fabricated
using the same high performance processes as our standard ICs.
These technologies include two mixed bipolar-CMOS processes
and a high voltage CMOS process. These processes include thinfilm resistors which may be laser trimmed for precise matching
and stable performance over a wide temperature range.

The BiMOS II and Linear Compatible CMOS (LC2MOS) pro
cesses combine bipolar and CMOS devices on one chip. Func
tional density is an order of magnitude greater than previous
mixed-signal processes; over 20,000 devices can be placed on a
single chip. Bipolar transistors provide low noise, low offset in
put stages and high power output stages. The CMOS devices
offer high input impedance, and make dense logic and good
switches for data converters, multiplexers and switched-capacitor
filters. LC2MOS also provides a JFET for very low input noise.
The bipolar-CMOS processes operate on supply voltages ranging
from single +5 volts to split ±15 V, with signal levels ranging
from single-ended +3 V to ±10 V. These processes are ideally
suited for applications in data acquisition, instrumentation, in
dustrial automation and telecommunications.

The High Voltage Switch (HVS) process provides quality analog
switches that can operate with supply voltages up to ±22 volts.
It can combine switches and multiplexers with CMOS logic.
The following table summarizes the processes available for de
signing ASICs. Other processes in development offer even
higher speed, denser logic and higher integration of analog and
digital functions.
ANALOG DEVICES HIGH PERFORMANCE PROCESSES FOR ASICS
Signal

Process

Power

BiMOS II
LC2MOS
HVS

±12 V
±8 V
+ 5 V to ±15 V + 3 V to ± 10 V
+ 5 V to ±22 V +2 V to ±18 V
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Features

Wide Variety of Precision Linear and Digital Functions
Wide Variety of Precision Linear and Digital Functions
High Voltage Switches, Muxes and Logic Functions

CELL LIBRARIES
Cell libraries for the bipolar CMOS processes are described be
low. These libraries are growing with the development of new
processes, macrocells and cells. Many new catalog parts will also
be available as cells. Your local sales office can give you current
information on the cell libraries and available Linear System
Macros.

Operational amplifiers are available in bipolar, JFET and CMOS
configurations. Representative bipolar op amp cells have perfor
mance characteristics similar to an AD OP-27 and a slewenhanced AD741. The LC2MOS process offers JFET op amps,
including an AD711 equivalent.

The overall work flow through the CAD environment is shown
below. Key to meeting the special challenges of mixed analog/digital circuitry are the simulation and auto-layout tools, and
the unification of design and layout information in a single data
base. Analog Devices has developed a suite of proprietary
computer-aided design tools, called JANUS™, to address these
issues and to implement turn-key designs.

Computer-Aided Design
Flow

Instrumentation amplifiers with performance comparable to the
AD521 and AD524 are available. Linear comparators have re
sponse times down to 100 nanoseconds and strobed comparators
have setup/access times down to 50 nanoseconds.
Digital-to-analog converters range in resolution from 8 to 16
bits, and include cells similar to the AD667 and AD 1856.
Analog-to-digital converters vary from 8 to 16 bits in resolution,
and include cells equivalent to the AD7572 and AD674. One
half-flash ADC cell converts to 8-bit accuracy in 500 nanosec
onds, and one successive approximation cell converts to 12 bits
in less than 5 microseconds.

Support cells include sample-and-hold amplifiers with perfor
mance comparable to the AD585, low voltage bandgap refer
ences comparable to the AD584, and low noise buried Zener
references.

RC active filters and programmable switched-capacitor filters are
available with specifications in these ranges:
Topology: all classical filter types
Frequency Range: 200 Hz to 20 kHz (switched-cap) or 100 Hz
to 1 MHz (RC)
Number of Sections: up to lOth-order (switched-cap) or
4th-order (RC)
Signal/Noise and THD: >72 dB, compatible with 12-bit data
acquisition.

Logic cells include gates, counters, registers, microsequencer,
PLA, RAM and ROM. Interface cells include 8-bit and 16-bit
parallel I/O ports as well as synchronous serial ports and
UARTS.

COMPUTER-AIDED DESIGN TOOLS
Designing a high performance mixed-signal IC is inherently
more difficult than designing a gate array. The variety of analog
and digital functions requires a cell-based approach. However,
the use of powerful tools gives high confidence of functionality
at first silicon through thorough simulation and layout verifica
tion. Complete computer-generated documentation of all sche
matics and analog and logic simulation waveforms permits
thorough evaluation of Analog’s design by your design staff be
fore signoff for final layout and fabrication.

The JANUS schematic editor offers numerous time-saving tech
niques and provides for specification of such data as wire
widths, routing layers and routing priorities. It automatically
generates a netlist used by subsequent tools.
Analog uses several simulators, including electrical, logic and
behavioral types. ADICE, a proprietary enhanced version of the
SPICE electrical simulator, gives precision simulation of critical
analog sections. It uses Newton-Raphson methods to iteratively
solve nonlinear time-dependent simultaneous differential equa
tions. It is efficient for circuits up to about 250 active devices
and is used for the frequency domain or transient analysis of
analog cells such as op amps, or sensitive digital cells such as
dynamic RAM.

Event-driven simulators handle larger circuits, with thousands of
devices, and are typically used to simulate logic. The JANUS
mixed-signal simulator combines an event-driven simulator with
Newton-Raphson methods. It dynamically partitions the circuit
to apply the faster event-driven techniques where possible, and
the matrix methods where necessary. It also dynamically sizes
the matrix and time steps to speed simulation further. The sim
ulator can operate at the transistor level or use behavioral mod
els, or both at the same time, allowing trade-offs between
accuracy and speed.

JANUS is a trademark of Analog Devices, Inc.
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For layout, the challenge is to increase automation while accom
modating the layout sensitivity of analog circuitry. Device gener
ators exist for the full range of active and passive devices
available in the technology to automatically create a physical
representation of the circuit schematic. This layout may be opti
mized through conventional interactive polygon-pushing.

PACKAGING
Analog Devices ICs are available in most modern package types,
including high pin-count and surface mount varieties. ASICs
may be assembled in any of Analog Devices’ standard packages,
listed below. This list is constantly expanded and other packages
may be used if they are suitable for high performance applications.

The JANUS placement editor starts with a topological place
ment based on the schematic, and uses simulated annealing to
automatically place devices and cells. The user may define the
cost function for the annealer; the default version comprehends
such analog concerns as thermal and electrical matching and de
vice and cell grouping, as well as cell overlap, net length, and
die area.

Available Packages
Pin-grid array (PGA): 68 to 144 pins
Leaded ceramic chip carrier (LDCC): 44 pins
Leadless ceramic chip carrier (LCC): 20 to 68 I/Os
Plastic quad flat pack (PQFP): 100 pins
Plastic leaded chip carrier (PLCC): 20 to 68 pins
Plastic dual in-line package (DIP): 14 to 64 pins
Side-brazed DIP: 14 to 64 pins
Frit-seal DIP (Cerdip): 14 to 40 pins
Small outline (SO): 14 to 28 pins

The JANUS routing editor is driven by the connectivity of the
schematics, but allows great freedom to manually control the
routing of critical analog signal paths or power/ground lines
while autorouting noncritical nets and spacing the layout to
achieve automatic enforcement of layout rules. The JANUS
routing editor uses up to three interconnect levels, and will au
tomatically expand and compact placement as necessary to
achieve 100% routing.

Finally, industry-standard layout verification tools assure con
formance of the layout to both the schematic and design rules to
give high confidence of functionality in first silicon. The CAD
tool suite communicates via industry-standard stream formats to
external databases and pattern generators.

PROGRAM RESPONSIBILITIES AND INTERFACES
The following figure shows the major phases in developing an
ASIC and responsibilities during each phase. The overall devel
opment time depends on the complexity of the circuit and on
how custom the design is.

Your Analog Devices Sales Engineer is your first interface for
ASIC development. Your local sales office can provide further
information on Analog Devices’ custom/semicustom capabilities.
PROGRAM RESPONSIBILITIES AND INTERFACES

TEST AND TRIM
Analog Devices has over 20 years of experience in testing com
plex circuits and manufactures commercial test systems for pre
cision linear ICs. In each fabrication facility, a computer
network integrates Analog Devices, H-P, Teradyne and LTX
test equipment. The design, wafer probe and test areas share
data on the network for statistical analysis and device modeling.

All Analog Devices ASICs are tested at the wafer level, and
most are laser-wafer trimmed to achieve high accuracy. Un
trimmed thin-film resistors match within 1% to 0.1%, depend
ing on area. Trimmed resistors can match to better than 0.01%.
Wafers may be laser drift trimmed with a hot-chuck probe to
minimize the effects of temperature on accuracy.
After packaging, all parts are tested to assure that they meet
guaranteed specifications. Environmental handlers can verify
parts at multiple temperatures. Burn-in is performed as specified
by the customer.
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Power Supplies
Modular AC/DC Power Supplies
GENERAL SPECIFICATIONS
Power Requirements
105 V ac to 125 V ac
Input Voltage Range:
Frequency:
50 Hz to 250 Hz

GENERAL DESCRIPTION
Analog Devices offers a broad line of modular ac/dc power sup
plies that provide both OEMs and designers a reliable, easy to
use, low-cost solution to their power requirements. Models are
available in PC mountable and chassis mountable designs with
5 volt to 15 volt (single, dual, triple) outputs and current ratings
from 25 mA to 5 amps. Since these modular supplies are fully
encapsulated, no trimming or external component selection is
necessary; simply mount the unit, connect power and output
leads, and you’re on the air! Most Analog Devices’ power sup
plies are available from stock in both large and small quantities
with substantial discounts being applied to large quantity orders.

Electrical Specifications
Temperature Coefficient:
Output Voltage Accuracy:
Breakdown Voltage:
Isolation Resistance:
Short Circuit Protection:

AC/DC POWER SUPPLY FEATURES
• Current Limit Short Circuit Protection
• PC Mounted and Chassis Mounted Versions
• Single (+5 V), Dual (±12 V, ±15 V), and Triple
(±15 V/+5 V, ±15 V/+1 V to +15 V) Output Supplies
• Current Outputs:
25 mA to 1000 mA for Dual and Triple Output Supplies
250 mA to 5000 mA for Single Output Supplies
• Wide Input Voltage Range
• Low Output Ripple and Noise
• Excellent Line & Load Regulation Characteristics
• High Temperature Stability
• Free-Air Convection Cooling; No External Heat Sink Required

Environmental Requirements
Operating Temperature
Range:
Storage Temperature
Range:

0.02%/°C
±2%, max
See Specifications Table
500 V rms, min
50 Mil
All ac/dc power supplies
employ current limiting. They
can withstand substantial
overload including direct
short. Prolonged operation
should be avoided since
excessive temperature rises
will occur.

-25°C to +71°C
-25°C to +85°C

SPECIFICATIONS - Typical (a +25°C and 115 V ac 60 Hz unless otherwise noted*

Type

Dual
Output

•T5

C
O
Single
« Output
Q

T
n *i I \
utpu

X
C

I
Triple
Output

J

Dimensions
Inches

±200 mV
-0 mV
+ 300 mV
-OmV
+300 mV
-OmV
+ 300 mV
-OmV
±1%
+ 300 mV
-OmV

0.5

3.5x2.5x0.875

0.5

3.5x2.5x1.25

0.5

3.5x2.5x0.875

0.5

3.5x2.5x1.25

0.5
0.5

3.5x2.5x1.62
3.5x2.5x1.25

1
1
5 (typ)
0.5
0.5
0.5 (typ)
1.0 (typ)
0.5
0.25
0.5
0.25

3.5x2.5x1.25
3.5x2.5x1.62
3.5x2.5x1.25

Output
Voltage

mA

Load Reg.
max
%

±50

0.02

0.02

±15

±100

0.02

0.02

±15

±100

0.02

0.02

Output
Current

Model

904

±15

902

902-2

Error max

920

±15

±200

0.02

0.02

925
921

±15
±12

±350
±240

0.02
0.02

0.02
0.02

905
922
928

5
5
5

1000
2000
3000

0.02
0.02
0.05

0.05
0.05
0.10

±1%
±1%
±2%

923

±15
+5
±15
+5
±15
+ 1 to +15
**
±15
+ 1 to +15
**

±100
500
±150
1000
±65
125
±65
125

0.02
0.02
0.02
0.02
0.08
0.08
0.01
0.01

0.02
0.05
0.02
0.10
0.1
0.1
0.02
0.02

±1%
±1%
±2%
±2%
(-0, +300 mV)

952
970
973
975

±15
±15
±15
±15

±100
±200
±350
±500

0.05
0.05
0.05
0.05

0.05
0.05
0.05
0.05

±2%
±2%
±2%
±2%

1
1
1
1

4.4x2.7x1.45
4.4x2.7x1.45
4.4x2.7x2.00
4.4x2.7x2.00

955
976
977

5
5
5

1000
3000
5000

0.05
0.05
0.05

0.15
0.10
0.10

±2%
±2%
±2%

2
5 (typ)
5 (typ)

4.4x2.7x1.45
4.75x2.7x1.45
4.75x2.7x1.45

972

±15
+5
±15
+5

±150
300
±150
1000

0.02
0.02
0.02
0.02

0.02
0.10
0.02
0.10

±2%
±2%
±2%
±2%

0.5
1.0
0.5
1.0

927

2B35J
2B35K

Dual
±3 Output
c
o
Single
•g Output

Ripple &
Noise
mV rms max

Line Reg.
max
%

Output
Voltage
Volts

974

(-0, +300 mV)

(typ)
(typ)
(typ)
(typ)

3.5x2.5x1.25
3.5x2.5x1.62
3.5x2.5x1.25
3.5x2.5x1.25

4.75x2.7x1.45
4.75x2.7x1.45

‘Consult Analog Devices Power Supplies Catalog for additional information.
“Resistor programmable.
Specifications subject to change without notice.

POWERSUPPLIES 18-1

Modular DC/DC Converters
GENERAL DESCRIPTION
Analog Devices’ line of compact dc/dc converters offers system
designers a means of supplying a reliable, easy to use, low cost
solution to a variety of floating (analog and digital) power appli
cations. These devices provide high accuracy, short circuit pro
tected, regulated outputs with very low output noise and ripple
characteristics.

Fourteen models are offered in five power levels of 1 watt, 1.8
watts, 4.5 watts, 6 watts and 12 watts. Input voltage versions
include 5 volt, 12 volt, 24 volt and 28 volt with output ranges
as follows: -1-5 volt, ±12 volts and ±15 volts at ±60 mA to
1000 mA output current capability.
Most models are high efficiency (typicaly over 60% at full load)
and feature complete 6-sided continuous shielding for EMI/RFI
protection. A rr-type input filter is contained, in some models,
which virtually eliminates the effects of reflected input ripple
current. Most Analog Devices’ dc/dc converters are available
from stock in both large and small quantities with substantial
discounts being applied to large quantity orders.

