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How to Find Product Data in This Reference Manual

THIS VOLUME
Contains Data Sheets, Selection Guides and a wealth of background information on a wide variety of special linear components
for analog signal processing.

It is one member of a five-volume set of reference manuals describing and specifying Special Linear, Amplifier, Converter and
Audio/Video products from Analog Devices, Inc., in IC, hybrid and assembled form for measurement, control and real-world
signal processing.

IF YOU KNOW THE MODEL NUMBER
Turn to the product index at the back of the book and look up the model number. You will find the Volume-Section-Page
location of any data sheet in this volume or its companion manual, the Amplifier Reference Manual. You will find additional
references for all other Analog Devices product categories currently available.

If you’re looking for a form-and-function-compatible version of a product originally brought to market by some other man-
ufacturer (second source), you may find it by adding our “AD”” prefix and looking it up in the index. Or call our nearest
sales office.

IF YOU DON’T KNOW THE MODEL NUMBER
Find your functional group in the list on the opposite page. Turn directly to the appropriate Section. You will find a func-
tional Selection Tree and Selection Guide at the beginning of the Section. The Selection Tree and Selection Guide (and the
accompanying “Orientation’) will help you find the products that are the closest to satisfying your need. Use them to com-
pare all products in the category by salient criteria. A comprehensive Table of Contents is provided for your convenience

on pages 1-5 through 1-8.

IF YOU CAN’T FIND IT HERE . . . ASK!
If it’s not a special linear product, it’s probably in one of the four companion volumes, the Amplifier Reference Manual,
the Audio/Video Reference Manual or the Data Converter Reference Manual (Volume I or I1). If you don’t already own
these volumes, you can have them FREE by getting in touch with Analog Devices or the nearest sales office, or phoning

1-800-262-5643.

See the Worldwide Sales Directory on pages 16-12 and 1613 at the back of this volume for our sales office phone numbers.

Contents of Other Reference Manuals

AUDIO/VIDEO

REFERENCE MANUAL

Operational Amplifiers

Audio A/D Converters

Video A/D Converters

Audio D/A Converters

Video D/A Converters

Special Function Audio Products

Special Function Video Products

Digital Signal Processing
Products

Application Notes

DATA CONVERTER

REFERENCE MANUAL

(VOLUME I)

D/A Converters

S/D Converters

Communications Products

Digital Panel Meters

Digital Signal Processing -
Products

Bus Interface & Serial I/O
Products

Application Specific ICs

Power Supplies

DATA CONVERTER
REFERENCE MANUAL
(VOLUME II)

A/D Converters

V/F & F/V Converters
Sample/Track-Hold Amplifiers
Switches & Multiplexers
Voltage References

Data Acquisition Subsystems
Analog 1/O Ports

Application Specific ICs
Power Supplies

AMPLIFIER
REFERENCE
MANUAL

Operational Amplifiers
Comparators
Instrumentation Amplifiers
Isolation Amplifiers
Mixed-Signal ASICs
Power Supplies



1992
SPECIAL
LINEAR
REFERENCE
MANUAL

©Analog Devices, Inc., 1992
All Rights Reserved

ANALOG

DEVICES

General Information

Analog Multipliers/Dividers
Signal Compression Components
RMS-to-DC Converters

Mass Storage Components

ATE Components

Special Function Components
Matched Transistors
Temperature Sensors

Signal Conditioning Components
Automotive Components

Digital Signal Processing Products
Mixed-Signal ASICs

Power Supplies

Package Information

Appendix

Product Index



ANALOG
DEVICES

1992
SPECIAL LINEAR REFERENCE MANUAL

© Analog Devices, Inc., 1992
All Rights Reserved

Information furnished by Analog Devices is believed to be accurate and reliable. However, no responsibility is
assumed by Analog Devices for its use, nor for any infringements of patents or other rights of third parties which
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of
Analog Devices.

u.s.:

RE29,992, RE30,586, RE31,850, 3,729,660, 3,793,563, 3,803,590, 3,842,412, 3,868,583, 3,890,611, 3,906,486, 3,909,908,
3,932,863, 3,940,760, 3,942,173, 3,942,173, 3,946,324, 3,950,603, 3,961,326, 3,978,473, 3,979,688, 4,016,559,
4,020,486, 4,029,974, 4,034,366, 4,054,829, 4,055,773, 4,056,740, 4,068,254, 4,088,905, 4,092,639, 4,092,698,
4,109,215, 4,118,699, 4,123,698, 4,131,884, 4,136,349, 4,138,671, 4,141,004, 4,142,117, 4,168,528, 4,210,830,
4,213,806, 4,228,367, 4,250,445, 4,260,911, 4,268,759, 4,270,118, 4,272,656, 4,285,051, 4,286,225, 4,309,693,
4,313,083, 4,323,795, 4,333,047, 4,338,591, 4,340,851, 4,349,811, 4,363,024, 4,374,314, 4,374,335, 4,383,222,
4,395,647, 4,399,345, 4,400,689, 4,400,690, 4,404,529, 4,427,973, 4,439,724, 4,444,309, 4,449,067, 4,454,413,
4,460,891, 4,471,321, 4,475,103, 4,475,169, 4,476,538, 4,481,708, 4,484,149, 4,485,372, 4,491,825, 4,503,381,
4,511,413, 4,521,764, 4,538,115, 4,542,349, 4,543,560, 4,543,561, 4,547,766, 4,547,961, 4,556,870, 4,558,242,
4,562,400, 4,565,000, 4,572,975, 4,583,051, 4,586,019, 4,586,155, 4,590,456, 4,596,976, 4,601,760, 4,604,532,
4,608,541, 4,622,512, 4,626,769, 4,633,165, 4,639,683, 4,644,253, 4,646,056, 4,646,238, 4,675,561, 4,677,369,
4,678,936, 4,683,423, 4,684,922, 4,685,200, 4,687,984, 4,694,276, 4,697,151, 4,703,283, 4,707,682, 4,709,167,
4,717,883, 4,722,910, 4,739,281, 4,742,331, 4,751,455, 4,752,900, 4,757,274, 4,761,636, 4,769,564, 4,771,011,
4,774,685, 4,791,318, 4,791,551, 4,800,524, 4,804,960, 4,808,908, 4,811,296, 4,814,767, 4,833,345, 4,839,653,
4,855,585, 4,855,618, 4,855,684, 4,857,862, 4,859,944, 4,862,073, 4,864,454, 4,866,505, 4,878,770, 4,879,505,
4,884,075, 4,885,585, 4,888,589, 4,891,533, 4,891,645, 4,899,152, 4,902,959, 4,904,921, 4,924,227, 4,926,178,
4,928,103, 4,928,934, 4,929,909, 4,933,572, 4,940,980, 4,957,583, 4,962,325, 4,969,823, 4,970,470, 4,973,978,
4,978,871, 4,980,634, 4,983,929, 4,985,739, 4,990,797, 4,990,803, 4,990,916, 5,008,671, 5,010,297, 5,010,337,
5,021,120, 5,026,667, 5,027,085, 5,030,849, 5,036,298, 5,036,322, 5,039,945, 5,041,795, 5,043,295, 5,043,657,
5,043,675, 5,043,732, 5,053,653, 5,055,723, 5,055,843, 5,065,144, 5,065,214, 5,070,331, 5,075,633, 5,075,677,
5,077,494, 5,077,541, 5,086,370, 5,087,889, 5,091,701, 5,095,274, 5,097,223

France:
111.833, 70.10561, 75.27557, 76 08238, 77 20799, 78 10462, 79 24041, 80 00960, 80 11312, 80 11916, 81 02661,
81 14845, 83 03140, 96 08238

Japan:
1,092,928, 1,242,936, 1,242,965, 1,306,235, 1,337,318, 1,401,661, 1,412,991, 1,432,164, 1180 463

West Germany:
2,014034, 25 40 451.7, 26 11 858.1

U.K.:

1,310,591, 1,310,692, 1,537,542, 1,590,136, 1,590,137, 1,599,538, 2,008,876, 2,032,659, 2,040,087, 2,050,740,
2,054,992, 2,075,295, 2,081,040, 2,087,656, 2,103,884, 2,104,288, 2,107,951, 2,115,932, 2,118,386, 2,119,139,
2,119,547, 2,126,445, 2,126,814, 2,135,545

Canada:

984,015, 1,006,236, 1,025,558, 1,035,464, 1,054,248, 1,140,267, 1,141,034, 1,141,820, 1,142,445, 1,143,306, 1,150,414,
1,163,607, 1,157,571, 1,159,956, 1,177,127, 1,177,966, 1,184,662, 1,184,663, 1,191,715, 1,192,310, 1,192,311,
1,192,312, 1,203,628, 1,205,920, 1,212,730, 1,214,282, 1,219,679, 1,219,966, 1,223,086, 1,232,366, 1,233,913,
1,234,921 :

Sweden:
7603320-8

USE IN LIFE SUPPORT APPLICATIONS

Products sold by Analog Devices are not desighed for use in life support equipment where malfunction of such
products can reasonably be expected to result in personal injury or death. Buyer uses or sells such products for
life support application at buyer’s own risk and agrees to defend, indemnify, and hold harmless Analog Devices
from any and all damages, claims, suits, or expense resulting from such use.



General Information
Contents

INrodUCHON . . . o o o e e e e e e e e e e e 1-3
Tableof Contents . . ...........iiiininenennennn.. N 1-5

GENERAL INFORMATION 1-1



1-2 GENERAL INFORMATION



Introduction

Analog Devices, a Fortune 500 Industrials company, designs,
manufactures and sells worldwide sophisticated electronic com-
ponents and subsystems for use in real-world signal processing.
More than six hundred standard products are produced in man-
ufacturing facilities located throughout the world. These facili-
ties encompass all relevant technologies, including several
embodiments of CMOS, BiMOS, bipolar and hybrid integrated
circuits, each optimized for specific attributes—and assembled
products in the form of potted modules, printed-circuit boards
and instrument packages.

State-of-the-art technologies (including surface micromachining)
have been utilized (and in many cases invented) to provide
timely, reliable, easy-to-use advanced designs at realistic prices.
Qur 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 suc-
cessful applications experience and continuing vertical integra-
tion insure that these products are oriented to user needs. The
ongoing application of today’s state-of-the-art and the invention
of tomorrow’s state-of-the-art processes strengthen the leader-
ship position of Analog Devices in standard data-acquisition and
signal-processing products and make us a strong contender in
high performance mixed-signal ASICs.

MAJOR PROGRESS

Since publication of the selection guides in the 1990/91 Linear
Products Databook, Analog Devices has introduced more than
120 significant new products; they run the gamut from brand
new product and market categories and technologies to standard
products (with improvements in price, performance, or design)
to augmented second-source products. In addition to these new
products, we now include the products of Precision Monolithics,
Inc., which was acquired by Analog Devices in 1990. The com-
bined company is the world’s largest manufacturer of high-
performance op amps and second in standard linear ICs. The
newest special-linear products are all classified and summarized
here, along with existing devices that are appropriate and desir-
able for use in new designs.

Examples of the variety, performance, and innovation content of
outstanding new special-linear ICs to be found in this volume
include:

® ADXLS50 first surface-micromachined monolithic accelerome-
ter with on-chip signal conditioning—designed for airbag
applications

o TMP-01 programmable low power (2 mW) temperature sen-
sor and controller, —55°C to +150°C

o AD22150 Hall-effect gear-tooth sensor with on-chip signal
conditioning outputs pulses for each tooth on a ferrous target
in a magnetic field—useful in rotational speed measurements

o AD600 and AD602 two-channel low distortion amplifiers for
AGC with voltage-controlled exponential gain (0 dB to
+40 dB and -10 dB to +30 dB) and 30 MHz bandwidth

o AD800 and AD802 clock-recovery (45 MHz and 155 MHz)
and data-retiming chips for phase-locked loops in data-
network applications (SONET and SDH)

©® AD899 read channel-on-a-chip for hard disk drives

® AD22001 “bulbwatcher” to detect failures in lamps and fuses,
an important function in automotive applications

o AD?22050 single-supply instrumentation amplifier for hostile
environments—like those found in automotive applications

Many more could have been added to this list.

SPECIAL-LINEAR REFERENCE MANUAL

This volume provides comprehensive technical data on Analog
Devices analog-signal-processing products, such as multiplier/
dividers, rms-to-dc converters, sensors and signal conditioners,
and devices oriented to the computer, mass-storage, automotive,
process control, and ATE markets. It is a companion to the
Amplifier Reference Manual, which includes data on amplifier
products, principally operational amplifiers (op amps), instru-
mentation amplifiers (in amps), isolation amplifiers, and com-
parators. Both are members of the series of Analog Devices
Reference Manuals, which includes the Audio/Video Reference
Manual and the two-volume Data Converter Reference Manual.

In the approximately 800 pages of this volume you will find:

® comprehensive data sheets and package information on 80
significant product families

® orientation material and selection guides/trees for finding
products rapidly

® a representative list of available Analog Devices technical pub-
lications on real-world analog and digital signal processing

® our Worldwide Sales Directory

® the complete Product Index to all special linear and amplifier
products listed in these two volumes, data conversion prod-
ucts listed in the Data Converter Reference Manual (Volumes I
and II), products with audio and video signal processing
applications listed in the Audio/Video Reference Manual, and
DSP products for which data sheets are available.

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

TECHNICAL SUPPORT

Our extensive technical literature discusses the technology and
applications of products for real-world signal processing. Besides
tutorial material and comprehensive data sheets, including a
large number in our Reference Manuals, 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 readers 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

DSPatch is a trademark of Analog Devices, Inc.

GENERAL INFORMATION 1-3




to these Reference Manual 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 16-8 to 16-11 at the back of the book.

SALES AND SERVICE

Backing up our design and manufacturing capabilities and our
extensive array of publications, is a network of distributors, plus
sales offices and representatives throughout the United States
and most of the world, staffed by experienced sales and applica-
tions engineers. Our Worldwide Sales Directory, as of the publi-
cation date, appears on pages 16-12 and 16-13 at the back of
the book.

RELIABILITY

The manufacture of reliable products is a key objective at
Analog Devices. The primary focus is a companywide Total
Quality Management (TQM) Program. In addition, we maintain
facilities that have been qualified under such standards as MIL-
M-38510 (Class B and Class S) for ICs in the U.S., MIL-STD-
1772 for hybrids, and ISO9000 (required by many European
customers). Many of our products—both proprietary and
second-source—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, and many also comply with

Class S. We publish a Military Products Databook for designers
who specify ICs and hybrids for military contracts. The 1990
issue consists of two volumes with data on 343 product families;
the 120 entries in the second of those volumes describe qualified
products manufactured by our PMI Division. A newsletter,
Analog Briefings®, provides current 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-STD-
883 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 standard prod-
ucts 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 16—4 at the back of this volume
where you will find a list of older products for which data sheets
are available upon request. On page 165 you will find a guide
to substitutions (where possible) for products no longer
available.

ICs embodying combinations of functions that you need but
cannot find among our standard offerings may be available to
meet your specific requirements as custom designs. Consult the
section in this book on Application Specific ICs—and/or get in
touch with Analog Devices.

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 and
distributors.
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Multipliers/Dividers

BW Accuracy Supply Output Voltage Package Temp
Model MHz typ! % FS max Voltage Swing Options® Range? Page Comments
ADS834 >500 +2 +4Vito 9V 2,3,6 C,ILM 2-67 Very High Speed, 4-Quadrant Mult/Div
AD539 60 +1.5-2.5 +45Vto 15V 1,2, 4 C, M 2-27 High Speed, 2-Channel, 2-Quadrant Mult/Div
AD734 10 +0.25-0.4 +*8Vito £16.5V +12 V min 2,3 LM 2-55 Very High Accuracy Replacement for AD534
AD633 1 +2 +*8Vito £18V +11 V min 2,6 C 247 Low Cost, 4-Quadramt Multiplier
AD532 1 *1-2 +10 Vo *22V +10 V min 1,4,7 C,M 2-9 Accurate 4-Quadrant Mult/Div
AD632 1 +0.5-1 *8Viw x22V +11 V min 1,7 LM 243 High Accuracy Replacement for AD532
AD534 1 +0.25-1 +8 Vi *22V +11 V min 1,4,7 C,M 2-15 High Accuracy, 4 Quadrant MulvDiv
ADS538 0.4 +0.5-1 +45Vto =18V *11V 1 LM 2-23 Simultaneous Mult/Div/Exponentiator

Modulator/Demodulator

Unity Gain Output
BW Slew Rate Voltage Package Temp
Model MHz! Gain Vips Swing Options? Range? Page Comments
ADG630 2 *1, 2 45 +10 V min 1,2,4 C,LM 2-35 Balanced Modulator/Demodulator with 10 V FS Output

'Unity gain small signal bandwidth.

2Package Options: 1 = Hermetic DIP, Ceramic or Metal; 2 = Plastic or Epoxy Sealed DIP; 3 = Cerdip; 4 = Ceramic Leadless Chip Carrier; 5 = Plastic Leaded Chip Carrier; 6 = Small Outline “SOIC” Package;
7 = Hermetic Metal Can; 8 = Hermetic Metal Can DIP; 9 = Ceramic Flatpack; 10 = Plastic Quad Flatpack, 11 = Single-in-Line “SIP” Package; 12 = Ceramic Leaded Chip Carrier; 13 = Nonhermetic Ceramic/
Glass DIP; 14 = J-Leaded Ceramic Package; 15 = Ceramic Pin Grid Array; 16 = TO-92; 17 = Plastic Pin Grid Array.

3Temperature Ranges: C = Commercial, 0°C to +70°C; I = Industrial, —40°C to +85°C (Some older products —25°C to +85°C); M = Military, —55°C to +125°C.

Boldface Type: Product recommended for new design.

*New product.




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 (DSP data sheets available) and multiplying
D/A converters (Data Converter Reference Manual).

Multiplication: For two inputs, V, and Vy, a multiplier will
provide the output, E,u = V,Vy/E,, where E, is a dimensional
constant, usually of 10V nominal value. If E,s= 10V, E,, =10V
when V, 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.

Squaring: If Vi, = Vy = Vi, a multiplier’s output will be Vin2/Exes.
A four-quadrant multiplier, used as a squarer, will have an out-
put that is positive whether V, is positive or negative. Squarers
are useful in frequency doubling, power measurement of constant
loads and mathematical operations.

Division: For a numerator input, V,, and a denominator input,
Vy, an analog divider will provide the output, Eoyy = EredV./Vy).
If E;es = 10V, Egy will be 10V or less for V, < V,. V,is of a
single polarity and will not provide meaningful results if it
approaches zero too closely. If V, 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 V,. 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.

Square Rooting: For a numerator input, Vj,, and a denominator
input, E, (the output fed back to the denominator input), the
output of a divider is E, = E ¢ (V,/E,); hence E, = VE_V,,.
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,
E, = V,/(Vy/Vy™, 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

INanli

Circuits Handbook, D.H. Sheingold, ed., 1976, 536pp., $5.95,
Analog Devices, Inc., P.O. Box 9106, Norwood, MA 02062-9106
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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, LI/ is converted to voltage by
feedback around the output amplifier. The feedback terminals
are available as inputs for applications involving division.

