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General Introduction

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

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

MAJOR PROGRESS

Since publication of the selection guides in the 1986 supplement
to our 1984 Data Acquisition Databook, more than 120 significant
new products have been introduced; they run the gamut from
brand new product categories and technologies to new standard
products (with improvements in price, performance, or design)
to augmented second-source products. They are all classified
and summarized in these Volumes, along with existing products
that are desirable for use in new designs.

Among the landmark new linear products are high-accuracy op
amps — such as the ultralow-offset-and-drift AD707, wideband
transconductance op amps — both monolithic (ADS539) and
hybrid (AD9611) and the 60-femtoampere AD549 electrometer
- using ADI’s patented Top-Gate FET process. Other new
high-performance moneolithic devices include the fast, accurate
AD9686 comparator, the AD625 software-programmable-gain
amplificr, the innovative AD693 4-10-20mA sensor transmitter,
the AD834 ultimate analog multiplier, plus the AD9521 r-f log
devices and the AD890/891 data-recovery chip set. Also of note
are the 5B Series of compact modular isolated signal-conditioners,
the AD210 high-performance isolator and the 1B series of
DIP-packaged signal conditioners — all of which employ auto-
mated surface mount assembly for compactness, low cost and
high reliability.

THE 1988 LINEAR PRODUCTS DATABOOK

This Volume provides complete technical data on Analog Devices
“linear” products — designed to process, condition and otherwise
operate on g signals with analog results. One of a set of
three volumes, it is accompanied by the DSP Products Databook,
dedicated to products for high-performance digital signal-proc-
essing (i.e., digital-to-digital) and the Conwversion Products Databook,
which covers products involved in spanning the interface between
analog and digital.

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

This book includes:

® Comprehensive data sheets on more than 160 significant product
families;

® Orientation material and selection guides for rapid product
finding;

® A representative list of available Analog Devices technical
publications on real-world analog and digital signal-
processing;

® Worldwide Service Directory; and

@ Product Index to all three volumes.

TECHNICAL SUPPORT

Our extensive technical literature discusses the technology and
applications of products for precision measurement and control.
Besides tutorial material and comprehensive data sheets, including
a large amount in our Databooks, we offer Application Notes,
Application Guides, Technical Handbooks (at reasonable prices),
and several free serial publications; for example, Analog Productlog
provides brief information on new products being introduced,
and Analog Dialogue, our technical magazine, provides in-depth
discussions of new developments in analog and digital circuit
technology as applied to data acquisition, signal processing,
control and test. DSPatch is a quarterly newsletter that brings
its readers up-to-date applications information on our DSP
products and the general field of digital signal processing. We
maintain a mailing list of engineers, scientists, and technicians
with a serious interest in our products, In addition to Databook
catalogs, we also publish several short-form catalogs on specific
product families. You will find Technical Publications described
on pages 17-6 and 17-7 at the back of the book.
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SALES OFFICES

Backing up our design and manufacturing capabilities and our
extensive array of publications is a network of sales offices and
representatives throughout the United States and most of the
world. They are staffed by experienced sales and applications
engineers, and many of them maintain a local stock of Analog
Devices products. Our Worldwide Service Directory, as of the
publication date, appears on pages 17-8 and 17-9 at the back of
the book.

RELIABILITY

The manufacture of reliable products is a key objective at Analog
Devices. The primary focus is the companywide Quality Im-
provement Process (QIP). In addition, we maintain facilities
that have been qualified under such standards as MIL-M-38510
for ICs in the U.S. and Ireland and MIL-STD-1772 for hybrids.
More than 20 of our products — both proprietary and second-source
— have qualified for JAN part numbers; others are in the process.
A larger number of products — including many of the newer
ones just starting the JAN qualification process — are specifically
characterized on Standard Military Drawings (SMDs). Most of
our ICs are available in versions that comply with MIL-STD-883C
Class B. We publish a Military Products Databook for designers
who specify ICs and hybrids for military contracts (the 1987
issue contains data on nearly 150 available product families). A
newsletter, Analog Briefings, provides current information about
the status of reliability at ADI.
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Our PLUS program makes available standard devices (commercial
and industrial grades, plastic or ceramic packaging) for any user
with demanding application environments, at a small premium.
Subjected to stringent screening, similar to MIL-STD-883 test
methods, they are often suffixed ““/+ " and are available from
stock.

PRODUCTS NOT FOUND IN THE SELECTION
GUIDES

For maximum usefulness to designers of new equipment, we
have limited the contents of selection guides to products most
likely to be used for the design of new circuits and systems. If
the model number of a product you are interested in is not in
the Index, turn to page 17-4 at the back of this volume where
you will find a list of older products for which data sheets are
available upon request. On page 17-5 you will find a guide to
substitutions (where possible) for products no longer available.

PRICES

Accurate, up-to-date prices are an important consideration in
making a choice among the many available product families.

Since prices are subject to change, current price lists and/or

quotations are available upon request from our sales offices.



Table of Contents

Page
Operational Amplifiers—Section2 ... ... ... ... ... ... ... ............ 2=
Selection Guide . . . . . . . . . L i i e e e e e e e e e e e e e e e e e e e e e e e e e e e 2-2
Orentation . . . . v o v v e e e e e e e e e e e e e e e e e e e e e e e 2-4
AD380 — Wideband Fast Settling, FET-Input Op Amp . . . . . o 0 vt v it it e e e it e e et e e e a 2-15
AD381/382 - High Speed, Low Drift, FET Operational Amplifiers . . . . . .. ... ... ... ... ... .... 2-21
ADS07 — IC Wideband Fast Slewing, General Purpose Operational Amplifier . . . . . . .. ... ... .. ... .. 2-27
ADS509 - High Speed, Fast Setthng ICOp Amp . . . . . . o it vt i i it s s s s s s s ss s s e s s s s aas 2-31
ADS515A — Monolithic Precision, Low Power FET-Input Electrometer Op Amp . . . . . . . v o0 v v i v v n v v o 2-35
ADS517 — Low Cost, Laser Trimmed Precision ICOp Amp . . . . . . 0 o i i i i ittt it it e et e e e e e aas 2-41
AD542/544/547 - High Performance, BIFET Operational Amplifiers . . . . . . . . .0 v v v v i v v i v v v w v 2-47
AD548 — Precision;: Low Power BIFET Op AmMD <o o v s s s s e e 96 w%E s 0wl a0 s 2-55
AD549 — Monolithic Electrometer Operational Amplifier . . . . . . . 0 0 v vt v it i e e e e e e 2-63
ADG642 — Precision Low Cost, Dual BIFET Op AmpP . . . . . . v v i vt v it i e i e it o s e e e e e e a 2-75
ADG644 — Dual High Speed, Implanted BIFET Op AMP . . . . . 0 o v i v v i e e e v e e e o e s aa e e e e s 2-81
ADG647 — Ultralow Drift, Dual BIFET OP AMD . . . & & 4 v v v vt o s e vt e st s e v b e s anmas e as s 2-87
AD648 — Dual Precision, Low Power BIFET Op AmP . . .« . v 0 v v v v v v v v v e e v s v e ot e m o e s 2-93
ADT07T =1IRGW DEODIATD 0 voannraiss movisiscs simaiess sanOuET B SNENR BN IR ENE SUELE £ SE SR 2-103
AD708 = Driaal UNtlow DRI OP AN .. v w0 mim nmis smmiarmns sy mowos s sows sob sissn 408 siess soe speie soe s 2-105
ADT711 — Precision Low Cost, High Speed BIFET Op AMD . . . . o 0o v bv vt oo o et e e as 2-107
AD?712 — Dual Precision, High Speed BIFET Op Amp . . . . . . . . . o i i i i ittt e e e e e e e e e e ae s 2-119
AD713 — Quad Precision, High Speed BIFET Op Amp . . . . . . . . 0 v ittt e et e e e e e e e e a s *2-131
AD741 Series — Low Cost, High Accuracy ICOp AmPs . . . . . . o .t it it e e e e e e e e e e e e e e e e 2-133
AD744 — Precision 500ns Settling BIFET Op AMP . . . . . 0 v v v i it i e i e et e e e et e e e e e e e 2-137
AD746 — Dual Precision 500ns Settling BIFET Op AmP . . . . . . v v o v v o v e e e e e s b e e e e a e e s s 2-149
ADS821 — Single Supply, Low Power Precision Op AmpP . . . . . . 0 v v i v i it e vt e e ot e e e n e e 2-153
ADB40 — Wideband Fast Setthng Op AmP . . . . v v v v v i it it e it i e et e e e s e s e e e e e 2-157
AD84]1 — Wideband, Unity Gain, Stable Fast Settling Op Amp . . . . . . . . v ittt it i i e e e e e e e e 2-159
AD842 — Wideband, High Qutput Current, Fast Setting Op Amp . . . . . . o v v v v v v it e e e e e e e e s 2-161
ADS845 — Precision I6MHz CBFET Op Amp . . . . . & 0 v v v v it i e e v e o e s e m e sn s e b e a e e a s 2-163
ADB46 — Very High Speed Operational Amplifier . . . . . . . . . . . . i ittt it e e e e s e, 2-165
ADB847 — High Speed, Low Power Monolithic Op AmpP . . . . . . . v v v vt vt et e e e e e e e e e e e e e n s 2-177
ADB848 — High Speed, Low Power Monolithic Op AmP . . . . . o v v v v it v e e e e e e et e e e et a e as 2-179
AD849 — High Speed, Low Power Monolithic Op AID . . .« v . v v v v e v e e e e e e e e e e e e e 2-181
ADS5539 — Ultrahigh Frequency Operational Amplifier . . . . . . . . . . . 0 0 ittt i it v r e e e et e e e 2-183
AD9610 - Wide Bandwidth, Fast Settling Operational Amplifier . . . . . . .. ... ... ... 0. . 2-199
AD9611 — Wide Bandwidth, Fast Settling Operational Amplifier . . . . . . . . . . o v v vt i it v et e e v e e o 2-207
ADLH0032G/0032CG - Ultrafast FET Operational Amplifiers . . . . . . . . 0 0 v v i it i it et e e e e e v e 2-215
ADLH0033G/0033CG — High Speed Buffer Amplifiers . . . . . . . . . . . o v vt it e e et e e e 2-219
AD OP-07 — Ultralow Offset Voltage Op AMDP . . . . v o o v v v v v e et o e m e e m et n s e e e am e e 2-223
AD OP-27 — Ultralow Noise, Precision OP AMD . . & ¢ v v v v v v v v v v vt n o ot s o s s it s e e e ns 2-229
AD OP-37 - Ultralow Noise, High Speed Precision Op Amp (Aver=5) & 0 0 v v v v vt i e i e e e e e e e e e 2-237
HOS-050/050A/050C ~ Fast Settling Video Operational Amplifiers . . . . . ... ... ... ... ... 2-245
HOS-060 — Low Offset, Fast Settling Video Operational Amplifier . . . . . . . . .. .. vt 2251
HOS-100AH/100SH — Wide Bandwidth, High Speed Buffer Amplifiers . . . . . . . . . . .. o 0o v v v it v 2-255
HOS-200 — Wide Bandwidth, High Speed Buffer Amplifier . . . .. ... .. ... it ci .. 2257

GENERAL INFORMATION 1-5



Page

Comparators—Section3 .. ... . ... . ... ... ... ... 31
SEIECHON - GIIIE . ooy wovnn aie soonens sod FHwSE U BeOr SO WOEIW SN SLENE B SEEIE Siw EEICE S5 ST KSR B0 o0 3-2
L0311 3-3
AD790 — Fast Single Supply COmMParator . . . . . v v v v v v v v v v v s e s e e n e e e e e e e e e e e s 3-5
AD9685/9687 — High Speed Comparators . . . . . v v v v v b v v v b v o v e e e e e e e e e e e e e e e e e 3-9
AD9686 — High Speed TTL Voltage COMPArator . . . . . 4 v v v v v s v v 0 v v n o v o 0t o e m o s e e s e e e e s 3-13
AD96685/96687 — Ultrafast COMPArators . . . . .« v « v v v v v v v v mm v e mnn v e s 3-17
Instrumentation Amplifiers—Section4 ... ... ......................... 4-1
Selectlon GUIdE o i san it S Wt S SRR B SRR W BTN GG GRaeTH SA0 BT W AReTE M BTl b ava 4-3
OO, oeve o e s a6 A S8 MGHE @0 WETE G SETE 96 RIS SRR B W o e N 05 4-4
AD365 — Programmable Gain & Track/Hold DAS Amplifier . . . . . . . v o o i v v v v i o e et a e e v e n e s 4-7
AD521 — Integrated Circuit Precision Instrumentation Amphifier . . . . . v v v v v v v v v v v e bt v e s 4-15
ADS522 - High Accuracy, Data Acquisition Instrumentation Amplifier . . . . . . ... ... .. o0 4-21
AD524 — Precision Instrumentation Amplifier . . . . . . . . . e e e e e e e e e e e e e e e e s 4-25
ADS526 — Software Programmable Gain Amplifier . . . . . . . . . . . i e e e e e e e e e e 4-37
AD624 — Precision Instrumentation Amplifier . . . . . . . . ... e e e e e e e e e e e e e s 4-49
ADG625 — Programmable Gain Instrumentation Amplifier . . . . . . . . . .. ... Lo 4-61
Isolation Amplifiers—Section5 ... ... ... .. ... ... .. ... .. .. .. ......... 5-1
Selection GUide . . . . . . . o i e e e e e e e e e e e e e e e e 5-3
EMMOREHONT 57h, 5 5l 5i m1om Wod B o8 Fow e el Fomiur Bid semii b mh midm zir eer s mndhe sz ws P 5-4
AD202/204 — Low Cost, Miniature Isolation Amplifiers . . . . . . . . 0 0 v v v v v it e e e e e e 5-7
AD210 - Precision Wide Bandwidth 3-Port Isolation Amplifier . . . . . . .. .00 i i it v 5-19
AD295 — Precision Hybrid Isolation Amplifier . . . . . . . 0 v v v v i ittt e e e e e e e e s 5-27
284] — Economy High Performance, Self-Contained Isolation Amplifier . . . . . ... . ... ... ... .. ..... 5-33
286]/281 — High CMV High Performance, Synchronized Isolation Amplifiers . . . . . . .. .. ... .. ... ... 5-39
289 — Precision Wide Bandwidth Synchronized Isolation Amplifier . . . . . . . . . . . . . i oo 5-45
290A/292A ~ Low Cost, Single and Multichannel Isolation Amplifiers . . . . . . . . .. ... .. ... 5-51
Analog Multipliers/Dividers—Section6. . . . . .......................... G
SCECHON-GUIAE <o a0s won sois ane GimneEr moee B0 ke BUe aRTE N R EORGE EOF RS WG RINDE WS ROR OE ae 6-3
OEEDRHON svniien og e 50 e ia EE eI DEGTER G eI 0 SR 56 0T B0 DO a6 SRR B Z0 6-4
ADS532 — Internally Trimmed Integrated Circuit Multiplier . . . . . . . v v v v v v v i e e e e e s e e e 6-7
AD534 - Internally Trimmed Precision IC Multiplier . . . . . . . . .. . . . o i ittt e e e e 6-13
ADS538 — Real-Time Analog Computational Unit (ACU) . . . . v v v v v v i v s e v e e e et e e e e e s 6-23
AD539 — Wideband Dual-Channel Linear Multiplier/Divider . . . . . . . . . . 0 o o v v v o e e et e e w 6-31
AD632 — Internally Trimmed Precision IC Multiplier . . . . . . . . . . 0 it i i e e e e e e e 6-39
AD834 - High Frequency Four-Quadrant Multiplier . . . . . . . . 0 & o 0 v v i it et e e e e e e n e a s 6-43

1-6 GENERAL INFORMATION



Log/Antilog Amplifiers—Section7 . ...... ... ... .. ... ... ............ Bwed]
SUECHONGUMIE = s sms sewcs B BENEETE HU ATECH S ANERE W AUELE MR WUGTH KGE RRLAVSNE W@ EiE SHEG G @ 7-3
OrEntaion. - o soww o vians e FrerEles B SWIE BTG SERE B R S RS AN BVEISIRER BOR 0 K ECRIR N S 7-4
AD9521 — 250MHz Wideband Logarithmic Amplifier . . . . . . . . . o 0 v vt i et e e e e e e 7-7
755/759 — 6-Decade, High Accuracy, Wideband Log, Antilog Amplifiers . . . . ... ... ... ... ... ... 7=1
757 - 6-Decade High Accuracy, Log Ratio Amplifier . . . . . . . . . . . 0 ot i it i i i it bt s et s se e 7-15
RMS-to-DCConverters—Section8 . ............................... 81
SelectioniGuiide & e v Ve SERIE BN eiRlE e el B RIANE B AT E38 EhPGRlE BAN B RN UG 5 8-2
Odlentation: = i vaoy s Fracs 0 SRR BE RRD 2 SR DO WA MR AR BN SERELEE e W e PR 8§-3
ADS536A — Integrated Circuit, True rms-to-dc CONVELTEr . . . . & ¢ 4 v v v v v v s v v e e e e e i e e a e e e e s s 8-5
AD636 —Low Level True rms-to-dC CONVEITEr & & . v v v v v v v v v s e o s e wa o om o wm os oo s s wae o a s §-11
AD637 — High Precision Wideband rms-to-dc Converter . . . . . . . . . . it i i i it v it it b o s s e e a s 8§-17
AD736 — Low Cost, Low Power, True rms-to-dc CONVETTEr . . . . . i v v v v v v v v o v v o o oo e v e o a e sa s 8-25
AD737 — Low Cost, Low Power, True rms-to-dc COnVErter . . . . . v v v v v v v v v v v vt e e b e e e e s e e n s 8-29
Special Function Components—Section9 ........................... 9-1
OREEON: & 53 siass oin STue 30m 800l BB Kbt hiE Wi Rk Bk e e hid R A RS S Fuois Rk racEid s d 9-3
AD345 — High Speed Pin Driver with Inhibit Mode . . . . . . . . . . 0 0 i i i it i i e i e et e s e e oo e e s 9-5
ADG630 — Balanced Modulator/Demodulator . . . . . . . 0 i i i e e e e e e e e e e e e e e e e s 9-9
AD639 — Universal Trigonometric Function CONVEITEr . . . . . v v v v v v v v v v n v ot ot et o v na e e o n e 9-17
ADB890 — Precision Wideband Channel Processing Element . . . . . . . . . . 00 i i it i i it i it e e e e a s 9-29
ADB91 - Rigid Disk Data Channel Qualifier . . . . .. oo 0o v it i v v e ve i e s v e s e i 9-35
AD9500 - Digitally Programmable Delay Generator . . . . . . . . . . vt t v v vt v o s o a v s o v s s o s s a e 9-41
Temperature Transducers—-Section10 . ........................... 10-1
Selection Guide . . . . o v v v e e e e e e e e e e e e e e e e e e e e e e e e e e e 10-3
OFEAMALON ', o o v v v v v v v e e e e e e e e e e e e e e e e e e e e e e e e e e 10-4
AC2626 — General Purpose Temperature Probe . . . . . . . . . . . 0 0 i i it it i e e e e e 10-5
AD590 — Two-Terminal IC Temperature Transducer . . . . . . . v o v v v v v vt v v o a o s s e v s s s e s as 10-7
AD3592 — Low Cost, Precision IC Temperature Transducer . . . . . . . . v v v v v v v v v v v Tave o et W% S 10-17
Signal Conditioning Components & Subsystems—Section11 ... ... .. .. -1
Selection GUIdE . . . . . . v v i i e e e e e e e e e e e e e e e e e e e e e 11-3
Orientation . . v v v v v 4 v v b v n e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 11-4
AD3594/595 — Monolithic Thermocouple Amplifiers with Cold Junction Compensation . . . . . . .. ... ... ... 11-5
AD596/597 — Thermocouple Conditioner and Set-Point Controller . . . . . . . . . . . . . ..o i i 11-13
ADG693 — Loop Powered, 4-20mA Sensor TransSmitter . . . . . v+ v v v v v v v v v v v v m v mn s n e e e e 11-19
1B21 - Isolated Loop Powered, Voltage-to-Current Converter . . . . . . . . . o v v v v v v v v oo s nn e nann s 11-31
1B22 — Programmable Isolated Voltage-to-Current CONVETTEr . . . .« + + v v v v v v v v v v v v b v ot o oo s 11-35
1B31 — Wide Bandwidth Strain Gage Signal Conditioner . . . . . . . . v v v v v v v v v v v v v v ot o e e s 11 =37
1B32 - Bridge Transducer Signal Conditioner . . . . . & v v v v v v v v v v e v s et e e e e e e e e e 11-45

GENERAL INFORMATION 1-7

10



1B41 — Isolated RTD Signal Conditioner . . . « v v v v v v v v v v v e vt b st et v e o e et s e b s s e e e s
1B51 - Isolated mV/Thermocouple Signal Conditioner . . . . . . . . . o it v v i v i s v v m s v 0 s s s s s
2B20 - High Performance, 4-20mA Output Voltage-to-Current Converter ., . . . . . ... . e e
2B22 - High Performance, Isolated Voltage-to-Current Converter . . . . . . . . ¢ v v v v v v v v v o v oo v v u o
2B23 - Programmable Qutput, Isolated Voltage-to-Current CONVEITEr . . . . . . ¢« s s v v v s s 4 s v s s 2 v a o s
2B30/2B31 - High Performance, Economy Strain Gage/RTD Conditioners . . . . . . .. . .. oo v v v n .
2B50 - Isolated Thermocouple Signal Conditioner . . . . . . . . . . o ot i it it v i i i e s s e s
2B54/2B55 - Four-Channel Isolated Thermocouple/mV Conditioners . . . . . . . . ... ... ... o0 ...
2B Series — Low Cost Two-Wire Transmitters . . . . . . . . . . o v v v v v v v v s v s n s e v n e s s s e ss
3B Series — Complete Signal Conditioning I/O Subsystem . . . . . . . 0 0 v v i v v v v v e e e e e e
4B Series — Alarm Limit Subsystem . . . . .« v v v b i v e b e e e e e e a e e e e e s
5B Series — Compact, Low Cost Modular Signal Conditioners . . . . . . . . . . . . ity

Digital Panel Instruments—Section12 .. ...........................
Selection GUIdE . . . . o . . i i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
Orientation . . . . . .t v v i it e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
AD2010 — Low Cost, 3 1/2 Digit DPM for OEM Applications . . . . . . . . o o v v vt i i e oo v v o wn s
AD2021 - Low Cost, 3 1/2 Digit, Logic Powered DPM with LED Displays . . . . . . . .o oo oo o on
AD2026 — Low Cost, 3 Digit, AC Line or Logic Powered DPM . . . . . . . . . . o 0 i v it i ittt e e e e s
AD2050/2051 — Microprocessor Based Thermocouple Meters . . . . . . v v v v v v v v v v v @ v n v v s s v e v s
AD2060/2061 — Microprocessor Based Autoranging RTD/Thermistor MEIEIS . . . . v v 2 v v v v v v v v v o v v v s
AD2070/2071 — Microprocessor Based Autoranging Thermocouple Meters . . . . . . . . . . . oo v v v v v v v w o

Application Specific Integrated Circuits—-Section13 ... ... .. ... ... ..
Power Supplies—Section14 . ... ... .. ... ... . ... .. .. ... ...
Component Test Systems—Section15 ... ... ... ...................
Package Information—-Section16 . ..... ... ........................

Appendix—Section 17 .. ... ... ...
Ordering Guide . . . . . . 0 i e e e e e e e e e e e e e e e e e e e e
Product Families Still Available . . . . . . . . . 0 o e e e e e e e e e e e

Substitution Guide for Product Families No Longer Available . . . . . . . ... .. ... ... .

Technical Publications . . . . . . . . . L . i it i e e e e e e e e e e e e e e e e e .

