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How to Find Product Data in this Databook

HOW TO FIND PRODUCT DATA IN THIS DATABOOK

The Databook contains Data Sheets for all products recommended for new designs, lists of Available
Products not databooked here (data sheets upon request), and a Substitution Guide for products no longer
available, plus a wealth of background information.

THERE ARE TWO VOLUMES
VOLUME I contains technical data on our integrated circuits and hybrids for data acquisition, pius
abbreviated data on certain Volume II products that are well-suited to new designs and do not yet have
integrated-circuit equivalents.
VOLUME II has all data-acquisition products manufactured in the form of modules, cards, instruments,
and discrete-assembly subsystems.

DO YOU KNOW THE MODEL NUMBER?
If it’s an Analog Devices model number, look it up in the alphanumeric Index (Secuon 2) to find the
Volume, Section, and Page numbers.
If you’re looking for a form-and-function-compatible version of a product originally brought to market
by some other manufacturer (second source), add our “AD” prefix and look it up in the Index.

IF YOU DON'T KNOW THE MODEL NUMBER

There are two ways to find a device to perform your function:

1. FIND YOUR FUNCTION IN THE LIST ON THE OPPOSITE PAGE
Use the “bleed tabs” to turn directly to the appropriate Section. You will find one or more functional
Selection Guides at the beginning of the Section. The Selection Guide will help you find the
products that are closest to satisfying your need, and their Volume-Section-Page locations. Use it to

compare all products in the category by salient criteria, no matter which Volume their technical data
resides in.

2. IF THE FUNCTION IS NOT LISTED BY A NAME THAT YOU RECOGNIZE
Find it in the diagram (opposite page) or in the Index (Section 2). The Index will help you find the
Selection Guides for products in that functional category. Then use the Selection Guide(s) to find the
Volume-Section-Page locations of products that will come closest to satisfying your need.

A RELATED PRODUCT MAY BE WHAT YOU REALLY WANT

Text in each section often mentions related or complementary product categories having a greater or
lesser degree of functional integration.

IF YOU CAN'T FIND IT HERE . . . ASK!

See Worldwide Service Directory in last pages of this Volume.
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1,590,136, 1,590,137. France: 70.10561, 71.28952, 74.25263, 76 08238. West Germany: 20 14 034, 21 39 560./taly:
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General Introduction

Analog Devices designs, manufactures, and sells worldwide
sophisticated electronic components and subsystems for use in
precision measurement and control. More than six hundred -
standard products are produced in manufacturing facilities located
throughout the world. These facilities encompass all relevant -
technologies, including bipolar, I’L,, CMOS, and hybrid integrated
circuits-and assembled products in the form of potted modules,
printed-circuit boards, and instrument packages.

State-of-the-art technologies have been utilized (and, in many
cases, invented) to provide timely, reliable, easy-to-use ‘advanced
designs at realistic prices. More than fifteen years of successful
applications experience and continuing vertical integration insure
that these products are oriented to user needs. The continuing
application of present state-of-the-art and the invention of future
state-of-the-art processes strengthens the leadership position of
Analog Devices in data-acquisition products.

MAJOR PROGRESS

Since the publication of our one-volume Databook, Data Acquis-
ition Components and Subsystems Catalog, in 1980, more than 60
significant new products have been introduced. They are identified
by bullets (@) in the Index and in the table of contents for each
section of this Databook. The sheer mass of new products, the
impressive volume of technical data on our large and rapidly
growing line of precision integrated circuits, and the increasing
diversity of our modular and subsystem product lines for precision
data acquisition and control have led us to take the logical step
of dividing the Databook into two Volumes, retaining within
each the functional organization that our customers have found
so useful.

INTEGRATED CIRCUITS

The list of product-category “bleed tabs” opposite the “How to
Find It” Guides on the inside front cover of this Volume is a
functional summary of our integrated-circuit and hybrid compo-
nent and subsystem product classes. The complete Index, starting
on page 2-1, provides a detailed alphanumeric panorama of
products and functions, irrespective of technology, appearing in
either or both Volumes of this Databook.

Among the most significant of our new products, in terms of
both user applications and advancement of the technology, are
the monolithic 16-bit AD7581 CMOS D/A converter; the
monolithic 8-channel 8-bit AD7581 CMOS data-acquisition
system with data continuously available in 8 channels of on-board
memory; the AD547 family of monolithic drift-trimmed high-
performance FET-input op amps and its AD647 matched-dual
version; the AD7528 monolithic dual D/A converter; the high-
performance AD293/294 hybrid isolation amplifiers, based on an
ingenious thick-film printed transformer and a significant advance
in isolator circuit design; and the W MAC-4000 Intelligent Single-
Board Data-Acquisition System and its high-performance plug-in
analog signal conditioners-with available software for using
popular micro- and minicomputers as host computers.

TECHNICAL SUPPORT

Analog Devices offers extensive technical literature, which dis-
cusses the technology and applications of products for precision
measurement and control. Besides comprehensive data sheets, of
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which there are many outstanding examples in this book, we
offer Application Notes, Application Guides, Technical Hand-

‘books (at reasonable prices), and two serial publications: Analog

Productlog which provides brief information on new products
being introduced, and Analog Dialogue, our technical journal,
which provides-in-depth discussions of new developments in
analog and digital circuit technology as applied to data-acquisition
and control. We maintain a mailing list of engineers, scientists,
and technicians with a serious interest in our products. In addition
to data-book catalogs—such as this one-we also publish several
short-form catalogs, including a Short-Form Guide to our entire
product line. You will find our publications described on page
1-15 at the back of the book.

SALES OFFICES

Backing up our design and manufacturing capabilities and our
extensive array of publications is a network of sales offices and
representatives throughout the United States and most of the
world. They are staffed by experienced sales and applications
engineers, and many of them maintain a local stock of Analog
Devices products. Our Worldwide Service Directory appears on
pages 1-16 and 1-17 at the back of the book.

STANDARDS

Many products comply with MIL-STD-883B and/or other cus-
tomer requirements. Analog Devices Semiconductor has complete
capabilities for-100% screening of devices per Methods 5004 and
5005 of MIL-STD-883B; generic data is available on many of
our products. Qur CMOS facility in the Republic of Ireland has
received plant approval from the European standardization
authority; its quality-assurance .procedures and capabilities have
met the standards of CECC (CENELEC Electronic Components
Committee), which are essentially compatible with what are
known in the U.S.A, as MIL-M-38510 and MIL-STD-883B. A
summary of our IC quality assurance procedures appears in
Section 19 of Volume I.

PRODUCTS NOT CATALOGUED HERE

On page 1-3, at the back of this book, you will find a table
listing the sections (bleed tabs) to be found in the other Volume
of the Databook. In the pages that follow it, you will find Selection
Guides listing salient characteristics of products in categories
that are tg be found exclusively in that volume.

For maximum usefulness to designers of new equipment, without
unwieldy size, we have limited the contents of the Databook to
products most likely to be used for the design of new circuits
and systems. If the data sheet for a product you are interested
in is not in either Volume turn to page 1-13, at the back of this
book, where you will find a list of older products for which data
sheets are available upon request. On page 1-14 you will find a
guide to substitutions for products no longer available.

PRICES

At Analog Devices, we recognize that accurate, up-to-date prices
of our products are an important consideration in making a
choice among the many available product families. However,
since prices are subject to change, current price lists and/or
quotations are available upon request from our sales offices.

(this section continues at the back of the book)



Comprehensive Index to Both Volumes

Alphanumerically by Product ) . it
Alphabetically by Function 0 ey b
PRODUCT OR FUNCTIONf v . I Vol.1 Vol. 11
AC2626 General-Purpose Temperature Probe . . . .. .................... 9-5
AD 101A General-Purpose Low-Cost MIL-Temp ICOpAmp . ... ... ... ... ... 4-17
AD 201A General-Purpose Low-Cost Industrial- Temp ICOpAmp . . . . . .. ... .... 4-17
®AD293 Hybrid Industrial Isolation Amplifier . . . .. .. ... ... ... ... ...... 5-27 5-7*%
®AD294 Hybrid Medical Isolation Amplifier . . . . ... .. ... ... .. ... ...... 5-27 5-7*
AD 301A General-Purpose Low-Cost Commercial-Temp ICOpAmp . . . . ... ... ... 4-17
AD 301AL Low-Drift, Low-Cost Commercial-Temp ICOpAmp . . ............ 4-17
®AD 346 High-Speed Sample-and-Hold Amplifier . ... ................... 14-7
AD362 Precision Sample-and-Hold with 16-Channel Multiplexer . . . . .. ... .. .... 15 - 5% 15-5
AD363 Complete 16-Channel 12-Bit Integrated-Circuit DAS . . . . . ... ... ...... 15-13*  15-9
AD364 Fast, Complete 16-Channel uP-Compatible 12-Bit DAS . . . . . ... ........ 15-25* 15-13

AD 370/371 Complete Low-Power 12-Bit D/A Converter
®AD 380 Wideband Fast-Settling FET-Input Op Amp . . .
®AD 381 High-Speed Low-Drift FET-Input Op Amp . . .
®AD 382 High-Speed Low-Drift FET-Input Op Amp : . .
®AD 390 Quad 12-Bit pP-Compatible D/A Converter

ADS503 High Accuracy Low-Offset FET-Input IC Op Amps

ADS04 High-Accuracy IC Operational Amplifier . .. .........

ADS506 High-Accuracy Low-Offset FET-Input IC Op Amps

AD507 IC Wideband Fast-Slewing, General-Purpose ICOpAmp . . . . ... ... ..... 4-39
-ADS09 High-Speed Fast-Settling ICOp Amp . . . . . . v i v v it it it e in e aa 4-43
ADS510 Low-Cost, Laser-Trimmed, Precision ICOp Amp . ... ... 4-47

.. 4-51
.. 4-57
. 4-63

ADS515 Precision, Low-Power FET-Input Electrometer Op Amp . . . .
ADS517 Low-Cost, Laser-Trimmed Precision IC Op Amp

-AD518 Low-Cost, High-Speed, IC Operational Amplifier . .

ADS521 IC Precision Instrumentation Amplifier . . ... ... ..... .. 5-9
ADS22 High-Accuracy Data-Acquisition Instrumentation Amplifier 5-15
ADS524 Precision Instrumentation Amplifier . . . ... ... ... L L 5-19
ADS532 Internally Trimmed Integrated Circuit Multiplier . . . . . ... .. 611
ADS533 Low-Cost IC Multiplier, Divider, Squarer, Square-Rooter .. 6=17
AD534 Internally Trimmed Precision IC Multiplier . . . . .. ... ... ... ....... 6-21
AD535 Internally Trimmed Integrated-Circuit Divider 6-29
ADS536A Integrated-Circuit True-RMS-to-DC Converter L7-7

ADS537 1 d-Circuit Voltage-to-Freq; y Converter . ....... L12-7
®AD539 Wideband 2-Channel, 2-Quadrant, Log-Linear Multiplier . . . .
- ADS540 High-Accuracy, Low-Cost, FET-Input Op Amp
AD542 Precision Low-Cost BIFETOpAmp . . . . .. .. ... i i i e 4-71
AD544 High-Speed Implanted FET-Input Op Amp . . . . . . ... . v vv e 4-77
ADS545 Precision, Low-Drift FET-Input Op Amp
®ADS547 Ultra-Low-Drift BIFET Operational Amplifier
ADS58 DACPORT™ Low-Cost Complete uP-Compatible 8-Bit DAC . .
Interfacing the ADS558 to Microprocessors (Application Note} . . . . . N
ADS61 Low-Cost 10-Bit Monolithic D/A Converter . & . . .. .o v v v v v .. ‘e
AD562 IC 12-Bit D/A Converter .
ADS563 IC 12-Bit D/A Converter with Reference . ... . ... ... ... oot
ADS565 Complete High-Speed 12-Bit Monolithic D/A Converter
®ADS565A Complete High-Speed 12-Bit Monolithic D/A Converter
ADS566 Low-Cost High-Speed 12-Bit Monolithic D/A Converter
®ADS566A Low-Cost High-Speed 12-Bit Monolithic D/A Converter P
AD567 Microprocessor Compatible 12-Bit D/A Convertar . . . . . . . o . v v v vu v o
AD570 Low-Cost Complete IC 8-Bit A/D Converter . . . . .. ... .....uouu...
ADS71 Integrated-Circuit 10-Bit A/D Converter . . . . .« . v v v v v v v it n e e e
ADS572 12-Bit Successive-Approximation IC A/D Converter . . . . . . .. .. .v o v v ...
®ADS573 Fast, Complete 10-Bit A/D Converter with pP Interface . .. ............
®ADS574A Fast, Complete 12-Bit A/D Converter with pP Interface . . ... .........
ADS78 Very Fast, Complete 12-Bit A/D Converter .5 . . . . . . v v v v v v i v ... 11 -47
®ADS579 Very Fast Complete 10-Bit A/D Converter . . . . ... .. .. ... ....
ADS580 High Precision 2.5-Volt ICReference . . . . .. ... ...........
ADS581 High Precision 10-Volt ICReference . . . . .. ... oo
AD582 Low-Cost Sample/Hold Amplifier . . . . . . .
ADS83 IC Sample-and-Hold, Gated Op Amp . . . . . .
ADS584 Pin-Programmable Precision Voltage Reference .
ADS89 Two-Terminal IC 1.2-Volt Reference . . . . ..
AD590 Two-Terminal IC Temperature Transducer
AD612/614 Self-Contained Wideband High-Performance Instrumcntanan Amplifier . ... . 5-23
AD636 Low-Level True-RMS-to-DC Converter

1

are listed alphabeti and are i ixed with products listed in alphanumeric order. Products with numerical model numbers
or prefixes follow at the end of the. alphabenc listing. ' . . A
#New product since /980 Data-A
*Principal Listing
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®AD644 Dual High-Speed Implanted FET-Input OpAmp . . . v . . . v v v v i v v v v ns
®AD647 Ultra-Low-Drift Dual BIFETOpAmp . . . ... ... ...
AD650 Voltage-to-Frequency and Freq y-to-Voltage Converter . .
®AD673 Fast, Complete 8-Bit ADC, with uP Interface . . . ... ...
AD 741J/K/L/S Lowest Cost High-Accuracy IC Op Amps
AD 1403/1403A Low-Cost Precision 2.5-Volt IC Reference
AD 1408 8-Bit Monolithic Multiplying D/A Converter
AD 1508 8-Bit Monolithic Multiplying D/A Converter
AD2004 4 1/2-Digit DPM for System Applications
AD2006 AC-Powered 3 1/2-Digit DPM with Sperry Display
AD2009 3 1/2-Digit Line-Powered Digital Panel Meter . . . . ... .. .. ... ... ..
AD2010 Low-Cost 3 1/2-Digit DPM for OEM Applications o
AD2016 Low-Cost 3 1/2-Digit Line-Powered DPM with LED Display . . . . ... ... ..
AD2021 Low-Cost 3 1/2-Digit Logic-Powered DPM with LED Display
AD2024 Line-Powered 4 1/2-Digit DPM with LED Displays
AD?2025 Line-Powered 4 3/4-Digit DPM with LED Displays
AD?2026 Low-Cost 3-Digit Analog-Panel-Meter Replacement
AD2027 Logic-Powered 4 1/2-Digit DPM with LED Displays
AD2028 Logic-Powered 4 3/4-Digit DPM with LED Displays
AD2033 True-rms/dB Multirange Line-Powered 3 12-Digit DPM
AD2036 6-Channel S g Digital Th le Ther ..
AD?2037 6-Channe! Scanning Digital Voltmcter ............
AD2038 6-Channel S g Digital Ther ..
AD2040 Low-Cost Temperature Indicator for ADS9%0 Sensor . . .. ... ..........
©AD2050 Intelligent Thermocouple Meter for User-Specified Sensor . . . . . .. .. ... ..
®AD2051 Intelligent Thermocouple Meter for User-Selected Sensor . .
AD2700/2702 *10-Volt Precision Reference Series
®AD2710 =10.000-Volt Ultra-High Precision Reference Series

®AD 3554 Wideband, Fast-Settling, FET-Input Op Amp .. 4-115
®AD 3860 Complete: Vollagc-Oulput 12- Bx( DAC ........... .. 10-75
AD 5200 12-Bit S High-A acy ADC . . . .. 11-63
®AD 5210 12-Bit Succcsswc-Appmxnmanon Hngh-Accuracy ADC ... LJA1-67
®AD 5240 Very Fast Complete 12-Bit A/D Converter . . . ... ... .1-73
AD7110 CMOS Digitally Controlled Audio Attenuator . . . .. ... ..o 10-79
#AD7111 LOGDAC™ CMOS Logarithmic D/A Converter . . . . o« .o v v v v v e en .. 10-85
®AD7118 LOGDAC™ CMOS Logarithmic D/A Converter . . . . S e 10-91
AD7501 CMOS 8-Channel Multiplexer . . .. ........... . .16-5
AD7502 CMOS Dual 4-Channel Multiplexer . .16-5
AD7503 CMOS 8-Channel Multiplexer . .16-5
AD7506 CMOS 16-Channel Multiplexer e .. .16-9
AD7507 CMOS Dual 8-Channel Multiplexer . . .. .......... .. .16-9
AD7510DI Dielectrically Isolated CMOS Quad SPST Switches . . . . . ..16-13
AD7511DI Dielectrically Isolated CMOS Quad SPST Switches . . . . ..16-13
AD7512DI Dielectrically Isolated CMOS Dual SPDT Switches . . . . ..16-13
AD7520 CMOS 10-Bit Monolithic Multiplying D/A Converter . . . . ..10-97
AD7521 CMOS 12-Bit Monolithic Multiplying D/A Converter . . . . .. 1097
AD?7522 CMOS 10-Bit Buffered Multiplying D/A Converter . . . . . . ... 10-105
AD?7523 CMOS 8-Bit Multiplying D/A Converter . . . . . . ... . L1011
AD7524 CMOS 8-Bit Buffered Multiplying DAC . . . .. ... .. LL10-115
AD7525 3 1/2-BCD Monolithic CMOS Digitally Controlled Pot . . . . ... ........ 10-121
®AD7527 CMOS 10-Bit (Systems) D/A Converter . . . . .. .o v i v v v e i i nnonn 10 - 127
®AD7528 CMOS Dual-8-Bit Buffered Monolithic Multiplying DAC . . .10-139
AD?7530 CMOS 10-Bit Monolithic Multiplying D/A Converter . . . . 10 - 147
AD7531 CMOS 12-Bit Monolithic Multiplying D/A Converter . . . . 10 - 147
AD?7533 CMOS Low-Cost 10-Bit Multiplying DAC ..10-151
AD7541 CMOS 12-Bit Monolithic Multiplying DAC . . . .10-157
®AD7541A CMOS 12-Bit Monolithic Multiplying DAC ..10-163
AD?7542 Microprocessor-Compatible 12-Bit DAC . . .10 - 165
AD7543 CMOS Serial-Input 12-Bit DAC 10-173
®AD7544 CMOS 12-Bit 6-Word FIFO D/A Converter . . RN ..10-181
®AD7545 CMOS 12-Bit Buffered Multiplying DAC .10-189

e ®AD7546 CMOS 16-Bit Multiplying DAC ...5vmemeez i

AD7550 CMOS 13-Bit Monolithic A/D Converter . . . . . . . . . .

... 11-81

" ®AD7552 CMOS 12-Bit-Plus-Sign Monolithic A/D Converter . . . . .. . .ll -89
AD7555 CMOS 4 1/2—~ 5 1/2-Digit ADC Subsystem . . . . ... ... ...... L L11-101
AD7574 CMOS Microprocessor-Compatible 8-Bit A/D Converter LJA1-113
®AD7581 CMOS pP-Compatible 8-Bit 8-Channel DAS L11-21

®AD7590DI DI CMOS Latched Quad SPST Switch . . . ..16-21

#AD7591DI DI CMOS Latched Quad SPST Switch . . ..16-21

®AD7592D1 DI CMOS Latched Dual SPDT Switch .. 16-21
AD ADC80 12-Bit Successive-Approximation IC A/D Converter . . . 1129

- ®AD ADC84/85 Fast, Complete 12-Bit A/D Converters . . . . ...

#New product since 1980 Data-Acquisiti d Sub

VOL. I, 2-2 COMPREHENSIVE INDEX TO BOTH VOLUMES

Vol. 11

16-13
16 -15
16-19
16-23
16 - 27
16 -31
16-33
16 - 37
16 - 41
16-33
16 - 37
16 -43
16 - 47
16 - 49
16 - 49
16 - 51
16 - 55
16 -55

”"10 =197 e



Vol.1 Vol. Il

ADCI1130/1131 14-Bit High-Speed Analog-to-Digital Convegters ... v .o o % w iuiupw o J11=145 11 = 11*

®ADC1140 Low-Cost 16-Bit A/D Converter
A/D Conversion, see A/D Converters
A/D Converters

asComponents . .. ... ... ...,
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AD DACSS5 High-Performance 12-Bit IC D/A Converter . 10-223
AD DAC87 Wide-Temperature-Range 12-Bit IC D/A Converlcr 10 - 231
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ADG 200 DI CMOS Protected Dual SPST Analog Swntch .................. 16 - 29
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in Signal Conditioners . . . . . .. ... ... .. 9-1 .
“TestSystems for . o . L e e 18-1 20-1
Amplifiers, I.C., Guide to Decoupling, Grounding, etc -13
. Amplifiers, Isolation ,
S COMPONENIS .+« & v v v v v v e v e e e e e - 5-1 5-1
in Data-Acquisition Subsystems . A5-1 15-1
in Digital Panel Instruments 16-1
in Intelligent Data Acquisition Systems 18-1
Isolated Op Amp, see 277
in MACSYM Measurement And Control SYsteMs 19-4
in Signal Conditioners . . . . . . ... ... ... 9-1
Amplifiers, Operational . . . . ... 4-1 4-1
How to Select (Application Note) . 21-3
How 1o Test Basic Parameters (Application Note) 21-9
Isolated,see277 .
Monolithic Chips . . . . . . . . . e 17-1
Test Systems for 18-1 20-1
Amplifier, Power, Synchro/Resolver 13-1
Analog Computational ICs 6-1
Analog Devices Sales Offices 1-10
Analog Devices Technical Publications . . . . . B 1-15 1-9
Analog I/O Subsystems
Data-Acquisition Subsystems as Components . . . 15-1 15-1
Digital Panel Instruments . . . . ... ... .. ... ... ... . ..., 16 -1
Intelligent Measurement and Control Subsystems (wWMAC-4000) 18-1
MACSYMI/OCards . . . . . ..o ittt i ittt e i 19 -4
Microcomputer Analog I/O Boards (RTIs) .. . .. .. ... ... .. ..., 17 -1
Analog-to-Digital Converters, see A/D Converters :
Antilog Amplifiers . . . ... ... e e 8§-1
see also Logarithmic D/A Converters . . . ... . e
®API1620/1718 Synchro/Resolver Angle-Position Indicator Displays . . . .. . . 13-5
Application Notes, Linear ICs . . . . . . . .. .. ittt it et i it e
Chips, Monolithic . . . . . . . o i e e e
®New product since /980 Data-Acquisiti d Sub Catalog
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CMOS D/A Converters . . . [ .. vuu. .. P e e 10-1
Application Notes Leln21-41
CMOS Switches and Multiplexers . . .. ........ S (X 1-6

Application NOTE . . ¢ . vttt e 21-41
Cold-Junction Compensators, Thermocouple
inSignal Conditioners . . . v v v v oL e e e e e e e 9-1
in Digital Panel Instruments . . . ... .. .. .. e 16-1
in MACSYM Measurement And Control SYsteMs 19-4
in pMAC Intelligent Measurement and Control Systems 18-1
Comp Cold-Junction, Thermn ple, see Cold-Juncti
Computational Circuits, Analog, see also: . . ... ... ... ... ... ... 6-1
Antilog Amplifiers ..o 6-1 8-1
Dividers, Analog .. 6-1 6-1
Logarithmic Amplifiers .. 6-1 8-1
Multipliers, Analog . . .61 6-1
. Powersand Roots . . . . . ce . 6=1 6-1
SQUAMING « . ¢ v v v v et e e e e e e e e e e e e e e 6-1 6-1
Square ROOTING . . . . . . ot it i e e e 6-1 6-1
Computer-Based
Data Acquisition (WMAC-4000) . . . . ... ...... e e e e e e e e e 181
Measurement And Control SYsteMs (MACSYM) . . . 19-1
Test Systems for Linear ICs . . . ... . ....... 18-1 20-1
Conditi Signal, as Comp see also: 1-4 9_1*
Instrumentation Amplifiers . . . ... .. ... ... ce. . 5-1
Isolation Amplifiers . . . ... ......... .. . 5-1 5-1
Data-Acquisition Subsystems . .. ......... el 15-1 15-1
Digital Panel Instruments . . . . . ... 0 i vt e e 16-1
pMAC Intelligent Single-Board Meas. & Control Subsystem . . . ... .......... 18-1
MACSYM Computer-Based Measurement And Control SYsteM . . ... ......... 19-4
Converters, Analog-to-Digital 1n1-1
Converters, DC/DC 21-1*
Converters, Digital-to-Analog 10-1
Converters, Digital-to-Angle 13-1
Converters, Digital-to-Resolver 13-1
Converters, Digital-to-Synchro ... . . . 13-1
Converters, Frequency-to-Voltage 12-1
Converters, Inductosyn-to-Digital e 13-1
' Converters, Resolver-to-Digital . . .......... e e 13-1
Converters, RMS-to-DC . . . .. ... ... ............ P 7-1
Converters, Synchro-to-Digital . . . . . . . . vt v it i e e e e e 13-1
Converters, Voltage-to-Current, see Signal Conditioners
Converters, Voltage-to-Frequency . . . . . . ..o ittt e 12-1 12-1
DAC-08 (see AD DAC-08)
DAC71/72(see AD DAC71/72)
DACS80 (see AD DAC80)
DACS5 (see AD DACSS)
DACS87 (see AD DAC87)
DAC100(see AD DAC100)
DACL1106 8/10-Bit-Resolution High-Speed D/A Converter . . . . . . .......... .. 10- 11
DAC1108 12-Bit-Resolution High-Speed D/A Converter . . . ... ............. 10-11