DC/DC POWER SUPPLY FEATURES
• Inaudible (>20 kHz) Converter Switching Frequency
• Continuous, Six-Sided EMI/RFI Shielding Except on 1 Watt
and 1.8 Watt Models
• Output Short Circuit Protection (Either Output to Common)
• Automatic Restart After Short Condition Removed
• Automatic Starting with Reverse Current Injected into
Outputs
• Low Output Ripple and Noise
• High Temperature Stability
• Free Air Convection Cooling
No external heat sink or specification derating is
required over the operating temperature range.

GENERAL SPECIFICATIONS FOR 1 W AND
1.8 W MODELS
Line Regulation - Full Range: ±0.3% (±1% max, 949)
Load Regulation - No Load to Full Load: ±0.4% (±0.5% max,
949)
Output Noise and Ripple: 20 mV p-p (with 15 jjlF tantalum
capacitor across each output) 2 mV rms max, 949)
Breakdown Voltage: 300 V de min (500 V de min, 949)
Input Filter Type: it
Operating Temperature Range: —25°C to +71°C
Storage Temperature Range: —40°C to +125°C (+100°C, 949)
Fusing: If input fusing is desired, we recommend the use of a
slow blow type fuse that is rated at 150%-200% of the
dc/dc converter’s full load input current.

GENERAL SPECIFICATIONS FOR 4.5 W, 6 W AND
12 W MODELS
Line Regulation - Full Range: ±0.07% max (±0.02% max, 951,
960 Series) (±0.1% max, 943)
Load Regulation - No Load to Full Load: ±0.07% max
(±0.02% max, 951, 960 Series) (±0.1% max, 943)
Output Noise and Ripple: 1 mV rms max
Breakdown Voltage: 500 V de min
Input Filter Type: tt
Operating Temperature Range: —25°C to +71°C
Storage Temperature Range: -40°C to +125°C
Fusing: If input fusing is desired, we recommend the use of a
slow blow type fuse that is rated at 150%—200% of the
dc/dc converter’s full load input current.

SPECIFICATIONS - Typical @ +25°C at nominal input voltage unless otherwise noted*

Model

Output
Voltage
Volts

Output
Current
mA

Input
Voltage
Volts

Input1
Voltage
Range
Volts

Input
Current
Full Load

Output
Voltage
Error max

Temperature
Coefficient
PC max

Efficiency
Full Load
min

Dimensions
Inches

943
958
941
960
962
964
965
966
967
949
940
953
945
951

5
5
±12
±12
±15
±15
±15
±15
±15
±15
±15
±15
±15
±15

1000
100
±150
±40
±33
±33
±190
±190
±190
±60
**
±150
±150
±150
±410

5
5
5
5
5
12
5
12
24
5
5
12
28
5

4.75/5.25
4.5/5.5
4.75/5.25
4.5/S.5
4.5/5.5
10.8/13.2
4.65/5.5
11.2/13.2
22.3/26.4
4.65/5.5
4.75/5.25
11/13
23/31
4.65/5.5

1.52A
200 mA
1.17A
384 mA
396 mA
165 mA
1.7 A
710 mA
350 mA
0.6 A
1.35 A
0.6 A
250 mA
3.7 A

±1%
±5%
±1%
±5%
±5%
±5%
±1%
±1%
±1%
±2%
±1%
±0.5%
±0.5%
±0.5%

±0.02%
±0.01% (typ)
±0.01%
±0.01% (typ)
±0.01% (typ)
±0.01% (typ)
±0.005% (typ)
±0.005% (typ)
±0.005% (typ)
±0.03%
±0.01%
±0.01%
±0.01%
±0.01%

62%
50%
58%
50%
50%
50%
62% (typ)
62% (typ)
62% (typ)
58%
62%
62%
61%
62%

2.0x2.0x0.38
1.25x0.8x0.4
2.0x2.0x0.38
1.25x0.8x0.4
1.25x0.8x0.4
1.25x0.8x0.4
2.0x2.0x0.38
2.0x2.0x0.38
2.0x2.0x0.38
2.0x1.0x0.375
2.0x2.0x0.38
2.0x2.0x0.38
2.0x2.0x0.38
3.5x2.5x0.88

NOTES
'Models 940 and 941 will deliver up to 120 mA output current (and Model 943 will deliver up to 600 mA) over an input voltage range of 4.65 V de
and 5.5 V de.
^Consult Analog Devices Power Suppies Catalog for additional information.
**Single-ended or unbalanced operation is permissible such that total output current load does not exceed a total of 120 mA.
Specifications subject to change without notice.
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LTS-2020 Component Test Systems
BIDIRECTIONAL RS-232 PORT

PLUG-IN FAMILY BOARD MODULE (E.G., LINEAR, DIGITAL,
DATA CONVERSION, DISCRETE, MIXED SIGNAL)

THE LTS CONCEPT
The LTS-2020 is a versatile component test system which tests a
multitude of components to the manufacturer’s specifications
(linear, digital, data conversion, and discrete devices). The sys
tem offers such features as RS-232 ports for networking, IEEE
for compatibility with handlers and probers, dual disk drives for
mass storage of data, automatic self-calibration, and a full statis
tical analysis software package.
The LTS-2020 provides several data output formats - datalog,
yield analysis, and statistical analysis. The console provides the
primary measurement and control functions to test a specific
class of devices. The socket assembly is the mechanical and elec
tronic interface for the family board and the DUT board. The
DUT board plugs directly into the socket assembly and contains
the circuitry and socket, specific to the actual device under test.
Analog Devices’ component test systems are the first benchtop
testers that are programmable in BASIC and fill-in-the-blanks
CREATE. CREATE is menu-driven software which prompts
the user for data sheet limits and conditions, then builds a com
pleted test program for the specified device. Turnkey program
libraries are available for each of the device families.

Far more than just comprehensive production testers, these test
systems can handle complex engineering analysis and incoming
inspection. They are the first systems that can provide all the
capabilities of today’s large centralized test systems at a price
that is approximately one-third the cost. The LTS-2020 not only
provides the flexibility of distributed or decentralized testing, it
allows for cost effective multiple system purchases. They
increase overall test reliability since the threat of a single big
failure is eliminated in a distributed testing environment.

MIXED SIGNAL TEST CAPABILITY
The LTS-2800 Mixed Signal Family Board and LTS-0680 Test
Head perform a wide variety of ac and de parametric tests on
devices such as complex hybrids, octal DACs, ASICs, convert
ers, and pulse width modulators. The family board supplies the
de pin drivers, the de force and measure system, a Vcc buffer,
an rms-to-dc conversion circuit, voltage and current sources,
and a 24 x 5 switching matrix. With its 24 programmable pin
drivers, the system can provide high and low digital voltages, a
three-state (high impedance) output mode, and accurate voltages
and currents (V/I source).

The family board incorporates a series of 12-bit calibrated
sources, used for programming Vu and VIH voltage levels at the
digital inputs of the device under test. A threshold source for
programming voltage levels on a comparator is used to detect
digital output voltage levels accurately. For forcing and measur
ing currents, a V/I source provides and measures 10 p.A to
400 mA and voltages to ±20 V.
A switching matrix provides system flexibility by allowing any
one of several capabilities to be switched to any of the pin driv
ers. These include the measure system, V/I source, VIH and VIL
sources, the rms-to-dc circuit, and BNC input and output con
nectors for interconnection with external instruments using the
IEEE-488 bus.

The LTS-0680 Mixed Signal Test Head contains a precise and
versatile time measure unit which provides accurate ac measure
ment of propagation delays, slew rates, pulse widths, and rise
and fall times. It also incorporates a 16-bit user data bus, 16-bit
relay driver bus, four 12-bit programmable sources, and a user’s
expansion board. A square wave source to the DUT provides up
to ±10 volt signals, from 1.22 kHz to 2.5 MHz.

COMPONENT TEST SYSTEMS 19-1

LINEAR DEVICE TEST CAPABILITY
The LTS-2101 Operational Amplifier Family Board tests today’s
very demanding high precision op amps, comparators, and regu
lators. This board houses the test loop used in testing op amps
and comparators and the pulse load circuitry used in developing
the high currents needed for voltage regulator testing.

Together with the LTS-0655 remote ac test fixture, dynamic
parametric testing of 24-pin SSI/MSI TTL digital devices can be
achieved. Accuracies are achieved down to ±4% + 1.5 ns at a
resolution of 500 ps. Dynamic parameters tested are propagation
delay, setup, and hold times.

For testing devices under 100 p.V, the LTS-2101 offers a tight
offset spec of ±(0.25% + 5 pV). Use of low thermal Emf relays
and a test loop gain of 10,045 ensures superior low level Vos
measurement performance for optimum repeatability of low
level signals.

DISCRETE DEVICE TEST CAPABILITY
The LTS-2600 Transistor Family Board tests bipolar transistors,
JFETs, diodes, and optocouplers. An on-board 16-bit micro
processor with 4K bytes of memory acts as a slave for the LTS
system and coordinates the timing and pulse width control of
the stimulus and measurement signals. In addition, the micro
processor monitors the interlock circuitry to insure safe handling
of high power test signals.

Testing of low current devices is achieved with the LTS-0614
Socket Assembly which is designed to test bias and offset cur
rents with an accuracy of ±(5% + 25 fA) for any FET ampli
fier, including quad devices. Program libraries containing pre
written test programs for many standard op amps, comparators
and regulators are available on disk.

ANALOG-TO-DIGITAL TEST CAPABILITY
The LTS-2200 ADC Family Board provides the test circuitry
required for testing monolithic, hybrid, or modular ADCs. An
on-board 16-bit microprocessor with 8K bytes of memory acts as
a slave for the system console and executes preprogrammed test
routines such as linearity, all codes existence, transition noise
measurements, and conversion time measurements at high
speed. Absolute accuracy can be measured within 200 pV. Lin
earity, differential nonlinearity, offset, gain, and PSSR are
tested to ±0.05 DUT LSB +200 pV. Turnkey test packages are
available for many of the standard ADCs currently in use.
DIGITAL-TO-ANALOG TEST CAPABILITY
The LTS-2302 DAC Family Board utilizes advanced state-ofthe-art test techniques to provide comprehensive test capabili
ties for a wide variety of D/A converters. It will test both volt
age and current output DACs, DACs with and without buffer
registers, and serial or parallel input DACs to 16-bit accuracy.
High repeatability on low level signals is achieved because of the
grounding scheme on the LTS-2302. The incorporation of high
level components in the V/I circuits ensures true accuracy. In
addition, the methodology for measuring low bit currents allows
appropriate testing of this parameter on CMOS DACs.
Output leakage current on the LTS-2302 is measured with the
bit drivers to the DAC set to logic 0. Current is measured using
the I to V converter. A 1 Mfl resistor within the I to V circuitry
ensures sensitivity, thereby measuring current down to ± 1 pA
full scale.

DIGITAL DEVICE TEST CAPABILITY
The LTS-2510 Digital Device Family Board provides 24-pin
driver/detectors and a precision, four quadrant V/I source for
testing SSI/MSI TTL and CMOS digital devices. This board
contains four programmable device supplies and switching cir
cuitry necessary for performing accurate parametric measure
ments on all device pins.

19-2 COMPONENT TEST SYSTEMS

MOSFET software packages support the testing of N and P
channel enhancement mode and N channel depletion mode
devices. Tests which may be performed on MOSFET devices
include Idss, Igss, Igssf, Igssr, Id (off), Id (on), B Vdss, B
Vgss, B Vgssf, B Vgssr, Vds (on), Vgs (th), Vgsoff, Vsd, Rds
(on), and Gsf.

The Smartpower Test Fixture will support fast, accurate testing
of devices such as Darlington Arrays, Differential Line
Drivers/Receivers, and Transceivers/Repeaters. It contains a
matrix board which facilitates the muxing of High Voltage/High
Current V/Is, a nonometer, diffamp, 16-bit measure system, and
mecca ground reference to any one of eight matrix points at the
DUT site and eight de pin drivers programmable to any one of
four modes - V/I, VIH, VIL or Tristate. This configuration
allows true digital de parametric testing of the front end of
smartpower devices while providing the high voltage and high
current capability to test the discrete output stage.
ANALOG SWITCH TEST CAPABILITY
The LTS-2700 Analog Switch Family Board adds switch and
multiplexer testing capability to the LTS-2020. This test capa
bility, with CREATE software, allows datalogged device testing
at the incoming inspection and semiconductor manufacturing
levels and includes software power for use in component evalua
tion applications.

The LTS-2700 tests on and off drain to source leakage currents
with an accuracy of 250 pA while forcing differential voltages up
to 50 V (± 25 V from GND). Other tests performed are drain
to source on resistance, greatest change in drain-source on resis
tance between channels, digital input current and supply cur
rent.
Twenty high integrity analog lines are provided - four to be
used as drain connections and sixteen for source connections.
Also provided are eight programmable digital drivers, four digi
tal control bits, six variable power supplies, and one fixed +5 V
supply. These combinations of sources provide testing of devices
such as 4-channel switches, 16 to 1 multiplexers, and other com
binations of switches and multiplexers.
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Package Outline Dimensions
D-14

14-Lead Side Brazed Ceramic DIP

SYMBOL

A
b
b.
c
D
E
Ei
e
L
Li
Q
S
Si

MIN

INCHES
MAX

MILLIMETERS
MIN
MAX

0.200
0.023
0.070
0.015
0.785
0.310
0.320
0.110
0.200

5.08
0.58
1.78
0.38
19.94
7.87
8.13
2.79
5.08

0.014
0.030
0.008
0.220
0.290
0.090
0.125
0.150
0.015

0.060
0.098

0.005
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0.36
0.76
0.20
5.59
7.37
2.29
3.18
3.81
0.38
0.13

1.52
2.49

NOTES
6
2,6
6
4
4
7

3
5
5

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. The minimum limit for dimension b1 may be 0.023"
(0.58mm) for all four corner leads only.
3. Dimension Q shall be measured from the seating plane
to the base plane.
4. This dimension allows for off-center lid, meniscus
and glass overrun.
5. Applies to all four corners.
6. All leads - increase maximum limit by 0.003" (0.08mm)
measured at the center of the flat, when hot solder
dip lead finish is applied.
7. Twelve spaces.

D-16

16-Lead Side Brazed Ceramic DIP

SEATING
PLANE

SYMBOL

A
b
bi
c
D
E
Ei
e
L
Li
Q
S
s.