1-8 GENERAL INFORMATION

11



Operational Amplifiers
Contents

Page
SEEIBIIGHIAR o von smis won wrmcmues mes swe Gne mUesE sT EORES LUR SGEGE SSe BUSNE HOE Spe SNeIR s wve meecw 2-2
OMentation . . . . v v v v v et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 2-4
AD380 — Wideband Fast-Settling FET-Input Op AmpP . . . .« o 0 v vt v v v et et e e e it e e e e a o s e o 2-15
AD381/382 — High Speed, Low Drift, FET Operational Amplifiers . . . . . . . oo v v oo oo nsee e 2-21
ADS507 - IC Wideband, Fast Slewing, General Purpose Operational Amplifier . . . . . . . ... .. ... .. ..... 2-27
ADS509 — High Speed, Fast Setting ICOP AP . « .« « ¢ v v v vt e e e e e e e e et e e 2=31
ADS515A — Monolithic Precision, Low Power FET-Input Electrometer Op Amp . . . . . v v v v v v v v v v v v a0 a s 2-35
ADS517 — Low Cost, Laser Trimmed Precision ICOp Amp . . . . . . . v i vttt i it v e e et s s v s e s 2-41
ADS542/544/547 — High Performance, BIFET Operational Amplifiers . . . . . . o v vt v v i v e oo et ve e e 2-47
ADS548 — Precision, Low Power BIFET Op Amp . .« . . . 0 v i v i i it i i v it st s s s e s e s e aaa 2-55
AD549 — Monolithic Electrometer Operational Amplifier . . . . . . . ... ... ... ..... P e R 2-63
AD642 — Precision Low-Cost, Dual BIFET Op Amp . . . . . v v v v i it v e e e i e e s e e e e s e e s as 2-75
AD644 — Dual High Implanted BIFET Op Amp . . . . . . 0 0 0 ittt e i e e ot e e e e e 2-81
AD647 — Ultralow Drift, Dual BIFET Op Amp . . . .« o 0 v i i i it et e it e s e e e e e s s 2-87
ADG648 — Dual Precision, Low Power BIFET Op AmP . & & &« 0 6 v v i o v v ot oo s n b s e oo oo aa v s 2-93
ADTOT =Ealow D ODAIRD 12w wow ws wiwsi s sowme 6 51958 5100 ISl e SR e SEENE SN SEw0w se el 2-103
AD708 —Dual Ultralow Drift Op AMP . . . . o 4 v vt v vt vt v b e vt v et v s s s e s a e s e s ae v e s 2-105
AD711 - Precision Low Cost, High Speed BIFETOp Amp . . . . . . .. .. . ..ttt v it an 2-107
AD712 — Dual Precision, High Speed BIFET OP AMD - « + « « v o v v v e et e e e e e e e et e e e e 2-119
AD713 - Quad Precision, High Speed BIFET Op Amp . . . . . . . o 0t vt v i e i e e e et e e s 2-131
AD741 Series — Low Cost, High Accuracy ICOP AMPS . . . v v v v v v v v et e e et s e e e et e aas 2-133
AD744 — Precision 500ns Settling BIFET Op AmpP . . . . o v v v v vt o e i o i e v n s e e e a s n e e a s 2-137
AD746 — Dual Precision 500ns Setting BIFET Op AMP . . . . .« v v v v v v vt e e e et an o o a e v o 2-149
ADS821 - Single Supply, Low Power, Precision Op AmMP . . . . . . . 0 v vt it it e et e et e e e e 2-153
ADB40 — Wideband Fast Setthing Op AmP . . . . . o o 0 it i i i e et e e e e e e e e e 2-157
ADB841 — Wideband, Unity Gain, Stable Fast Setthing Op Amp . . . . . . . o v i v v v b v e s e s v e s e s 2-159
ADB842 - Wideband, High Output Current, Fast Settling OpAmp . . . . . . . ... ... ... ... 2-161
ADB845 — Precision 16MHz CBFET Op AMP . . .« . . 4t 4t v i it e it i e s o e st s s e e s e od o s s o aa 2-163
AD846 — Very High Speed Operational Amplifier . . . . . . . . . . 0 0 i it ittt it it s e e 2-165
ADB47 - High Speed, Low Power Monolithic Op Amp . . . . . . . . . . . it i i i it i e i e e s s e s 2-177
AD848 — High Speed, Low Power Monolithic Op Amp . . . . . v v v v v v v v o e et e e v s s o e v a s 2-179
ADB849 — High Speed, Low Power Monolithic Op AMP . . . . . o v v oot e et et e e et e e e e e e 2-181
AD5539 — Ultrahigh Frequency Operational Amplifier . . . . . . . . . . 0 .t it i it i s e e e e oo s a s 2-183
AD9610 — Wide Bandwidth, Fast Settling Operational Amplifier . . . . . . . . 0 v v i vt v it bt et s o e aa s 2-199
AD9611 — Wide Bandwidth, Fast Settling Operational Amplifier . . . . . . . . oo v vv v i e e e e e e e 2207
ADLHO0032G/0032CG — Ulrafast FET Operational Amplifiers . . . . . . . o 0 v vt v v ittt s e e v e v e v 2-215
ADLH0033G/0033CG — High Speed Buffer Amplifiers . . . . . . . v v vt vt et e e e e e 2-219
AD OP-07 — Ultralow Offset Voltage Op AMP . . . . 4 4 v i v v e vt e e e et e e e e s e e e oo a e e a s 2-223
AD OP-27 - Ultralow Noise, Precision Op AmMP . . . & . v v v v v v v vt v e v et e e et e e e e e e a e e 2-229
AD OP-37 — Ultralow Noise, High Speed Precision Op Amp (Aver=5) « « « v v v v o v e e et ve e e et o 2-237
HOS-050/050A/050C - Fast Settling Video Operational Amplifiers . . . . . . . . . 0 v v v v v v e v e e e e o "2-245
HOS-060 — Low Offset, Fast Settling Video Operational Amplifier . . . . . . . . . . . . . v it v it in e n 2-251
HOS-100AH/100SH —~ Wide Bandwidth, High Speed Buffer Amplifiers . . . . .. .. ... .. ... ... ...... 2-1255
HOS-200 — Wide Bandwidth, High Speed Buffer Amplifier . . . . . . . . . . 0 0 i it i it it e s o aas 2-257

12



Selection Guide
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HIGH SPEED AMPLIFIERS

Load Supply Offset  Minimum
GBWP SlewRate  Settling Time Current Current Voltage Stable
Model MHz Vips ns to % mA mA mV Gain Page Notes
ADS5539 1400 600 12 1 20 14 3 3 2-183
ADB49 750 300 65 0.1 35 5 0.5 25 2-181
ADS46 450 450 110 0.01- 50 ] 0.075 1 2 -165 Transimpedance amplifier
ADS40 400 400 110 0.01 50 14 0.5 10 2-157
AD%611 280 2100 13 0.1 50 25 0.5 1 2-207 Transimpedance amplifier
ADBS48 175 300 65 0.1 35 5 0.5 5 2-179
AD9610 100 3500 20 0.1 50 25 0.5 1 2-199 Transimpedance amplifier
HOS-050 100 300 80 0.1 100 20 15 1 2-245
HOS-060 100 300 80 0.1 100 20 1 1 2-251
ADB842 80 375 110 0.01 100 17 1 2 2-161
ADLH0032 70 500 300 0.1 50 20 2 1 2-215 FET input, external compensation
AD841 40 300 110 0.01 50 16 1 1 2-159
ADS47 50 300 65 0.1 35 5 0.5 1 2-177
AD380 40 330 250 0.01 60 12 1 1 2-15  FETinput, external compensation
ADS507 35 35 900 0.1 20 4 3 10 2-27
ADS09 20 120 500 0.1 - 6 8 3 2-31
ADS45 16 100 300 0.01 50 10 0.25 1 2-163 FET input
AD744 13 75 500 0.01 10 3.5 0.25 1 2-137 FET input, dual available
AD381 5 30 750 0.1 10 5 1 1 2-21 FET input
AD382 5 30 750 0.1 50 6 1 1 2-21 FET input
UNITY GAIN BUFFERS
-3dB Load Supply Offset
Bandwidth SlewRate  Current Current Voltage
Model MHz Vips mA mA mV Page
HOS-200 200 1600 100 15 10 2-257
HOS-100 125 1500 100 15 5 2-255
ADLHO0033 100 1500 100 20 5 2-219
PRECISION AMPLIFIERS
(low Vs, low drift, high dc gain)
Offset Offset Bias Open-Loop
Voltage Drift Current Gain SlewRate GBWP
Model nv rvrC nA kV/iV Vips MHz Page Notes
AD707 15 0.1 1 13000 0.3 0.9 2-103 Dual available
ADOP-07 25 0.6 2 3000 0.17 0.6 2-223
ADOP-37 25 0.6 40 1000 17 63 2-237  Decompensated AD OP-27
ADOP-27 25 0.6 40 1000 2.8 8 2-229 Low noise
ADS17 50 1.3 1 1000 0.1 - 2-41
ADS21 250 3 0.01 300 3 1.3 2-153 Single-supply, low power
ADS548 250 2 0.01 300 1 1 2-55 Low power, dual available
AD547 250 1 0.025 250 3 1 2-47 Dual available
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LOW INPUT CURRENT AMPLIFIERS

Input Offset Offset  Open-Loop
Current  Voltage Drift Gain SlewRate GBWP
Model pPA mV rvrC kViv Vips MHz Page Notes
ADS549 0.06 0.25 5 300 3 1 2-63
ADSI5A 0.075 1 15 40 0.3 035 2-135
ADS548 10 0.25 2 300 1 | 2-55 Dual available
LOW COST, GENERAL PURPOSE OPERATIONAL AMPLIFIERS
Offset Offset Bias Open-Loop
Voltage Drift Current Gain SlewRate  GBWP Time
Model mV rvrc nA kVIV Vips MHz t00.01% Page Notes
AD71 2. 20 0.05 200 20 4 lps 2-107 Dual, quad available
ADS48 2 20 0.025 200 1 1 8ps 2-55 Dual available
AD OP-07 0.15 2.5 12 1000 0.17 0.6 - 1-213
ADS44 2 20 0.05 30 13 2 3ps 2-47 Dual available
ADS42 2 20 0.05 100 3 1 - 2-47 Dual available
AD741 6 - 500 20 0.5 1 - 2-133
DUAL OPERATIONAL AMPLIFIERS
Offset Offset Bias Open Loop Settling
Voltage Drift Current Gain SlewRate  GBWP Time
Model mV uvreC nA KV/V Vips MHz 100.01% Page Type
AD642 0.5 5 0.035 250 3 1 - 2-75 Dual AD542
AD644 0.5 5 0.035 50 13 2 - 2-81 Dual AD544
AD647 0.25 1 0.025 250 3 1 - 2-87 Dual AD547
AD648 0.25 2 0.01 300 1 1 - 2-93 Dual AD548
AD708 0.03 0.3 1 13000 0.3 0.9 - 2-105 Dual AD707
AD712 0.25 3 0.035 200 20 4 lps 2-119 Dual AD711
AD746 0.25 3 0.06 200 60 13 500ns 2-149 Dual AD744
QUAD OPERATIONAL AMPLIFIERS
Offset Offset Bias Open-Loop Settling
Voltage Drift Current Gain SlewRate GBWP Time
Model mV pvrc nA kViV Vips MHz t00.01% Page Notes
AD713 0.25 3 0.035 200 20 4 lus 2-131 Quad AD711
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Orientation
Operational Amplifiers

The amplifiers listed in this volume are intended to provide
cost-effective solutions to the bulk of op-amp requirements in
precision measurement and control, as well as to more general
requirements in electronic circuits. The technical data included
here* cover the properties of more than 40 op amp families,
comprising about 100 distinct types. Some are general purpose;
others provide near optimum performance for specific classes of
application.

They differ in a variety of ways, for example, circuit technology,
circuit architecture, package type and contents, input properties,
output properties, operating temperature range and in terms of
the many performance specifications. Most are monolithic ICs,
including precision and high-speed dual devices; some are hybrid
ICs.

The IC and hybrid amplifiers catalogued in this volume are
available in a broad choice of packaging styles, temperature
ranges, and performance grades. If your application calls for
versions of these products that have been processed in accordance
with MIL-STD-883, a wealth of relevant information can be
found in the latest edition of the Military Products Databook,
available free upon request from Analog Devices.

BACKGROUND

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

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

For those users requiring basic tutorial material, and detailed
information on getting the most out of op amps, we have provided
on page 2-14 a bibliography that should make available up to
99% of information needed now and then, with “fanout” to the
vast body of literature that — with some redundancy — will provide
the remainder. Analog Devices’ op-amp data sheets are an excellent
source of pertinent information.

SELECTION PRINCIPLES

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

*In addition to the products listed here, which are recommended for new
designs, a ber of older prod are still available (see page 17-4);
data sheets are available upon request.
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To make a proper choice of an operational amplifier for any
given set of requirements, the designer must have:

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

2. Firm understanding of what the manufacturer means by the
numbers published for the parameters.
Two manufacturers may have comparable published specifi-
cations, but they may have been arrived at using differing
measurement techniques. This creates a pitfall in op amp
selection. To avoid these difficulties, the designer must know
what the published specifications mean and how these pa-
rameters are measured and then must be able to translate
these published specifications in terms meaningful to the
design requirements.

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

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

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

3, The designer must then relate acceptable performance of the
op amp building block to the specifications and prices of
available devices from preferred suppliers, bearing in mind a
firm understanding of the way in which manufacturers define
their specifications and how definitions can differ in a way
that may be misleading. A set of definitions used by Analog
Devices follows this discussion.



APPLICATION CHECKLIST
By way of an application checklist, the designer will need to
account for the following:

Character of the application: The character of the application
(inverter, follower, differential amplifier, etc.) will often influence
the choice of amplifier. For example, an adjustable-gain wideband
application may call for a ransimpedance op amp to keep bandwidth
independent of gain setting.

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

| conditi

Envir : What is the maximum range of tem-
perature, time and supply voltage over which the circuits must
operate (to the required accuracy) without readjustment?

Accuracy desired: The accuracy requirement determines the
extent to which the foregoing considerations are critical, and
ultimately points the way to a device (or series of devices) which
are acceptable. Accuracy must, of course, be defined in terms
meaningful to the application with regard to bandwidth, 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 environmenal requirements imposed by the appli-
cation. This suggests that a “General Purpose” amplifier will be
the best choice in all applications where the desired performance
requirements can be met. Where this is not possible, it is generally
because of limitations encountered in two areas — bandwidth
requirements and/or offset and drift parameters.

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

Gain Bandwidth Considerations, A Capsule View

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

1. If dc information is not of interest, a suitable blocking capacitor
can be connected at the amplifier input and/or outpur and all
of the “drift” specifications may usually be ignored, and

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

Where dc information is required and where frequency require-
ments are relatively modest (full power response below 100kHz,
unity gain bandwidth of less than 1.5MHz) other criteria will
probably influence the final choice. It is important, however, to
choose an amplifier with which an adequate value of loop gain is
assured (at the maximum frequency of interest) to obtain the
desired accuracy. Loop gain is the excess of open-loop gain over
closed-loop gain, and is responsible for the diminishing error
due to fluctuations in the open-loop gain due to time, temperature,
etc. For example, if the closed-loop gain is 1,000, the open-loop

gain must be at least 100,000 to yield an error of no more than
1%, and 1,000,000 1o yield an error no greater than 0.1%. Where
undistorted response is required, the specifications for full linear
response and slewing rate should be chosen such that they are
not exceeded at the highest frequency of operation.

Most operational amplifiers are voltage-to-voltage amplifiers.
However, for wide bandwidth applications, it is often useful to
conslder applymg a class of current-to-voltage amplifiers called

¢ amplifiers. They are characterized by transresistance
(M/' L.\I .) instead of gain (AV,/AV)). Unlike voltage amplifiers,
with their high input impedance, transimpedance amplifiers
have low (ideally zero) input impedance in order to minimize
the gain-error voltage developed by their input current. Such
amplifiers tend to be characterized by high slewing rates and
high closed-loop bandwidth. In contrast to the constant gain x
bandwidth of most voltage amplifiers, the closed-loop bandwidth
of a transimpedance amplifier is essentially independent of closed-
loop gain — as long as the feedback resistance is kept constant
when the gain is adjusted.

Offset and Drift Considerations

In the majority of op amp applications, final selection is determined
by the 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 the inverting and noninverting
circuits of Figure 1. The choice is often made between the
two to accommodate the impedance requirement. Input
impedance for the inverting circuit is approximately equal to
the summing impedance, 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 nonin-
verting 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 Rey.

2. How much drift error can be tolerated? The question is related
to the input signal level, e,, and the required accuracy. For
example, to amplify or otherwise manipulate a de¢ inpur 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 100V,

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

Figure 1 gives the equations which relate offset voltage (e,,),
bias current (iy,), difference current (i4) and the external circuit
impedances to the drift error, Vg, for both the inverting and the
noninverting circuits. From these equations it can be seen how
the input impedance requirements of the foregoing paragraphs
are related to the drift error.
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Figure 1a. Inverting Configuration
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Figure 1b. Noninverting Configuration

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

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

Unfortunately, however, the noninverting configuration cannot
always be used since it is not convenient to use for many circuit
functions such as integration or summation. A further limitation
occurs in high accuracy applications where common-mode errors
may rule out this circuit configuration. Transimpedance amplifiers
in the noninverting configuration have high dynamic input
impedance, but they must be driven from a source that can
furnish the input current. This rules out the possibility of unloading
some high impedance sources but still permits a single amplifier
to be used for noninverting gains (as always, it is helpful to
consult the data sheet).

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

Current Amplifier Considerations

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

o8y [1 ¢ oo () + 4]

—~
Signal  Drifterror = le
- (_Ri Ry 1
frput Aw = () (o)
where 1/g=1 + B2 Ra) o prig rror = 1001
s Rq i

Figure 2a. Current Amplifier

e =Ry + e + ip Ry forR, >Ry
——
Signal  Drift Error = Vg

Input Impedance Ry = Ry

% Drift Error = J0ovg:
Ry iy

Figure 2b. Voltage Amplifier with Sampling Resistor



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 Ry in Figure 2b may become very large since this resistor
determines the sensitivity of the measurement. Third, the changes
of input impedance, R, for the noninverting amplifier with
temperature will cause variable loading on Ry 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 1s
largely the ratio of current noise and drift to signal current, i,.
To obtain the drift of error current I referred to the input, use

the following expression.
A iB
— |A
AT] T

AL = Aeys [ Re+ Ry .
e AT R¢Rg

Now, to make a proper selection you must pick an amplifier
with an error current, I¢, over the operating temperature which
is small compared to the signal current, i;. Do not overlook
current noise which may be more important than current drift
in many applications.

Gain Bandwidth Considerations, Expanded Discussion

From the previous discussion, it is apparent that most general
purpose operational amplifiers will usually give adequate per-
formance for dc and audio-frequency-range applications. However,
amplifiers having unity-gain bandwidth above 2MHz, full power
response above 20kHz and slewing rate above 6V/ps, in general,
require special design techniques. Amplifiers with wideband,
fast response characteristics have been listed in the Wide
Bandwidth group to simplify the selection for higher frequency
applications,

One factor often overlooked is that stray capacitance and impedance
levels of the external feedback circuit can be the major limitation
in high frequency applications. For example, in Figure la, if Ry
were one megohm, and stray capacitance, Cg, were one picofarad,
then the closed-loop bandwidth would be limited to 160kHz
(1/2wRCg)) regardless of how fast the amplifier is. Moreover,
output slewing rate will be limited by how fast Cs can be charged,
which in turn is related to signal level, ¢,, and input impedance,
R,, by de,/dt= —¢/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 feed-
back, is independent of the impedance levels for R, and R;.
Therefore, a low impedance can be used for R; so that stray
capacitance of Cg will not limit the circuit’s bandwidth. 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 (with frequency) introduced
by the noninverter.

For greater emphasis, wideband applications can be separated
into categories — steady state and transient. Since the amplifier
requirements for the two are somewhat different, these categories
will be discussed separately.

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

1. Is dc coupling required? 1f dc information is of no consequence,
then the offset drift errors are not usually important and a
capacitor can be used if necessary to block the output de
offset. Your only concern here is that 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
problem is 1o use feedback to limit the gain at dc as shown
in Figure 3. The gain of this kind of circuit can be small at
dec but large at high frequencies.

Balty 2R
Ry Rz + g
Rz lRedRoll - oo
ﬁT[ ) ] .
Ay + Ra :
Ry [ I
! :
1 i 0 RS

Figure 3. DC Feedback Minimizes Output Offset
for AC Applications

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

3. What loop gain is required or alternatvely what gain stability,
output impedance andlor hinearity 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 (AR =A/G). You will find in
most of the equations defining the closed-loop characteristic
of a feedback (V/V) amplifier that the loop gain (AB) is the
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determining factor in performance. Some of the more notable
examples of this point are as follows:

OPEN LOOP GAIN &

_— LOOP GAIN-AR

AlG
CLOSED LOOP CLOSED LOOP
GAIN-G BANDWIDTH—iy
G
i —————— 1a 1 —-—

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,y=Z,/(1+ Ap), where
Z,, is the open-loop output impedance, usually 200 to 5,000
ohms.

¢. Closed-loop nonlinearity = Ly=L,/(1+Ap), where L, is
the open-loop linearity error, usually less than 5%.

Loop gain of 100, or 40dB, is adequate for most applications,
and this is readily achievable at 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 I0MHz unity gain
amplifier in order to obtain adequate feedback over a 10kHz
bandwidth.

4. What full power response andlor slew rate are required?
You should examine your expected output waveform and
select an amplifier whose slewing rate, with the expected
capacitive output load, exceeds the maximum rate of change
of output signal. For a sinusoidal waveform with a peak
voltage output equal to the rated amplifier output the frequency
should not exceed 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 designs intended for high-gain
and wide-bandwidth applications, their frequency response is
not a simple 6dB roll-off; the response may be shaped with
external RC components for improved performance at lower
closed-loop gains. Using feedforward or phase lag compensation
networks, gain-bandwidth product and/or full power response
may be shaped to meet varying design requirements. Most
internally compensated V/V op amps offer a stable 6dB per
octave roll-off with specified unity gain-bandwidth and slew rate
thereby limiting maximum speed and response to those published
specifications.
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Figure 5. Typical Settling Time Characteristics

TRANSIENT APPLICATIONS

In applications such as A/D and D/A converters and pulse am-
plifiers, the transient response of the wideband amplifier is generally
more important than the gain bandwidth characteristic described
above. Slewing rate, overload recovery and settling time are the
specifications which determine the transient response.

When applying the high frequency amplifier, it is important to
understand how amplifier performance is affected by component
selection as well as impedance levels used around the amplifier.
Settling Time

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

The time and frequency response of a linear, bilateral network
or amplifier are related by well know mathematics. For example,
the step response for a well behaved, ideally linear, 6dB/octave
amplifier with a closed-loop bandwidth of wg is shown in
Figure 6.

However, since settling time is determined by a combination of

amplifier characteristics (both linear and nonlinear) and because

it is a closed-loop parameter, it cannot be readily predicted from
the open-loop specifications such as slew rate, small signal band-
width, etc.

Analog Devices specifies settling time for the condition of unity
gain, relatively low impedance levels and no capacitive loading
(unless otherwise indicated). A full-scale step input is used to
determine settling time and the step is generally unipolar — i.e.,
from zero to plus or minus full scale. The settling time indicated
is generally the longest time resulting from a step of either
polarity and is given as a percentage of the full-scale step
transition.

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



ERRORS DUE TO NOISE

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

FINAL VALUE + = 1
el

LY
I ]
B3% BO% 9% 99 9%
T 2.3r 46r By ——=T

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

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

Thermal noise is generated in any conductor or resistor as a
result of thermal agitation of the electrons. This noise voltage
source, sometimes referred to as “Johnson Noise,” is generated
in the resistive component of any impedance and has a value:

e, = VAKTBR

where e, = the rms value of the noise voltage
k = Boltzman's Constant (1.38 x 10* joules/K)
T = absolute temperature of the resistance, K
B = the bandwidth in which the noise is measured

Since noise is related to the bandwidth over which the measurement
is made, no noise specification is meaningful unless the bandwidth
for the specification is given. Although the thermal noise equation
may appear unwieldy, for practical noise calculations, all that is
required to enable rapid approximations is to apply a few simple
rules of thumb.

Rules of Thumb

1. Remember that a 100k} resistor generates 40nV rms in a
1Hz bandwidth. The noise voltages generated by other values

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

e, (rms) = (nwnv;\/IE)( Viﬁ}kﬁ (BW))

2. To convert the rms noise to a p-p value, a conversion factor
of 6.6V p-p/pV rms is applied for less than 0.1% probability
of noise peaks exceeding calculated limits.

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

e=Vel+tel+el+...e

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

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

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.

A—
—O
L ny +,
g Rg
L]
COMPONENT  CAUSE OUTPUT CONTRIBUTION
Ain Johnson Noise /A TBRmN (AF/Rn )
As Johnson Nows /@ TBRg (Rp /Ry + 1)
A Johnson Nowse ERTERF
Iy Amp Current Nowss iny AE
n Amp, Current Nowsa ling Ag) (RE/Rypg + 1)
& Amp Voltags Noss & (Re/Ryy + 1)

TOTAL NOISE =,/Teq,,, GI* *[#ng (G + 1]]" + &'n, *[ltn, A1 [lin, R (G+ 1] +[20 (G + 11]°
Figure 7a. Noise Components

Figure 7b illustrates how the Rules of Thumb may be applied
in a practical case to approximate the total output noise.

In this example, a low noise type amplifier (AD OP-37) is

being used with a 50k{} source impedance. The two major noise
sources, in addition to the AD OP-37’s input voltage noise of
0.18wV p-p, are the Johnson noise (59uV p-p) and current
noise (83pA p-p).
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GAIN = 100
BW = 0,01 TO 10H

R = G0k
RE = 10K12
Ry = 10002

1) RESISTOR NOISE Rp = 130V /Hz
P = (1 30V Wz
Rs + (28nV/VHz] 101 = 2 8,ViviE
TOTAL RESISTOR NOISE IN 10Hz BW =
(2 v vHz) (VI0HZ] 6.6uV prp/pV rms = 59uV pp

2| AMPLIFIER CURRENT NOISE (B3pA p-p} (50K} [101) = 422uV [Rg)

(B3pA pp) (10K} = 0 BuW (Ry]
3| AMPLIFIER VOLTAGE NOISE (0 18V ppl 1101] = 18 2V p-p

TOTAL OUTPUT NOISE = V{4221 + (58" +(1B2F +(0 18] = 426V p-p

Figure 7b. Design Example

HOW THE OPERATIONAL AMPLIFIERS ARE
CLASSIFIED

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

Temperature Range and Nomenclature: Analog Devices operational-
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 “commercial” temperatures from 0
to 70°C; it is designated by suffixes such as J, K, L, M, in
order of increasingly tighter specs (e.g., AD549L). Also popular
is the “extended” range, —55°C to + 125°C, designated by S,
T, U, (e.g., AD5108); not all families have types with specified
performance in this range. There are a few types designed for
operation in the “industrial” range, —25°C to + 85°C, designated
by A, B. Wide-range types will generally meet the same or
better specs in a narrower temperature range. A few types are
second-sources for products originally introduced by other manu-
facturers. In those instances, the generic nomenclature is used
(AD741C) or enlarged upon, if superior selections are offered
(e.g., AD741L).

SELECTION GUIDES
Seven Selection Guides classify operational amplifiers within
these categories:
High-Speed Amplifiers
Unity-Gain Buffers
Precision Amplifiers (low Vs, low drift, high dc gain)
Low-Input-Current Amplifiers
Low-Cost, General-Purpose Op Amps
Dual Op Amps
Quad Op Amps

The choice of category depends on which class of specifications
is most critical. Within these categories, the selection guides
provide comparisons of salient specifications.
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These selection areas are pretty broad; they include various
criteria, not all of which are central to the application. For
example, if one is seeking a high-input-impedance amplifier for
an ac application, voltage offset and drift may be far less critical
than bias current, and both of these may be unimportant compared
to bandwidth.

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

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

The fastest op amps include those having

® the highest slewing rates, — the hybrid AD9610 (3,500V/j.s)
and AD9611 (2,100V/ps), and the monolithic AD5539
(600V/ps)

® the lowest settling time — the monolithic CB (complementary
bipolar) AD840/841/842/846 (110ns to £0.01%), the hybrid
AD9610 and AD9611 (20ns and 13ns to 0.1%) and (again)
the AD5539 (12ns to 1.0%)

® the highest gain-bandwidth — the AD5539 (1,400MHz) and
the CB AD849 (725MHz) and AD840 (400MHz)

High-speed op amps are characterized by high slewing
rates, fast settling time and wide bandwidth. Fast settling
tume is especially important in applications with rapidly
changing or switched analog data in buffers, D/A conver-
ters, and multiplexer circuits; wide small-signal bandwidth
is important in preamplification and in handling low-level
wideband ac signals; high slewing rate is associated with
fast settling time and is also important in handling ac
signals having large magnitudes with minimum distortion
since the large-signal bandwidth is closely related to the-
slewing rate.

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

The highest-precision monolithic op amp families include those
having

® the grades with the lowest untrimmed offset voltage- the AD707
(151.V) and AD OP-07/27/37 (25.V)

® the lowest bias current — the revolutionary electrometer op amp
using top-gate-FET inputs, the AD549 (60 femtoamperes)

® the lowest drift — the AD707 (100nV/C)

@ the highest open-loop gain (hence highest accuracy as an integrator
and high-gain amplifier) — again the AD707! (13 x 10°V/V)
and the CB FET-input AD821 (3 x 10°V/V - also capable of
single-supply operation)

® the highest common-mode rejection — once again the AD707
(130dB), followed by the AD OP-27/37 (114dB) and the AD
OP-07 (110dB)

Precision op amps (in this list) include those emphasizing

® Low bias current and high iput impedance. These types
use the inherently high input impedance and low leakage
current of junction field-effect transistors (FETs) to deal
with configurations that measure low currents or involve
high resistance values. Applications range from general



purpose high-impedance circuitry to integrators, current-
to-voltage converters, and log-function generation, to
with high-impedance t ducers such as

photomultipliers, flame detectors, pH cells and radiation
detectors,

® High accuracy through low offset and drift voliage, low
voltage noise, high open-loop gain, and high common-
mode rejection (CMR). Such types are used for high-
accuracy instr ion, low-level ducer circuitry,

precision voltag ison, and imp buffering.