13+l I t1lg

l OUTPUT l

Basic Four-Quadrant Variable-Transconductance Multiplier
Circuit
_2W\

/0=(IS+IS)"(I4+IG) /Rny
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AD538 Functional Block Diagram

In multifunction devices like the AD538, the feedback currents
of the V, and V, 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, V,/Vy.



At the user’s choice, this log ratio is either amplified (m>1),
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,

- LY

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 four-
quadrant multiplier/divider with a 10 MHz full power bandwidth
and 0.15% satic accuracy specifications. The ADS539 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 SMHz. The AD834 is a
four-quadrant multiplier with SOOMHz 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-on-
silicon 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 low-
frequency 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

SRy R |
————AAA—————0 Z (DIVIDE INPUT)

1
|
|
Xo 1
X o——O— x' |
R 2% |
| M - A ouT
| . | +XY
vo————o-—-‘ Y’ | = 35 (MULTIPLY)
] 10
Yo |
-1
: I = % (DIVIDE)
b 4

Functional Block Diagram of Typical Multiplier/Divider

figure shows a model with 10-volt scale factor used for considering
errors. X, and Y, are input offset voltages, Z, is the offset-referred-
to-the-input of the output amplifier, and f(X’, Y’) is the non-
lir}ealrity, viewed as the departure from the ideal multiplication,

R The output equation, including the errors is of the form

E = XY . XY XY, .z p
°~TB * LioB o5t %+ )
Product Xotser  Yoffser Output  Nonlinearity
offset and
Linear Feedthrough Feedthrough

oy wyo

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 feed-
through”.

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:

fX,Y) = [Vilex + [Vyle,

where €, and €, are the specified fractional linearity errors (%/100)
and V, and Vy are the input signals.
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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/V,), 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
Z, (affects offsets) and X, (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 dc
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 sngnal 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 dc 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.

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

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/us) is the maximum rate of change of output
voltage for the product of a full-scale dc 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.

Sertling Time, for the product of a + 10V step and 10V dc, 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.

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.

+ ¢—9—OOUT, E,
Vi INO—XT oy DENOMINATOR x1 °
6 . : 1% our O OUTPUT. &, x (MUST B PROVIDED)
_V,V,
out Eo = 3V v AD734 @ oot
” I z * AD734
- NUMERATOR, V, +
v, Ino—] v1 z < F vl 22 T z INPUT, V,
v2 v2 v vi 22— o
Y2
BASIC RELATIONSHIP: (X, - Xp) (Y1 - Y2) = 10V (Z4- Z,) ” v E,=/-0V Y,
V,Vy = 10VE, Vel 10V, Ep=-t0gE £ (-Eg) = 10V V,
Multiplier 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.

CMOFF CMOFF DIFF OFF DIFF OFF
ADJ ADJ ADJ ADJ
() (5) (2) (3)

CHANNEL
STATUS
B/A

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 100dB.

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 MULTIPLIERS/DIVIDERS 2-7
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ANALOG
DEVICES

Internally Trimmed
Integrated Circuit Multiplier

AD532

FEATURES

Pretrimmed to *+1.0% (AD532K)

No External Components Required

Guaranteed +1.0% max 4-Quadrant
Error (AD532K)

Diff Inputs for (Xq—X3) (Y1=Y2)/10V
Transfer Function

Monolithic Construction, Low Cost

APPLICATIONS

Multiplication, Division, Squaring,
Square Rooting

Algebraic Computation

Power Measurements

Instrumentation Applications

Available in Chip Form

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
AD530).

FLEXIBILITY OF OPERATION

The AD532 multiplies in four quadrants with a transfer
function of (X3 —X3)(Y1—Y2)/10V, divides in two quadrants
with a 10VZ/(X;—Xj) transfer function, and square roots in
one quadrant with a transfer function of +4/10VZ, 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, tX2/
10V, and 10VZ/(X—Xj) are easily attained, and are ex-
tremely usefulin 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 AD532 offer
considerable system advantages. In addition, the high CMRR
(75dB) of the differential inputs makes the AD532 especially
well qualified for instrumentation applications, as it can
provide an output signal that is the product of two transducer-
generated input signals.

REV. A

PIN CONFIGURATIONS

z[1]

oureut 2] 1]y,

“’SE 12]v,

we 4] Tﬁl??nzszw 11 Ves

NC E (Not to Scale) E GND
ne 5] 9]
x[7] B

TOP VIEW

(Not to Scale)

OUT Z NC +Vs Yy
3 2 1 2019

18 Y,
17 NC

16 Vos
(Not to Scale) 15 NC

14 GND

9 10 11 12 13
NC X, NC NC X,

NC ARE NO CONNECT PINS

GUARANTEED PERFORMANCE OVER TEMPERATURE
The AD532] 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
ADS532S 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 cither 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.

ANALOG MULTIPLIERS/DIVIDERS 2-9
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A0532 —SPENHCAT'ONS (@ +25°C, Vs = %15V, R=2KE Vog grounded).

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 are tested on all production units.
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Model ADS32] AD532K AD5328
Min Typ Max Min Typ Max Min Typ Max Units
MULTIPLIER PERFORMANCE
. X =X, - Yp) X =X (Y- Y) X =X, -Yy
Transfer Function ————"i‘év——— -—W——' ——W—
Total Error (- 10V=X, Y= +10V) *1.5 +2.0 +0.7 +1.0 +0.5 +1.0 %
Ta =min to max +25 +1.5 +4.0 %
Total Error vs Temperature +0.04 +0.03 =0.01 x0.04 %/°C
Supply Rejection (+ 15V +10%) +0.05 +0.05 +0.05 %l/%
Nonlinearity, X (X =20V pk-pk, Y = 10V) +0.8 +0.5 +0.5 %
Nonlinearity, Y (Y = 20V pk-pk, X = 10V) +0.3 +0.2 *0.2 %
Feedthrough, X (Y Nulled,

X =20V pk-pk 50Hz) 50 200 30 100 30 100 mV
Feedthrough, Y (X Nulled,

Y =20V pk-pk 50Hz) 30 150 25 80 25 80 mV
Feedthrough vs. Temp. 2.0 1.0 1.0 mV p-p/°’C
Feedthrough vs. Power Supply +0.25 *0.25 +0.25 mV/%

DYNAMICS
Small Signal BW (Voyr=0.1rms) 1 1 1 MHz
1% Amplitude Error 75 75 75 kHz
Slew Rate (Vour 20 pk-pk) 45 45 45 Vips
Settling Time (10 2%, AVoyrt = 20V) 1 1 1 s
NOISE
‘Wideband Noise f = 5Hz to 10kHz 0.6 0.6 0.6 mV (rms)
f=5Hzto SMHz 3.0 3.0 3.0 mV (rms)
OUTPUT
Output Voltage Swing +10 *13 +10 *13 *10 *13 \'
Output Impedance (f<1kHz) 1 1 1 Q
Output Offset Voltage +40 +30 +30 mV
Output Offset Voltage vs. Temp. 0.7 0.7 2.0 mV/°C
Output Offset Voltage vs. Supply +2.5 *2.5 *2.5 mV/%
INPUT AMPLIFIERS (X, Y and Z)
Signal Voltage Range (Diff. or CM

Operating Diff) +10 *10 *10 v
CMRR 40 50 50 dB
Input Bias Current

X, Y Inputs 3 1.5 4 1.5 4 rA

X, Y Inputs Trnin t0 Tryax 10 8 pA

Z Input +10 +5 x15 *5 *15 pA

Z Input Tppin 10 Tpnax +30 *25 *25 nA
Offset Current +0.3 *0.1 +0.1 pA
Differential Resistance 10 10 10 MQ

DIVIDER PERFORMANCE
Transfer Function (X,>X,) 10VZI(X,-X;) 10V Z/(X, - Xy 10V Z/(X, - X;)
Total Error
(Vx=-10V, —10V=Vz= +10V) *2 1 1 %
(Vx= =1V, = 10V=Vz= + 10V) 4 +3 %
SQUARE PERFORMANCE
Transfer Function —w &KXt &1 X2
10V 10v 10V
Total Error +0.8 +0.4 *0.4 %
SQUARE-ROOTER PERFORMANCE
Transfer Function ~-V10VZ -V10VZ ~VI10VZ
Total Error (0V=V2=10V) 15 1.0 +1.0 %
POWER SUPPLY SPECIFICATIONS
Supply Voltage

Rated Performance =15 =15 +15 v

Operating +10 *18 *10 *18 *10 +22 v
Supply Current

Quiescent 4 6 4 6 4 6 mA

NOTE

Thermal Characteristics:
H-10A: 05c = 25°C/W; 654 = 150°C/W
E-20A: 85c = 22°C/W; 6ja = 85°C/W
D-14: 0jc = 22°C/W; 854 = 85°C/W
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ORDERING GUIDE CHIP DIMENSIONS AND BONDING DIAGRAM
Temperature Package Package Contact factory for latest dimensions.
Model Range Description Option* Dimensions shown in inches and (mm).
AD532JD 0°Cto +70°C Side Brazed DIP  |D-14 0.107 |
AD532KD 0°Cto +70°C Side Brazed DIP  [D-14 I
ADS32JH 0°Cto +70°C Header H-10A outeuT
ADS532KH 0°Cto +70°C Header H-10A 1 —l
ADS532] Chip 0°Cto +70°C Chip
ADS32K Chip 0°Cto +70°C Chip .—— z n
ADS532SD —55°Cto +125°C | Side Brazed DIP  |D-14
ADS532SD/883B —55°Cto +125°C | Side Brazed DIP  |D-14
JM38510/13903BCA | —55°Cto +125°C | Side Brazed DIP  |D-14 e
ADS532SE —55°Cto +125°C | LCC E-20A
ADS532SE/883B —-55°Cto +125°C | LCC E-20A = /l/ +Vs
ADS32SH —55°Cto +125°C | Header H-10A v,
AD532SH/883B —55°Cto +125°C | Header H-10A a _JJ/
JM38510/13903BIA | —55°Cto +125°C | Header H-10A _
ADS5328 Chip ~55°Cto +125°C | Chip
*For outline information see Package Information section.
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 (X0 - Xg) (Y1 - Ya) R
1 2. 1 2
inputs is resolved in the multiplier cell using Gilbert’s Vour =———ov — 1L
linearized transconductance technique. The cell is laser (WITH Z TIED TO OUTPUT) -
trimmed to obtain Ve = (X1 —X2)(Y1—Y2)/10 volts,
The built-in op amp is used to obtain low output impedance Figure 1. Functional Block Diagram
and make possible self-contained operation. The residual
output voltage offset can be zeroed at Vi in critical applica-
tions . . . otherwise the Vg pin should be grounded.
X0
* O +Vg
S R2 R6 3re 3 R16 3R23
< R27
T W z
a Q2 Mm ~a
Q7 a8 a4 15} o a6 ar)] Q21 > R33
Shas t :: R20 22 '——'EZS .
WA los
o ‘k::: "@; Q10 L 30
e < R3 Y :‘:a :.nz| Q22 Q26 A 2
R28
3 IJ 3R29
as  as| an anr 9
d %
Zrie LK '\
R32 Laul Q20
j'“‘ [a1e
Y p——t+—Q13
3re Ths EO” 32 S 15 R24 SR26 R26
R18 "0 Vs CAN
Y2 O A

Figure 2. AD532 Schematic Diagram
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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 Xjp and Yj, 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.

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 €y, *+ 10V/X1—X3)
where €p, represents multiplier full scale error and drift, and
(X1—X3) 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 dc. In Figure 4 the
sine wave amplitude is 20V(p-p).

0 T

y,
2 ] //
% g

0.01

4 0 n o 3 W
PEAK SIGNAL AMPLITUDE - Volts

Figure 3. Percent Distortion vs. Input Signal

z
=}
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&
S
% |1 20v p-p siGNAL 4
2 /
H V/
2 1
S
4
Xin A
1
1 " Vin
o L s
10 100 10k 00K M

L
FREQUENCY - Hz

Figure 4. Percent Distortion vs. Frequency
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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.

~

N

FEEDTHRU - mV
|
|
AN

100 1k 10k 100k ™ oM
FREQUENCY - Hz

Figure 5. Feedthrough vs. Frequency

COMMON MODE REJECTION

The AD532 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. Itis measured with Xy = X5 = 20V(p-p),
(Y1—Y3)=%10Vdcand Yq = Y3 = 20V(p-p), (X1 —X3) =
+10V dc.

~N
™N
. -t
NN
1 A\
NI Y MODE REJ
(Xg-Xg) = +10V
: Ny
‘;
H x MODE REJ N\
° (Vy=Y2) = +10V \
20 \Q‘
N
107 03 CR 10° 10° 107

FREQUENCY - Hz

Figure 6. CMRR vs. Frequency

DYNAMIC CHARACTERISTICS

The closed loop frequency response of the AD532 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
1000pF in all modes, except the square root for which
50pF is a safe upper limit. Higher capacitive loads can be
driven if a 10082 resistor is connected in series with the
output for isolation.

REV. A



Applying the AD532

" NRL=2k2 C,=1000pF
ail\'d

RAL=2k C=0pF

AMPLITUDE - Volts

0.01
10k 100k ™ oM

FREQUENCY - Hz

Figure 7. Frequency Response, Multiplying

—

V2204 X Vy SIN oT

/

. Vx=10v

\
NN
\\ \

10k 100k ™ oM
FREQUENCY - Hz

Figure 8. Frequency Response, Dividing

AMPLITUDE - Votts
/
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POWER SUPPLY CONSIDERATIONS

Although the AD532 is tested and specified with 215V dc
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 AD530 and other conventionally
nulled multipliers, the power supply rejection ratios are
improved from 3 to 40 times in the AD532.

SATURATED OUTPUT
swine /]

MAX X OR Y INPUT
FOR 1% LINEARITY
T

PEAK SIGNAL VOLTAGE - Voits
8

10 12 1% 1% 8 20 22
POWER SUPPLY VOLTAGE - Velts

Figure 9. Signal Swing vs. Supply
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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.

@
<
3 3
EY
s [
2 ™~
g 2
§
-
1
1« 100 & 10k 100k

FREQUENCY - Hz

Figure 10. Spot Noise vs. Frequency

APPLICATIONS CONSIDERATIONS

The performance and ease of use of the AD532 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., AD530) 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 AD532 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 AD530) can be simplified
using the pin-for-pin replaceability of the AD532 by merely
grounding the X3, Y2 and V5 terminals, (The Vg terminal
should always be grounded when unused.)

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 Vg is optional and is adjusted when both
inputs are zero volts to obtain zero out, or to buck out other
system offsets.
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APPLICATIONS
MULTIPLICATION
X1 2
X20——
AD532 0UT )—8—0 Vour
Y10—
Y20—— - Vos v _ (X1 -X2) (Y1 -Y2)
ouT = ——v———
{OPTIONAL) -\ l
Vo
o o
+Vg -Vs

Figure 11. Multiplier 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.

SQUARE

AD532 Vour, Vout
vin?
0V

Vour =

»T (OPTIONAL)

Vs Vs

Figure 12. Squarer Connection

The AD532 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 10Ve, /(X1—X32), where €y,
is the total error specification for the multiply mode; and
bandwidth by f, * (X1—X2)/10V, where fy, is the band-
width of the multiplier. Further, to avoid positive feedback,
the X input is restricted to negative values. Thus for single-
ended negative inputs (OV to -10V), connect the input to X
and the offset null to X3 ; for single-ended positive inputs
(0OV to +10V), connect the input to X3 and the offset null
to-X 1. For optimum performance, gain (S.F.) and offset (Xo)
adjustments are recommended as shown and explained in
Table I.

DIVISION
z
Vour = 10\)/(2
XO— X1 z
X2
AD532 ouT )——0
Y1
Y2
e +Vg Vs L
= S &
M 1’ (sF)
223 m v!v‘v ‘E 10k
20k b3
O (Xo) T
= Vs -Vs -

Figure 13. Divider Connection
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For practical reasons, the useful range in denominator input
is approximately 500mV < | (X1—X32) | <10V. The voltage
offset adjust (V,), if used, is trimmed with Z at zero and
(X1—X>) at full scale.

TABLE 1
ADJUST PROCEDURE (Divider or Square Rooter)
DIVIDER SQUARE ROOTER
With: Adjust for:  With: Adjust for:
Adjust X Z Vout z Vout
Scale Factor —10V  +10V  -10V +10V —10V
Xo (Offset) —1V  +0.1V -1V +0.1V -1V

Repeat if required.

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 Zj, approaches
0 volts. In this case, the Vg adjustment is made with

Zin = +0.1V dc, adjusting V¢ to obtain -1.0V dc in the
output, Voue = —+/ 10VZ. For optimum performance, gain
(S.F.) and offset (X¢) adjustments are recommended as
shown and explained in Table I.

SQUARE ROOT

‘ I

% Z Vout =-/10VZ
X2
AD532 Vout p—oO Vout
Y1
1" Vs
= < K
o (sF)
VW
" ] )
S22 VWV 10k
$ 20k
O (x) ©
1 =

Figure 14. Square Rooter Connection

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 AD532 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 (—Yjp)

of the multiplier. The inverter should use precision (0.1%)
resistors or be otherwise trimmed for unity gain for best
accuracy.

DIFFERENCE OF SQUARES

X0
20k 20k
YO—¢
10k Iy
= AD741KH 20k
+Vg -Vg

Figure 15, Differential of Squares Connection
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>

Internally Trimmed
Precision IC Multiplier

AD534

FEATURES

Pretrimmed to +0.25% max 4-Quadrant Error (AD534L1)

All Inputs (X, Y and Z) Differential, High Impedance for
[(X, =X, -Y,)/10V] +2Z, Transfer Function

Scale-Factor Adjustable to Provide up to X100 Gain

Low Noise Design: 90uV 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
Auvailable 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 AD534L
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 3V.