DACI1136 High-Resolution 16-Bit Digital-to-Analog Converter
DAC1138 High-Resolution 18-Bit Digital-to-Analog Converter
DAC1420 8-Bit D/A Converter with 4-to-20mA Output

10243  10-15*
..10-243 10~ 15*%
10-245  10-23

DACI1422 10-Bit D/A Converter with 4-t0-20mA Qutput . . . . . v oo v v v v v v v v v o 10-245 10-23
DAC1423 4-10-20mA Output 10-Bit Isolated D/A Converter . . .. ... .......... 10-247 10-27*
DACs, see D/A Converters . .
D/A Converters
Application Notes for CMOSDACS . .+ .« o v v v vttt e e it e e e in et anns
asComponents . . . . . ...t e e 10-1
Interfacing the AD558 DACPORT™ to Microprocessors .
Logarithmic DACs . . ... ..........0..ovo.. :
MACSYM Measurement And Control SYsteM (Analog Output Cards) 19-4
Microcomputer Analog FO (Output) Subsystems 17-1
MonolithicChips . . . ... ..... ... ..., e
DAS1128 Low-Cost High-Speed Data-Acquisition Subsystem . . . . .. ... ........ 15 - 17%
®DAS1152 14-Bit Sampling A/D Converter 15 - 25%
®DAS1153 15-Bit Sampling A/D Converter e 15 - 25%
®DAS1155 14-Bit Low-Level Data-Acquisition System . . . . . . .. oo vvv i e n e 15-41 15 - 29%
®DAS1156 15-Bit Low-Level Data-Acquisition System . . . . . .. ... ... .c... ... 15-41 15 —-29*
Data-Acquisition Cards
. M puter Analog 1/0 Subsy 103 5 T 1-9 17-1*
’ rMAC Intelligent Measurement and Control Subsystems . . ... ... .......... 18-1
@New product since /980 Data-Acquisiti d S atalog 4
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MACSYM Measurement And Control S¥steMs . . . . . ..................
Data-Acquisition ICs, see Vol. I listings of:
A/D Converters, Analog Computational Circuits, CMOS
Switches and Multiplexers, D/A Converters, Data-
quisition Subsy , Instr ion and I
Amplifiers, Operational Amplifiers, RMS-to-DC Converters,
Sample/Track-Hold Amplifiers, Synchro & Resolver Converters,
Transducers, V/F Converters, Voltage References
Data-Acquisition Subsystems as Components . . . . . v . v v v v vt v it 15-1
DC/DCCONVEITETS . « . & v vt ot et e e et et e e et i e e e 1-11
DG200,DG201 (see ADG 200, ADG 201) .
Digital Panel Instruments . . . . . . . . it i it e e e e e e
Digital Thermometers . . . . v v v v v v it v vt et e e e e e e
Digital-10-Analog Converters . . . . . . . . v i ittt e e e e
Digital-to-Resolver Converters . .
Digital-to-Synchro Converters . .
Digital Vector Generator . . . . . .
see also Application Note (Generating Waveforms & Vectors) . . . ... .. .. ... .. 21-43
Digital Voltmeters, Scanning . . . . . v v v v it i e e e e e e e e 1-6
Dividers, Analog . . . . v v v v e e e e e e e e e e e e e e e 6-1
DSC1705 14-Bit Digital-to-Synchro/Resolver Converter . . . . ... ... ... v v vt
DSC1706 12-Bit Digital-to-Synchro/Resolver Converter . . . . . . . ... ... oo u. .
DTMI1716 14-Bit Digital-to-Analog Vector GEnerator . . . . . . . . ..o v v v v v v v
‘DTM1717 12-Bit Digital-to-Analog Vector GENnerator . . . . . . v v v v v v v v o v v v v o
Frequency-to-Voltage Converters . . . . .. ..o i vt it ittt ittt
HAS Series Ultra-Fast Hybrid Analog-to-Digital Converters
®HDD Series Hybrid Video Low-Glitch D/A Converters . . . .
eHDDI1206 12-Bit Deglitched Voltage-Output D/A Converter .
HDG Series Hybrid Video Digital-to-Analog Converters . . . . .. ... .
HDH Series 8-,10-,12-Bit Video-Speed Hybrid Voltage-Out DACs
HDS Series 8-,10-,12-Bit Video-Speed Hybrid Current-Out DACs
®HDS-0810E Ultra-High-Speed ECL Hybrid 8-Bit D/A Converter
HDS-1015E Ultra-High-Speed ECL Hybrid 10-Bit D/A Converter
®HDS-1240E Ultra-High-Speed ECL Hybrid 12-Bit D/A Converter
HOS050/050A/050C Fast-Settling Video Operational Amplifier . . . .. ..
#HOS100 Wide-Bandwidth High-Speed Buffer Amplifiers . . . ... ... .
HTC Series Ultra-High-Speed Track-and-Hold Amplifiers . .
HTS Series Ultra-High-Speed Track-and-Hold Amplifiers
InductosynT™™-to-Digital Converters
Instrumentation Amplifiers . . . . . .. .. L. . L e
Integrated Circuits (see Volume I)
Application Notes . . . . . . oo v it e e e
Monolithic Chips . . . . . . .. e
Package Information . . . . ... .......
Quality Assurance . . . . .. ... ... ..
Test System, Computer-Based
Interface Boards, Microcomputer
Microcomputer Analog 1/O Subsystems (RTIs) . . . . .. ... ... vvren. .. 1-9
wMAC Intelligent Measurement and Control Subsystem . . . ...............
®IRDC1730 Inductosyn/Resolver-to-Digital (Binary) Converter . . . . . .. ... .o .. ...
®IRDC1731 Inductosyn/Resolver-to-Digital (Pulses) Converter . . . . . . . ... ..o v ...
Isolated Op Amps, see 277 :
Isolated Signal Conditioners
Isolators . . . . ... . e 5-1
Signal Conditioners . . . . . . . . ... . e e 1-4
see also sections 16, 17, 18, 19in Volume IT
Isolation Amplifiers, Isolators . . . . . . . . ... .. e 5-1
seealsosections 9, 16, 17, 18, 19in Volume I1
Linear-Circuit Testers, Computer-Based
Log Amplifiers . . . . . . . i e e e
Log-Antilog Amplifiers . . . . . . . . ... e e e
see also Logarithmic DACs in D/A Converter Section
Log-RatioModules . . .. .............ccuiuiuunn..
LTS-2000 Computer-Based Automatic Test System for Linear ICs . . , .
LTS-2010 Computer-Based Automatic Test System for Linear ICs
MACSYM Computer-Based Measurement And Control SYsteMs .
ADIO Analog-Digital Input/Qutput Cards . . . . . . . . o i ittt i
‘MACSYM 2 Fully Integrated Measurement and Control SYsteM . . . . . ... ......
MACSYM 10 Measurement and Control SYsteM for Industrial Applications
MACSYM 20 Low-Cost Intelligent Front End

MAH-0801 Ultra-High-Speed 8-Bit A/D Converter . . . ... .............. L11-153
MAH-1001 Ultra-High-Speed 10-Bit A/D Converter . . ... ... ... ...oou.... 11-153
®New product since 1980 Data-Acquisitic and Sub ‘atalog
*Principal Listing
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19-4
15-1
2N-1e
161+
16-1%
0-1
B-1
13-1
B-1
16 - 1%
6-1
13-9
3-9
B-13
13-13
2-1
B-1
1-4
20-1
17-1%
B-1
B-17
1B-23
5-1
9-1*
5—1
20-1
8-1
8-1
10-1
8-1
20-1
20-1
19-4
19-1
19-2
19- 3
11-19%
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MAS-0801 Ultra-High-Speed 8-Bit-A/D Converter- . . . . . e e e e 11-155
MAS-1001 Ultra-High-Speed 10-Bit A/D Converter 11 -155

MAS-1202 Ultra-High-Speed 12-Bit A/D Converter L11-155
MATV Series 8-Bit Video Analog-to-Digital Converters . . . . . .. ......:.. .11 - 157
MDD Series Ultra-High-Speed Deglitched D/A Converters .
MDMS Series Ultra-High-Speed Multiplying D/A Converters . . . . . .. .. .. ...... 10 - 275
MDS/MDSE/MDSL/MDH Series 8-,10-,12-Bit Video-Speed Current-Output DACs . . . . . .
Microcomputer Analog /O Boards . . . . . . . . . o e e 1-9
“Micromac”(i.MAC-4000) Intelligent Single Board Measurement
and Control Subsystem . . . . ... .. L. e
MOD-1005 10-Bit Video A/D Converter . . .
MOD-1020 10-Bit Video A/D Converter . . .
MOD-1205 12-Bit Video A/D COnVerter . . . « o v v e v v v v v v e e e e e e e
Monolithic Chips . . . . . . o o i e e e e e
Multichannel A/D CONVErters . . . . . . v v v vt v v it e ot e et et e e e
secalsoall listings under A/D Converters
Multich 1 Signal Conditioners . . . . . . ..ot e e e 1-4
see also Sections 16,17, 18, 19in Volume II
Multifunction Devices . . . . . o .o v b e e e e 6-1
Multifunction Modules . . .. ......... ./ e e e e s
Multiplexed Signal Conditioners (see Signal Conditioners) . . . . . . .. .. ... ... ...
Multiplexers, CMOS . . . . .. .......... e e e e e e e e e e e
Muttiplier/Dividers
Multipliers, Analog
MAC-4000 Intelligent Measurement and Control Subsystem .
Operational Amplifiers (Op Amps) . . . .. ... ............ et e e e
Operational Amplifiers; Isolated, see 277
Package Information, Integrated Circuits
Power Amplifier, Synchro/Resolver . .. .. .
PowersandRoots . . ... ............. ..., .
Power Supplies . . . . . . . . o e e e e e e
see also Self-Powered
Power Supplies, AC/DC
Power Supplies, DC/DC
Power Supplies, Transducer Excitation . . ... 0. . ... ... .. ... ... .. ...
Publications, Technical, of Analog Devices . . . . .. ... ... vt 1-15
Quality Assurance, Integrated Circuits
RDC1727 High-Resolution Resolver-to-Digital (18 Bits)

RDC1740/1741/1742 Resolver-to-Digital Converters . . . . . v o v v v v v v v v v v v v v v 13-5
References, Voltage . . . . . . . .. . .. e e 8§-1*
Resolver Power Amplifier . . . . .. .. ... o e e 13-1
Resolver-to-Digital CONVETters . . . v . v o v v i v v ot et e e e 13-1

Resolver-to-Linear Converters
RMS-to-DC Converters
RTD Signal Conditioners, see Signal Conditioners
RTI-1200 MULTIBUS-Compatible Combination Analog I/O Subsystem . ..........
RTI-1201 MULTIBUS-Compatible Analog Output Subsystem . . . . .. ..... e e
RTI-1202 MULTIBUS-Compatible Analog Input Subsystem . . . ... ...........
RTI-1225 STD-Bus-Compatible Analog Input/Output Subsystem . . . . . . ... ... ...
ORTI-1226 STD-Bus-Compatible Analog Input Subsystem . . . . ... .. ... .......
RTI-1230 Motorola-Compatible Analog Input Subsystem . . . .
RTI-1231 Motorola-Compatible Analog I/0 Subsystem . . . .
RTI-1232 Motorola-Compatible Analog Output Subsystem . . .
RTI-1240 TM990/100M-Compatible Analog Input Subsystem .
> RTI-1241 TM990/100M-Compatible Analog I/O Subsystem
RTI-1242 TM990/100M-Compatible Analog Output Board (4 DACs) . . . .
RTI-1243 TM990/100M-Compatible Analog Output Board (8 DACs)
RTI-1250 DEC-Compatible Analog Input Subsystem . . . .. ... .. ...........
RTI-1251 DEC-Compatible Analog /O Subsystem . . . .. .................
RTI-1252 DEC LSI-Compatible Analog Output Subsystem . . . . .. ............
®RTI-1260 High-Performance Analog-Input Card for STD Bus
®RTI-1261 High-Performance Analog-Output Card for STD Bus

RTM Series SVA Resolver Qutput Transformers . . . . . ... .....
SAC1763 Synchro/Resolver-to-Analog Converter . . .. ..
Sales Offices of Analog Devices . .. .. .. ... eee e
Sample-Hold Amplifiers, see also A/D Converters . . . . . .
Sample/Track-Hold Amplifiers, see also A/D Converters
SBCD1752 Synchro/Resolver-to-Digital (13 BCD +8ign), 0°Cto =180°C . . ... ... ..
SBCD1753 Synchro/Resolver-to-Digital (14 BCD), 0°Cto =180°C . . . ... ..... ...
SBCD1756 Synchro/Resolver-to-Digital (13 BCD + Sign), 0°C to 360°C
SBCD1757 Synchro/Resolver-to-Digital (14 BCD), 0°C to 360°C . . . . .
SDC1700 Synchro/Resolver-to-Digital (I2Bits) . .'. . . . ... ... ... ... ...
®New product since 1980 Data-Acquisition Ce nd. sms Catalog
*Principal Listing
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Vol. It
11 - 23
11 -23*
11 - 23*
11-27*
10-23
10-37
10 -39
17 -1*

18-1

11 - 31*
11 - 35
11 - 39*

9-1*

6-1
6-1
9-1*
1-6
6-1
6-1

18-1
4-1

13-1
6-1
21-1*

21-1*
21-1*
9-1
1-9

13-49
13 - 53*
1-5
13-1
13-1
13-1
7-1

17-5
17-7
17-9
17-11
17-11
17-13
17-13
17-13
17-15
17-15
17-15
17-15
17-17
17-17
17-17
17-19
17-19
13-27
13-31
1-10
4-1
-1
13-35
13-35
13-35
13-35
13- 39
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SDC1702 Synchro/Resolver-to-Digital (10 Bits) . . . . ... ... ... ... ... ..... 13-39
SDC1704 Synchro/Resolver-to-Digital (14 Bits) ~ . . . .. ... . ... . ... ... .. 13-39
SDC1725 Synchro/Resolver-to-Digital (12 Bits), Low Profile 13-45
SDC1726 Synchro/Resolver-to-Digital (10 Bits), Low Profile 13-45
#SDC1727 High-Resolution Synchro-to-Digital (18 Bits) . . 13 -49
#SDC1740/1741/1742 Synchro-to-Digital Converters . . . . . . . . .. .o v .o e 13 - 53*
Self-Powered Instruments, Subsystems, and Systems .
Digital Panel Instruments . .. .. ... ... 16 -1
Signal Conditioners . . . .. ...... .. 9-1
Micr Analog 1/0 Subsy 17 -1
pMAC Measurement and Control Subsystems 18-1
MACSYM Measurement And Control SYsteMs . 19-1
Linear-IC Test Systems . . . . . v v v it i i et e e e e e e e e e e e 20-1
SHA1144 High-Resolution 14-Bit Sample-and-Hold Amplifier . . .. .. ... ... ... 14 -29 14 - 11*
. Signal Conditioners as Components, sce also: .. 1-4 9-1*
Instrumentation Amplifiers .
Isolation Amplifiers . . . . . . .. L e e e e 5-1
Data-Acquisition Subsystems 15-1
Digital Panel INStFUMERIS . . . . o v v v o vt e e it e e e e e e e 16 -1
rMAC Intelligent Single-Board Meas. & Control Subsys(em ................ 18-1
MACSYM Computer-Based Measurement And Control SYsteM . 19-1
SPA1695 5VA-Output Power Amplifier for Synchros/Resolvers . . . . . ... .. .. .... 13-57
Squaring (Analog Multipliers) . . .. .. . 6-1
Square Rooting (Analog Dividers) 6-1
STM Scries SVA Synchro Output Transformers . . . . . . ... . ... ... .. To13-27
Strain Gage Signal Conditioners . . . . . . . v v i i v it e e e e e e 1-4 9~ 1*
see also Signal Conditioners
Switches, CMOS . . . . . . . . .. e e 16 - 1* 1-6
Switches, Dielectrically Isolated . . . . . . . . .. . . e e cLL 161 '
Switches, Dual . . . .. ...... s .
Switches, Quad . . . . . ... e e e e
Synchro Power Amplifiers . . . . . . . . . .. e 13-1
Synchro-to-Digital Converters 13-1
Synchro-to-Linear Converters 13-1

Technical Publications of Analog Dev:ces ........................... 1-15 1-9

Temperature Indicators 16 -1
Temperature Transducers 9-1
Temperature Transmitters, see Signal Condmoners 9-1*
Testers, Linear Integrated Circuits 20-1
THC Series Fast Sample/Track-and-Hold Amplifiers 14-15
Thermocouple Cold-Junction Cor see Signal Conditi
Thermocouple Signal Conditioners, see Signal Conditioners
Thermometers, Digital, sce Digital Panel Instruments . . . . . . . ... ... ... .. 1-8 16 - 1*
THS Series Ultra-Fast Sample/Track-and-Hold Amplifiers . . . . . ... ... ....... 14-15
Track-Hold Amplifiers, see also A/D Converters 14-1 14-1
Transducers . . . . . o i i e e e 9-1 9-1
Transducers, Temperature-to-Current (AC2626, AD590) . . . . . ... ... v v 9-1 9-1
Transmitters, 4-to-20mA, see Signal Conditioners e . 1-4 9-1*
Transmitters, Temperature, sce Signal Conditioners . . . . . . .. ... .. ......... 1-4 9-1*
TSL1612 2-Speed Processor for Coarse/Fine Synchros/Resolvers . . . . . ... ....... 13-59
JUMAC-4000, see p MAC-4000 or “Micromac”
Vector Generator, Digital . . . .. ... .. e e 13-1 13-1
see also App. Note: Generating Waveforms and Vectors . . . . ... i i i i 21-43
V/F Converters e Jd2-1 12-1
Voltage References . . . . . . e e e e e e e e e e e e 8- 1* 1-5
Voltage-to-Current Convcrtcrs, see Slgnal Conditioners . . . .. ... oo 1-4 9-1*
Voltage-to-Frequency Converters 12-1
Voltmeters, Digital, Scanning, (Digital Panel Instruments) 16 - 1*
2B20 4-to-20mA-Voltage-to-Current Converter . . . .. ... . 9-9
2B22 Isolated 4-to-20mA Voltage-to-Current Converter . . . . 9-13
®2B24 Loop-Powered Isolator . . . . . .. . 9-17
2B30 Strain-Gage/RTD Signal Conditioner 9-19
2B31 Strain-Gage/RTD Signal Conditioner with X’ducer Excnauon e 9-19
®2B34 Four-Channel RTD/Strain-Gage Conditioner . . . . . . . ... ... ... .u.... 9-25
2B35 Precision Triple-Output Transducer Power Supply . . ...... e 9-29
#2B50 Isolated Thermocouple Signal-Conditioner 9-31
#2B52 Isolated Two-Wire Thermocouple Temperature Transmitter 9-35
#2B53 Two-Wire Thermocouple Temperature Transmitter . . . . . ... ...... e e 9-35
2B54 Low-Level 4-Channel Multiplexed Isolated Conditioner A 9-37
2B55 4-Channet Multiplexed Isolated Conditioner . . . . . . ... ... .. .. e 9-37
2B56 High-Accuracy Ther le Cold-] [ 9-43
2B57 Low-Cost Two-Wire Tcmperalure Transmitter I'or ADS90 . ... ..o 9-47
®New product since /980 Data-A. itic d. atalog

*Principal Listing

COMPREHENSIVE INDEX TO BOTH VOLUMES VOL. I, 2-7



Vol.1 Vol.II

#2B58 Two-Wire Linearized RTD Temperature Transmitter 9 -~51

02B59 Low-Cost 2-Wire RTD, Temperature Transrhitter . . . 9-53
48 Fast-Seuling Differential FET-Input Op Amp . . . .. ... ... ... .......... 4-17
50/51 Fast-Settling, Wideband, 100mA Output FET-InputOpAmp . . ... ........ 4-19
52 Low-Noise, Low-Drift Precision FET-Input Amplifier . .. ... ... ......... 4-139 4-21
171 High-Voltage Differential FET-Input Amplifier . . . . .. . ............... 4-141 4-23
234 Low-Noise Wideband Chopper-Stabilized Amplifier . . . . ... ... ......... 4-143 4-25
235 E , G d Low-Noise Chopper-Stabilized Amplifier . ... ......... 4-143 4-25
261 Low-Noise, Non-Inverting Chopper Amplifier . ... ... ............... 4-145 4-27
277 Precision Isolation Amplifier with Op-Amp FrontEnd . . . ... ... ... ...... 5-15
281 100kHz Isolator Excitation Oscillator . . . . . . ... ... ... v 5-17
284] Economy High-Performance Self-Contained Isolation Amplifer . .. ... ....... 5-17
286] High-CMV, High-Performance Synchronized Isolation Amplifier . . ... ... .... 5-17
289 Precision Wide-Bandwidth' Synchronized Isolation Amplifier . . .. ........... 5-35 5-23*
290A Low-Cost Single-Channel Isolation Amplifier . . . . ... ............... 5-27
292A Low-Cost Multi-Channel Isolation Amplifier . ... ... ... ............ 5-27
429 Accurate Wideband, Multiplier, Divider, Square-Rooter . . . . . ... ... ...... 6-37 6~ 7%
433 Programmable Multifunction Amplifier . . . . ... ... ... .. ... ..., 6-39 6 - 11*
436 High-Accuracy Two-Quadrant Analog Divider . . . . ... ... ............ 6-15
442 Wideband, High-Accuracy True-RMS-to-DC Converter . . . .. ... ... ... ... 7-19 7-7
450 High-Performance 10kHz Voltage-to-Frequency Converter . . .. . ... .. ... ... 12-7
451 Low-Cost, Versatile 10kHz Frequency-to-Voltage Converter . . . ... ... ... ... 12-21 2-1*
453 Low-Cost, Versatile 100kHz F/V Converter . . . . . ... . e e 12-21 12 - 11*
454 Versatile 20kHz Voltage-to-Frequency Converter . . .« v v v v v v v v v v o v v v o 12 -7
456 Low-Cost 10kHz Full-Scale Voltage-to-Frequency Converter . . . . ... ........ 12-7
458 100kHz-Full-Scale High-Accuracy V/F Converter 12-17
460 1MHz-Full-Scale High-Accuracy V/F Converter e 12-17
755N/P 6-Decade High-Accuracy Log/Antilog Amplifiers . . . . . ... ... ........ 6-41 8-7*
757N/P 6-Decade High-Accuracy Log-Ratio Amplifiers . . . . . ... ..o v ... 6-43 8- 11*
759N/P Economy Wideband Log/Antilog Amplifiers . . . .. ... ... .......... 6-41 8 -7
902/902-2 Dual 15V 100mA AC/DC Power Supplymodule . . . . .............. 1-11 2] - 2%
903 Single 5V 500mA AC/DC Power Supply module . 2] - 2%
904 Dual 15V 50mA AC/DC Power Supply module 21 -2*

905 Single 5V 1A AC/DC Power Supplymodule . . .. .. .. .. ... .. ..0.u... 21 -2*

906 Single 5V 250mA AC/DC Power Supply module 21-2*
915 Dual 15V 25mA AC/DC Power Supply module 21-2*
920 Dual 15V 200mA AC/DC Power Supply module e 2] -2*
921 Dual 12V 240mA AC/DC Power Supplymodule . . . ... ............... 1-11 21 -2*
922 Single 5V 2A AC/DC Power Supplymodule . . . . .............. e 1-11 21 -2*
923 Triple + 15V 100mA, 5V 500mA AC/DC Power Supplymodule . . .. ......... 1-11 21 -2*
925 Dual 15V 350mA AC/DC Power Supplymodule . . . ... ............... 1-11 21 -2*
©926 Triple 15V 150mA, 5V 300mA AC/DC Power Supply module . ... . . ........ 1-11 21-2*
927 Triple =15V 150mA, 5V 1A AC/DC Power Supply module . 21 -2*
928 Single 5V 3A AC/DC Power Supplymodule . . ... .............. PR 21 - 2%
940 5V to =15V 150mA DC/DC Converter module | 21-2*
941 5V to =12V 150mA DC/DC Converter module 21-2*
943 5V 10 5V 1A DC/DC Converter module . . . . . . . .. 21-2*
945 28V 10 =15V.150mA DC/DC Convertermodule . . . . .. ... ... ... ... ... 1-11 21 -2*
949 5V 1o =15V 60mA DC/DC Converter module . . . . . ... ... ... ..., ... 2] -2*
951 5V to =15V 410mA DC/DC Convertermodule . . . . . .. ... ..o oL 21-2*
952 Dual 15V 100mA AC/DC Power Supply (chassis) . , 21-2*
953 12V to %15V 150mA DC/DC Converter module . . . .. . ... ... ... ... - 21 - 2%
955 Single SV 1A AC/DC Power Supply (chassis) . 21 -2*
©957 5V 10 5V 100mA DC/DC Converter module 21 - 2%
©958 5V to 5V 100mA DC/DC Converter module 21-2*
0959 5V to =12V 40mA DC/DC Converter module 21-2*
#960 5V to +12V 40mA DC/DC Converter module 21 -2*

0961 5V 1o =15V 33mA DC/DC Converter module . . . . .. ..ot tii v i v v vnn. 2]1-2*

©962 5V to 15V 33mA DC/DC Converter module 21-2*
9963 12V to =15V 33mA DC/DC Converter module 21-2*
0964 12V to =15V 33mA DC/DC Converter module 21 -2%
965 5V to =15V 190mA DC/DC Converter module 21-2*
966 12V to *+15V 190mA DC/DC Converter module 21-2*
967 24V 10 =15V 190mA DC/DC Converter module 21-2*
©968 28V to =15V 190mA DC/DC Converter module 21-2*
970 Dual 15V 200mA AC/DC Power Supply (chassis) 21-2*
972 Triple =15V 150mA, 5V 300mA AC/DC Power Supply (chassis) . ........... 1-11 21-2*

973 Dual 15V 350mA AC/DC Power Supply (chassis) . . . . .. ............... 1-11 21-2*
0974 Triple +15V 150mA, 5V 1A AC/DC Power Supply (chassis) . . . . ... ........ 1-11 21 2%

975 Dual 15V 500mA AC/DC Power Supply (chassis) . . . . . . ... e 1-11 21 -2
#976 Single 5V 3A AC/DC Power Supply (chassis) . . . . ...l n ... 1-11 21-~2%
®New product since /980 Data-Acquisiri d atalog

*Principal Listing
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INTRODUCTION
This Ordering Guide should make it easy to order Analog Devices products, whether you’re buying one IC op amp, a
multi-option subsystem, or 1000 each of 15 different items. It will help you:

1. Find the correct part number for the options you want.
2. Get a price quotation and place an order with us.
3. Know our warranty for components and subsystems.