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

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

® the complementary-bipolar AD846 family combines low offset
voltage (2000V) with high slewing rate (400V/ps)

® the AD744 BiFET family combines low input bias current (S0pA)
with low settling time (500ns to 0.01%)

® the AD OP-37 family combines low drift (600nV/°C) with wide
gain bandwidth (63MHz) :

® the hybrid AD381/382 combine 50pA bias current with 0.75ps
settling time (to 0.1%) and 50mA output-current range

Fast amplifiers, which often boast output current ranges of
50mA or 100mA, include families with

® high slewing rate — the CB monolithic AD846 (400V/us) and
ADB840/841/842 (400/300/375V/s), and the hybrid ADLH0032
(500V/ps), AD380 (330V/ps), and HOS-060 (300V/ps)

® Jow settling time — the monolithic AD847/848/849 (65ns to
0.1%) and hybrid HOS-050 (80ns to 0.1%, 200ns to 0.01%),
and the AD845 and AD744 families (300ns and 500ns to
0.01%)

® wide gain-bandwidth — the monolithic AD848 (250MHz) and
the hybrid AD9611 (280MHz) and HOS-050/060 (100MHz)

High-precision monolithic amplifier families start with lower

grades of the highest-precision families; beyond this, they include

the

® [ow-drift AD OP-07/27/37 families (600nV/°C)

® high-gain AD OP-07 (3 % 10% and AD OP-27/37 (1 x 10%)

® high-CMR ADS821 (90dB); low-V,, AD846 (200p.V) and a

® wide selection of low-bias-current FET-input op amps - the
ADS21 and AD548 (10pA), and the AD711 (25pA)

Many of these devices are duplicated in a single package; for
example,

® the AD712 is a dual AD711
® the AD746 is a dual AD744
@ the AD648 is a dual AD5S48
® the AD708 is a dual AD707
® the AD713 is a quad version of the AD711

Also included in this section are buffers, wideband amplifiers
having slightly less than unity gain, low output impedance and
high output-current availability (100mA). Although they can

stand alone, a more frequent use is inside-the-loop as a “booster”
amplifier to magnify the output power capability of any op amp
or reduce the dynamic output impedance without losing precision.
A typical example is the HOS-100, which can follow slewing
rates of up to 1,500V/ps with a full-power frequency of 125MHz
and deliver voltages up to =12V and currents up to + 100mA.

DEFINITIONS OF SPECIFICATIONS

Absolute Maximum Differential Voltage

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

Common-Mode Rejection

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

The precise specification of CMR is complicated by the fact that
the common-mode voltage error can be a highly nonlinear function
of common-mode voltage and also varies with temperature. As a
consequence, CMR dara published by Analog Devices are average
figures, assuming an end-point measurement over the common-
mode range specified. The incremental CMR about small values
of common-mode voltage may be greater than the average CMR
specified but decrease and become less in the neighborhood of
large CMV. Published CMR specifications for op amps pertain
to low-frequency voltages, unless specified otherwise: CMR
decreases with frequency.

Common-Mode Voltage, Maximum

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

Drift vs. Supply

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

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

Analog Devices precision operational amplifiers are specified by
three- (or more) point measurements, at 25°C and art the high
and low extremes of the range (Ty, Ty), with the amplifier
adjusted to zero at room temperature. The sum of the magnitudes
of the drift in the two ranges must be less than the specified
drift rate (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 than the specified drift
rate multiplied by the respective temperature ranges (*‘true
butterfly”).

True Butterfly Spec Modified Butterfiy Spec

GBgy o _FosH . Coil fegs _ leosH |+ leas |
aT Tu—Tr TL-Tr aT Tu-=TL
Ia o
Ta-Tul 33
i BasH
CosL { Ta Aey
(Th = TR) =51
T TH
Ly =
~—a'.|.—' is the max. drift coefficient permissible

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

Drift vs. Time

Offset voltage, bias current and difference current change with
time as components age. It is important to realize that drift with
time is random and rarely — if ever — accumulates linearly for
healthy devices. For example, voltage drift might be quoted at
15.V/month, whereas cumulative drift might not exceed S0pV
in a year. A convenient rule of thumb for extrapolation is to
divide the drift for a stated interval by the square root of its
ratio to any other interval of interest.

. Full-Power Response

The large-signal and small-signal response characteristics of
operational amplifiers differ substantially. An amplifier’s output
will not respond to large signal changes as fast as the small-signal
bandwidth characteristics would predict, primarily because of
slew-rate limiting in the outpurt stages. Full-power response is
specified in two ways: full linear response and full peak response.
Full linear response is specified in terms of the maximum fre-
quency, at unity closed-loop gain, for which a sinusoidal input
signal will produce full output at rated load without exceeding a
predetermined distortion level. There is no industrywide accepted
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value for the distortion level which determines the full-linear-
response limitation, but unless otherwise noted, we use 3% as a
a maximum acceptable limit.

In many applications, the distortion caused by exceeding the
full linear response can be comfortably ignored, but a more
serious effect (often overlooked) is an effect equivalent to 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 of interest is the maximum
frequency at which full output swing may be obtained, irrespective
of distortion. This is termed “full peak response” and can often
be found in a plot of output voltage swing vs. frequency.

Initial Bias Current

Bias current is defined as the current required at either input
from an infinite source impedance to drive the output to zero
(assuming zero common-mode voltage). For differential amplifiers,
bias current is present at both the negative and the positive
input. All Analog Devices specifications pertain to the larger of
the two, not the average.

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

Imitial Difference Current

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

Input Impedance

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

Common-mode impedance, expressed as a resistance in parallel
with a capacitance, is defined as the impedance between each
input and power-supply common, specified at +25°C. For most
circuits, common-mode impedance on the negative input has
little significance, except for the capacitance which it adds at the
summing junction (one exception is electrometer circuitry).



However, common-mode impedance on the plus input sets the
upper limit on closed-loop input impedance for the noninverting
configuration. Common-mode impedance is a nonlinear function
of both temperature and common-mode voltage. For FET-input
amplifiers, common-mode resistance is reduced by a factor of
two for each 10° of temperature rise. As a function of common-
mode voltage, the resistive component is defined as the average
resistance for a common-mode change from zero to the maximum
common-mode voltage. Incremental resistance may be less than
the specified average value, especially at full-scale for some
FET-input amplifiers.

Input Offset Voltage

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

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

Input Noise

Input voltage- and current-noise characteristics can be specified
and analyzed in much the same way as offset-voltage and bias-
current characteristics. In fact, long-term drift can be considered
as noise which occurs at very low frequencies. When evaluating
noise performance, bandwidth or period must be considered.
Also rms noise from different sources is summed by root-sum-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 3.3¢ uncertainty, signifying
that 99.9% of the observed peak-to-peak excursions will fall
within the specified limits. Wideband noise is specified as rms.
For some amplifiers types, spectral-density plots or “spot noise,”
at specific frequencies, in wV/VHz or pA/VHz, are provided.

Open-Loop Gain

Open-loop gain is defined as the ratio of a change of output
voltage to the voltage applied between the amplifier inputs to
produce the change. Gain is specified at dc. In many applications,
the frequency dependence of gain is important; for this reason,
the typical open-loop gain as a function of frequency is published
for each amplifier type. See also unity gain small-signal response.

For transimpedance amplifiers, since the input is a current and
the output is a voltage, the “gain” is expressed in ohms

(R =VII). Because small changes in current cause large voltage
changes, the transimpedance can be quite large — e.g., 100MQ2
for the AD846. As long as the amplifier’s internal input impedance
is very low, errors in closed-loop circuitry depend principally on
the ratio, Rg/Ry, relative to unity — where R is the feedback
resistance and Ry is the transimpedance. It will be recalled that,
in V/V op amps, the increase in error depends mainly on Re/(AR ),

where A is the open-loop gain and R; is the resistance of the
external input resistor. The significant difference is that, as gain
or transresistance decreases with increasing frequency, the error
in transimpedance-amplifier circuits is independent of R;; hence
closed-loop gain can be increased by reducing R; without sub-
stantially affecting bandwidth.

Ovwerload Recovery

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

Rated Output

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

Settling Time

Settling time is defined as the time elapsed from the application
of a perfect step input 1o the time when the amplifier output
has entered and remained within a specified error band symmetrical
about the final value. Settling time, therefore, includes the time
required: for the signal to propagate through the amplifier, for
the amplifier to slew from the initial value, recover from slew-rate
limited overload (if it occurs) and settle to a given error in the
linear range. It may also include a “long tail” due to the time
required to reach thermal equilibrium, or the settling time of
compensation circuits. Settling time is usually specified for the
condition of unity gain, relatively low impedance levels, and no
(or a specified value of) capacitive loading, and any specified
compensation. A full-scale unipolar step input is used, and both
polarites 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 ratonally pre-
dicted from the other dvnamic specifications.

Slewnng Rate

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

Unity-Gain Small-Signal Response

Unity-gain small-signal response is the frequency at which the
open-loop gain (or its projection on a Bodé plot) falls to 1V/V,
or 0dB under a specified compensation condition. For amplifiers
having 6 dB-per-octave rolloff, this frequency is also called
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unity-gain bandwidth; for such amplifiers, the gain-bandwidth
product is essentially constant. “Small signal” indicates that, in
general, it is not possible to obtain large output voltage swing at
high frequencies because of distortion due to slew-rate limiting
or signal rectification.

For amplifiers with symmetrical response for signals applied to
either input, the dynamic behavior will be consistent for both
inverting and noninverting configurations. However, if feed-
forward compensation is used, fast response will be available
only on the negative input, restricting fast applications of the
device to the inverting mode.

For amplifiers having 6 dB-per-octave rolloff, this frequency is

also called unity-gain bandwidth; for such amplifiers, the gain-
bandwidth product is essentially constant,
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ANALOG
DEVICES

Wideband, Fast-Settling
FET-Input Op Amp

AD380

FEATURES

High Output Current: 50mA @ =10V

Fast Settling to 0.1%: 130ns

High Slew Rate: 330V/ps

High Gain-Bandwidth Product: 300MHz
High Unity Gain Bandwidth: 40MHz

Low Offset Voitage (ImV 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/pus and will output =10V at
+50mA. A single external compensation capacitor allows the
user to optimize the bandwidth, slew rate, or settling time for
the given application.

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, ], K and L
specified from 0 to +70°C and one extended temperature version,
the S, specified from —55°C to + 125°C. All grades are packaged
in hermetically sealed TO-8 style cans.

AD380 FUNCTIONAL BLOCK DIAGRAM

S @ e
@ @ COMPENSATION
OFFSET
B @

INVERTING
INPUT (3) (9)outeur
NONINVERTING (8)QEFSET

INPUT

NC = NO CONNECT
TOP VIEW

PRODUCT HIGHLIGHTS
1. The AD380’s high output current (50mA @ = 10V) makes it
suitable for driving terminated 2000} twisted pairs.

2. The fast settling output (250ns to 0.01%) makes the AD380
an ideal choice for video A/D and D/A converters and sample
and hold applications.

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

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

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

6. The precision input (ImV offset, max), along with fast settling
and high current output make the AD380 an excellent choice
for:

+ ATE pin drivers

« precision coax buffers

+ signal conditioning on pulse waveforms
« high resolution graphics displays.
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SPEchICATIONs (typical @ +25°C and Vs = =15V dc unless otherwise speclﬁedl

MODEL AD380JH AD380SH
OPEN LOOP GAIN
Vour = + 10V, noload 40,000 min * * *
Vour = =10V, Ry =20000 25,000 min * i *
OUTPUT CHARACTERISTICS
Voltage @ Ry = 2000}, T = min tomax + 12V (= 10V min) » L. *
Ourput Impedance (Open Loop) 10001 * * *
Short Circuit Current 100mA - o L
DYNAMICRESPONSE
Unity Gain, Small Signal 40MHz * * "
Gain-Bandwidth Product, f= 100kHz, Cc = IpF | 300MHz(200MHz min) | * o ol
Full Power Response 6MHz . - b
Slew Rate, C= 1pF, 20V Swing 330V/us(200V/psmin) | * " o)
Settling Time: 10V Stepto 1% 90ns » L Lo
10V Stepto0.1% 130ns " b ke
10V Step1o0.01% 250ns 250ns (400ns max) | ** o
INPUT OFFSET VOLTAGE 2.0mV max 1.0mV max - o
vs. Temperature', T 5 = mun to max 501 V/PC max 20p.V7C max 10pV/AC max S0pV/ C max
vs. Supply ImV/V max » *
INPUT BIAS CURRENT
Either Input, Initial® 10pA (100pA max) * % o
Inpur Offset Current SpA ¥ * ol
INPUT IMPEDANCE
Differential 10"'0j6pF o L "
Common Mode 10" '0fispF * * W
INPUT VOLTAGE RANGE
Differential® *20V . * *
Common Mode =12V (= 10V min) * * ol
Common Mode Rejection, Vi = = 10V 60dB min o " L
POWER SUPPLY
Rated Performance +15V % w *
Operating +(6t020)V * ® "
Quiescent Current 12mA (15mA max) »* * i
VOLTAGE NOISE
0.1Hz 10 100Hz 3.3pV p-p(0.55V rms) " . bl
100Hz 10 10kHz 6.6V p-p(1pV rms) * ol L
10kHz 1o IMHz 40V p-p(6uV rms) bl ® %
TEMPERATURE RANGE
Operating, Rated Performance Oto +70°C " x —55°Cro +125°C
Storage —65°Cro + 150°C " * *
Thermal Resistance Bya 100°C/W * i o
By T0PCW * ) ot
PACKAGE OPTION?
TO-8 Style H-12A x = *
NOTES

'Input Offset Voltage Drift 15 specified with the offset voltage unnulled.
Nulling will induce an nd.dltlm:ll 3||\".|‘°0m\" of offset nulled

*Buas Current fi at either input at
Tc,,E = +25°C. For Iu;lm temperatures see Figure 16,

*Diefined as the maximum safe voltage between inputs such that neither
exceeds = 10V from ground,

2-16 OPERATIONAL AMPLIFIERS

See Section 16 for package outline information
*Specifications same as AD380JH
**Specifications same as AD3S0OKH.
Specificanons subject to change without notice.
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Figure 25a. Unity Gain Inverter Figure 25b, Unity Gain Inverter Figure 25¢. Unity Gain Inverter
Settling Time Test Circuit Large Signal Response Small Signal Response

Figure 26b. Unity Gain Buffer Figure 26c. Unity Gain Small
Figure 26a. Unity Gain Buffer Circuit Large Signal Response Signal Response
APPLICATIONS INFORMATION
Compensation Capacitor Offset Null

For low gain applications a SpF to 27pF capacitor between the
frequency compensation input (pin 11) and the output (pin 9)
will reduce the risk of oscillation by adding phase margin. A
compensation capacitor is especially needed when driving capaci-
tive loads. For gains greater than 30 a 1pF compensation capacitor
is recommended; see Figure 22.

For unity gain buffer applications it may be necessary to add a
small (10pF to 20pF) capacitor between pins 8 and 10 for improved
phase margin; see Figure 26a,

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

To minimize the effects of offset voltage drift as a function of
temperature, null the offset at the midpoint of the operating
temperature range. For example, if the operating environment is
0°C to 70°C do the offset nulling at 35°C. This will insure a
maximum offset voltage drift of 35 times the Vg drift specification
at either temperature extreme.
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Typical Circuits
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Figure 27. Fast-Settling Buffer

Its quick recovery from load variations makes the AD380 an
excellent buffer for fast successive approximation A/D
converters; see Figure 27.

Many high speed A/D converters require a wideband buffer that
can hold a constant output voltage under dynamically-changing
load conditions that fluctuate at the bit decision rate.

DIGITAL
INPUTS

ADS65A
D/a

Vour

alaNERaNNN

10pF

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

The AD565A 12-bit digital to analog converter with an AD380
output amplifier will give a voltage outpur that typically settles
to within 1/2LSB in less than 300ns. Total settling time is the
root mean square of the DAC current output settling time and
the output amplifier settling time.
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Figure 29. CMOS DAC Output Amplifier

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

Vour

Figure 30. Video Amplifier

The high output current capability of the AD380 makes it suitable
for video speed driver applications, In the circuit above the

_ closed loop gain of 70 (37dB) is available over a bandwidth of

5MHz. Note that a 1pF compensation capacitor is required in
this high gain application.



ANALOG High Speed, Low Drift
DEVICES FET Operational Amplifiers

AD381/AD382

FEATURES AD381 PIN CONFIGURATION

High Slew Rate 30V/us =

Fast Settling to 0.1%: 700ns

High Output Current: 50mA for AD382
(10mA for AD381)

Low Drift (5uV/°C-L Grades)

Low Offset Voltage (250pV-L Grades)

Low Input Bias Currents

Low Noise (2pV p-p)

V-
OFFSET OFFSET
NULL oK1

o NL §
| . : i

“NEEP THIS LEAD AS SHORT AS POSSIELE

TOP VIEW
PRODUCT DESCRIPTION AD382 PIN CONFIGURATION
The AD381/AD382 are hybrid operational amplifiers combining
the very low input bias current advantages of a FET input stage
with high slew rate and line driving capability of a high power 0] ® @"‘
output stage. °F~ﬁf ® ®
The offset voltage (0.25mV maximum for the L grades) and '"“".133? ® (Doureur
offset voltage drift (5pV/°C maximum for the L grades) are NONINVERTING (3] (8)oresey
exceptionally low for high speed operational amplifiers. \G)C?@/

NG
In addition to superior low drift performance, the AD381 and =
AD382 offer the lowest guaranteed input bias currents of any OFFSET oFFseT
wideband FET amplifier with 100pA max for the J grades of @ " @®
each and 50pA max for the AD382 K, L and S grades. Since .
E:\,_

Analog Devices, unlike most other manufacturers, specifies
input bias current with the amplifiers warmed-up, our FET
amplifiers are specified under actual operating conditions.

The AD381 and AD382 are especially designed for use in appli- 3. Internal frequency compensation, low offset voltage, and full

*KEEP THIS LEAD AS SHORT AS POSSIBLE
TOP VIEW

cations, such as precision high speed data acquisition systems device protection eliminate the need for external components
and signal conditioning circuits, that require excellent input and adjustments. This reduces circuit size and complexity
parameters and a fast, high power output. and increases reliability.

The AD381 and AD382 are offered in three commercial versions, 4. The fast sertling output (700ns to 0.1%) makes the AD381

J, K and L specified from 0 to +70°C, and one extended tem- and AD382 ideal for D/A and A/D converter amplifier
perature version, the S specified from —55°C to +125°C. All applications.

grades are packaged in hermetically sealed metal cans. S. The AD382’s high output current (S0mA minimum at =10
PRODUCT HIGHLIGHTS volts) makes it suitable for driving terminated (20001) twisted

L1 imming techniques reduce offset voltage drift to pair cables over the commercial temperature ranges.

5uV/°C max and reduce offset voltage to only 250V max on 6. The high slew rate (30V/ps) and high gain bandwidth product
the L grade versions. (5MHz) make the AD381 and AD382 an ideal choice for

2. Analog Devices FET p ing peovides 100pA sax (205A sample and holds and for high speed integrator circuits.
typical) bias currents specified after 5 minutes of warm-up.
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SPECIFICATIONS s @ +25 ant v = 15v s s atvrviss spciton

AD381JH AD381KH AD3SILH AD381SH
Model AD382JH AD38ZKH AD38ZLH AD382SH
OPEN LOOPGAIN
Vour = =10V, Ry =2k(}(AD381) 60,000 min 100,000 min boind s
Vour = + 10V, Ry = 2000 (AD382) 25,000 min 35,000 min b i
Ry, = 10k (AD382) 100,000 min 150,000 min wh i
OUTPUT CHARACTERISTICS (AD382)
Voltage @ Ry = 2004} + 12V (% 10V min) * » Note 1
Voltage @ Ry = 10k} + 13V (£ 12V min) L * w
Short Circuit Current, Continuous 80mA * » b
OUTPUT CHARACTERISTICS (AD381)
Voltage @ R; = 1kil, T5 = min tomax +12V (= 10V min) - " Note 2
Voltage @ Ry = 2k}, T = min o max +12V(+ 10V min) * ol -
Voltage @R, = 10kf), Ty = mintomax ~ #13V(+12Vmin)  * » *
Short Circuit Current, Conti 20mA * * *
DYNAMICRESPONSE
Uniry Gain, Small Signal 5SMHz L * bd
Full Power Response S00kHz * " "
Slew Rate, Unity Gain 30V/pus (20V/psmin)  * * .
Settling Time: 10V Stepto0.1% 700ns * 0 .
10V Step 100.01% 1.2us 1.2115(2.0pus max) * w
INPUT OFFSET VOLTAGE 1.0mV max 0.5mV max 0.25mV max o
vs. Temperature, T = min to max’ 15 V/AC max 10pV/ C max SpV/C max 10V C max
vs. Supply 200 V/V max 100 V/V max A bl
INPUT BIAS CURRENT*
Either Input (AD381) 20pA (100pA max) - . w
Either Input (AD382) 20pA (100pA max) 10pA (50pA max) o ol
Input Offset Current SpA i s "
INPUT IMPEDANCE
Differential 100|7pF » . *
Common Mode 10"qj7pF * * *
INPUT VOLTAGERANGE
Differential® 20V * * w
Common Mode = 12V (+ 10V min) A L "
(" Mode Rei ?m min Mn’jﬂ o -k
POWER SUPPLY A
Rated Performance =15V L ® W
Operating = (5t 18)V L4 *
i tCurrent AD382 3.4mA (6mA max) h * *
AD381 3.2mA (SmA max) ] L L
VOLTAGE NOISE
0.1Hz-10Hz 2uVp-p ] o %
10Hz 35nVIVHz ¥ L o
100Hz 220V/VHz * * *
1kHz 18nV/VHz * * Ja
10kHz 16nV/VHz * * *
TEMPERATURE RANGE®
Operating, Rated Performance Oto +70°C A * —55°Cro +125°C
Storage —65°Cto +150°C - . .
‘Thermal Resistance—6JA (AD382) 100°CW * * *
Thermal Resistance -8]C (AD382) TorCw b * W
NOTES ‘Buas C d ateither input

"The AD3825H has an output voltage of + 12V (= 10V min) for
# 20011 load from T, to + 100°C. To + 125°C the output

current is 35mA. *Defined as th tag such that

*The AD3815H has an cutput voltage of + 12V (= 10V min) for s 1kl neither exceeds + 10V from ground.

load from T e, to + 70°C. From + 70°Cro + 125°Cth current *The$ i ilable in fall i with MIL-S5TD-883 Rev C.

';?m\. Ask for the MIL-data sheet.

put Offset Voltage Drft is specified with the offset voltage unnulled. *Specifications 9
Nulling will induce an addinonal 3 VC for every mV of off: lled S necificati mulml
Specifications subject o change without notice,
ORDERING GUIDE
Initial Package

Model Offset Offset T.C.  OQuiput Options*
AD381JH ImV 15uVFC 10mA H-08B
AD3BIKH 0.5mV 10uVrC 10mA H-0E8B
AD3IBILH  0.25mV  SpViC 10mA H-08B
AD38ISH ImV 10uVrC 10mA H-08B
AD382]H ImV 15uVrC S0mA H-12A
AD382KH 0 5mV 10pVrC 30mA H-12A
AD38ZLH 0.25mV SuVrC S0mA H-12A
AD3825H ImV 10uVrFC S50mA H-12A

lfmimilme;ol‘ommn‘f—. = 4 25°C, For hugher temperatures,
the current doubles every 10°C.

*See Section 16 for package cuthne informanon
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Typical Characteristics
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Typical Characteristics
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ANALOG

IC, Wideband, Fast Slewing

DEVICES General Purpose Operational Amplifier

ADS07

FEATURES

Gain Bandwidth: 100MHz

Slew Rate: 20V /us min

Ig: 15nA max (ADS07K)

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 IC
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 extended
temperature range, -55°C to +125°C. All devices are
packaged in the hermetic TO-99 metal can.

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

2. The 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.

5. To take full advantage of the inherent high reliability of

"IC’s, every AD507S receives a 24 hour stabilization bake
at +150°C.

ADS07 PIN CONFIGURATION
FREQUENCY

COMPENSATION

MIL-STANDARD-883

The AD507S/883 has the same electrical specifications as the
ADS507S, but is subjected to the 100% screening requirements
specified in MIL-STD-883, Method 5004, Class B.

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

2. StabiLization Bake: Method 1008, Condition C, 24 hours @
+150°C,

3, Temperature Cycle: Method 1010, Condition C, -65°C to
+150°C, 10 cycles,

4. Centrifuge: Method 2001, Condition E, 30,000 g, Y,
orientation,

5. Hermeticity, Gross Leak: Method 1014, Condition C,
steps 1 and 2.

6. Hermeticity, Fine Leak: Method 1014, Condition A,
5 x 107® atm/cc/sec.

7. Burn-In: Method 1015, 160 hours @ +125°C.
8. Final Electrical Test.
9. External Visual: Method 2009,
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SPECIFICAT|0NS (typical at +25°C and +15V de, unless otherwise noted)

PARAMETER AD507] ADS07K AD507S(AD5075/883)**
OPEN LOOP GAIN
R[, = 2k2, €[ = 50pF 80,000 min (150,000 typ) 100,000 min (150,000 typ) 100,000 min (150,000 typ)
@ Trmin 10 Trnax 70,000 min 85,000 min 70,000 min

OUTPUT CHARACTERISTICS
Voltage @ Ry = 2k§2, Cy, = 50pF, Tryin to Trax
Current @ V, = £10V
Short Circuit Current

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

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

FREQUENCY RESPONSE
Unity Gain, Small Signal
@A=1/(open loop)
@ A = 100 (closed loop)
Full Power Response

35MHz
IMHz
320kHz min (600kHz typ)

400kHz min (600kHz typ)

400kHz min (600kHz typ)

Slew Rate 20V /us min (£35V/us typ) £25V/us min (£35V/us typ) 20V /us min (£35V/us typ)
Settling Time (t0 0.1%) 900ns - »

INPUT OFFSET VOLTAGE
Initial 5.0mV max (3.0mV typ) 3.0mV max (1.5mV typ)

Avg vs Temp, T 10 Tiax

15uv/°C

154/ C max (84V/°C typ)

4mV max (0.5mV t};p

)
20uV/ C max (8uV/ C typ)

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

INPUT BIAS CURRENT

Initial 25nA max 15nA max 15nA max

Trmin 0 Trnax 40nA max 25nA max 35nA max
INPUT OFFSET CURRENT

Initial 25nA max 15nA max 15nA max

Temin t© Trax 40nA max 25nA max 35nA max

Avg vs Temp, Trin 10 Trax 0.5nA/°C 0.2nA/°C 0.2nAC

INPUT IMPEDANCE
Differential
Common Mode

40MSE min (300MS2 typ)
1000M$2

65ME min (S00MS2 typ)
.