MIN

INCHES
MAX

MILLIMETERS
MIN
MAX

0.200
0.023
0.070
0.015
0.840
0.310
0.320
0.110
0.200

5.08
0.58
1.78
0.38
21.34
7.87
8.13
2.79
5.08

0.014
0.030
0.008
0.220
0.290
0.090
0.125
0.150
0.015
0.005

0.060
0.080

0.36
0.76
0.20

5.59
7.37
2.29
3.18
3.81
0.38
0.13

1.52
2.03

NOTES
6
2,6
6
4
4
7

3
5
5

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. The minimum limit for dimension b, may be 0.023"
(0.58mm) for all four corner leads only.
3. Dimension Q shall be measured from the seating plane
to the base plane.
4. This dimension allows for off-center lid, meniscus
and glass overrun.
5. Applies to all four corners.
6. All leads - increase maximum limit by 0.003" (0.08mm)
measured at the center of the flat, when hot solder
dip lead finish is applied.
7. Fourteen spaces.
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D-18

18-Lead Side Brazed Ceramic DIP

SEATING
PLANE

SYMBOL
A
b
b.
c
D
E
Ei
e
L
Li
Q
S
s.

MIN

INCHES
MAX

MILLIMETERS
MIN
MAX

0.200
0.023
0.070
0.015
0.960
0.310
0.320
0.110
0.200

5.08
0.58
1.78
0.38
24.38
7.87
8.13
2.79
5.08

0.014
0.030
0.008
0.220
0.290
0.090
0.125
0.150
0.015

0.060
0.098

0.005
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0.36
0.76
0.20
5.59
7.37
2.29
3.18
3.81
0.38

0.13

1.52
2.49

NOTES
6
2,6
6
4
4
7

3
5
5

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. The minimum limit for dimension b1 may be 0.023"
(0.58mm) for all four corner leads only.
3. Dimension Q shall be measured from the seating plane
to the base plane.
4. This dimension allows for off-center lid, meniscus
and glass overrun.
5. Applies to all four corners.
6. All leads - increase maximum limit by 0.003" (0.08mm)
measured at the center of the flat, when hot solder
dip lead finish is applied.
7. Sixteen spaces.

D-20

Lead
20-

Side Brazed Ceramic DIP

r—i
SEATING
PLANE

SYMBOL
A
b
b.
c
D
E
Ei
e
L
Li
Q
S
Si

MIN

INCHES
MAX

0.014
0.030
0.008

0.220
0.290
0.090
0.125
0.150
0.015
0.005

0.200
0.023
0.070
0.015
1.060
0.310
0.320
0.110
0.200
0.060
0.080

MILLIMETERS
MIN
MAX
0.36
0.76
0.20
5.59
7.37
2.29
3.18
3.81
0.38
0.13

5.08
0.58
1.78
0.38
26.92
7.87
8.13
2.79
5.08
1.52
2.03

NOTES
6
2,6
6
4
4
7

3
5
5

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. The minimum limit for dimension b1 may be 0.023"
(0.58mm) for all four corner leads only.
3. Dimension Q shall be measured from the seating plane
to the base plane.
4. This dimension allows for off-center lid, meniscus
and glass overrun.
5. Applies to all four corners.
6. All leads - increase maximum limit by 0.003" (0.08mm)
measured at the center of the flat, when hot solder
dip lead finish is applied.
7. Eighteen spaces.
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DH-14A

14-Lead Bottom Brazed Ceramic DIP

SYMBOL

A
b
b.
c
D
E
E,
e
L
Li
Q
S
Si

INCHES
MAX

MILLIMETERS
MAX
MIN

0.220
0.014
0.023
0.030
0.070
0.015
0.008
0.805
0.480
0.505
0.290
0.320
0.100 BSC
0.125
0.200
0.180
0.060
0.015
0.098
0.005

5.59
0.58
0.36
0.76
1.78
0.38
0.20
20.45
12.19
12.83
7.37
8.13
2.54 BSC
3.18
5.08
4.57
1.52
0.38
2.49
0.13

MIN

20-6 PACKAGE INFORMATION

NOTES

2

6
4,7

3
5
5

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. The minimum limit for dimension b1 may be 0.023"
(0.58mm) for all four corner leads only.
3. Dimension Q shall be measured from the seating plane
to the base plane.
4. The basic pin spacing is 0.100” (2.54mm) between
centerlines.
5. Applies to all four corners.
6. E, shall be measured at the centerline of the leads.
7. Twelve spaces.

DH-14B

14-Pin Bottom Brazed Ceramic (Large Capacity)

SYMBOL
A
b

bi
c
D
E
E,
e
L
L,
Q
S
s.

INCHES
MIN
MAX
0.140 0.220
0.014 0.023
0.030 0.070
0.008 0.015
0.835 0.875
0.480 0.510
0.295 0.305
0.100 BSC
0.150 0.200
0.180
0.015 0.035
0.137
0.060

MILLIMETERS
MAX
MIN
5.59
3.56
0.58
0.36
1.78
0.76
0.38
0.20
22.23
21.21
12.19 12.95
7.75
7.49
2.54 BSC
5.08
3.05
4.57
1.91
0.38
3.48
1.52

NOTES

5
3, 6

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. Dimension Q shall be measured from the seating plane
to the base plane.
3. The basic pin spacing is 0.100" (2.54 mm) between
centerlines.
4. Applies to all four corners.
5. E, shall be measured at the centerline of the leads.
6. Twelve spaces.

2
4
4
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DH-16B

16-Lead Metal Platform DIP

SEE
NOTE1

TA
SEATING
PLANE

SYMBOL

A
<J>b
D
E
E,
e
Li

INCHES
MIN
MAX

MILLIMETERS
MAX
MIN

0.175
0.016
0.960
0.490
0.295
0.095
0.160

4.45
0.41
24.4
12.45
7.49
2.41
4.06

0.215
0.020
0.985
0.520
0.305
0.105
0.255
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5.46
0.51
25.0
13.21
7.75
2.67
6.48

NOTES

4
5

NOTES
1. Index area; a square corner or a lead one identification
mark is located adjacent to lead one.
2. Pin 6 is electrically connected to the case.
3. Case has metal bottom surface.
4. E, shall be measured at the centerline of the leads.
5. Fourteen spaces.

E-20A

20-Terminal Leadless Ceramic Chip Carrier

SYMBOL

A
B,
D
Di
e
j
h
L

MIN

INCHES
MAX

0.064
0.100
0.022
0.028
0.342
0.358
0.075 REF
0.050 BSC
0.020 REF
0.040 REF
0.055
0.045

MILLIMETERS
MAX
MIN

2.54
1.63
0.71
0.56
8.69
9.09
1.91 REF
1.27 BSC
0.51
1.02
1.14
1.40

NOTES

1

NOTES
1. Dimension A controls the overall package thickness.
2. Applies to all 4 sides.
3. All terminals are gold plated.

2
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E-28A

28-Terminal Leadless Ceramic Chip Carrier

SYMBOL
A
B,
D
D,
e

i
h
L

INCHES
MAX

MILLIMETERS
MIN
MAX

0.064
0.100
0.022
0.028
0.442
0.458
0.075 REF
0.050 BSC
0.020 REF
0.040 REF
0.045
0.055

2.54
1.63
0.71
0.56
11.63
11.23
1.91 REF
1.27 BSC
0.51
1.02
1.14
1.40

MIN
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NOTES

1
2

NOTES
1. Dimension A controls the overall package thickness.
2. Applies to all 4 sides.
3. All terminals are gold plated.

F-2A

Lead
2-

Flat Pack

POSITIVE LEAD
INDICATOR

LrJ(------------ 1

=j

-----J/------------------ H

1
1

L, --------- •

r

SYMBOL
A
b
c
D
D,
E
e
Li

INCHES
MAX
MIN
0.044
0.066
0.019
0.015
0.0045 0.0065
0.250
0.220
0.081
0.093
0.045
0.055
0.750

t, Vl

MILLIMETERS
MIN
MAX
1.12
1.67
0.38
0.48
0.12
0.17
6.35
5.59
2.06
2.36
1.14
1.40
19.05

1

NOTES
2
2
1

E
1
1

J

L

J

<■-------------------------

*---------

T

-------------- ----

--------- D, ---------------------- *
- D ----------------------------- *

NV

T
A
L

NOTES
1. This dimension allows for off-center lid, meniscus
and solder overrun.

2. All leads - increase maximum limit by 0.003"
(0.08 mm) when hot solder dip finish is applied.

1

PACKA GE INFORMA TION 20-11

H-03A

Lead
3-

INCHES
MAX

SYMBOL

MIN

A
<t>b
<J>b2
<|>D
d’D,
e

0.115

F
i
k
L
Li

l2
a

0.150
0.021
0.016
0.019
0.209
0.230
0.178
0.195
0.100 T.P.
0.050 T.P.
0.030
0.036
0.046
0.028
0.048
0.500
0.050
0.250
45° T. P.
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MILLIMETERS
MIN
MAX

NOTES

2.92

3.81
0.53
0.41
0.48
5.31
5.84
4.52
4.95
2.54 T.P.
1.27 T.P.
0.76
0.91
1.17
0.71
1.22
12.70
1.27
6.35

Metal Can (TO-52)

1,4
1,4

2
2

3
1
1

NOTES
1. (Three Leads) <|>b2 applies between L1 and Lz. <|>b applies
between L2 and 0.5" (12.70mm) from seating plane.
Diameter is uncontrolled in L, and beyond 0.5"
(12.70mm) from seating plane.
2. Leads having maximum diameter 0.019" (0.48mm)
measured in gauging plane 0.054" (1.4mm) + 0.001"
(0.03mm) - 0.000" (0.00mm) below the seating plane
of the device are within 0.007" (0.18mm) of their true
positions relative to a maximum-width tab.
3. Measured from maximum diameter of the actual
device.
4. All leads - increase maximum limit by 0.003" (0.08mm)
when hot solder dip finish is applied.

H-03B

3-Lead Metal Can (TO-5 Style)

SYMBOL

A
<|>b
<J>b2
<t>D
4>D,
e
«1

h

j
k
L
L,
L-2
p
Q
r
a

MIN

INCHES
MAX

MILLIMETERS
MAX
MIN

0.165
0.185
0.021
0.016
0.016
0.019
0.370
0.335
0.305
0.335
0.200 T.P.
0.100T.P.
0.015
0.035
0.034
0.028
0.029
0.045
0.500
0.050
0.250
0.100

4.19
4.70
0.41
0.53
0.41
0.48
8.51
9.40
7.75
8.51
5.08 T.P.
2.54T.P.
0.38
0.89
0.71
0.86
0.74
1.14
12.70
1.27
6.35
2.54

0.007
45° T. P.

0.18

NOTES
2,7
2,7

4

3
2
2
2
1
5

NOTES
1. This zone is controlled for automatic handling. The
variation in actual diameter within the zone shall not
exceed 0.010" (0.25mm).
2. (Three leads) 4>b2 applies between L, and L2.4>b applies
between L2 and 0.500" (12.70mm) from seating plane.
Diameter is uncontrolled in I-! and beyond 0.500"
(12.70mm) from seating plane.
3. Measured from maximum diameter of the actual
device.
4. Leads having maximum diameter 0.019" (0.48mm)
measured in gauging plane 0.54" (1.37mm) + 0.001"
(0.03mm) - 0.000" (0.00mm) below the seating plane
of the device are within 0.007" (0.18mm) of their true
positions relative to the maximum-width tab.
5. Details of outline in this zone optional.
6. Lead #3 connected to case.
7. All leads - increase maximum limit by 0.003" (0.08mm)
when hot solder dip finish is applied.
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H-08A

8-Lead Metal Can (TO-99)

SYMBOL
A
4>b
<M>i
4>D

4»0i
<t»D2
e

F
k
ki
L
Li
k
Q
a

INCHES
MAX

MILLIMETERS
MIN
MAX

0.165
0.185
0.016
0.019
0.021
0.016
0.335
0.370
0.305
0.335
0.110
0.160
0.200 BSC
0.100 BSC
0.040
0.027
0.034
0.027
0.045
0.500
0.750
0.050
0.250
0.010
0.045
45° BSC

4.19
4.70
0.41
0.48
0.41
0.53
8.51
9.40
7.75
8.51
4.06
2.79
5.08 BSC
2.54 BSC
1.02
0.69
0.86
1.14
0.69
12.70
19.05
1.27
6.35
1.14
0.25
45° BSC

MIN

20-14 PA CKA GE INFORMA TION

NOTES
1,4
1,4

3
3

3

NOTES
1. (All leads) <J>b applies between L, and L2. <J>b, applies
between L2 and 0.500" (12.70mm) from the reference
plane. Diameter is uncontrolled in 1.! and beyond 0.500"
(12.70mm) from the reference plane.
2. Measured from the maximum diameter of the
product.
3. Leads having a maximum diameter 0.019" (0.48mm)
measued in gauging plane 0.054" (1.37mm) + 0.001"
(0.03mm) - 0.000" (0.00mm) below the base plane of
the product are within 0.007" (0.18mm) of their true
position relative to the maximum width tab.
4. All leads - increase maximum limit 0.003" (0.08mm)
when hot solder dip finish is applied.

H-08B

8-Lead Metal Can (TO-99 Style)

SYMBOL

A
<t>b
<M>i
<|>D
4>D,

<i>d2
e
•i
F
k

ki
L
Li

l2
Q
a

INCHES
MAX

MILLIMETERS
MAX
MIN

0.185
0.165
0.016
0.019
0.021
0.016
0.335
0.370
0.335
0.305
0.160
0.110
0.230 BSC
0.115 BSC
0.040
0.027
0.034
0.027
0.045
0.750
0.500
0.050
0.250
0.010
0.045
45° BSC

4.19
4.70
0.41
0.48
0.41
0.53
9.40
8.51
7.75
8.51
2.79
4.06
5.84 BSC
2.92 BSC
1.02
0.69
0.86
1.14
0.69
12.70
19.05
1.27
6.35
0.25
1.14
45° BSC

MIN

NOTES
1,4
1,4

3
3

NOTES
1. (All leads) <t>b applies between L1 and L2. 4>b, applies
between L2 and 0.500" (12.70mm) from the reference
plane. Diameter is uncontrolled in L1 and beyond 0.500"
(12.70mm) from the reference plane.
2. Measured from the maximum diameter of the
product.
3. Leads having a maximum diameter 0.019" (0.48mm)
measued in gauging plane 0.054" (1.37mm) + 0.001"
(0.03mm) - 0.000" (0.00mm) below the base plane of
the product are within 0.007" (0.18mm) of their true
position relative to the maximum width tab.
4. All leads - increase maximum limit 0.003" (0.08mm)
when hot solder dip finish is applied.