The wide spectrum of applications and the availability of sev-
eral grades commend this multiplier as the first choice for all
new designs. The AD534] (1% max error), AD534K (£0.5%
max) and AD534L (£0.25% max) are specified for operation
over the 0 to +70°C temperature range. The AD534S (£1% max)
and AD534T (£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. AD534]J, 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-
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PIN CONFIGURATIONS
TO-100 (H-10A) TO-116 (D-14)
Package Package

\J

NC E out

TOP VIEW AD534
Y1 e (Not to Scale) (7) 21 SF E TOP VIEW nja
(Not to Scale) 0] 22

B
kA vifs

vz [7]

NC = NO CONNECT

LCC (E-20A)
Package

18 OUT

17 NC
TOP VIEW % z1
(Not to Scale) 15 NC

14 22

9 10 11 12 13

- N O ¥ Q
> >z 3 2

NC = NO CONNECT

gent. The utility of this feature is enhanced by the inherent low
noise of the AD534: 90uV, 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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AD534 —SPECIFICATIONS c, - 415, =y, = 151 n=210»

ADS34L

Model AD534) ADS34K
Min Typ Max Min Typ Max Min Typ Max Units
MULTIPLIER PERFORMANCE
Transfer Function (—-—-——xl XII;‘(/Y] L) +Z, ——-—(Xl xlz;ilyl Y9 +Z, (———————-xl x]Z;i,Yl k) +Z,
Total Error! (- 10V=X, Y= + 10V) 1.0 +0.5 +0.25 %
Ta = min to max E *1.0 +0.5 %
Total Error vs Temperature +0.022 +0.015 0.008 %/°C
Scale Factor Error

(SF = 10.000V Nominal)* +0.25 =0.1 *0.1 %
Temperature-Coefficient of

Scaling Voltage +0.02 +0.01 %/°C
Supply Rejection (+ 15V = 1V) +0.01 +0.01 %
Nonlinearity, X (X = 20V pk-pk, Y = 10V) *0.4 +0.2 %03 +0.12 %
Nonlinearity, Y (Y = 20V pk-pk, X = 10V) *0.2 *0.1 +0.1 +0.1 %
Feedthrough?, X (Y Nulled,

X =20V pk-pk 50Hz) *0.3 +0.15 =03 +=0.05 +0.12 %
Feedthrough®, Y (X Nulled,

Y =20V pk-pk 50Hz) *0.01 +0.01 =0.1 +0.003 0.1 %
Output Offset Voltage *5 +30 +2 %15 *2 +10 mV
Output Offset Voltage Drift 200 100 100 uV/°C

DYNAMICS
Small Signal BW, (Voyr=0.1rms) 1 1 1 MHz
1% Amplitude Error (CLoap = 1000pF) 50 50 50 kHz
Slew Rate (Vour 20 pk-pk) 20 20 20 Vips
Settling Time (10 1%, AVouT = 20V) 2 2 2 [
NOISE
Noise Spectral-Density SF = 10V 0.8 0.8 0.8 wvVHz
SF=3V* 0.4 0.4 0.4 wvVHz
Wideband Noise f = 10Hz to SMHz 1 1 1 mV/rms
f=10Hzto 10kHz 90 90 90 uV/rms
OUTPUT
Output Voltage Swing *11 +11 *11 v
Output Impedance (f<1kHz) 0.1 0.1 0.1 0
Output Short Circuit Current

(R1. =0, T =min to max) 30 30 30 mA

Amplifier Open Loop Gain (f = 50Hz) 70 70 70 dB
INPUT AMPLIFIERS (X, Y and Z)°
Signal Voltage Range (Diff. or CM *10 +10 =10 v

Operating Diff.) 12 12 +12 \
Offset Voltage X, Y x5 +20 *2 +10 *2 *10 mV
Offset Voltage Drift X, Y 100 50 50 nv/rCc
Offset Voltage Z =5 +30 *2 +15 *2 *10 mV
Offset Voltage Drift Z 200 100 100 wvrc
CMRR 60 80 70 90 70 90 dB
Bias Current 0.8 20 0.8 20 0.8 2.0 wA
Offset Current 0.1 0.1 0.05 0.2 pA
Differential Resistance 10 10 10 MQ

DIVIDER PERFORMANCE
Transfer Function (X,>X,) wov&2 ovBA) Ly v B2y
o & -X) X=X XX
Total Error! (X = 10V, — 10V=Z= + 10V) *0.75 =0.35 0.2 %
X-1V, -1V=sZ=+1V) *2.0 *1.0 +0.8 %
(0.1V=X=10V, - 10V=
Z=10V) +2.5 *1.0 +0.8 %
SQUARE PERFORMANCE
N X -Xp2 X —Xp2 X -Xp2
Transfer Function v t% vt Tiov th
Total Error (~10V=X=<10V) +0.6 +0.3 *0.2 %
SQUARE-ROOTER PERFORMANCE
Transfer Function (Z,=<Z;) VIOV(Z,-Z)+X, VI0V(Z,-Z)+X; VIOV(Z,-Z)+X,
Total Error! (IV<Z<10V) +1.0 +0.5 +0.25 %
POWER SUPPLY SPECIFICATIONS
Supply Voltage

Rated Performance +15 =15 *15 v

Operating *8 *18 *8 *18 +8 *18 v
Supply Current

Quiescent 4 . 6 4 6 4 6 mA

NOTES

'Figures given are percent of full scale, + 10V (i.e., 0.01% = 1mV).

;May be reduced down to 3V using external resistor between — Vs and SF.

due to inearity: excludes effect of offsets.
4Using external resistor adjusted to give SF = 3V.
*See functional block diagram for definition of sections.

Specifications subject to change without notice.
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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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Model ADS534S ADS34T
Min Typ Max Min Typ Max Units
MULTIPLIER PERFORMANCE
X, - X)(Y, - Y, X=X (Y -Yy)

Transfer Function % +Z, %——L +Z,

Total Error' (- 10V=X, Y=+ 10V) *1.0 +0.5 %

Ta =mintomax *2.0 *1.0 %

Total Error vs Temperature +0.02 +0.01 %I°C

Scale Factor Error

(SF = 10.000V Nominal)? +0.25 0.1 %
Temperature-Coefficient of

Scaling Voltage +0.02 +0.005 %/°C
Supply Rejection (£ 15V = 1V) +0.01 =0.01 %
Nonlinearity, X (X = 20V pk-pk, Y = 10V) +0.4 +0.2 +0.3 %
Nonlinearity, Y (Y = 20V pk-pk, X = 10V) *0.2 *0.1 +0.1 %
Feedthrough®, X (Y Nulled,

X =20V pk-pk 50Hz) *0.3 +0.15  +03 %
Feedthrough?, Y (X Nulled,

Y =20V pk-pk 50Hz) +0.01 +0.01 0.1 %
Output Offset Voltage *5 +30 *2 *15 mV
Output Offset Voltage Drift 500 300 pv/reC

DYNAMICS

Small Signal BW, (Vouyr =0.1 rms) 1 1 MHz

1% Amplitude Error (CLoap = 1000pF) 50 50 kHz

Slew Rate (Vour 20 pk-pk) 20 20 Vius

Settling Time (to 1%, AVoyr = 20V) 2 2 ™

NOISE .

Noise Spectral-Density SF = 10V 0.8 0.8 wV/VHz

SF=3V* 0.4 0.4 wV/VHz
Wideband Noise f = 10Hz to SMHz 1.0 10 mV/rms
f=10Hzto 10kHz 90 90 wV/rms
OUTPUT

Output Voltage Swing =11 *11 v

Output Impedance (f<1kHz) 0.1 0.1 Q

Output Short Circuit Current

(R, =0, T = min to max) 30 30 mA
Amplifier Open Loop Gain (f = 50Hz) 70 70 dB

INPUT AMPLIFIERS (X, Y and Z)°

Signal Voltage Range (Diff. or CM 10 =10 v

Operating Diff.) =12 *12 \'
Offset Voltage X, Y *5 +20 *2 +10 mV
Offset Voltage Drift X, Y 100 150 wvrc
Offset Voltage Z +5 +30 *2 *15 mV
Offset Voltage Drift Z 500 300 wVrC
CMRR 60 80 70 90 dB
Bias Current 0.8 2.0 0.8 2.0 pA
Offset Current 0.1 0.1 pA
Differential Resistance 10 10 MQ

DIVIDER PERFORMANCE
Transfer Function (X, >X,) wov&E Ly wov&Z
T X=X ! X -X)" !

Total Error! (X = 10V, — 10V=Z= + 10V) +0.75 +0.35 %
(X=1V, - 1V=Z=+1V) 2.0 +1.0 %
0.1V=X=10V, —10V=

Z=10V) +2.5 +1.0 %
SQUARE PERFORMANCE
Transfer Function w +Z. w +Z
10V 2 10V 2
Total Error (- 10V=X=<10V) +0.6 +0.3 %
SQUARE-ROOTER PERFORMANCE
Transfer Function (Z,<Z,) VIOV(Z,~-Z)+X, VIOV(Z,-Z)) +X,
Total Error' (1V=Z=<10V) =1.0 *0.5 %
POWER SUPPLY SPECIFICATIONS

Supply Voltage

Rated Performance =15 =15 v

Operating *8 +22 *8 *22 v
Supply Current

Quiescent 4 6 4 6 mA
NOTES
!Figures given are percent of full scale, + 10V (i.e., 0.01% = 1mV). Specifications shown in boldface are tested on all production units at final electri-

2May be reduced down to 3V using external resistor between — Vgand SF.
Mrreducibl ineari Tud

dueto

ffect of offsets.

“Using external resistor adjusted to give SF = 3V.

5See functional block diagram for definition of sections.

Specifications subject to change without notice.
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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.
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CHIP DIMENSIONS AND BONDING DIAGRAM

Dimensions shown in inches and (mm).

ABSOLUTE MAXIMUM RATINGS

Contact factory for latest dimensions. ADS534),K,L AD534S, T

Supply Voltage 18V +22V
Internal Power Dissipation 500mW *

Output Short-Circuit to Ground Indefinite *

Input Voltages, X1 X5 Y1 Y221 Z, Vg *

Rated Operating Temperature Range 0 to +70°C -55°Cto

+125°C

Storage Temperature Range -65°Cto +150°C *

Lead Temperature, 60s soldering +300°C *

*Same as AD534] specs.
0.076 (1.93)

OPTIONAL TRIMMING CONFIGURATION

+Vg
!— 0.100 (2.54) - i !
THE AD534 IS AVAILABLE IN LASER-TRIMMED CHIP FORM
50k otk —_ _TO APPROPRIATE
Thermal Characteristics. INPUT TERMINAL
Thermal Resistanceyc = 25°C/W for H-10A 1K
6ja = 150°C/W for H-10A
0jc = 25°C/W for D-14 or E-20A
8ja = 95°C/W for D-14 or E-20A Vs
ORDERING GUIDE
Temperature Package Package
Model Range Description Option*
AD534]D 0°Cto +70°C Side Brazed DIP | D-14
AD534KD 0°Cto +70°C Side Brazed DIP | D-14
ADS34LD 0°Cto +70°C Side Brazed DIP | D-14
AD534JH 0°Cto +70°C Header H-10A
ADS534KH 0°Cto +70°C Header H-10A
ADS34LH 0°Cto +70°C Header H-10A
AD534] Chip 0°Cto +70°C Chip
AD534K Chip 0°Cto +70°C Chip
ADS534SD —55°Cto +125°C | Side Brazed DIP | D-14
AD534SD/883B —55°Cto +125°C | Side Brazed DIP | D-14
ADS34TD —55°Cto +125°C | Side Brazed DIP | D-14
ADS534TD/883B —55°Cto +125°C | Side Brazed DIP | D-14
JM38510/13902BCA | —55°Cto +125°C | Side Brazed DIP | D-14
JM38510/13901BCA | —55°Cto +125°C | Side Brazed DIP | D-14
ADS534SE —55°Cto +125°C | LCC E-20A
ADS534SE/883B —55°Cto +125°C |LCC E-20A
ADS34TE —55°Cto +125°C |LCC E-20A
ADS534TE/883B —55°Cto +125°C | LCC E-20A
AD534SH —55°Cto +125°C | Header H-10A
AD534SH/883B —55°Cto +125°C | Header H-10A
ADS534TH —55°Cto +125°C | Header H-10A
AD534TH/883B —55°Cto +125°C | Header H-10A
JM38510/13902BIA | —55°Cto +125°C | Header H-10A
JM38510/13901BIA | —55°Cto +125°C | Header H-10A
AD534S Chip —55°Cto +125°C | Chip
ADS534T Chip —55°Cto +125°C | Chip

*For outline information see Package Information section.
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FUNCTIONAL DESCRIPTION

Figure 1 is a functional block diagram of the AD534. Inputs
are converted to differential currents by three identical voltage-
to-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.

STABLE -0 +Vg
sF O ]
ANDBIAS [ o
I TRANSFER FUNCTION
Xq [+
v VoA [(x, XYy Vo) _22]]
X2 - SF
TRANSLINEAR
MULTIPLIER
vy 0 ELEMENT
¥
v; 0 D A out
" HIGH GAIN
2 0 oUTPUT
AMPLIFIER

b 0.75 ATTEN
2 0

Figure 1. AD534 Functional Block Diagram

The generalized transfer function for the AD534 is given by:

(X1 -X2) (Y1 -Y3)
Vour = A(_l_# @ -Zz))
SF
where A = open loop gain of output amplifier, typically

70dB at dc

X, Y, Z = input voltages (full scale = £SF, peak=
*1.25SF)

SF = scale factor, pretrimmed to 10.00V but

adjustable by the user down to 3V.
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:

(X1 -XoXY1-Y32)=10V(Zq -Z3)

The user may adjust SF for values between 10.00V and 3V 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:

Rgf = 5.4K _SE_
10 - SF

REV. A

Due to device tolerances, allowance should be made to vary
Rgp 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.

XINPUT — %1 +Vs +15V

10V F§

F12VPK e .
2

OUTPUT, +12V PK
out WX Xp)Yy V) Ly
ADB34 ov
2y

| g OPTIONALSUMMING
Z2 INPUT, Z, £10V PK

SF

Y INPUT L v
£10V F§

£12V PK _15v

m— A Vs

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 signai into the output. In this mode the output
amplifier behaves as a voltage follower with a 1MHz small signal
bandwidth and a 20V/us 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 AD534.

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
Vout = XY, so that the circuit can exhibit 2 maximum gain of
10. This connection results in a reduction of bandwidth to
about 80kHz without the peaking capacitor Cg = 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
Z, and the slider of a pot connected across the supplies to
provide £300mV of trim range at the output.
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Feedback attenuation also retains the capability for adding a
signal to the output. Signals may be applied to the high imped-

X INpuT —— X1 Vg s +15V
+10V FS
12V PK
—_—x
OUTPUT, £12V PK
ouTt = (X3 -X2)(Yy - Y3)
(SCALE = 1V)
AD534 -
* “ \ i”
2
OPTIONAL
PEAKING
<
—_— " g 10k #': CAPACITOR
Y INPUT bs
+10V FS Cr = 200pF
nvek ]y, Vs -15V

Figure 3. Connections for Scale-Factor of Unity

ance Z, 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 dc 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-to-
frequency converter shown in the Applications Section.

X INPUT
£10VES.
HVPK ]y

X1 +Vs

CURRENT-SENSING
RESISTOR, Rg, 2k2 MIN

out
AD534 l /
& 2 AMA- ° ———
| tour = -!
2, Ka=X)Y1-Yp) , 1
i 10V RS |

|
-l
INTEGRATOR 73

Y INPUT =1V,

10V F.S. CAPACITOR 1
VK ey, Vs ISEETEXT) 7
Figure 4. Conversion of Output to Current
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 X1 = Y and X, = Y3, 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 1V.

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

*See the AD535 Data Sheet for more details.
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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, (Viy)? - (Vour)? = 0 (for signals whose
period is well below the averaging time-constant). Hence Voyt
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 AD534K,
but even using an AD534], 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 Y;. 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 1V 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 X; and Z; (if X

is used for offset adjustment, otherwise reverse the signal po-
larity) and adjust the trim voltage to minimize the variation in
the output.*

X-INPUT X1 s ey
(DENOMINATOR)
+10V FS OUTPUT, $12V PK
+12V PK - Xz _ 10V(Z, -2,) v
X1 -Xz)
outr
AD534
SF a ZINPUT
(NUMERATOR)
OPTIONAL 2. +10V FS, +12V PK
SUMMING INPUT z
10V PK
Y1
H
1
ﬁ Yz Vs 16V

Figure 5. Basic Divider Connection
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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
Y, 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, £12V PK
=JOV(Z; - Z1) + X,

v
|
i
+15V REVERSE |
Xy +Vs THIS AND X RL
INPUTS FOR 3 (MUST BE
NEGATIVE  YPROVIDED)
X2 OUTPUTS =
OPTIONAL &
SUMMING out
INPUT, X,
$10V PK ADS34
sF 2 < ZanpuT
! 10V FS
+ 12VPK
6 25 pt
ALl
Y2 Vg f——— -5V

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 1000pF. For critical applications, a small
adjustment to the Z input offset (see Optional Trimming Con-
figuration) will improve accuracy for inputs below 1V.

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.

REV. A

Typical Performance Curves
(typical at +25°C, with Vg = +15V dc unless otherwise stated.)

A

OUTPUT, Ry > 2kQ2

/ ALL INPUTS, SF = 10V

PEAK POSITIVE OR NEGATIVE SIGNAL — Volts.

vV

POSITIVE OR NEGATIVE SUPPLY - Volts

Curve 1. Input/Output Signal Range vs. Supply Voltages

SCALING VOLTAGE = 10V

I~

BIAS CURRENT — nA

SCALING VOLTAGE = 3V

[t

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

Curve 2. Bias Current vs. Temperature (X, Y or Z Inputs)

%
\\
N
80 w
7
TYPICAL
60 FOR ALL

INPUTS

CMRR - dB
8

100 & 10k 100k ™

FREQUENCY — Hz

Curve 3. Common-Mode Rejection Ratio vs. Frequency
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ANALOG
DEVICES

Real-Time Analog
Computational Unit (ACU)

AD538

FEATURES
Vz\™ .
Vour = Vy Vo Transfer Function
X

Wide Dynamic Range (Denominator) —1000:1
Simultaneous Multiplication and Division
Resistor-Programmable Powers & Roots

No External Trims Required

Low Input Offsets <100 pV

Low Error +0.25% of Reading (100:1 Range)
+2V 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
exponentiation. 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 uV 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 ADS538’s overall transfer function is Vo = Vy (V,/Vx)™.
Programming a particular function is via pin strapping. No
external 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 +2 V or
+10 V references, or controlled externally to provide simulta-
neous multiplication 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.
Finally, a wide power supply range of +4.5 V to =18 V allows
operation from standard =5 V, +12 V and *15 V supplies.

This is an abridged version of the data sheet. To obtain a complete data

sheet, contact your nearest sales office.
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FUNCTIONAL BLOCK DIAGRAM
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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 +2 V or +10 V 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.