For answers to further questions, call the nearest sales office (hsted at the back of the book) or our main office in Norwood,
Mass. U.S.A. (617-329-4700).

MODEL NUMBERING
Many of the data sheets in the Databook have an Ordering Guide. Use it to specify the correct part number for the exact
combination of options you want. I.C. and hybrid part numbers are created using one of these two systems:

Figure 1 shows the form of model number used for our proprietary standard monolithic ICs and many of our hybrids. It
consists of an “AD” (Analog Devices) prefix, a 3- or 4-digit model number, an alphabetic performance/temperature-range
designator, a package designator, and a MIL-screening designator (where applicable). One or two additional letters may
immediately follow the digits (‘““‘A” for second-generation redesigned ICs, “DI” for dielectrically isolated CMOS switches,
e.g., AD536AJH, AD7512DIKD).

Figure 2 shows the somewhat different numbering scheme used by our Computer Labs Division for hybrid circuits. The
number starts with a three-character alphabetic prefix, followed by a hyphen, a three- or four-digit number, and alphabetic
designators (as applicable) to indicate additional functional designations or options, packaging options, and MIL-screening

options.
’
AD XXXX A Y Z [883B XXX - YYZZ W M B
32‘6:6052 STANDARD PRODUCT THREE‘:OR ’ MILITARY OPTIONS
———_, SCREENED IN ACCORDANCE FOUR-CHARACTER )
PREFIX WITH MIL-STD 883. SEE ALPHABETIC {53 SCREENED TO
GUALITY ASSURANCE N PREFIX METHOD 5008
THREE OR VOLUME I B: SCREENED
FOUR-DIGIT /8838: SCREENED TO THREE-OR-FOUR- 3o MrSTD B83
NUMBERS MIL-STD 883, CLASS B NUMERAL FUNCTIONAL CLASS B
— /883: SCREENED TO GROUPING, FOR
1 OR 2 LI ER! MIL-STD 883, PER
PROVIDE ADDITIONAL METHOD 5008 YY MAY DENOTE PACKAGE OPTION
GENERAL INFORMATION RESOLUTION, 2Z SPEED M 0“:’1‘1 ALY
D GENERATION HERMETICA
Bi: DIEECTRCALLY PACKAGE OFTIONS: ADDITIONAL FUNCTIONAL b
D HERMETICALLY SEALEDDIP, DESIGNATION OR OPTION METAL-CASE DIP

ISOLATED
2: OPERATION ON =12V SUPPLIES Z

CERAMIC OR METAL
LEADLESS CHIP CARRIER

PERFORMANCE-
TEMPERATURE RANGE
DESIGNATOR'
1 INCREASING
J ‘ PARAMETRIC
0710 +70c 4 K | PERFORMANCE
M BEST OVERALL
PERFORMANCE
A § INcreAsING
- PERFORMANCE
~#C TO+BYCY ¢ pesy ovERALL
PERFORMANCE
INCREASING
oC Tos125C PERFORMANCE
~S5C¢ 1O+ U BEST OVERALL
PERFORMANCE

CERAMIC FLATPACK
METAL CAN, HERMETICALLY
SEALED

METAL-CANDIP, HERMETICALLY
SEALED-COMPUTER LABS
PLASTIC DIP

1
pz 2 TTm

eg. E C, A ETC.

CERDIP
CHIPS MONOLITHIC CHIP?

EXAMPLES:
AD521KCHIPS
AD7524AD
AD536ASH/883B
AD7512DIXD

'MONOLITHIC CMOS CHIPS IN THE AD75XX

SERIES WERE FORMERLY DESIGNATED

AD75)3(ICOMICHIPS AND AD75XX/I2IUCHIPS
EAR

T Al
DEVICES FOR CURRENT PRICING OF AD75XX
CHIPS.

Figure 1. Model-Number Designations for Standard
Analog Devices Monolithic and Hybrid IC Products
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il B

ECL

Figure 2. Computer Labs Video Hybrid Product
Designations



SECOND SOURCE

In addition to our many proprietary products, we also manufacturg devices that are. fit-, form-, and function-compatible
(and often superior in performance and reliability) to popular products that originated elsewhere. For such products, we
add the prefix “AD” to the familiar model number. (Example: ADDAC8SMIL-CBI-V/883).

ORDERING FROM ANALOG DEVICES

When placing an order, please provide specific information regarding model type, number, option designations, quantity,
ship-to and bill-to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges. All
shipments are F.O.B. factory. Please specify if air shipment is required. .

Place your orders with our local sales office or representative, or directly with our customer service group located in the
Norwood facility. Orders and requests for quotations may be telephoned, sent via TWX or TELEX, or mailed. Orders
will be acknowledged when received; billing and delivery information is included.

Payments for new accounts, where open-account credit has not yet been established, will be C.0.D. or prepaid. On all
orders under fifty dollars ($50.00), a five-dollar ($5.00) processing, charge is required.

When prepaid, orders should include $2.50 additional for packaging and postage (and a 5% sales tax on the price of the
goods if you are ordering for delivery to a destination in Massachusetts).

WARRANTY AND REPAIR CHARGE POLICIES !

All Analog Devices, Inc., products are warranted against defects in workmanship and materials under normal use and
service for one year from the date of their shipment by Analog Devices, Inc., except that components obtained from others
are warranted only to the extent of the original manufacturers’ warranties, if any, except for component test systems, which
have a 180-day warranty, and pMAC and MACSYM systems, which have a 90-day warranty. This warranty does not
extend to any products which have been subjected to misuse, neglect, accident, or improper installation or application, or
which have been repaired or altered by others. Analog Devices’ sole liability and the Purchaser’s sole remedy under this
warranty is limited to repairing or replacing defective products. (The repair or replacement of defective products does not
extend the warranty period. This warranty does not apply to components which are normally consumed in operation or
which have a normal life inherently shorter than one year.) Analog Devices, Inc., shall not be liable for consequential
damages under any circumstances. '

THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER

WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

ORDERING GUIDE VOL. I, 3-3
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Operational Amplifiers
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Selection Guide
Operational Amplifiers

FEATURE SELECTION CHART

GENERAL PURPOSE
FET INPUT
WIDEBAND
“
é“é‘
" el 0 S W] WJ » ~
§/8/5/5/8/& og? $ /3
, A4 A V9 A A Ao A $ A4
Monolithic Bipolar Input L] L]
Technology J-FET [} . .
Dual J-FET [ [
Multi-Device Hybrid . . .
Technology Module
High Open >100dB ] . .
Loop Gain >140dB '
High CMR >100dB
Low Offset <5mV 1 e L] . . . . .
Voltage <lmV . . . .
<50uv
Low Offset <5uv/i’C 3 . .. 3
V,vs. Temp <1uv/IrC '
<0.6pv/°C
Low Bias <50pA . . L] . . . .
Current <5pA
. <0.5pA
Fast Settling <lusto 0.1% [} L)
<5us 10 0.01%
Wideband 22MHz . . ]
(Unity Gain) 210MHz
High Slew >10V/us . ] .
Rate 230V/us
>100V/us .
>1000V/us
Low Noise (0.1 to 10Hz) L] L] . . .
2uV p-p
High Voltage Out  >100V
High Current Qut  >20mA
Low Power <75mW . [ . ° [ ] .
Second Source . L]
Temperature Range
010 +70°C . . ) . . . ° . .
-25°C to +85°C .
-55°Cto +125°C . . . . . . . . .
Dice Availability [ . . . .
Volume 1
Page 4-111 | 4-27 4-27 4-67 4-71 | 4-93 4-99 4-77 4-27
Volume I C
Page - - — - - - - - -
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HIGH ACCURACY

LOW Vos DRIFT

_/

LOW BIAS CURRENT

/ FET INPUT /
é\
> Y ) n D N )
S/5/S )5/ e /5 /)8 § /o
< VA AR AR SN < v/ 7 & /< <
Monolithic, Bipolar Input . . . .
Technology J-FET
Dual J-FET . .
Multi-Device Hybrid . .
Technology Module . . . .
High Open >100dB . L] . . . . . . . . .
Loop Gain >140dB . [} L)
High CMR >100dB . . . P .
Low Offset <SmV . . . . . . . . 3
Voltage <lmV 3 . . . . ° 3
<50V o [ 3 ] ]
Low Offsct <5uV/°C . . . . . . . . . . .
V,vs. Temp <1pv/°c . . . . ° .
<0.6uV/°C . . . . . .
Low Bias <50pA . 3 . . . L) .
Current <S5pA ] . .
<0.5pA ]
Fast Settling <lusto 0.1%
<5us to 0.01% L4
Wideband >2MHz . .
(Unity Gain) >210MHz
High Slew 210V/us 3
Rate >30V/us L
>100V/us
2>1000V/us
Low Noise (0.1 to 10Hz) ] L[] 3 [ ° . . ° .
2uV p-p
High Voltage Out  >100V .
High Current Out  >20mA '
Low Power <75mW . ° [ .
Second Source .
Temperature Range
0 10 +70°C L] . (] . . ° . ° [} [} . )
-25°Cto +85°C
-55°Cto +125°C . . . . ° .
Dice Availability ) . o
Volume 1
Page 4-31 4-47 | 4-125 4-57 | 4-143 | 4-143 | 4-145 4-83 | 4-87 4-105| 4-139 | 4-51 { 4-141
Volume II
Page - - - - 4-25 |4-25 [4-27 | - - - 421 | - 4-23

! Chopper Stabilized
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FAST/WIDEBAND

/ FET INPUT

»
N S S S > N o
/s /s §/8/5/§/s
< < < ® < S < v/
Monolithic Bipolar Input . . [
Technology J-FET
Dual J-FET
Multi-Device Hybrid . . . Y . 0 . )
Technology Module . 3
High Open 2100dB . . . . Y .
Loop Gain >140dB
High CMR >100dB
. Low Offset <SmV . [} L L] . . . . .
Voltage <ImV .
<50uV.
Low Offset <suv/°C . .
V,vs. Temp <1uv/°c
<0.6uV/°C
Low Bias <50pA . . . . . . .
Current <5pA
<0.5pA
Fast Settling <1ps 10 0.1% . . . . . ] . . [ 3
<5usto 0.01% L) . - L) [} . L)
Wideband >2MHz . . . o | o . . . °
(Unity Gain) >10MHz . O . . . . . . . ) .
High Slew >10V/us . 3 3 . . [ .
Rate 230V/us ] .
2100V /us . [} L] 3 . o [ L)
>1000V/us .
Low Noise (0.1 to 10Hz) . .
2uV p-p
High Voltage Out =100V -
High Current Out  >20mA L] . . . . . . .o .
Low Power <75mW
Second Source L] . . . .
Temperature Range N ] N
010 +70°C . . ° . . . . .
~25°C to +85°C . . . . .
-55°C to +125°C . . ° . . ° . . . - .
Dice Availability . ‘
Volume |
Page 4-39 4-43 4-63 - 4-21 4-23 4-25 | 4-115] — 4-131| 4-117 | 4-121 | 4-137
Volume I ,
Page - - - 4-17 - - - - 4-19 | - - - -
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Orientation
Operational Amplifiers

The amplifiers listed in this catalog are intended to provide
cost-effective solutions to the bulk of op-amp requirements in
precision measurement and control, as well as to more-general
requirements in electronic circuits. The technical data included
here* cover the properties of some 36 op-amp families, com-
prising about 100 distinct types. Some are general purpose,
others provide near-optimum performance for specific classes
of applications.

They differ in a variety of ways, for example, circuit technolo-
gy, circuit architecture, input properties, output properties,
operating temperature range and in terms of the many per-
formance specifications.

BACKGROUND

The operational amplifier is today the most-widely used analog
subassembly. It is safe to say that its basic properties and appli-
cations are sufficiently understood by most circuit designers
and builders. However, the basis for choice, the subtleties of
using op amps in circuits for best results (especially in preci-
sion measurement and control), and the varieties of possible
apphcanons are less clearly understood by op amp users, in
varying degrees. . N

In these few pages, we shall address the question of making a
proper choice of op amp type for an application, in relation to
the extensive array of device properties presented in the data
sheets that follow.

For those users requiring basic tutonal material, and detailed
information on getting the most out of op amps, we have
provided on page 4-16 a bibliography that should make avail-
able up to 99% of information needed now and then, with
“fanout” to the vast body of literature that — with some re-
dundancy — will provide the remainder. It should come as no .
surprise to successful users of Analog Devices op amps that a
number of the references are to the applications sections of
data sheets included in this catalog.

SELECTION PRINCIPLES

In selecting the right device for a specific application, you
should have clearly in mind your design objectives and a

firm understanding of what published specifications mean.
Beyond this, you should detail the significant variables that
are pertinent to your application. The purpose of this section
is to put these many decision factors into perspective to

help you make the most meaningful buying decisions.

To properly choose an operational amplifier for any given
set of requirements, the designer must have:

1. A complete definition of the design objectives.
Signal levels, accuracy desired, bandwidth require-
ments, circuit impedance, environmental
conditions and other factors must be well defined
before selection can be effectively undertaken.

*In addition to the products listed here, which are recommended for
new designs, a number of older products are still available; data sheets-
are available upon request.

2. Firm understanding of what the manufacturer means
by the numbers published for the parameters.
Frequently, any two manufacturers may have com-
parable published specifications, which may have been
arrived at using differing measurement techniques.
This creates a-pitfall in op amp selection. To avoid
these difficulties, the designer must know what the
published specifications mean and how these para-
meters are measured and then must be able to translate
these published specifications in terms meaningful to
the design requirements.

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

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

2. Recognizing that the choice of an op amp depends on both
the overall circuit requirements and the characteristics of avail-
able op amps, the designer should interpret the desired overall
performance in terms of the parameters of op amps, and es-
tablish acceptable ranges of parameters, and their variation
with time, temperature, supply voltage, etc. Examples of the
key parameters are the input offset voltage, input bias and off-
set currents, and the high-frequency performance and transient
behavior of the op-amp block (and its effect on the closed-
loop circuit) for large and small signals. It will be helpful to
develop an application checklist, which includes such con-
siderations as the character of the input signals and their im-
pedance, the output load, the desired accuracy — static and
dynamic — and the environmental conditions.

3. The designer must then relate acceptable performance of
the op-amp building block to the specifications and prices of
available devices from preferred suppliers, bearing in mind a
firm understanding of the way in which manufacturers define
their specifications, and how definitions can differ in a way
that may be misleading. A set of definitions used by Analog
Devices follows the next section.
APPLICATION CHECKLIST
By way of an application checklist, the demgner will need to
account for the following:
Character of the application: The character of the
application (inverter, follower, differential amplifier,
etc.) will often influence the choice of amplifier.

OPERATIONAL AMPLIFIERS VOL. |, 4-5



Accurate description of the input signal: It is
extremely important that the input signal be
thoroughly characterized. Is the input a voltage source
or current source? Range of amplitude? Source imped-
ance? Time/frequency characteristics?

Environmental conditions: What is the maximum
range of temperature, time, and supply voltage over
which the circuits must operate (to the required
"accuracy) without readjustment?

Accuracy desired: The accura/cy requirement deter-
mines the extent to which the foregoing considerations
are critical, and ultimately points the way to a device
(or series of devices) which are acceptable. Accuracy
must, of course, be defined in terms meaningful to
theapplication with regard to bandwidth, DC offset,
and other parameters.

SELECTION PROCESS

In general, the objective of amplifier selection should be to
choose the least expensive device which will meet the
physical, electrical, and environmental requirements imposed
by the application. This suggests that a “General Purpose”
amplifier will be the best choice in all applications where

the desired performance requirements can be met. Where
this is not possible, it is generally because of limitations
encountered in two areas — bandwidth requirements, and/or
offset and drift parameters.

To make it easier to relate bandwidth requirements with the
drift and offset characteristics, a capsule view of bandwidth
considerations precedes the DC discussions below. The
reader is then returned to an expanded discussion of gain-
bandwidth considerations.

Gain Bandwidth Considerations, A Capsule View

Although all selection criteria must be met simultaneously,
determination of the bandwidth requirements is a logical
starting point because:

A) If DC information is not of interest, a suitable
blocking capacitor can be connected at the ampli-
fier input and all of the “drift’ specifications may
usually be ignored, and

B) Where high frequency (>>10MHz) characteristics
are of primary importance, the choice will be limited

to those amplifiers designated “Wide Bandwidth/Fast
Settling.”

Where DC information is required and where frequency
requirements are relatively modest (full power response
below 100kHz, unity gain of less than 1.5MHz) other criteria
will probably influence the final choice. It is important,
however, to choose an amplifier with which an adequate
value of loop gain is assured (at the maximum frequency of
interest) to obtain the desired accuracy. Loop gain is the
excess of open loop gain over closed loop gain, and is
responsible for the diminishing error due to fluctuations in
the open loop gain due to time, temperature, etc. For ex-
ample, if the closed-loop gain is 1000, the open-loop gain
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must be at least 100,000 to yield an error of no more than
1%, and 1,000,000 to yield an error no greater than 0.1%.

" Where undistorted response is required, the specifications for

full linear response and slewing rate should be chosen such
that they are not exceeded at the highest frequency of
operation.

Offset and Drift Considerations

In the majority of op-amp applications, final selection is
determined by the DC offset and drift characteristics. To
undertake amplifier selection in these cases, it is necessary
to translate the requirements listed above as follows. (It is
assumed that bandwidth requirements and temperature range
have been established at this point.)

1. What input impedance must the circuit present to the
signal source? This depends primarily on the source
impedance, R, and the amount of loading error which

is acceptable. Most amplifier circuits are designed around
cither the inverting or noninverting circuit of Figure 1. The
choice is often made between the two to accommodate the
impedance requirement. Input impedance for the inverting
circuit is approximately equal to the summing impedance,
R; and the upper limit on the magnitude of R; is determined
by the allowable drift error because of input bias current as
discussed below. The noninverting circuit offers inherently
higher input impedance than the inverting circuit (due to
“bootstrapping” feedback) and in this case input impedance
is approximately equal to the common mode impedance of
the amplifier Repy.

2. How much drift error can be tolerated? The question is
related to the input signal level, eg, and the required accuracy.
For example, to amplify or otherwise manipulate a DC input
signal of one volt with an accuracy of 0.1%, the offset

drift error, V4, must be one millivolt or less. (This assumes
that other sources of error such as input loading, noise and
gain error have already been allowed for.) By the same
reasoning, the allowable drift error for a 1 volt signal and
0.01% accuracy would be 100uV.

When this has been defined, the allowable limits of offset
voltage (ey), bias current (i), and difference current can
be calculated by the equations of Figure 1.

Figure 1 gives the equations which relate offset voltage
(eog), bias current (i), difference current (ig) and the
external circuit impedances to the drift error, V4, for both
the inverting and the noninverting circuits. From these
equations it can be seen how the input impedance require-
ments of the foregoing paragraphs are related to the drift
error.

For example, in the case of the inverting circuit, an offset
error voltage, ipR;, is generated by the bias current flowing
through the summing impedance. This error increases for
increasing R;. Since R; also sets the input impedance, there
is a conflict between high input impedance and low offset
errors. Likewise, for a given offset error, higher values for R;
can be used with an amplifier which has lower bias current.
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Figure 1A. Inverting Configuration
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Figure 1B. Noninverting Configuration

Where it will otherwise function properly, the noninverting
circuit generally makes a better choice for high input
impedance circuits. Also, for the same source and input
impedance requirement, a given amplifier will generate lower
offset errors for the noninverting circuit than for the inverting
circuit. This is so because the bias current flows only through
Ry for the noninverter and this will always be less than the
input impedance, R;, of the inverter. Input impedance of the
noninverter (approximately Rpy) is typically 107 ohms
even for the least expensive bipolar amplifiers and up to 10"
ohms for FET types.

Unfortunately, however, the noninverting configuration can-
not always be used since it is not convenient to use for many
circuit functions such as integration or summation. A further
limitation occurs in high accuracy applications, where com-
mon mode errors may rule out this circuit configuration.

Initial offsets can usually be zeroed at room temperature so
that only the maximum temperature excursion (AT) from
+25°C need be considered. For example, over the range of
-25°C to +85°C, the maximum temperature excursion (AT)
from +25°C would be 60°C. As a practical matter, offset
errors due to supply voltage and time drift can generally

be neglected since errors due to temperature drift are usually
much greater.

Current Amplifier Considerations }

Before leaving the subject of offset errors, we shall discuss
briefly the current amplifier configuration which is shown
in Figure 2A. The obvious approach to measuring current

is to develop a voltage drop across a load resistor, R¢, and to
measure this potential with a high impedance amplifier as
shown in Figure 2B.

This approach has several disadvantages as compared to the
circuit of Figure 2A. First the noninverting amplifier intro-
duces common mode errors which do not occur for Figure
2A. Second, an ideal current meter would have zero
impedance whereas, R¢ in Figure 2B may become very
large since this resistor determines the sensitivity of the
measurement. Third, the changes of input impedance, R,

. Rf + R; .
o [ e (B o

~—
Signal Drifterror = le

R = () (7o)

100 le
i‘

Input I

where 1/6=1 +

Ri (R, + Ra) R _
R, Ry % Drift Error

d

Figure 2A. Current Amplifier

eo=Rygis + €0y + ip Rf for Ry > Ry

Signal  Drift Error = Vg4
Input Impedance Ry ~ Ry
% Drift Error = lR%

Figure 2B. Voltage Amplifier with Sampling Resistor
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for the noninverting amplifier with temperature will cause
variable loading on R¢ and hence a change in sensitivity.

The current amplifier of Figure 2A circumvents all of these
difficulties and approaches an ideal current meter; that is,
there is essentially no voltage drop across the measuring
circuit, since with enough open loop gain, A, the input
impedance Ry becomes very small.

In selecting a current amplifier, the most important

consideration is current noise, and bias current drift.
Measuring accuracy is largely the ratio of current noise and

drift to signal current, ig. To obtain the drift of error current

I referred to the input, use the following expression.

Al = [Ac°s<Rf+ Rs> AIB]AT
AT \- R¢Rg AT
Now, to make a proper selection you must pick an amplifier
with an error current, 1., over the operating temperature
which is small compared to the signal current, ig. Do not
overlook current noise which may be more |mportant than
current drift in many applications.

Gain Bandwidth Considerations, Expanded Discussion

From the previous discussion, it is apparent that most
general purpose operational amplifiers will usually give
adequate performance for the DC and audio frequency range
applications. However, to obtain unity gain bandwidth above
2MHz, full power response above 20kHz and slewing rate
above 6V/usec, in general, requires special design techniques.
All amplifiers with wideband, fast response characteristics
have been listed in the wide bandwidth group to simplify

the selection for higher frequency applications.

One factor often overlooked is that stray capacitance and
impedance levels of the external feedback circuit can be the
major limitation in high frequency applications. For example,
in Figure 1A, if R¢ were one megohm, and stray capacitance,
Cg, were one picofarad then the closed loop bandwidth
would be limited to 160kHz (1/(27Rf Cg)) regardless of
how fast the amplifier is. Moreover, output slewing rate will
be limited by how fast Cg can be charged which in turn is
related to signal level, e, and input impedance, Rj, by
dey/dt = -e5/R;Cs. For these reasons it is usually not
possible to obtain both fast response and high input
impedance for an inverting circuit since both R; and R¢ must
be large to obtain high input impedance.