2
1
1
1

3
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H-10A

10-Lead Metal Can (TO-lOO)

SYMBOL
A
<t>b
<J»b,
4»D
<I>D2
e

•i
F
k

ki
L
Li

l2
Q
a

INCHES
MAX

MILLIMETERS
MAX
MIN

0.165
0.185
0.019
0.016
0.021
0.016
0.335
0.370
0.335
0.305
0.160
0.110
0.230 BSC
0.115 BSC
0.040
0.027
0.034
0.027
0.045
0.500
0.750
0.050
0.250
0.045
0.010
36° BSC

4.70
4.19
0.41
0.48
0.41
0.53
8.51
9.40
7.75
8.51
2.79
4.06
5.84 BSC
2.92 BSC
1.02
0.86
0.69
1.14
0.69
12.70
19.05
1.27
6.35
1.14
0.25
36° BSC

MIN
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NOTES
1,4
1,4

3
3

2
1
11
1
3

NOTES
1. (Three Leads) <J>b2 applies between Lt and L2.4>b applies
between L2 and 0.5" (12.70mm) from seating plane.
Diameter is uncontrolled in L1 and beyond 0.5"
(12.70mm) from seating plane.
2. Leads having maximum diameter 0.019" (0.48mm)
measured in gauging plane 0.054" (1.4mm) + 0.001"
(0.03mm) - 0.000" (0.00mm) below the seating plane
of the device are within 0.007" (0.18mm) of their true
positions relative to a maximum-width tab.
3. Measured from maximum diameter of the actual
device.
4. All leads - increase maximum limit by 0.003" (0.08mm)
when hot solder dip finish is applied.

H-12A

12-Lead Metal Can (TO-8 Style)

SYMBOL

A
<t>b

«f>D
e

•i
•a
F
k
ki
L
Li
Q

INCHES
MAX
MIN

MILLIMETERS
MAX
MIN

0.148
0.181
0.016
0.019
0.021
0.016
0.610
0.592
0.555
0.545
0.400 BSC
0.200 BSC
0.100 BSC
0.040
0.036
0.026
0.036
0.026
0.375
0.050
0.045
0.010

3.76
0.41
0.41
15.04
13.84

4.60
0.48
0.53
15.44
14.10

—

NOTES
1
1

3
3
3
0.66
0.66
9.50

0.25

1.02
0.91
0.91
1.27
1.14

NOTES
1. (All leads) <t>b applies between L and Lv <|>b1 applies
between L1 and 0.375” (9.50mm) from the reference
plane. Diameter is uncontrolled in Ln and beyond 0.375"
(9.50mm) from the reference plane.
2. Measured from the maximum diameter of the
product.
3. Leads having a maximum diameter 0.019" (0.48mm)
measued in gauging plane 0.054" (1.37mm) + 0.001"
(0.03mm) - 0.000" (0.00mm) below the base plane of
the product is within 0.007" (0.18mm) of their true
position relative to the maximum width tab.

2
1
1
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N-8

8-Lead Plastic DIP

SYMBOL

A

a2
b
b.
c
D
E
E,
e
L
L,
Q

INCHES
MAX
MIN

MILLIMETERS
MAX
MIN

0.210
0.115
0.195
0.014
0.022
0.045
0.070
0.008
0.015
0.348
0.430
0.300
0.325
0.280
0.240
0.100 BSC
0.125
0.200
0.150
0.015
0.060

5.33
4.95
2.93
0.356
0.558
1.77
1.15
0.204
0.381
8.84
10.92
7.62
8.25
6.10
7.11
2.54 BSC
3.18
5.05
3.81
0.38
1.52

20-18 PA CKA GE INFORMA TION

NOTES

2
2

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. This dimension does not include mold flash or
protrusions.

N-14

14-Lead Plastic DIP

SYMBOL

A

a2
b
b.
c
D
E
Ei
e
L
Li
Q

INCHES
MIN
MAX

MILLIMETERS
MAX
MIN

0.210
0.195
0.115
0.014
0.022
0.045
0.070
0.008
0.015
0.725
0.795
0.325
0.300
0.240
0.280
0.100 BSC
0.125
0.200
0.150
0.015
0.060

5.33
4.95
2.93
0.558
0.356
1.77
1.15
0.381
0.204
20.19
18.42
8.25
7.62
7.11
6.10
2.54 BSC
5.05
3.18
3.81
1.52
0.38

NOTES

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. This dimension does not include mold flash or
protrusions.

2
2
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N-16

16-Lead Plastic DIP

SYMBOL

A

a2
b
b.
c
D
E
E,
e
L
L,
Q

INCHES
MIN
MAX

MILLIMETERS
MIN
MAX

0.210
0.115
0.195
0.014
0.022
0.045
0.070
0.008
0.015
0.745
0.840
0.300
0.325
0.240
0.280
0.100 BSC
0.125
0.200
0.150
0.015
0.060

5.33
2.93
4.95
0.356
0.558
1.77
1.15
0.204
0.381
21.33
18.93
7.62
8.25
7.11
6.10
2.54 BSC
3.18
5.05
3.81
0.38
1.52

20-20 PA CKA GE INFORMA TION

NOTES

2
2

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. This dimension does not include mold flash or
protrusions.

N-18

18-Lead Plastic DIP

SYMBOL
A

a2
b
b.
c
D
E
Ei
e
L
L,
Q

INCHES
MIN
MAX

MILLIMETERS
MIN
MAX

0.210
0.195
0.115
0.014
0.022
0.045
0.070
0.008
0.015
0.845
0.925
0.300
0.325
0.240
0.280
0.100 BSC
0.125
0.200
0.150
0.015
0.060

5.33
4.95
2.93
0.558
0.356
1.77
1.15
0.381
0.204
23.49
21.47
7.62
8.25
7.11
6.10
2.54 BSC
5.05
3.18
3.81
1.52
0.38

NOTES

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. This dimension does not include mold flash or
protrusions.

2
2
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N-20

20-Lead Plastic DIP

SYMBOL
A

a2
b
b.
c
D
E
Ei
e
L
L,
Q

INCHES
MIN
MAX

MILLIMETERS
MAX
MIN

0.210
0.115
0.195
0.022
0.014
0.070
0.045
0.015
0.008
1.060
0.925
0.300
0.325
0.240
0.280
0.100 BSC
0.200
0.125
0.150
0.060
0.015

5.33
4.95
2.93
0.558
0.356
1.77
1.15
0.204
0.381
26.90
23.50
7.62
8.25
6.10
7.11
2.54 BSC
3.18
5.05
3.81
1.52
0.38
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NOTES

2
2

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. This dimension does not include mold flash or
protrusions.

N-24

24-Lead Plastic DIP

SYMBOL

A

a2
b
b.
c
D
E
E,
e
L
L,
Q

INCHES
MIN
MAX

MILLIMETERS
MAX
MIN

0.210
0.115
0.195
0.014
0.022
0.045
0.070
0.008
0.015
1.275
1.125
0.300
0.325
0.240
0.280
0.100 BSC
0.200
0.125
0.150
0.060
0.015

5.33
4.95
2.93
0.356
0.558
1.77
1.15
0.204
0.381
32.30
28.60
7.62
8.25
7.11
6.10
2.54 BSC
5.05
3.18
3.81
1.52
0.38

NOTES

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. This dimension does not include mold flash or
protrusions.

2
2
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P-20A

20-Lead Plastic Leaded Chip Carrier (PLCC)

U U U U
I

SYMBOL
A
B
C
D
E
F
G
H
J
K
R
U
V
W
X
Y

20-24 PA CKA GE INFORMA TION

INCHES
MAX
MIN

MILLIMETERS
MAX
MIN

0.395
0.385
0.385
0.395
0.165
0.180
0.040
0.025
0.110
0.085
0.021
0.013
0.050 BSC
0.032
0.026
0.025
0.015
0.290
0.330
0.350
0.356
0.350
0.356
0.042
0.048
0.042
0.048
0.042
0.056
0.020

10.02
9.78
10.02
9.78
4.57
4.19
0.64
1.01
2.79
2.16
0.53
0.33
1.27 BSC
0.66
0.81
0.63
0.38
7.37
8.38
9.04
8.89
9.04
8.89
1.07
1.21
1.07
1.21
1.07
1.42
0.50

P-28A

28-Lead Plastic Leaded Chip Carrier (PLCC)

□ u u

IDENTIFIER

uu uu

BOTTOM
VIEW

SYMBOL

A
B
C
D
E
F
G
H
J
K
R
U
V
W
X
Y

INCHES
MIN
MAX

MILLIMETERS
MIN
MAX

0.485
0.495
0.485
0.495
0.165
0.180
0.025
0.040
0.085
0.110
0.021
0.013
0.050 BSC
0.032
0.026
0.015
0.025
0.390
0.430
0.450
0.456
0.456
0.450
0.042
0.048
0.042
0.048
0.042
0.056
0.020

12.32
12.57
12.32
12.57
4.19
4.57
0.64
1.01
2.79
2.16
0.53
0.33
1.27 BSC
0.66
0.81
0.38
0.63
10.92
9.91
11.43
11.58
11.43
11.58
1.07
1.21
1.07
1.21
1.07
1.42
0.50
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Q-8

8-Lead Cerdip

SEATING
PLANE

SYMBOL
A
b
b.
c
D
E
E,
e
L
Li
Q
S
Si
a

MIN

INCHES
MAX

MILLIMETERS
MIN
MAX

0.200
0.023
0.070
0.015
0.405
0.310
0.320
0.110
0.200

5.08
0.58
1.78
0.38
10.29
7.87
8.13
2.79
5.08

0.014
0.030
0.008
0.220
0.290
0.090
0.125
0.150
0.015
0.005
0°

0.060
0.055

15°

0.36
0.76
0.20
5.59
7.37
2.29
3.18
3.81
0.38
0.13
0°
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1.52
1.35

15°

NOTES
7
2,7
7
4
4
6
8

3
5
5

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. The minimum limit for dimension b, may be 0.023"
(0.58mm) for all four corner leads only.
3. Dimension Q shall be measured from the seating plane
to the base plane.
4. This dimension allows for off-center lid, meniscus
and glass overrun.
5. Applies to all four corners.
6. Lead center when a is 0°. E, shall be measured at the
centerline of the leads.
7. All leads - increase maximum limit by 0.003"(0.08mm)
measured at the center of the flat, when hot solder
dip lead finish is applied.
8. Six spaces.

Q-14

14-Lead Cerdip

SYMBOL

A
b
b.
c
D
E
Ei
e
L
Li
Q
S
Si
a

MIN

INCHES
MAX

MILLIMETERS
MAX
MIN

0.200
0.023
0.070
0.015
0.785
0.310
0.320
0.110
0.200

5.08
0.58
1.78
0.38
19.94
7.87
8.13
2.79
5.08

0.014
0.030
0.008
0.220
0.290
0.090
0.125
0.150
0.015

0.005
0°

0.060
0.098
15°

0.36
0.76
0.20
5.59
7.37
2.29
3.18
3.81
0.38

0.13
0°

1.52
2.49

NOTES

7
2,7
7
4
4
6
8

3
5
5

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. The minimum limit for dimension b, may be 0.023"
(0.58mm) for all four corner leads only.
3. Dimension Q shall be measured from the seating plane
to the base plane.
4. This dimension allows for off-center lid, meniscus
and glass overrun.
5. Applies to all four corners.
6. Lead center when a is 0°. E1 shall be measured at the
centerline of the leads.
7. All leads - increase maximum limit by 0.003" (0.08mm)
measured at the center of the flat, when hot solder
dip lead finish is applied.
8. Twelve spaces.

15°

PACKAGE INFORMATION 20-27

Q-16

16-Lead Cerdip

SYMBOL

A
b
b.
c
D
E
Ei
e
L
Li
Q
S
Si
a

MIN

INCHES
MAX

MILLIMETERS
MAX
MIN

0.200
0.023
0.070
0.015
0.840
0.310
0.320
0.110
0.200

5.08
0.58
1.78
0.38
21.34
7.87
8.13
2.79
5.08

0.014
0.030
0.008

0.220
0.290
0.090
0.125
0.150
0.015

0.005
0°

0.060
0.080
15°
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0.36
0.76
0.20
5.59
7.37
2.29
3.18
3.81
0.38
0.13
0°

1.52
2.03

15°

NOTES
7
2,7
7
4
4
6
8

3
5
5

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. The minimum limit for dimension b, may be 0.023"
(0.58mm) for all four corner leads only.
3. Dimension Q shall be measured from the seating plane
to the base plane.
4. This dimension allows for off-center lid, meniscus
and glass overrun.
5. Applies to all four corners.
6. Lead center when a is 0°. E1 shall be measured at the
centerline of the leads.
7. All leads - increase maximum limit by 0.003"(0.08mm)
measured at the center of the flat, when hot solder
dip lead finish is applied.
8. Fourteen spaces.

Q-18

18-Lead Cerdip

SEATING
PLANE

SYMBOL

A
b
b.
c
D
E
Ei
e
L
Li
Q
S

s.
a

MIN

INCHES
MAX

MILLIMETERS
MIN
MAX

0.200
0.023
0.070
0.015
0.960
0.310
0.320
0.110
0.200

5.08
0.58
1.78
0.38
24.38
7.87
8.13
2.79
5.08

0.014
0.030
0.008
0.220
0.290
0.090
0.125
0.150
0.015

0.005
0°

0.060
0.098
15°

0.36
0.76
0.20
5.59
7.37
2.29
3.18
3.81
0.38
0.13
0°

1.52
2.49

NOTES
7
2,7
7
4
4
6
8

3
5
5

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.
2. The minimum limit for dimension b1 may be 0.023"
(0.58mm) for all four corner leads only.
3. Dimension Q shall be measured from the seating plane
to the base plane.
4. This dimension allows for off-center lid, meniscus
and glass overrun.
5. Applies to all four corners.
6. Lead center when a is 0°. E, shall be measured at the
centerline of the leads.
7. All leads - increase maximum limit by 0.003"(0.08mm)
measured at the center of the flat, when hot solder
dip lead finish is applied.
8. Sixteen spaces.

15°
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Q-24

24-Lead Cerdip

SEATING
PLANE

SYMBOL
A
b

b.
c
D
E
E,
e
L
Li
Q
S

s.
a

INCHES
MIN
MAX
0.225
0.014 0.023
0.030 0.070
0.008 0.015
1.280
0.220 0.310
0.290 0.320
0.090 0.110
0.125 0.200
0.150
0.015 0.060
0.098
0.005
0°
15°
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MILLIMETERS
MIN
MAX
5.715
0.36
0.58
1.78
0.76
0.20
0.38
32.51
7.87
5.59
7.37
8.13
2.79
2.29
3.18
5.08
3.81
0.38
1.52
2.49
0.13
0°
15°

NOTES

7
2, 7
7
4
4
6
8

NOTES
1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.

2. The minimum limit for dimension b1 may be 0.023"
0.58mm) for all four corner leads only.
3. Dimension Q shall be measured from the seating
plane to the base plane.

4. This dimension allows for off-center lid, meniscus
and glass overrun.
5. Applies to all four corners.
6. Lead center when a is 0°, E1 shall be measured at the
centerline of the leads.

3
5
5

7. All leads - increase maximum limit by 0.003"
(0.08mm) measured at the center of the flat, when
hot solder dip lead finish is applied.
8. Twenty-two spaces.