PIN CONFIGURATION

1, [1]
v, [2]
45
+1ov 4]
v 5]
+; [
[0
% [¢]

1o
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A0538 - SPECIFICATIUNS (Vs = =15V, T, = +25° unless otherwise specified)

ADS538AD ADS538BD AD538SD
Parameters Conditions Min Typ Max Min Typ Max Min Typ Max Units
MULTIPLIER/DIVIDER
PERFORMANCE
Nominal Transfer
Function
m m m
10V =V, Vy, V=0 Vo=Vy (“: ) Vo=Vy (“: ) Vo=Vy (%)
IA\™ IA\™ I\™
400 pA =Ig, Iy, I, = 0 | Vo=25RQ x Iy (£ Vo=25kQx Iy (£ Vo=25kQ x Iy (£
(%) (%) (%)
Total Error Terms 100mV=Vg=10V *0.5 =1 +0.25 *0.5 0.5 =1 % of Reading +
100:1 Input Range’ 100mV=Vy=10V +200 =500 +100  £250 +200 £500 (Y%
100mV=V,=10V
Vz=10Vx,m= 1.0
Ta = Trin 10 Trpax *1 +2 +0.5 %1 +1.25 +2.5 % of Reading +
+450 =750 +350 =500 +750  +1000 uwv
Wide Dynamic Range? I0mV=Vg=10V *1 *2 +0.5 %1 +1 *2 % of Reading +
ImV=sVy=10V +200 =500 +100 £250 +200 =500 pv +
0mV=V,=<10V =100 =250 +750 =150 £200  +250 WV X (Vy + VolVy
Vz,=10Vyx, m= 1.0
Ta = Trin 10 Tppox *1 *3 *1 *2 *2 *4 % of Reading +
+450 =750 +350 =500 +750  +1000 nV +
=450 =750 *350  £500 *750 %1000 wV X (Vy + V)/Vg
Exponent (m) Range Ta = Tain 10 Ty 0.2 5 0.2 5 0.2 S
OUTPUT
CHARACTERISTICS
Offset Voltage Vy = 0, V¢ = —600 mV +200 =500 +100  +250 +200 =500 Y
Ta = Thin 10 Trax +450 =750 *350  £500 *750  +1000 wv
Output Voltage Swing Ry =2kQ -11 =11 -11 +11 -11 +11 v
Output Current 5 10 5 10 5 10 mA
FREQUENCY RESPONSE
Slew Rate 1.4 1.4 1.4 Vips
Small Signal Bandwidth 100 mV = 10 Vy, V, 400 400 400 kHz
Vx =10V
VOLTAGE REFERENCE
Accuracy Vrer = 10Vor2V *25 %50 *15 *25 *25 +50 mV
Additional Error Ta = Toin OF Tax +20 =30 +20 *30 *30 *50 mV
Output Current Vrer = 10Vw02V 1 2.5 1 25 1 25 mA
Power Supply Rejection
+2V = Vggg +45V=Vg= =18V 300 600 300 600 300 600 pV/V
+10V = Vegr *13V=Vg= =18V 200 500 200 500 200 500 Y
POWER SUPPLY
Rated Ry =2kQ +15 *15 *15 A%
Operating Range® +4.5 *18 *4.5 *18 *4.5 *18 v
PSRR *45V<Vg< =18V 0.5 0.1 0.05 0.1 0.5 0.1 %IV
Vx=Vy=V,=1V
Vour =1V
Quiescent Current 4.5 7 4.5 7 4.5 7 mA
TEMPERATURE RANGE
Rated -25 +85 -25 +85 =55 +125 °C
Storage —65 +150 —65 +150 —65 +150 °C
PACKAGE OPTIONS*
Ceramic (D-18) ADS538AD AD538BD AD5388D
ADS538SD/883B
Chips AD538A Chips
NOTES

1Over 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
mulnphed by the incremental gain (Vy + V2)/Vx.
3When 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.
“For outline information see Package Information section.

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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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 full-
scale 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
ADS538’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 wV. 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 =
1V, V; =100 mV and Vx = 10 mV would yield a maximum
error of £2.0% of reading =500 pV =(1 V + 100 mV)/10 mV
X 250 wV or =2.0% of reading =500 nV = 27.5 mV. This ex-
ample illustrates that with very low level inputs the AD538’s
incremental gain (Vy + V,)/Vx has increased to make the input
offset contribution to error substantial.

AD538 SAMPLE ERROR CALCULATION CHART (Worst Case)

Vy \ Vx Ideal Total Offset | % of Reading | Total Error Total Error Summation
Input | Input | Input | Output Error Term Error Term | Summation as a % of the Ideal
(V) |@nV) | (@nV) (in V) (in mV) (in mV) (in mV) Output
100:1 10 10 10 10 0.5 (AD) 100 (AD) | 100.5 (AD) 1.0 (AD)
INPUT 0.25 (BD) 50 (BD) 50.25 (BD) 0.5 (BD)
RANGE
Total Error = 10 0.1 0.1 10 0.5 (AD) 100 (AD) | 100.5 (AD) 1.0 (AD)
+% rdg 0.25 (BD) 50 (BD) 50.25 (BD) 0.5 (BD)
*Output Vg
1 1 1 1 0.5 (AD) 10 (AD) 10.5 (AD) 1.05 (AD)
0.25 (BD) 5 (BD) 5.25 (BD) 0.5 (BD)
0.1 0.1 0.1 0.1 0.5 (AD) 1 (AD) 1.5 (AD) 1.5 (AD)
0.25 (BD) 0.5 (BD) 0.75 (BD) 0.75 (BD)
WIDE 1 0.10 0.01 10 28 (AD) 200 (AD) 228 (AD) 2.28 (AD)
DYNAMIC 16.75 (BD) 100 (BD) } 116.75 (BD) 1.17 (BD)
RANGE
Total Error = 10 0.05 2 0.25 1.76 (AD) S (AD) 6.76 (AD) 2.7 (AD)
*% rdg 1(BD) 2.5 (BD) 3.5 (BD) 1.4 (BD)
+Output Vg
+Input Vg X 5 0.01 0.01 5 125.75 (AD) 100 (AD) |225.75 (AD) 4.52 (AD)
(Vy+V )Ny 75.4 (BD) 50 (BD) | 125.4 (BD) 2.51 (BD)
10 0.01 0.1 1 25.53 (AD) 20 (AD) | 45.53 (AD) 4.55 (AD)
15.27 (BD) 10 (BD) 25.27 (BD) 2.53 (BD)
ABSOLUTE MAXIMUM RATINGS ORDERING GUIDE
Supply Voltage . .. ........ ... ... .. *18V
Internal Power Dissipation . ................. 250 mW Temperature Package
Output Short Circuit-to-Ground . . ... ......... Indefinite Model Range Description*
Input Voltages Vx, Vy, Vz .. oo (+Vs =1V}, =1V ADs33AD ~25°C to +85°C | Side-Brazed Ceramic DIP
Input (;urrents I, Iy I I oo oo oo R 1 n:A AD538BD ~25°C to +85°C | Side-Brazed Ceramic DIP
Operatmg Temperature Range . . ... ... ... -25 C to +85°C ADS538A Chips | —25°C to +85°C | Chips
Storage Temperature Range . .......... —65°C to +150°C AD538SD —55°C to +125°C | Side-Brazed Ceramic DIP
Lead Temperature, Storage . ............ 60 sec, +300°C AD538SD/883B | —55°C to +125°C | Side-Brazed Ceramic DIP

Thermal Resistance
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*For outline information see Package Information section.
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AD538 —Typical Characteristics
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ANALOG
DEVICES

Wideband Dual-Channel
Linear Multiplier/Divider

AD539

FEATURES

Two Quadrant Multiplication/Division

Two Independent Signal Channels

Signal Bandwidth of 60MHz (loyt)

Linear Control Channel Bandwidth of 5SMHz
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 100Q2.
Output voltage is restricted to a few hundred millivolts under
these conditions. Using external op amps such as the ADS5539 in
conjunction with the on-chip scaling resistors, accurate multipli-
cation can be achieved, with bandwidths typically as high as
SOMHz.

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 100dB, or differentially, to reduce distortion.
Alternatively, they may be used independently, as in audio
stereo applications, with low crosstalk between channels. Voltage-
controlled 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 15SMHz.

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

REV. A

PIN CONFIGURATION
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grade is available in ceramic DIP (D) or LCC (E). J-grade chips
are also available. The S grade is now available in MIL-STD-883
and Standard Military Drawing (DESC) Number 5962—
8980901EA versions.

DUAL SIGNAL CHANNELS

The signal voltage inputs, Vy, and Vy;, have nominal full-scale
(FS) values of +2V with a peak range to +4.2V (using a negative
supply of 7.5V or greater). For video applications where differential
phase is critical a reduced input range of + 1 volt is reccommended,
resulting in a phase variation of typically +0.2° at 3.579MHz
for full gain. The input impedance is typically 400k} 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 S00(2. 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 SMHz. 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} scaling resistors, the output currents (nominally
+1mA FS, +2.25mA peak) can be converted to voltages with
accurate transfer functions of Vi = —VxVy/2, Vyy = —VxVy
or Vy = —2VxVy (where inputs Vx and Vy and output Vi
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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AD539 - SPEC'F'CAT'ONS (@ T, = 25°C, Vg = =5V, unless otherwise noted)

AD539] ADS39K . AD539S
Parameter | Conditions Min Typ Max Min Typ Max Min Typ Max Units
SIGNAL-CHANNEL DYNAMICS
Minimal Configuration Reference Figure 6a
Bandwidth, — 3dB R =50Q,Cc = 0.01pF 30 60 30 60 30 60 MHz
'Maximum Output +0.1V<Vx<+3V,Vyac=1Vrms - ~10 -10 -10 dBm
Feedthrough, f<1MHz Vx =0, Vyac=1.5V rms -75 -75 -75 dBm
f=20MHz —-55 —55 55 dBm
Differential Phase Linearity
—1V<Vyde< +1V f=3.58MHz, Vx = +3V, *0.2 +0.2 +0.2 Degrees
~2V<Vyde< +2V Vyac=100mV +0.5 +0.5 +0.5 Degrees
Group Delay Vx = +3V,Vyac=1V rms, f= 1MHz 4 4 4 ns
Standard Dual-Channel Multiplier Reference Figure 2
Maximum Output Vx=+3V,Vyac=1.5Vrms 4.5 4.5 4.5 v
Feedthrough, f<100kHz Vx=0, Vyac=1.5V rms 1 1 1 mVrms
Crosstalk (CH1 to CH2) Vy1=1Vrms, Vy, =0 )
Vx = + 3V, f<100kHz ~40 —40 —40 dB
RTO Noise, 10Hz to IMHz Vx =+ 1.5V, Vy =0, Figure 2 200 200 200 aV/VHz
THD + Noise, Vx = +1V, f=10kHz, Vyac= 1V rms 0.02 0.02 0.02 %
Vy=+3V f=10kHz, Vyac= 1V rms 0.04 0.04 0.04 %
‘Wide Band Two-Channel Multiplier Figure 2
Bandwidth, — 3dB (LH0032) +0.1V<Vyx< +3V, Vyac= 1V rms 25 25 25 MHz
Maximum Output Vx = + 3V Vyac=1.5V rms, f=3MHz 4.5 4.5 4.5 Vrms
Feedthrough Vx =0V Vyac=1.0V rms, f= 3MHz 14 14 14 mV rms
Wide Band Single Channel VCA
(AD5539) Reference Figure 8
Bandwidth, ~3dB +0.1V<Vx<+3V, Vyac=1V rms 50 50 50 MHz
Maximum Output 750 Load *1 *1 *1 v
Feedthrough Vx=-0.01V,f=5MHz - ~54 - 54 dB
CONTROL CHANNEL DYNAMICS
Bandwidth, —-3dB Cc=3000pF, Vxdc= +1.5V,
Vxac=100mV rms 5 S 5 MHz
SIGNAL INPUTS, Vy, & Vy;
Nominal Full-Scale Input *2 *2 +2 v
Operational Range, Degraded Performance | —Vg=<7V +4.2 +4.2 *4.2 \'
Input Resistance 400 400 400 kQ
Bias Current 10 30 10 .20 10 30 pA
Offset Voltage Vx=+3V,Vy=0 5 20 5 10 5 20 mv
(Tinin 10 Trax) 10 5 15 35 mV
Power Supply Sensitivity Vx=+3V,Vy=0 2 2 2 mV/V
CONTROL INPUT, Vx .
Nominal Full-Scale Input +3.0 +3.0 +3.0 v
Operational Range, Degraded Perf +3.2 +3.2 +3.2 v
Input Resistance’ 500 500 500 Q
Offset Voltage 1 4 1 2 1 4 mV
(Tinin 10 Trnax) 3 2 2 5 mV
Power Supply Sensitivity 30 30 30 wnv
Gain (Figure2)
Absolute Gain Error Vx=+0.1Vto +3.0Vand 0.2 04 0.1 0.2 0.2 0.4 dB
(Tnin 10 Trnax) Vy= =2V 0.3 0.15 0.25 0.5 dB
CURRENT OUTPUT!
Full-Scale Output Current Vx=+3V,Vy=+2V *1 *1 *1 mA
Peak Output Current Vx=+3.3V,Vy= 25V, Vg=275V| =2 *2.8 *2 +2.8 *2 *2.8 mA
Output Offset Current Vx=0,Vy=0 0.2 15 0.2 15 0.2 15 A
Output Offset Voltage? Figure2, Vx =0,Vy=0 3 10 3 10 3 10 mv
Output Resistance' 1.2 1.2 1.2 kQ
Scaling Resistors
CH1 Z1,W1toCH1 6 6 6 kQ
CH2 Z2,W2t10CH2 6 6 6 kQ
VOLTAGE OUTPUTS, Vy; & Vi;* (Figure 2)
Multiplier Transfer Function,
Either Channel V= - Vx-Vy/Vy V= - Vx:Vy/Vy Vy = - VxVy/Vy
Multiplier Scaling Voltage, Vy 0.98 1.0 1.02 0.99 1.0 101 | 0.98 1.0 102 | v
‘Accuracy 0.5 2 0.5 1 0.5 2 %
(Tenin t0 Tonax) 1 0.5 1.0 3 %
Power Supply Sensitivity 0.04 0.04 0.04 . %V
Total Multiplication Error® Vx<=+3V, —2V<Vy<2V 1 25 0.6 15 1 25 %FSR
Tonin 10 Tonax 2 1 2 4 %
Control Feedthrough Vx=0to +3V,Vy=0 25 60 15 30 15 60 mv
Tmin 10 Trnax 30 15 60 120 mV
TEMPERATURE RANGE
Rated Performance 0 +70 0 +70 | -55 +125 | °C
POWER SUPPLIES .
Operational Range +4.5 +15 +4.5 *15 *4.5 =15 v
Current Consumption
+Vs 8.5 10.2 8.5 10.2 8.5 102 | mA
-Vs 18.5 222 18.5 22.2 18.5 222 mA
NOTES
Resi d absols 0 20% tol shown in boldface are tested on all production units at final electri-

2Spec assumes the external op amp is mmn'nd for negligible input offset.

*Includesall errors.

b h

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.
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AD539

ORDERING GUIDE
Temperature Package Package
Model Range Description Option'
ADS39JN 0°Cto +70°C Plastic DIP N-16
AD539KN 0°Cto +70°C Plastic DIP N-16
ADS539]D 0°Cto +70°C Side Brazed DIP | D-16
AD539KD 0°Cto +70°C Side Brazed DIP | D-16
AD539] Chip 0°Cto +70°C Chip
AD539SD —55°Cto +125°C | SideBrazed DIP | D-16
ADS539SD/883B —55°Cto +125°C | SideBrazed DIP | D-16
5962-8980901EA% | —55°Cto +125°C | Side Brazed DIP | D-16
ADS39SE/883B —55°Cto +125°C | LCC E-20A
NOTES
!For outline inf ion see Package Inf ion section.
2The standard military drawing version of the ADS539 (5962 EA)is now
2 ———AN— P AN—— W1
\ {
[}
Vyq - L Vwi =
= Vx-Vyy
Vx cH MuLT EXTERNAL
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ADS539 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: Q1 is 3
times larger than Q2; Q4, QS are each 3 times larger than Q3,
Q6, and these transistors are twice as large as Q1, Q2. A stable
reference current Igrgr = 1.37SmA is produced by a band-gap
reference circuit and applied to the common emitter node of a
controlled-cascode formed by Q1 and Q2. When Vx = 0, all of
Irgr flows in Q1, due to the action of the high-gain control
amplifier which lowers the voltage on the base of Q2. As Vy is
raised the fraction of Irgr 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 Ql, Q4 and QS5 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.
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Figure 1. Simplified Schematic of AD539 Multiplier
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The signal voltages Vy, and Vy, (generically referred to as Vy)
are first converted to currents by voltage-to-current converters
with a g, of 575umhos; 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 = ImA
(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 6k() feedback resistors (to the Z and W nodes) by an external
op amp. In the latter case, scaling accuracy is guaranteed.

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 0.1uF to 1uF 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 (100) 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 0.01F to 0.1uF 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 = 0.01pF, 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 C¢ 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 V,<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 + Vg; the minimum
value is 2.5V above —Vg. 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 dc 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.
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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 Vy and the scaling
voltage Vy are expressed in a consistent unit, usually volts. In
this case, Vy is fixed by the design to be 1V 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 (1V).

The accuracy specifications for Vi 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
halve the gain (double the effective scaling voltage), when

VW = —VXVy/z.

When an external load resistor, Ry, 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

VW = —'VxVyN U'

where the effective scaling voltage, V' can be calculated for
each channel using the formula Vy' = Vy (SR, + 6.25)/Ry,
where Ry is expressed in kilohms. For example, when Ry, =
100Q, Vy' = 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 Vy' 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

e = 3nF,
]
Voo (o A0S0 cn be v, -
~ WPUT  OUTPUT “VaVy
s BASE
6{: .y, common Ve
~Vs
= {]

o

NOTE:
ALL DECOUPLING CAPACITORS ARE 0.47uF CERAMIC.

Figure 2. Standard Dual-Channel Multiplier
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+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.

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 10dB at
Vx = +3.162V, 0dB at Vx = +1V, —20dB at Vx = +0.1V,
and so on. In many ac applications the output offset voltage (for
Vx = 0 or Vy = 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.

At small values of Vx the offset voltage of the control channel
will degrade the gain/loss accuracy. For example, a + 1mV
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 AD539]. These curves include all scaling errors
and apply to all configurations using the internal feedback resistors
(W1 and W2; alternatively, Z1 and Z2).
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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.

A = 10K
\ -

Vy=15V rms

e
&

AN Pl
\\\/ Jv =05V rms N
JT\

2
CONTROL VOLTAGE - V

°
3

TOTAL HARMONIC DISTORTION - %

Figure 3b. Total Harmonic Distortion vs. Control Voltage
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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 Vg = —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 Vi = —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
adjust this resistor to accommodate the tolerance of the nominal
50042 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.

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(}) and the 1.25k}
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 + 1V, the LH0032 hybrid op-amp is recom-
mended. Figure 4a shows the HF response of the circuit of

[ 1
x=3.162V
[ 1 AN
Vx=1.00V N
o A
[ |
%=0.316V
-10
[ ] h
dB -20 t
[ T N
. Vx=0.032mV N \
[ 1 N
Ny
Vx=001V
-40
Vi = ~001V /
" v
100k ™ 10M 00M

FREQUENCY - Hz

Figure 4a. Multiplier HF Response Using LH0032 Op
Amps

Figure 2 using this amplifier with Vy = 1V rms and other
conditions as shown in Table I. Cg was adjusted for 1dB peaking
at Vx = +1V; 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 dc gain is reliably zero. Measurements
show that the feedthrough can be held to —90dB relative to full
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 (+3Vand +0.1V).

Vx = +3V Vx = +0.1V

Figure 4b. Multiplier Pulse Response Using LH0032 Op
Amps

AD711' | ADS5539% |LH0032!