Another advantage of the noninverting circuit (Figure 1B)

is that input impedance, being determined by potentiometric
feedback, does not depend on the impedance levels for Ry
and R,. Therefore, a low impedance can be used for R; so
that stray capacitance of Cg will not limit the circuit’s band-
width. In this case the minimum value for R is constrained
only by the output current rating of the amplifier. Again the
trade-off between the frequency response and input
impedance of the inverting and noninverting circuits must
be evaluated in light of the common mode rejection error
introduced by the noninverter.
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For greater emphasis wideband applications can be separated
into two categories — steady state and transient. Since the
amplifier requirements for the two are somewhat different,
these categories will be discussed separately.

A. Steady State Applications
Steady state applications involve amplifying or otherwise
manipulating continuous sinusoidal, complex or random
waveforms. In these applications the significant issues in
choosing an amplifier are as follows: :
1. Is DC coupling required? 1f DC mformatlon is of no
consequence, then the offset drift errors are not usually
important and a capacitor can be used if necessary to block
the output DC offset. Your only concern here is that DC
offset at the output does not become so large, as might be
the case with a high gain stage, that the output is saturated
or the dynamic swing for AC signals is limited. One way to
circumvent the latter problen is to use feedback to limit
the gain at DC as shown in Figure 3. The gain of these circuits
can be small at DC but large at high frequencies.

Rz fRa*Rpll oo
R Ri

R

Figure 3. DC Feedback Minimizes Qutput Offset
for AC Applications

2. What closed loop gain and bandwidth are required?
Closed loop gain, G, is dictated by the application. To a first
approximation the intersection of the open and closed loop
gain curves in Figure 4 gives the closed loop bandwidth,
f.1(-3dB). For high gain, wideband requirements, it may be
necessary, or more economical, to use two amplifiers in
cascade each at lower gain.

3. What loop gain is required or alternatively what gain
stability, output impedance and/or linearity are necessary?
The available loop gain at a particular frequency or over a
range of frequencies is very often more important than
closed loop bandwidth in selecting an amplifier. Loop gain
as illustrated in Figure 4, is defined as the difference, in dB,
or as the ratio, arithmetically, of the open to closed loop
gain (A = A/G). You will find in most of the equations‘
defining the closed loop characteristic of a feedback
amplifier that the loop gain (A§) is the determining factor
in performance. Some of the more notable cxamplcs of this
point are as follows:



OPEN LOOP GAIN A

__— LOOP GAIN-A8
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GAIN-G BANDWIDTH-ty
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Figure 4. Closed Loop Bandwidth and Loop Gain

a. Closed loop gain stability = AG/G
AG/G = (AA/A) [1/(1 + AB)] where AA/A is the
open loop gain stability, usually about 1%/°C.

b. Closed loop output impedance = Z, = Z,/(1 + AB),
where Z, is the open loop output impedance,
usually 200 to 5000 ohms.

c. Ciosed loop nonlinearity = L¢j = Lg)/(1 + AB), where Ly
is the open loop linearity, usually less than 5%.

Loop gain of 100, or 40dB, is adequate for most applications
and this is readily achievable at DC and low frequencies. But
note that loop gain decreases with increasing frequency
which makes it difficult to obtain large loop gains at high
frequencies. For this reason it may be necessary to use a
10MHz unity gain amplifier in order to obtain adequate
feedback over a 10kHz bandwidth.

4. What full power response and/or slew rate are required?
You should examine your expected output waveform and
select an amplifier whose slewing rate exceeds the maximum
rate of change of output signal. For a sinusoidal waveform
with a peak voltage output equal to the rated amplifier
output the frequency should not exceed f,, the full power
response of the amplifier. As the output signal voltage is
reduced below the rated output voltage, the usable maximum
frequency can be extended proportionately. If you do not
observe these restrictions you will get distortion and
unexpected DC offsets at the output of the amplifier.

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

B. Transient Applications
In applications such as A/D and D/A converters and pulse

amplifiers, the transient response of the wideband amplifier
is generally more important than the gain bandwidth
characteristic described above. Slewing rate, overload
recovery and settling time are the specifications which
determine the transient response.

When applying the high frequency amplifier, it is important
to understand how amplifier performance is affected by

" component selection as well as impedance levels used

around the amplifier.
Settling Time

Settling time is defined as the time elapsed from the
application of a perfect step input to the time when the
amplifier output has entered and remained within a specified
error band symmetrical about the final value (Figure 5).
Settling time therefore includes the time required for the
amplifier to slew from the initial value, recover from slew
rate limited overload, and settle to a given error in the linear
range.

Eo + AE—
ERROR FINAL VALUE, E,
BAND \_; "
E, — AE Fd
==
SLEW
RATE
1
DEAD —
TIME|  SLEWING RECOVERY | LINEAR SETTLING

| ~ae——~——— SETTLING TIME TO * AE ———|

. OR: :—f X 100%
Figure 5. Typical Settling Time Characteristics

The time and frequency response of a linear, bilateral network
or amplifier are related by well known mathematics. For ex-
ample, the step response for a well behaved, ideally linear,
6dB/octave amplifier with a closed loop bandwidth of w|

is shown in Figure 6.

However, since settling time is determined by a combination
of amplifier characteristics (both linear and nonlinear) and
because it is a closed loop parameter, it cannot be readily pre-
dicted from the open loop specifications such as slew rate,
small signal bandwidth, etc.

Analog Devices specifies settling time for the condition of
unity gain, relatively low impedance levels, and no
capacitive loading. A full-scale step input is used to deter-
mine settling time and the step is generally unipolar — i.e.:
from zero to plus or minus full scale. The settling time
indicated is generally the longest time resulting from a step
of either polarity and is given as a percentage of the full
scale step transition.
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Figure 6. Step Response for Linear 6d8/Octave Amplifier

Settling time is a nonlinear function. It varies with the input
signal level and it is greatly affected by impedances external
to the amplifier.

ERRORS DUE TO NOISE

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

Consideration must also be given to noise sources other than
the amplifier whenever determining total system noise. RF
noise may be fed into an amplifier through any connecting wire,
including power supply and output leads. Adequate shielding
and low-pass filters on all incoming leads will usually prevent
noise pick-up.

Thermal noise is generated in any conductor or resistor as a
result of thermal agitation of the electrons. This noise voltage
source, sometimes referred to as ‘‘Johnson Noise”, is generated
in the resistive component of any impedance and has a value:
v 4KTBR
where ep = the rms value of the noise voltagc

K = Boltzman’s Constant (1.38 x 1023 joules/°K)

T = absolute temperature of the resistance, °K

B = the bandwidth in which the noise is measured
Since noise is related to the bandwidth over which the meas-
urement is made, no noise specification is meaningful unless
the bandwidth for the specification is given. Although the
Thermal Noise equation may appear unwieldy for practical
noise calculations, all that is required to enable rapid approxi-
mations is to apply a few simple rules of thumb.

€n =
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Rules of Thumb

(1) Remember that a 100kS2 resistor generates 40nV rms in
a 1Hz bandwidth. The noise voltages generated by other values
of resistances in other bandwidths can be calculated by remem-
bering that the noise is proportional to the square root of the
resistance and the bandwidth;i.e.

(2) To convert the rms noise to a p-p value, a conversion
factor of 6.6uV p-p/uV rms is applied for less than 0.1% pro-
bability of noise peaks exceeding calculated limits.

(3) The total rms noise contribution due to several noise
sources is determined by the square root of the sum of the
squares: '

er=Velt +ep? et + ... eyt

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

(4) Restricting the bandwidth of a ‘systcm to the minimum

" usable and using the lowest impedances possible are ways to

reduce noise.

DESIGN EXAMPLE

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

COMPONENT

CAUSE

. OUTPUT CONTRIBUTION
Rin Johnson Noise

VAKTBRN (Re/RiN)
Rs Johnson Noise AKTBRs (Re/RiN + 1)
RE Johnson Noise VAKTBRF
iny Amp. Current Noise in,RE
ing Amp. Current Noise {ingRs) (RE/Ri + 1)
en Amp. Voltage Noise e, (RE/Rin * 1

TOTAL NOISE =\/Ten,y GI? +[eRg (G + 1)]7 + & g, + lin, REI? +[lin, Rs) (G + 11" +[en (G + 1)]*
Figure 7A. Noise Components

Figure 7B illustrates how the Rules of Thumb may be applied
in a practical case to approximate the total output noise. In this
example, AD504, or a low noise type amplifier is being used
with a 50k source impedance. The two major noise sources,

in addition to the AD504M input voltage noise of 0.6uV p-p,
are the Johnson noise (58uV p-p) and current noise (100uV
p-p)



10k

GAIN = 100
BW=0.01TO 10Hz
Rg = 50kS

Rf = 10kQ

RN = 10002

1) RESISTOR NOISE: R » 13nVA/Hz
Ry » (1.3nVA/HZ) 100
Rs » (28nVA/Fiz) 101 = 2.8uVA/AzZ
TOTAL RESISTOR NOISE IN 10Hz BW =
(2.8uVA/Hz) §/T0Hz) 6.6uV p-p/uV rms = 58,V p-p

2) AMPLIFIER CURRENT NOISE: (50pA p-p) (50k) (101) = 2524V
(50pA p-p) (10k) = 0.5uV

3) AMPLIFIER VOLTAGE NOISE: (0.6x4V p-p) (101) = 60.6pV p-p

TOTAL OUTPUT NOISE = /(252)% +(60.6)? +(58)% ~ 265pV p-p

Figure 7B. Design Example

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

Temperature Range and Nomenclature. Analog Devices oper-
ational-amplifier nomenclature uses suffixes to permit ready
identification of the temperature range for which device
operation to meet critical specifications has been designed

or selected. The most popular range comprises the *“‘com-
mercial” temperatures from 0 to 70°C; it is designated by
suffixes such as J, K, L, M, in order of increasingly tighter
specs (e.g., AD741L). Also popular is the “military” range,
-55°C to +125°C, designated by S, T, U, (e.g.,'’AD510S); not
all families have types with specified performance in this range.
There are a few types designed for operation in the ““in-
dustrial” range, -25°C to +85°C, designated by A, B (e.g.,
model 51B). Wide-range types will generally meet the same or
better specs in a narrower temperature range. A few types are
second-sources for products originally introduced by other
manufacturers. In those instances, the generic nomenclature is
used (AD741C) or enlarged upon, if superior selections are
offered (e.g., AD301AL).

There are nine divisions by class of application, based on

optimization of one or more key specifications. Versions

of many devices in this class are available to meet require-
ments of MIL-STD-883B; the availability of such devices

will be noted on the data sheets.

1. General-Purpose ICs. Amplifiers in this group include our
lowest-cost devices. They are best-suited for general purpose
designs with moderate drift requirements, down to 5uV/°C
max (AD301AL), and gain-bandwidth to 8MHz (AD301A).
Typical applications include summing, inverting, impedance

buffering (followers), and active filtering. They are also nse-
ful for developing nonlinear transfer functions, with appro-
priate external circuitry.

Bipolar monolithic technology is used for all types. The
AD741 is internally compensated; it does not require external
capacitance for frequency compensation. On the other hand,
the AD301A’s ability to be externally compensated, by either
lag or feedforward circuitry, permits circuits with a wide range
of dynamic performance characteristics to be handled. Extend-
ed-temperature-range equivalents are the AD101A, AD201A,
and AD741.

2. Low Bias-Current, High Input-Impedance, FET-Input ICs.
These types use the inherenty high impedance and low
leakage current of junction field-effect transistors (FET’s)
to deal with configurations that either provide the mea-
surement of low currents or require the use of high-resist-
ance circuitry.

Typical applications range from general-purpose high-im-
pedance circuitry to integrators, current-to-voltage converters,
and log-function generation, to measurements with high-im-
pedance transducers, such as photomultipliers, flame detectors,
pH cells, and radiation detectors.

The performance range is from the 75fA (75 x IO'HA) maxi-
mum bias current of the AD515L electrometer to the 50pA
max of the general purpose, lowest-cost AD540]J. The AD542
is a low-cost, laser-wafer-trimmed (LWT) monolithic implanted
FET input amplifier with low offset and drift. The AD544 is
similar, but has higher speed. Low bias current does not ne-
cessarily imply large voltage offsets; the AD515K combines a
150fA (0.15pA) max bias current with 1.0mV max offset and
15pV/°C max voltage drift; comparable figures for the
ADS547L are 25pA, 0.25mV and 1uV/°C.

The types of amplifiers in this group either are completely
monolithic or employ matched FET’s and a special bipolar
amplifier chip designed to accommodate the input FET’s
electrically. In nearly all the IC’s, thin-film resistors are
deposited on the chip at critical circuit locations to ensure
stability; low offsets and drift are achieved by laser-trimming
of circuit balance. All FET-input op amps from Analog
Devices are manufactured to meet their published bias-current
specifications after full warmup (some manufacturers specify
initial current, which is lower than warmed-up bias current).
Our published max bias-current specification applies to either
input (some manufacturers call “‘bias current” the average of
the two input currents). Bias current of junction FET’s ap-

" proximately doubles for every 10°C increase of temperature.

3. FET-Input Dual ICs, The AD642, AD644, and AD647 are
a single-chip pair of trimmed implanted-FET-input (TRIFET)
op amps similar to the AD542, AD644, and AD547 with low
warmed-up bias current (35pA max — K, L, S), low offset
voltage (0.5mV max — L), low offset-voltage drift (2.5uv/°C
max — L), and excellent Vg matching (0.25mV max — L).
Besides applications calling for more than one FET-input op
amp at low cost per function, the AD647 is especially useful
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in applications calling for matched duals, such as log-ratio
amplifiers, FET-input instrumentation amplifiers, and buf-
fering of differential signals. The AD644, a wideband version,
was designed for fast DAC amplifiers, sample and hold, filters
and wideband instrument amplifiers.

4, Electrometers. This class comprises the lowest bias-current
. devices, the AD515. The AD515L, with its 75fA input bias
current, ImV max offset, and 25uV/°C offset tempco, has
differential inputs, and can be used in voltage measurements
at high impedance, as a follower, or in current measurements,
as an inverter, or even differendally,

5. High-Accuracy Low-Drift Differential-Input ICs. “Chopper-
less” low-drift designs with differential inputs, optimized for
voltage offset and drift, dc open-loop gain, and CMR, should
be considered for high-accuracy instrumentation, low-level
transducer bridge circuits, precision voltage comparators, and
for impedance buffer designs.

Performance of internally compensated premium amplifiers in
this group ranges from the ADOP-07A’s 25uV max offset volt-
age and 0.6uV/°C drift, and the AD517L’s 50uV max offset
voltage and 1.3uV/°C drift, combined with 1nA max bias cur-
rent (1.5nA max over the temperature range), and CMR of
110dB-min, to the low-cost AD741L’s maximum offset of
0.5mV and max offset tempco of 5uV/°C, with 100nA max

bias current over the temperature range, and CMR of 90dB min.

The ADOP-07 is a superior second source to other OP-07
families; for example, ADOP-07AH has minimum gain of
3 x 10° V/V compared to 3 x 105 V/V,

Among uncompensated op amps, the premium range is from
the AD504M, with 0.5mV maximum offset voltage, 0.51V/°C
max drift, 100nA max bias current over the temperature range,
and 110dB CMR, to the low-cost AD301AL, with max offset
of 0.5mV, max drift of 54V /°C, max bias current of 45nA
over the temperature range, and minimum CMR of 90dB. For
applications in which low noise is essential, the AD504M has
100%-tested guaranteed maximum voltage noise of 0.6uV p-p,
for the frequency range 0.1 to 10Hz, and maximum spot noise
of 13, 10, and 9nVA/Hz and 0.6, and 0.3pA/A/Hz, at 100Hz,
and 1000Hz, respectively.

External dynamic compensation permits considerably greater
bandwidths, at higher gains, than are available with the
compensated AD517 and AD510 families. For example, with
a 3.9pF compensating capacitor, the AD504’s typical small-
signal bandwidth is 100kHz at a gain of 200, vs. 1.5kHz for the
internally compensated AD510;under the same conditions, the
full-power bandwidth of the AD504 is 30kHz, vs. 1.5kHz for
the AD510. With feedforward compensation, the AD301AL
has a fullpower bandwidth in excess of 150kHz, for inverting
applications.

The AD741)/K/L and the AD301AL are selected from
production lots of the generic AD741 and AD101A types.
The AD504, AD510, and AD517 are thermally balanced

for low drift and high gain (independent of output loading),
with inputs that are bootstrapped for high CMR and protected
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against overloads to prevent bias-current degradation due to
reverse breakdown. Thin-film resistors, deposited on the chip,
are another key to the stability of these amplifiers. The AD510
and the AD517 employ super-beta input transistors to achieve
low bias current, and they are laser-trimmed at the wafer-probe
stage (LWT) to achieve their excellent offset-voltage specifi-
cations at low cost. Since the bias currents are always of one
polarity, they can be nulled at a given temperature with simple
circuitry; and the change over the temperature range will be
considerably less than for low-cost FET-input amplifiers having
comparable specifications.

Extended-temperature-range equivalents are AD504S,; AD510S,
AD714S, and AD517S.

6. Wide Bandwidth, Fast-Settling ICs. High-speed op amps
are characterized by high slewing rates, fast settling time,
and wide bandwidth. Fast settling time is especially im-
portant in applications with rapidly changing or switched
analog data, in buffers, d/a converters, and multiplexer cir-
cuitry; wide small-signal bandwidth is important in preampli-
fication and in handling low-level wideband ac signals; high
slewing rate is associated with fast settling time and is also
important in handling ac signals having large magnitudes with
minimal distortion, since the large-signal bandwidth is closely
related to the slewing rate.

The products in'this category with outstanding specifications
are models HOS-050, AD3554 and AD380. Settling of the
hybrid HOS-050 is to within 0.01% in 300ns in the invert-
ing connection. Model AD3554 max slewing rate is 1000V/
ps inverting, and small-signal unity-gain bandwidth is 70MHz;
full-power bandwidth is 16MHz, min. In addition, all of these
devices will deliver £100mA of output current at £10V, an
important factor in video and line-driver circuitry, and in
driving capacitive loads. For example, the current required

to sustain 500V /us in a 100pF load is I = C dV/dt= 50mA.
AD380 is optimized for settling time: 250ns maximum to
0.01%, inverting or noninverting, with output of 50mA

at 10V,

There are three families of monolithic ICs listed in this cate-
gory, with slewing rates ranging from 25V /us min to 100V /us
min. The AD509S is the fastest slewing (100V/us min) and
settling (500ns min to 0.1% and 2.5us min to 0.01%). The
AD507K is the best all-around performer, with small-signal
bandwidth of 35MHz, slewing rate of 25V/us min, and typi-
cal settling to 0.1% within 900ns, in addition to open-loop dc
gain of 10° min, drift of 15uV/°C max, and bias current of
15nA max. The AD518].is the lowest in cost, yet it slews at
50V/us min, and typically settles to within 0.1% in 800ns,
with single-capacitor compensation.

Extended-temperature-range equivalents are models AD507S,
AD509S and AD518S,



DEFINITIONS OF SPECIFICATIONS

Absolute Maximum Differential Voltage

Under most operating conditions, feedback maintains the error
voltage between inputs to nearly zero volts. However, in some
applications, such as voltage comparators, the voltage between
the inputs can become large. This specification defines the
maximum voltage which can be applied between inputs with-
out causing permanent damage to the amplifier.

Common-Mode Rejection
An ideal operational amplifier responds only to the difference
voltage between inputs (e* — €7) and produces no output for
a common-mode voltage, that is, when both inputs are at the
same potential. However, due to slightly different gains be-
tween the plus and minus inputs, or variations in offset voltage
"as a function of common-mode level, common-mode input
voltages are not eliminated at the output. If the output error
voltage, due to a known magnitude of common-mode voltage,
is referred to the input (dividing by the closed-loop gain), it re
flects the equivalent common-mode error voltage (CME) be-
tween the inputs. Common-mode rejection ratio (CMRR) is
defined as the ratio of common-mode voltage to the resulting
common-mode error voltage. Common-mode rejection is often
expressed logarithmically: CMR (in dB) = 20 log;o (CMRR).

The precise specification of CMR is complicated by the fact
that the common-mode voltage error can be a highly nonlinear
function of common-mode voltage and also varies with tem-
perature. As a consequence, CMR data published by Analog
"Devices are average figures, assuming an end-point measure-

" ment over the common-mode range specified. The incremental
CMR about small values of common-mode voltage may be
greater than the average CMR specified (on the other hand, the
incremental CMR may be less in the neightborhood of large
CMYV). Published CMR specifications for op amps pertain to
very low-frequency voltages, unless specified otherwise; CMR
decreased with increasing frequency.

Common-Mode Voltage, Maximum

For differential-input amplifiers, the voltage at both inputs can
swing about ground (power-supply common) level. Common-
mode voltage is defined as any voltage (above or below ground)
that could be observed at both inputs. The maximum com-
mon-mode voltage is defined as that voltage which will pro-
duce less than a specified value of common-mode error. This
establishes the maximum mput voltage for the voltage-follower
connection.

Drift vs. Supply

Offset voltage, bias current, and difference current vary as
supply voltage is varied. Usually, dc errors due to this effect
are negligible compared to drift with temperature. No infer-
ence may be drawn from this low-frequency specification con-
cerning the effects of rapid variation of voltage at the supply
terminals.

Drift vs. Temperature
Offset voltage, bias current, and difference current all change,
or “‘drift”, from their initial values with temperature. This is

by far the most important source of error in most precision
applications. The temperature coefficients (tempcos) of those
parameters are all defined as the average slope over a specified
temperature range. Drift can be a nonlinear function of tem-
perature (though it is often quite linear over limited tempera-
ture ranges); the slopes generally are greater at the extremes of
temperature than around normal ambient (+25°C), which gen-
erally means that for small temperature excursions in the vi-
cinity of +25°C, the specification is conservative.

Analog Devices precision operational amplifiers are specified
by three- (or more-) point measurements, at 25°C and at the
high and low extremes of the range (T, TL ), with the ampli-
fier adjusted to zero at room temperature. The sum of the.
magnitudes of the drifts in the two ranges must be less than
the specified drift rate (uV/°C or nA/°C) multiplied by the
total temperature range (modified ‘‘butterfly”), or, in some
cases, the magnitude of the drifts in both ranges must be less

True Butterfly Spec Modified Butterfly Spec

Aeos €osH €osL Aeas _ |eosH 1+ |eosL|
aT TH —Tr T|_ —Tr T Tw-TL

(TR—TL) S } e
0s
e::sL{
(TH—TR)

Tr
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AT

is the max. drift coefficient permissible

than the specified drift rate multiplied by the respective tem-
perature ranges (“‘true butterfly”).

The lowest-cost second-source IC amplifiers are specified only
in terms of the maximum value of the parameter (e.g., offset
voltage) over temperature in the specified range.

Drift vs. Time

Offset voltage, bias current, and difference current change with
time as components age. It is important to realize that drift
with time is random, and rarely — if ever — accumulates line-
arly for healthy devices. For example, voltage drift for a chop-
per-stabilized amplifier might be quoted at 1uV/day, whereas
cumulative drift over 30 days might not exceed 5uV, or 15uV
in a year (e.g., model 235). A convenient rule of thumb for
extrapolation is to divide the drift for a stated interval by the
square root of its ratio to any other interval of interest.

Full-Power Response

The large-signal and small-signal response characteristics of
operational amplifiers differ substantially. An amplifier’s out-
put will not respond to large signal changes as fast as the small-
signal bandwidth characteristics would predict, primarily be-
cause of slew-rate limiting in the output stages. Full-power re-
sponse is specified in two ways: full linear response and full
peak response. Full linear response is specified in terms of the
maximum frequency, at unity closed-loop gain, for which a
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sinusoidal input signal will produce full output at rated load
without exceeding a pre-determined distortion level. There is
no industry-wide accepted value for the distortion level which
determines the full-linear-response limitation, but we use 3%
as a maximum acceptable limit for modules.

In many applications, the distortion caused by exceeding the
full linear response can be comfortably ignored, but a more-
serious effect (often overlooked) is an effect equivalent toa
dc offset voltage that can be generated when full linear
response is exceeded, due to rectification of the asymmetrical
feedback waveform or overloading of the input stage by large
distortion signals at the summing junction.

Another frequency response that is often if interest is the
maximum frequency at which full output swing may be ob-
tained, irrespective of distortion. This is termed “full peak re-
sponse’’ and can often be found in a plot of output voltage
swing vs. frequency.

Initial Bias Current
Bias current is defined as the current required at either input
from an infinite source impedance to drive the output to zero
(assuming zero common-mode voltage). For differential ampli-
fiers, bias current is present at both the negative and the posi-
tive input. All Analog Devices specifications pertain to the
larger of the two, not the average. For single-ended amplifiers
(i.e., chopper types), bias current refers to the current at the
input terminal.

Analog Devices spec1fxes initial bias current, Ip, as the bias
current at ejther input, specified at +25°C ambient with the
input junctions at normal operating temperature (some manu-
facturers specify initial bias current at power turn-on. Such
specifications may be mlslcadmg For example in FET-input
amplifiers, bias current is doubled for each 10°Ci - increase;
since junction temperatures may warm up to 20°C or more
above ambient, the “initial bias current” spec used by some
manufacturers may be met only during a brief interval after
the power is burned on, and I, may be quadrupled under
ordinary operation conditions.)