R-8

8-Lead Small Outline (SOIC)

H-G-H

SYMBOL
A
B
C
D
F
G
J
K
P

INCHES
MIN
MAX
0.196
0.189
0.157
0.150
0.094
0.102
0.014
0.019
0.016
0.050
0.050 BSC
0.0075 0.0098
0.004
0.010
0.244
0.229

MILLIMETERS
MIN
MAX
4.80
4.98
3.81
3.99
2.39
2.59
0.36
0.48
0.41
1.27
1.27 BSC
0.19
0.25
0.10
0.25
5.82
6.20
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R-16

16-Lead Small Outline SOIC

T1
1
T
c

K

SYMBOL
A
B
C
D
F
G
J
K
P
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INCHES
MIN
MAX
0.398 0.413
0.291 0.299
0.089 0.104
0.014 0.022
0.018 0.034
0.50 BSC
0.007 0.015
0.005 0.011
0.404 0.419

MILLIMETERS
MIN
MAX
10.10
10.50
7.40
7.60
2.26
2.64
0.36
0.56
0.46
0.86
1.27 BSC
0.18
0.38
0.125
0.275
10.26
10.65

R-20

20-Lead Wide Body Plastic SOIC
A

K

SYMBOL
A
B
C
D
F
G
J
K
P

INCHES
MIN
MAX
0.496 0.512
0.292 0.300
0.093 0.104
0.014 0.019
0.016 0.050
0.50 BSC
0.007 0.015
0.004 0.011
0.394 0.419

J

MILLIMETERS
MIN
MAX
12.60 13.00
7.40
7.60
2.64
2.36
0.36
0.48
0.40
1.27
1.27 BSC
0.18
0.38
0.10
0.28
10.00 10.65
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S-52

52-Lead Plastic Quad Flat Pack

SYMBOL
A
B
C
D
F
G
J
K
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INCHES
MIN
MAX
0.537 0.557
0.390 0.398
0.078 0.082
0.010 0.014
0.026 0.037
0.0256 BSC
0.006 0.008
0.006 0.012

MILLIMETERS
MIN
MAX
13.65
14.15
9.9
10.10
1.97
2.09
0.25
0.35
0.65
0.95
0.65 BSC
0.15
0.20
0.15
0.30

TO-92

3-Lead Plastic

SEATING
PLANE

SYMBOL
A
c
<t>D
e
E
J
L
L,
S

INCHES
MIN
MAX

MILLIMETERS
MIN
MAX

0.170
0.016
0.175
0.095
0.045
0.125
0.175
0.500

4.58
0.407
4.96
2.42
1.15
3.94
4.96
12.70

0.080

0.210
0.019
0.205
0.105
0.055
0.165
0.205

0.050
0.105

2.42

5.33
0.482
5.20
2.66
1.39
4.19
5.20
1.27
2.66
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Y-10

10-Lead Single In-Line Package (SIP)

SEATING
PLANE

SYMBOL

A
A,
b
b.
c
D
E
E,

e2
e
Li
Q
S
Si

INCHES
MIN
MAX

MILLIMETERS
MIN
MAX

0.123
0.150
0.042
0.038
0.016
0.020
0.040
0.070
0.009
0.012
1.566
1.586
0.990
1.050
0.750 REF
0.810 REF
0.100 BSC
0.150
0.350
0.060
0.080
0.780 REF
0.115REF

3.12
3.81
0.97
1.07
0.41
0.51
1.02
1.78
0.23
0.31
39.78
40.28
25.15
26.67
19.05 REF
20.57 REF
2.54 BSC
3.81
8.89
1.52
2.03
19.51 REF
2.92 REF
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NOTE
1. Metal tab is electrically insulated from circuitry.

Z-8

8-Lead Leaded Chip Carrier (Gull Wing)

INDEX

BOTTOM VIEW

TOP VIEW

*
|<-D

SYMBOL
A
B
C
D
F
G
J
K

[ ■

->

INCHES
MAX
MIN
0.250 0.260
0.028 0.049
0.015 0.019
0.045 0.055
0.433 0.457
0.323 0.347
0.083 0.103
0.015

-

MILLIMETERS
MAX
MIN
6.61
6.35
0.711
1.25
0.48
0.38
1.40
1.14
11.60
10.90
8.20
8.81
23.87
23.37
0.381
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Z-16A

16-Lead Leaded Chip Carrier (Gull Wing)

SYMBOL
A
b

b.
C
D
E
e
J
K
L
a
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INCHES
MIN
MAX
0.103 0.133
0.013 0.017
0.040 0.060
0.080 0.100
0.442 0.458
0.442 0.458
0.045 0.055
0.007 0.010
0.023 0.033
0.675 0.685
-5°
+5°

MILLIMETERS
MIN
MAX
2.61
3.38
0.33
0.43
1.02
1.52
2.03
2.54
11.23 11.63
11.23
11.63
1.14
1.40
0.18
0.25
0.58
0.84
17.15 17.40
-5°
+5°

Z-16B

16-Lead Leaded Chip Carrier (Gull Wing-Wide)
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APPENDIX 21-1

Ordering Guide
INTRODUCTION
This Ordering Guide should make it easy to order Analog Devices products, whether you’re buying one IC op amp, a
multi-option subsystem, or 1000 each of 15 different items. It will help you:
1. Find the correct part number for the options you want.

2. Get a price quotation and place an order with us.
3. Know our warranty for components and subsystems.

For answers to further questions, call the nearest sales office (listed at the back of the book) or our main office in Norwood,
Massachusetts, U.S.A. (617-329-4700).
MODEL NUMBERING
Many of the data sheets in the Databook for products having a number of standard options contain an Ordering Guide.
Use it to specify the correct part number for the exact combination of options you want. IC and hybrid part numbers are
created using one of these two systems:

Figure 1 shows the form of model number used for our proprietary standard monolithic ICs and many of our hybrids. It
consists of an “AD” (Analog Devices) prefix, a 3-to-5-digit model number, for some models, the combination [digit][letter][two
or three digits] is used instead of ADXXXX, e.g., 2S80 an alphabetic performance/temperature-range designator and a
package designator. One or two additional letters may immediately follow the digits (“A” for second-generation redesigned
ICs, “DI” for dielectrically isolated CMOS switches, e.g., AD536AJH, AD7512DIKD).

Figure 2 shows the somewhat different numbering scheme used by our Computer Labs Division for some hybrid circuits.
The number starts with a three-character alphabetic prefix, followed by a hyphen, a three- or four-digit number, and
alphabetic designators (as applicable) to indicate additional functional designations or options and packaging options.
[NANN]

Figure 1. Model-Number Designations for Standard
Analog Devices Monolithic and Hybrid IC Products.
S, T and U Grades have the Added Suffix, /883B for
Devices that Qualify to the Latest Revision of MIL-STD883, Level B.
*For some models, the combination [digit][letter][two or three digits] is used instead of ADXXXX, e.g., 2S80.
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EXAMPLES:

HYBRID
A/D
CONVERTER

HERMETIC
METAL CASE
2.2|is

12-BIT

HDS-1015E
D/A
CONVERTER

10-BITS -----15ns TO 0.1%
(VOLTAGE)
ECL

HERMETIC
METAL
CASE

HDS-1015EMB

l_ 100% SCREENED
TO MIL-STD 883
CLASSB

Figure 2. Computer Labs Video Hybrid Product Designations

SECOND SOURCE
In addition to our many proprietary products, we also manufacture devices that are fit-, form-, and function-compatible
(and often superior in performance and reliability) to popular products that originated elsewhere. For such products, we
usually add the prefix “AD” to the familiar model number (example: ADDAC85C-CBI-V).
ORDERING FROM ANALOG DEVICES
When placing an order, please provide specific information regarding model type, number, option designations, quantity,
ship-to and bill-to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges. All
shipments are F.O.B. factory. Please specify if air shipment is required.
Place your orders with our local sales office or representative, or directly with our customer service group located in the
Norwood facility. Orders and requests for quotations may be telephoned, sent via TWX or TELEX, or mailed. Orders
will be acknowledged when received; billing and delivery information is included.

Payments for new accounts, where open-account credit has not yet been established, will be C.O.D. or prepaid. On all
orders under fifty dollars ($50.00), a five-dollar ($5.00) processing charge is required.
When prepaid, orders should include $2.50 additional for packaging and postage (and a 5% sales tax on the price of the
goods if you are ordering for delivery to a destination in Massachusetts).

WARRANTY AND REPAIR CHARGE POLICIES
All Analog Devices, Inc., products are warranted against defects in workmanship and materials under normal use and
service for one year from the date of their shipment by Analog Devices, Inc., except that components obtained from others
are warranted only to the extent of the original manufacturers’ warranties, if any, except for component test systems, which
have a 180-day warranty, and p.MAC and MACSYM systems, which have a 90-day warranty. This warranty does not
extend to any products which have been subjected to misuse, neglect, accident, or improper installation or application, or
which have been repaired or altered by others. Analog Devices’ sole liability and the Purchaser’s sole remedy under this
warranty is limited to repairing or replacing defective products. (The repair or replacement of defective products does not
extend the warranty period. This warranty does not apply to components which are normally consumed in operation or
which have a normal fife inherently shorter than one year.) Analog Devices, Inc., shall not be liable for consequential
damages under any circumstances.
THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER
WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
APPENDIX 21-3

Product Families Not Included in the Databook
(But Still Available)
The information published in this Databook is intended to assist the user in choosing components for the design of new equipment,
using the most cost-effective products available from Analog Devices. The popular product types listed below may have been
designed into your circuits in the past, but they are no longer likely to be the most economic choice for your new designs. Never
theless, we recognize that it is often a wise choice to refrain from redesigning proven equipment, and we are continuing to make
these products available for use in existing designs or in designs for which they are uniquely suitable. Data sheets on these products
are available upon request.

Model

AD101
AD201
AD293
AD294
AD301
AD301AL
AD370/371
AD5O3
AD504
AD506
AD510
AD515
AD518
AD533
AD535
AD545
AD567
AD611
AD651
AD1403
AD2004
AD2006
AD2008
AD2009
AD2016
AD2020
AD2033
AD2040
AD3554
AD3860
AD7110
AD7118
AD7240
AD7506
AD7507
AD7520
AD7521
AD7522
AD7523
AD7525
AD7530
AD7531
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Model

Model

AD7541
AD7546
AD7550
AD7552
AD7574
AD9611
AD9686
ADC-141/171
ADC1111
ADC 1143
AD DAC-08
ADEB770
CAV-1210
DAC-QS
DAC-QZ
DAC-10Z
DAC-12M
DAC-12QS
DAC-12QZ
DAC1009
D AC 1108
DAC1132
DAC1146
DAC1420
DAC1422
DAC1423
DAS 1128
DAS 1150
DAS1151
DAS 1152
DAS1153
DAS1155
DAS 1156
DAS1157
DAS1158
DRCI 705
DRCI 706
DSC1705
DSC1706
HDH-1205
HDS-1240E

HOS-050/050A/050C
HOS-060
HOS-200
RDC-1700
RDC-1702
RDC-1704
RDC-1725
RDC-1726
RDC-1768
RTM Series
SDC1700
SDC1702
SDC1704
SDC1725
SDC1726
SDC1768
SHA-2A
SHA-5
SHA-1134
SHA-1144
STM Series
2B24
2B34
2B35
2B50
2B52
2B53
2B56
2B57
2B58
2B59
4B Series
40
44
45
46
48
50
51
52
118

Model

148
171
184
234
235
260
261
272
273
275
276
277
285
288
310
428
429
433
434
435
436
440
442
450
451
452
453
458
460
603
606
610
756
903
906
915
926
947
948
950
959
968

Substitution Guide for Product Families
No Longer Available
The products listed in the left-hand column are no longer available from Analog Devices. In many cases, comparable functions and
performance may be obtained with newer models, but - as a rule — they are not directly interchangeable. The closest recommended
Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent is listed, or for further
information, contact your local sales office.

Model

Closest
Recommended
Equivalent

AD 108/208/308
AD108A/208A/308A
ADI 11/211/311
AD345
AD351
AD362
AD376
AD501
AD502
AD505
AD508
AD511
AD512
AD513
AD514
AD516
AD520
AD523
AD528
AD53O
AD531
AD540
AD559
AD565
AD566
AD612
AD614
AD801
AD810-813
AD814-816
AD818
AD820-822
AD830-833
AD835-839
ADI 145
AD 1408
AD15O8
AD1678
AD1679
AD1779
AD2003
AD2022
AD2023
AD2024
AD2025
AD2027
AD2028
AD2036
AD2037

AD705
AD705
AD790
AD1321/1322
AD790
AD 1362
AD 1376
AD711
AD711
AD509
AD517
AD711
AD711
AD711
AD711
AD711
AD524
AD549
AD711/744
AD533
AD532
AD544
AD557/AD558
AD565A
AD566A
AD524
AD524
AD711
None
None
None
None
None
None
AD7846
AD558
AD558
AD678
AD679
AD779
AD2021
None
None
None
None
None
None
None
None

Model

Closest
Recommended
Equivalent

Model

Closest
Recommended
Equivalent

AD2038
AD5010/6020
AD6012
AD7115
AD7513
AD7516
AD7519
AD7527
AD7544
AD7555
AD7560
AD7570
AD7571
AD7583
AD9011
AD9615
AD9685
AD9687
AD9688
ADADC-816
ADC-8S
ADC-10Z
ADC-12QL
ADC-12QZ
ADC-1100
ADC 1102
ADC 1103
ADC 1105
ADC 1109
ADC1111
ADC1121
ADC1123
ADC1133
ADC-QM
ADC-QU
AD DAC 100
ADG200
ADG201
ADLH0032G/CG
ADLH0033G/CG
ADM501
ADP501
ADSHC-85
ADSHM-5
API1620/1718
BDM1615/16/17
CAV-0920/1020
CAV-1202
CAV-1205

None
AD9000
AD565A
AD7111
ADG201A
AD7510DI
None
AD7548
AD7548
AD1175K
None
AD7579/AD7580
AD7579/AD7580
AD7880+MUX
AD9002
AD9611/AD9617
AD96685
AD96686
AD9002/AD9028
AD7820/AD7821
AD673
AD574A
AD7578
AD574A/AD674A
AD7550/AD7552
AD7870
AD7572A
AD755O/AD7552
AD7572A
AD574A
AD7880
AD7880
AD574A
AD574A/AD674A
AD574A/AD674A
AD561
None
ADG201A
AD843
AD9620/AD9630
None
None
AD585
HTC-0300A
Consult ADI
SDC1740 Series+ CCT
AD9020/9060
AD9005
AD9005