INPUT VOLTAGE NOISE

f=10Hz mo:.\;‘?@ » s

f= 100Hz 30nVi/Hz ‘ -

f=100kHz 12nVin/Hz - *
INPUT VOLTAGE RANGE

Differential, Max Safe *12.0V Ly "

Common Mode Voltage Range, Ty 10 Tryax +11.0V . o

Common Mode Rejection @ £5V, Ty to Tyax 74dB min (100dB typ) 80dB mun (1004B typ) 80dB mun (100dB typ)
POWER SUFPLY

Rated Performance 15V . .

Operating *(5 1o 20)V . *

Current, Quiescent 4.0mA max (3.0mA typ) * *
TEMPERATURE RANGE

Rated Performance 010 +70°C . -55°Cro +125°C

Operatng -25°C o +85°C » -65°C o +150°C

Storage -65°C to +150°C . .
PACKAGE OPTION'

H-08A ADS07JH ADSO7KH AD507SH
NOTES

! See Section 16 for package outline informartion.
*Speafications same as AD507].
**ADS075/88 3 minimum order 10 pieces.

Specifications subject to change without notice.
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Applying the AD507

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)

Wﬂﬂml_
COMMON POINT

OFFSET NULL

INVERTING
INPUT

NONANVERTING
o—(]
OFFSET
NULL Yoo

® (=) oFFser NuLL *HOT REGUIRED FOR LOAD OR

CABLE CAPACITANCE 250pF
™

(2w

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
ADS507 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§2 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+.
€5 = 30pF
FREQ COMP
. 0
orrseTnuee | | 51 2" il
1
INVERTING
L' L, 8 TO SIGNAL
L 7 Vue COMMON POINT
AD507 8 }——0 ouTPUT
NON INVERTING

3]+ ) == 01gF
OFFSET NULL

V-

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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5k§2 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 R 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.

CONSHIDERATIONS OF FIGUIE | ARPLY EXCEFT FOR
THE LOAD CAPACITOR

Figure 3. Fast Settling Time Configuration
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ANALOG
DEVICES

High Speed,
Fast Settling IC Op Amp

AD309

FEATURES
Fast Settling Time

0.1% in 500ns max

0.01% in 2.5us max
High Slew Rate: 100V/us min
Low *o': 25nA max
Guaranteed Vgg 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. Other compar-
able 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 0 to +70°C temperature range;
the AD509S for operation from -55°C to +125°C.

ADS509 PIN CONFIGURATIONS
TO-99
FREQUENCY
COMPENSATION

INVERTING
INPUT

NONINVERTING
INPUT

TOP VIEW

PRODUCT HIGHLIGHTS

1. 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.

2. The AD509 will drive capacitive loads of 500pF without
deterioration in settling time. Larger capacitive loads
can be driven by tailoring the compensation to minimize
settling time.

3. Common Mode Rejection, Gain and Noise are compatible
with a 0.01% accuracy device.

4. The 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.
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SPECIFICATIONS (@ + 25 ane v, = 150 tc s ot speiton

AD5S09K AD509S
Model Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOPGAIN
Vo = =10V,R; =2k} 7,500 15,000 10,000 15,000 10,000 15,000 Vv
Trnto Tou By = 2ki 5,000 7,500 7,500 viv
OUTPUT CHARACTERISTICS
Voltage e Ry = 2k8), Tnto Ty =10 =12 =10 =12 =10 =12 v
FREQUENCY RESPONSE
Unuty Gain Small Signal 20 20 20 MHz
Full Power Response 12 1.6 1.5 20 15 2.0 MHz
Slew Rate, Unity Gain 80 120 80 120 100 120 Vius
Setthng Time
1w00.1% 200 200 200 500 ms
w0 0.01% 10 1.0 10 2.5 ps
INPUT OFFSET VOLTAGE
Inutial Offser 5 10 4 8 4 8 mV
Input Offset Voltage T yn 10 Tinas 14 11 11 mV
Input Offset Voltage vs. Supply,
Teviien 10 Tonax 200 100 100 uVIV
INPUT BIAS CURRENT
Inutial 125 250 100 200 100 200 nA
Toum 10 Trnax 500 400 400 nA
INPUT OFFSET CURRENT
Inital 20 50 10 25 10 25 nA
T 4 = mun to max 100 50 50 nA
INPUT IMPEDANCE
Dufferential 40 100 50 100 50 100 M1
INPUT VOLTAGE RANGE
Differenual =15 =15 =15 Y
Common Mode =10 =10 =10 v
Common Mode Rejection 74 90 80 90 80 dB
INPUT NOISE VOLTAGE .
f=10Hz 100 100 100 nVin Hz
f = 100Hz 30 30 £l nV/\ Hz
f = 100kHz 19 19 19 aV/\ Hz
POWER SUPPLY
Rated Performance =15 =15 =15 v
Operating =5 =20 =5 =20 =5 =20 v
Quiescent Current 4 6 4 6 4 6 mA
TEMPERATURERANGE
Operating, Rated Performance 0 +70 0 +70 —55 +70 c
Storage - 65 + 150 - 65 +150 -65 + 150 “C
PACKAGE OPTION'
TO-99 Style (H-08A) ADS0STH ADS0SKH AD509SH
NOTES

'See Section 16 for package outhne informanon

Speaifications subject to change without notice.

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

"":h________/t\. ___________
ERAOR | [FINAL VALUE. Eo
BAND /

SLI
RATE
L]

DEAO[ I S——
TIME| SLEWING |RECOVERY ILINEAR SETTLING

~— SETTLING TIME TO * AE —‘-]
oR +£E x00%

Figure 1. Settling Time

The AD509K and AD509S are guaranteed to settle to 0.1%

in 500ns and 0.01% in 2.5us when tested as shown in Figure 2.
There is no appreciable degradation in settling time when

the capacitive load is increased to 500pF, as discussed below.
The settling time is computed by summing the output and the
input into a differential amplifier, which then drives a scope

DECOUPLING CAPACITORS
OMITTED FOR CLARITY

SCOPE
Ein O—4

DIFFERENTIAL
AMPLIFIER

Figure 2. AD509 Settling Time Test Circuit

display. The resultant waveform of (Eg — Eqy) of a typical
AD509 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.

outpuT | /| [1
.0} *—;:_ 2
!

ERROR | | 1

SIGMAL iy
LT T § [¥=fnet=

Figure 3. Settling Time of AD509

SETTLING TIME VS. Rf AND Rj. Settling time of an
amplifier is a function of the feedback and input resistors,
since they interact with the input capacitance of the amplifier.
When operating in the non-inverting mode, the source
impedance should be kept relatively low; e.g., 5k{; 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 thart settling time
to 0.01% is still under 2.0us.

i
outeut | /| 1i
’-D* ns ™
ERROR i
SIGNAL B
[ 1F *Insf=

Figure 4. AD509 with 500pF Capacitive Load

SUGGESTIONS FOR MINIMIZING SETTLING TIME. The
ADS509 has been designed to sertle 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. It is essential that care be taken in the
signal and power ground circuits to avoid inducing or
generating extraneous voltages in the ground signal paths.
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The 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+]).

oOWF
CERAMIC DISC
3 15pF
INVERTING I TO SIGNAL
INPUT ¥ COMMON POINT
8 )—1—0 ouTPuT

NONINVERTING

INPUT Y+ 2 V-

0.1F
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 Cg’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:

t; TOTAL = /(s DAC)? + (t; AMP)?

Some IC DAG:s settle to final output value in 100-500 nano-
seconds. Since most IC op amps require a longer time to settle
to 30.1% or £0.01% of final value, amplifier settling time can
dominate total settling time. And for a 12-bit DAC, one least
significant bit is only 0.024% of full-scale, so low drift and
high linearity and precision are also required of the output
amplifier.
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Figure 8 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, Cl1, 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 AD5S09K assures 12-bit accuracy over the operating
temperature range.
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T 0eF o
[ Vaur
R 3 Fomiry
070 +10v
2462 Mapsogk

-

Figure 8. AD509 as an Output Amplifier for a Fast Current-
Output D-to-A Converter



ANALOG
DEVICES

Monolithic Precision, Low-Power
FET-Input Electrometer Op Amp

AD515A*

FEATURES

Uftralow Bias Current: 0.075pA max (AD515AL)
0.150pA max (AD515AK)
0.300pA max (AD515AJ)

Low Power: 1.5mA max Quiescent Current

(0.6mA typ)

Low Offset Voltage: 1.0mV max (AD515AK & L)

Low Drift: 15uV/°C max (AD515AK)

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

PRODUCT DESCRIPTION

The AD515A is a monclithic FET-input operational amplifier
with a guaranteed maximum input bias current of 75fA
(AD515AL). The AD515A is a monolithic successor to the
industry standard AD515 electrometer, and will replace the
AD515 in most aplications. The AD515A also delivers laser-
trimmed offset voltage, low drift, low noise and low power, a
combination of features not previously available in ultralow bias
current circuits. All devices are internally compensated, free of
latch-up and short circuit protected.

The AD515A’s combination of low input bias current, offset
voltage and drift optimizes it for a wide variety of electrometer
and very high impedance buffer applications including photo-
current detection, vacuum ion-gage measurement, long-term
precision integration and low drift sample/hold applications.
This amplifier 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 micro-
probes. In addition, the low cost and pin compatibility of the
ADS515A with standard FET op amps will allow designers to
upgrade the performance of present systems at little or no additional
cost. The 10'*() common-mode input impedance ensures that
the input bias current is essentially independent of common-mode
voltage.

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

The AD515A is available in three versions of bias current and
offset voltage, the “J”, “K” and “L”; all are specified for rated

*Covered by Patent No. 4,639,683,

ADS515A PIN CONFIGURATION

GUARDPIN |CONNECTED TO CASE)
TAB

OFFSET
NULL

INVERTING
et @)

NONINVERTING( 3 )
INPUT

V-

OFFSET OFFSET
NULL NULL

. 10k :

performance from 0 to +70°C and supplied in a hermetically
sealed TO-99 package. The industry standard hybrid version,
ADS15, will also be available.

PRODUCT HIGHLIGHTS
1. The AD515A provides subpicoampere bias currents in an
integrated circuit amplifier.

@ The ultralow input bias currents are specified as the
maximum measured at either input with the device fully
warmed up on * 15V supplies at + 25°C ambient with no
heat sink. This parameter is 100% tested.

¢ By using +V supplies, input bias current can typically be
brought below S0fA.

2. The input offset voltage on all grades is laser trimmed to a
level typically less than 500pV.

® The offset voltage drift is 15uV/°C maximum on the K

e.

e If additional nulling is desired, the amount required will
have a minimal effect on offset drift (approximately 3u.V/°C
per mV).

3. The low quiescent current drain of 0.6mA typical and 1.5mA
maximum, keeps self-heating effects to a minimum and renders
the ADS15A suitable for a wide range of remote probe
applications.

4. The combination of low input noise voltage and very low
input noise current is such that for source impedances from
much over 1M up to 10''(, the Johnson noise of the source
will easily dominate the noise characteristic.

5. Every AD515A receives a 24-hour stabilization bake at + 150°C,
to ensure reliability and long-term stability.
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SPECIFICATIONS wpica @ + 27 v, = 151, s atvrvse st

Model ADS15A] ADS515AK ADSI5AL

OPEN-LOOPGAIN!

Vour= * 10V, R; =2k 20,000V/V min 40,000V/V min 25,000V/V min
R =10k 40,000V/V min 100,000V/V min 50,000V/V min
T =min tomax R; =2k 15,000V/V min 40,000V/V min 25,000V/V min

OUTPUT CHARACTERISTICS

Voltage@ Ry = 2k(}, T4 =min to max £ 10V min (£ 12V typ) & X
(@ Ry = 10k, T 5 = min to max + 12V min (+ 13V typ) * *

Load Capacitance’ 1000pF

Short-Circuit Current 10mA min (20mA typ)

FREQUENCY RESPONSE
Unity Gain, Small Signal 1MHz » %

Full Power Response 5kHz min (30kHz typ) L "
Slew Rate Inverting Unity Gain 0.3V/ps min (2.0V/ps typ) » *
Overload Recovery Inverting Unity Gain 100ps max (2ps typ) * *

INPUT OFFSET VOLTAGE? 3.0mV max (0.4mV typ) 1.0mV max (0.4mV typ) 1.0mV max (0.4mV typ)
vs. Temperature, T , = min to max S50 V/°C max 15pV/°C max 25p.V/°C max
vs. Supply, T4 = min to max 400 V/V max (S0pV/Vtyp) | 100V/V max 200p.V/V max

INPUT BIAS CURRENT
Either Inpur* 300fA max 150fA max 75fA max

INPUT IMPEDANCE
Differential V= =1V l.ﬁpﬂflouﬂ * *

Common Mode 0.8pF|10"° 02 * *

INPUT NOISE

Voltage, 0.1Hz 10 10Hz 4.0V (p-p) * o
f=10Hz 75nV/VHz * *
f=100Hz 55nV/VHz x ¥
f=1kHz 50nV/\VHz L %

Current, 0. 1Hz to 10Hz 0.003pA (p-p) * *
10Hz to 10kHz 0.01pA rms * *

INPUT VOLTAGE RANGE
Differential £20V min * .

Common Mode, T 4 = min to max +10Vmin(+ 12V, —11typ) | * *

Common-Mode Rejection, Vipy= = 10V 66dB min (94dB typ) 80dB min 70dB min

Maximum Safe Input Voltage® +Vg * *

POWER SUPPLY
Rated Performance =15V * *

Operating #+ 5V min ( + 18V max) * *
Quiescent Current 1.5mA max (0.6mA typ) * »

TEMPERATURE
Operating, Rated Performance Oto +70°C X *

Storage —65°Cto + 150°C * i

PACKAGE OPTION®
TO-99(H-08A) ADSI5AJH AD515AKH ADS5S15ALH

NOTES

*Specifications same as ADSISA].

'Open Loop Gain is specified with or without nulling of Vps.

A conservative design would not exceed 750pF of load capacitance.

*Input Offset Voliage fications are g 1 after 5 of operation at Ty = +25°C.

*Bias Current specifications are 1 after 5 of operation at T, = +25°C. For

higher p the current doubles every + 10°C.

*If 1t is possible for the inpur voltage to exceed the supply voltage, a series protection
resistor should be added to limit input current to 0.1mA. The input devices

= 4

can handle overload currents of 0.1mA indefi
“See Section 16 for package outline information.

Specifications subject 1o change without notice.

ge. See next page.

Specifications shown in boldface are tested on all production units ar final rest.
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Applying the AD515A

LAYOUT AND CONNECTIONS CONSIDERATIONS

The design of very high impedance measurement systems in-

troduces a new level of problems associated with the reduction

of leakage paths and noise pickup.

1. A primary consideration in high impedance system designs is
to attempt to place the measuring device as near to the signal
source as possible. This will minimize current leakage paths,
noise pickup and capacitive loading. The ADS515A, 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 ADS515A can comfortably
drive a long signal cable.

2. The use of guarding techniques is essential to realizing the
capability of the ultralow input currents of the AD515A.
Guarding is achieved by applying a low impedance bootstrap
potential to the outside of the insulation material surrounding
the high impedance signal line. This bootstrap potential is
held at the same level as that of the high impedance line;
therefore, there is no voltage drop across the insulation and,
hence, no leakage. The guard will also act as a shield to
reduce noise pickup and serves an additional function of
reducing the effective capacitance to the input line. The case
of the AD515A is brought out separately to Pin 8 so that the
case can also be connected to the guard potential. This technique
virtually eliminates potential leakage paths across the package
insulation, provides a noise shield for the sensitive circuitry
and reduces common-mode input capacitance to about 0.8pF.
Figure 1 shows a proper printed circuit board layout for
input guarding and connecting the case guard. Figures 2 and
3 show guarding connections for typical inverting and nonin-
verting applications. If Pin 8 is not used for guarding, it
should be connected to ground or a power supply to reduce
noise.

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

(BOTTOM VIEW)

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

3. Printed circuit board layout and construction is critical for
achieving the ultimate in low leakage performance that the
ADS515A can deliver, The best performance will be realized
by using a teflon IC socket for the AD515A; but at least a
teflon stand-off should be used for the high impedance lead.
If this is not feasible, the input guarding scheme shown in
Figure 1 will minimize leakage as much as possible; the
guard ring should be applied to both sides of the board. The
guard ring is connected to a low impedance potential at the
same level as the inputs. High impedance signal lines should
not be extended for any unnecessary length on a printed
circuit; to minimize noise and leakage, they must be carried
in rigid, shielded cables.

4. Another important concern for achieving and maintaining
low leakage currents is complete cleanliness of circuit boards
and components. Completed assemblies should be washed
thoroughly in a low residue solvent such as TMC Freon or
high-purity methanol followed by a rinse with deionized
water and nitrogen drying. If service is anticipated in a high
contaminant or high humidity environment, a high dielectric
conformal coating is recommended. All insulation materials
except Kel-F or teflon will show rapid degradation of surface
leakage at high humidities. 2

OPTIONAL PROTECTION

(SEE }EXTI 1

10°0

GUARD

AMA -

out
L - —

Eg = TmV/picoamp

'l, AD515A

B
CASE

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

OPTIONAL Rp

Eo= Vs (14 BE)
n‘

Zjn = 10% 021|0.2pF

i i
/onlcmm. CONNECTION FOR S

2
GUARDING CABLE (SEE TEXT) Shs

Figure 3. Very High Impedance Noninverting Amplifier

INPUT PROTECTION
The ADS515A is guaranteed for a maximum safe input potential
equal to the power supply potential.

Many instrumentation situations, such as flame detectors in gas
chromatographs, involve measurement of low level currents
from high-voltage sources. In such applications, a sensor fault
condition may apply a very high potential to the input of the
current-to-voltage converting amplifier. This possibility necessi-
tates some form of input protection. Many electrometer type
devices, especially CMOS designs, can require elaborate Zener
protection schemes which often compromise overall performance.
The AD515A requires input protection only if the source is not
current limited, and as such is similar to many JFET-input
designs. The failure mode would be overheating from excess
current rather than voltage breakdown. If the source is not
current limited, all that is required is a resistor in series with
the affected input terminal so that the maximum overload current
is 0.1mA (for example, 1M} for a 100V overload). This simple
scheme will cause no significant reduction in performance and
give complete overload protection. Figures 2 and 3 show proper
connections.
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COAXIAL CABLE AND CAPACITANCE EFFECTS

If it is not possible to attach the ADS15A virtually on top of the
signal source, considerable care should be exercised in designing
the connecting lines carrying the high impedance signal. Shielded
coaxial cable must be used for noise reduction, but use of coaxial
cables for high impedance work can add problems from cable
leakage, noise and capacitance. Only the best polyethylene or
virgin teflon (not reconstituted) should be used to obtain the
highest possible insulation resistance.

Cable systems should be made as rigid and vibration free as
possible since cable movement can cause noise signals of three
types, all significant in high impedance systems. Frictional
movement of the shield over the insulation material generates a
charge which is sensed by the signal line as a noise voltage. Low
noise cable with graphite lubricant such as Amphenol 21-537
will reduce the noise, but short, rigid lines are better. Cable
movements will also make small changes in the internal cable
capacitance and capacitance to other objects. Since the rotal
charge on these capacitances cannot be changed instantly, a
noise voltage results as predicted from: AV =Q/AC. Noise voltage
is also generated by the motion of a conductor in a magnetic
field.

The conductor-to-shield capacitance of coaxial cable is usually
about 30pF/foot. Charging this capacitance can cause considerable
stretching of high impedance signal rise-time, thus cancelling
the low mput capamtancc feature of the AD515A. There are two
ways 1o ¢ en problem. For inverting signals or low-level
current measurements, the signal is carried on the line connected
to the inverting input and shielded (guarded) by the ground line
as shown in Figure 2. Since the signal is always at virtual ground,
no voltage change is required and no capacitances are charged.
In many circumstances, this will destabilize the circuit; if so,
capacitance from output to inverting input will stabilize the
circuit.

Noninverting and buffer situations are more critical since the
signal line voltage and therefore charge will change, causing
signal delay. This effect can be reduced considerably by connecting
the cable shield to a guard potential instead of ground, an option
shown in Figure 3. Since such a connection results in positive
feedback to the input, the circuit may be destabilized and oscillate.
If so, capacitance from positive input to ground must be added
1o make the net capacitance at Pin 3 positive. This technique
can considerably reduce the effective capacitance which must be

charged.

Typical Performance Curves
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ELECTROMETER APPLICATION NOTES

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

1. As with all junction FET input devices, the temperature of
the FETs themselves is all important in determining the
input bias currents. Over the operating temperature range,
the input bias currents closely follow a characteristic of doubling
every 10°C; therefore, every effort should be made to minimize
device operating temperature,

2. The heat dissipation can be reduced initially by careful inves-
tigation of the application. First, if it is possible to reduce
the required power supplies, this should be done since internal
power consumption contributes the largest component of
self-heating. To minimize this effect, the quiescent current of
the AD515A has been reduced to less than 1mA. Figure 8
shows typical input bias current and quiescent current versus
supply voltage.

3. Output loading effects, which are normally ignored, can
cause a significant increase in chip temperature and therefore
bias current. For example, a 2k(} load driven at 10V at the
output will cause at least an additional 25mW dissipation in
the output stage (and some in other stages) over the typical
24mW, thereby at least doubling the effects of self-heating.
The results of this form of additional power dissipation are
demonstrated in Figure 9, which shows normalized input
bias current versus additional power dissipated. Therefore,
although many dc performance parameters are specified
driving a 2k} load, to reduce this additional dissipation, we
recommend restricting the load resistance to be at least
10k().

4. Figure 10 shows the AD515A’s input current versus differential
input voltage. Input current at either terminal stays below a
few hundred fA until one input terminal is forced higher
than 1 to 1.5V above the other terminal. Input current limits
at 30pA under these conditions.

Tam +15°C

SUPPLY CURRENT —
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SUPPLY CURRENT - pA

mﬂ " 1% 20
POWER SUPPLY VOLTAGE - =V
Figure 8. Input Bias Current and Supply Current vs. Supply
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ADS15A CIRCUIT APPLICATION NOTES

The AD515A is quite simple to apply to a wide variety of appli-
cations because of the pretrimmed offset voltage and internal
compensation, which minimize required external components
and eliminate the need for adjustments to the device itself. The
major considerations in applying this device are the external
problems of layout and heat control which have already been
discussed. In circuit situations employing the use of very high
value resistors, such as low level current to voltage converters,
electrometer operational amplifiers can be destabilized by a pole
created by the small capacitance at the negative input. If this
oceurs, a capacitor of 2 to 5pF in parallel with the resistor will
stabilize the loop. A much larger capacitor may be used if desired
to limit bandwidth and thereby reduce wideband noise.

Selection of passive components employed in high impedance
situations is critical. High M(} resistors should be of the carbon
film or deposited ceramic oxide to obtain the best in low noise
and high stability performance. The best packaging for high
M) resistors is a glass body sprayed with silicone varnish to
minimize humidity effects. These resistors must be handled
very carefully to prevent surface contamination. Capacitors for
any high impedance or long-term integration situation should be
of a polystyrene formulation for optimum performance. Most
other types have too low an insulation resistance, or high dielectric
absorption.

Unlike situations involving standard operational amplifiers with
much higher bias currents, balancing the impedances seen at the
input terminals of the AD515A is usually unnecessary and probably
undesirable. At the large source impedances where these effects
matter, obtaining quality, matched resistors will be difficult.
More important, instead of a cancelling effect, as with bias
current, the noise voltage of the additional resistor will add by
root-sum-of-squares to that of the other resistor thus increasing
the total noise by about 40%. Noise currents driving the resistors
also add, but in the ADSI5A are significant only above 10''().

R4
3 M=
3 T Al
.l U S AD707
< < e
) 2 E GAIN ouTRUT
A A
z R3
Ré
Zin.om = 10" 1210.2pF

(ALL RESISTORS OF SAME NUMBER SHOULD BE MATCHED £0.1%)

(BUFFER A1 BOOSTS COMMON MODE Zyy BY DRIVING CABLE SHIELDS
AT COMMON MODE VOLTAGE AND NEUTRALIZING CM CAPACITANCE]

Figure 11. Very High Impedance Instrumentation
Amplifier
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LOW-LEVEL CURRENT-TO-VOLTAGE CONVERTERS
Figure 2 shows a standard low-level current-to-voltage converter.
To obtain higher sensitivity, it is obvious to simply use a higher
value feedback resistor. However, high value resistors above
10°Q2 tend to be expensive, large, noisy and unstable. To avoid
this, it may be desirable to use a circuit configuration with
output gain, as in Figure 13. The drawback is that input errors
of offset voltage drift and noise are multiplied by the same gain,
but the precision performance of the AD515A makes the tradeoff
easier.

tn--w.fnaung-ll
2

Figure 13. Picoampere to Voltage Converfgr with Gain

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

— wn
Va Vg - IsRE
APPEARS HERE L /
fly 2 -~
bl ¢
SENSaH | |aDs1sA
D.U.T. l et 2l
L WJo ‘4
= r Eg = +1mV/pA
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Figure 14. Current-to-Voltage Converters with Grounded
Bias and Sensor



ANALOG
DEVICES

Low Cost, Laser
Trimmed, Precision IC Op Amp

AD517

FEATURES

Low Input Bias Current: 1nA max (AD517L)

Low Input Offset Current: 0.25nA max (AD517L)
Low Vpg: 50uV max (AD517L), 150uV max (AD517J)
Low Vog Drift: 1.3uV/°C (AD517L)

Internal Compensation

MIL-Standard Parts Available

8-Pin TO-99 Hermetic Metal Can

PRODUCT DESCRIPTION

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

The AD517 is laser trimmed at the wafer level (LWT) to pro-
duce offset voltages less than 50uV and offset voltage drifts
less than 1.3uV/ C unnulled. Superbeta input transistors pro-
vide extremely low input bias currents of 1nA max and offset
currents as low as 0.25nA max. While these figures are com-
parable to presently available BIFET amplifiers at room tem-
perature, the AD517 input currents decrease, rather than
increase, at elevated temperatures. Open-loop gain in many IC
amplifiers is degraded under loaded conditions due to thermal
gradients on the chip. However, the AD517 layout is balanced
along a thermal axis, maintaining open-loop gain in excess of
1,000,000 for a wide range of load resistances.