B

Initial Difference Current
Difference current is defined as the difference between the bias
currents at the two inputs. The input circuitry of differential
amplifiers is generally symmetrical, so that bias currents at
both inputs tend to be equal and tend to track with changes in
temperature and supply voltage. Therefore, difference current
is often about 0.1 times the bias current at either input,
assuming that inital bias current has not been compensated at
the input terminals. For amplifiers in which bias currents
track, it is often possible to reduce voltage errors due to bias
current and its variations by the use of equal resistance loads
at both inputs.

Input Impedance

Differential input impedance is defined as the impedance
between the two input terminals at +25°C, assuming that the
error voltage is nulled or very near zero volts. To a first approxi-
mation, dynamic impedance can be represented by a capacitor
in parallel with a resistor.
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Common-mode impedance, expressed as a resistance in parallel
with a capacitance, is defined as the impedance between each
input and power-supply common, specified at +25°C. For
most circuits, common-mode impedance on the negative input
has little significance, except for the capacitance which it adds
at the summing junction (one exception is electrometer cir-
cuitry). However, common-mode impedance on the plus input
sets the upper limit on closed-loop input impedance for the
non-inverting configuration. Common-mode impedance is a
nonlinear function of both temperature and common-mode
voltage. For FET-input amplifiers, common-mode resistance is
reduced by a factor of two for each 10° of temperature rise.
As a function of common-mode voltage, the resistive com-
ponent is defined as the average resistance for a common-mode
change from zero to the maximum common-mode voltage.
Incremental resistance may be less than the specified average
value, especially at full-scale for some FET-input amplifiers.

Input Offset Voltage

Offset voltage is defined as the voltage required at the input
from zero source impedance to drive the output to zero; its
magnitude is measured by closing the loop (using low values of
resistance) to establish a large fixed gain, measuring the ampli-
fied error at the output, and dividing the measured value by
the gain.

The initial offset voltage is specified at +25°C and rated supply
voltage. In most amplifiers, provisions are made to adjust in-
itial offset to zero with an external trim potentiometer.

Input Noise

Input voltage- and current-noise characteristics can be speci-
fied and analyzed in much the same way as offset-voltage and
bias-current characteristics. In fact, long-term drift can be con-
sidered as noise which occurs at very low frequencies. The
primary difference is that, when evaluating noise performance,
bandwidth must be considered. Also rms noise from different
sources is summed by root-sum-of-squares, rather than linear,
addition. Depending on the amplifier design, noise may have
differing characteristics as a function of frequency, being
dominated by “1/f noise”, resistor noise, or junction noise, at
various frequencies.

For this reason, several noise specifications are given. Low-
frequency noise in the band 0.01 to 1Hz (or 0.1 to 10Hz) is
specified as peak-to-peak, with a 3.30 uncertainty, signifying
that 99.9% of the observed peak-to-peak excursions will fall
within the specified limits. Wideband noise is specified as rms.
For some types, spectral-density plots or “‘spot noise”, at spe-
cific frequencies, in uV/\/—z or pA/\/P_Iz., are provided.

Open-Loop Gain

Open-loop gain is defined as the ratio of a change of output
voltage to the voltage applied between the amplifier inputs

to produce the change. Gain is specified at dc. In many appli-
cations, the frequency dependence of gain is important; for
this reason, the typical open-loop gain as a function of fre-

.quency is published for each amplifier type. See also unity gain

small-signal response.



Overload Recovery

Overload recovery is defined as the time required for the out-

put voltage to recover to the rated output voltage from a satu-
rated condition caused by a 50% overdrive. Published specifi-

cations apply for low impedances and contain the assumption
that overload recovery is not degraded by stray capacitance in
the feedback network. "

Rated Output ‘

Rated output voltage is the minimum peak output voltage
which can be obtained at rated current or a specified value of
resistive load before clipping or out-of-spec nonlinearity occurs.
Rated output current is the minimum guaranteed value of cur-
rent supplied at the rated output voltage (or other specified
voltage). Load impedances less than the specified (or implied) .
value can be used, but the maximum output voltage will de-
crease, distortion may increase, and the open-loop gain will be
reduced. (All models are short-circuit protected to ground, and
many are safe against shorts to the supplies.)

Settling Time

Settling time is defined as the time elapsed from the applica-
tion of a perfect step input to the time when the amplifier out-
put has entered and remained within a specified error band
symmetrical about the final value. Settling time, therefore, in-
cludes the time required: for the signal to propagate through
the amplifier, for the amplifier to slew from the initial value,
recover from slew-rate-limited overload (if it occurs), and set-
tle to a given error in the linear range. It may also include a
“long tail” due to the time required to reach thermal equilib-

rium, or the settling time of compensation circuits. Settling
time is usually specified for the condition of unity gain, rela-
tively low impedance levels, and no (or a specified value of)
capacitive loading, and dany specified compensation. A full-
scale unipolar step input is used, and both polarities are tested.

Although settling time can generally be grossly inferred from
the other amplifier specifications (an amplifier that has extra-
wide small-signal bandwidth, extra-fast slewing, and excellent
full-power response may reasonably — but not always — be
expected to have fast settling), the settling time cannot usually
be rationally predicted from the other dynamic specifications.

Slewing Rate

The slewing rate of an amplifier, usually in volts per micro-
second (V/us), defines the maximum rate of change of output
voltage for a large input step change.

Unity-Gain Small-Signal Response

Unity-gain small-signal response is the frequency at which the
open-loop gain falls to 1V/V, or 0dB under a specified com-
pensation condition. “Small signal” indicates that, in general,
it is not possible to obtain large output voltage swing at high
frequencies because of distortion due to slew-rate limiting or
signal rectification. For amplifiers with symmetrical response
for signals applied to either input, the dynamic behavior will
be consistent for both inverting and non-inverting configura-
tions. However, if feedforward compensation is used, fast re-
sponse will be available only on the negative input, restricting
fast applications of the device to the inverting mode.
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A BRIEF BIBLIOGRAPHY ON OP AMPS

BOOKS (Not available from Analog Devices except where
noted)

IC Op-Amp Cookbook by Walter Jung, Howard Sams & Co.,
Second Edition, 1980, down-to-earth and practical
paperback

Linear Integrated Circuit Applications by George B. Clayton,
The Macmillan Press Ltd., London, 1975

Modern Operational Circuit Design, by J. I. Smith, John Wiley
& Sons, Inc., 1971

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

Operational Amplifiers and Linear IC’s, by R. F. Coughlin
and F. F. Driscoll, Prentice-Hall, Second Edition, 1982,
Practical textbook

Operational Amplifiers, Theory and Practice, by J. K. Roberge,
J. Wiley & Sons, 1975. Authoritative book on op amp
principles and circuitry; contains extensive material on
compensation to optimize dynamic performance

Transducer Interfacing Handbook, edited by D. H. Sheingold.
1980. $14.50. Analog Devices, Box 796, Norwood, MA
02062 ‘

ARTICLES AND APPLICATION NOTES (Available Upon
Request; ask for specific issue of Analog Dialogue)

““Analog Signal Handling for High Speed and Accuracy” by
A. P. Brokaw, ANALOG DIALOGUE 11-2

“Current Inverter with Wide Dynamic Rahge" by Barrie
Gilbert, ANALOG DIALOGUE 9-1, 1975
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“‘How to Select Operational Amplifiers”, Application Note
Section 21 of Volume I

“An IC-Amplifier User’s Guide to Decoupling, Grounding, and
Making Things Go Right for a Change,” by A. P. Brokaw,
Application Note Section 21 of Volume 1

“Laser-Trimming on the Wafer, A Powerful New Tool for IC’s”
by R. Wagner, ANALOG DIALOGUE 9-3, 1975,

“Noise and Operational Amplifier Circuits” by L. Smith and
D. Sheingold, ANALOG DIALOGUE 3-1, 1969

“Op Amps as Electrometers,” ANALOG DIALOGUE 5-2, 1971

“Settling Time of Operational Amplifiers” by R. Demrow,
ANALOG DIALOGUE 4-1, 1970

“Simple Rules for Choosing Resistance Values in Adder-
Subtractor Circuits” by D. Sheingold, ANALOG
DIALOGUE 10-1, 1976

“Specifying and Measuring a Low-Noise FET-Input IC Op
Amp” by Bill Maxwell, ANALOG DIALOGUE 8-2, 1974

““How to Test Operational Amplifier Parameters”, Application
Note Section 21 of Volume I .

USEFUL TUTORIAL MATERIAL fN DATA SHEETS

Electrometer Circuitry, see AD515 and Models 310/311
High-Speed Amplifiers, see AD518 and Models 50/51
Low-Drift Differential Op Amp Performance, see AD504

Low-Level Applications of Chopper-Stabilized Amplifiers:
Inverting, see Models 234, 235
Non-Inverting, see Model 261



ANALOG General Purpose Low Cost
DEVICES IC Operational Amplifier

AD101A, AD201A, AD301A, AD301AL

Low Bias and Offset Current . AD101 SERIES FUNCTIONAL BLOCK DIAGRAMS n
Single Capacitor External Compensation

for Operating Flexibility
Nullable Offset Voltage
No Latch-Up
Fully Short Circuit Protected
Wide Operating Voltage Range

COMPEBNASlAAY'rgrEV E 8 lCOMPENSAHON

INVERTING INPUT [Z 7] ve
NON INVERTING
Weotr L2 6] outeut

v- ] [E] eatance

MINI DIP
TOP VIEW

GENERAL DESCRIPTION SCHEMATIC DIAGRAM

The Analog Devices AD101A, AD201A, AD301A and COMPERSATION  COMPENSATION

AD301AL are high performance monolithic operational ampli- ®© ® : v
fiers. All the circuits feature full short circuit protection, ex- ©
ternal offset voltage nulling, wide operating voltage range, and -® |Ju

the total absence or “latch-up”. Because frequency compensa- "G o

tion is performed externally with a single capacitor (30pF I% o as
maximum), the AD101A, AD201A, AD301A and AD301AL 1 -
provide greater flexibility than internally compensated ampli-
fiers since the degree of compensation can be fitted to the
specific system application.

The AD101A and AD201A have identical spcc1f1cauons in the
TO- 99 ) package; the former guaranteed over the 55 °C to

ouTPUT

+125°C temperature range, and the latter over -25°C to +85°C. * v-
The AD201A is also available in the mlmoDlP package for high L - —0
performance operation over the 0 to +70° C temperature range. %

The AD301A is specified for operation over the 0 to +70°C o 3™

temperature range in both the TO-99 and mini-DIP packages. =
The AD301AL is the highest accuracy version of this series.
Improved processing and additional electrical testing allow the
user to achieve precision performance at low cost. The device
provides substantially increased accuracy by reducing errors
due to offset voltage (0.5mV max), offset voltage drift
(5.04V/°C max), bias current (30nA max), offset current
(5nA max), voltage gain (80,000 min), PSRR (90dB min),
and CMRR (90dB min). The AD301AL is also specified

from 0 to +70°C and is available in the TO-99 can or 8-pin
mini-DIP.
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SPECIFICATIONS (typical @ +25°C and 15V dc, unless otherwise specified)l

ABSOLUTE MAXIMUM RATINGS

AD101A, AD201A, AD301A, AD301AL
unless otherwise specified

Supply Voltage
AD101A, AD201A
AD301A, AD301AL

Power Dissipation’
TO-99 (Metal Can) .
Dual In-Line (Mini-DIP)

Differential Input Voltage
Input Voltage®
Output Short Circuit Duration®

Operating Temperature Range

+22v
18V

500mwW
500mwW

"£30V

15V

Indefinite

AD101A -55°C to +125°C

AD201A (TO-99) -25°C to +85°C

AD201A (Mini-DIP) 0 to +70°C

AD301A, AD301AL 0 to0 +70°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 60sec) 300°C

ELECTRICAL CHARACTERISTICS (T, = +25°C unless otherwise specified)*

AD301A

AD101A/AD201A AD301AL
Parametcr Conditions Min Typ Max | Min Typ Max | Min ° Typ Max | Units
Input Offset Voltage Rg<10k2 0.7 2.0 2.0 7.5 0.3 0.5 mV
Input Offset Current 1.5 10 3 50 3 5 nA
Input Bias Current 30 75 ©70 250 15 30 nA
Input Resistance 1.5 4 0.5 2 1.5 4 MQ
Supply Current Vg = 20V 1.8 3.0 mA
Vg =15V ' ‘ 1.8 3.0 1.8 3 mA
Large Signal Voltage Gain Vg =15V, Voyy = 210V, 50 160 25 160 80 300 V/mvV
’ Ry = 2kQ
The Following Specifications Apply Over the Operating Temperature Ranges*
Input Offset Voltage Rg<10kQ2 3.0 10 0.5 1 mV
Input Offset Current 20 70 10 nA
Average Temp. Coefficient Tp (min) KT, ST, (max) 3.0 15 6.0 30 2 5 pv/°c
of Input Offset Voltage
Average Temp. Coefficient +25 C<‘l‘A <TA(ma.x) 0.01 0.1 0.01 0.3 0.01 0.1 nA/°C
of Input Offset Current Ty (Min)ST, < +25°C 0.02 0.2 0.02 0.6 0.01 0.1 nA/°C
Input Bias Current 100 300 30 45 nA
Large Signal Voltage Gain Vg =215V, Vo = 210V,
Ry >2kQ 25 15 40 100 V/mV
Input Voluge Range Vg = $20V *15 \4
=15V $12 *12 v
Common Mode Rejection Ratio  Rg S<50k§2 . 80 96 70 90 90 100 dB
Supply Voltage Rejection Ratio  Rg<50k§2 80 96 70 96 90 100 dB
Output Voltage Swing VS =115V, RL = 10kQ +12 +14 +12 *14 +12 *14 v
Vs =*15V, Ry, = 2k2 10 +13 10 13 *10 13 A\
Supply Current Tp = Ty (max), Vg = 20V 1.2 2.5 1.8 3 mA

!'The maximum desirable junction temperature of the AD101A is +150°C; that of the AD201A, AD301A and AD301AL is
+100°C. For operating at elevated temperatures, devices must be derated based upon a thermal resistance of +150°C/W,
junction to ambient, or +45°C/W, junction to case. The thermal resistance of the Dual In-Line package is +160°C/W, junction
to ambient.

2 For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage

3 For the AD301A and AD301AL continuous short circuit is all d for case p to +70°C and ambient temperatures
to +55°C.

* Unless otherwise specified, these specifications apply for supply voltages and ambient temperatures of £5V to 20V and -55°C
to +125°C for the AD101A, 5V to +20V and -25°C to +85°C for the AD201AH (O to +70°C for the AD201AN), and +5V to
%15V and 0 to +70°C for the AD301A and AD301AL.

Specifications subject to change without notice.

VOL. |, 4-18 OPERATIONAL AMPLIFIERS



Applying the IC Operational Amplifier

ORDERING GUIDE
PACKAGE
MODEL TEMP RANGE ORDER NUMBER* OPTION**
AD301AL 0 to +70°C - AD301AL TO-99, NSA
AD201A —25°C to +85°C AD201A TO-99, NSA
AD301A 0 to +70°C AD301A TO-99, N8A
AD101A -55°Cto +125°C  AD101AH TO-99
*Add package type letter: H = TO-99, N = Mini DIP,
**See Section 20 for package outline information.
FREQUENCY COMPENSATION CIRCUITS
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Figure 1. Single Pole Compensation Figure 2. Two Pole Compensation Figure 3. Feedforward Compensation
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TYPICAL PERFORMANCE CURVES
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ANALOG

“Wideband, Fast-Settling
FET Operational Amplifier

DEVICES

AD380

FEATURES

High Output Current: 50mA @ +10V

Fast Settling to 0.1%: 130ns

High Slew Rate: 330V/ps

High Gain-Bandwidth Product: 350MHz
High Unity Gain Bandwidth: 40MHz

Low Offset Voltage (1mV for AD380K, L, S}

PRODUCT DESCRIPTION

The AD380 is a hybrid operational amplifier that combines the
low input bias current advantages of a FET input stage with the
high slew rate and line driving capability of a fast, high power
output amplifier.

The AD380 has a slew rate of 330V/us and will output + 10V

and *=50mA. A single external compensation capacitor allows

the user to optimize the bandwidth slew rate, or settling time
- for the given application.

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

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

The AD380 is offered in three commercial versions, J, K and L.
specified from 0 to +70°C and one military version, the S,
specified from —55°C to +125°C. All grades are packaged in
hermetically sealed TO-8 style cans. The S grade is available
screened to MIL-STD-883, Level B.

AD380 FUNCTIONAL BLOCK DIAGRAM

C .
Ne @N FREQUENCY
@ @ COMPENSATION

) ®,)

NONINVERTING ?“BFLSLET

12-PIN TO-8 STYLE
TOP VIEW

PRODUCT HIGHLIGHTS
. The AD380’s high output current (SOmA @ = 10V) makes it

suitable for driving terminated 2002 wwisted pair outputs.

. The fast settling output (250ns to 0.01%) makes the AD380

an ideal choice for video A/D and D/A converters and sample
and hold applications.

. The settling wave forms are not only fast but are also very

smooth. The absence of large overshoot and oscillations
makes the AD380 a very predictable and dependable system
clement.

. The high gain-bandwidth product (350MHz) ensures low

distortion in high frequency applications.

. Laser trimming techniques reduce offset voltage to 1mV on

the AD380K, L and S grades.
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SPECIFICATIONS (typical @ +25°C and Vg = =15V dc unless otherwise specified)

MODEL AD380] AD380K AD380L AD380S!
OPEN LOOP GAIN '

Vout = =10V, Ry 22000 25,000 min * * *
OUTPUT CHARACTERISTICS

Voltage @ Ry = 20002, T4 = min to max +12V (£ 10V min) * *

Output Impedance (Open Loop) 1000 * * *

Short Circuit Current 100mA * * *
DYNAMICRESPONSE

Unity Gain, Small Signal 40MHz * * *

Gain-Bandwidth Product? 350MHz * * *

Full Power Response 6MHz * * *

Slew Rate 330V/ps * * *

Settling Time: 10V Stepto 1% 90ns * * *

10V stept00.1% 130ns * * *
10V stepto 0.01% 250ns * * *

INPUT OFFSET VOLTAGE? 2.0mV max 1.0mV max ** **

vs. Temperature* 50p.V/°Cmax 20p.V/°C max 10p.V/°C max 20 V/°C max

vs. Supply, To = min tomax 1ImV/V max * * *
INPUT BIAS CURRENT

Either Input® 200pA max 100pA max ** *k

Inpurt Offset Current 20pA * * *
INPUT IMPEDANCE

Differential 10'%6pF * * *

Common Mode 10'%6pF * * *
INPUT VOLTAGE RANGE

Differential® =20V * * *

Common Mode + 12V (% 10V min) hd * *

Common Mode Rejection, Vi = + 10V 60dB min * * *
POWER SUPPLY

Rated Performance * 15V * * *

Operating +(10t020)V * * *

Quiescent Current 12mA (15mA max) * * *
VOLTAGENOISE :

0.1Hzto 100Hz 4uVp-p(0.5uVrms) * * *

100Hz to 10kHz SV p-p(1pV rms) * * *

10kHzto IMHz S0V p-p (6pV rms) * * *
TEMPERATURERANGE

Operating, Rated Performance .0to +70°C * * —55°Cto +125°C

Storage -65°Cto +150°C * * *
PACKAGE OPTION’ ' )

TO-8 Style (HI2A) AD380JH AD380KH AD380LH AD389SH

NOTES

The AD380SH is offered screened to MIL-STD-883, Level B.

2Gain-Bandwidth Product

datf = 10MHz, Cr = OpF.

3Input Offset Voltage specifications are guaranteed after 5 minutes of operation at

Ta = +25C.

“Input Offset Voltage Drift is specified with the offset voltage unnulled. Nulling

will induce an additional 3uV/°C/mV of nulled offset.

*Bias Current specifications are guaranteed maximum at either input after S
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minutes of operation at T, = +25°C. For higher temperatures, the current

doubles every 10°C.

“Defined as the maximum safe voltage between inputs, such that neither exceeds

+ 10V from ground.

7See Section 20 for package outline infonmﬁqn.
*Specifications same as AD380].
**Specifications same as AD380K.
Specifications subject to change without notice.

TYPICAL APPLICATION

Noninverting Unity Gain Amplifier



ANALOG

High Speed, Low Drift
FET Operational Amplifier

DEVICES

AD381

FEATURES

High Slew Rate: 30V /us

Fast Settling to 0,01%: 700ns

High Output Current: 10mA

Low Drift (5uV/°C—AD381L)

Low Offset Voltage (0.25mV—AD381L)

Low Input Bias Currents (25pA—AD381L, K)
Low Noise (2uV p-p)

PRODUCT DESCRIPTION

The AD381 is a hybrid operational amplifier combining the
very low input bias current advantages of a FET input stage
with a high speed output stage.

The offset voltage (0.25mV maximum for AD381L) and off-
set voltage drift (51V/°C maximum for AD381L) are excep-
tionally low for a high speed operational amplifier,

In addition to superior low drift performance, the AD381
offers the lowest guaranteed input bias currents of any wide-
band FET amplifier with 50pA max for the J grade and 25pA
max for the K and L grades. Since Analog Devices, unlike
most other manufacturers, specifies input bias currents with
the amplifiers warmed-up, our FET amplifiers are specified
under actual operating conditions

The AD381 is especially designed for use in applications, such
as precision, high speed data acquisition systems and signal
conditioning circuits that require excellent input parameters
and a fast output,

The AD381 if offered in three commercial versions, J, K and
L specified from 0 to +70°C and two military versions, the

S and T, specified from ~55°C to +125°C, All grades are
packaged in hermetically sealed TO-99 style cans. The S and T
grades are available screened to MIL-STD-883, Level B.

AD381 FUNCTIONAL BLOCK DIAGRAM

NONINVERTING,
INPUT o

v- .
TO-99 STYLE
TOP VIEW

PRODUCT HIGHLIGHTS

1.

Advanced laser trimming techniques reduce offset voltage
drift to 5uV/°C max and offset voltage to only 0.25mV
max on the AD381L.

. Analog Devices FET processing provides 25pA max (10pA

typical) bias currents, specified after 5 minutes of warm-up.

. The AD381’s high slew rate (30V/us) and high gain-band-

width product (5MHz) makes it an ideal choice for sample
and hold and high speed integrator circuits.

. The fast settling time (700ns + 0.01%) makes the AD381

ideal for D/A and A/D converter applications.

. The AD381 is capable of driving 1kS2 loads over the

commercial temperature range.

OPERATIONAL AMPLIFIERS VOL. I,4-23



SPEC|FICAT|0NS (typical @ +25°C and Vg = +15V dc unless otherwise specified)‘

MODEL AD381) AD381K AD381L AD381S! AD381T!
OPEN LOOP GAIN
Vout =4£10V, Ry, > 2kQ 60,000 min 100,000 min - . *
OUTPUT CHARACTERISTICS \ \
Voltage @ Ry, = 1k§2, T4 = min to max +12V (+10V min) * * * *
Voltage @ Ry = 2k, To = min to max 12V (210V min) * * *
Voltage @ Ry = 10k§2, T4 = min tomax ~ #13V (+12V min) . . * *
Short Circuit Current 20mA ) * * * *
DYNAMIC RESPONSE
Unity Gain, Small Signal 5MHz * * * *
Full Power Response 500kHz * ¢ * *
Slew Rate, Unity Gain 30V/us * e * *
Settling Time: 10V Step t0 0,1% 700ns * * * .
10V Step to 0.01% 1.2us * * * *
INPUT OFFSET VOLTAGE? 1.0mV max 0.5mV max 0.25mV max - b
vs. Temperature® 15uV/°C max 10uV/°C max 5uV/°C max 104V/°C max 5uV/C max
vs. Supply 200uV/V max 100uV/V max b b . b
INPUT BIAS CURRENT® .
Either Input 10pA (50pA max) 10pA (25pA max) ** b >
Input Offset Current SpA 2pA *s e .
INPUT IMPEDANCE
Differential 10'2Q117pF . * . *
Common Mode 102QlI7pF * * * *
INPUT VOLTAGE RANGE
Differential® 20V . * * *
Common Mode +12V (210V min) . * * *
Common Mode Rejection, Vip =10V 76dB 80dB min i A b
POWER SUPPLY
Rated Performance $15V * . * "
Operating (5 to 18)V - * * *
Quiescent Current 3.3mA (5mA max) d * * hd
VOLTAGE NOISE
0.1-10Hz 2uV p-p * * * *
10Hz 70nVA/HZ * * * *
100Hz 45nVA/Hz * * . .
1kHz 30nVA/Hz . * N .
10kHz 25nVA/HzZ * * * "
TEMPERATURE RANGE
Operating, Rated Performance 010 +70°C * -55°C to +125°C rex
Storage -65°C to +150°C * * . *
PACKAGE OPTION .
TO-99 Style (HO8B) AD381JH AD381KH AD381LH AD381SH AD381TH

NOTES

'The AD381SH and AD381TH are offered screened to MIL-STD-883.

Level B,

3The AD381S, T have an output voltage of 12V (£ 10V min) for a 1k
load from Tpyjp to +100°C, From +100°C to +125°C the output current

is 7mA,

*Input Offset Voltage specifications are guaranteed after 5 minutes

of operation at Tp = +25 C,

*Input Offsct Voltage Drift is specified with the oftset voltage unnulled,

Nulling will induce an additional 3uV/ C/mV of nulled offset,

TYPICAL APPLICATION

C RL Vout

T 10pF %0

Unity ‘Ga/'n Follower
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$Bias Current specifications are guaranteed maximum at either input
after 5 minutes of operation at TA = +25°C. For higher temperatures,

the current doubles every 10°C,
¢ Defined as the maximum safe voltage between inputs, such that

neither exceeds * 10V from ground.
?See Section 20 for package outline information.