Op Amp Supply Voltages +15V +*9V *10V
Op Amp Compensation Capacitor { None None 1-SpF
Feedback Capacitor, Cg None 0.25-1.5pF | 1-4pF
—3dB Bandwidth, Vx = + 1V 900kHz | 50MHz 25MHz
Load Capacitance <InF <10pF <100pF
HF Feedthrough,

Vx = —0.01V,f = 5SMHz N/A —54dB —70dB
rms Output Noise,

Vx = +1V,BW 10Hz-10kHz 50V 40uvV 30V

Vx = +1V,BW 10Hz-5MHz 120pV 620V 500V

In all cases, 0.47pF ceramic supply-decoupling capacitors were used at each IC
pin, the AD539 supplies were + 5V and the control i itor Cc
was 3nF.

NOTES

'For the circuit of Figure 2.

2For 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

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,

Table Il. Summary of Performance for Minimal Configuration

Load Resistance 5002 750 1002 150 60002 o/C
FSOutput Voltage | +92.6mV +134mV +172mV *242mV +612mV *1V
65.5mVrms | 94.7mVrms | 122mVrms | 17lmVrms | 433mVrms | *
FS Output- 0.086mW 0.12mW 0.15mW 0.195mW 0.312mW
Power in Load —10.5dBm | ~9.2dBm —8.3dBm —7.1dBm —5.05dBm | -
Pk Output Voltage +210mV +300mV +388mV #544mV *1V *1V
148mVrms | 212mVrms | 274mVrms 85SmVrms | * *
Pk Output- 0.44mW 0.6mW 0.75mW 1mW *1V *1V
Power in Load —7dBm ~4.4dBm —2.5dBm 0dBm * *
Effective Scaling 67.5V 46.7V 36.3V 25.8V 10.2Vv 5V
Voltage, Vi’

*Peak negative voltage swing limited by output compliance.
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into short-circuit loads) are shunted by their source resistance of
1.25kQ (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 dc to 10MHz the
gains are typically within +0.025dB (measured using precision
500 load resistors) and the phase difference within +0.1°.

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 — 1V 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.

*REQUIRED IF LOAD
RESISTANCE >30012

Figure 5a. Minimal Single-Channel Multiplier

Figure 5b shows the HF response for Figure 5a with the AD539
in a carefully-shielded 50Q) test-environment; the test system
response was first characterized and this background removed
by digital signal processing to show the inherent circuit response.

’ B

L 11 »

V= +1V N

[T

Vi = +0.316V H
N f
Vx=+0V 1
s A

1]
11T
w11

'
g
N,
S

10M 100mM
FREQUENCY - Hz

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 dc to 10MHz, for
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 + 1V; in applications where this characteristic is critical,
it is recommended that a ground-referenced, negative-going
signal be used.
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Figure 5c. Phase Linearity Error in Minimal Configuration

T
Nan = 3579MHz
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i T
H
y Vx = 0.3V
§ Vx = W \\
| —
; Vi=3V ——— ~

-2 -1 2

SIGNAL IV'UY:AS VOLTAGE - V !
Figure 5d. Differential Phase Linearity in Minimal
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
CH1 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 500 environment throughout. This figure also shows a
recommended control-feedforward network to improve large-signal

CONTROL
INPUT

x N
100
1 | CONTROL
4
1

HF COMP 2

cHy AD539 cyy [
INPUT OUTPUT

+Vg

BASE
‘COMMON

-Vg
CH2 CH2/
INPUT OUTPUT

INPUT
| common z

OUTPUT
COMMON

Figure 6a. High-Speed Differential Configuration

response time. The control feedthrough glitch is shown in Figure
6b, where the input was applied to CH1 and only the output of
CH1 was displayed on the oscilloscope. The improvement obtained
when CH1 and CH2 outputs are viewed differentially is clear in
Figure 6¢c. The envelope rise-time is of the order of 40ns.

Lower distortion results when CH1 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 1000Q2.
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Figure 6b. Control Feed-
through One Channel of
Figure 6a

Figure 6c. Control Feed-
through 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

A 50MHz VOLTAGE-CONTROLLED AMPLIFIER

Figure 8 is a circuit for a SOMHz 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 Vy; respectively.
In this circuit, the output of the op-amp will equal:

Vour = y—’-‘%i"} for Vx>0

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
10dB.)

. . N Vx ° \J
control input; this prevents the early onset of output-tr ) O =TT {7 conmmo Wil16 ) o e
saturation. 4—;’:"’1 m%'}.; +9v_vs?\,k. ~ov
2 | HF compP PARRL)

-
CONTROL w1

-

ST

Cc = 3nF

HF COMP pal

v cH1 AD539 ¢y

A V. INPUT  OUTPUT
v,

s
4 |+Vs BASE
|"‘°—E—Vs COMMON

s

R1

¥

d
Vw = Vx(Vyz=Vyq}

vﬂo__E CH2 CH2
INPUT  OUTPUT
INPUT
5{% common 2
8

ouTPUT
common W2

Figure 7a. Low-Distortion Differential Configuration
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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 CH1 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.
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Figure 8. A Wide Bandwidth Voltage-Controlled Amplifier

The —3dB bandwidth of this circuit is over SOMHz 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

10 T
Vy= +3.162V
° ]
Ve=+1V
T N
-10 t
@ Vy= +0.316V.
2
2 2
5 Vy= +0.1V \]
2 \
-30
g V= +0.032V N
[ 75_*&
Vy=+0.01V 7/
_s0 > |
V= -0.01v L~
-60
1 10 100

FREQUENCY — MHz

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, Vy,, essentially
identical. Test conditions: Vy;=0.5V rms for values of Vx from
+10mV to +3.16V; this is with a 75Q load on the output. The
feedthrough at Vx = — 10mV is also shown.

The transient response of the signal channel at Vx= +2V,
Vy=Vouyr= %1V is shown in Figure 9b; with the VCA driving
a 75Q2 load. The rise and fall times are approximately 7ns.

Figure 9b. Transient Response of the Voltage-Controlled
Amplifier Vx= +2 Volts Vy=+1 Voit.

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 = =VyVw/Vx
Recalling that the nominal value of Vy is 1V, this can be
simplified to
Vy = =Vw/Vx
where all signals are expressed in volts. The circuit thus exhibits

unity gain for Vx = +1V 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 — Vg supply of at least 7.5V for the AD539).
Since the maximum Jloss is 10dB (at Vx = 3.162V), it follows
that the maximum input to Vy should be +6.3V (4.4V rms)
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Figure 10a. Two-Channel Divider with 1V Scaling
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Figure 10b. HF Response of Figure 10a Divider

for low distortion applications, and no more than +13.4V (9.5V
rms) to avoid clipping. Note that offset adjustment will be needed
for the op amps to maintain accurate dc 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
LHO0032 op amps with nominally 12pF compensation (pins 2 to
3) and Cg = 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:
5-15pF is recommended for both positions. The bandwidth in
this configuration is nominally 177MHz at Vx = +3.162V,
4.5MHz at Vx = +1V, 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. Other suitable high speed op amps include:
AD844, AD827 and AD811. Consult these data sheets for suitable
applications circuits.
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Balanced Modulator/Demodulator

AD630

FEATURES

Recovers Signal from +100dB Noise

2MHz Channel Bandwidth

45V/ps 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 differ-
ential inputs is active. This device is now available to Standard
Military Drawing (DESC) numbers 5962-8980701RA and
5962-89807012A.
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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.

. 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.

. 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.

. 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.

. The AD630 can be used as a two channel multiplexer with

gains of +1, +2, +3 or +4. The channel separation of
100dB @ 10kHz approaches the limit which is achievable -

with an empty IC package.

external capacitor required) for stable operation at unity

. The AD630 has pin-strappable frequency compensation (no

gain

without sacrificing dynamic performance at higher gains.

eliminates the need for external nulling in most cases.

ANALOG MULTIPLIERS/DIVIDERS

. Laser trimming of comparator and amplifying channel offsets
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AD630 — SPECIFICATIONS (@ + 5t s v, = = o i e i

Model AD630J/A ADG30K/B
Min Typ Max Min Typ Max Min Typ Max Units
GAIN
Open Loop Gain 90 110 100 120 90 110 dB
+1, =2 Closed Loop Gain Error 0.1 0.05 0.1 %
Closed Loop Gain Match 0.1 0.05 0.1 %
Closed Loop Gain Drift 2 2 2 ppm°C
CHANNEL INPUTS
Vin Operational Limit* (—Vs +4V)to(+Vs —1V) (—=Vs +4V)to(+ Vs —1V) (—Vs +4V)to(+Vs —1V) Volts
Input Offset Voltage 500 100 500 pv
Input Offset Voltage
Trmin 10 Truax’ 800 160 1000 v
Input Bias Current 100 300 100 300 100 300 nA
Input Offset Current 10 50 10 50 10 50 nA
Channel Separation @ 10kHz 100 100 100 dB
COMPARATOR
Vin Operational Limit! (=Vs +3V)to(+ Vs —1.5V) (=Vs +3V)to(+ Vg —1.5V) (=Vs +3V)to(+Vs —1.3V) Volts
Switching Window *1.5 *1.5 +1.5 mV
Switching Window
Tinin 10 Trmax’ +2.0 +2.0 +25 mV
Input Bias Current 100 300 100 300 100 300 nA
Response Time (~5mV to + 5mV step) 200 200 200 ns
Channel Status
Isink @ VoL = ~ Vs + 0.4V3 1.6 1.6 16 mA
Pull-Up Voltage (=Vs + 33V) (—Vs +33V) (= Vs +33V)| Volts
DYNAMIC PERFORMANCE
Unity Gain Bandwidth 2 2 2 MHz
Slew Rate* 45 45 45 Vips
Settling Time t0 0.1% (20V step) 3 3 3 Mus
OPERATING CHARACTERISTICS
Common-Mode Rejection 85 105 90 110 90 110 dB
Power Supply Rejection 90 110 9% 110 90 110 dB
Supply Voltage Range =5 *16.5 *5 +16.5 *5 +16.5 Volts
Supply Current 4 5 4 5 4 5 mA
OUTPUT VOLTAGE, @ Ry, = 2kQ
Tonin 10 Trnax” +10 =10 *10 Volts
Output Short Circuit Current 25 25 25 mA
TEMPERATURE RANGES
Rated Performance N Package 0 +70 0 +70 N/A °C
D Package -25 +85 -25 +85 —-55 +125 °C
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.
“These parameters are guaranteed but not tested for ] and K grades. For A, Band $ grades they are tested.
Igink @ Vor, = (= Vs + 1) voltis typically 4mA.
“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-
cal test. Results from those tests are used to calculale outgoing quality levels. All
min and max ifications are Ithough only those shown in
boldface are tested on all production units. ORDERING GUIDE
ABSOLUTE UMRATINGS ) Temperature Package Package
Supply Voltage IR I IR +18V ‘Model Range Description Option*
Internal Power Plss‘lpatlon .............. 6001nW AD630JN 0°Cto +70°C Plastic DIP N-20
Output Short Circuit to Grou_nd ......... » Indeﬁmote AD630KN 0°Cto +70°C Plastic DIP N-20
Storage Temperature, Cetax}uc Package . . . —65°C to +150°C AD630AD —25°Cto +85°C Side Brazed DIP D-20
Storage Temperature, Plastic Package . . . . —55°Cto +125°C  Apg30BD —25°Cto +85°C | Side Brazed DIP D-20
Lead Temperature, 10 sec. Soldering . . . ... ... +300°C  AD630SD —55°Cto +125°C | Side Brazed DIP D-20
Max Junction Temperature . . . . ... ....... +150°C  AD630SD/883B | —55°Cto +125°C | SideBrazed DIP | D-20
THERMAL CHARACTERISTICS 5962-8980701RA| —55°Cto +125°C | Side Brazed DIP D-20
AD630SE —55°Cto +125°C | LCC E-20A
O5c 63a ADG630SE/883B | —55°Cto +125°C | LCC E-20A
20-Pin Plastic DIP (N) 24°C/W 61°C/W 5962-89807012A | —55°Cto +125°C | LCC E-20A
20-Pin Ceramic DIP(D) | 35°C/'W | 120°C/W AD630] Chip | 0°Cto +70°C Chip
20-Pin Leadless Chip AD630S Chip —55°Cto +125°C | Chip
Carrier B 35°CIwW 120°C/W *For outline information see Package Information section.
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Typical Performance Characteristics—AD630
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CHIP METALIZATION AND PINOUT
Dimensions shown in inches and (mm).
Contact factory for latest dimensions

| 0.99 (2515)
| I

CHIP AVAILABILITY

The ADG630 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.

é
& &3
H 3 62
w e
& &
g Q A
() {2}
O W &)

AMPA

Figure 10. Functional Block Diagram
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Figure 11. Architectural Block Diagram

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/demodulation 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 Rg from its ground connection to the
output.

vio A
T Ra (5k)

15
214
p-20 |
19
18
Ry (10k) 3
14

Figure 12. AD630 Symméfric 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.

Re (10k)
" <

When channel B is selected, the resistors R, and R 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 Rp 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
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selected. The new equivalent circuit will be the noninverting
gain configuration shown below. In this case Ry 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
Rp/Ra=1+Rg/Rp, which will result from making Ra equal to
RrRp/(Rg+Rp) the parallel equivalent resistance of R and Rp.

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 Rg equal 5k and omitting Ry 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.

Re (10k]
NW—
Ra (5K)
Vi o—ww -
Ry S Y
{10k & R
Vo= g Vi
+ Ra

Figure 13. Inverting Gain Configuration

Vi O +

Ra
(5k) S ° R
,__1 _ vo=(1+gtlv,

<
>
>

Re (10k)

Ra <
(10K §

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 1.5mV in magnitude
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CHB-

1
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1
1
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1
I
1
i
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'
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|
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]
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=Vs 1
!
DIFF DIFF I cm cm
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Figure 15. AD630 Simplified Schematic
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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 iz,
and i3 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 Rg
and Rg to give the noninverting gain 1 + Rg/Rp and subsequently
Ra to give the desired inverting gain. Note that when the inverting
magnitude equals the noninverting magnitude, the value of Ry
is found to be Rg Re/(Rg + Rg). That is, Ra should equal the
parallel combination of Rp and Ry 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-in-
verting “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 = 1/(2w100kQC) 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 aresult of the reactive feedback, the high frequency components
of the switched input signal will be transmitted at unity gain
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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.

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.
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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
adjustment of system errors in switched gain applications. With
system input tied to OV, 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
dc 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.

CHANNEL STATUS OUTPUT

The channel status output, pin 7, is an open collector output
referenced to — Vg 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.

< 1000

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.

AD630

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
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the use of the 2.5k() 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.

10k 0k
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Figure 19a. AD630 Configured as a Gain-of-One Balanced

Modulator
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Figure 19b. AD630 Configured as a Gain-of-Two Balanced
Modulator
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Figure 20. Gain-of-Two Balanced Modulator Sample
Waveforms
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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.

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 dc 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 dc output will be zero.

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 dc 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.

AD544.
E1000
schabuTz  FOLLOWER AD630
A ot +2 DEMODULATOR
) 6|8 15
5k 10k
1
oz 25k |20 A o
pk-pl - 13| 100K
SINUSOIDAL 6 14 10k 119] < 0
EXCITATION -

[ omase | s ll:_ |
SHIFTER o J N

Figure 21. LVDT Signal Conditioner

AC BRIDGE

Bridge circuits which use dc excitation are often plagued by
errors caused by thermocouple effects, 1/f noise, dc 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 dc signal at the
output of the synchronous demodulator. The low frequency
system noise, dc drifts, and demodulator noise all get mixed to

ANALOG MULTIPLIERS/DIVIDERS 2-41



AD630

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 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
1Meg 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 dc 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 dc output, well above the RTO drifts and noise.

1kHz

EXCITATION

AD630 +2 DEMODULATOR
15

() FILTER
5k 5k 5k

L 1L

z“@ 2”@ z"i

BRIDGE EXCITATION
(20v/div) (A)

AMPLIFIED BRIDGE
OUTPUT (5V/div) (B)

DEMODULATED BRIDGE
QUTPUT (5V/div) (C)

FILTER OUTPUT (2V/div) (D)

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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Figure 24. Lock-In Amplifier
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Figure 25. Lock-In Amplifier Waveforms

The test signal is produced by modulating a 400Hz carrier with
a0.1Hz 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.
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ANALOG
DEVICES

Internally Trimmed
Precision IC Multiplier

AD632

FEATURES

Pretrimmed to £0.5% Max 4-Quadrant Error

All Inputs (X, Y and Z) Differential, High Impedance for
[(X; =X, MY;-Y;)/10] +Z, Transfer Function

Scale-Factor Adjustable to Provide up to X10 Gain

Low Noise Design: 90uV 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
Accurate Voltage Controlled Oscillators and Filters

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: 90uV rms.
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PIN CONFIGURATIONS

H-Package TO-100

+Vs Y1 Y2 Vps Z2 X2 NC
e I o T s IO e O s Y o Y o |

D-Package TO-116 m

14 13 122 11 10 9 8

1 2 3 L3 5 6 7

gt d
21 OUT Vs NC NC NC X1

TOP VIEW

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
guaraélteed 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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ADB32_ SPEC'FICATIONS (@ +25°C, Vg = =15V, R = 2kQ unless otherwise noted)

Model AD632A AD632B AD632S AD632T
Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units
MULTIPLIER PERFORMANCE
. X -X)(Y,-Y)y) X -X)(Y,-Yy) X)(Y,-Yy) X)(Y,-Y))
Transfer Function T o, —:())v Lz, —|24)>v A
Total Error'! (- 10V=X, Y= + 10V) +1.0 +0.5 +1.0 +0.5 %
Ta =min to max *1.5 +1.0 +2.0 *1.0 %
Total Error vs Temperature *0.022 +0.015 +0.02 +0.01 %°C
Scale Factor Error

(SF =10.000V Nominal)* =0.25 +0.1 +0.25 +0.1 %
Temperature-Coefficient of

Scaling-Voliage *0.02 *0.01 +0.2 +0.005 %/°C
Supply Rejection (= 15V = 1V) +0.01 =0.01 +0.01 =0.01 %
Nonlinearity, X (X = 20V pk-pk, Y = 10V) *0.4 +0.2 =0.3 +0.4 +0.2 +0.3 %
Nonlinearity, Y (Y = 20V pk-pk, X = 10V) =0.2 *0.1 +0.1 +0.2 *0.1 =0.1 %
Feedthrough?, X (Y Nulled,

X =20V pk-pk 50Hz) +0.3 *0.15 =*03 *0.3 +0.15 =03 %
Feedthrough?®, Y (X Nulled,

Y = 20V pk-pk S0Hz) +0.01 +0.01 =01 *0.01 +0.01  =0.1 %
Output Offset Voltage =5 +30 +2 %15 *5 *30 *2 *15 mV
Output Offset Voltage Drift 200 100 500 300 uvrc