The input stage of the AD517 is fully protected, allowing dif-
ferential input voltages of up to +Vg without degradation of
gain or bias current due to reverse breakdown. The output
stage is short-circuit protected and is capable of driving a load
capacitance up to 1000pF.

The AD517 is well suited to applications requiring high pre-
cision and excellent long-term stability at low cost, such as
stable references, followers, bridge instruments and analog
computation circuits.

ADS517 PIN CONFIGURATION
OFFSET
NULL 8
1 7 +Vg
-IN 2 6 OUTPUT
+IN 3 5 NC
4
_Vs
TOP VIEW

The circuit is packaged in a hermetically sealed TO-99 metal
can, and is available in three performance versions (], K, and
L) specified over the commercial 0 to +70°C range; and one
version (AD517S) specified over the extended temperature
range, -55°C to +125°C.

PRODUCT HIGHLIGHTS

1. Offset voltage is 100% tested and guaranteed on all models.

2. The AD517 exhibits extremely low input bias currents
without sacrificing CMRR (over 100dB) or offset voltage
stability.

3. The AD517 inputs are protected (to £Vg), preventing offset
voltage and bias current degradation due to reverse break-
down of the input transistors.

4. Internal compensation is provided, eliminating the need for
additional components (often required by high accuracy 1C
op amps).

5. The AD517 can directly replace 725, 108, and AD510 am-
plifiers. In addition, it can replace 741-type amplifiers if the
offset-nulling potentiometer is removed.

6. Thermally-balanced layout insures high open-loop gain inde-
pendent of thermal gradients induced by output loading,
offset nulling, and power supply variations.

7. Chips are available.
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SPECIFICATIONS (@ 25 st v.= 1 00

ADS17] ADSITK ADSITL ADSI7S
Model Min  Typ  Max Min  Typ  Max Min  Typ  Max Min  Typ  Max Units
OPEN LOOPGAIN
Vo= = 10V, Ry = 2ki} 10* 10* 10* 10* v
T omin 10 Tomass Ry = 2ki1 500,000 500,000 500,000 250,000 v
OUTPUT CHARACTERISTICS
Voltage it Ry =2k, Ty 10 Tas =10 =10 =10 +10 v
Load Capacitance 1000 1000 1000 1000 pF
Output Current 10 10 10 10 mA
__Short Carcunt Current 25 25 25 25 mA
FREQUENCY RESPONSE
Unity Gawmn Small Signal 250 250 250 250 kHz
Full Power Response 15 15 15 15 kHz
Slew Rate, Unity Gain 010 0.10 010 010 Vius
INPUT OFFSET VOLTAGE
Trutsal Offser 150 75 50 7 nv
Input Offset vs Temp, 30 1.8 1.3 L8 BVFrC
Input Offset vs Supply 5 10 18 10 wViv
T oo 10 Ty 40 15 15 20 nvo
INPUT BIASCURRENT
Tnataal 5 2 1o .0 nA
Toun 10 Tinan 8 s 15 10 nA
vE. Temp, Ty 10 Tmas =20 = 10 =4 =10 pAFC
INPUT OFFSET CURRENT
Tnataal Lo 0.75 0.25 20 nA
Tou 10 Touaa 15 125 04 10 nA
INPUT IMPEDANCE
Infferential 15§15 2001 5 2001 5 001 5 M{YpF
Common Mode 20x 107 20= 10 2.0x 107 2010 1]
INPUT VOLTAGE RANGE
[niferential =V =Vg =Vg =Vs v
Common Mode Rejection 94 110 110 110 dB
Common Mode Rejection
T 10 Tonas 10 100 100 dB
INPUT NOISE
Voluage, 0. 1Hz 1o 10H: 2 2 2 2 wVpp
= 10Hz 35 E 35 35 nV/vVHz
=100Hz 25 25 25 b nVvHz
f=1kHz 20 20 20 20 aV/VHz
Current, { = 10kHz 005 005 0.05 005 pAVHz
f=100Hz 003 003 003 003 p&'\.@
= 1kHz 003 0.03 003 003 pAN Hz
POWER SUPPLY
Rated Performance =15 =13 =15 =15 v
Operaung =5 =18 =5 =18 =5 =18 =5 =18 v
Quiescent Current 4 3 3 3 mA
TEMPERATURERANGE
Operating, Rated Performance o +70 1] +70 [} + 70 - 55 +128 '
Storage - 65 + 150 - 65 + 150 - 65 + 150 65 + 150 oY
PACKAGE'
TO-99 Suyle (H-08B) ADSITIH ADSITKH ADSITLH ADSI7SH

NOTES

'See Section 16 for package outline information
Specifications subject 1o change without notice

Specifications shown in boldface are rested on all production units at final
electrical test Results from those tests are used to calculate ourgoing qualiy
levels All min and max specifications are guaranteed, although ealy those
shown in boldface are tested on all production unus
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Typical Performance Curves
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Applying the AD517

NULLING THE AD517

The internally-trimmed offset voltage of the AD517 will be low
enough for most circuits without further nulling. However, in
high precision applications, the AD517 may be nulled using
either of the following methods:

Figure 1A shows a simple circuit using a 10k2, ten-turn poten-
tiometer. This circuit allows nulling to within several microvolts.

The circuit of Figure 1B is recommended in applications where
nulling to within 14V is desired. This circuit has the advantage
that potentiometer instability effects are reduced by a factor
of ten. Values of Ry " and R;' are calculated as follows:

1. Null the offset to zero using a standard 10k pot, as shown
in Figure 1A,

2. Measure pot halves Ry and R,.
3. Calculate:
i Ry x 50k, ;

Ry x 50k£2
Ry = 3 st ——
50k2—-R,y

S0kQ-R,
4, Replace the pot with Ry ' and Ry’ using the closest value
1% metal film resistors.

5. Usea 100k, ten-turn pot for Ry, to complete the nulling.

O &)

10k
10 TURNS

A. Simple

B. High Precision

Figure 1. Nulling Circuits

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

+1BV
2R3 | Ra2
b2 b2
R2 7 Y
10k 1% 3 -AAA
INPUT + 1 RS
R1
10MQ 3
1% ADS17 . r——o
2
= R6
. 10k 1%

Figure 2. Stable Instrument Input Amplifier

Input impedance of this amplifier is 10 megohms, determined
by resistor R;. The offset nulling network comprised of R3,
R4 and R is the same one described earlier. If a less precise
adjustment can be tolerated, a single 10k potentiometer can be
substituted for R3, Ry and Rs.

Gain switching is accomplished in the feedback network. The
divider consisting of Ry, Ryy, Ry; and Ry3 determines the
gain by dividing the output and returning it to the inverting
input of the amplifier, The ratio tolerances of these resistors
uniquely determine the gain of the amplifier. The impedance
seen by the inverting input is held constant at 10k ohms by
Rg. Ry Rg or Rg depending on the gain selected. Since input
bias currents flow through equal resistances, the offset voltages
produced will cancel each other. The inpurt offset currents will
produce an insignificant offset voltage on the order of 1 micro-
volt, If this offset is nulled out at the highest gain selected, it
will be nulled on all ranges.

The AD517 offers excellent temperarture stability in this cir-
cuit. Once the offset has been zeroed, the error produced by
offset current drift will remain quite low due to the extremely
low offset current drift of the AD517. A FET-input op amp
would not work well in this application, since the input offset
currents would double for each 10°C increase in temperature,
soon exceeding the input offset currents of the AD517.
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CHIP DIMENSIONS AND BONDING DIAGRAM
Dimensions shown in inches and (mm).

0.093 (2.362) ———————

NULL NULL

O OUTPUT

+IN -Vg \CHIP EDGE

THE AD517 IS AVAILABLE IN
LASER-TRIMMED CHIP FORM.

2-46 OPERATIONAL AMPLIFIERS

57



ANALOG
DEVICES

High Performance
BiFET Operational Amplifiers

AD542/AD544/AD341

FEATURES

Ultralow Drift: 1uV/°C — AD547L

Low Offset Voltage: 0.25mV — AD547L

Low Input Bias Currents: 25pA max, Warmed-Up
Low Quiescent Current: 1.5mA

Low Noise: 2pV p-p

High Open Loop Gain: 110dB

High Slew Rate: 13V/ps

Fast Settling to £0.01%: 3us

Low Total Harmonic Distortion: 0.0025%

PRODUCT DESCRIPTION

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

In addition, the offset voltage is laser trimmed to less than
0.25mV on the AD3547L which is achieved by utibzing Analog's
exclusive laser-wafer trimming (LWT) process. When combined
with the AD547’s low offset voltage drift (1uV/°C), these features
offer the user IC performance truly superior to existing BiFET
op amps-and at low, BiFET pricing.

The ADS542 or AD547 is recommended for any operational
amplifier application requiring excellent dc performance at low
to moderate costs. Precision instrument front ends requiring
accurate amplification of millivolt level signals from megohm
source impedances will benefit from the device’s excellent com-
bination of low offset voltage and drift, low bias current and
low 1/f noise. High common mode rejection (80dB, min on the
“K’ and “L" versions) and high open-loop gain—even under
heavy loading—ensures better than “12-bit”" linearity in high
impedance buffer applications.

The AD544 is recommended for any operational amplifier appli-
cation requiring excellent ac and dc performance at low cost.
The 2MHz bandwidth and low offset of the AD544 make it the
first choice as an output amplifier for current output DfA con-
verters such as the AD7541, 12-bit CMOS DAC.

Devices in this series are available in four versions: the *J”,
“K’ and “L" are specified over the 0 to + 70°C temperature
range and the “S” over the —55°C 1o + 125°C operating tem-

perature range. All devices are packaged in the hermetically-sealed,

TO-99 metal can.

AD542, AD544, AD547 FUNCTIONAL BLOCK DIAGRAM
TAB

INVERTING
INPUT

NONINVERTING o
INPUT NULL

V-(CASE)
TOP VIEW

PRODUCT HIGHLIGHTS

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

2. Analog Devices, unlike some manufacturers, specifies each
device for the maximum bias current at either input in the
warmed-up condition, thus assuring the user that the device
will meer its published specifications in actual use.

3. Advanced laser wafer trimming techniques reduce offset
voltage drift to 1pV/°C max and offser voltage to only 0.25mV
max on the AD5S47L.

4. Low voltage noise (2uV, p-p), and low offset voltage drift
enhance performance as a precision op amp.

5. The high slew rate (13.0V/ps) and fast settling time to 0.01%
(3.0ps) make the AD544 ideal for D/A, A/D, sample-hold
circuits and high speed integrators.

6. Low harmonic distortion (0.0025%) make the AD544 an
ideal choice for audio applications,

7. Unmounted chips available for hybrid circuit applications.
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SPECIFICATIONS (@ +2 i v,= 2150 0

AD542 ADS5S44 ADS4T
Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOP GAIN'
Vour = = 10V Ry = 2kl
] 100,000 30,000 100,000 v
K,L;S 250,000 50,000 250,000 v
Ta * Tount© Trnan
] 100,000 20,000 100,000 v
s 100,000 20,000 100,000 viv
K.L 250,000 40,000 250,000 Vv
OUTPUTCHARACTERISTICS
Vour = Ry = 2kl
Ta™ Toun10 T =10 =12 =10 =12 =10 =12 Vaolis
Vour = Ry = 10k}
Ta = Ton 10T =12 =13 x12 £ +12 =13 Valts
Short Cucut Current 5 25 25 mA
FREQUENCY RESPONSE
Unity Gasn, Small Signal 1o 10 L0 MHz
Full Power Response 50 200 50 kHz
Slew Rate, Ununy Gun 20 io 8.0 130 2.0 30 Vius
Total Harmonsc Distoruon 0 0025 %
INPUT OFFSET VOLTAGE'
] 2.0 2.0 1.0 mV
K Lo Lo 0.5 mV
L 0.5 05 .25 mV
5 1.0 e 0.5 my
vs Temperature’
I 20 20 5 wvee
K 10 10 2 uVric
L 5 5 1 pveC
5 15 15 L] uVrc
vs Supply, Ta = Tan 0 T
1 200 200 200 AV
K,L,§ 108 100 100 pvy
INPUT BIASCURRENT*
Either Input
1 50 50 50 ph
K,L,S 10 5 10 25 10 25 A
Input Offset Current
I 5 15 5 15 5 15 PA
K,L.5 2 15 2 15 2 15 pA
INPUT IMPEDANCE "
Dnfferenual 10" (H6pF 10" jepF 10" {1}6pF
Common Mode 10" (1] 3pF 10 | 3pF 104 1M3pF
INPUT VOLTAGE®
Dufferennal =20 =20 = Volts
Common Mode +=10 =12 =10 =12 =10 =12 Vaolis
Common-Mode Rejecion
Vi = =10V
] 76 76 76 dB
K.L.S 80 50 80 dB
POWERSUPPLY
Rated Performance =15 =15 =15 Volis
Operaung =5 +18 =5 =18 =5 =18 Valis
Quiescent Current I | L5 18 25 (R L5 mA
VOLTAGE NOISE
0 I-10Hz
] 20 20 20 uVpp
K,L,5 20 20 4.0 wVpp
10Hz 70 a5 70 nVivHz
100Hz 45 22 45 Vi EJ_.
1kHz 30 18 30 nVi\ Hr
10kH7 25 16 25 oV He
TEMPERATURERANGE
Operaung, Rated Performance
LKL Ow + 70 Do 1 70 0o 1 70 C
S 5510 1 125 5510 1 125 S50 128 C
Storage 6510 1 150 6510 | 165 6510 | 165 O
PACKAGE OPTIONS®
TO-99(H-08A) ADS42]H, ADS4ZKH ADS4JH, ADSM4KH ADS4TIH,ADS4TKH
ADS4ZLH, AD3425H ADSHMLH, ADS445H ADS4TLH, ADS4TSH
NOTES

'Open Loop Gain s specified with Vs both nulled and unnulled *Defined as the maximum safe voltage between inputy, such thar
*Input Offset Voltage specifications are guaranteed after § munutes neither exceeds = 10V from ground.

of operation at Ty, = +25°C.

*See Sccowon 16 for package outhne information

Ynput Offset Voltage Dinft s specified with the offuet voltage Specificatons subject to change without notice
unnulled Nulling will induce an addinonal 3uV/ CmV of

Specificanions shown in boldface are tested on all production units at final electn-

m:&‘:‘, are 3 &t exther cal test Results from those tests are used o calculate outgong qualiny levels All
wnput after 5 minutes of operanon at Ty, = +25°C For higher min and max specifications are guaranteed, although caly those showm

temperatures, the current doubles every 10°C

bolidface are tested on all production wmrs
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Typical Characteristics
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Distortion vs. Frequency Spectral Density Resistance
OUTPUT
ouUTPUT INPUT -
INPUT Tours el
20V pp o
a. Unity Gain Follower b. Followerwith Gain = 10

Figure 19. T.H.D. Test Circuits

Figure 21a. Unity Gain Follower Figure 21b. Unity Gain Follower Figure 21¢c. Unity Gain Follower—
Pulse Response (Large Signal) Pulse Response (Small Signal) AD542/AD547

4 99400

NouT e e s e et TP
Ry
b 11
Figure 22a. Unity Gain Inverter— Figure 22b. Unity Gain Inverter Figure 22c. Unity Gain Inverter
AD542/AD547 Fulse Response (Large Signal) Pulse Response (Small Signal)
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Figure 23a. Unity Gain Follower
Pulse Response (Large Signal)

Figure 24a. Unity Gain Inverter

Figure 23b. Unity Gain Follower
Pulse Response (Small Signal)

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

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

SCOPE PROBE, 20pF OR LESS SCOPE VERTICAL
TMV/DIV

Venron *

a 89k

4 99%
é i‘Nllﬂ'\
4 99k 499k
2

Vi - Vour
S |

(E 0 01:F

Figure 25. Settling Time Test Circuit

0 01:F
16V +15V

SCOPE VERTICAL
INPUT REFERENCE

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

Vernoa, TmV/DIV

Vi = 10V/DIV

Figure 26. Settling Characteristic Detail — AD544

490k
_‘_'_{ 30pF
«\.'s
TuF
49940 T "Q?
< b 1001 ouTPUT
INPUT N
+ § €y Ry
4 S00pF 1o $ il 1o
_ 1500pF 2 20K
TYPICAL CAPACITANCE 1uF
LIMIT FOR VARIOUS +
LOAD RESISTORS Vs
Ay C UPTO
&0~ 1500pF
10k} ~  BOOpF
20wl ~ GOOpF

Figure 27. Circuit for Driving a Large Capacitance Load

The circuit in Figure 27 employs a 1001} isolation resistor which
enables the amplifier to drive capacitance loads exceeding S00pF;
the resistor effectively isolates the high frequency feedback from
the load and stabilizes the circuit. Low frequency feedback is
returned to the amplifier summing junction via the low pass
filter formed by the 100() series resistor and the load capacitance,
Cp.

Figure 28. Transient Response R, =2k} C, =500pF-AD544
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ORDERING GUIDE

Initial

Offset
Model Voltage
ADS542]JH 2.0mV
AD542KH 1.0mV
ADS542LH 0.5mV
AD542SH 1.0mV
ADS47]JH 1.0mV
ADS47KH  0.5mV
ADS47LH 0.25mV
AD547SH 0.5mV
ADS44JH 2.0mV
ADS44KH 1.0mV
ADS44LH 0.5mV
AD544SH 1.0mV

Offset Settling Time
Voltage to =0.012% for
Drift 10V Step
20pV/°C Sus

10pViEC Sus
SuV/irC Sps
15pV/PC Sus
S5uVirC Sps
2uVrPC Sps
1uVPrC Sus

S5pvirC Sps
0uVFC  3ps
10pVIPC 3us
S5pVrC 3ps
15pViPC 3ps

BiFET Application Hints

APPLICATION NOTES

The BiFET series was designed for high performance op-amp
applications that require true dc precision. To capitalize on all
of the performance available from the BiFETs there are some
practical error sources that should be considered.

The bias currents of JFET input amplifiers double with every
10°C increase in chip temperature. Therefore, minimizing the
junction temperature of the chip will result in extending the
performance limits of the device.

1. Hear dissipation due to power consumption is the main con-
tributor to self-heating and can be minimized by reducing
the power supplies to the lowest level allowed by the applica-
tion.

2. The effects of output loading should be carefully considered.
Greater power dissipation increases bias currents and decreases

open loop gain,

GUARDING

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

% 5'05
%o/ o=
©oQ.

(BOTTOM VIEW)

GUARD SAME PATTERN SHOULD BE

LAID OUT ON BOTH SIDES
OF P C. BOARD

Figure 29. Board Layout for Guarding Inputs
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INPUT PROTECTION

The BiFET series is guaranteed for a maximum safe input potential
equal to the power supply potential. The input stage design also
allows differential input voltages of up to + 1 volt while maintaining
the full differential input resistance of 10'%(). This makes the
BiFET series suitable for comparator situations employing a
direct connection to high impedance source.

Many instrumentation situations, such as flame detectors in gas
chromatographs, involve measurement of low level currents
from high-voltage sources. In such applications, a sensor fault
condition may apply a very high potential to the input of the
current-to-voltage converting amplifier, This possibility necessi-
tates some form of input protection. Many electrometer type
devices, especially CMOS designs, can require elaborate zener
protection schemes which often compromise overall performance.
The BiFET series requires input protection only if the source is
not current-limited, and as such is similar to many JFET-input
designs. The failure mode would be overheating from excess
current rather than voltage breakdown. If the source is not
current-limited, all that is required is a resistor in series with
the affected input terminal so that the maximum overload current
is 1.0mA (for example, 100k{2 for a 100 volt overload). This
simple scheme will cause no significant reduction in performance
and give complete overload protection. Figure 30 shows proper
connections.

SOURCE 3|aDsaT>4—0
+

RLJ' Rp TYPICALLY 100k TO 1M
Rp= 2L FOR TRANSIENTS LESS THAN 1 SECOND
Vi imA
Rp= —_ FOR CONTINUOUS OVERLOADS
00uA

Figure 30. Input Protection



Applications

D/A CONVERTER APPLICATIONS

The BiFET series of operational amplifiers can be used with
CMOS DACs to perform both 2-quadrant and 4-quadrant oper-
ation. The output impedance of a CMOS DAC varies with the
digital word, thus changing the noise gain of the amplifier circuit.
The effect will cause a nonlinearity the magnitude of which is
dependent on the offset voltage of the amplifier. The BiFET
series with trimmed offset will minimize this effect. Additionally,
the Schottky protection diodes recommended for use with many
older CMOS DACs are not required when using one of the
BiFET series amplifiers.

Figure 31a shows the AD547 and AD7541 configured for unipolar
binary (2-quadrant multiplication) operation. With a dc reference
voltage or current (positive or negative polarity) applied at pin
17, the circuit operates as a unipolar converter. With an ac
reference voltage or current, the circuit provides 2-quadrant
multiplication (digitally controlled attenuation).

Figure 31a. AD547 Used as DAC Output Amplifier

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

Vaer IN, 20V PP, 33kHz

10V/DIV VERT,
Bun/DIV HORIZ

Vour,

SV/DIV VERT
Sus/DIV HORIZ

SETTLING TIME 154 TO
001% ON 20V STEP

Figure 31b. Voltage Output DAC Settling Characteristic

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

BIPOLAR
ANALOG INFUT
1oV

BIPOLAR
OFFSET Hl 1':1]

6
10k NOTES
1 RI/R4 MATCH 0 05% OR BETTER
2 A1, R2 USED ONLY IF GAIN
ADJUSTMENT 15 REQUIRED

Figure 32a, AD544 Used as DAC Output Amplifiers

The photos exhibit the response to a step input at Vggr. Figure
32b is the large signal response and Figure 32c is the small
signal response. C1 phase compensation (15pF) is required for
stability when using high speed amplifiers. Cl is used to cancel
the pole formed by the DAC internal feedback resistance and
the outpur capacitance of the DAC.

Figure 32c. Small Signal Response

USING THE AD547 IN LOG AMPLIFIER
APPLICATIONS

Log amplifiers or log ratio amplifiers are useful in applications
requiring compression of wide-range analog input data, lineari-
zation of transducers having exponential outputs, and analog
computing, ranging from simple translation of natural relationships
in log form (e.g., computing absorbence as the log-rato of input
currents), to the use of logarithms in facilitating analog compu-
tation of terms involving arbitrary exponents and multi-term
products and ratios.

The picoamp level input current and low offset voltage of the
AD547 make it suitable for wide dynamic range log amplifiers.
Figure 33 is a schematic of a log ratio circuit employing the
ADS547 that can achieve less than 1% conformance error over 5
decades of current input, 1nA to 100pA. For voltage inputs, the
dynamic range is typically 50mV to 10V for 1% error, limited
on the low end by the amplifiers’ input offset voltage.
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Vour = - W LOGw hilz
% OR -1V LOGyg Vy V3
A1

$n
Ry TELLABS
+3600pEm o8

NOTES
CIRCUIT SHOWN FOR NEGATIVE vcn‘:r..
0

FOR POSITIVE INPUTS, 01 = PNP, AND =15V

Figure 33. Log-Ratio Amplifier

The conversion between current (or voltage) input and log output
is accomplished by the base emitter junctions of the dual transistor
Q1. Assuming Q1 has =100, which is the case for the specified
transistor, the base-emitter voltage on side 1 is to a close ap-
proximation:

Vm:_ A= kaq In I|”s]

This circuit is arranged to take the difference of the Vyi:'s of
QIA and Q1B, thus producing an output voltage proportional

to the log of the ratio of the inputs:
= _ Kkt
Vour=—K(Vge s — Vip)= =g (In I/I5; —In IIg,)
Vour= —K KT/q In /1,

The scaling constant, K is set by R1 and R to about 16, to ~
produce 1V change in output voltage per decade difference in
input signals. R is a special resistor with a + 3500ppm/°C
temperature coefficient, which makes K inversely proportional
to temperature, compensating for the “T” in kT/q. The log-ratio
transfer characteristic is therefore independent of temperature.

This particular log ratio circuit is free from the dynamic problems
that plague many other log circuits, The — 3dB bandwidth is
50kHz over the top 3 decades, 100nA to 100p.A, and decreases
smoothly at lower input levels. This circuit needs no additional
frequency compensation for stable operation from input current
sources, such as photodiodes, that may have 100pF of shunt
capacitance. For larger input capacitances a 20pF integration
capacitor around each amplifier will provide a smoother frequency
response.

This log ratio amplifier can be readily adjusted for optimum
accuracy by following this simple procedure. First, apply
V1=V2=~10.00V and adjust “Balance” for Voir=0.00V,
Next apply V1= —10.00V, V2= - 1.00V and adjust gain for
Vour= + 1.00V. Repeat this procedure until gain and balance
readings are within 2mV of ideal values.

Cp 47pF

Re 1052

€1 —AA-

—o Vour

| v+

|
Il 10k
|
- |l - —O RESET
2 NEGATIVE PULSE
Ein O L )
1 2 AD547 ST
> S, B
kE 5 [
e RnCJ,

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

Q2 g2
B20pF aen

<«
2008

. [
U Pl

FREQUENCY
<o ADJUST .
1 i : L] L]
- 20u01 | 2Mn . | INOTA
l/ AMPLITUDE
ADJUST

Figure 36. Wien-Bridge Oscillator — f,= 10kHz
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Figure 37. Capacitance Multiplier
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ANALOG
DEVICES

Precision, Low-Power BiFET Op Amp

AD548

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

PRODUCT DESCRIPTION

The AD548 is a low-power, precision monolithic operational
amplifier. It offers both low bias current (10pA max, warmed
up) and low quiescent current (200nA max) and is fabricated
with ion-implanted FET and laser wafer trimming technologies.
Inpur bias current is guaranteed over the AD548’s entire common-
mode voltage range.

The economical ] grade has a maximum guaranteed input offset
voltage of less than 2mV and an input offset voltage drift of less
than 20pV/°C. The C grade reduces input offset voltage to less
than 0.25mV and offset voltage drift to less than 2uV/°C. This
level of dc precision is achieved utilizing Analog’s laser wafer
drift trimming process. The combination of low quiescent current
and low offset voltage drift minimizes changes in input offset
voltage due to self-heating effects. Five additional grades are
offered over the commercial, industrial and military temperature
ranges.

The AD548 is recommended for any dual supply op amp appli-
cation requiring low power and excellent dc and ac performance.
In applications such as battery-powered, precision instrument
front ends and CMOS DAC buffers, the AD548’s excellent
combination of low input offset voltage and drift, low bias current
and low 1/f noise reduces output errors. High common-mode
rejection (86dB, min on the “C" grade) and high open-loop gain
ensures better than 12-bit linearity in high impedance, buffer
applications.

The ADS548 is pinned out in a standard op amp configuration
and is available in seven performance grades. The AD548] and
ADS548K are rated over the commercial temperature range of 0
to +70°C. The ADS48A, AD548B and AD548C are rated over
the industrial temperature range of —40°C 1o +85°C. The
AD548S and ADS548T are rated over the military temperature
range of —355°C to +125°C and are available processed to MIL-
STD-883B, Rev. C.