*Specifications same as AD381),

**Specifications same as AD381K.
***Specifications same as AD381S,
Specifications subject to change without notice,
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ANALOG
DEVICES

High Speed, Low Drift
FET Operational Amplifier

AD382

FEATURES

High Slew Rate: 30V/us

Fast Settling to 0.1%: 750ns

High Output Current: 50mA min

Low Drift (5uV/ C—AD382L)

Low Offset Voltage (0.25mV—AD382L)

Low Input Bias Currents (25pA—AD382L, K)
Low Noise (2uV p-p}

PRODUCT DESCRIPTION

The AD382 is a hybrid operational amplifier combining the
very low input bias current advantages of a FET input stage
with high slew rate and line driving capability of a high power
output stage.

The offset voltage (0.25mV maximum for AD382L) and off-
set voltage drift (5uV/°C maximum for AD382L) are excep-
tionally low for a high speed operational amplifier.

In addition to superior low drift performance, the AD382
offers the lowest guaranteed input bias currents of any wide-
band FET amplifier with 50pA max for the J grade and 25pA
max for the L grade. Since Analog Devices, unlike most other
manufacturers, specifies input bias current with the ampli-
fiers warmed-up, our FET amplifiers are specified under
actual operating conditions.

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

The AD382 is offered in three commercial versions, J, K and
L specified from 0 to +70°C and two military versions, the S
and T specified from -55°C to +125°C. Allgrades are packaged
in hermetically sealed TO-8 style cans. The S and T grades are
available screened to MIL-STD-883, Level B.

AD382 FUNCTIONAL BLOCK DIAGRAM

OFFSET
NULL v+
INVERTING
INPUT ) °’UTP”T
E G OFFSET
NONINVERTING (3 NULL

12-PIN, TO-8 STYLE
TOP VIEW

PRODUCT HIGHLIGHTS

1.

Laser trimming techniques reduce offset voltage drift to
5uV/°C max and reduce offset voltage to only 0.25mV
max on the AD382L.

. Analog Devices FET processing provides 25pA max

(10pA typical) bias currents specified after 5 minutes of
warm-up.

. Low voltage noise and outstanding offset performance

make the AD382 a true precision FET amplifier,

. The fast settling output (750ns to 0.1%) makes the AD382

an ideal choice for D/A and A/D converter amplifier
applications.

. The AD382’s high output current (50mA minimum at

+10 volts for commercial temperature range versions makes
it suitable for driving terminated (20082) twisted pair
outputs, -

OPERATIONAL AMPLIFIERS VOL. 1,4-25



SPECIFICATIONS (typical @ +25°C and VS = £15V dc unless otherwise specified)

MODEL AD382) AD382K AD382L AD3828’ AD382T!
OPEN LOOP GAIN '

Vout =+10V, R, = 200 30,000 min 40,000 min - = =

Ry = 1kQ 100,000 min 150,000 min b o **

OUTPUT CHARACTERISTICS

Voltage ® Ry, = 20082, Tp =min tomax  +12V (10V min) * . »2 »2

Voltage @ Ry, = 10k§2, T4 = min te max 13V (¥12V min) . * * *

Short Circuit Current 80mA * * . *
FREQUENCY RESPONSE

Unity Gain, Small Signal SMHz * * * *

Full Power Response 500kHz * * * *

Slew Rate, Unity Gain 30V/us * * * *

Settling Time to 0.01% 1.3us * * * *
INPUT OFFSET VOLTAGE? l.OmVOma.x 0.5mV max O.ZSTV max * . . .

VS, Tempt:mture4 15uV/ C max 10uV/°C max SuV/"Cmax 10uV/ C max 5uV/ C max

vs. Supply, T = min to max 200pV/V max 100uV/V max ** ** *x .
INPUT BIAS CURRENT?®

Either Input 10pA (50pA max) 10pA (25pA max) ** - ** *

Input Offset Current SpA 2pA b i b
INPUT IMPEDANCE

Differential 10'2Q||7pF * * * *

Common Mode 10'2Q|17pF * * * *
INPUT VOLTAGE RANGE

Differential® 120V * * * *

Common Mode 412V (10V min) * * * *

Common Mode Rejection, Vpy = 10V 76dB min 80dB min . ** .
POWER SUPPLY

Rated Performance *15V * * * *

Operating £(5 to 18)V * * * *

Quiescent Current 3.5mA (6mA max) * * * *
VOLTAGE NOISE .

0.1-10Hz 2uV p-p * * * ' N

10Hz 70nV/iA/Hz * * * .

100Hz 4snVA/Hz * * * .

1kHz 30nV/A/Hz * * * .

10kHz 25nVA/Hz * * *
TEMPERATURE RANGE . .

Operating, Rated Performance 0 to +70°C * * -55"Ct0+125°C b

Storage -65°C to +150°C : * * *
PACKAGE OPTION’

TO-8 Style (H12A) AD382JH AD382KH AD382LH AD382SH AD382TH

NOTES: N

! The AD382S and AD382T are offered screened to MIL-STD-883,
Level B. . 3

2The AD382S, T have an output voltage of 12V (+ 10V min) for
220082 load from T i to +100°C. From +100°C to +125°C the
output current is 7mA.

2 Input Offset Voltage specifications are guaranteed after 5 minutes
of operation at TA = +25°C. .

*Input Offset Voltage Drift is specified with the offset voltage unnulled.
Nulling will induce an additional 3uV/C/mV of nulled offset.

TYPICAL APPLICATION

, o
Ry Voutr

2009 %

; T,
i, T

10k
OFFSET NULL

“ YV

Unity Gain Follower

0.1uF 10uF
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# Bias Current specifications are guaranteced maximum at either input
after 5 minutes of operation at TA = +25°C. For higher temperatures,
the current doubles every 10°C.

¢ Defined as the maximum safe voltage between inputs, such that
neither exceeds 10V from ground,

7See Section 20 for package outline information.

*Specifications same as AD382).

**Specifications same as AD382K.

***Specifications same as AD382S.

Specifications subject to change without notice.

* / L
: . 1omv 5mV
1mvV
g A~
z 5
zp -
wo
&3 /
Lo
a0
EH
v
58 \\
EE | NG
° o~
10mV 5mV \
m
-10 \ . D

0 02 04 06 08 1 12 14
OUTPUT SETTLING TIME — us

Output Settling Time vs. Output Voltage Swing and Error



ANALOG High Accuracy
DEVICES Low Offset IC FET-Input Op Amps

'AD303, AD306

FEATURES
Low Iy: 15pA max (AD503J, AD506J) AD503, AD506 FUNCTIONAL BLOCK DIAGRAM n
5pA max (AD506L) A

Low Vgg: 1TmV max (ADS06L)
Low Drift: 25uV/°C max (AD503K, AD506K)
10uV/°C max (AD506L)

TO-99
TOP VIEW

PRODUCT DESCRIPTION

The AD503J/AD506], AD503K/AD506K, AD506L and
AD503S/AD506S are IC FET input op amps that provide

the user with input currents of a few pA, high overall per-
formance, low cost, and accurately specified, predictable
operation. The devices achieve maximum bias currents as low
as 5pA, minimum gain of 75,000, CMRR of 80dB, and a mini-

PRODUCT HIGHLIGHTS

1. The AD503 and AD506 op amps meet their published input
bias current and offset voltage specs after full warmup. Con-
ventional high speed IC testing does not allow for self-
heating of the chip due to internal power dissipation under
operating conditions.

mum slew rate of 3V/us. They are free from latch-up and are 2. The bias currents of the AD503 and AD506 are specified
short circuit protected. No external compensation is required as 2 maximum for either input. Conventional 1C FET op

as the internal 6dB/octave rolloff provides stability in closed amps generally specify bias currents as the average of the
loop applications. two input currents.

The AD503 is suggested for all general purpose FET input 3. Offset voltage nulling of the AD503 and AD506 is ac-
amplifier requirements where low cost is of prime importance. complished without affecting the operating current of the
The AD506, with specifications otherwise similar to the FET’s and results in relatively small changes in temperature
ADS503, offers significant improvement in offset voltage and drift characterisgics. The additional drift induced by nulling
nulled offset voltage drift by supplementing the AD503 con- is only £0.8uV/"C per millivolt of nulled offset for the ‘
figuration with internal laser trimming of thin film resistors AD506 and £2.0uV/°C per millivolt of nulled offset for the
to provide typical offset voltages below 1mV. ADS503, compared to several times this for other IC FET
The AD503 and AD506 are especially designed for applica- Op 2mps.

tions involving the measurement of low level currents or small 4. The gain of the AD503 and AD506 is measured with the
voltages from high impedance sources, in which bias current offset voltage nulled. Nulling a FET input op amp can cause
can be 2 primary source of error. Input bias current con- the gain to decrease below its specified limit. The gain of
tributes to error in two ways: (1) in current measuring con- the AD503 and AD506 is fully guaranteed with the offset
figurations, the bias current limits the resclution of a current voltage both nuiled and unnulled.

signal; (2) the bias current produces a voltage offset which is 5. Bootstrapping of the input FET’s achieves a superior CMRR
proportional to the value of input resistance (in the case of an of 80dB, while reducing bias currents and maintaining them
inverting configuration) or source impedance (when the non- constant through the CMV range.

inverting “buffer’ connection is used). The AD503 and
AD506 IC FET input amplifiers, therefore, are of use where
small currents are to be measured or where relatively low
voltage drift is necessary despite large values of source resistance.

All the circuits are supplied in the TO-99 package;the AD503],
~ K and AD506J, K and L are specified for 0 to +70°C tempera-
ture range operation; the AD503S and AD506S for operation

from -55°C to +125°C.
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SPECIFICATIONS {typical @ +25°C and 15V dc, unless otherwise noted)

PARAMETER ADS503] AD503K ADS503S
OPEN LOOP GAIN' ‘ .
Vour=$10V, Ry >2kQ 20,000 min (50,000 typ) . 50,000 min (120,000 typ) -
Ta = min to max 15,000 min 40,000 min 25,000 min
OUTPUT CHARACTERISTICS
Voltage @ Ry, = 2k§2, T4 = min to max 10V min (¥13V typ) - *
@ R, =10k§2, T = min to max 412V min (£14V typ) * *
Load Capacitance? 750pF * *
Short Circuit Current 25mA * K *
FREQUENCY RESPONSE
Unity Gain, Small Signal 1.0MHz * *
Full Power Response 100kHz * *
Slew Rate, Unity Gain 3.0V/us min (6.0V/us typ) * *
* *

Settling Time, Unity Gain (to 0.1%)

10us

INPUT OFFSET VOLTAGE?®
vs. Temperature, T4 =min to max
vs. Supply, TA = min to max

50mV max (20mV typ)
75uV/°C max (30uV/°C typ)
400uV/V max (2004 V/V typ)

20mV max (8mV typ)
25uV/°C max (10uV/°C typ)
200uV/V max (100uV/V typ)

*x

50uV/°C max (20uV/°C typ)

**

INPUT BIAS CURRENT :
Either Input® 15pA max (5pA typ) 10pA max (2.5pA typ) **
INPUT IMPEDANCE
Differential 10" Qli2pF * *
Common Mode 10'2Qli2pF * *
INPUT NOISE
Voltage, 0.1Hz to 10Hz | 15uV (p-p) * *
5Hz to 50kHz 5.0uV (rms) * *
f = 1kHz (spot noise) 30.0nVA/Hz * *
INPUT VOLTAGE RANGE
Differential® 3.0V * *

Common Mode, T4 = min to max
Common Mode Rejection, Vi = 10V

'

+10V min (£12V typ)
70dB min (90dB typ)

.

80dB min (90dB typ)

POWER SUPPLY

_ Rated Performance
Operating

- Quiescent Current

15V
(5 to 18)V
7mA max (3mA typ)

*(5 to 22)V
*

TEMPERATURE )
Operating, Rated Performance
Storage

0to +70°C
-65°C to +150°C

. -55°Cto +125°C
.

PACKAGE OPTIONS:® TO-99 Style (HO8B)

ADS503JH

AD503KH

AD503SH

NOTES:

' Open Loop Gain is specified with Vo both nulled and unnulled.
? A conservative design would not exceed 500pF of load capacitance.
3 Input offset voltage specifications are guaranteed after 5 minutes of operation at Tp = +25°C.

4
$See comments in Input Considerations Section.
¢See Section 20 for package outline information.

*Specifications same as for AD503]J.
**Specifications same as for AD503K.
Specifications subject to change without notice.

Bias current specifications are guaranteed after 5 minutes of operation at Tp = +25

o
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C. For higher temperatures, the current doubles every 10°C. -



AD506]) AD506K AD506L AD506S
* ** 75,000 min (100,000 typ) **

* ** 50,000 min 25,000 min
- ) * * *

* * * *
1000pF * * .

L] * * *

* * * *

* * * *

* * * *

* * * *

3.5mV max (1.0mV typ)
*

**

1.5mV max (0.5mV typ)
* %

100uV/V max (50uV/V typ)

1.0mV max (0.4mV typ)
10§V/°C max (5uV/°C typ)
100 V/V max (50uV/V typ)

1.5mV max (0.5mV typ)
50uV/°C max (20uV/°C typ)
100 V/V max (50uV/V typ)

*n

5pA max (2pA typ)

%

*

*

40pV (p-p) *

8uV (rms) * 6uV (rms) *

80nV/A/Hz * 25nVA/Hz *

i4v * * *

* * * *

* *¥ ¥ %

* * * *

* , . . (5 to 22)V
7mA max (SmA typ) * * *

. * * -55°Cto +125°C
* * * * .
AD506JH ADS506KH AD506LH AD506SH

Standard Offset Null Circuit
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APPLICATIONS CONSIDERATIONS
Bias Current
Most IC FET op amp manufacturers specify maximum bias
currents as the value lmmedlately after turn-on. Since FET bias
currents double every 10°Cand smce most FET op amps have
case temperature |ncreases of 15°C to 20°C above ambient,
initial “‘maximum” readings may be only % of the true warmed
up value, Furthermore, most IC FET op amp manufacturers
specify Iy, as the average of both input currents, sometimes
resulting in twice the “maximum” bias current appearing at
the input being used. The total result is that 8X the expected
bias current may appear at either input terminal in a warmed
up operating unit.
The AD503 and AD506 specify maximum bias currents at
either input after warmup, thus glvmg the user the values he

" expected.

Improving Bias Current Beyond Guaranteed Values

Bias currents can be substantially reduced in the AD503 and
AD506 by decreasing the junction temperature of the device.
One technique to accomplish this is to reduce the operating
supply voltage. This procedure will decrease the power dissi-
pation of the device, which will in turn result in a lower
junction temperature and lower bias currents. The supply
voltage effect on bias current is shown in Figure 1.
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Figure 1. Normalized Bias Current vs. Supply Voltage

Operation of the AD503K and AD506K at 5V reduces the
warmed up bias current by 70% to a typical value of 0.75pA.

A second technique is the use of a suitable heat sink. Wakefield
Engineering Series 200 heat sinks were selected to demonstrate
this effect. The characteristic bias current vs. case temperature
above ambient is shown in Flgure 2. Bias current has been
normalized with unity representing the 25°C free air reading.
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Figure 2. Normalized Bias Current vs. Case Temperature
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Note that the use of the model 209 heat sink reduces warmed
up bias current by 60% to 1.0pA in the ADS03/AD506K.

Both of these techniques may be used together for obtaining
lower bias currents. Remember that loadmg the output can
also affect the power dissipation.
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Figure 3. Input Bias Current vs. Temperature

Input Considerations

The common mode input characteristic is shown in Figure 4.
Note that positive common mode inputs up to +13.5 volts
and negative common mode inputs to —Vg are permissible,
without incurring excessive bias currents. To prevent possible
damage to the unit, do not exceed Vcy = Vs.

100

§NPUT BIAS CURRENT — Ig —pA

0.1 -
-16 12 -8 -4 0 +4 +8 +12

COMMON MODE INPUT VOLTAGE - Volts

Figure 4. Input Bias Current vs. Common Mode Voltage

Like most other FET input op amps, the AD503 and AD506
display a degraded bias current specification when operated

at moderate differential input voltages. The AD503 maintains
its specified bias current up to a differential input voltage of
+3V typically, while the AD506’s bias current performance is
not significantly degraded for Vs <4V typically. Above
Vgigr = 3V in the AD503 and Vs = 4V in the AD506, the
bias current will increase to approximately 400uA. This is

not a failure mode. Above £10V differential input voltage, the

- bias current will increase 100uA/Vy;er (in volts), and other

parameters may suffer degradation.



ANALOG
DEVICES

High Accuracy
IC Operational Amplifier

AD504

FEATURES

Low Vos: 5006}1V max (AD504M)
High Gain: 10° min (AD504L, M, S)
Low Drift: 0.5uV/°C max (AD504M)
Free of Popcorn Noise

PRODUCT DESCRIPTION

The Analog Devices AD504], K, L, M and S IC operational
amplifiers provide ultra-low drift and extremely high gain, com-
parable to that of modular amplifiers, for precision applica-
tions. A new double integrator circuit concept combined with
a precise thermally balanced layout achieves gain greater than
10, offset voltage drift of less than 1uV/°C, small signal unity
gain bandwidth of 300kHz, and slew rate of 0.12V/us. Because
" of monolithic construction, the cost of the AD504 is signifi-
cantly below that of modules, and becomes even lower with
larger quantity requirements. The amplifier is externally
compensated for unity gain with a single 470pF capacitor;

no compensation is required for gains above 500. The inputs
are fully protected, which permits differential input voltages
of up to +Vg without voltage gain or bias current degradation
due to reverse breakdown. The output is also protected from
short circuits to ground and/or either supply voltage, and is
capable of driving 1000pF of load capacitance. The AD504],
K, L and M are supplied in the hermetically sealed TO-99
package, and are specified for operation over the 0 to +70°C
temperature range. The AD504S is specified over the ~55°C

to +125”C temperature range and is also supplied in the TO-99
package.

AD504 FUNCleNAL BLOCK DIAGRAM

OFFSET NULL

OFFSET
NuLL

INVERTING
INPUT o

FREQUENCY

NON-INVERTING e
INPUT COMPENSATION

TO-99
TOP VIEW

PRODUCT HIGHLIGHTS

1. Fully guaranteed and 100% tested 14V/°C maximum voltage
drift combined with voltage offset of 5001V (AD504L).

2. Fully protected input (£Vg) and output circuitry. The input
protection circuit prevents offset voltage and bias current
degradation due to reverse breakdown, and is of critical
importance in this type of device whose overall performance
is strongly dependent upon front-end stability.

3. Single capacitor compensation eliminates elaborate stabi-
lizing networks while providing flexibility not possible with
an internally compensated op amp. This feature allows
bandwidth to be optimized by the user for his particular
application.

4. High gain is maintained independent of offset nulling,

power supply voltage and load resistance.

5. Bootstrapping of the critical input transistor quad produces
CMRR and PSRR compatible with the tight 1uV/°C drift.
CMRR and PSRR are both in the vicinity of 120dB.
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SPECIFICATIONS (typical @ +25°C and £15V dc unless otherwise noted)

PARAMETER

AD504)

ADS504K

ADS504L

OPEN LOOP GAIN
Vos = 10V, Ry 22k§2
TminSTA STmax

250,000 min (4 x 10° typ)
125,000 min (10° typ)

500,000 min (4 x 10% typ)
250,000 min (10° typ)

10® min (8 x 10° typ)
500,000 min (10° typ)

OUTPUT CHARACTERISTICS

Voltage at Ry 22k, Trin<TA<Tmax +10V min (£13V typ) * *
Load Capacitance 1000pF * *
Output Current 10mA min * *
Short Circuit Current 25mA * *
FREQUENCY RESPONSE
Unity Gain, Small Signal, C; = 390pF 300kHz * *
Full Power Response, C¢ = 390pF 1.5kHz * *
Slew Rate, Unity Gain, C. = 390pF 0.12V/us * *

INPUT OFFSET VOLTAGE
Initial Offset, Rg<10k
vs Temp, TminSTA<Tmax, Vos nulled
Tmin<STAS<Tmax, Vos unnulledt

2.5mV max (0.5mV typ)
5.0uV/°C max (0.5uV/°C typ)
10uV/°C max (1.5uV/°C typ)

1.5mV max (0.5mV ty

)
3.0uV/°C max (O.SpV/gC typ)
5.04V/°C max (1.54V/°C typ)

0.5mV max (0.2mV typ)
1.0uV/°C max (0.3uV/°C typ)

2.0uV/°C max (1.0uV/°C typ)

vs Supply 25uV/V max 15uV/V max 104V/V max
@ Trmin STASTmax 40uvV/V 25uV/V max 154V/V max
vs Time 20uV/mo 15u4V/mo 10uV/mo
INPUT OFFSET CURRENT
@Tp =25°C 40nA max 15nA max 10nA max
INPUT BIAS CURRENT . .
Initial 200nA max 100nA max 80nA max
Timin t0 Tmax 300nA max 150nA max 100nA max
vs Temp, Trnin t0 Trax 300pA/°C 250pA/°C 200pA/°C
INPUT IMPEDANCE
Differential 0.5MQ 1.0MQ 1.3MQ
Common Mode 100M82 l4pF * *
INPUT NOISE .
Voltage, 0.1 to 10Hz 1.0uV (p-p) * *
100Hz 10nV/A/Hz(rms) * *
1kHz 8nV/y/Hz(rms) * *
Current, 0.1 to 10Hz 50pA(p-p) * *
100Hz 0.6pA/A/Hz(rms) * *
1kHz 0.5pAA/Hz(rms) * *
INPUT VOLTAGE RANGE .
Differential or Common Mode, Max Safe  *Vg * *

Common Mode Rejection, VN = 210V

94dB min (120dB typ)

100dB min (120dB typ)

110dB min (120dB typ)

POWER SUPPLY
Rated Performance
Operating
Current, Quiescent

15V
+(5 to 18)V
+4.0mA max (+1.5mA typ)

*

+3.0mA max (¥1.5mA typ)

*
* .
+3.0mA max (+1.5mA typ)

TEMPERATURE RANGE
Operating, Rated Performance
(Tmin t0 Tmax)
Storage

0 to +70°C
-65°Cto +150°C

*

*

*

*

PACKAGE OPTION:! TO-99 Style (HO8B)

AD504JH

AD504KH

AD504LH

*Specifications same as for AD504].

1This parameter is not 100% tested. Typically, 90% of the units meet this limit.

Specifications subject to change without notice.
'ISee Section 20 for package outline information.
NOTE

Analog Devices 100% tests and guarantees all specified maximum and
minimum limits. Certain parameters, because of the relative difficulty
and cost of 100% testing, have been specified as “typical” numbers. At
ADI, “typical” numbers are subjected to rigid statistical sampling and
outgoing quality control procedures, resulting in “typicals” that are
indicative of the performance that can be expected by the user.
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AD504M AD504S(AD5045/883)

10® min ( 8 x 10® typ) 10% min (8 x 10° typ)
500,000 min (10° typ) 250,000 min

* *

* *

* *

L] »

* *

* *

. .

0.5mV max (0.2mV typ) 0.5mV max

0.5uV/°C max (0.2uV/°C typ) 1.0u4V/°C max (0.3uV/°C typ)
1.0uV/°C max (0.5uV/°Ctyp) 2.0uV/°C max (1.0uV/°C typ)

10uV/V max 10uV/V max
15uV/V max 20pV/V max
10uV/mo 10uV/mo
10nA max 10nA max
80nA max 80nA max
100nA max 200nA max
200pA/°C 200pA/°C
1.3MQ 1.3MQ

* *

0,6[.1\’ (p-p) max -
10nV/y/Hz max *

9nV/A/Hz max .

50pA p-p max *
0.6pA/7/Hz max *
0.3pA/A/Hz max ) *

* L

110dB min (120dB typ) 110dB min (120dB typ)

* *
* *
+3.0mA max (¥1.5mA typ) *3mA max (£1.5mA typ)

. -55°Cto +125°C
* » -65°C o +150°C
AD504MH AD504SH
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OFFSET VOLTAGE DRIFT AND NULLING

Most differential operational amplifiers have provisions for ad-
justing the initial offset voltage to zero with an external trim
potentiometer. It is often not realized that there is a resulting
increase in voltage drift which accompanies this initial offset
adjustment. The increased voltage drift can often be safely
ignored in conventional amplifiers, since it may be a small per-
centage of the specified voltage drift. However, the voltage
drift of the AD504 is so small that this effect cannot be
ignored.

To achieve low drift over temperature, it is necessary to main-
tain equal current densities in the input pair. Unless the ini-
tial offset nulling circuit is carefully arranged, the nulling cir-
cuits will themselves drift with temperature. The resulting
change in the input transistor current ratio will produce an
additional input offset voltage drift. This drift component
can actually be larger than the unnulled drift.

Typically, IC op amps are nulled by using an external poten-
tiometer to adjust the ratio of two resistances. These resis-
tances are part of a network from which the input stage emit-
ter currents are derived. Most commercially available op amps
use diffused resistors in their internal nulling circuitry, which
typically display laroge positive temperature coefficients of the
order of 2000ppm/ C. As a result of the failure of the external
potentiometer resistance to track the diffused resistors over
temperature, the two resistance branches will drift relative to
one another. This will cause a change in the emitter current
ratio and induce an offset drift with temperature.