DAC-10DF
DAC-1 OH
DAC-14QM
DAC-16QM
DAC 1009
DAC 1106
DAC1112
DAC1118
DAC 1122
DAC 1125
DRCI 605/06
DRCI 765/66
DSC1605/06
DSC1765/66
DTM1716/17
HAS-0802
HAS-1002
HAS-1202
HDD-1015
HDD-1409
HDH-0802
HDH-1003
HDL-3805
HDL-3806
HDM-1210
HDS-0810E
HDS-0820
HDS-1015E
HDS-1025
HDS-1250
HOS-100AH/SH
HTC-0300
HTC-0500
IPA-1751
IRDC1730-33
MAH-0801
MAH-1001
MAS-0801
MAS-1001
MAS-1202
MATV0811
MATV-0816
MATV-0820
MCI-1794
MDA Family
MDH Family
MDMS Family
MDS Family
MDSL Family

AD568
DAC-10Z
DAC 1136
DAC 1136
AD767
AD568
DAC12QS
AD767
AD7541A
AD7533
DRC1705/06; SDC1740
AD2S65/66
DSC 1705/06; SDC1740
AD2S65/66
Consult ADI
HAS 1202A
HAS1202A
HAS 1202A
AD9712A
None
AD9713A
AD9713A
ADV453/ADV478
ADV453/ADV478
AD668/AD9713A
AD9712A
AD9713A
AD9712A
AD9713A
AD668/AD9713A
None
HTC-0300A
HTC-0300A
IPA-1764
2S80
AD9005
AD9005
AD9005
AD9005
AD9005
AD9012/48
AD9012/48
AD9012/48
2S80 + CCT
AD9712A/13A
AD9712A/13A
AD9712A/13A
AD9712A/13A
AD9712A/13A
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Model

Closest
Recommended
Equivalent

Model

Closest
Recommended
Equivalent

MOD-1005/20
OSC-1754
RAC 1763
RDC1602/03
RDC1711/21
RDC 1767
RSCT1621
RTI-1200
RTI-1201
RTI-1202
RTM1630-34
RTM1636
RTM 1660/63/71/72
RTM 1679
RTM1681/86/87/89
RTM 1690/96
RTM 1697
RTM 1736/37
SAC 1763
SBCD1752/53/56/57
SCDX1623
SCM1677
SDC1602/3/4
SDC1711/21
SDC1767
SERDEX
SHA-1A
SHA-3
SHA-4
SHA-6
*SHA1114
SPA-1695
SSCT1621
STM1630-34
STM 1636
STM 1660/63/71/72
STM 1679
STM1681/86/87/89
STM 1690/96
STM 1697
STM 1736/37

AD9020/60
OSC-1758
Consult ADI
RDC 1702/03
2S80
RDC 1768
2S8O
RTI-711 Series
RTI-711 Series
RTI-711 Series
RTM 1680/83
Consult ADI
Consult ADI
None
Consult ADI
Consult ADI
None
RDC 1740 + CCT
Consult ADI
SDC1740 + CCT
None
None
SDC1702/03/04/40
2S80
SDC 1768
p.MAC-5000
AD585
AD585
AD585
AD1154
AD585
None
2S80
STM 1680/83
Consult ADI
Consult ADI
None
Consult ADI
Consult ADI
None
SDC 1740 + CCT

THC-Family
THS-Family
TSL1612
IS 10/20
1S14/24/44/64
1S61
2S20
9S70/71/72
9S75/76/79
41
42
43
47
102
106
107
108
110
120
141
142
143
146
149
153
161
163
165
170
180
183
220
230
231
232
233
274J
279
280
282J
283J

HTC-0300A
HTC-0300A
Consult ADI
1S40; 2S80/82
1S74
1S60; 2S80/82
None
None
None
AD515A
AD549
AD549
48
48
118
118
52
48
50
40
48
52
AD382
50
AD517
None
None
None
None
AD OP-07
184
234
235
233
235
None
284J
286J
281
292A
292A
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Model

Closest
Recommended
Equivalent

287
301 (Module)
302
311
350
424
426
427
432
454
456
602J10
602J100
602K100
603
605
751
752
901
907
908
909
931
932
933
935
942
944
946
948
950
956
971

None
52
310 (Module)
AD549
None
435/AD534
AD534
None
None
AD537
AD537
AD524
AD524
AD524
AD524
AD524
AD640
759
904
921
921
921
None
None
None
None
None
None
None
947
None
None
921

Technical Publications
Analog Devices provides a wide array of FREE technical publi
cations. These include Data Sheets for all products, Catalogs,
Application Notes and Guides and four serial publications:
Analog Productlog, a digest of new-production information;
DSPatch, ” a newsletter about digital signal-processing (appli
cations); Analog Briefings,® current information about products
for military/avionics and the status of reliability at ADI; and
Analog Dialogue, our technical magazine, with in-depth discus
sions of products, technologies and applications.
In addition to the free publications, seven technical reference
books are available at reasonable cost. Subsystem products are
supported with hardware, software, and user documentation, at
prices related to content.
Brief descriptions of typical publications appear below. For
copies of any items, to subscribe to any of our free serials or to
request any other publications, please get in touch with Analog
Devices or the nearest sales office.

CATALOGS
Data Acquisition Products Databooks. Contain selection
guides, data sheets and other useful information about all
Analog Devices ICs, hybrids, modules and subsystem com
ponents recommended for new designs. The 1989/90 series
consists of:
DATA CONVERSION PRODUCTS DATABOOK-1989/90.
Data Sheets and Selection Guides on D/A, A/D, V/F, and F/V
Converters, Sample-Track/Hold Amplifiers, Voltage References,
Multiplexers & Switches, Synchro-Resolver Converters, Data
Acquisition Subsystems, Application-Specific ICs. (Available
FREE.)

DSP PRODUCTS DATABOOK-1989. Data Sheets, Selection
Guides and Application Notes on DSP Microprocessor, Micro
coded Support Components, Floating-Point Components and
Fixed-Point Components. (Available FREE.)
LINEAR PRODUCTS DATABOOK-1990. Data Sheets and
Selection Guides on Op Amps, Instrumentation Amplifiers,
Isolators, RMS-to-DC Converters, Multipliers/Dividers, Log/
Antilog Amplifiers, Comparators, Temperature-Measuring Com
ponents and Transducers, Special Function Components, Digital
Panel Instruments, Signal-Conditioning Components and Sub
systems, Mass Storage Components, ATE Components, Auto
motive Components, Bus Interface and Serial I/O Products,
Application Specific ICs. (Available FREE.)

MILITARY PRODUCTS DATABOOK. Information and
data on products processed in accordance with MIL-STD-883
Class B.
DATA-ACQUISITION AND CONTROL CATALOG-1990.
Tutorial and Configuration Guide, with Product Reference
and Index. Bus-Compatible I/O Boards for: IBM PS/2,
*
IBM
*
PC/XT/AT,
STD Bus, VMEbus, MULTIBUS.! Distributed
I/O Subsystems—fixed-function front ends, programmable
units, and distributed control systems. Modular Signal Condi
tioners—analog and digitizing. Analog Signal-Conditioning
Panels—isolated and non-isolated. Digital Subsystems—16- and
24/32-channel. Software—DOS drivers and applications
packages.

POWER SUPPLIES-Linear Supplies
*DC-DC
Converters.
12-page Short-Form Catalog listing AC/DC Power Supplies,
Modular DC/DC Converters, Power-Supply Test Procedures,
Transients, Thermal Derating, Mechanical Outlines of Packages
and Sockets.
APPLICATION NOTES AND GUIDES
All are available upon request.

Application Notes.
A/D Converters:
“AD7672 Converter Delivers 12-Bit 200-kHz Sampling
Systems.”
“Asynchronous Clock Interfacing with the AD7878.”
“Bipolar Operations with the AD7572.”
“FIFO Operation and Boundary Conditions in the AD1332
and AD 1334.”
“How to Obtain the Best Performance from the AD7572.”
“Implement Infinite Sample-and-Hold Circuits Using Analog
Input/Output Ports.”
“Interfacing the AD7572 to High-Speed DSP Processors.”
“Simultaneous and Independent Sampling of Analog Signals
with the AD1334.”
“The AD7574 Analog-to-Microprocessor Interface.”
Amplifiers:
“An IC Amplifier User’s Guide to Decoupling, Grounding,
and Making Things Go Right for a Change.”
“Applications of High-Performance BiFET Op Amps.”
“CMOS DACs and Operational Amplifiers Combine to Build
Programmable-Gain Amplifiers” (in 2 parts: I and II).
“How to Select Operational Amplifiers.”
“How to Test Basic Operational-Amplifier Parameters.”
“Applications of High-Performance BiFET Op Amps.”
“Low-Cost Two-Chip Voltage-Controlled Amplifier and Video
Switch” (AD539).
“Using the AD9610 Transimpedance Amplifier.”
D/A Converters:
“AD7528 Dual 8-Bit CMOS DAC.”
“Analog Panning Circuits Provide Almost Constant Output
Power.”
“Circuit Applications of the AD7226 Quad CMOS DAC.”
“CMOS DACs and Operational Amplifiers Combine to Build
Programmable-Gain Amplifiers” (in 2 parts: I and II).
“Dynamic Performance of CMOS DACs in Modem
Applications.”
“8th Order Programmable Low-Pass Filter Using Dual 12-Bit
DACs.”
“Exploring the AD667 12-Bit Analog Output Port.”
“14-Bit DACs Maintain High Performance Over Extended
Temperature Range.”
“Gain Error and Tempco of CMOS Multiplying DACs.”
“Generate 4 Channels of Analog Output Using AD7542
12-Bit D/A Converters and Control the Lot with Only
Two Wires.”
Analog Briefings is a registered trademark of Analog Devices, Inc.
DSPatch is a trademark of Analog Devices, Inc.
Word-Slice is a registered trademark of Analog Devices, Inc.
‘PC/XT/AT, PS/2 and Micro Channel are trademarks of International
Business Machines Corporation.
fMULTIBUS is a trademark of Intel Corporation.
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“Interfacing the AD7549 Dual 12-Bit DAC to the MCS-48
and MCS-51 Microcomputer Families.”
“Simple Interface Between D/A Converter and
Microcomputer Leads to Programmable Sine-Wave
Oscillator” (AD7542).
“The AD7224 DAC Provides Programmable Voltages Over
Varying Ranges.”
“Three-Phase Sine-Wave Generation Using the AD7226 Quad
DAC.”
Digital Signal-Processing: (Note: Seven additional DSP Applica
tion Notes are incorporated in the 1989 DSP Products Databook.)
“A Guide to Designing Microcoded Circuits.”
“Considerations for Selecting a DSP Processor”
(ADSP-2100A vs. TMS32OC25).
“Implement a Cache Memory in Your Word-Slice® System.”
“Interfacing the AD7572 to High-Speed DSP Processors.”
“Sharing the Output Bus of the ADSP-1401 Microprogram
Sequencer.”
“Variable-Width Bit Reversing with the ADSP-1410 Address
Generator.”
“Wait-State Generation on the ADSP-2100 and
ADSP-2100A.”
Disk-Drive Electronics:
“Microstepping Drive Circuits for Single-Supply Systems.”
“Simple DAC-Based Circuit Implements Constant Linear
Velocity (CLV) Motor Speed Control.”
Resolver (Synchro)-to-Digital Conversion:
“Circuit Applications of the 2S81 and 2S80 Resolver-toDigital Converters.”
“Dynamic Characteristics of Tracking Converters.”
“Dynamic Resolution-Switching on the 1S74 Resolver-toDigital Converter.”
“Using the 2S80 Series Resolver-to-Digital Converters with
Synchros: Solid-State Scott-T Circuit.”
“Why the Velocity Output of the 1S74 and 1S64 Series
R/D Converters Is Continuous and Step-Free Down to
Zero Speed.”
Sample-Holds:
“Applying IC Sample-Hold Amplifiers.”
“Generate 4 Channels of Analog Output Using AD7542 12-Bit
D/A Converters and Control It All with Only Two Wires.”
“Implement Infinite Sample-and-Hold Circuits Using Analog
Input/Output Ports.”
Switches and Multiplexers:
“ADG201A/202A and ADG221/222 Performance with
Reduced Power Supplies.”
“Bandwidth, OFF Isolation, and Crosstalk Performance of the
ADG5XXAA Multiplexer Series.”
“Overvoltage Protection for the ADG5XXA Multiplexer
Series.”
Temperature Measurement:
“A Cost-Effective Approach to Thermocouple Interfacing in
Industrial Systems.”
“Use of the AD590 Temperature Sensor in a Remote Sensing
Application.”
V/F Converters:
“Analog-to-Digital Conversion Using Voltage-to-Frequency
Converters.”
Word-Slice is a registered trademark of Analog Devices, Inc.
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“Operation and Applications of the AD654 IC V-to-F
Converter.”
Video Applications:
“Animation Using the Pixel Read Mask Register of the
ADV47X Series of Video RAM-DACs.”
“Changing Your VGA Design from a 171/176 to an
ADV471.”
“Design and Layout of a Video Graphics System for Reduced
EMI.”
“Improved PCB Layouts for Video RAM-DACs Can Use
Either PLCC or DIP Package Types.”
“Low-Cost Two-Chip Voltage-Controlled Amplifier and Video
Switch” (AD539).
“The AD9502 Video Signal Digitizer and Its Applications.”
“Video Formats & Required Load Terminations.”
Application Guides.
Analog CMOS Switches and Multiplexers. A 16-page short-form
guide to high-speed CMOS switches, CMOS switches with di
electric isolation and CMOS multiplexers. Also included are reli
ability data and information on single-supply operation.
Applications Guide for Isolation Amplifiers and Signal Conditioners.
A 20-page guide to specifications and applications of galvanically
isolated amplifiers and signal conditioners for industrial, instru
mentation and medical applications.

CMOS DAC Application Guide 3rd Edition by Phil Burton
(1989 — 64 pages). Introduction to CMOS DACs, Inside CMOS
DACs, Basic Application Circuits in Current-Steering Mode,
Single-Supply Operation Using Voltage-Switching Mode, The
Logic Interface, Applications.
ESD Prevention Manual - Protecting ICs from electrostatic dis
charges. Thirty pages of information that will assist the reader
in implementing an appropriate and effective program to assure
protection against electrostatic discharge (ESD) failures.

High-Speed Data Conversion - A 24-page short-form guide to
video and other high-speed A/D and D/A converters and
accessories, in forms ranging from monolithic ICs to card-level
products.

RMS-to-DC Conversion Application Guide 2nd Edition by
C. Kitchin and L. Counts (1986—61 pages). RMS-DC Conver
sion: Theory, Basic Design Considerations; RMS Application
Circuits; Testing Critical Parameters; Input Buffer Amplifier
Requirements; Programs for Computing Errors, Ripple and
Settling Time.
Surface Mount IC—A 28 page guide to ICs in SO and PLCC
packages. Products include op amps, rms-to-dc converters,
DACs, ADCs, VFCs, sample-holds and CMOS switches.