Extended reliability PLUS screening is available for parts specified
over the commercial and industrial temperature ranges. PLUS

AD548 CONNECTION DIAGRAMS
Plastic Mini-DIP (N) Package

and
Cerdip (Q) Package
OFFSET NULL
INVERTING
INPUT

NONINVERTING
INPUT

V-

TO-99
(H) Package

V-
NOTE PIN 4 CONNECTED TO CASE

10kt

® ®
(&) —18v
Vs TRIM

TOP VIEW

screening includes 168-hour burn-in, as well as other environ-
mental and physical tests.

The AD548 is available in an 8-pin plastic mini-DIP, cerdip,
small outline or TO-99 metal can.

PRODUCT HIGHLIGHTS

1. A combination of low supply current, excellent dc and ac
performance and low drift makes the AD548 the ideal op
amp for high-performance, low-power applications.

2. The AD548 is pin compatible with industry standard op
amps such as the LF441, TL061, and AD542, enabling
designers to improve performance while achieving a reduction
in power dissipation of up to 85%.

3. Guaranteed low input offset voltage (2mV max) and drift
(20p.V/°C max) for the AD548] are achieved utilizing Analog
Devices’ laser drift trimming technology, eliminating the
need for external trimming.

4. Analog Devices specifies each device in the warmed-up con-
dition, insuring that the device will meet its published specifica-
tions in actual use.

5. A dual version, the AD648 is also available.

6. The AD548 is available in chip form.
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SPECIFICATIONS (@ + z5ansv. = 1516, nss otrris oo

Model ADS4BJ/A’S ADS48K/B/T ADS45C
Min Typ Max Min Typ Max Min Typ Max Units
INPUT OFFSET VOLTAGE'
Iniual Offset 0.75 2.0 0.3 0.5 010 0.25 mV
T 10 Trnas 3.0V3.013.0 0.7/0.8/1.0 0.4 mV
vs Temp. 20 5 2.0 wvrc
vs. Supply 80 B6 86 dB
v, Supply, Ton 10 T THT6TE 80 80 dB
Long-Term Offset Stabihity 15 15 15 wVimonth
INPUT BIAS CURRENT
Esther Input®, Vi =0 5 20 3 10 kY 10 pA
Either Input? at Typay, Ve =0 0.45/1.3/20 0.25/0 65/10] 065 nA
Max Input Bias Current Over
Common-Mode Voltage Range 30 15 15 pA
Offser Current, Vey = 0 5 10 2 5 2 5 pA
Offset Currentat Ty 0.25/0 65/10 0 15/0.35/5 035 nA
INPUT IMPEDANCE
Differential 1103 1x 103 1= 10M3 (UpF
Commaon Mode 3% 10'3 3= 10" 3% 103 {UpF
TNPUT VOLTAGE RANGE
Differenual® 20 0 =20 v
Common Mode =11 12 =11 =12 %11 £12 v
Common-Mode Rejection
Vim= = 10V 76 90 &2 92 86 98 dB
T 10 Teran T6/76/76 90 82 92 B6 98 dB
Vem==11V 70 84 76 86 76 90 dB
Tonan 10 Tenax TO70:70 84 76 86 76 90 dB
INPUT VOLTAGENOISE
Voltage 0 1Hzto 10Hz 2 2 2 4.0 Y ?_
{= 10Hz &0 £0 80 nV/VHz
f= 100Hz 40 40 40 nVIVHz
f=1kHz 30 30 30 nV/vVHz
= 10kHz 30 30 30 nV/\VHz
INPUT CURRENT NOISE =
f=1kHz 1.8 18 1.8 fA/VHz
FREQUENCY RESPONSE
Unity Gawn, Small Signal 08 1o 03 1.0 08 1o MHz
Full Power Response 30 30 30 kHz
Slew Rate, Unny Gan Lo 18 1o 18 1.0 1.8 Vips
Setthng Timeto =0.01% 8 8 s
OPEN LOOP GAIN
=10V, Ry =10k(} 300 1000 300 1000 300 1000 VimV
T.“,.. 10 Tppaws Ry = 10k(1 3003000300 700 300 700 300 700 VimV
= =10V, Ry =5k} 150 500 150 500 500 VimV
T..,.. 10 Trnusy By 2 5k02 150/150/150 300 150 300 300 VimV
OUTPUT CHARACTERISTICS
Voliage (r Ry =10k12, =12 =13 =12 =13 =12 =13 v
Trun10 Tonax =Y~ 12212 +12 =12
Voltage (¢ By =5ki1, =11 =123 =11 123 =11 =123 v
Toun 10 Tinax =1li=11i£11 =11 11
Short Circwit Current 15 15 15 mA
POWER SUPPLY
Rated Performance = L§ =15 =15 v
Operaung Range +4.5 +18 +4.5 *18 +4.5 %18 v
Quiescent Current 170 200 170 200 170 200 pA
TEMPERATURERANGE
Operaung, Rated Performance
Commercial (010 + 70°C) AD3548) AD548K
Industrial ( - 40°C 1o + 85°C) ADS48A ADS548B ADS548C
Military ( - 55°C1o + 125°C) ADS485 ADS48T
PACKAGE OPTIONS*
Plastc (N-8) ADS4BIN ADS4BKN
Cerdip (Q-8) ADS4BAQ, ADS485Q ADS48BQ, ADS48TQ ADS48CQ
Metal Can (H-08A) ADS48AH, ADS485H ADS48BH, ADS48TH ADS48CH

NOTES

'Input Offset Voltage specifications are gu.uantucd after 5 minutes of operation at Ty = +25°C

Bias Current fi are g

For higher temperature, the cnm:nt doubles every 10°C

'Defined as voltages between inputs, such that neither exceeds = 10V from ground.
*See Secnion 16 for package outhne informanion
Specifications subject 1o change without notice.
Specifications in boldface are tested on all production uxurs ar final electrical (est lels from those tests are used to

calculate outgomng quahty levels All min and max

are tested on all production umits

are Ith
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ABSOLUTE MAXIMUM RATINGS'

Supply Voltage . . . . . . . v v v v v v it e e n +18V
Internal Power Dissipation . . . . . ... ... ... 500mW
Input Volfagedy scalesit sl i'ss o St 603 aoedi i +18V
OQutput Short Circuit Duration . . . ... ... .. Indefinite
Differential Input Voltage . . . . . ... ... +Vgand — Vs
Storage Temperature Range Q. H . . . .. —65°C 1o +150°C
N ....... —65°C 1o +125°C
Operating Temperature Range
ADSBIIK: = g 2 wgid 55 oW 03 s 0t +70°C
ADS48A/BIC . . . ... ... ... ... —40°C 10 +85°C
ADSABSIT . v wine o e svn wcays —55°C to +125°C
Lead Temperature Range (Soldering 60sec) . . . . . . . 300°C
NOTES

'Stresses above those listed under “Absolute Maximum Ratings™ may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions above

those indi i in the operati ions of this specification is not
i .'- i :r to ak 1| i l'lﬁﬂs- diti: t—Ol' ded
periods may affect device reliability.

?For supply voltages less than = 18V, the absolute maximum input voltage is
equal to the supply voltage.

CHIP DIMENSIONS AND PAD LAYOUT

Dimensions shown in inches and (mm).

0.072
it ————————. —_——
(1.829)
OFFSET NULL
1
1985
4 INVERTING 2 ™ Aoi

INPUT

NONINVERTING 3
INPUT

0.067
(1.702)

6 OUTPUT

5 OFFSET NULL
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Typical Characteristics
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Figure 20a. Unity Gain Inverter

INPUT NOISE VOLTAGE « nV/\ Mz

OUTPUT VOLTAGE V - p-p
a

i_

s

I

|

I
———

1
—

P

10 100 w® 10K 100K

FREQUENCY - Hr

Figure 14. Large Signal Frequency
Response

wl LI |
uo—--.i_.|J| o _JI A _( ‘I
| |

S
NI
TN Tf;
- : T

10 l 100 | | 1k l l‘ﬂk | ‘Iﬂoh

FREGUENCY - Mz

Figure 17. Input Noise Voltage
Spectral Density
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Figure 20b. Unity Gain Inverter
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Applying the AD548

APPLICATION NOTES

The AD548 is a JFET-input op amp with a guaranteed maximum
I of less than 10pA, and offset and drift laser-trimmed to 0.25mV
and 2pV/°C respectively (AD548C). AC specs include 1MHz
bandwidth, 1.8V/us typical slew rate and 8ps settling time for a
20V step to =0.01% - all at a supply current less than 200pA.
To capitalize on the device’s performance, a number of error
sources should be considered.

The minimal power drain and low offset drift of the AD548
reduce self-heating or “warm-up” effects on input offset voltage,
making the AD548 ideal for on/off battery powered applications.
The power dissipation due to the AD548’s 200p.A supply current
has a negligible effect on input current, but heavy output loading
will raise the chip temperature. Since a JFET’s input current
doubles for every 10°C rise in chip temperature, this can be a
noticeable effect.

The amplifier is designed to be functional with power supply
voltages as low as =4.5V, It will exhibit a higher input offset
voltage than at the rated supply voltage of + 15V, due to power
supply rejection effects. The common-mode range of the AD548
extends from 3V more positive than the negative supply to 1V
more negative than the positive supply. Designed to cleanly
drive up to 10k} and 100pF loads, the AD548 will drive a 2k{}
load with reduced open loop gain.

OFFSET NULLING

Unlike bipolar input amplifiers, zeroing the input offset voltage

of a BiFET op amp will not minimize offset drift. Using balance
Pins 1 and 5 to adjust the input offset voltage as shown in Figure
21 will induce an added drift of 0.24V/°C per 100p.V of nulled
offset. The low initial offset (0.25mV) of the AD548C results in

only 0.6uV/°C of additional drift.

Figure 21. Offset Null Configuration

LAYOUT

To take full advantage of the AD548’s 10pA max input current,
parasitic leakages must be kept below an acceptable level. The
practical limit of the resistance of epoxy or phenolic circuit
board material is between 1x 10'2Q) and 3 x 10'2Q). This can
result in an additional leakage of S5pA between an input of 0V
and a — 15V supply line. Teflon or a similar low leakage material
(with a resistance exceeding 10'7(2) should be used to isolate
high impedance input lines from adjacent lines carrying high
voltages. The insulator should be kept clean, since contaminants
A metal guard completely surrounding the high impedance
nodes and driven by a voltage near the common-mode input
potential can also be used to reduce some parasitic leakages.
The guarding pattern in Figure 22 will reduce parasitic leakage
due to finite board surface resistance; but it will not compensate
for a low volume resistivity board.
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Figure 22. Board Layout for Guarding Inputs

INPUT PROTECTION

The ADS548 is guaranteed to withstand input voltages equal to
the power supply potential. Exceeding the negative supply voltage
on either input will forward bias the substrate junction of the
chip. The induced current may destroy the amplifier due to
excess heat.

Input protection is required in applications such as a flame
detector in a gas chromatograph, where a very high potential
may be applied to the input terminals during a sensor fault
conditon. Figure 23 shows a simple current limiting scheme
that can be used. Rpgoricr should be chosen such that the
maximum overload current is 1.0mA (100k(} for a 100V overload,
for example).

Exceeding the negative common-mode range on either input
terminal causes a phase reversal at the output, forcing the amplifier
output to the corresponding high or low state. Exceeding the
negative common-mode on both inputs simultaneously forces
the output high. Exceeding the positive common-mode range on
a single input doesn't cause a phase reversal, but if both inputs
exceed the limit the output will be forced high. In all cases,
normal amplifier operation is resumed when input voltages are
brought back within the common-mode range.

Rg

10pF
R 1
PROTECT
==y
SOURCE f—AAA—t 2)~
b AD548 ) 6 -4—0

v ~
g R TYPICALLY 100k} TO 1M1
I I Ve

Rp = % FOR 1 SECOND OR LESS TRANSIENTS

Ry = jp9-% FOR CONTINUOUS OVERLOAD

Figure 23. Input Protection of IV Converter

D/A CONVERTER OUTPUT BUFFER

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



Application Hints

2 large signal outputs of the circuit in Figure 24. Upper traces
“'v 330 show the input signal Vyy. Lower traces are the resulting output
voltage with the DAC's digital input set to all 1s. The AD548
settles to +0.01% for a 20V input step in 14ps.

RF’S
ouT
5JN

AGND
DGND

L-o PHOTODIODE PREAMP
The performance of the photodiode preamp shown in Figure 27
is enhanced by the AD548’s low input current, input voltage
offset and offset voltage drift. The photodiode sources a current

Vour

proportional to the incident light power on its surface. Rg converts
1 the photodiode current to an output voltage equal to RgxIs.
DB11- - DBO

Figure 24. AD548 Used as DAC Output Amplifier i
The input offset voltage of the AD548 output amplifier results m:;m
in an output error voltage. This error voltage equals the input gk
offset voltage of the op amp times the noise gain of the amplifier.
That is:

R — Can :: Rsy
Vos Output = Vg Input (1 - ﬁ) - 1&“

Rpgg is the feedback resistor for the op amp, which is internal to
the DAC. Ro is the DAC's R-2R ladder output resistance. The PHOTO DIODE ADS548 PHOTO DIODE
value of Rg is code dependent. This has the effect of changing EQUIVALENT CIRCUIY PRE AMP
the offset error voltage at the amplifier’s output. An output Figure 27.
amplifier with a sub millivolt input offset voltage is needed to
preserve the lincarity of the DAC's transfer function. An error budget illustrating the importance of low amplifier
The AD548 in this configuration provides a 700kHz small signal input current, voltage offset and offset voltage drift to minimize
bandwidth and 1.8V/ps typical slew rate. The 33pF capacitor output voltage errors can be developed by considering the equi-
across the feedback resistor optimizes the circuit’s response. valent circuit for the small (0.2mm? area) photodiode shown in
The oscilloscope photos in Figures 25 and 26 show small and Figure 27. The input current results in an error proportional to

the feedback resistance used. The amplifier’s offset will produce
an error proportional to the preamp’s noise gain (1 +Rg/Rgy),
where Rsy is the photodiode shunt resistance. The amplifier's
input current will double with every 10°C rise in temperature,
and the photodiode’s shunt resistance halves with every 10°C
rise. The error budget in Figure 28 assumes a room temperature
photodiode Rgyy of S00M(}, and the maximum input current
and input offset voltage specs of an AD548C.

TEMP

°Cc Ry (M) | Vae lpV) [ (1 + Re/Rsul Vos | lalpA) | 1aRe TOTAL
=25 15,970 150 151V 0.30 30pV | 1810V
0 2,830 200 207pV 2.26 262pV | 469V
+25 500 250 300pV 1000 1.0mV | 1.30mV
+50 88.5 300 640V 56.6 5.6mV | 6.24mV
+75 15.6 350 26mvV 320 32mV | 34.6mV
+85 7.8 370 5.1mV 640 64mV | 69.1mV

Figure 28. Photo Diode Pre-Amp Errors Over Temperature

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

noise gain “peaking” at the expense of bandwidth.

Figure 26. Response to + 100mV p-p Reference Square
Wave
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INSTRUMENTATION AMPLIFIER

The AD548C’s maximum input current of 10pA makes it an
excellent building block for the high input impedance in-
strumentation amplifier shown in Figure 29. Total current drain
for this circuit is under 600pA. This configuration is optimal
for conditioning differential voltages from high impedance

M= 3)+

Al
ADS48C

R3 | OUTPUT
20k ENSE
AAA = o

5
L] W *—
I
I
]
]

OuUTPUT

ne 2l REFERENCE
—AAA VA ']
c1 1
Vit bd <7
FOR EACH AMPLIFIER
PINT Vs

0uF

ﬁ; I 01pF
mu%;o—\ﬁ

Figure 29. Low Power Instrumentation Amplifier

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

Vour _ o (R, + Ry)
Vin Rg

Gains of 1 to 100 can be accommodated with gain nonlinearities
of less than 0.01%, Referred to input errors, which contribute
an output error proportional to in amp gain, include a maximum
untrimmed input offset voltage of 0.5mV and an input offset
voltage drift over temperature of 4u.V/°C. Output errors, which
are independent of gain, will contribute an additional 0.5mV
offset and 4pV/°C drift. The maximum input current is 15pA
over the common-mode range, with a common-mode impedance
of over 1x 10"20). Resistor pairs R3/R5 and R4/R6 should be
ratio matched to 0.01% to take full advantage of the AD548’s
high common mode rejection. Capacitors Cl and C1’ compensate
for peaking in the gain over frequency caused by input capacitance
when gains of 1 to 3 are used.

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

LOG RATIO AMPLIFIER

Log ratio amplifiers are useful for a variety of signal conditioning
applications, such as linearizing exponential transducer outputs
and compressing analog signals having a wide dynamic range.
The ADS548’s picoamp level input current and low input offset
voltage make it a good choice for the front-end amplifier of the
log ratio circuit shown in Figure 30. This circuit produces an
output voltage equal to the log base 10 of the ratio of the input
currents I; and I;. Resistive inputs R1 and R2 are provided for
voltage inputs.

Input currents I; and I, set the collector currents of Q1 and Q2,
a matched pair of logging transistors. Voltages at points A and
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B are developed according to the following familiar diode
equation:

Vee=(kT/q) In (Ic/Tgs)

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

Vour=1V logyo (I/I})
Frequency compensation is provided by R11, R12, C1, and C2.
Small signal bandwidth is approximately 300kHz at input currents
above 100pA and will proportionally decrease with lower signal
levels, D1, D2, R13, and R14 compensate for the effects of the
two logging transistors’ ohmic emitter resistance.

FOREACH AMPLIFIER

PIN?{——rQO\h

0 1pF

V, OFFSET

D3
Q1,02 = LM334
DUAL LOG TRANSISTORS

"1
499k i

10k
VNG A fm rs a7

Vour

SCALE
FACTOR
ADJ

1
Vs iN O

Iy IN ——d

Vour = 1V x Loc,.;*l

D4
- L
"’v Vour = 1V x LOGy !

D1, 04 1N 148 DIODES

A8, R15 1k + 3500 ppmC TCRESISTOR

#TEL LAB Q81 0OR PRECISION RESISTOR PT 145
ALLOTHER RESISTORS ARE 1% METAL FILM

WV, OFFSET

Figure 30. Log Ratio Amplifier

To trim this circuit, set the two input currents to 10pA and
adjust Vourr to zero by adjusting the potentiometer on A3.
Then set I; to 1pA and adjust the scale factor such that the
output voltage is 1V by trimming potentiometer R10. Offset
adjustment for Al and A2 is provided to increase the accuracy
of the voltage inputs.

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



ANALOG
DEVICES

Monolithic Electrometer
Operational Amplifier

AD549*

FEATURES
Ultralow Bias Current: 60fA max (AD549L)
250fA max (AD549J)
Input Bias Current Guaranteed Over Common-Mode
Voltage Range
Low Offset Voltage: 0.25mV max (AD549K)
1.00mV max (AD549J)
Low Offset Drift: 5pV/°C max (AD5439K)
20pV/°C max (AD549J)
Low Power: 700p.A max Supply Current
Low Input Voltage Noise: 4pV p-p 0.1 to 10Hz
MIL-STD-883B Parts Available

APPLICATIONS

Electrometer Amplifiers
Photodiode Preamp

pH Electrode Buffer

Vacuum lon Gage Measurement

PRODUCT DESCRIPTION

The AD549 is a monolithic electrometer operational amplifier
with very low input bias current. Input offset voltage and input
offset voltage drift are laser trimmed for precision performance.
The AD549’s ultralow input current is achieved with “Topgate”
JFET technology, a process development exclusive to Analog
Devices. This technology allows the fabrication of extremely low
input current JFETs compatible with a standard junction-isolated
bipolar process. The 10'*() common-mode impedance, a result
of the bootstrapped input stage, insures that the input current is
essentially independent of common-mode voltage.

The AD549 is suited for applications requiring very low input
current and low input offset voltage. It excels as a preamp for a
wide variety of current output transducers such as photodiodes,
photomultiplier tubes, or oxygen sensors. The AD549 can also
be used as a precision integrator or low droop sample and hold.
The AD549 is pin compatible with standard FET and electrometer
op amps, allowing designers to upgrade the performance of
present systems at little additional cost.

The AD549 is available in a TO-99 hermetic package. The case
is connected to Pin 8 so that the metal case can be independently
connected to a point at the same potential as the input terminals,
minimizing stray leakage to the case.

*Covered by Patent No. 4,639,683,

AD549 CONNECTION DIAGRAM

GUARD PIN, CONNECTED TO CASE
OFFSET NUI.I. Ve
INVERTING outeuT
INPUT
ADS543
® (5) oFFseT NULL
Ve

Vos TRIM
TOP VIEW

The AD549 is available in four performance grades. The |, K,
and L versions are rated over the commercial temperature range
-01to +70°C. The S grade is specified over the military temperature
range of —55°Cro + 125°C and isavailable processed to MIL-STD-
883B, Rev C. Extended reliability PLUS screening is also available.
PLUS screening includes 168-hour burn in, as well as other
environmental and physical tests derived from MIL-STD-883B,
Rev C.

PRODUCT HIGHLIGHTS

1. The AD549’s input currents are specified, 100% tested and
guaranteed after the device is warmed up. Input current is
guaranteed over the entire common-mode input voltage
range.

2. The AD549’s input offset voltage and drift are laser trimmed
to 0.25mV and 5pV/°C (AD549K), ImV and 20p.V/°C
(AD549]).

3. A maximum quiescent supply current of 700pA minimizes
heating effects on input current and offset voltage.

4. AC specifications include 1MHz unity gain bandwidth and
3V/ps slew rate. Settling time for a 10V input step is Sps
to 0.01%.

5. The AD549 is an improved replacement for the AD515,
OPA104, and 3528.
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SPECIFICATIONS (@ 257 snav, = 15, s atvrvis e

Model AD349] ADS49K ADS49L AD549S
Min Typ Max | Min Typ Max |Min Typ Max |Min Typ Max |Units
INPUT BIAS CURRENT'
Either Input, Vo =0V 150 250 75 100 40 60 75 100 |fA
Either Input, Vo = = 10V 150 250 75 100 40 60 75 100 |[fA
Either Input at Tyay,

Vem=0V 11 4.2 2.8 420 pA
Offset Current 50 30 20 30 fA
Offset Currentat T, 2.2 1.3 0.85 125 pA

INPUT OFFSET VOLTAGE?
Initial Offset 0.5 1.0 0.15 0.25 0.3 0.5 0.3 0.5 |mV
Offsetat Tpax 1.9 0.4 0.9 20 |mV
vs. Temperature 10 20 2 5 5 10 10 15 wVFrC
vs. Supply 32 100 10 2 10 32 10 32 |pviv
vs. Supply, Toun 10 Tons 2 100 10 E7) 10 32 32 50 |pviv
Long-Term Offset Stability 15 15 15 15 1V/imonth
INPUT VOLTAGE NOISE
f=0.1Hzto 10Hz 4 4 6 4 4 nVp
f=10Hz 90 %0 90 90 nV/
f=100Hz 60 60 60 60 nV/VHz
f=1kHz 35 35 35 35 nV/VHz
f=10kHz 35 35 35 35 aV/VHz
INPUT CURRENT NOISE
f=0.1Hzw 10Hz 0.7 0.5 0.36 0.5 fﬁp\-/e_
f=1kHz 0.22 0.16 0.11 0.16 fAVHz
INPUT IMPEDANCE
Differential

Vpmrr= =1 10%)1 1041 101 10191 QfpF
Common Mode

Vem==10 10"%0.8 10"j0.8 10"%)0.8 10"%0.8 QlpF

OPEN LOOP GAIN
Vo@ = 10V, Ry = 10k 300 1000 300 1000 300 1000 300 1000 VimV
Vo@ = 10V, Ry = 10k,

Toatd T 300 800 300 800 300 800 300 800 VimV
Vo==10V,R.=2k 100 250 100 250 100 250 100 250 VimV
Vo= =10V, Ry =2k,

T e 10 Tomae 80 200 200 200 25150 VimV

INPUT VOLTAGERANGE
Differential® +20 +20 =20 20 |V
Common-Mode Voltage =10 +10 | =10 +10 | —10 +10 |—10 +10 |V
Common-Mode Rejection Ratio
V=410V, - 10V 80 %0 % 100 920 100 90 100 dB
T 10 Tomae 76 80 80 90 80 % 80 %0 dB
QUTPUT CHARACTERISTICS
Voltage @ Ry = 10k,

Wi 00 T -12 +12 | =12 +12 | =12 +12 |-12 +12 |V
Voltage @ Ry =2k,

Tonin 10 Tonae -10 +10 | —10 +10 | =10 +10 |-10 +10 |V
Short Circuit Current 15 20 35 15 20 35 15 20 35 15 20 35 mA

Tmm meu 9 9 9 [ mA
Load Capacitance Stability

G=+1 4000 4000 4000 4000 pF

FREQUENCY RESPONSE
Unity Gain, Small Signal 0.7 1.0 0.7 1.0 0.7 1.0 0.7 1.0 MHz
Full Power Response 50 50 50 50 kHz
Slew Rate 2 3 2 3 2 3 2 3 Vius
Settling Time, 0.1% 4.5 4.5 4.5 4.5 WS
0.01% s 5 5 5 [T
Overload Recovery,
50% Overdrive, G= — 1 2 2 2 2 ps
POWER SUPPLY
Rated Performance * 15 £15 +15 +15 v
Operating +5 +18 | £5 *18 | x5 +18 |5 +18 |V
Quiescent Current 0.60 0.70 0.60 0.70 0.60 0.70 0.60 0.70 |mA
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Maodel AD549]

Min Typ Max |Min Typ

ADS549K

ADS49L
Typ

AD5498

Max |Min Max |Min Typ Max |Units

TEMPERATURE RANGE
Operating, Rated Performance 0 70 |0
Storage —65 +150] —65

+125 |°C
-150|°C

70 0 70
+150] - 65 +150

~55
~65

PACKAGE OPTION*

T0-99 (H-084) AD349TH

ADS49KH

ADS49LH AD5495H

NOTES

'Bias current specifications are guaranteed after 5 minutes of operation at Ty = +25°C. Bias current increases by a

factor of 2.3 for every 10°C rise in temperature.

*Input offser voltage specifictions are guaranteed after 5 minutes of operation at Ty= +25°C.
*Defined as max continuous voltage between the mnputs such that neither input exceeds = 10V from ground.

*See Section 16 for package outline information.
Specifications subject to change without notice.

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

are tested on all production units.