In the AD504, this problem is reduced an order of magnitude
by the use of thin film resistors deposited on the monolithic
amplifier chip. These resistors, which make up the critical bias
network from which the input stage emitter current balance is
determined, display typical temperature coefficients of less
than 200ppm/°C, an order of magnitude improvement over
diffused types. Thus, when the initial offset of the AD504 is
trimmed using a low TC pot in combination with the thin film
network, the drift induced by nulling even relatively large off-
sets is extremely small. This means that AD504 units of all
three grades (J, K, L) will typically yield significantly better
temperature performance in nulled applications than an all-
diffused amplifier with comparable initial offset.

Since the intrinsic offset drift of the amplifier is improved by
nulling, the direct measurement of any additional drift induced
by differing temperature coefficients of resistors would be ex-
tremely difficult. However, the induced offset drift can be es-
tablished by calculating the change in the emitter current ratio
brought about by the differing TC’s of resistances. From the
change in this ratio, the offset voltage contribution at any
temperature can be easily calculated.

A simple computer program was written to calculate induced

_offset drift as a function of initial offset voltage nulled. This
calculation was made assuming zero TC of the amplifier
resistors, and TC’s of 200ppm/°C and 2000ppm/°C for the
null pot. These results are very nearly equivalent to the case
where the pot has zero temperature coefficient and the am-
plifier resistors drift. The results of these calculations are
summarized graphically in Figure 1.

Figure 1 shows the variation of induced voltage drift with
nulled offset voltage for: .

a. AD504 op amp.
b. 725 typ op amp.
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Note that as a result of nulling 1.4mV of offset, the AD504
induces 30X less offset drift (only 0.05uV/°C) than the 725
type op amp with its actual diffused resistor values and the rec-
ommended 100k pot to trim the offset. Actual induced drifts
from this source for the AD504 may be even lower in the prac-
tical case when metal film resistors or pots are used for nulling,
since their TC's tend to closely match the negative TC’s of the
thin film resistors on the AD504 chip.

725 TYPE OF AMP
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Figure 1. Induced Offset Drift vs. Nulled Offset Using Manu-
facturer’s Recommended Adjustment Potentiometer

NULLING THE AD504

Since calculations show that superior drift performance can be
realized with the AD504, special care should be taken to null
it in the most advantageous manner. Using the actual values of
resistors in the AD504, it is possible to calculate, under worst
case conditions, that the total adjustment rage of the AD504
is approximately 8mV. Since the amplifier may often be trim-
med to within 1uV, this represents an adjustment of 1 part in
8000. This type of accuracy would require a pot with 0.0125%
resolution and stability, Because of the problems of obtaining
a pot of this stability, a slightly more sophisticated nulling op-
eration is recommended for applications where offset drift is
critical (see Figure 2a). :

7
: R1' R2' e
RP

Figure 2a. High Resolution, High Stability Nulling Circuit



NULLING PROCEDURE
1. Null the offset to zero using a commercially available
pot (suggest Rp = 10kQ2).

‘2. Measure pot halves R1 and R2.

3. Calculate:
R’ RiX 50k Ry X 50k
! “50kS1—R,; ' 2 50k — R,

4, Insert R1' and R2' (closest 1% fixed metal film resistors).

5. Use an industrial quality 100k§2 pot (Rp) to fine tune
the trim. : .

For applications in which stringent nulling is not required, the
user may choose a simplified nulling scheme as shown in Fig-
ure 2b. For best results the wiper of the potentiometer should
be connected directly to pin 7 of the op amp. This is true for
‘both nulling schemes.

®
10k

=

Figure 2b. Simplified Nulling Circuit

INPUT BIAS CURRENT
The input bias current vs. temperature characteristic is dis-
played in Figure 3.
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Figure 3. Input Bias Current vs. Temperature

GAIN PERFORMANCE
Most commercially available monolithic op amps have gain
characteristics that vary considerably with:

1. Offset Nulling.

2. Load Resistance,

3. Supply Voltage.

Careful design allows the AD504 to maintain gain well in

excess of 10°, independent of nulling, load or supply voltage.

Nulling — The gain of a 741 op amp varies considerably with
nulling (see Figure 4).

Vos UNNULLED +7.5mV Vos NULLED

T
1004V 1004V

/I

i 1 P

2 errrrrat 3

H GAIN = 800K o

&
o
/’
—={ 25V 4 25V
-10 [ +10 -10

OUTPUT — VOLTS OUTPUT —V

Figure 4. Gain Error Voltage Before and After Nulling a
Typical 741 Op Amp

The gain of the AD504 is independent of nulling.

Vos UNNULLED NULLED +1.2mV Vos.
SuV 5uV
5 f GAIN =4 x 10 ’ GAIN = § X 10°
2
2
LA
— 25V - 2.5V -
-10 ] +10 -10 +10
OUTPUT -V OUTPUT -V
Figure 5. Gain Error Voltage Before and After Nulling
the AD504

Load Resistance — The gain of the AD504 is flat with load
resistance to 1k$2 loads and below. .

100M

GAIN

100k
1k 10k 100k
LOAD RESISTANCE ~ §2

Figure 6. Gain vs. Load Resistance

Supply Voltage — The gain of the AD504 stays well above 1M
down to Vg = 5V,

10M

I
//

GAIN

*6 9 12 $15 118
SUPPLY VOLTAGE —~ V

Figure 7. Gain vs. Supply Voltage
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0 4. Limit the bandwidth of the system to the minimum pos-
2 os sible consistent with the desired response time.
§ Q 5. Use input guarding to reduce capacitive and leakage noise
§§ 08 v pickup. )
E‘na' 07 \\‘ 6. Avoid ground loops and proximity to strong magnetic or
2 e
éé . . \.\ electrostatic fields, etc.
2
E o5 10
g
04
o 1w 20 30 40 50 60 70
TEMPERATURE - °C 2
Figure 8. Normalized Open Loop Gain vs. Temperature 2 T=0.01 70 10kHz
Q
; - =001 Tlo kHz _‘/
NOISE CHARACTERISTICS . g |
An op amp with the precision of the AD504 must have cor- : o1 e
respondingly low noise levels if the user is to take advantage Z —,m;%m—/
of its exceptional dc characteristics. Of primary importance «
in this type of amplifier is the absence of popcorn noise and
minimum I/f or “flicker” noise in the 0.01Hz to 10Hz fre- )
quency band. Sample noise testing is done on every lot to’ oo — Ton 00k ™
guarantee that better than 90% of all devices will meet the SOURCE RESISTANCE — 2
noise specifications. .
Separate voltage and current noise levels referréd to the input Figure 10. RMS Noise vs. Source Resistance
are specified to enable the designer to calculate or optimize )
signal-to-noise ratio based on any desired source résistance.
The spot noise figures are useful in determining total wide- DYNAMIC PERFORMANCE
band noise over any desired bandwidth (see Figure 9). The dynamic performance of the AD504, although comparable

to most general purpose op amps, is superior to most low drift
op amps. Figure 11 shows the small signal frequency response
for both open and closed loop gains for a variety of compen-
sating values. Note that the circuit is completely stable for

Cc = 390pF with a -3dB bandwidth of 300kHz; with C¢ = 0,
& the -3dB bandwidth is S50kHz at a gain of 2000.
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The key to success in using the AD504 in precision low noise @ so0 I AT T T NI TN
" applications is “attention to detail”. AN .
Here are a few reminders to help the user achieve optimum [ R "h \
noise performance from the AD504. T HELY
C
. . . AWUAY
1, Use metal film resistors in the source and feedback 2N
. od -1t
networks. ‘ 31, 6 ™
2. Use fixed resistors instead of potentiometers for nulling WL i
or gain setting. . o1 10 w0 1k 1k 100k M
3. Take advantage of the excellent common-mode noise FREQUENCY — Hz

rejection qualities of the AD504 by connecting the input

differentially. - Figure 11. Small Signal Gain vs. Frequency
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More important, at unity gain (390pF), full power bandwidth The power supply rejection ratio of the AD504 is shown in
is (Figure 12) 2kHz which corresponds to a 0.12V/us slew rate.  Figure 15. .

At a gain of 10 (39pF), it increases to 20kHz, corresponding

to 1.2V/us, a considerable improvement over “725 type”

amplifiers. 100k

A
*Vout . /
c-39ef | [T /'l
12 A" ! ! TTT 2 10k L
\ C = Opl 2 /
>10 C = 390pF C=39F 2 )
1 \ Qo A
w - 5 Y
S s \ g
2 6 g " /’
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> N\ g A
S e - 2 L/
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o1 11 A
100 0.5k 1k . 5k 10k 50k 100k 50Ok 1M ,/
FREQUENCY - Hz 1
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Figure 12, Output Voltage Swing vs. Frequency FREQUENCY — Hz
. Fi . P, . F
Figure 13 shows the voltage follower step response for igure 15. PSRR vs reque{;cy
Vs = £15V, Ry, = 2k, C = 200pF and C¢ = 390pF.
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Figure 13." Voltage Follower Step Response Figure 16. CMV Range vs. Supply Voltage
The common mode rejection of the AD504 is typically 120dB,
and is shown as a function of frequency in Figure 14. 15
b4
by
S e, Vs ='+15V 3
130 w10 \\ N
o - g . Vs = 15V
- 5 ‘\ Vs = +1 \ .
U ~ g \-@
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70 S 0
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FREQUENCY — Hz ) Figure 17. Output Characteristics

Figure 14. CMRR vs. Frequency
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THERMAL PERFORMANCE

Temperature Gradients

Most modular and bybrid operational amplifiers are extremely
sensitive to thermal gradients. The transient offset voltage
response to thermal shock for a high performance modular op
amp is shown in Figure 18.

1MIN

the final value within 30 seconds, for both increases and de-
creases in temperature. Note that the offset goes directly to
its final value, with no spikes or hysteresis.

Warmup Drift

Modular and bybrid op amps bave bistorically been plagued by
excessive thermal time constants. Figure 20 shows the typical
warmup drift of a high performance modular op amp.

]

,
2‘1 ¢ 284V = 1.1V/°C

Figure 18. Response to Thermal Shock for High Performance
Modular Op Amp

The graph shows the transient offset voltage resulting from a
thermal shock when the amphfler s temperature is abruptly
changed from 25°C to 50°C by dipping it into a hot silicon
oil bath, Note the large overshoot (approximately 60uV) and
long settling time (2.5 minutes). Also note the hysteresis of
about 30uV.

Monolithic technology affords the AD504 significant improve-
ments in this area. Thermal transients in the AD504 are small
and over with quickly (see Figure 19).

Vos
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1
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25°C THERMAL
EQUILIBRIUM NO
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0 | A
0 - 60 %0 120 180

TIME — SECONDS
Figure 19. Response to Thermal Shock for AD504
In Figure 19, a 50°C step change in ambient temperature, ap-

plied to the can via a room temperature heat sink, then a 75°C
thermal probe and back to the heat sink, results in settling to
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7.5 MIN

TURN 10uV.
ON

Figure 20. Warmup Voltage Drift for High Performance
Modular Op Amp

Note that although warmup drift is low (204V), it requires a

long time to settle (>>20 minutes).

Monolithic technology results in significant reduction of ther-
mal time constants (see Figure 21).
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Figure 21. Wa}mup Voltage Drift for AD504 and 741 Type
Op Amp

Note that warmup drift remains low (10uV), but that the ther-
mal time constant decreases significantly to about 2 minurtes.
If a heat sink were used, total settling time would be com-
pleted within 30 seconds. Note that the 741 type op amp has
a significantly longer warmup drift and thermal time constant.



ANALOG
DEVICES

IC, Wideband, Fast Slewing,

General Purpose Operational Amplifier

AD507

FEATURES

Gain Bandwidth: 100MHz

Slew Rate: 20V /us min

1g: 15nA max (AD507K)

Vos: 3mV max (AD507K)

Vs Drift: 15uV/°C max (AD507K)
High Capacitive Drive

PRODUCT DESCRIPTION

The Analog Devices AD507], K and S are low cost monolithic
operational amplifiers that are designed for general purpose
applications where high gain bandwidth and high speed are
significant requirements. The devices also provide excellent dc
performance with low input offset voltage, low offset voltage
drift and low bias current. The AD507 is a low cost, high
performance alternative to a wide variety of modular and 1C
op amps; a brief review of the specifications confirms its out-
standing price/performance characteristics.

The AD507 is recommended for use where low cost and all
around performance, especially at high frequencies, are
needed. It is particularly well suited as a fast, high impedance
comparator, integrator or wideband amplifier and in sample/
hold circuits. It is unconditionally stable for all closed loop
gains above 10 without external compensation; the frequency
compensation terminal is used for stability at lower closed
loop gains. The circuit is short circuit protected and offset
voltage nullable. The AD507] and K are specified over the

0 to +70°C temperature range, the AD507S over the full mili-
tary temperature range, -55°C to +125°C. All devices are
packaged in the hermetic TO-99 metal can.

AD507 FUNCTIONAL BLOCK DIAGRAM

FREQUENCY
COMPENSATION

OFFSET
NULL ° v+

e o} oy

NON-INVERTING e OFFSET
INPUT o NULL
v

TO-99
TOP VIEW

PRODUCT HIGHLIGHTS
1. Excellent dc and ac performance combined with low cost.

2. The AD507 will drive several hundred pF of output capaci-
tance without oscillation.

3. All guaranteed dc parameters, including offset voltage drift,
are 100% tested.

4. To insure compliance with gain bandwidth and slew rate
specifications, all devices are tested for ac performance
characteristics.
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SPECIFICATIONS (typical at +25°C and 15V dc, unless otherwise noted)

PARAMETER

AD507)

AD507K

AD507S(AD5075/883)**

OPEN LOOP GAIN
R = 2k, C, = S0pF
@ T min to T max

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

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

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

OUTPUT CHARACTERISTICS

Voltage @ Ry, = 2k§2, C = 50pF, Tiin t0 Trnax

Current @ V, = 10V
Short Circuit Current

+10V min (12V typ)
+10mA min (£20mA typ)
25mA

+£10V min (+12V typ)
£15mA min (¥22mA typ)
25mA

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

35MHz

1MHz

320kHz min (600kHz typ)
+20V/us min (£35V/us typ)
900ns

»
»

400k Hz min (600kHz typ)
+25V/us min (£35V/us typ)
.

.
L]
400kHz min (600kHz typ)
20V/us min (£35V/us typ)
*

INPUT OFFSET VOLTAGE
Initial
Avg vs Temp, Trmin t0 Trmax

5.0mV max (3.0mV typ)
15uV/°C

3.0mV max (1.5mV typ)
15uV/°C max (8uV/°C typ)

4mV max (0.5mV typ)
20pV/°C max (8uV/°C typ)

vs Supply, Tmin t0 Tmax 200uV/V max 100pV/V max . 100uV/V max

INPUT BIAS CURRENT

Initial 25nA max 15nA max 15nA max

Trmin t0 Trax 40nA max 25nA max 35nA max
INPUT OFFSET CURRENT

Initial 25nA max 15nA max 15nA max

Tmin t© Trmax 40nA max 25nA max 35nA max

Avg vs Temp, Trmin 10 Trmax 0.5nA/°C 0.2nA/°C 0.2nA/°C

INPUT IMPEDANCE
Differential
Common Mode

40M£Q min (300MQ typ)
1000M$2

65M$2 min (500MQ typ)
.

INPUT VOLTAGE NOISE

f=10Hz 100nVA/Hz . .

f= 100Hz 30nVA/Hiz * *

f = 100kHz 12nVA/Hz * .
INPUT VOLTAGE RANGE

Differential, Max Safe +12.0V * *

Common Mode Voltage Range, Tpin to Trmax *11.0V * *

Common Mode Rejection @ 25V, Tryin to Trmax

74dB min (100dB typ)

80dB min (100dB typ)

80dB min (100dB typ)

POWER SUPPLY
Rated Performance
Operating
Current, Quiescent

15V
1(5 1o 20)V
4.0mA max (3.0mA typ)

*
*

*
»

»

TEMPERATURE RANGE
Rated Performance

0 to +70°C

-55°Cto +125°C

Operating -25°Cto +85°C -65°Cto +150°C

Storage -65°Cto +150°C * *
PACKAGE OPTION:! TO-99 Style (HO8A) ADS507JH AD507KH AD507SH
*Specifications same as AD507],
**ADS5075/883 minimum order 10 pieces.
! See Section 20 for package outline information.
Specifications subject to change without notice.
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Applying the ADS07

APPLICATION CONSIDERATIONS

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

GENERAL PURPOSE WIDEBAND COMPENSATION

The following considerations are intended to provide guidance
in critical wideband applications. While not necessary in all
cases, the considerations are of prime importance for the user
attempting to obtain the highest performance from his circuit
design.

High Gain Conditions

The AD507 is fully compensated internally for all closed loop
gains above 10; however, it is necessary to load the amplifier
with 50pF. In many applications this minimum capacitive load
will be provided by the load or by a cable at the output of the
AD507, making an additional 50pF unnecessary. Figure 1
shows the suggested configuration for general purpose use for
closed loop gains above 10.

The 0.1uF ceramic power supply bypass capacitors are consid-
erably more important for the AD507 than for low frequency
general purpose amplifiers. Their main purpose is.to convert
the distributed high frequency ground to a lumped single point
(the V+ point). The V+ to V- 0.1uF capacitor equalizes the
supply grounds while the 0.1uF capacitor from V+ to signal
ground should be returned to signal common. The signal.
common, which is bypassed to pin 7, is defined as that point
at which the input signal source, the feedback network, and
the return side of the load are joined to the power common.

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

0.1,F (CERAMIC DISC}

TO SIGNAL
COMMON POINT

OFFSET NULL

INVERTING
INPUT

—O0 ouTPUT

NON-INVERTING
INPUT

© pd X

(CERAMIC DISC)

OFFSET

NuLL 100k

OFFSET NULL *NOT REQUIRED FOR LOAD OR

CABLE CAPACITANCE >50pF
2k

v
W

Figure 1. General Purpose Configuration to Closed Loop
Gain > 10

Low Gain Conditions

For low closed loop gain applications, the AD507 should be
compensated with a 20pF capacitor from pin 8 (frequency
compensation) to signal common or pin 7 (V+). This configur-
ation also requires a 30pF feedback capacitor from pin 6
(Output) to pin 8 (see Figure 2). The 50pF minimum load
capacitance recommended for uncompensated applications is
not required when the AD507 is used in the compensated
mode. This compensation results in a unity gain frequency of
approximately 10 to 12MHz.

The excellent input characterisitcs of the AD507 make it

- useful in low frequency applications where both dc and ac

performance superior to the 741 type of op amp is desired.
Some experimentation may be necessary to optimize the
AD507 for the specific requirement. The unity gain bandwidth
can be reduced by increasing the value of the compensation
capacitor in inverse proportion to the desired bandwidth
reduction. It is advisable to increase the feedback capacitor at
the same time, maintaining its value about 50% larger than the
compensation capacitor. Because the AD507 is fundamentally
a wideband amplifier, careful power supply decoupling and
compensation component layout are required even in low
bandwidth applications.

OFFSET VOLTAGE NULLING

Note that the offset voltage null circuit includes a 2k resistor
in series with the wiper arm of the 100k{2 potentiometer.

This resistor is not absolutely required, but its use can prevent
a condition of false null that can be obtained at the ends of
the pot range. The knowledgeable user should have no trouble
differentiating between nulling in the pot mid-range and
erratic end-range behavior when the wiper is connected
directly to V+.

Cr = 30pF

FREQ COMP

OFFSET NULL

INVERTING
INPT TO SIGNAL

‘COMMON POINT

——o0 ouTPUT
NON-INVERTING
INPUT 4

o = 0.1uF

Figure 2. Configuration for Unity Gain Applications

HIGH CAPACITIVE LOADING .
Like all wideband amplifiers, the AD507 is sensitive to capa-
citive loading. Unlike many, however, the AD507 can be

used to effectively drive reasonable capacitive loads in virtually
all applications, and capacitive loads of several hundred pico-
farads in a number of specific configurations.

In an inverting gain of ten configuration, the internally com-
pensated amplifier will drive more than 200pF in addition to
the recommended 50pF load, or a total of over 250pF. Under
such conditions, the slew rate will be only slightly reduced,
and the overall settling time somewhat lengthened.

In general, the capacitive drive capability of the AD507 will
increase in high gain configurations which reduce closed loop
bandwidth.

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

FAST SETTLING TIME

A small capacitor (Cg in Figure 3) will improve the settling
time of the AD507, when it is used with large feedback
resistors. The AD507 input capacitance (typically 2 or 3pF),
together with additional circuit capacitance, will introduce an
unwanted pole of open-loop response. The extra phase shift
introduced, for example, by 4pF of input capacitance, and
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5kS2 input source impedance, will result in an underdamped
transient response, and long settling time. A small (1.5 to
3.0pF) feedback capacitor will introduce a zero in the open-
loop transfer function, reducing the phase shift and increasing
the damping, which will more than compensate for the slight
reduction in closed-loop bandwidth.

BIAS COMPENSATION NOT REQUIRED

Circuit applications using conventional op amps generally
require that the source resistances be matched at the inputs to
cancel the effects of the input currents and take advantage of
low offset current. In circuits similar to that shown in

Figure 3,'the compensation resistance would be equal to the
parallel combination of Ry and RF, and for large values
would require a bypass capacitor. The AD507 is specially
designed to cancel the input currents so as to reduce them to
the offset current level. As a result, optimum performance
can be obtained even though no bias compensation is used,’
and the non-inverting input can be connected directly to the
signal common. ) :

Co20F

R = 10602

Ry = 1060

CONSIDERATIONS OF FIGURE 1 APPLY EXCEPT FOR
THE LOAD CAPACITOR

Figure 3. Fast Settling Time Configuration
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ANALOG
DEVICES

High Speed,

Fast Settling IC Op Amp
o AD509

FEATURES

Fast Settling Time (100% Tested)
0.1% in 500ns max .
0.01% in 2.5us max

High Slew Rate: 100V/us min

Low lgs: 25nA max

Guaranteed Vg Drift: 30uV/°C max

High CMRR: 80dB min

Drives 500pF

Low Price

APPLICATIONS

D/A and A/D Conversion
Wideband Amplifiers
Multiplexers

Pulse Amplifiers

PRODUCT DESCRIPTION

The AD509], AD509K and AD509S are monolithic
operational amplifiers specifically designed for applications
requiring fast settling times to high accuracy. The AD509K
and AD509S are 100% tested to settle to 0.1% in 500ns max
and 0.01% in 2.5us max, with typical performance that is
twice as fast. Other comparable dynamic parameters include a
small signal bandwidth of 20MHz, slew rate of 100V /us min
and a full power response of 150kHz min. The devices are
internally compensated for all closed loop gains greater than
3, and are compensated with a single capacitor for lower gains.

The input characteristics of the AD509 are consistent with
0.01% accuracy over limited temperature ranges; offset current
is 25nA max, offset voltage is 8mV max, nullable to zero, and
offset voltage drift is limited to 30uV/°C max. PSRR and
CMRR are typically 90dB.

The AD509 is designed for use with high speed D/A or A/D
converters where the minimum conversion time is limited by
the amplifier settling time. If 0.01% accuracy of conversion
is required, a conversion cannot be made in a shorter period
than the time required for the amplifier to settle to within
0.01% of its final value.

All devices are supplied in the TO-99 package. The AD509]
and AD509K are specified for O to +70°C temperature range;
the AD509S for operation from -55°C to +125°C.

AD509 FUNCTIONAL BLOCK DIAGRAM

FREQUENCY COMPENSATION

INVERTING
INPUT

OUTPUT
P
[
NON INVERTING o OFFSET

INPUT d NULL

TO-99
TOP VIEW

PRODUCT HIGHLIGHTS

1.

The AD509K and AD509S are 100% tested for minimum
slew rate and guaranteed to settle to 0.01% of its final
value in less than 2,5us.

. The AD509 is internally compensated for all closed loop

gains above 3, and compensated with a single capacitor for
lower gains; thus eliminating the elaborate stabilizing tech-
niques required by other high speed IC op amps.

. The AD509 will drive capacitive loads of 500pF without

any deterioration in settling time. Larger capacitive loads
can be driven by tailoring the compensation to minimize
settling time.

. Common Mode Rejection, Gain and Noise are compatible

with a 0.01% accuracy device.
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SPEC'FICATIONS (typical @ +25°C and +15V dc, unless otherwise specified)

MODEL ADS509]) AD509K ADS509S
OPEN LOOP GAIN ]
Rl = 2kQ 7,500 min (15,000 typ) 10,000 min (15,000 typ) A

@ TA =min to max

5,000 min

7,500 min

%

OUTPUT CHARACTERISTICS

Voltage @ R, = 2k, TA = min to max

+10V min (212V typ)

FREQUENCY RESPONSE
Unity Gain, Small Signal

Full Power Response, Vo = £10V
Slew Rate, Ry =2k, Vo = £10V, C, = S0pF

Settling Time
to 0.1%
10 0.01%

20MHz
1200kHz min (1.6MHz typ)
80V/us min (120V/us typ)

200ns
1.0us

-

1500kHz min (2.0MHz typ)
*

500ns max (200ns typ)
2.5us max (1.0us typ)

*

%

100V/us min (120V/us typ)

e
Ex]

INPUT OFFSET VOLTAGE
Initial
TA = min to max

Avg vs. Temperature, TA = min to max
vs. Supply, TA = min to max

10mV max (5mV typ)
14mV max

20uv/rSC

200uV/V max

8mV max (4mV typ)

11mV max

30uV/°C max (20uV/°C typ)
100uV/V max

*x
**
*n
s

INPUT BIAS CURRENT
Initial
TA = min to max

' 250nA max (125nA typ)

500nA max

200nA max (100nA typ)
400nA max

%

xx

INPUT OFFSET CURRENT
Initial
TA = min to max

50nA max (20nA typ)
100nA max

25nA max (10nA typ)
50nA max .