DYNAMICS
Small Signal BW, (Voyr =0.1rms) 1 1 1 1 MHz
1% Amplitude Error (Coap = 1000pF) 50 50 50 50 kHz
Slew Rate (Voyr 20 pk-pk) 20 20 20 20 Vips
Settling Time (to 1%, AVoyT = 20V) 2 2 2 2 us
NOISE
Noise Spectral-Density SF = 10V 0.8 0.8 0.8 0.8 wVVHzZ
SF=3V* 0.4 0.4 0.4 0.4 wV/VHz
Wideband Noise A = 10Hz to SMHz 1.0 1.0 1.0 1.0 mV rms
P=10Hz to 10kHz 90 90 90 90 uV/rms
OUTPUT
Output Voitage Swing %11 =11 =11 *11 v
Output Impedance (f<1kHz) 0.1 0.1 0.1 0.1 [t}
Output Short Circuit Current

(R =0, T = min to max) 30 30 30 30 mA

Amplifier Open Loop Gain (f= S0Hz) 70 70 70 70 dB
INPUT AMPLIFIERS (X, Y and Z)°
Signal Voltage Range (Diff. or CM =10 *10 *=10 *10 v

Operating Diff.) 12 12 £12 *12 v
Offset Voltage X, Y =5 *20 *2 *10 *5 *20 *2 =10 mV
Offset Voltage Drift X, Y 100 50 100 150 [
Offset Voltage Z *5 +30 *2 %15 *5 *30 *2 *15 mV
Offset Voltage Drift Z 200 100 500 300 nvrC
CMRR 60 80 70 90 60 80 70 9% dB
Bias Current 0.8 2.0 0.8 2.0 0.8 2.0 0.8 2.0 rA
Offset Current 0.1 0.1 0.1 0.1 nA
Differential Resistance 10 10 10 10 MQ

DIVIDER PERFORMANCE
. Z2— Z,-Zy) Z,-2) (Z,-2y)
Transfer Function (X,>X;) (% &= X2)+ v ) Y, 1ov X —Xyp Y, 0V X xz)+
Total Error'

(X =10V, ~10V=Z= +10V) +0.75 *0.35 +0.75 +0.35 %

(X=1V, -1V=Z=+1V) *2.0 *1.0 *2.0 *1.0 %

(0.1V=X=10V, - 10V=Z=10V) *2.5 *1.0 *2.5 +1.0 %

SQUARER PERFORMANCE
—X,)? -

Transfer Function %)-(i +Z, (X;OVX;) (xl'onz)Z +Z, (xllovxDz

Total Error (- 10V=X=<10V) *0.6 +0.3 *0.6 *0.3 %
SQUARE-ROOTER PERFORMANCE

Transfer Function, (Z,=Z,) VIOV(Z,-Zy) +X, VIOV(Z,-Zy) +X; VIOV(Z,-Zy) +X, VIOV(Z;-Zy) +X,

Total Error' (1V=Z=10V) +1.0 *0.5 *1.0 *0.5 %
POWER SUPPLY SPECIFICATIONS

Supply Voltage

Rated Performance =15 =15 =15 =15 v

Operating *8 *18 *8 +18 +8 *22 *8 *22 v
Supply Current

Quiescent 4 6 4 6 4 6 4 6 mA

PACKAGE OPTIONS

TO-100(H-10A) AD632AH AD632BH AD632SH AD632TH

TO-116(D-14) AD632AD AD632BD AD632SD AD632TD
NOTES
'Figures given are percent of full-scale, + 10V (i.e.,0.01% = 1mV).
ZM;y be reduced down !o 3V using external rcsmor between — Vsand SF.

ffect of offsets.
“Using external resistor: adnmed togive SF = 3V.
See l‘uncnonal blockdngram for deﬁlunon of sections.
g notice.

All minand max
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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Typical Performance Curves uypicaiat + 25°¢ with =v, = 150
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Figure 1. AC Feedthrough vs. Frequency
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Figure 3. Frequency Response vs. Divider Denominator
Input Voltage

CHIP DIMENSIONS & PAD LAYOUT

™\ |

L_ 0dB = 0.1V RMS, Ry = 2k2

.

\ " CL< 1000pF
CF < 200pF

C = 1000pF

OUTPUT RESPONSE — dB

-20

7 A
CL < 1000pF
e \ WITH X10

FEEDBACK
\Tr&uunoa

AN Io.. ¢
NN

I
NORMAL
CONNECTION

Figure 2.

100k

™ 1M

FREQUENCY - Hz

Frequency Response as a Multiplier

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

0.1 (254) {

Vs +X X

For further information, consult factory

ORDERING GUIDE

Temperature Package Package
Model Range Description Option*
AD632AD —25°C to +85°C | Side Brazed Ceramic DIP | D-14 Thermal cteristics
AD632BD —25°C to +85°C | Side Brazed Ceramic DIP | D-14 Chara
AD632AH —25°C to +85°C | Header H-10A - -
AD632BH ~25°C to +85°C | Header H-10A e Resistance By = 2
AD632SD —55°C to +125°C | Side Brazed Ceramic DIP | D-14 oA T oW fo:;)-f 4
AD632SD/833B | —55°C to +125°C | Side Brazed Ceramic DIP | D-14 0 5C/W for D14
AD632TD —55°C to +125°C | Side Brazed Ceramic DIP | D-14 A= or -
AD632TD/883B | —55°C to +125°C | Side Brazed Ceramic DIP | D-14
AD632SH —55°C to +125°C | Header H-10A
AD632SH/883B | —55°C to +125°C | Header H-10A
AD632TH —55°C to +125°C | Header H-10A
AD632TH/883B | —55°C to +125°C | Header H-10A

*For outline information see Package Information section.
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STABLE ————
REFERENCE
ANDBIAS b0 5 .y
l TRANSFER FUNCTION

x :I>_
X2 TRANSLINEAR
MULTIPLIER

Vi ELEMENT l
>

Y2 A out
““HIGH GAIN

z 0 ouTPUT

20 0.75 ATTEN

AMPLIFIER
Figure 4. AD632 Functional Block Diagram

Vool KX -¥a) ]
o [ 0 (24 -22)

OPERATION AS A MULTIPLIER
Figure 5 shows the basic connection for multiplication. Note
that the circuit will meet all specifications without trimming.

XANPUT 1 %1 Vs bd
+10V FS
VP |,
OUTPUT, £i2V PK
out Xq - X2)(¥3 - Y.
= X3 - Xa)¥y - o)
T e
Vos Zy
° OPTIONAL
Z2 2 INPUT, Z, 10V PK;
) Vos TERMINAL
NOT USED
Y-INPUT Ya 6
£10V FS
£12V PK 2 Vs -15V

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 Z, 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/us 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
Vour = 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 Cg. 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 Z,
terminal where they are amplified by -10 or to the com-
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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.

Vs
X INPUT X1 +Vs +15V
10V FS
+12V PK X2
OUTPUT, +12V PK
out = (X1 - X2)(Yq - Y2)
(SCALE = 1)
Zy
2o p—o
Y-INPUT Y1 Vos|
+10V FS
savek |y, s B

Figure 6. Connections for Scale-Factor of Unity

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 Y;. As with
all dividers based on the use of 2 multiplier in a feedback loop,
the bandwidth is proportional to the denominator magnitude,
as shown in Figure 3.

+
X INPUT =i Xy +Vs +15V
(DENOMINATOR)
+10V FS OUTPUT, £12V PK
+12V PK - X2 _1022-24) ¥y
(X1 - X2)
+15V +Vs out
20kQ2 Ve ;
20000 o ! Z INPUT
(NUMERATOR)
OPTIONAL -15V Vs 2 +10V FS, £12V PK
SUMMING INPUT 2
+10V PK
——.——— v‘
1
|
v Yz Vs -16V

Figure 7. Basic Divider Connection

Without additional trimming, the accuracy of the AD632B

is sufficient to maintain a 1% error over a 10V to 1V 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 X,
and Z, (if X, 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.
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ANALOG
DEVICES

Low Cost
Analog Multiplier

AD633

FEATURES

Four-Quadrant Multiplication

Low Cost 8-Pin Package

Complete —No External Components Required
Laser-Trimmed Accuracy and Stability

Total Error Within 2% of FS

Differential High Impedance X and Y Inputs
High Impedance Unity-Gain Summing Input
Laser-Trimmed 10 V Scaling Reference

APPLICATIONS

Multiplication, Division, Squaring
Modulation/Demodulation, Phase Detection
Voltage-Controlled Amplifiers/Attenuators/Filters

PRODUCT DESCRIPTION

The AD633 is a functionally complete, four-quadrant, analog
multiplier. It 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 provided
by a buried Zener. The AD633 is the first product to offer
these features in modestly priced 8-pin plastic DIP and SOIC
packages.

The AD633 is laser calibrated to a guaranteed total accuracy of
2% of full scale. Nonlinearity for the Y-input is typically less
than 0.1% and noise referred to the output is typically less than
100 wV rms in a 10 Hz to 10 kHz bandwidth. A 1 MHz band-
width, 20 V/us 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 applications.

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°C
to +70°C commercial temperature range.

REV. 0

CONNECTION DIAGRAMS

8-Pin Plastic DIP (N) Package
x1 [1] D ~ 8] +vs

x2 [2] gy (;? 7] w

v [ZH gk

v2 [4] b

ADe3IN |2 %

8-Pin Plastic SOIC (R) Package

—
v1[1] b q 8] x2
"Ei;_ b 7] x1
o E1 > 6] +%

el

z |4
D ADG633JR

(X1=-X2)(Y1-Y32)
W= 10V *

z

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.

. No external components or expensive user calibration are

required to apply the AD633.

. Monolithic construction and laser calibration make the device

stable and reliable.

. High (10 MQ) input resistances make signal source loading

negligible.

. Power supply voltages can range from =8 V to =18 V. The

internal scaling voltage is generated by a stable Zener diode;
multiplier accuracy is essentially supply insensitive.

ANALOG MULTIPLIERS/DIVIDERS 2-47



AD633 — SPECIFICATIONS - 2.4, = 1505, = 240

Model AD633]
X1-X5) (Yy-Y;
TRANSFER FUNCTION W = (—‘—12(%‘—2’ +z
Parameter Conditions Min Typ Max Unit
MULTIPLIER PERFORMANCE
Total Error -10V=X,Y=+10V *1 *2 % Full Scale
Toin 10 Ty *3 % Full Scale
Scale Voltage Error SF = 10.00 V Nominal +0.25% % Full Scale
Supply Rejection Vg=*x14Vto =16V +0.01 % Full Scale
Nonlinearity, X X==10V,Y=+10V +0.4 *]1 % Full Scale
Nonlinearity, Y Y=10V,X=+10V +0.1 +0.4 % Full Scale
X Feedthrough Y Nulled, X = =10V +0.3 +1 % Full Scale
Y Feedthrough X Nulled, Y = =10V *0.1 +0.4 % Full Scale
Output Offset Voltage +5 +50 mV
DYNAMICS
Small Signal BW Vo = 0.1V rms, 1 MHz
Slew Rate Vo =20V p-p 20 Vips
Settling Time to 1% AV =20V 2 WS
OUTPUT NOISE .
Spectral Density 0.8 wVAA/Hz
Wideband Noise f=10Hz to 5 MHz 1 mV rms
f=10Hzto 10 kHz 90 wV rms
OUTPUT
Output Voltage Swing +11 \'
Short Circuit Current R.=0Q 30 40 mA
INPUT AMPLIFIERS
Signal Voltage Range Differential +10 \"
Common Mode =10 \Y%
Offset Voltage X, Y *5 +30 mV
CMRR X, Y Vem = 210V, f = 50 Hz 60 80 dB
Bias Current X, Y, Z 0.8 2.0 RA
Differential Resistance 10 MQ
POWER SUPPLY
Supply Voltage
Rated Performance *15 \%
Operating Range +8 +18 A%
Supply Current Quiescent 4 6 mA
NOTES

Specifications shown in boldface are tested on all production 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 RATINGS!

Supply Voltage . .......ccivii i, +18V
Internal Power Dissipation® . . ... ............. 500 mW
Input Voltages® . . . .. ..o vttt nnnnnsnnnnn +18V
Output Short Circuit Duration . . ............. Indefinite
Storage Temperature Range . .......... —65°C to +150°C

Operating Temperature Range . . . . ......... 0°C 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.

28-Pin Plastic Package: 0;, = 165°C/W); 8-Pin Small Outline Package: 6;, =
155°C/W.

3For supply voltages less than =18 V, the absolute maximum input voltage is
equal to the supply voltage.
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ORDERING GUIDE
Package
Model Description Option*
AD633]N 8-Pin Plastic DIP | N-8
AD633)JR 8-Pin Plastic SOIC | R-8
AD633JR-REEL | 8-Pin Plastic SOIC | R-8

*For outline information see Package Information section.
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AD633

FUNCTIONAL DESCRIPTION

The AD633 is a low cost multiplier comprising a translinear
core, a buried Zener reference, and a unity gain connected out-
put amplifier with an accessible summing node. Figure 1 shows
the functional block diagram. The differential X and Y inputs
are converted to differential currents by voltage-to-current con-
verters. The product of these currents is generated by the multi-
plying core. A buried Zener reference provides an overall scale
factor of 10 V. The sum of (X * Y)/10 + Z is then applied to
the output amplifier. The amplifier summing node Z allows the
user to add two or more multiplier outputs, convert the output
voltage to a current, and configure various analog computational
functions.

Figure 1. AD633 Functional Block Diagram (AD633JN
Pinout Shown)

o
Inspection of the block diagram shows the overall transfer func-
tion to be:

_ X1=X5) (Yi-Y3)
W= o0V +Z (Eq. 1)

ERROR SOURCES

Multiplier errors consist primarily of input and output offsets,
scale factor error, and nonlinearity in the multiplying core. The
input and output offsets can be eliminated by using the optional
trim of Figure 2. This scheme reduces the net error to scale fac-
tor errors (gain error) and an irreducible nonlinearity component
in the multiplying core. The X and Y nonlinearities are typically
0.4% and 0.1% of full scale, respectively. Scale factor error is
typically 0.25% 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 differential
X and Y inputs should be referenced to their respective grounds
to realize the full accuracy of the AD633.

+Vg
+50mV
soka 300k T0 APPROPRIATE
INPUT TERMINAL
E.g., X3,X2,.Z
1K (E.g, X2,X2,Z)
Vg

Figure 2. Optional Offset Trim Configuration

REV. 0

APPLICATIONS

The AD633 is well suited for such applications as modulation
and demodulation, automatic gain control, power measurement,
voltage controlled amplifiers, and frequency doublers. Note that
these applications show the pin connections for the AD633JN
pinout (8-pin DIP), which differs from the AD633]R pinout
(8-pin SOIC).

Multiplier Connections

Figure 3 shows the basic connections for multiplication. The X
and Y inputs will normally have 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.

+15V
| 0.1uF
xf +—|_j X1 .vg[8
INPUT (X1-X2)(Y1-Y2)
|: —
N :2D633J‘|I‘|v El " 1V "
OPTIONAL SUMMING
f*"lz M z|e] ' INPUT, Z
INPUT
~ Y2 -Vs |5 ,ﬁ
0.1
15V

Figure 3. Basic Multiplier Connections

Squaring and Frequency Doubling

As Figure 4 shows, squaring of an input signal, E, is achieved
simply by connecting the X and Y inputs in parallel to produce
an output of E%/10 V. The input may have either polarity, but
the output will be positive. However, the output polarity may
be reversed by interchanging the X or Y inputs. The Z input
may be used to add a further signal to the output.

+15V
‘W 0.1yF

Xt avg|8 |?7

D1
E2
2| X2 wW\7 W=1ﬁ,—
AD633JN
3|1 z
a|lvz w5 I——‘|7
-15V

Figure 4. Connections for Squaring

E0—

t

I ]

51

When the input is a sine wave E sin wt, this squarer behaves as
a frequency doubler, since
E sin w1 _ E* -
wv 20V
Equation 2 shows a dc term at the output which will vary
strongly with the amplitude of the input, E. This can be

cos 2 wt) (Eq. 2)
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avoided using the connections shown in Figure 5, where an RC The amplitude of the output is only a weﬁk function of fre-
network is used to generate two signals whose product has no dc quency: the output amplitude will be 0.5% too low at
term. It uses the identity: ® = 0.9 v, and © = 1.1 w,.
. 1 .
cos O sin @ = = (sin 2 6) (Eq. 3)
2 +15V
At 0, = 1/CR, the X input leads the input signal by 45° (and 0.1uF

X1 +Vs |8

-E
2 W[Tl—gow=3
AD633JN 30

i Z 6 l'———:[ R2

is attenuated by \/2), and the Y input lags the X input by 45°
(and is also attenuated by /2). Since the X and Y inputs are
90° out of phase, the response of the circuit will be (satisfying
Equation 3.):

_ 1 E | o E . o 23k0
= Wv—i(sm wol +45 iW(xm w,t —45°) v2 s[5 {7
= E 2 (sin 2 ) 0.1uF
=@ sin 2 wot (Eq. 4)
-15V
which has no dc component. Resistors R1 and R2 are included
to restore the output amplitude to 10 V for an input amplitude
of 10 V. Figure 5. “Bounceless” Frequency Doubler
R
10k
+15V
\/ i 0.1pF
X1 +Vg|8 W
x2 wiT——
ADE33JN | 1N4148
Y1 zle
v2  -vls l—<7
0.1uF
15V
W= /L(10V)E
Figure 6. Connections for Square Rooting
Generating Inverse Functions
Inverse functions of multiplication, such as division and square Likewise, Figure 7 shows how to implement a divider using
rooting, can be implemented by placing a multiplier in the feed- a multiplier in a feedback loop. The transfer function for the
back loop of an op amp. Figure 6 shows how to implement a divider is
square rooter with the transfer function E
W= —-(10V)— (Eq. 6)
W= "V-(10V)E (Eq. 5) Ex
for the condition E<0.
10k
B
+15V
\ 0.1F
1]x1 w8 W
2| x2 wli——m
AD633JN
3|1 z 3?7
alva w5 |—‘7
0.1uF
-15v
E
W= -10V E_‘

Figure 7. Connections for Division
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Applications—AD633

+15V
\4 0.1pF

o dx e EI'I—I -
INPUT - -

Tl wl—pow. B0 ().

AD633JN 3 1kQ < R1, R2 <100 kQ

+ 3|1 z
¢ L t
INPUT

- —E Y2 v

-15v

Figure 8. Connections for Variable Scale Factor

Variable Scale Factor

In some instances, it may be desirable to use a scaling voltage
other than 10V. The connections shown in Figure 8 increase the
gain of the system by the ratio (R1 + R2)/R1. This ratio is lim-
ited to 100 in practical applications. The summing input, S,
may be used to add an additional signal to the output or it may
be grounded.