ABSOLUTE MAXIMUM RATINGS'

Supply Voltage . . .vv v on i we 508 wimis sin soe +18V
Internal Power Dissipation . . . . ... ....... 500mW
Toipue Voltage o o5 e i 5l e WA e o i +18V?
Qutput Short Circuit Duration . . . . . . ... .. Indefinite
Differential Input Voltage . . . . . .. ... . +Vgand —Vs
Storage Temperature Range H . . . . ... —65°C to +150°C
Operating Temperature Range
ADSARL, Byl & cowvown se diwn e moaie s 0w +70°C
ADSE98 . i vid e W e i wa s i =55°C to +125°C
Lead Temperature Range (Soldering 60 sec) . .. ... 300°C
NOTES
'Stresses above those listed under “Absolute Maxi Ratings” may cause

permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those
indicated in the operational section of this specification is not implied.
Exp to absol i rating ditions for ded period:
affect device reliability.
*Far supply voltages less than *+ 18V, the absolute maximum input voltage is
equal to the supply voltage.

may

ESD PRECAUTIONS

Charges as high as 4000V readily accumulate on the human
body and test equipment and discharge without detection. There-
fore, reasonable ESD precautions are recommended to avoid
functional damage or performance degradation. Unused devices
should be stored in conductive foam or shunts, and the foam
should be discharged to the destination socket before devices are
removed. For further information on ESD precautions, refer to
Analog Devices’ ESD Prevention Manual.
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Figure 10. Input Bias Current
vs. Supply Voltage
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Figure 23. Unity Gain Inverter
Small Signal Pulse Response
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MINIMIZING INPUT CURRENT

The AD549 has been optimized for low input current and offset
voltage. Careful attention to how the amplifier is used will reduce
input currents in actual applications.

The amplifier operating temperature should be kept as low as
possible to minimize input current. Like other JFET input
amplifiers, the ADS549’s input current is sensitive to chip tem-
perature, rising by a factor of 2.3 for every 10°C rise. This is
illustrated in Figure 24, a plot of AD549 input current versus
ambient temperature.
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Figure 24. AD548 Input Bias Current vs. Ambient
Temperature

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

3°C higher than ambient. The difference in input current is
negligible.

However, heavy output loads can cause a significant increase in
chip temperature and a corresponding increase in input current.
Maintaining a minimum load resistance of 10k{) is recommended.
Input current versus additional power dissipation due to output
drive current is plotted in Figure 25.
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Figure 25. AD549 Input Bias Current vs. Additional Power
Dissipation

CIRCUIT BOARD NOTES

There are a number of physical phenomena that generate spurious
currents that degrade the accuracy of low current measurements.
Figure 26 is a schematic of an I-to-V converter with these parasitic
currents modeled.
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Figure 26. Sources of Parasitic Leakage Currents

Finite resistance from input lines to voltages on the board,
modeled by resistor Rp, results in parasitic leakage. Insulation
resistance of over 10'*() must be maintained between the ampli-
fier’s signal and supply lines in order to capitalize on the AD549’s
low input currents. Standard PC board material does not have
high enough insulation resistance. Therefore, the AD549’s input
leads should be connected to standoffs made of insulating material
with adequate volume resistivity (e.g., Teflon*). The surface of
the insulator’s surface must be kept clean in order to preserve
surface resistivity. For Teflon, an effective cleaning procedure
consists of swabbing the surface with high-grade isopropyl alcohol,
rinsing with deionized water, and baking the board at 80°C for
10 minutes. '

In addition to high volume and surface resistivity, other properties
are desirable in the insulating material chosen. Resistance to
water absorption is important since surface water films drastically
reduce surface resistivity. The insulator chosen should also
exhibit minimal piezoelectric effects (charge emission due to
mechanical stress) and triboelectric effects (charge generated by
friction). Charge imbalances generated by these mechanisms can
appear as parasitic leakage currents, These effects are modeled
by variable capacitor Cp in Figure 26. The table in Figure 27
lists various insulators and their properties.'

Volume Minimal Minimal Resistance
Y Triboek Pi I to Water

Material | (fn-cm) Effects Effects k
Teflon 10"7_10" w w G
Kel-F** 107~ 10" w M G
Sapphire 10"~ 10" M G G

ylene 10™ - 10" M G ™M
Polystyrene 102 10" w M M
Ceramic 10™-10™ w M w
Glass Epoxy 10"°- 10" w M w
PVC 10— 10" G M G
Phenolic 10%- 10" w G w

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

Figure 27. Insulating Materials and Characteristics

!Electrometer Measurements, pp. 15-17, Keithley Instruments, Inc.,
Cleveland, Ohio, 1977,

*Teflon is a registered trademark of E.I. du Pont Co.
**Kel-F is a regi 1 k of 3-M C




Guarding the input lines by completely surrounding them with
a metal conductor biased near the input lines” potential has two
major benefits. First, parasitic leakage from the signal line is
reduced since the voltage between the input line and the guard
is very low. Second, stray capacitance at the input node is
minimized. Input capacitance can substantially degrade signal
bandwidth and the stability of the I-to-V converter. The case of
the AD549 is connected to Pin 8 so that it can be bootstrapped
near the input potential. This minimizes pin leakage and input
common-mode capacitance due to the case. Guard schemes for
inverting and noninverting amplifier topologies are illustrated in
Figures 28 and 29.
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AD549 &
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Y

Figure 28. Inverting Amplifier with Guard

Figure 29. Noninverting Amplifier with Guard

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

OFFSET NULLING

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

-V

Figure 30. Standard Offset Null Circuit

The approach in Figure 31 can be used when the amplifier is
used as an inverter. This method introduces a small voltage

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

e
L
)

+ (5)—"% +
v' o + Ug 3'-

459K 499K

100kil
20011 01uF
v g i

Figure 31. Alternate Offset Null Circuit for Inverter

AC RESPONSE WITH HIGH VALUE SOURCE AND
FEEDBACK RESISTANCE

Source and feedback resistances greater than 100k(} will magnify
the effect of input capacitances (stray and inherent to the AD549)
on the ac behavior of the circuit. The effects of common mode
and differential input capacitances should be taken into account
since the circuit’s bandwidth and stability can be adversely
affected.

In a follower, the source resistance and input common-mode
capacitance form a pole that limits the bandwidth to 1/27 RsCs.
Bootstrapping the metal case by connecting Pin 8 to the output
minimizes capacitance due to the package. Figures 32 and 33
show the follower pulse response from a 1M() source resistance
with and without the package connected to the output. Typical
common-mode input capacitance for the AD549 is 0.8pF.

In an inverting configuration, the differential input capacitance
forms a pole in the circuit’s loop transmission. This can create
peaking in the ac response and possible instability. A feedback
capacitance can be used to stabilize the circuit. The inverter
pulse response with R and Rg equal to 1M} appears in Figure
34. Figure 35 shows the response of the same circuit with a 1pF
feedback capacitance. Typical differential input capacitance for
the AD549 is 1pF.

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

Figure 33. Follower Pulse Response from 1 M} Source
Resistance, Case Bootstrapped
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Figure 34. Inverter Pulse Response with 1 Mf) Source and
Feedback Resistance

Figure 35. Inverter Pulse Response with 1 M{} Source and
Feedback Resistance, 1pF Feedback Capacitance

COMMON-MODE INPUT VOLTAGE OVERLOAD

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

DIFFERENTIAL INPUT VOLTAGE OVERLOAD

A plot of the AD549’s input currents versus differential input
voltage (defined as Vi + — Vinv—) appears in Figure 36. The
input current at either terminal stays below a few hundred
femtoamps until one input terminal is forced higher than 1 to
1.5V above the other terminal. Under these conditions, the
input current limits at 30pA.
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Figure 36. Input Current vs. Differential Input Voltage
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INPUT PROTECTION

The AD549 safely handles any input voltage within the supply
voltage range. Subjecting the input terminals to voltages beyond
the power supply can destroy the device or cause shifts in input
current or offset voltage if the amplifier is not protected.

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

SOURCE

v

Figure 37. Inverter with Input Current Limit

In the corresponding version of this scheme for a follower,
shown in Figure 38, Rp and the capacitance at the positive
input terminal will produce a pole in the signal frequency response
at a f=1/27RC. Again, the Johnson noise Rp will add to the
amplifier’s input voltage noise.

SOURCE

Figure 38. Follower with Input Current Limit

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

Re

SOURCE

Q? PROTECT DIODES

Figure 39. Input Voltage Clamp with Diodes



SAMPLE AND DIFFERENCE CIRCUIT TO MEASURE
ELECTROMETER LEAKAGE CURRENTS

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

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

Ce (=
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Figure 40. Sample and Difference Circuit for Measuring
Electrometer Leakage Currents

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

VE'.'RRI 10 (VQSA = [BA X RSa)
VERRZ 10 (VosB — IgB x R.Sb)

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

VA = VERRI = IG[RSEX IB(‘f')]

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

PHOTODIODE INTERFACE
The AD549’s low input current and low input offset voltage
make it an excellent choice for very sensitive photodiode preamps
(Figure 41). The photodiode develops a signal current, I5 equal
to:

Is =R xP
where P is light power incident on the diode's surface in Wartts
and R is the photodiode responsivity in Amps/Watt. Ry converts
the signal current to an output voltage:

Vour = Re x Ig

Ry 10%1

Figure 41. Photodiode Preamp

DC error sources and an equivalent circuit for a small area
(0.2mm square) photodiode are indicated in Figure 42.

Input current, Iy, will contribute an output voltage error, Vg,
proportional to the feedback resistance:

VEI = IB > Rp

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

I = Vos/Rg
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Figure 42. Photodiode Preamp DC Error Sources

The error current will result in an error voltage (Vi) at the
amplifier’s output equal to:

Ve: = (1+RpRg) Vos

Given typical values of photodiode shunt resistance (on the
order of 10°Q), Re/Rg can easily be greater than one, especially
if a large feedback resistance is used. Also, Rp/Rs will increase
with temperature, as photodiode shunt resistance typically drops
by a factor of two for every 10°C rise in temperature. An op
amp with low offset voltage and low drift must be used in order
to maintain accuracy. The AD549K offers guaranteed maximum
0.25mV offset voltage, and SpV/°C drift for very sensitive
applications.

Photodiode Preamp Noise

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

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

Figure 43. Photodiode Preamp Noise Sources
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Density vs. Frequency

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

Log Ratio Amplifier

Logarithmic ratio circuits are useful for processing signals with
wide dynamic range. The ADS49L’s 60fA maximum input
current makes it possible to build a log ratio amplifier with 1%
log conformance for input current ranging from 10pA to lmA, a
dynamic range of 160dB. The useful resolution of the log amplifier
extends down to 100fA, for a total dynamic range of 10 decades
or 200dB.

The log ratio amplifier in Figure 45 provides an output voltage
proportional to the log base 10 of the ratio of the input currents
11 and I2. Resistors R1 and R2 are provided for voltage inputs.
Since NPN devices are used in the feedback loop of the front-end
amplifiers that provide the log transfer function, the output is
valid only for positive input voltages and input currents. The
input currents set the collector currents ICl and IC2 of a matched
pair of log transistors QI and Q2 to develop voltages VA and
VB:

VA, B = — (kT/q) In IC/IES
where IES is the transistors’ saturation current.
The difference of VA and VB is taken by the subtractor section
to obtain:

VC = (kT/q) In (IC2IC1)
VC is scaled up by the ratio of (R9 + R10)/R8, which is equal
to approximately 16 at room temperature, resulting in the output
voltage:

VO'UT = lxlog(llelCl) V.
R8 is a resistor with a positive 3500ppm/°C temperature coefficient
to provide the necessary temperature compensation. The parallel
combination of R15 and R7 is provided to keep the subtractor

section’s gain for positive and negative inputs matched over
temperature.



Frequency compensation is provided by R11, R12, and C1 and
C2. The bandwidth of the circuit is 300kHz at input signals
greater than 50pA, and decreases smoothly with decreasing
signal levels.

To trim the circuit, set the input currents to 10pA and trim
A3’s offset using the amplifier’s trim potentiometer so the output
equals 0. Then set I1 to 1nA and adjust the output to equal 1V
by trimming R10. Additional offset trims on the amplifiers Al
and A2 can be used to increase the voltage input accuracy and
dynamic range.

The very low input current of the AD549 makes this circuit
useful over a very wide range of signal currents. The total input
current (which determines the low-level accuracy of the circuit)
is the sum of the amplifier input current, the leakage across the
compensating capacitor (negligible if polystyrene or Teflon
capacitor is used), and the collector to collector, and collector to
base leakages of one side of the dual log transistors. The magnitude
of these last two leakages depend on the amplifier's input offset
voltage and are typically less than 10fA with 1mV offsets. The
low-level accuracy is limited primarily by the amplifier’s input
current, only 60fA maximum when the AD5S49L is used.

The effects of the emitter resistance of Q1 and Q2 can degrade
the circuit’s accuracy at input currents above 100p.A. The networks
composed of R13, D1, R16, and R14, D2, R17 compensate for
these errors, so that this circuit has less than 1% log conformance
error at ImA input currents. The correct value for R13 and R14
depends on the type of log transistors used. 49.9k(} resistors
were chosen for use with 1.LM394 transistors. Smaller resistance
values will be needed for smaller log transistors.

FOR EACH AMPLIFIER
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Figure 45. Log Ratio Amplifier

TEMPERATURE COMPENSATED pH PROBE
AMPLIFIER

A pH probe can be modeled as a mV-level voltage source with a
series source resistance dependent upon the electrode’s composi-
tion and configuration. The glass bulb resistance of a typical pH
electrode pair falls between 10° and 10°(). It is therefore important
to select an amplifier with low enough input currents such that
the voltage drop produced by the amplifier’s input bias current
and the electrode resistance does not become an appreciable
percentage of a pH unit.

The circuit in Figure 46 illustrates the use of the AD549 as a
pH probe amplifier. As with other electrometer applications, the
use of guarding, shielding, Teflon standoffs, etc., is a must in
order to capitalize on the AD549’s low input current, If an
ADS49L (60fA max input current) is used, the error contributed
by input current will be held below 60V for pH electrode
source impedances up to 10°Q2. Input offset voltage (which can
be trimmed) will be below 0.5mV.

ADES0
IN STAINLESS
STEEL PROBE
OR ACZ626

Figure 46. Temperature Compensated pH Probe Amplifier

The pH probe output is ideally zero volts at a pH of 7 independent
of temperature. The slope of the probe’s transfer function,
though predictable, is temperature dependent (—54.2mV/pH at
0 and —74.04mV/pH at 100°C). By using an AD590 temperature
sensor and an AD535 analog divider, an accurate temperature
compensation network can be added to the basic pH probe
amplifier. The table in Figure 47 shows voltages at various
points and illustrates the compensation. The AD549 is set for a
noninverting gain of 13.51. The output of the AD590 circuitry
(point C) will be equal to 10V at 100°C and decrease by 26.8mV/
°C. The output of the AD535 analog divider (point D) will be a
temperature compensated output voltage centered at zero volts
for a pH of 7, and having a transfer function of —1.00V/pH
unit. The output range spans from —7.00V (pH=14) to +7.00V
(pH=0).

PROBE A B c D
TEMP | (PROBEOQUTPUT) | (Ax13.51) 1580 OUTPUT) | (10B/C)
0 54.20mV 0.732v 7.32V 1.00V
25°C 59.16mV 0.799V 7.99V 1.00V
37°C 61.54mV 0.831v 831v 1.00v
60°C 66.10mV 0.893Vv 8.93v 1.00V
100°C 74.04mV 1.000V 10.00V 1.00V

Figure 47. Table lllustrating Temperature Compensation
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ANALOG
DEVICES

Precision Low-Cost
Dual BiFET Op Amp

AD642

FEATURES

Matched Offset Voltage

Matched Offset Voltage Over Temperature
Matched Bias Current

Crosstalk-124dB at 1kHz

Low Bias Current: 35pA max Warmed Up
Low Offset Voltage: 500uV max

Low Input Voltage Noise: 2uV pp

High Open Loop Gain

Low Quiescent Current: 2.8mA max

Low Total Harmonic Distortion

Standard Dual Amplifier Pin Out

PRODUCT DESCRIPTION

The AD642 is a pair of marched high-speed monolithic Bi-
FET operational amplifier fabricated with the most advanced
bipolar, JFET and laser trimming technologies. The AD642
offers matched bias currents that are significantly lower than
currently available monolithic dual FET input operational
amplifiers: 35pA max matched to 25pA for the AD642K
and L; 75pA max, matched to 35pA for the AD642] and S.
In addition, the offset voltage is laser wimmed to less than
0.5mV and matched to 0.25mV for the AD642L, 1.0mV and
matched to 0.5mV for the AD642K, utilizing Analog’s laser-
wafer trimming (LWT) process.

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

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

AD642 PIN CONFIGURATION

INVERTING
INPUT

NONINVERTING 0

NONINVERTING
INPUT INPUT

V-

PIN4 1S IN ELECTRICAL
CONTACT WITH THE CASE

TOP VIEW

The AD642 is available in three versions: the “J”, “K" and
“L", all specified over the 0 to +70°C temperature range and
one version, “S”, over the -55°C to +125°C extented oper-
ating temperature range. All devices are packaged in the
hermetically-sealed, TO-99 metal can.

PRODUCT HIGHLIGHTS

1. The AD642 has tight matching specifications to ensure
high performance, eliminating the need to match indi-
vidual devices.

2. Analog Devices, unlike some manufacturers, specifies each
device for the maximum bias current at either input in the
warmed-up condition, thus assuring the user that the
AD642 will meetits published specifications in actual use,

3. Laser-wafer-trimming reduces offset voltage to as low as
0.5mV max and matched side toside to 0.25mV (AD642L),
thus eliminating the need for external nulling.

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

5. The standard dual amplifier pin out allows the AD642 to
replace lower performance duals without redesign.

6. The AD642 is available in chip form.
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SPECIFICATIUNS (@ +25°C and V5= =15V dc)

ADs4IL AD6425
Model Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOP GAIN
Vo = =10V, Ry = 2kil 100,000 250,000 250,000 250,000 viv
Torum 10 Tongars Ri = 2k 100,000 250,000 250,000 100,000 v
OUTPUT CHARACTERISTICS
Voltage (it Ry, =2k}, Ty 10 T =10 =12 =10 =12 =10 =12 =10 =12 v
Voltage Gr Ry, = 10kf}, Ty 10 Toun =12 =13 =12 =13 x12 =13 =12 =13 v
Short Circust Current 25 25 25 25 mA
FREQUENCY RESPONSE
Unity Gain Small Signal 10 1] ] 10 MHz
Full Power Response 50 50 50 50 kHz
Slew Rate, Unity Gun 20 io 0 3o 2.0 3o 0 10 Vips
INPUT OFFSET VOLTAGE'
Tnitial Offser 2.0 10 0.5 L0 mY
Input Offset Voltage Tomen 10 T 35 2.0 1o 35 my
Input Offset Voltage vs Supply,
Trean 10 T s 200 100 100 100 nviv
INPUT BIAS CURRENT?
Esther Input 10 75 10 35 10 35 0 35 pA
Offset Current 5 2 2 2 PA
MATCHING CHARACTERISTICS’
Input Offset Voltage 1.0 0.5 0.25 o5 mV
Input Offset Voltage T 10 T 35 20 1.0 35 mV
Input Buas Current 35 25 25 35 pA
Crosstalk - 124 -124 ~124 -124 dB
INPUT IMPEDANCE
Differential 10%6 1026 10'6 1046 MitipF
Common Mode 10" 106 10*6 10" MilpF
INPUT VOLTAGE RANGE
Differential* 20 =20 =20 = Y
Common Mode =10 12 =10 =12 =10 =12 10 =12 v
Common Mode Repection 76 80 B0 80 dB
INPUT NOISE s
Voltage 0 1Hz 1o 10Hz 2 2 2 2 u"’p-g_
f=10Hz 70 70 70 70 nViVHz
f=100Hz 45 45 45 45 AV Hz
f=1kHz 30 30 30 30 VA 'Hz
f=10kHzx 25 25 25 25 Vi Hz
POWER SUPPLY
Rated Performance =15 =15 =15 =5 v
Operaung =Y =18 =5 =15 =5 =15 =5 & 18 v
Quiescent Current 28 23 23 18 mA
TEMPERATURE RANGE
Operating, Rated Performance ] V70 0 (i} 0 + 70 - 55 +125 C
Storage 65 | 150 65 + 150 65 + 150 65 + 150 *C
PACKAGEOPTION®
TO-99 Suyle (H-088) AD642]H AD642KH AD642LH AD6425H
NOTES
'Input Offset Voltage specifications are guaranteed after § minutes *Defined as the maximum safe voltage between inputs, such that
of operation at T, = +25°C neither exceeds + 10V from ground
"Bias Current fi are § at erther “See Section 16 for package outhne mformation
nput after § minutes of operanon at Ty +25°C For ; . .
Ingher temperatires, the earrent doubles. every 10°C Specrficanons subject to change withoul notike
*Matchung 15 defined as the difference between parameters of Specificanons shown in boldface are tested on all production umits 4t final
the two amplifiers electrical test Resulis from those tests are wsed 1o calculate outgoing quahity
levels All mun and max specifications are guaranieed, although only those
shown in boldiace are tested on all production units.
METALIZATION PHOTOGRAPH
Dimensions shown in inches and (mm)
1 0178 -]
r 4521 ‘
] | (ramed | ™
-INPUT 2
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Typical Characteristics
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Figure 19, T.H.D. Test Circuits

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

Figure 22a, Unity Gain Inverter
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Figure 21b. Unity Gain Follower
Pulse Response (Small Signal)

Figure 22b, Unity Gain Inverter
Pulse Response (Large Signal)
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Fast settling time (8us to 0.01% for 20V p-p step), low power
and low offset voltage make the AD642 an excellent choice
for use as an output amplifier for current output D/A con-
verters such as the AD7541.

Mpnmon IMVDIV

NPT 10VDIV

Figure 24. Settling Characteristic Detail

The upper trace of the oscilloscope photograph of Figure 24
shows the settling characteristic of the AD642. The lower
trace represents the input to Figure 23. The AD642 has been
designed for fast settling to 0.01%, however, feedback com-
ponents, circuit layout and circuit design must be carefully
considered to obtain optimum settling time.
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€y, C3 = POLY!
I'l; Ra = 6% CQRDDN 1 N‘ |$ llEY»Q!. FiLm PHEFEHI‘!
. Ca = LOW LKEG, POLYPROPELENE, OR POLYCARBE, hlf 5%, 50V MIN

Figure 25. 0. 1Hz to 10Hz 2nd Order Bandpass Filter,
Maximally Flat

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

The low noise characteristics of the AD642 make it ideal for
1/f noise testing circuits. The circuit of Figure 25 is a 0.1Hz

to 10Hz bandpass filter with second order filter characteristics.

The circuit illustrated in Figure 26 uses two AD642s to con-
struct an instrumentation amplifier with low input current
(35pA max), high linearity and low offset voltage and offset
voltage drift. The AD644 may be substituted for increased
speed, but the higher open-loop gain of the AD642 maintains
better linearity over the gain range of 1 to 1000. Amplifier Al
is an AD642L for low input offset voltage (2504V max) and
low input offset voltage drift at high gains because matching
and tracking are very important for the balanced input stage.
Amplifier A2 serves two nonrelated functions, output ampli-
fier and active data-guard drive, and does not require close
matching between sections; thus it may be an AD642].
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i 130T, Lo/ € TRACKING T
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Figure 26. Precision FET Input Instrumentation Amplifier

The output impedance of 2 CMOS DAC varies with the digital
word thus changing the noise of the amplifier circuit. This
effect will cause a nonlinearity whose magnitude is dependent
on the offset voltage of the amplifier. The AD642K with tim-
med offset will minimize the effect. The Schottky protection
diodes recommended for use with many older CMOS DACs
are not required when using the AD642,
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Figure 27a. AD642 Used as DAC Output Amplifier

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

Vagr IN, 20V PP, 33kHZ

10V/DIV VERT,
Sus/DIV HORIZ

Vour,

5V/DIV VERT
5us/DIV HORIZ

SETTLING TIME 10us TO
001% ON 20V STEP

Figure 27b, Voltage Output DAC Settling Characteristic

The photo above shows the output of the circuit of Figure
27a. The upper trace represents the reference input, and the
bottom trace shows the output voltage for a digital input of
all ones on the DAC, The 47pF capacitor across the feedback
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resistor compensates for the DAC output capacitance, and the
150pF load capacitor serves to minimize output glitches.

Log amplifiers or log ratio amplifiers are useful in applications
requiring compression of wide-range analog input data, linear-
ization of transducers having exponential outputs, and analog
computing, ranging from simple translation of nawral rela-
tionships in log form (e.g., computing absorbance as the log-
ratio of input currents), to the use of logarithms in facilitating
analog computation of terms involving arbitrary exponents
and multi-term products and ratios.

The picoamp level input current and low offset voltage of the
AD642 make it suitable for wide dynamic range log ampli-
fiers. Figure 28 is a schematic of a log ratio circuit employing
the AD642 that can achieve less than 1% conformance error
over 5 decades of current input, 1nA to 100uA. For voltage
inputs, the dynamic range is typically SOmV to 10V for 1%
error, limited on the low end by the amplifiers’ input offset
voltage.

+IEV

Vi Vour = -1V LGy 11/l
GAINE:“ OR -1V LOGyp Vi V2
1 A1
L
2154k
5 1k
15,4k
V2 Sk
ik TRrc  TELLABS
s
1y o——4 TN 7 +3600ppm 081

NOTES
CIRCUIT SHOWN FOR NEGATIVE V OR Iy
-18V FOR POSITIVE INPUTS, Q1 = PNP, AND Vg =-15V

Figure 28. Log-Ratio Amplifier
The conversion between current (or voltage) input and log
output is accomplished by the base emitter junctions of the
dual transistor Q1. Assuming Q1 has §>100, which is the case
for the specified transistor, the base-emitter voltage on side 1
is to a close approximation:

VgE a = kT/qIn I,/Is;

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

Vour=-K(Vgg A -VeeB)=- _'-'K::T(ln 11/Igy =In 13/153)
Vout =-KkT/qlnI1/1

The scaling constant, K is set by R1 and Rq¢ to about 16,

to produce 1V change in output voltage per decade difference
in input signals, Rpc is a special resistor with a +3 500ppm/°C
temperature coefficient, which makes K inversely proportional
to temperature, compensating for the “T" in kT/q. The log-
ratio transfer characteristic is therefore independent of tem-
perature.

This particular log ratio circuit is free from the dynamic prob-
lems that plague many other log circuits. The ~-3dB bandwidth
is 50kHz over the top 3 decades, 100nA to 100uA, and de-
creases smoothly at lower input levels. This circuit needs no
additional frequency compensation for stable operation from
input current sources, such as photodiodes, that may have
100pF of shunt capacitance. For larger input capacitances a
20pF integration capacitor around each amplifier will provide
a smoother frequency response.

2-80 OPERATIONAL AMPLIFIERS

91

This log ratio amplifier can be readily adjusted for optimum
accuracy by following this simple procedure. First, apply V1 =
V2 =-10.00V and adjust “‘Balance" for Voyt = 0.00V. Next
apply V1 =-10.00V, V2 = ~1.00V and adjust gain for VoyT =
+1.00V. Repeat this procedure until gain and balance readings
are within 2mV of ideal values.