DSP MANUALS
Available at no charge for single copies; write on letterhead.

ADSP-2100 Family Support Publications —for the ADSP-2100
and ADSP-2101 single-chip signal processors.

ADSP-2100 USER’S MANUAL. Introduction, Computational
Units, Data Moves, Program Control, System Interface, Instruc
tion Set Overview, Appendixes. 162 pages.

ADSP-2101 USER’S MANUAL—Architecture. Introduction,
Computational Units, Data Moves, Program Control, Timer,
Serial Ports, System Interface, Memory Interface, Instruction
Set Overview, Appendixes. 184 pages.

TECHNICAL REFERENCE BOOKS-Can be purchased
from Analog Devices, Inc.; send check for indicated amount
to One Technology Way, P.O. Box 9106, Norwood, MA
02062-9106. If more than one book is ordered, deduct a
discount of $1 from the price of each book. Price of the entire
set of seven books is $129 (in effect, the synchro, transducer,
and nonlinear circuits books are free). VISA or MasterCard
accepted; phone (617) 461-3392.
ANALOG-DIGITAL CONVERSION HANDBOOK: Third
Edition, by the Engineering Staff of Analog Devices, edited by
Daniel H. Sheingold. Englewood Cliffs, NJ: Prentice Hall
(1986). A comprehensive guide to A/D and D/A converters and
their applications. This third edition of our classic is in hard
cover and has more than 700 pages, an Index, a Bibliography,
and much new material, including: video-speed, synchro
resolver, V/F, high-resolution, and logarithmic converters, ICs
for DSP, and a “Guide for the Troubled.” Seven of its 22 chap
ters are totally new.
$32.95

NEW—DIGITAL SIGNAL-PROCESSING APPLICA
TIONS USING THE ADSP-2100 FAMILY, by the Applica
tions Staff of Analog Devices, DSP Division; edited by Amy
Mar (628 pages). Englewood Cliffs NJ: Prentice Hall (1990).
Bridge the gap between DSP algorithms and their real-world
implementation on state-of-the-art signal processors. Each chap
ter tackles a specific application topic, briefly describing the al
gorithm and discussing its implementation on the ADSP-2100
family of DSP chips. Comprehensive source-code listings are
complete with comments and accompanied by explanatory text.
Programs are listed on a pair of supplementary diskettes—fur
nished with the book. Application areas include fixed- and
floating-point arithmetic, function approximation, digital filters,
one- and two-dimensional FFTs, image processing, graphics, LP
speech coding, PCM, ADPCM, high-speed modem algorithms,
DTMF coding, sonar beamforming. Additional topics include
memory interface, multiprocessing, and host interface. The
book can serve as a companion to Digital Signal Processing in
VLSI. Price includes diskettes.
$38.00

NEW-DIGITAL SIGNAL PROCESSING IN VLSI, by Ri
chard J. Higgins. Englewood Cliffs NJ: Prentice Hall (1990).
An introductory 614-page guide for the engineer and scientist
who needs to understand and use DSP algorithms and special
purpose DSP hardware ICs—and the software tools developed to
carry them out efficiently. Real-World Signal Processing; Sam
pled Signals and Systems; The DFT and the FFT Algorithm;
Digital Filters; The Bridge to VLSI; Real DSP Hardware; Soft
ware Development for the DSP System; DSP Applications; plus
Bibliography and Index.
$38.00
NEW-HIGH-SPEED DESIGN SEMINAR, published by
Analog Devices (1990). A 496-page guide to the practical appli
cation of high-speed semiconductor devices in processing of ana
log signals. Topics include: data conversion, digital video
applications, high-speed sample-holds and operational amplifi
ers, nonlinear signal processors (including log amps), compara
tors and pin electronics, time-delay generators, phase-locked
loops, direct digital synthesis, computer graphics and RAMDACs, and high-speed techniques.
$20.00

NONLINEAR CIRCUITS HANDBOOK: Designing with
Analog Function Modules and ICs, by the Engineering Staff of
Analog Devices, edited by Daniel H. Sheingold. Norwood MA:
Analog Devices, Inc. (1974). A 540-page guide to multiplying
and dividing, squaring and rooting, rms-to-dc conversion, and
multifunction devices. Principles, circuitry, performance, speci
fications, testing, and application of these devices-contains 325
illustrations.
0B'.'T
$5.95
SYNCHRO & RESOLVER CONVERSION, edited by Geoff
Boyes. Norwood, MA; Analog Devices, Inc. (1980). Principles
and practice of interfacing synchros, resolvers, and Inductosyns
*
to digital and analog circuitry.
$11.50
TRANSDUCER INTERFACING HANDBOOK: A Guide to
Analog Signal Conditioning, edited by Daniel H. Sheingold. Nor
wood MA: Analog Devices, Inc. (1980). A book for the elec
tronic engineer who must interface transducers for temperature,
pressure, force, level, or flow to electronics, these 260 pages tell
how transducers work—as circuit elements—and how to connect
them to electronic circuits for effective processing of their
signals.
$14.50
*Inductosyn is a registered trademark of Farrand Industries, Inc.
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Worldwide Sales Directory
North America
Alabama
(205) 536-1506

Hawaii
*(714) 641-9391

Minnesota
(612) 835-2414

Alaska
*(206) 575-6344
*(714) 641-9391

Idaho
(303) 443-5337
*(719) 590-9952
*(206) 575-6344

Mississippi
(205) 536-1506
Missouri
(314) 521-2044
(913) 829-2800

North Carolina
(919) 373-0380
(704) 846-1702

Utah
(801) 466-9336
*(719) 590-9952

North Dakota
(612) 835-2414

Vermont
*(617) 329-4700

Ohio
(216) 247-0060
*(614) 764-8795

Virginia
*(301) 992-1994

Arizona
(602) 949-0048
*(719) 590-9952

Illinois
(708) 520-0710

Arkansas
*(214) 231-5094

Indiana
(317) 244-7867

Montana
(801) 466-9336
*(714) 641-9391

California
*(714) 641-9391
*(408) 559-2037
*(619) 268-4621

Iowa
(319) 373-0200

Nebraska
(913) 829-2800

Oregon
*(206) 575-6344

Kansas
(913) 829-2800

Colorado
(303) 443-5337
*(719) 590-9952

Kentucky
(615) 459-0743
*(617) 329-4700

Nevada
(505) 828-1300
*(408) 559-2037
*(714) 641-9391

Pennsylvania
*(215) 643-7790
(412)745-8441

Connecticut
(516) 673-1900
*(617) 329-4700

Louisiana
*(214) 231-5094

Delaware
*(215) 643-7790

Florida
(407) 855-0843
(407) 724-6795
(813) 963-1076

Georgia
(404) 497-9404

Maine
*(617) 329-4700
Maryland
*(301) 992-1994

Massachusetts
*(617) 329-4700

Michigan
(313) 489-1500

’Analog Devices, Inc., Direct Sales Offices
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New Hampshire
*(617) 329-4700

New Jersey
(516) 673-1900
*(215) 643-7790
*(716) 425-4101

New Mexico
(505) 828-1300
*(719) 590-9952
New York
(516) 673-1900
(716) 425-4101

Oklahoma
*(214) 231-5094

Rhode Island
*(617) 329-4700

South Carolina
(919) 373-0380
South Dakota
(612) 835-2414

Tennessee
(205) 536-1506
(615) 459-0743
Texas
*(214) 231-5094

Washington
*(206) 575-6344

West Virginia
*(614) 764-8795
Wisconsin
(414) 784-7736

Wyoming
(801) 466-9336
Puerto Rico
*(617) 329-4700
Canada
(416) 821-7800
(613) 729-0023
(514) 697-0804
(604) 941-7707

Mexico
*(617) 329-4700

International
Australia
(3)8900970
(2) 646-5255
(7) 845-1911
(8) 211-8499

Ireland
*(44 932) 253320
(United
Kingdom
Sales)

Mexico
(83)351721
(83)351661

Austria
*(222) 885504-0

Israel
*(52) 911415
*(52)913551

Norway
(3)847099

Belgium
*(3)2371672
Brazil
(11) 531-9355

Denmark
*(42) 845800
Finland
(0)8041041
France
*(1) 46662525
*(76) 222190
*(61) 408562
*(99) 834666

Holland
*(1620) 81500

Hong Kong
8339013
India
(212)333880
(11) 6862460
(812) 560506

Italy
*(2)66500120
*(6) 8393405
*(11)287789
(2)9520551
(51) 555614
(49) 633600
(6) 3332283
(11)3181481

Japan
*(3)2636826
*(6) 3721814
Korea
(2)5543301
Malaysia
(65) 2848537
(Singapore)

New Zealand
592629
(9)

People's Republic
of China - Beijing
(1)890721, Ext.
120
Romania
*(43 222)885504-0
(Austria)

Singapore
2848537

South Africa
(11) 882-1620
Spain
(1)5553686
Sweden
*(8) 282740
Switzerland
*(22) 731-5760
*(1)8200102

Taiwan
(2) 719-8419
Turkey
(1)3372245

United Kingdom
*(932)232222
*(932)253320
(Sales)
*(081)9411066
*(635)35335
*(506) 30306
*(21) 5011166
*(279) 418611
United States of
America
*(617) 329-4700

West Germany
*(89)570050
*(4181) 8051
*(721) 48567
*(30) 39190 3537
*(221)686006
Yugoslavia
*(43 222)885504-0
(Austria)
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Product Index
Alpha-Numeric by Model Number
Model

:::

AC 1226 ...................
AC2626 ...................
AD2S44 ................
AD2S65 ................
AD2S66 ................
AD101/401/301AL .
AD202/204 .............
•AD203N................
•AD206 ...................
•AD208 ...................
AD210...................
AD293 ...................
AD294 ...................
AD295 ...................
AD346 ...................
AD363 ...................
AD364 ...................
AD365 ...................
AD367 ...................
AD368 ...................
AD369 ...................
AD370/371 .............
AD380 ...................
AD381...................
AD382 ...................
AD386 ...................
AD389 ...................
AD390 ...................
AD392 ...................
AD394 ...................
AD395 ...................
AD396 ...................
AD5O3...................
AD504 ...................
AD506 ...................
AD507 ...................
AD509 ...................
AD510...................
AD515...................
AD515A................
AD517...................
AD518...................
AD521...................
AD522 ...................
AD524 ...................
AD526 ...................
AD532 ...................
AD533 ...................
AD534 ...................
AD535 ...................
AD536A................
AD537 ...................
AD538 ...................

Page*
L 13-5
L 12-5
. C
. C
. C
L 21-4
I. 5-5
L 5-17
L 5-29
L 5-39
L 5-53
L 21-4
L 21-4
L 5-61
. C
. C
. C
L, 4-7
. C
. C
. c
L 21-4
L 2-19
L 2-25
L 2-25
. C
. C
. c
. c
. c
. c
. c
L 21-4
L 21-4
L 21-4
L 2-31
L 2-35
L 21-4
L 21-4
L 2-39
L 2-45
L 21-4
L 4-15
L 4-21
L 4-25
L 4-37
L 6-7
L 21-4
L 6-13
L 21-4
L, 8-5
. C
L 6-23

Model
AD539
AD542
AD544
AD545
•AD545A
•AD546
AD547
AD548
AD549
AD557
AD558
AD561
AD562
AD563
AD565A
AD566A
AD567
AD568
AD569
AD570
AD571
AD572
AD573
AD574A
AD575
AD578
AD579
AD580
AD581
AD582
AD583
AD584
AD585
AD586
AD587
AD588
AD589
AD590
AD592
AD594
AD595
AD596
AD597 .
•AD598
AD611 .
AD624 .
AD625 .
AD630 .
AD632 .
•AD633 .
AD636 .
AD637 .
AD639 .

*
Page
. L 6-31
. L 2-51
. L 2-51
. L 21-4
. L 2-59
. L 2-63
. L 2-51
. L 2-75
. L 2-83
. . . C
. . . c
. . . c
» . . c
. . . c
. . . c
. . . c
. L 21-4
. . . C
. . . C
. . . C
. . . C
. . . C
. . . C
. . . C
. . . C
. . . C
. . . C
. . . c
. . . c
. . . c
. . . c
. . . c
. . . c
. . . c
. . . c
. , . c
. . . c
. L 12-7
L 12-17
. L 13-9
. L 13-9
L 13-17
L 13-17
L 13-23
. L 21-4
. L 4-49
. L 4-61
. L 6-39
. L 6-47
. L 6-51
. L 8-13
. L 8-21
. L 11-5

*C = Data Conversion Products Databook, D = DSP Products Databook, L = Linear Products Databook.
•New product since publication of 1988 Linear Products Databook.
••New product since publication of 1989190 Data Conversion Products Databook. Call or write for individual data sheet.
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Page*

•AD640 .......................................................................... L 7-7
AD642 .......................................................................... L 2-95
AD644 ....................................................................... L 2-101
•AD645 ....................................................................... L 2-107
AD647 ....................................................................... L 2-115
AD648 ....................................................................... L 2-121
AD650 ................................................................................. C
AD651.......................................................................... L 21-4
AD652 ................................................................................. C
AD654 ................................................................................. C
AD662 ................................................................................. C
AD664 ................................................................................. C
AD667 ................................................................................. C
AD668 ................................................................................. C
AD670 ................................................................................. C
••AD671................................................................................. C
AD673 ................................................................................. C
AD674A.............................................................................. C
AD678 ................................................................................. C
AD679 ................................................................................. C
AD684 ................................................................................. C
AD689 ................................................................................. C
AD693 ....................................................................... L 13-39
•AD694 ....................................................................... L 13-51
AD704 ....................................................................... L 2-131
AD705 ....................................................................... L 2-135
AD706 ....................................................................... L 2-143
AD707 ....................................................................... L 2-151
AD708 ....................................................................... L 2-159
AD711....................................................................... L 2-167
AD712....................................................................... L 2-179
AD713....................................................................... L 2-191
•AD734 .......................................................................... L 6-55
AD736 .......................................................................... L 8-29
AD737 .......................................................................... L 8-37
AD741 Series............................................................. L 2-203
•AD743 ....................................................................... L 2-207
AD744 ....................................................................... L 2-219
AD746 ....................................................................... L 2-231
••AD766 ................................................................................. C
AD767 ................................................................................. C
AD770 ................................................................................. C
AD779 ................................................................................. C
AD790 .......................................................................... L 3-5
•AD827 ....................................................................... L 2-239
•AD829 ....................................................................... L 2-247
AD834 .......................................................................... L 6-65
AD840 ....................................................................... L 2-251
AD841....................................................................... L 2-259
AD842 ....................................................................... L 2-267
•AD843 ....................................................................... L 2-275
•AD844 ....................................................................... L 2-287
AD845 ....................................................................... L 2-299