Current Output

The AD633’s voltage output can be converted to a current out-

put by the addition of a resistor R between the AD633’s W and
Z pins as shown in Figure 9 below. This arrangement forms the

+15V
N\ 0.1uF
)I(’ +of1]x1 w8 ?7
INPUT R X1-Xa) (¥y Y,
- X2 w [Tw—g—o |°=%[f——‘ 21)0(‘,’ 2
AD633JN <R<
(+ o3| ¥ 2[5} 1kQSRS100kQ
Y
INPUT 0-1uF
- v2 w5
-15v

Figure 9. Current Output Connections

d

basis of voltage controlled integrators and oscillators as will be
shown later in this Applications section. The transfer function of
this circuit has the form

1 (X,-X)|Y-Y2)

Eq.7
R~ 10V (Eq. 7)

Ip =

Linear Amplitude Modulator

The AD633 can be used as a linear amplitude modulator with
no external components. Figure 10 shows the circuit. The
carrier and modulation inputs to the AD633 are multiplied to
produce a double-sideband signal. The carrier signal is fed for-
ward to the AD633’s Z input where it is summed with the
double-sideband signal to produce a double-sideband with
carrier output.

Voltage Controlled Low Pass and High Pass Filters

Figure 11 shows a single multiplier used to build a voltage
controlled low pass filter. The voltage at output A is a result
of filtering, Eg. The break frequency is modulated by E, the
control input. The break frequency, f,, equals

Ec

[ — Eq. 8
20 V) = RC (Ea. 8)

fa

and the rolloff is 6 dB per octave. This output, which is at a
high impedance point, may need to be buffered.

+15V
\ 0.1yF
+o——| 1] x1 +Vs|8
MODULATION s
INPUT, E y Em A
—o— 2] x2 w z]_°w=(‘*_‘1ov ) Ecsin ot
CARRIER INPUT AD633JN
Ecsin ot HP——E Y1 z B————-—
a|v2 s[5 |-——€7
0.1uF

-15v

Figure 10. Linear Amplitude Modulator
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2 n
0 ]
OUTPUT B
+15V
—6dB/OCTAVE g~
7 0.1uF VAN
[ o{1]x1 3—1—. OUTPUT A
CONTROL ] % l%
INPUT E — 1+T,P
C 2] x w7} . OUTPUTB-“TZP
ADG633JN
SIGNAL .
INPUT Eg 13| V1 z E‘r o OUTRUTA= u'rzp
0.1uF C _—
v 6 1= = RC
Tl . 10
15V 2°W, EgRg

Figure 11. Voltage Controlled Low Pass Filter

The voltage at output B, the direct output of the AD633, has Voltage Controlled Quadrature Oscillator
the same response up to frequency f;, the natural breakpoint of Figure 13 shows two multipliers being used to form integrators
the RC filter, with controllable time constants in a 2nd order differential equa-
tion feedback loop. R2 and RS provide controlled current out-
1 put operation. The currents are integrated in capacitors C1 and
fi = 27 RC (Eq. 9) C2, and the resulting voltages at high impedance are applied to

the X inputs of the “next” AD633. The frequency control in-
put, Ec, connected to the Y inputs, varies the integrator gains

then levels off to a constant attenuation of f,/f, = E¢/10. with a calibration of 100 Hz/V. The accuracy is limited by the
For example, if R = 8 kQ and C = 0.002 pF, then output A Y-input offsets. The practical tuning range of this circuit is
has a pole at frequencies from 100 Hz to 10 kHz for E ranging 100:1. C2 (proportional to C1 and C3), R3, and R4 provide re-
from 100 mV to 10 V. Output B has an additional zero at generative feedback to start and maintain oscillation. The diode
10 kHz (and can be loaded because it is the multiplier’s low im- bridge, D1 through D4 (1N914s), and Zener diode D5 provide
pedance output). The circuit can be changed to a high pass filter economical temperature stabilization asd amplitude stabilization
by interchanging the resistor and capacitor as shown in Figure at *8.5 V by degenerative damping. The output from the sec-
12, below. ond integrator (10 V sin wt) has the lowest distortion.
@8 AGC AMPLIFIERS
" f Figure 14 shows an AGC circuit that uses an rms-dc converter
+15V N output B to measure the amplitude of the output waveform. The AD633
¢ of7]x sz E}h"”’ /\ +6 dB/OCTAVE and Al, 1/2 of an AD712 dual op amp, form a voltage con-
fmﬂé’; ouTPUT A trolled amplifier. The rms dc converter, an AD736, measures
§ °—E x2 x Z'—‘—'Ic_°°“""”° the rms value of the output signal. Its output drives A2, an inte-
AD633Jl grator/comparator, whose output controls the gain of the voltage
'"i'gréls. " z DG ouF R OuTRUTA controlled amplifier. The 1N4148 diode prevents the output of
alvz v [s it A2 from going negative. R8, a 50 k() variable resistor, sets the
I_E circuit’s output level. Feedback around the loop forces the volt-
18V ages at the inverting and noninverting inputs of A2 to be equal,

thus the AGC.
Figure 12. Voltage Controlled High Pass Filter

(10V) cos ot
15V 2l lra
0.014F 16k
m) \ 0.1uF %
X1 g8 R3
\va 330k
E ——{2| x2 w (7} (10V) sinot
c I 5
ADG33JN L 16k o Ec .,
v z[s} Tov
0.1uF —=C3
v2. Vg 3’1“' l% 60'01" F
—15V

Figure 13. Voltage Controlled Quadrature Oscillator
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Typical Characteristics—AD633

R2 R3 R4
1kQ 10kQ  10kQ

AGC THRESHOLD +15V
ADJUSTMENT Toaur
+15V
\wa 0.1pF C1
1] x1 +Vg |8 ? ___,ﬁi____. E
out
Z]xe  w E;?(Q
AD633JN

eo—41I3ln z E% .
0.1uF I1kQ

alv2 v B_I_”'% \ %7
15V 1|Cc COMMON |8
MV 0
2|Vin +Vg 7|-—i—“%
AD736
3|ce output |6
c2
0.02uF 0.1pF
=|L 5‘ 4|-Vs Cav |5
1
ozuF R0 15 -
- LU
R7 c4
10kQ 33uF
Ro
10k | 1N4148 +15V
~ ] OUTPUT
R8
LEVEL
<7 S0k ApgusT

—15v

Figure 14. Connections for Use in Automatic Gain Control Circuit

T T 17T T T 800
0dB = 0.1V rms, Ry = 2kQ
0 11| g ! 700
C, = 1000pF
600 |
C_=0dB <
ei b \ T 500 \\
& -1 3 S
e N\ o N
z ['4 .
o c 400 ]
% 2 —
w o \\
& 9300 ~C
g -20 a
5 NORMAL 200
° CONNECTION
l 100
-30 o
10k 100k ™ 10M 60 40 20 O 20 40 60 80 100 120 140
FREQUENCY - Hz TEMPERATURE - °C
Figure 15. Frequency Response Figure 16. Input Bias Current vs. Temperature (X, Y, or Z
Inputs)
14 90 ~g
2 NN
(3 80 N
3 S
g 12 ,/ 70 N
g OUTPUT, R 2 2kQ TYPICAL N\
w / 60 FORX,Y \
£ 7 @ INPUTS \
50
< S \
2 AL INPUTS = \
z / =40
g o N
M 4
w 30
g 20
os
sV 0
&
4 [
8 10 12 14 16 18 20 100 I 10k 100k ™
PEAK POSITIVE OR NEGATIVE SUPPLY - Volts FREQUENCY - Hz
Figure 17. Input and Output Signal Ranges vs. Supply Figure 18. CMRR vs. Frequency

Voltages
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15 1000
~
8 2 AN
L‘s g A”'Txk
=4 £ 100 Y-FEEDTHROUGH
£ : / \
1
= i x
2 S J:/X-Fszomnouen
8 ] 7}
- c 10
g g
S I 1
wos I By
& ¥ 1
w R =
» X
H] o
z
[ [
10 100 1k 10k 100k 10 100 1k 10k 100k ™ 10M
FREQUENCY - Hz FREQUENCY - Hz
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10 MHz, 4-Quadrant
Multiplier/Divider

AD734

CONNECTION DIAGRAM

ANALOG
DEVICES

FEATURES

High Accuracy
0.1% Typical Error

High Speed
10 MHz Full-Power Bandwidth
450 V/us Slew Rate

14-Pin DIP
(Q Package)

200 ns Settling to 0.1% at Full Power x1 [1] [1a] VP POSITIVE SUPPLY
Low Distortion XINPUT [
x2 [2] [13] DD DENOMINATOR DISABLE
—80 dBc from Any Input wo [3] 2] w - outPuT
Third-Order IMD Typically 75 dBc at 10 MHz DENOMINATOR AD734 )
Low Noise terrace | V' [4] ropview [l 21 Jzmeur

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

u2 [5] (Not to Scale) [10] z2
[ vi[8 [9] ER REFERENCE VOLTAGE
¥ INPUT
v2 [7] [8] UN - 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
ceramic DIP. The AD734SQ/883B, available processed to MIL-
STD-883B for the military range of ~55°C to +125°C, is avail-

PRODUCT DESCRIPTION i X .
able in a 14-pin ceramic DIP.

The AD734 is an accurate high speed, four-quadrant analog
multiplier that is pin-compatible with the industry-standard
ADS534 and provides the transfer function W = XY/U. The
AD734 provides a low-impedance voltage output with a full-
power (20 V pk-pk) bandwidth of 10 MHz. Total static error

PRODUCT HIGHLIGHTS

The AD734 embodies more than two decades of experience in
the design and manufacture of analog multipliers, to provide:
1. A new output amplifier design with more than twenty times

(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

the slew-rate of the AD534 (450 V/us versus 20 V/us) for a
full power (20 V pk-pk) bandwidth of 10 MHz.

most applications, no external components are required to define 2. Very low distortion, even at full power, through the use of

the function. circuit and trimming techniques that virtually eliminate all of

The internal scaling (denominator) voltage U is 10 V, derived the spurious nonlinearities found in earlier designs.

from a buried-Zener voltage reference. A new feature provides 3. Direct control of the denominator, resulting in higher multi-

the option of substituting an external denominator voltage, plier accuracy and a gain-bandwidth product at small denom-

allowing the use of the AD734 as a two-quadrant divider with a inator values that is typically 200 times greater than that of

1000:1 denominator range and a signal bandwidth that remains the AD534 in divider modes.

;gohgl{z to a gan °§ ég j];’ ? MHz at ;ga;n f:ifgo dBdand " 4. Very clean transient response, achieved through the use of a
}; at a gain o » for a gain-bandwidth product o novel input stage design and wide-band output amplifier,

200 MHz. which also ensure that distortion remains low even at high

The advanced performance of the AD734 is achieved by a com- frequencies.

bination of new circuit techniques, the use of a high speed S. Superior noise performance by careful choice of device geom-

complementary bipolar process and a novel approach to laser-
trimming based on ac signals rather than the customary dc
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

REV. 0

etries and operating conditions, which provide a guaranteed
88 dB of dynamic range in a 20 kHz bandwidth.
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AD734—SPEC|F|CAT|0NS (Ty= +25°C, +Vg = VP = +15V, =V, = VN = —15V, R, = 2 kQ)

TRANSFER FUNCTION wea X-X)Y-Y) P
U w-uy e
A B S
Parameter Conditions Min Typ Max |Min Typ Max |[Min Typ Max |Units
MULTIPLIER PERFORMANCE
Transfer Function W = XY/10 W = XY/10 W = XY/10
Total Static Error! -10V=XY=10V 0.1 0.4 0.1 0.25 0.1 04 %
Over T, to Ty 1 0.6 1.25 | %
vs. Temperature Tonin 10 Ty 0.004 0.003 0.004 %/°C
vs. Either Supply +Vg=14Vwol6V 0.01 0.05 0.01  0.05 0.01 0.05 |%/V
Peak Nonlinearity ~10V=X=+10V,Y=+10V 0.05 0.05 0.05 %
-0V=Y=+10V,X=+10V 0.025 0.025 0.025 %
THD? X=7Vmms,Y=+10V,f=<5kHz —58 —66 —58 |dBc
Toin 10 Trax -55 -63 -55 |dBc
Y=7Vrms,X=+10V,f=5kHz -60 -80 —60 |dBc
Tonin 10 Trax -57 -74 —57 |dBc
Feedthrough X =7Vrms, Y = nulled, f < 5 kHz -8  —60 -8 =70 -8 —60 |dBc
Y =7 Vims, X = nulled, f < 5 kHz -8  —66 -8 76 -8 —66 |dBc
Noise (RTO) X=Y=0
Spectral Density 100 Hz to 1 MHz 1.0 1.0 1.0 wVA/Hz
Total Output Noise 10 Hz to 20 kHz -94 -88 -94 -88 -94 -88 |dBc
Toin © Trax -85 -85 -85 |[dBc
DIVIDER PERFORMANCE (Y = 10V)
Transfer Function W = XY/U W = XY/U W = XY/U
Gain Error Y=10V,U=100mVto 10V 1 1 1 %
X Input Clipping Level Y=10V 125 x U 1.25x U 1.25 x U v
U Input Scaling Error® 0.3 0.15 03 %
Toin © Toax 0.8 0.65 1 %
(Output to 1%) U=1Vtol0VStep,X=1V 100 100 100 ns
INPUT INTERFACES (X, Y, & Z)
3 dB Bandwidth 40 40 40 MHz
Operating Range Differential or Common Mode +12.5 +12.5 *12.5 v
X Input Offset Voltage 15 5 15 mV
Toin 10 T 25 15 25 |mv
Y Input Offset Voltage 10 5 10 mV
Toin © T 12 6 12 mV
Z Input Offset Voltage 20 10 20 mV
Toin 10 Trax 50 50 90 mV
Z Input PSRR (Either Supply) f=<1kHz 54 70 66 70 54 70 dB
Toin 10 Tray 50 56 50 dB
CMRR f=5KkHz 70 85 70 85 70 85 dB
Input Bias Current (X, Y, Z Inputs) 50 300 50 150 50 300 nA
Toin ©0 Trnax 400 300 500 |nA
Input Resistance Differential 50 50 50 kQ
Input Capacitance Differential 2 2 2 pF
DENOMINATOR INTERFACES (U0, Ul, & U2)
Operating Range VN to VP-3 VN to VP-3 VN to VP-3 \%
Denominator Range 1000:1 1000:1 1000:1
Interface Resistor Ul o U2 28 28 28 kQ
OUTPUT AMPLIFIER (W)
Output Voltage Swing Toin 10 Trnax +12 +12 *12 v
Open-Loop Voltage Gain X=Y =0, InputtoZ 72 72 72 dB
Dynamic Response From X or Y Input, CL =< 20 pF
3 dB Bandwidth W =7Vims 8 10 8 10 8 10 MHz
Slew Rate 450 450 450 Vips
Settling Time +20 V or —20 V Output Step
To 1% 125 125 125 ns
To 0.1% 200 200 200 ns
Short-Circuit Current Tonin © T 20 50 80 20 S0 80 20 50 80 mA
POWER SUPPLIES, =V
Operating Supply Range +8 +16.5| =8 +16.5| =8 +16.5|V
Quiescent Current Toin 10 Tpoy 6 9 12 6 9 12 6 9 12 mA
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.
3See Figure 10 for test circuit.
All min and max specifications are guaranteed. Specifications in Boldface are tested on all production units at final electrical test.
Specifications subject to change without notice.
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ABSOLUTE MAXIMUM RATINGS! ORDERING GUIDE
Supply Voltage . .. .......... .. ... .. ... .... *18V
Internal Power Dissipation? Temperature Package Package
for Tymax = 175°C . .................... 500 mW Model Range Description | Option*
X, Yand Z Input Voltages . ................ VN to VP AD734AN —40°C to +85°C Plastic DIP N-14
Output Short Circuit Duration .. ............. Indefinite AD734BN —40°C to +85°C Plastic DIP N-14
Storage Temperature Range AD734AQ —40°C to +85°C Cerdip Q-14
Q e —65°C to +150°C AD734BQ —40°C to +85°C Cerdip Q-14
Operating Temperature Range AD734SQ —55°C to +125°C | Cerdip Q-14
AD734A, B.(_Industrial) ............. —40°C to +85°C AD734S Chip —55°C to +125°C | Chip
Leﬁt?%igpg:‘?tlllliryl%ar;g.e. (soldermg '6.0 sec) '. '. _55 C .t(.’ i;(z)(s)og *For outline information see Package Information section.
Transistor Count . . . ... ..o i vt 81
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.

?14-Pin Ceramic DIP: 8;, = 110°C/W

CHIP DIMENSIONS & BONDING DIAGRAM

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

0.093 (2.3622)
z2
Z1

(3.0988)
2

"
===l 0.122
N\

u2
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HIGH-ACCURACY
TRANSLINER
MULTIPLIER CORE

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 of the
AD734 can be understood using voltages throughout, as shown
in this figure. Pins are named using upper-case characters (such
as X1, Z2) while the voltages on these pins are denoted by sub-
scripted variables (for example, X, Z,).

The AD734’s differential X, Y and Z inputs are handled by
wideband interfaces that have low offset, low bias current and
low distortion. The AD734 responds to the difference signals
X=X,-X,,Y=Y,-Y,and Z = Z; — Z,, and rejects
common-mode voltages on these inputs. The X, Y and Z inter-
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 temperature-
compensated 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 (X1 and X2, Y1 and Y2, Z1 and Z2) has a dif-
ferential input resistance of 50 kQ; 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 bias currents associated with these inputs are nulled by
laser-trimming, such that when one input of a pair is optionally

2-58 ANALOG MULTIPLIERS/DIVIDERS

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.

The full-scale output of +10 V can be delivered to a load resis-
tance of 1 kQ (although the specifications apply to the standard
multiplier load condition of 2 k(). 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/us 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 voltages is possible, down to +8 V, with reduced signal
levels.

Available Transfer Functions
The uncommitted (open-loop) transfer function of the AD734 is

X1 - XYV - Yy
W = Ao { U
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

Xy — Xo)Yy — Y2) = U2y - Zy). @

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 Z, connected to W.
So, substituting W in place of Z, in the above equation results
in an output.

(X1 - X)V1 — 1))
U

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)(xY)
+ g, +
(W) ) + *Z. “)

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

=1Vis £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-
nections (Figure 8), when the negative feedback path is estab-
lished via the Y, input. Substituting W for Y, in Equation (2),

-z - 2y, @

W= + 2, 3)
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Understanding the AD734

we get

Z; - Zy)

w U(X1 _—a + Y. )
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

(£Z)
+ = —_—

(= W) (+U)H_X)+(1Yl. (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 X, and Y,. Setting
X, = Wand Y, = W in Equation (2), and anticipating the pos-
sibility of again providing a summing input, so setting X, = S
and Y, = S, we find, in shorthand form

(W)= V(+U)(+2)+(=8) @

This is seen more generally to be the geometric-mean function,
since both U and Z can be variable; operation is restricted to
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.

Direct Denominator Control

A valuable new feature of the AD734 is the provision to replace
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 p.A 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%.