**

*x

INPUT IMPEDANCE
Differential

40MSQ min (100MQ typ)

50MQ min (100MS2 typ)

* %

INPUT VOLTAGE RANGE .
Differential, max safe

Common Mode Voltage Range

TA =min to max

Common Mode Rejection, Ve = £5V

TA =min to max

15V
10V

74dB min (90dB typ)

*

80dB min (90dB typ)

**

INPUT VOLTAGE NOISE

f=10Hz 100nV/A/Hz * o

f = 100Hz 30nVA/Hz . *

f = 100kHz 19nvVA/Hz * *
POWER SUPPLY

Rated Performance 15V * *

Operating *(5to 20)V. * *

Current, Quiescent

6mA max (4mA typ)

TEMPERATURE RANGE

Rated Performance 0to +70°C * -55°C 1o +125°C
Storage ‘ -65°Cto +150°C * *
PACKAGE OPTION:' T0O-99 Style (HO8A) ADS509JH AD509KH AD509SH

*Specification same as AD509].
**Specification same as AD509K.

! See Section 20 for package outline information,
Specifications subject to change without notice.

Vs

Simplified Nulling Circuit
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Applying the AD509

APPLYING THE AD509

MEASURING SETTLING TIME. Settling time is defined as
that period required for an amplifier output to swing from
0 volts to full scale, usually 10 volts, and to settle to within
a specified percentage of the final output voltage. For high
accuracy systems, the accuracy requirement is normally

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

|Eo + 8B~y _ ___//-_B\_ ___________
ERROR{ FINAL VALUE, Eo —
BAND

[Eo — AE}_—-j]/— \\’

F

SLEW]|
RATE

DEAD —_—
TIME| SLEWING |RECOVERY ILINEAR SETTLING

<——SETTLING TIME TO X AE —
OR 1%5 *x100%

Figure 1. Settling Time

The AD509K and AD509S are 100% tested and guaranteed
to settle to 0.1% in 500ns and 0.01% in 2.5us (see Test
Circuit, Figure 2). Note that the devices are tested compen-
sated, at a gain of one, with a 50pF capacitive load. There is
no appreciable degradation in settling time when the capaci-
tive load is increased to 500pF, as discussed below. The
settling time is computed by summing the output and the

" input into a differential amplifier, which then drives a scope

DECOUPLING CAPACITORS
OMITTED FOR CLARITY

SCOPE

DIFFERENTIAL
AMPLIFIER

Figure 2. AD509 Settling Time Test Circuit

display. The resultant waveform of (E, — Ejp) of a typical
ADS509 is shown in Figure 3. Note that the waveform crosses
the 1mV point representing 0.01% accuracy in approximately
1.5us. The top trace represents the output signal; the bottom
trace represents the error signal.

outeur [ /] [}
.0 s ™1
1
error ||| 11
SIGNAL m
Uy
I ‘ ns

Figure 3. Settling Time of AD509

SETTLING TIME VS. Rf AND R;. Settling time of an
amplifier is a function of the feedback and input resistors,
since they interact with the input capacitance of the amplifier.
When operating in the non-inverting mode, the source
impedance should be kept relatively low; e.g., 5k€2; in order
to insure optimum performance. The small feedback
capacitor (5pF) is used in the settling time test circuit in
parallel with the feedback resistor to reduce ringing. This
capacitor partially cancels the pole formed in the loop gain
response as a result of the feedback and input resistors, and
the input capacitance.

SETTLING TIME VS. CAPACITIVE LOAD. The AD509
will drive capacitive loads of 500pF without appreciable
deterioration in settling time. Larger capacitive loads can be
driven by tailoring the compensation to minimize settling
time. Figure 4 shows the settling time of a typical AD509,
compensated for unity gain with a 15pF capacitor, with a
500pF capacitive load on the output. Note that settling time
to 0.01% is still under 2.0us.

‘

T
outeut | / ]
r y ™ ns [
ERROR i
SIGNAL
m r.y
{ =Tns =

Figure 4. AD509 with 500pF Capacitive Load

SUGGESTIONS FOR MINIMIZING SETTLING TIME. The
AD509 has been designed to settle to 0.01% accuracy in

1 to 2.5us. However, this amplifier is only a building block

in a circuit that also has a feedback network, input and output
connections, power supply connections, and a number of
external components. What has been painstakingly gained in
amplifier design can be lost without careful circuit design.
Some of the elements of a good high speed design are..........

CONNECTIONS. 1t is essential that care be taken in the
signal and power ground circuits to avoid inducing or
generating extraneous voltages in the ground signal paths.
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The 0.1uF ceramic power supply bypass capacitors are
considerably more important for the AD509 than for low
frequency general purpose amplifiers. Their main purpose
is to convert the distributed high frequency ground to a
lumped single point (the V+ point). The V+ to V— 0.1uF
capacitor equalizes the supply grounds while the 0.1uF
capacitor from V+ to signal ground should be returned to
signal common. The signal common, which is bypassed to
pin 7, is defined as that point at which the input signal
source, the feedback network, and the return side of the load
are joined to the power common.

Note that the diagram shows each individual capacitor
.directly connected to the appropriate terminal (pin 7 [V+]).

0.9pF
CERAMIC DISC

TO SIGNAL
COMMON POINT

INVERTING
INPUT

—CO OUTPUT

NONINVERTING
INPUT

0.1pF
CERAMIC DISC

Figure 5. Configuration for Unity Gain Applications

In addition, it is suggested that all connections be short and
direct, and as physically close to the case as possible, so that
the length of any conducting path shared by external
components will be minimized.

COMPONENTS. Resistors are preferably metal film types, ’
because they have less capacitance and stray inductance
than wirewound types, and are available with excellent
accuracies and temperature coefficients.

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

Capacitors in critical locations are polystyrene, teflon, or
polycarbonate to minimize dielectric absorption.

CIRCUIT. For the fastest settling times, keep leads short,
orient components to minimize stray capacitance, keep
circuit impedance levels as low as consistent with the out-
put capabilities of the amplifier and the signal source,
reduce all external load capacitances to the absolute
minimum. Don’t overlook sockets or printed circuit

board mounting as possible sources of dielectric absorption.
Avoid pole-zero mismatches in any feedback networks used
with the amplifier. Minimize noise pickup.

- DYNAMIC RESPONSE OF AD509
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Figure 6. Open Loop Frequency and Phase Response
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Figure 7. Open Loop Frequency Response for Various Cc's

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

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

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

ts TOTAL = +/(t; DAC)? + (tg AMP)?

Some IC DAGCs settle to final output value in 100-500 nano-
seconds. Since most IC op amps require a longer time to settle
to £0.1% or 30.01% of final value, amplifier settling time can
dominate total settling time. And for a 12-bit DAC, one least
significant bit is only 0.024% of full-scale, so low drift and
high linearity and precision are also required of the output
amplifier.
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Figure 8 shows the AD509K connected as an output amplifier
with the AD565K, high speed 12-bit IC digital-to-analog con-
verter. The 10 picofarad capacitor, C1, compensates for the
25pF AD565 output capacitance. The voltage output of the
AD565K/AD509K combination settles to £0.01% in one
microsecond. The low input voltage drift and high open loop
gain of the AD509K assures 12-bit accuracy over the operating
temperature range.

AD565K vV
5k =
:-Vusr—} E:kn %‘:‘:
pF 2
L—_J_\ 070 2mA - 6§ your
m
< V] Y 070 +10v
DIGITAL INPUTS ‘ s WA+
(12) 3 24k2 Mhc0o
=

Figure 8. AD507 as an Output Amplifier for a Fast Current-
QOutput D-to-A Converter



ANALOG
DEVICES

Low Cost, Laser

Trimmed, Precision IC Op Amp

AD310

FEATURES

Low Cost

Low Vgs: 25uV max (AD510L), 1001V max (AD510J)
Low Vg Drift: 0.5uV/°C max (AD510L)

Internally Compensated

High Open Loop Gain: 10° min

Low Noise: 1uV p-p 0.01 to 10Hz

PRODUCT DESCRIPTION

The AD510 is the first low cost high accuracy IC op amp
available. Analog Devices’ precise thermally-balanced layout
combined with high-yield IC processing provides truly super-
lative op amp performance at the lowest possible cost. The
device is internally compensated, thus eliminating the need
for an additional external capacitor.

A truly precision device, the AD510 achieves laser trimmed
offset voltages less than 254V max and offset voltage drifts of
0.5pV/°C max (nulled). Bias currents and offset currents are
available at less than 10nA and 2.5nA respectively, while open
loop gain is maintained at over 1,000,000, even under loaded
conditions. Designed along a thermal axis, the AD510 is un-
affected by thermal gradients across the monolithic chip
caused by current loading.

The AD510 has fully protected inputs, permitting differential
input voltages of up to +Vg withour voltage gain or bias current
degradation due to reverse breakdown. The output is also pro-
tected from short circuits and drives 1000pF of load capaci-
tance without oscillation.

The AD510 is specifically designed for applications requiring
high precision at the lowest possible cost, such as bridge instru-
ments, stable references, followers and analog computation.
Packaged in a hermetically-sealed TO-99 metal can, the AD510
is available in three versions of performance (J, K and L) over
the commercial temperature range, O to +70°C and one version
(S) over the full military temperature range, -55°C to +125°C.

AD510 FUNCTIONAL BLOCK DIAGRAM

OFFSET
NULL 8

.Vs
TO-99
TOP VIEW

PRODUCT HIGHLIGHTS

1.

Offset voltage drift is guaranteed and 100% tested on all
models with a controlled temperature drift bath with the
offset voltage nulled. Offset voltage on the AD510L is
tested following a 3 minute warm-up.

. The AD510 offers fully protected input (to £Vy) and output

circuitry. The input protection circuit prevents offset vol-
tage and bias current degradation due to reverse breakdown,
a critical factor in high accuracy op amps where overall
performance is strongly dependent on front-end stability.

. Internal compensation eliminates the need for elaborate and

costly stabilizing networks, often required by many high
accuracy IC op amps.

. A thermally balanced layout maintains high gain (1,000,000

min, K, L and S) independent of offset nulling, power sup-
ply voltage and output loading.

. Bootstrapping of critical input transistors produces CMRR

and PSRR of 110dB min and 100dB min, respectively.
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SPEC|FICATIONS (typical @ +25°C and +15V dc unless otherwise noted)

AD510SH
MODEL ADS510JH AD510KH AD510LH (AD510SH/883B)
OPEN LOOP GAIN .
Vos = £10V, Ry > 2k§2 , 250,000 min 10° min b s
Tmin 1© Tmax 125,000 min 500,000 min b 250,000
OUTPUT CHARACTERISTICS
Voltage @ Ry 2 2k§2, Trin t0 Trpax +10V min * * *
L.oad Capacitance ) 1000pF * * *
Output Current 10mA min * * *
Short Circuit Current 25mA 4 * .
FREQUENCY RESPONSE
Unity Gain, Small Signal 300kHz * *
Full Power Response 1.5kHz * * *
Slew Rate, Unity Gain 0.10V/us * * . *
INPUT OFFSET VOLTAGE :
Initial Offset, Rg < 10k2 100uV max 50uV max 254V max bl
vs. Temp., Trin 10 Trax 3.0uV/°C max 1.0uV/°C max 0.5uv/°Cmax ** y
vs. Supply 25uV/V max 104V/V max i >
Trmin 10 Tmax : 40uV/V max 15uV/V max b 20uV/V max
INPUT OFFSET CURRENT '
Initial . 5nA max 4nA max 2.5nA max b
Tmin 10 Trmax : 8nA max 6nA max 4nA max 10nA max
INPUT BIAS CURRENT
Initial 25nA max 13nA max 10nA max b .
Trmin 10 Tmax 40nA max 20nA max 15nA max 30nA max
vs. Temp, Tmin 1© Tmax +100pA/°C +50pA/°C +40pA/°C **
INPUT IMPEDANCE .
Differential 4MQ 6MQ b *x
Common Mode 100MQ2||4pF *
INPUT NOISE
Voltage, 0.1Hz to 10Hz 1uV p-p * * *
f = 10Hz 18nV//Hz . . .
f = 100Hz 13nV/V/Hz . . *
f = 1kHz 10nVA/Hz * * *
Current, f = 10Hz k 0.5pA/\/E * * *
= 100Hz 0.3pANHZ * . .
f = 1kHz 0.3pAA/Hz . . .
INPUT VOLTAGE RANGE
Differential or Common Mode .
max safe Vg * * *
Common Mode Rejection, Vi, = .
t10v 94dB min 110dB min ** b
Common Mode Rejection, Ty
10 Trax 94dB 100dB min ** **
POWER SUPPLY ‘ '
Rated Performance 115V * * *
Operating 1(5 10 18)V * * (5 1o 22)V
Current, Quiescent 4mA max 3mA max ‘ b i
TEMPERATURE RANGE
Operating Rated Performance . 0to +70°C * * -55°C to +125°C
Storage -65°Cto +150°C  * * *
PACKAGE OPTIONS:' TO-99 Style (HO8B) ADS510JH AD510KH AD510LH AD510SH
NOTES:

*Specifications same as AD510JH.
**Specifications same as AD510KH.

!See Section 20 for package outline information.
Specifications subject to change without notice.
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Applying the AD510

TYPICAL
NON-INVERTING AMPLIFIER CONFIGURATION

NULLING THE AD510

INPUT . 3

Nulling the AD510 can be achieved using the hxgh resolution - O *
circuit of Figure 1. P
1. Null the offset to zero using a commercially available pot ! - [y
(approximately 10kS2). f v
GAIN R3 1k 0.01%

2. Measure pot halves, Ry and Rj. SELECT . Y

' 0kQ R x 50kQ2 T o
3. Calculate ... Ry =R1 x5 Rzl' = 2%3 > i oo

50kS2 - Ry 50k - R; A2 ouTPUT
AD510L — o

4. Insert Ry’ and Ry’ (closest 1% fixed metal film resistors). "o

5. Use an industrial quality 100k pot (rp) to fine tune the trim. . . ”
Nulling to within 1 microvolt can be achieved using this tech- Figure 2. Instrumentation Amplifier

nique. For best results, the wiper of the potentiometer should

The confi tion shown is designed for a gain of 10, however
be connected directly to pin 7 of the op amp. guration & £

the gain can be varied upwards by adding a gain select
resistor Rs. In operation, amplifier A1 provides a gain of 10/9
for signals at the negative input terminal. This output feeds the
©) inverting amplifier Ay, which has a gain of 9, resulting in an
) overall gain of 10. For signals at the positive input, the output
0 W f2, ® of Ay is at ground potential and the amplifier A; provides a
gain of 10. Thus, the circuit has a gain of 10 for differential
signals and 0 for common mode signals; the very high CMRR
p and open loop gain of the AD510L automatically produces
common mode rejection of at least 25,000 at dc at a gain of
10 and over 1,000,000 at a gain of 1000. The common mode
rejection, of course, depends upon the resistor ratios and their
specified tolerance. Less accurate resistors can be used if the

network is trimmed.
THE AD510L IN A SIMPLE INSTRUMENTATION AMPLIFIER

The circuit of Figure 2 illustrates a simple instrumentation

amplifier suitable for use with strain gauges, thermocouples

and other transducers. It provides high input impedance to

ground at each of the differential input terminals and excellent  The common mode rejection at 60Hz is limited by the finite

common mode rejection. . gain bandwidth of Aj causing a phase lag on the negative input
signal. At 60Hz the CMRR measures 72dB at a gain of 1000
and 62dB at a gain of 10.

Figure 1. High Resolution, High Stability Nulling Circuit’

For gains of 10 the frequency response is down 3dB at 500kHz,
for gains of 1000, 2kHz. Full output of 10V can be attained
up to 1800Hz.
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ANALOG
DEVICES

Precision, Low-Power

FET-Input Electrometer Op Amp

AD515

FEATURES

Ultra Low Bias Current: 0.075pA max (AD515L)
0.150pA max (AD515K)
0.300pA max (AD515J)
1.5mA max Quiescent Current
(0.8mA typ)

Low Offset Voltage: 1.0mV max (AD515 K & L)
Low Drift: 15uV/°C max (AD515K)

Low Noise: 4uV p-p, 0.1 to 10Hz

Low Cost

Low Power:

PRODUCT DESCRIPTION
The AD515 series of FET-input operational amplifiers are
second generation electrometer designs offering the lowest in-

put hias currents available in any standard operational amplifier.

The AD515 also delivers laser-trimmed offset voltage, low drift,
low noise and low power, a combination of features not pre-
viously available in ultra-low bias current circuits. All devices
are internally compensated, free of latch-up, and short circuit
protected.

The AD515 delivers a new level of versatility and precisionto a
wide variety of electrometer and very high impedance buffer
measurement situations, including photo-current detection,
vacuum ion-gauge measurement, long term precision integra-
tion, and low drift sample/hold applications. The device is also
an excellent choice for all forms of biomedical instrumentation
such as pH/plon sensitive electrodes, very low current oxygen
sensors, and high impedance biological microprobes. In addi-
tion, the low cost and pin compatibility of the AD515 with
standard FET op amps will allow designers to upgrade the per-
formance of present systems at little or no additional cost.

The 10" ohm common mode input impedance, resulting from
a solid bootstrap input stage, insures that the input bias current
is essentially independent of common mode voltage.

As with previous electrometer amplifier designs from Analog
Devices, the case is brought out to its own connection (pin 8)
so that the case can be independently connected to a point at
the same potential as the input, thus minimizing stray leakage
to the case. This feature will also shield the input circuitry
from external noise and supply transients, as well as reducing
common mode input capacitance from 0.8pF to 0.2pF.

The AD515 is available in three versions of bias current and
offset voltage, the “J”, “K”, and “L"; all are specified for
rated performance from O to +70°C and supplied in a hermetic-
ally sealed TO-99 package.

AD515 FUNCTIONAL BLOCK DIAGRAM

GUARDPIN {CONNECTED TO CASE)

NON-INVERTING(3)
INPUT

V-
TO-99
TOP VIEW

PRODUCT HIGHLIGHTS .
1. The AD515 provides the lowest bias currents available in an
integrated circuit amplifier. i ‘
® The ultra low input bias currents are specified as the.max-
imum measured at either input with the device fully
warmed up on *15 volt supplies at +25°C ambient with
no heat sink. This parameter is 100% tested.
® By using 15 volt supplies, input bias current can typically
be brought below 50fA.

2. The input offset voltage on all grades is laser trimmed to a

_ level typically less than 500uV.

® The offset voltage drift is the lowest available in an FET
electrometer amplifier.
® If additional nulling is desired, the amount required will
have a minimal effect on offset drift (approximately
" 3uV/°C per millivolt).

3. The low quiescent current drain of 0.8mA typical and
1.5mA maximum, which is among the lowest available in opera-
tional amplifier designs of any type, keeps self-heating effects
to a minimum and renders the AD515 suitable for a wide range
of remote probe situations.

4. The combination of low input noise.voltage and very low in-
put noise current is such that for source impedances from much
over one Megohm up to 10 *! ohm, the Johnson noise of the
source will easily dominate the noise characteristic.
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SPEC'FICATIONS (typical @ +25°C with Vg = £15V dc, unless otherwise specified)

MODEL

ADS515)

AD515K

ADS15L

OPEN LOOP GAIN!
Vour = $10V, R, > 2kQ
Rp > 10k
Ta = min to max Ry > 2kQ

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

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

25,000V/V min
* 50,000V/V min
25,000V/V min

OUTPUT CHARACTERISTICS

Voltage @ Ry, = 2k§2, T4 = min to max +10V min (:12V typ) * *

@ R, = 10k§2, T = minto max +12V min (213V typ) * *

Load Capacitance?® 1000pF * *
Short Circuit Current 10mA min (25mA typ) * *

FREQUENCY RESPONSE :
Unity Gain, Small Signal 350kHz * *
Full Power Response SkHz min (16kHz typ) * .
Slew Rate Inverting Unity Gain 0.3V/us min (1.0V/us typ) * :
.

Overload Recovery Inverting Unity Gain

100us max (16us typ)

INPUT OFFSET VOLTAGE?

3.0mV max (0.4mV typ)

1.0mV max (0.4mV typ)

1.0mV max (0.4mV typ)

vs. Temperature, Ta = min to max 50uV/°C max "15uV/°C max ZSuV‘/°C max
vs. Supply, T = min to max 400uV/V max (50uV/V typ) 100uV/V max 200uV/V max
INPUT BIAS CURRENT
Either Input® - 300fA max 150fA max 75fA max
INPUT IMPEDANCE '
Differential 1.6pFll10'%Q . .
Common Mode 0.8pF|j10'5Q * *
INPUT NOISE
Voltage, 0.1Hz to 10Hz 4.0uV (p-p) * *
f=10Hz 75nV//Hz * *
f = 100Hz 55nV/A/Hz * *
f=1kHz 50nV/A/Hz * *
Current, 0.1 to 10Hz 0.003pA (p-p) * *
10Hz to 10kHz 0.01pA rms * *
INPUT VOLTAGE RANGE
Differential +20V min * L
Common Mode, T4 = min to max 210V min (£12V typ) * * .
Common Mode Rejection, Viy = 10V 66dB min (94dB typ) 80dB min 70dB min
Maximum Safe Input Voltage® Vg * *
POWER SUPPLY
Rated Performance 15V typ * *
Operating +5V min (+18V max) * *
Quiescent Current 1.5mA max (0.8mA typ) * *
TEMPERATURE
Operating, Rated Performance 0to +70°C . * *
Storage -65°C to +150°C * *
PACKAGE OPTIONS® : TO-99 Style (HO8B) ADS515JH ADS515KH ADS15LH

NOTES

! Open Loop Gain is specified with or without nulling of Vgs.
2 A conservative design would not exceed 750pF of load capacitance,
*Input Offset Voltage specifications are guaranteed after 5 minutes of operation at T4 = +25°C.

4 Bias Current specifications are guaranteed after 5 minutes of operation at T4 = +25°C. For

higher temperatures, the current doubles every +10°C,

#1f it is possible for the input voltage to exceed the supply voltage, a series protection resistor
should be added to limit input current to 0,5mA, The input device can handle overload

currents of 0,5mA indefinitely without damage, See next page.

% See Section 20 for package outline information,
*Specifications same as AD515].
Specifications subject to change without notice.
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Applying the AD515

LAYOUT AND CONNECTION CONSIDERATIONS

The design of very high impedance measurement systems intro-
duces a new level of problems associated with the reduction of
leakage paths and noise pickup.

1. A primary consideration in high impedance system designsis

w

to attempt to place the measuring device as near to the signal
source as possible. This will minimize current leakage paths,
noise pickup and capacitive loading. The AD515, with its
combination of low offset voltage (normally eliminating the
need for trimming), low quiescent current (minimal source
heating, possible battery operation), internal compensation
and small physical size lends itself very nicely to installation
at the signal source or inside a probe. Also, as a result of the
high load capacitance rating, the AD515 can comfortably
drive a long signal cable.

. The use of guarding techniques is essential to realizing the

capability of the ultra-low input currents of the AD515.
Guarding is achieved by applying a low impedance bootstrap
potential to the outside of the insulation material surrounding
the high impedance signal line. This bootstrap potential is held
at the same level as that of the high impedance line; therefore,
there is no voltage drop across the insulation, and hence, no
leakage. The guard will also act as a shield to reduce noise pick-
up and serves an additional function of reducing the effective
capacitance to the input line. The case of the AD515 is brought
out separately to pin 8 so that the case can also be connected

to the guard potential. This technique virtually eliminates poten- )

tial leakage paths across the package insulation, provides a
noise shield for the sensitive circuitry, and reduces common-
mode input capacitance to about 0.2pF. Figure 1 shows a
proper printed circuit board layout for.input guarding and
connecting the case guard. Figures 2 and 3 show guarding
connections for typical inverting and non-inverting applica-
tions. If pin 8 is not used for guarding, it should be connected
to ground or a power supply to reduce noise.

INPUTS

ouT
GUARD 1 6 'SAME PATTERN SHOULD BE
LAID OUT ON BOTH SIDES
| OF P.C. BOARD
7 OV+
8
(BOTTOM VIEW)

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

. Printed circuit board layout and construction is critical for

achieving the ultimate in low leakage performance that the
AD515 can deliver. The best performance will be realized

by using a teflon IC socket for the AD515; but at least a
teflon stand-off should be used for the high-impedance lead.
If this is not feasible, the input guarding scheme shown in
Figure 1 will minimize leakage as much as possible; the guard
ring should be applied to both sides of the board. The guard
ring is connected to a low impedance potential at the same
level as the inputs. High impedance signal lines should not be
extended for any unnecessary length on a printed circuit; to
minimize noise and leakage, they must be carried in rigid,
shielded cables.

4. Another important concern for achieving and maintaining
low leakage currents is complete c