Model

*C = Data Conversion Products Databook, D = DSP Products Databook, L = Linear Products Databook.
•New product since publication of 1988 Linear Products Databook.
••New product since publication of 1989190 Data Conversion Products Databook. Call or write for individual data sheet.
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AD846 .......................................................................... L 2-307
AD847 .......................................................................... L 2-319
AD848 .......................................................................... L 2-327
AD849 .......................................................................... L 2-327
•AD880 .......................................................................... L 9-3
AD890 .......................................................................... L 9-7
AD891............................................................................ L 9-15
•AD891A......................................................................... L 9-23
•AD892E/T...................................................................... L 9-31
•AD897 ............................................................................ L 9-43
ADI 139................................................................................. C
ADI 147................................................................................. C
ADI 148................................................................................. C
ADI 154................................................................................. C
ADI 170................................................................................. C
AD1175K.............................................................................. C
•AD1315...........................................................................L 10-5
•AD1317.......................................................................... L 10-13
•AD1321.......................................................................... L 10-25
•AD 1322 .......................................................................... L 10-37
•AD1322B....................................................................... L 10-49
AD133O................................................................................. C
AD1332 ................................................................................. C
AD1334 ................................................................................. C
AD1362 ................................................................................. C
AD1376 ................................................................................. C
AD1377 ................................................................................. C
AD1380 ................................................................................. C
AD1403/1403A............................................................... L 21-4
AD1856 ................................................................................. C
AD1860 ................................................................................. C
AD2004 ............................................................................ L 21-4
AD2006 ............................................................................ L 21-4
AD2008 ............................................................................ L 21-4
AD2009 ............................................................................ L 21-4
AD2010............................................................................ L 14-7
AD2016............................................................................ L 21-4
AD2020 ............................................................................ L 21-4
AD2021 ............................................................................ L 14-9
AD2026 .......................................................................... L 14-11
AD2033 ............................................................................ L 21-4
AD2040 ............................................................................ L 21-4
AD2O5O.......................................................................... L 14-13
AD2051 .......................................................................... L 14-13
AD2060 .......................................................................... L 14-15
AD2061 .......................................................................... L 14-15
AD2070 .......................................................................... L 14-17
AD2071 .......................................................................... L 14-17
AD2700/2701/2702 .............................................................. C
AD2710/2712 ....................................................................... C
AD3554 ....................................................................... L 21-4
AD3860 ............................................................................ L 21-4
AD52OO Series.................................................................... C

Model

*
Page

AD5210 Series...................................................................... C
AD5240 ................................................................................. C
AD5539 .......................................................................... L 2-335
AD7110............................................................................ L 21-4
AD7111................................................................................. C
AD7118............................................................................ L 21-4
AD7224 ................................................................................. C
AD7225 ................................................................................ C
AD7226 ................................................................................. C
AD7228 . . ........................................................................... C
AD7237 ................................................................................. C
•AD7240 ............................................................................ L 21-4
AD7245 ................................................................................. C
AD7247 ................................................................................. C
AD7248 ............................................................................. . C
•AD7341 .......................................................................... L 11-17
•AD7371 ...........................................................................L 11-17
AD7501 ................................................................................. C
AD7502 ................................................................................. C
AD7503 ................................................................................. C
AD7506 ............................................................................ L 21-4
AD7507 ............................................................................ L 21-4
AD7510DI.......................................................................... C
AD7511DI......................................................
C
AD7512DI.......................................................................... C
AD7520 ............................................................................ L 21-4
AD7521 ............................................................................ L 21-4
AD7522 ............................................................................ L 21-4
AD7523 ............................................................................ L 21-4
AD7524 ................................................................................. C
AD7525 ............................................................................ L 21-4
AD7528 ................................................................................. C
AD753O............................................................................ L 21-4
AD7531 ............................................................................ L 21-4
AD7533 ................................................................................. C
AD7534 ................................................................................. C
AD7535 ................................................................................. C
AD7536 ................................................................................ C
AD7537 ................................................................................. C
AD7538 ................................................................................. C
AD7541 ............................................................................ L 21-4
AD7541A.............................................................................. C
AD7542 ................................................................................. C
AD7543 ................................................. -.............................. C
AD7545 ................................................................................. C
AD7545A.............................................................................. C
AD7546 ............................................................................ L 21-4
AD7547 ................................................................................. C
AD7548 ................................................................................. C
AD7549 ................................................................................. C
AD7550 ............................................................................ L 21-4
AD7552 ............................................................................ L 21-4
AD7569 ................................................................................. C

Model

*
Page

AD7572 ..............................................................................
••AD7572A.............................................................................
AD7574 ............................................................................. L
AD7575 ..............................................................................
AD7576 ..............................................................................
AD7578 ..............................................................................
AD7579 ..............................................................................
AD7580 ..............................................................................
AD7581 ..............................................................................
AD7582 ..............................................................................
AD7590DI.........................................................................
AD7591DI.......................................................................
AD7592DI.........................................................................
AD7628 ...............................................................................
AD7669 ..............................................................................
AD7672 ..............................................................................
••AD7701 ...............................................................................
AD7769 ..............................................................................
••AD7770 ..............................................................................
AD7772 ..............................................................................
AD7820 ..............................................................................
AD7821..............................................................................
AD7824..............................................................................
AD7828..............................................................................
WAD7837..............................................................................
AD7840..............................................................................
AD7845..............................................................................
AD7846 ............................................................................
*«AD7847 ..............................................................................
AD7848..............................................................................
»«AD7868 ............................................................................
AD7870 ............................................................................
AD7871 ............................................................................
AD7872 ............................................................................
«AD7874 ..............................................................................
*
AD7875 ..............................................................................
**
»«AD7876 ..............................................................................
AD7878 ..............................................................................
AD9000 ..............................................................................
AD9002 ..............................................................................
AD9003 ..............................................................................
AD9005 ..............................................................................
AD9006 ..............................................................................
AD9012..............................................................................
AD9016..............................................................................
AD9028 ..............................................................................
AD9038 ..............................................................................
AD9048 ..............................................................................
AD9300 ..............................................................................
AD9500 ........................................................................... L 11-33
«AD9501 ...........................................................................L 11-43
AD9502 ................................................................................. C
AD9521 .............................................................................L 7-23

*C = Data Conversion Products Databook, D = DSP Products Databook, L = Linear Products Databook.
•New product since publication of 1988 Linear Products Databook.
••New product since publication of 1989/90 Data Conversion Products Databook. Call or write for individual data sheet.
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AD9610...........................................................................L 2-351
AD9611............................................................................. L 21-4
•AD9617.......................................................................... L 2-359
•AD9618.......................................................................... L 2-367
•AD9620 .......................................................................... L 2-375
•AD9630 .......................................................................... L 2-377
AD9686 ............................................................................ L 21-4
•AD9696 ............................................................................ L 3-13
•AD9698 ............................................................................ L 3-13
AD9700 ................................................................................. C
AD9701 ................................................................................. C
AD9702 ................................................................................. C
AD9703 ................................................................................. C
AD9712................................................................................. C
AD9713................................................................................. C
AD9768 ................................................................................. C
•AD9901 .......................................................................... L 11-55
AD75004 ......................................................................... L 17-1
AD75068 ......................................................................... L 17-1
AD96685/87 ................................................................... L 3-21
AD ADC71/72.................................................................... C
AD ADC80 ....................................................................... C
AD ADC84/85 .................................................................... C
ADC-14I/17I................................................................... L 21-4
ADC1111......................................................................... L 21-4
ADC1130/1131.................................................................... C
ADC 1140.............................................................................. C
ADC1143......................................................................... L 21-4
AD DAC-08................................................................... L 21-4
AD DAC71/72.................................................................... C
AD DAC80 ....................................................................... C
AD DAC85 ....................................................................... C
AD DAC87 ....................................................................... C
ADDS-21XX (Hardware) ................................................. D
ADDS-21XX (Software).................................................... D
ADEB770 ......................................................................... L 21-4
ADG201A ........................................................................... C
ADG201HS........................................................................... C
ADG202A ........................................................................... C
ADG211A ........................................................................... C
ADG212A ........................................................................... C
ADG221 .............................................................................. C
ADG222 .............................................................................. C
ADG506A ........................................................................... C
ADG5O7A ........................................................................... C
ADG508A ........................................................................... C
ADG509A ........................................................................... C
ADG526A ........................................................................... C
ADG527A ........................................................................... C
ADG528A ........................................................................... C
ADG529A ........................................................................... C
AD OP-07.................................................................... L 2-383
AD OP-27.................................................................... L 2-389

Model

*C = Data Conversion Products Databook, D = DSP Products Databook, L = Linear Products Databook.
•New product since publication of 1988 Linear Products Databook.
••New product since publication of 1989/90 Data Conversion Products Databook. Call or write for individual data sheet.

22-4 PRODUCT INDEX

Page*

AD OP-37.................................................................... L 2-397
ADREF01 .......................................................................... C
ADREF02 .......................................................................... C
ADSP-1008A....................................................................... D
ADSP-1009A....................................................................... D
ADSP-1010A....................................................................... D
ADSP-1010B....................................................................... D
ADSP-1012A....................................................................... D
ADSP-1016A....................................................................... D
ADSP-1024A....................................................................... D
ADSP-1080A....................................................................... D
ADSP-1081A....................................................................... D
ADSP-1101.......................................................................... D
ADSP-1110A....................................................................... D
ADSP-1401.......................................................................... D
ADSP-1402 .......................................................................... D
ADSP-1410.......................................................................... D
ADSP-2100.......................................................................... D
ADSP-2100A....................................................................... D
ADSP-2101.......................................................................... D
ADSP-2101 Emulator ....................................................... D
ADSP-2102.......................................................................... D
ADSP-3128A....................................................................... D
ADSP-3201/02 .................................................................... D
ADSP-3210/11 .................................................................... D
ADSP-3212.......................................................................... D
ADSP-3220/21 .................................................................... D
ADSP-3222 ........................................................................... D
ADV453 .............................................................................. C
ADV471 .............................................................................. C
ADV476 .............................................................................. C
ADV478 .............................................................................. C
••ADV7120.............................................................................. C
••ADV7121.............................................................................. C
••ADV7122.............................................................................. C
ADVFC32........................................................................... C
ASICs........................................................................................ L17-1
CAV-1040 ........................................................................... C
CAV-1210 ...................................................................... L 21-4
CAV-1220
C
DAC-12M ...................................................................... L 21-4
DAC-12QS...................................................................... L 21-4
DAC-12QZ...................................................................... L 21-4
DAC-08 (see AD DAC-08)
DAC-10Z......................................................................... L 21-4
DAC71/72 (see AD DAC71/72)
DAC80 (see AD DAC80)
DAC85 (see AD DAC85)
DAC87 (see AD DAC87)
DAC1009 ......................................................................... L 21-4
DAC1108......................................................................... L 21-4
DAC1132......................................................................... L 21-4
DAC1136.............................................................................. C

Model

Page*

DAC1138.............................................................................. C
DAC1146......................................................................... L 21-4
DAC1420 ......................................................................... L 21-4
DAC1422 ......................................................................... L 21-4
DAC1423 ......................................................................... L 21-4
DAS1128......................................................................... L 21-4
DAS1150......................................................................... L 21-4
DAS1151......................................................................... L 21-4
DAS1152......................................................................... L 21-4
DAS1153......................................................................... L 21-4
DAS1155......................................................................... L 21-4
DAS1156......................................................................... L 21-4
DAS1157......................................................................... L 21-4
DAS1158......................................................................... L 21-4
DAS1159.............................................................................. C
DRCI705/06 ................................................................... L 21-4
DRCI 745/46 ........................................................................ C
DSC1705/06 ................................................................... L 21-4
HAS-1201
C
HAS-1204 ........................................................................... C
HAS-1409
C
HDD-1206 ........................................................................... C
HDG Series ....................................................................... C
HDG-0807 ........................................................................... C
HDH-1205 ...................................................................... L 21-4
HDS-1240E...................................................................... L 21-4
HOS-050/050A/050C...................................................... L 21-4
HOS-060 ......................................................................... L 21-4
HOS-200 ......................................................................... L 21-4
HTC-0300A
C
HTS-0010
C
HTS-OO25 ........................................................................... C
IPA1764 .............................................................................. C
LTS-2020 ......................................................................... L 19-1
•jiDCS-6000 ...................................................................... L 15-7
•p.MAC-1050 ................................................................... L 15-7
•jjlM AC-4000
L 15-7
•p.MAC-5000 ................................................................... L 15-7
•jjlM AC-6000 ................................................................... L 15-7
MOD-1205 ........................................................................... C
OSC1758 .............................................................................. C
RDC1700 ......................................................................... L 21-4
RDC1702 ......................................................................... L 21-4
RDC1704 ......................................................................... L 21-4
RDC 1725/26 ................................................................... L 21-4
RDC1740/1741/1742 .......................................................... C
RDC1768 ......................................................................... L 21-4
•RTI-204 ......................................................................... L 15-5
•RTI-205 ......................................................................... L 15-5
•RTI-220 ......................................................................... L 15-5
•RTI-222 ......................................................
L 15-5
RTI-600 ......................................................................... L 15-6
RTI-602 ......................................................................... L 15-6

Model

RTI-711 .............
RTI-724 .............
RTI-732 .............
RTI-800 .............
RTI-802 .............
RTI-815 .............
RTI-817 .............
RTI-820 .............
•RTI-827 .............
RTI-850 .............
RTI-860 .............
•RTI-870 .............
RTI-1225 .............
RTI-1226 .............
RTI-1260 .............
RTI-1262 .............
•RTI-1265 .............
RTI-1266 .............
RTI-1267 .............
RTI-1270 .............
RTI-1280 .............
RTI-1281.............
RTI-1282 .............
RTI-1287 .............
RTM Series . . .
SDC 1700 .............
SDC 1702 .............
SDC1704 .............
SDC1725 .............
SDC1726 .............
SDC1740/1741/1742
SDC1768 .............
SHA-2A .............
SHA-5................
SHA-1134 ....
SHA1144.............
STM Series ....
1B21....................
1B22....................
1B31....................
1B32....................
1B41....................
1B51....................
1S40....................
1S60....................
1S74....................
2B20....................
2B22....................
2B23....................
2B24....................
2B30....................
2B31....................
2B34....................
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............. L.. 15-6
............. L 15-6
............... L.. 15-6
............. L 15-3
............. L 15-3
............. L 15-3
L 15-3, L 15-5
............. L 15-3
............. L 15-3
............. L.. 15-3
............. L.. 15-3
............. L 15-3
............. L.. 15-4
............. L.. 15-4
............. L.. 15-4
............. L.. 15-4
............... L.. 15-4
............. L.. 15-4
............... L.. 15-4
............... L.. 15-4
............... L.. 15-4
............... L.. 15-4
............. L 15-4
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