Iu NOMINALLY
356pA for VP
u= LINK TO
+ DISABLE
k ----------- DD
4
uo (3 Qu ogj——
ui(4 * OL,
Rd
Ru S <t
NOM
B | 22.5K
v2(s N

Figure 2. Denominator Control Circuitry
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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 U0, Ul and U2 will normally be
grounded. The reference voltage is also made available, via the
100 kQ 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 Ul and
U2). Note that this trimming only sets up the correct internal
ratio; the absolute value of Ru (nominally 28 k(2) 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 voltage, Vg, is applied directly to U0 and U2 and the
resulting voltage across Ru is therefore reduced by one Vgg. 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
not acceptable where the denominator value must be well-
defined. When it is required to set up an accurate, fixed value
of U, the on-chip reference may be used. The transistor Qr is
provided to cancel the Vgg of Qu, and is biased by an external
resistor, R2, as shown in Figure 4. R1 is chosen to set the de-
sired value of U and consists of a fixed and adjustable resistor.

i
uo Qu
2 Ut
b3 E4
R1 NC u2
s
( $4

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.

Denominator Rl (Fixed) Rl (Variable) R2

5V 34.8 kO 20 kQ 120 kQ .
3V 64.9 kQ 20 kQ 220 kQ
2V 86.6 k() 50 kQ 300 kQ
1V 174 kQ 100 kQ 620 kQ

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
4V 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, Y, is tied to VN but Y, is 10 V 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.

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 kQ = 20% at the X,
Y, and Z interfaces, which allows ac-coupling to be achieved
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+15V
AD734
X INPUT 1] x1 vp [1a
H10VFS 2] x2 DD [1B]NC ==0.1uF
~ =+ vo w E w = Xi=Xa)(¥i - Y5) +2,
= p 10V
alut 211 LOAD
GROUND
5] u2 22 [1o}— 2,
= 1 i OPTIONAL
Yo INPUT 5] v1 ER [O]NC TEONF 7 SUMMING
10V FS 71 v2 N H INPUT
T $10V FS
= -15v

Figure 5. Basic Multiplier Circuit

with moderately good control of the high-pass (HP) corner fre-
quency; a capacitor of 0.1 wF 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 dc 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
source(s) may be troublesome; for example, a 50 £} 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 €} 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 ) or

100 Q, 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 X1 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 k(), 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.

+15V

AD734 0.1yF
X - INPUT 1 x VP [14 l?
HIOVFS 2] x2 DD {13]NC
= 3| uo w [12] X=X (Vi =Yo) 1 1
= 1w 10V [ns +50k]
4| u 21 {11 3Rs
3
5| u2 22 (10—
= )
Y - INPUT sivt ER[SINC o, ¢ g llw +10mA MAX FS
+10VFS 7] v2 VN [8 3
: £10V MAXIMUM
= -5V ¥ LOAD VOLTAGE

Figure 6. Conversion of Output to a Current
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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 Z1 and Z2, and thus across the resistor Rg, to
be the product XY/U. Note that the input resistance of the

Z interface is in shunt with Rg, which must be calculated
accordingly.

The smallest FS current is simply =10 V/50 kQ, or =200 pA,
with a tolerance of about 20%. To guarantee a 1% conversion
tolerance without adjustment, Rg must be less than 2.5 kQ). The
maximum full scale output current should be limited to about
+10 mA (thus, Rg = 1 k). 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 E¥/U or —E%/U as desired. The input may
have either polarity, but the basic output will either always be
positive or negative; as for multiplication, the Z2 input may be
used to add a further signal to the output.

When the input is a sinewave, a squarer behaves as a frequency-
doubler, since

(Esinwt)? = E2 (1 - cos2wt)/2 (8)

Equation (8) shows a dc term at the output which will vary
strongly with the amplitude of the input, E. This dc term can
be avoided using the connection shown in Figure 7, where an
RC-network is used to generate two signals whese product has
no dc term. The output is

W= 4{—% sin (m + ;)] [\% sin (mt - E)l(—l—;—‘—,)@)

for w = 1/CR1, which is just

W = EXcos2w)/(10 V) (10)

which has no dc 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 Z1; 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 k() 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 f 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 = 0.9f; and f = 1.1f,. 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.
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-15V

Figure 7. Frequency Doubler

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 scaling voltage, 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 directly, 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
may optionally 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.

+15V
AD734 0.1uF
X INPUT 1] x1 VP [14 I—%
+0.1V TO +10V 5] x2 R
- 3| uo w 12} w=1o:§’_§")
1= A2,
afur 21 [ite— 7 iwpur
=1 u2 22 [fGle— 10V FS
v, —[6| 1 ER [9]NC 01uF
OPTIONAL -
summing 7 7yv2 N [8}——
INPUT _15v
10V FS

Figure 8. Standard (AD534) Divider Connection

The numerator input, which is differential and can have either
polarity, is applied to pins Z1 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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Figure 9. Connection for Square Rooting

C tions for Sq 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 kQ of input resistance at X1 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 kQ) minimum) to
speed up response time. As in previous applications, a further
signal, shown here as S, may be summed to the 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
X; — Xo)(Yy - Y))
(Uy — Uy)
where the X, Y, and Z signals may all be positive or negative,
but the difference U = U, — U, 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.

W = + Zy, (11)

AD734 +15V
X1 Ve 14

X2 DD [13] S=0.1uF

3]

uz 22 [10} —2,

i OPTIONAL
v1 ER [9]NC ==0.uF G sumMNG
0 INPUT

2 W $10VFS

-15V

Figure 10. Three-Variable Multiplier/Divider Using Direct
Denominator Control
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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. AtU =1V,
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.

T
U=10mv
60
~
50
U= 100mv
40
@ \
‘; 1
z¥ N
3 u=1v N
20
1
10
u=10v
0
| B
10k 100k ™ 10M

FREQUENCY - Hz

Figure 11. Three-Variable Multiplier/Divider Performance

The 2 MQ 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 two-
quadrant 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

w = 1ov (XX z 12

( U, -0, ) + Za. (12

The ac performance of this circuit remains as shown in
Figure 11.

AD734 +15v

X1 VP |14
X - INPUT

———7]
—{7]| x2 DD [i3 —=0.14F _
v we Kz Xohov 5o
o 3] uo w iz ————— U0,
R I T R - B ERTTN
L, — 5w 2 figfe———— 2z,
| i OPTIONAL
61 v1 ER [9}— :l_o.wF W suMmMING
4 7] v2 N [8] INPUT
DA — T +10VFS
200k SCALE -15V
{_AbJust
- OP AMP = AD712 DUAL

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, E;y;, 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 E 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.

AAA
VW~

R3
1MQ
AD734 sV
VP |12 —
o0 [F} ==o.uF| Ot
w E <t l out
z1[n <1
wFT
= [i]
eR[8] =oauF %
N E—I
—15v

OP AMP = AD712 DUAL
Figure 13. Precision AGC Loop

Diode D1 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 E;y to
that required to establish an output amplitude of E. 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 k() between X1 and X2 will reduce the time con-
stant and increase the input offset. Using a non-polar 20 pnF
tantalum capacitor for C1 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 E 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.

REV. 0

The output amplitude tracks E¢ over the range +1 V to slightly
more than +10 V.

+2
+1 | 100kHz
— T
@ ™~
=
TS
x o
o
4
4
w
-1 4 1
100Hz 1MHz
-2
10mv 100mV 1w 1o0v

INPUT AMPLITUDE - Volts
Figure 14. AGC Amplifier Output Error vs. Input Voltage

WIDEBAND RMS-DC CONVERTER

USING U INTERFACE

The AD734 is well suited to such applications as implicit RMS-
DC conversion, where the AD734 implements the function

avg [Vin*]
Vrus
using its direct divide mode. Figure 15 shows the circuit.

Vrus = 13

Vin 04

“112 AD708

Vo= /W2

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 dc error, must be trimmed out.

In Figure 15’s circuit, the AD734 squares the input signal, and
its output (Vp?) is averaged by a low-pass filter that consists of
R1 and C1 and has a corner frequency of 1 Hz. Because of the
implicit feedback loop, this value is both the output value,
Vrmss and the denominator in Equation (13). U2a and U2b, an
AD708 dual dc precision op amp, serve as unity-gain buffers,
supplying both the output voltage and driving the U interface.
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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 less
than 10 MHz, as would typically be the case in demodulation,
the AD734 can be used with both its X and Y input signals as
high as 40 MHz. One test of mixer performance is to linearly
combine two closely spaced, equal-amplitude sinusoidal signals
and then mix them with a third signal to determine the mixer’s
2-tone Third-Order Intermodulation Products.

HP3326A
CoMBINEL 1
A+B
5‘1 HP3585A
Dvn s 3 WITH 10X PROBE
AD707 = dBm REF TO 500

HP3326A
HIGH VOLTAGE
OPTION

3l

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 = 2V, the overall transfer function is

X7

2V
and W can be as high as 20 V p—p when X1 = 2 V p—p and
Y1 = 10 V p-p. The 2 V p—p signal level corresponds to

+10 dBm into a 50 ) input termination resistor connected from
X1 or Y1 to ground.

W =

(14)
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If the two X1 inputs are at frequencies f, and f, and the fre-
quency at the Y1 input is f,, then the two-tone third-order in-
termodulation products should appear at frequencies 2f, — f, +
f, and 2f, — f, + f,. Figures 18 and 19 show the output spectra
of the AD734 with f, = 9.95 MHz, f, = 10.05 MHz, and

f, = 9.00 MHz for a signal level of f; & f, of 6 dBm and

f, of +24 dBm in Figure 18 and f; & f, of 0 dBm and

fo of +24 dBm in: Figure 19. This performance is without exter-
nal trimming of the AD734’s X and Y input-offset voltages.

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 MARKER 950 000.0Hz

—15.8 dBm

10dB/DIV  RANGE -5.0 dBm
B T T T T T 71
[ ‘ |

“El"m Wy PN

L] T

CENTER 990 000.0 Hz SPAN 500 000.0 Hz
RBW 1k Hz VBW 30Hz ST 47.0 SEC

Figure 18. AD734 Third-Order Intermodulation Performance
for f; = 9.95 MHz, f, = 10.05 MHz, and f, = 9.00 MHz and
for Signal Levels of f, & f, of 6 dBm and f, 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
T T T 1

~ SPAN 500 000.0 Hz
VBW 10Hz ST 156 SEC

CENTER 990 000.0 Hz

RBW 1k Hz

Figure 19. AD734 Third-Order Intermodulation Performance
for f, = 9.95 MHz, f, = 10.05 MHz, and f, = 9.00 MHz and
for Signal Levels of f; & f, of 0 dBm and f, of +24 dBm.
All Displayed Signal Levels Are Attenuated 20 dB by the
10X Probe Used to Measure the Mixer’s Output
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Typical Characteristics—AD734
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Figure 27. THD vs. Frequency,
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Figure 25. Feedthrough vs. Frequency
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Figure 28. THD vs. Signal Level,
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AD734—Typical Characteristics
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Figure 36. Vg Drift, Y Input
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ANALOG
DEVICES

500MHz Four-Quadrant Multiplier

AD834

FEATURES

DC to >500MHz Operation

Differential =1V Full Scale Inputs
Differential x4mA Full Scale Output Current
Low Distortion (<0.05% for 0dBm Input)
Supply Voltages from =4V to 9V

Low Power (280mW typical at Vg==%5V)

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 (R, =50Q) 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
accuracy of the load circuit.

The AD834] is specified for use over the commercial tempera-
ture range of 0 to +70°C and is available in an 8-pin plastic DIP
package and an 8-pin plastic SOIC package. AD834A is avail-
able 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 temperature 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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FUNCTIONAL BLOCK DIAGRAM
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Two application notes featuring the AD834 (AN-212 and
AN-216) can now be obtained by calling 1-800-ANALOG-D.
For additional applications circuits, consult the AD811 data
sheet.

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 dc to an upper frequency limited mainly by
packaging and external board layout considerations. A large
signal bandwidth of over SO0OMHz 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
input range—typically 0.08° at SMHz and 0.8° at SOMHz.
The large signal transient response is free from overshoot,
and has an intrinsic rise time of 500ps, typically settling to
within 1% in under Sns.

5. The nonloading, high impedance, differential inputs simplify
the application of the AD834.
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A0834 - SPECIFICATIONS (T,=+25°C and £V;==+5V, unless otherwise noted; dBm assumes 50€2 load.)

ADS34] ADS834A, S
Model Conditions Min  Typ Max Min Typ Max Units
MULTIPLIER PERFORMANCE ‘
Transfer chﬁoq = % X 4mA W = g—(‘%z- X 4mA
Total Error' (Figure 6) -1V=X,Y<+1V +0.5 *2 +0.5 *2 % FS
vs. Temperature Tonin 10 Troax +1.5 *3 % FS
vs. Supplies® +4V to =6V 0.1 0.3 0.1 0.3 % FSIV
Linearity® +0.5 +1 +0.5 *1 % FS
Bandwidth* See Figure 5 500 500 MHz
Feedthrough, X X==1V, Y=Nulled 0.2 0.3 0.2 0.3 % FS
Feedthrough, Y X=Nulled, Y=%1V 0.1 0.2 0.1 0.2 % FS
AC Feedthrough, X* X=0dBm, Y=Nulled
f=10MHz —65 —65 dB
f=100MHz -50 -50 dB
AC Feedthrough, Y* X=Nulled, Y=0dBm
f=10MHz =70 =70 dB
f=100MHz =50 -50 dB
INPUTS (X1, X2, Y1, Y2)
Full Scale Range Differential *1 +1 A%
Clipping Level Differential +1.1  =*13 +1.1 *1.3 v
Input Resistance Differential 25 25 kQ
Offset Voltage 0.5 3 0.5 3 mV
vs. Temperature Tonin 10 Ty 10 10 wvrec
4 4 mV
vs. Supplies +4V to =6V 100 300 100 300 wViv
Bias Current 45 45 RA
Common Mode Rejection f=<100kHz; 1V p-p 70 70 dB
Nonlinearity, X Y=1V; X=%1V 0.2 0.5 0.2 0.5 % FS
Nonlinearity, Y X=1V; Y=%1V 0.1 0.3 0.1 0.3 % FS
Distortion, X X=0dBm, Y=1V
f=10MHz -60 —60 dB
f=100MHz —44 —44 dB
Distortion, Y X=1V, Y=0dBM
f=10MHz —-65 —65 dB
f=100MHz =50 =50 dB
OUTPUTS (W1, W2)
Zero Signal Current Each Output 8.5 8.5 mA
Differential Offset X=0, Y=0 +20 +60 +20 +60 rA
vs. Temperature Toin 10 Trrax 40 40 nA/rC
+60 wA
Scaling Current Differential 3.96 4 4.04 3.96 4 4.04 mA
OQutput Compliance 4.75 9 4.75 9 A%
Noise Spectral Density f=10Hz to IMHz 16 16 nV/"VHz
Outputs into 50Q Load
POWER SUPPLIES
Operating Range +4 +9 +4 +9 v
Quiescent Current® T min 10 Troy
+Vg 11 14 11 14 mA
-V 28 35 28 35 mA
TEMPERATURE RANGE
Operating, Rated Performance
Commercial (0 to +70°C) AD834], JR-REEL
Military (—55°C to +125°C) AD834S
Industrial (—40°C to +85°C) ADS34A
PACKAGE OPTIONS’
8-Pin SOIC (R) ADS834]JR
8-Pin Cerdip (Q) ADB834AQ
8-Pin Plastic DIP (N) AD834JN AD8348Q/883B

NOTES

!Error is defined as the maximum deviation from the ideal output, and expressed as a percentage of the full scale output.
2Both supplies taken simultaneously; sinusoidal input at f<10kHz.

3Linearity is defined as residual error after compensating for input offset voltage, output offset current and scaling current errors.
“Bandwidth 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.
SNegative 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.
7For outline information see Package Information section.

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 RATINGS!

Supply Voltage (+Vgto =Vg) . ...t 18V
Internal Power Dissipation . . ................. 500mW
Input Voltages (X1, X2, YL, Y2)................. +Vg
Operating Temperature Range

ADB34] ... 0 to +70°C

ADS834A .. ... ... —40°C to +85°C

ADS834S/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
NOTE

IStresses 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 absol rating conditions for extended periods may
affect device reliability.

THERMAL CHARACTERISCS

65c 65a
8-Pin Cerdip Package (Q) 30°C/W  110°C/W
8-Pin Plastic SOIC (R) 45°C/W  165°C/W

8-Pin Plastic Mini-DIP (N) 50°C/W  99°C/W

ORDERING GUIDE

Temperature Package
Model Range Option*
ADS834JN 0to +70°C N-8
AD834JR 0 to +70°C R-8
AD834JR-REEL 0 to +70°C R-8
ADS834AQ —40°C to +85°C Q-8
AD834SQ/883B —55°C to +125°C Q-8
AD8348S Chips Chips

*N = Plastic DIP; Q = Cerdip; R = Small Outline IC (SOIC) Package. For
outline information see Package Information section.

REV. A

CONNECTION DIAGRAM

Small Outline (R) Package
Plastic DIP (N) Package
Cerdip (Q) Package

Y1 E [ ] E X2
vz E ADS834 3 X1
o [3]  Nmioseaer 8] Ve

W2|4 5| w1

METALIZATION PHOTOGRAPH
CHIP DIMENSIONS AND BONDING DIAGRAM

Dimensions shown in incheq and {mm).
Contact factory for latest dimensions.

! 0.054 (1.37)
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AD834 —Typical Characteristics
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Figure 1. Mean-Square Output Figure 2. AC Feedthrough Figure 3. Total Harmonic Distortion
vs. Frequency vs. Frequency 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. By placing capacitors C3/C5 and C4/C6 across load resistors R1

and R2, a simple low-pass filter is formed, and the mean-square

Figure 2. For frequencies below IMHz, ac feedthrough is value is extracted. The mean-square response can be measured
dominated by static nonlinearities in the transfer function and using a DVM connected across R1 and R2.
the finite offset voltages. The offset voltages cause a small frac-
tion of the fundamental to appear at the output, and can be L3
nulled out. p M
. . . . . SMA FROM SMA TO
Figure 3. THD data represented in Figure 3 is dominated by Hraesea HPaaeA ;“"F
the second harmonic, and is generated with 0dBm input on the GENERATOR METER
ac input and +1V on the dc input. For a given amplitude on / i a1 e 1 oS |3 4;?;1,1
. . . . P . V, g
the ac input, THD is relatively insensitive to changes in the x X« 5\:‘: o e W L_: el
dc input amplitude. Varying the ac input amplitude while & AD834 [ ovm
. . . . . - 2
maintaining a constant dc input amplitude will affect THD x | X% X T VJ Lv:;I 1_55%':,; T oSur :“rml
performance. I w H
e
cz
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WAVETEK 2500A
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x DENOTES A SHORT DIRECT CONNECTION TO THE GROUND PLANE.
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L
Figure 5. Bandwidth Test Circuit
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Figure 4. Test Configuration for Measuring ac Feedthrough % e e
and Total Harmonic Distortion o = o
:‘:OLEIS HOULD BE PRE(
. . . " . 1, Sl LD BE :CISION TYPE
Figure 5. The squarer configuration shown in Figure 5 is used RESISTOR (+0.1%). ZAsv o
. . . .. ABSOLUTE VALUE ERRORS OF R1, R2 WILL
to determine wideband performance because it eliminates