The low input bias current (35pA) and low noise character-
istics of the AD642 make it suitable for electrometer appli-
cations such as photo diode preamplifiers and picoampere
current-to-voltage converters. The use of guarding techniques
in printed circuit board layout and construction is critical
for achieving the ultimate in low leakage performance that
the AD642 can deliver. The input guarding scheme shown in
Figure 29 will minimize leakage as much as possible; the
guard ring should be applied to both sides of the board. The
guard ring is connected to a low impedance potential at the
same level as the inputs. High impedance signal lines should
not be extended for any unnecessary length on a printed
circuit; to minimize noise and leakage, they must be carried
in rigid shielded cables.

Figure 29, Board Layout for Guarding Inputs

INPUT PROTECTION

The AD642 is guaranteed for a maximum safe input potential
equal to the power supply potential. The input stage design
also allows differential input voltages of up to £0.5 volts while
maintaining the full differential input resistance of 10120,
This makes the AD642 suitable for low speed voltage com-
parators directly connected to a high impedance source.

Many instrumentation situations, such as flame detectors in
gas chromatographs, involve measurement of low level cur-
rents from high-voltage sources. In such applications, a sensor
fault condition may apply a very high potential to the input
of the current-to-voltage converting amplifier. This possibility
necessitates some form of input protection. Many electro-
meter type devices, especially CMOS designs, can require
elaborate zener protection schemes which often compromise
overall performance. The AD642 requires input protection
only if the source is not current-limited, and as such is similar
to many JFET-input designs. The failure mode would be over-
heating from excess current rather than voltage breakdown,

If the source is not current-limited, all that is required is a
resistor in series with the affected input terminal so that the
maximum overload current is 1.0mA (for example, 100k§2
for a 100 volt overload). This simple scheme will cause no
significant reduction in performance and give complete over-
load protection. Figure 30 shows proper connections.

SOURCE

Rp TYPICALLY 100k1 TO MO

-V
i 1 }——\b Re= L. FOR TRANSIENTS LESS THAN 1SECOND

- n;-‘iw“ FOR CONTINUOUS OVERLOADS

Figure 30. AD642 Input Protection



ANALOG
DEVICES

Dual High-Speed
Implanted BiFET Op Amp

AD644

FEATURES

Matched Offset Voltage

Matched Offset Voltage Over Temperature
Matched Bias Currents

Crosstalk -124dB at 1kHz

Low Bias Current: 35pA max Warmed Up
Low Offset Voltage: 500uV max

Low Input Voltage Noise: 2uV p-p

High Slew Rate: 13V/us

Low Quiescent Current: 4.5mA max

Fast Settling to £0.01%: 3pus

Low Total Harmonic Distortion: 0.0015% at 1kHz
Standard Dual Amplifier Pin Out

PRODUCT DESCRIPTION

The AD644 is a pair of matched high-speed monolithic FET-
input operational amplifiers fabricated with the most advanced
bipolar, JFET and laser-trimming technologies. The AD644
offers matched bias currents that are significantly lower than
currently available monolithic dual BiFET operational ampli-
fiers: 35pA max, matched to 25pA for the AD644K and

L, 75pA max matched to 35pA for the AD644] and S. In ad-
dition, the offset voltage is laser trimmed to less than 0.5mV,

and matched to 0.25mV for the AD644L, 1.0mV and matched

to 0.5mV for the AD644K, utilizing Analog Devices' laser-
wafer trimming (LWT) process.

The tight matching and temperature tracking between the
operational amplifiers is achieved by ion-implanted JFETs
and laser-wafer trimming. lon-implantation permits the fabri-
cation of precision, matched JFETs on a monolithic bipolar
chip. This process optimizes the ability to produce matched
amplifiers which have lower initial bias currents than other
popular BIFET op amps. Laser-wafer trimming each ampli-
fier’s input offset voltage assures tight initial match and super-
ior IC processing guarantees offset voltage tracking over the
temperature range,

The AD644 is recommended for applications in which both
excellent ac and dc performance is required. The matched
amplifiers provide a low cost solution to true wideband in-
strumentation amplifiers, low dc drift active filters and output
amplifiers for four quadrant multiplying D/A converters such
as the AD7541, 12-bit CMOS DAC.

The AD644 is available in four versions: the “J"", "K' and
“L" are specified over the 0 to +70°C temperature range and
the “S* over the -55°C to +125°C operating temperature
range. All devices are packaged in the hermetically-sealed,
TO-99 metal can.

AD644 PIN CONFIGURATION

INVERTING
INPUT

(5) NONINVERTING

NONINVERTING (3)
INPUT INPUT

LT

PIN 4 IS IN ELECTRICAL
CONTACT WITH THE CASE

TOP VIEW

PRODUCT HIGHLIGHTS

1. The AD644 has tight side to side matching specifications to
ensure high performance without matching individual
devices. '

2. Analog Devices, unlike some manufacturers, specifies each
device for the maximum bias current at either input in the
warmed-up condition, thus assuring the user that the
AD644 will meet its published specifications in actual use.

3. Laser-wafer-trimming reduces offset voltage to as low as
0.5mV max matched side to side to 0.25mV (AD644L),
thus eliminating the need for external nulling.

4. Improved bipolar and JFET processing on the AD644 result
in the lowest matched bias current available in a high speed
monolithic FET op amp.

5. Low voltage noise (2uV p-p) and high open loop gain en-
hance the AD644's performance as a precision op amp.

6. The high slew rate (13.0V/us) and fast settling time to
0.01% (3.0ps) make the AD644 ideal for D/A, A/D, sample-
hold circuits and dual high speed integrators.

7. Low harmonic distortion (0.0015%) and low crosstalk
(-124dB) make the AD644 an ideal choice for stereo audio
applications.

8. The standard dual amplifier pin out allows the AD644 to
replace lower performance duals without redesign.

9. The AD644 is available in chip form.
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SPECIFICATIONS o vt s v= 190

AD64L AD644S
Model Min Typ Max Min Trp Max Min Typ Max Min Typ Max Units
OPEN LOOPGAIN
Vo= =10V, Ry = 2k 30,000 50,000 50,000 50,000 vV
Torun 10 Tenaxs Re, = 2ki1 20,000 40,000 40,000 20,000 viv
OUTPUT CHARACTERISTICS
Voltage 1 Ry = 2k}, Toean 10 T +10 =1 =10 =12 =10 =i2 =10 =12 v
Voltage @ Ry = 10k{}, Tuue 10 Tonae =12 =13 *12 =13 =12 =13 =12 =13 v
Short Carcwt Current 25 25 5 25 mA
FREQUENCY RESPONSE
Unity Gain Small Signal 20 2.0 20 2.0 MHz
Full Power Response 200 200 200 200 kHz
Slew Rate, Unnty Gamn 8.0 130 8.0 130 8.0 130 8.0 130 Vips
Total Harmome Distorton 00015 0 0015 0.0015 00015 %
INPUT OFFSET VOLTAGE'
Enutial Offsey 2.0 Lo 0.5 Lo mV
Input Offset Voltage Toye 10 Tras s 20 Lo 35 mV
Inpur Offser Voltagevs Suppl:,
T e 10 T 200 100 100 100 w
INPUT BIAS CURRENT?
Enther Input 10 75 10 35 10 35 10 35 pA
Offser Current 10 L] 5 5 pA
MATCHING CHARACTERISTICS®
Input Offser Voltage 1.0 0.5 0.25 0.5 mV
Input Offset Voltage T 19 Tengs 33 0 Lo 35 mV
Input Bras Current 35 25 25 35 pA
Crosstalk - 124 — 124 - 124 - 124 dB
INPUT IMPEDANCE
Dnfferential 10" 10'%6 10'6 ID'filﬂ MiljpF
Common Mode 10'3 103 1013 1043 MiY|pF
INPUT VOLTAGE RANGE
Dufferental® =20 =20 =20 =20 v
Common Made =10 =12 =10 =z =10 =12 =10 =12 v
Common Mode Rejection 76 80 B0 B0 dB
INPUT NOISE
Voltage 0 1Hztwo 10Hz 2 ’ 2 2 uVpp_
f- 10Hz 3s 35 35 35 nV/VHz
{=100Hz 2 2 2 2 nVivHz
= 1kHz 18 18 18 18 nVivHz
f= 10kHz 6 1] 16 1] nVivHz
POWER SUPPLY
Rated Performance =15 =15 =5 =15 v
Operating =5 =18 =5 =18 =5 =18 =5 =18 v
Quiescent Current is 4.5 is 4.5 33 4.5 35 4.5 mA
TEMPERATURE RANGE
Operaung, Rated Perfdrmance 0 +70 0 + 70 0 +70 55 +125 °«
Sworage 65 #150 65 + 150 - 65 + 150 - 65 + 150 e
PACKAGE OPTION’
TO-99 Style (H-088) AD644H ADe4aKH ADG34LH AD6#4SH

NOTES

"Input Offset Voltage specifications are guaranteed after 5 munutes

of operation at Ty, = +25°C

*Defined s voltage between inputs, such that neither exceeds = 10V from ground
“See Secuon 16 for package outhne information

*Buas Current are at cither Specifications subject 1o change without nonce
input after 5 minutes of operation at Ty =+ 25°C For
hugher temperatures, the current doubles every 10°C Specifications shown i boldface are tested on all production units ar final
*Matching 15 defined as the diff betieen of the two electrical test Results from those tests are used to calculate outgong quabity
levels All mimn and max speaifications are guaranteed, although only those
shown m boldface are tested on all production umts .
METALIZATION PHOTOGRAPH
Dimensions shown in inches and (mm).
| 0178 |
‘ 14.52) l
V+
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Typical Characteristics
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Figure 23b, Settling Characteristic Detail

The fast settling time (3.0us to 0.01% for 20V p-p step) and
low offset voltage make the AD644 an excellent choice as an
output amplifier for current output D/A converters such as

the AD7541. The upper trace of the oscilloscope photograph
of Figure 23b shows the settling characteristics of the AD644.
The lower trace represents the input to Figure 23a. The AD644
has been designed for fast settling to 0.01%, however, feedback
components, circuit layout and circuit design must be carefully
considered to obtain the optimum settling time.
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Figure 24. Circuit for Driving a Large Capacitive Load

Transient Response R =2kS) Cp =500pF

The circuit in Figure 24 employs a 10082 isolation resistor
which enables the amplifier to drive capacitive loads ex-
ceeding 500pF; the resistor effectively isolates the high fre-
quency feedback from the load and stabilizes the circuit. Low
frequency feedback is returned to the amplifier summing

junction via the low pass filter formed by the 10082 series
resistor and the load capacitance, Cp.

The low input bias current (35pA), low noise, high slew rate
and high bandwidth characteristics of the AD644 make it
suitable for electrometer applications such as photodiode
preamplifiers and picoampere current-to-voltage converters.
The use of guarding techniques in printed circuit board
layout and construction is critical for achieving the ultimate in
low leakage performance that the AD644 can deliver. The in-
put guarding scheme shown in Figure 25 will minimize leakage 2
as much as possible. The same layout should be used on both
sides of a double side board. The guard ring is connected to

a low impedance potential at the same level as the inputs. High
impedance signal lines should not be extended for any unneces-
sary length on a printed circuit; to minimize noise and leakage,
such conductors should be replaced by rigid shielded cables.

Figure 25. Board Layout for Guarding Inputs

INPUT PROTECTION

The AD644 is guaranteed for a maximum safe input potential
equal to the power supply potential. The input stage design
also allows differential input voltages of up to *1 volt while
maintaining the full differential input resistance of 10'2Q.
This makes the AD644 suitable for comparator situations
employing a direct connection to high impedance source.

Many instrumentation situations, such as flame detectors in
gas chromatographs, involve measurement of low level currents
from high-voltage sources. In such applications, a sensor fault
condition may apply a very high potential to the input of the
current-to-voltage converting amplifier. This possibility neces-
sitates some form of input protection. Many electrometer type
devices, especially CMOS designs, can require elaborate zener
protection schemes which often compromise overall perfor-
mance. The AD644 requires input protection only if the source
is not current-limited, and as such is similar to many JFET-input
designs. The failure mode would be overheating from

excess current rather than voltage breakdown. If the source is
not current-limited, all that is required is a resistor in series
with the affected input terminal so that the maximum over-
load current is 1.0mA (for example, 100k{2 for a 100 volt
overload). This simple scheme will cause no significant reduc-
tion in performance and give complete overload protection.
Figure 26 shows proper connections.
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Rp= W:Ln FOR CONTINUOUS OVER LOADS
Figure 26. AD644 Input Protection
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Figure 27c. Small Signal Response

Figure 27a illustrates the 10-bit digital-to-analog converter,
AD7533, connected for bipolar operation. Since the digital in-
put can accept bipolar numbers and Vrgp can accept a bipolar
analog input, the circuit can perform a 4-quadrant multiplying
function. The photos exhibit the response to a step input at
VrEgr- Figure 27b is the large signal response and Figure 27¢
is the small signal response.

The output impedance of a CMOS DAC varies with the digital
word thus changing the noise gain of the amplifier circuit. The
effect will cause a nonlinearity the magnitude of which is
dependent on the offset voltage of the amplifier. The AD644K
with trimmed offset will minimize the effect. The Schottky
protection diodes recommended for use with many older
CMOS DACs are not required when using the AD644.

ACTIVE FILTERS

Literature on active filter techniques and characteristics based
on operational amplifiers is readily available. The successful
application of an active filter however, depends on the compo-
nent selection to achieve the desired performance. The AD644
is recommended for filters in medical, instrumentation, data
acquisition and audio applications, because of its high gain
bandwidth figure, symmetrical slewing, low noise, and low
offser voltage.
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The state variable filter (Figure 28) is stable, easily tuned and
is independent of circuit Q and gain. The use of the AD644
with its low input bias current simplifies the resistor (R3, R4)
selection for the passband center frequency, circuit Q and
voltage gain.

1o = CENTER FREQUENCY = 1/2 7 Rg
Ry + Ry
O, = QUALITY F R=
o ACTOI | g
Hg = GAIN AT RESONANCE = Rz /Ry
Ry =Ry = 1081,

Figure 28. Band Pass State Variable Filter

Qo, 1S ADJUSTABLE BY VARYING R2
fo, 1S ADJUSTABLE BY VARYING ROR C

SAMPLE/HOLD COMMAND O

Figure 29. Sample and Hold Circuit

The sample and hold circuit, shown in Figure 29 is suitable for
use with 8-bit A/D converters. The acquisition time using a
3900pF capacitor and fast CMOS SPST (ADG200) switch is
15us.

The droop rate is very low 25 X 10 V/us due to the low
input bias currents of the AD644. Care should be taken to
minimize leakage paths. Leakages around the hold capacitor
will increase the droop rate and degrade performance.

OFFSET ADJUST

% 50k R 1% RESISTORS

10061

%7‘“‘

HIGH FREQUENCY
CMA TRIMMER

50041
CMR DC TRIM

+INPUT

INSTRUMENTATION AMPLIFIER WITH GAIN OF TEN

=1+
GAIN=1* RS Ra=Ry+Rg+ R

Figure 30. Wide Bandwidth Instrumentation Amplifier

The AD644 in the circuit of Figure 30 provides highly accurate
signal conditioning with high frequency input signals, It pro-
vides an offset voltage drift of 10uV/°C, CMRR of 80dB over
the range of de to 10kHz and a bandwidth of 200kHz (-3dB)
at 1V p-p output. The circuit of Figure 30 can be configured
for a gain range of 2 to 1000 with a typical nonlinearity of
0.01% at a gain of 10.



ANALOG
DEVICES

Ultralow-Drift
Dual BiFET Op Amp

AD647

FEATURES

Low Offset Voltage Drift

Matched Offset Voltage

Matched Offset Voltage Over Temperature
Matched Bias Current

Crosstalk -124dB at 1kHz

Low Bias Current: 35pA max Warmed Up
Low Offset Voltage: 250uV max

Low Input Voltage Noise: 2uV p-p

High Open Loop Gain: 108dB

Low Quiescent Current: 2.8mA max
Low Total Harmonic Distortion

Standard Dual Amplifier Pin Out

PRODUCT DESCRIPTION

The AD647 is an ultralow-drift dual JFET amplifier that
combines high performance and convenience in a single
package.

The AD647 uses the most advanced ion-implantation and
laser wafer drift trimming technologies to achieve the highest
performance currently available in a dual JFET. lon-implan-
tation permits the fabrication of matched JFETs on a mono-
lithic bipolar chip. Laser wafer drift trimming trims both the
initial offset voltage and its drift with temperature to provide
offsets as low as 1004V (250uV max) and drifts of 2.5uV/°C
max.

In addition to outstanding individual amplifier performance,
the AD647 offers guaranteed and tested matching performance
on critical parameters such as offset voltage, offset voltage
drift and bias currents.

This high level of performance makes the AD647 especially
well suited for high precision instrumentation amplifier
applications that previously would have required the costly
selection and matching of space wasting single amplifiers.

The AD647 also offers high levels of performance for
Digital to Analog Converter output amplifiers, and filtering
applications.

The AD647 is offered in four performance grades, three
commercial (the ], K, and L) and one extended (the S). All
are supplied in hermetically sealed 8-pin TO-99 packages.

AD647 PIN CONFIGURATION

@ AMPLIFIER NO. 2

AMPLIFIER NO.1

INVERTING
INPUT

NONINVERTING (3) NONINVERTING
INPUT INPUT

V-

PIN 4 1S IN ELECTRICAL
CONTACT WITH THE CASE

PRODUCT HIGHLIGHTS

1. The AD647 is guaranteed and tested to tight matching
specifications to ensure high performance and to elimi-
nate the selection and matching of single devices.

2. Laser wafer drift trimming reduces offset voltage and off-
set voltage drifts to 2504V and 2.5uV/°C max.

3. Voltage noise is guaranteed at 4uV p-p max (0.1 to
10Hz) on K, L and S grades.

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

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

6. High open loop gain ensures high linearity in precision
instrumentation amplifier applications,

7. The standard dual amplifier pin out permits the direct sub-
stitution of the AD647 for lower performance devices.

8. The AD647 is available in chip form.
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SPEC'F'GAT'ONS (@ +25°% and V= =15V do)

AD647] ADSITE ADS47L AD&47S
Model Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOPGAIN
Vo= = 10V,Ry =2k} 100,000 250,000 250,000 250,000 viv
Torun 10 Tiaxs Ry = 2K0Y 100,000 250,000 250,000 100,000 viv
OUTPUT CHARACTERISTICS
Voltage (i Ry = 2KiL, Trp 10 Traa +10 =12 =10 =12 =19 =12 +10 =12 ¥
Voltage @ Ry = 10k, T 10 T =12 *13 x12 =13 %12 =13 +12 =13 v
Short Circunt Current 25 25 25 25 mA
FREQUENCY RESPONSE
Unity Gain Small Signal Lo 1.0 Lo Lo MHz
Full Power Response 50 50 50 50 kHz
Slew Rare, Unity Gain 2.0 30 20 EX] 2.0 in 2.0 30 Vips
INPUT OFFSET VOLTAGE'
Imitial Offset 1o 0.5 0.25 0.5 mV
Input Offset Voltage vs Temp 10 5 25 5.0 wVrc
Tnpur Offset Voltage vs Supply,
Touan 10 Trnax 200 100 100 100 nVIv
INPUT BIAS CURRENT?
Esther Input 10 75 10 s 10 35 10 35 pA
Oifset Current 5 2 2 2 pA
MATCHING CHARACTERISTICS®
Inpur Offset Voltage 1.0 0.5 0.25 0.5 mV
Input Offset Voltage T 10 T 10 5 25 10.0 pVrC
Input Bias Current 35 25 25 25 pA
Crosstalk - 124 - 124 - 124 ~124 dB
INPUT IMPEDANCE
Differential 10"]6 1036 1046 10'%6 MOpF
Common Mode 106 106 1046 ; 106 MipF
INPUT VOLTAGE RANGE
Dafferentul® =20 =20 =20 =20 v
Common Mode +10 =12 =10 =12 =10 =12 =10 =12 v
Common-Mode Repection 76 80 50 &0 dB
INPUT NOISE
Voltage 0 1Hz o 10Hz 2 4 4 4 pVp
f=10Hz 0 70 70 70 nV/VHz
f=100Hz 45 45 45 45 nVivVHz
f=1kHz 0 30 30 30 VAV Hz
f=10kHz 25 5 %5 25 nV/VHz
POWER SUPPLY
Rated Performance 15 - =I5 =15 =15 v
Operaung =5 =i8 =5 =18 =5 =18 =5 =18 v
Quiescent Current 28 28 2.8 28 mA
TEMPERATURE RANGE
Operaung, Rated Performance 0 +70 0 + 70 ] +70 -55 +125 C
Storage - 65 +150 - 65 + 130 65 + 150 ~65 + 150 “C
PACKAGE OPTION®
TO-99 Style (H-08B) ADS4TIH AD64TKH AD64TLH ADS47SH
NOTES
'Input Offset Volrage specificanons are guaranteed after § minutes *Defined as the maximum safe voltage berween inputs, such that
of operation at Ty, = +25°C neither exceeds = 10V from ground
*Bias Current specifications are guaranteed at maxmum at either See Section 16 for package outline information
mnput after 5 minutes of operation at T, = +25°C For Specificanons subject to change without notice
higher temperatures, the current doubles every 10°C
IMatching 1 defined as the difference between parameters of Specifications shown n boldface are tested on all production wnis a1 final
the two amphifiers electrical test Resules from those tests are used to calculate outgoing quality
levels All min and max specificanons are guaranteed, although only those
shown in boldface are tested on all producnon umies.
METALIZATION PHOTOGRAPH
Dimensions shown in inches and (mmj.
s 0178 |
{4.52)
v+
]
=INPUT 1 2 6 -INPUT 2
0.064
(183)

1 4 7
QUTPUT1 V- OUTPUT 2
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Typical Characteristics
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Figure 21a. Unity Gain Follower
Pulse Response (Large Signal)
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Figure 22a. Unity Gain Inverter
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Figure 21b. Unity Gain Follower
Pulse Response (Small Signal)
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Pulse Response (Large Signal)
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Applications

APPLICATION NOTES

The AD647 is fully specified under actual operating condi-
tions to insure high performance in any application, burt there
are some steps that will improve on even this high level of
performance.

The bias current of a JFET amplifier doubles with every 10°C
increase in junction temperature. Any heat source that can be
eliminated or minimized will significantly improve bias current
performance. To account for normal power dissipation, the
largest contributor to chip self-heating, the bias currents of the
AD647 are guaranteed fully warmed up with £15V supplies. A
decrease in supply voltage will decrease power consumption,
resulting in a corresponding drop in bias currents.

Open loop gain and bias currents, to some extent, are affected
by output loading. In applications where high linearity is essen-
tial, load impedance should be kept as high as possible to min-
imize degradation of open loop gain.

The outstanding ac and dc performance of the AD647 make it
an ideal choice for critical instrumentation applications. In
such applications, leakage paths, line losses and external noise
sources should be considered in the layout of printed circuit
boards. A guard ring surrounding the inputs and connected to
a low impedance potential {at the same level as the inputs)
should be placed on both sides of the circuit board. This will
eliminate leakage paths that could degrade bias current per-
formance. All signal paths should be shielded to minimize
noise pick-up.
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Figure 23. AD647 Used as DAC Output Amplifier

A CMOS DAC AMPLIFIER

The output impedance of a CMOS DAC, such as the AD7541,
varies with digital input code. This causes a corresponding vari-
ation in the noise gain of the DAC-amplifier combination.

This noise gain modulation introduces a nonlinearity whose
magnitude is dependent on the amount of offset voltage
present.

Laser wafer drift trimming lowers the initial offset voltage and
the offset voltage drift of the AD647, therefore minimizing
the effect of this nonlinearity and its drift with temperature.
This, in conjunction with the low bias current and high open
loop gain, makes the AD647 ideal for DAC output amplifier
applications.

THE AD647 USED WITH THE AD7546

Figure 24 shows the AD647 used with the AD7546 16-bit seg-
ment DAC. In this application, amplifier performance is criti-
cal to the overall performance of the AD7546. Al isused asa
dual precision buffer. Here the offset voltage match, low off-
set voltage and high open loop gain of the AD647 ensure
monotonicity and high linearity over the entire operating
temperature range. A2 serves a dual function: amplifier A isa
Track and Hold circuit that deglitches the DAC output and
amplifier B acts as an output amplifier. The performance of
the amplifiers of A2 is crucial to the accuracy of the system.
The errors of these amplifiers are added to the errors due
strictly to DAC imperfections. For this reason great care
should be used in the selection of these amplifiers. The
matching characteristics, low bias current and low tempera-
ture coefficients of the AD647 make it ideal for this appli-
cation.

Figure 24. AD647 Used with AD7546 16-Bit DAC

OPERATIONAL AMPLIFIERS 2-91

102



USING THE AD647 IN LOG AMPLIFIER APPLICATIONS
Log amplifiers or log ratio amplifiers are useful in a wide range
of analog computational applications, ranging from the simple
linearization of exponential transducer outputs to the use of
logarithms in computations involving multi-term products or
arbitrary exponents. Log amps also facilitate the compression
of wide ranging analog input signals into a range that can be
easily handled using standard circuit techniques.

The picoamp level input current and low offset voltage of the
AD647 make it suitable for wide dynamic range log ampli-
fiers. Figure 27 is a schematic of a log ratio circuit employing
the AD647 that can achieve less than 1% conformance error
over 5 decades of current input, 1nA to 100uA. For voltage
inputs, the dynamic range is typically 50mV to 10V for 1%
error, limited on the low end by the amplifiers' input offset
voltage.

Vi o= —y + Voyr == 1V LOGw ity
GMN: o OR -1V LOGw W IV 2
A

LT

1008 L
i AAA > T
5 % Rre  TELLABS
iy ——a ‘h 3 T g o8
5
1 5
CIRCUIT SHOWN FOR NEGATIVE V OR iy
b FOR POSITIVE INPUTS, 01 = PNP, AND Vj = 15V

Figure 25. Log-Ratio Amplifier

The conversion between current (or voltage) input and log
output is accomplished by the base-emitter junctions of the
dual transistor Q1, Assuming Q1 has §>>100, which is the case
for the specified transistor, the base-emitter voltage on side 1
is to a close approximation.

VBE A = kT/qIn 13 /1s;

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

KkT
Vour =-K(Vpe A - VB ) =~ =5~ (Inl1/15; ~In Iy/152)
Vout =-KkT/qIn 11/1;

The scaling constant, K is set by R1 and Ryc to about 16, to
produce a 1V change in outpur voltage per decade difference
in input signals. Ry is a special resistor with a +3500ppm/°C
temperature coefficient, which makes K inversely proportional
to temperature, compensating for the “T" in kT/q. The log-
ratio transfer characteristic is therefore independent of tem-
perature.

This particular log ratio circuit is free from the dynamic prob-
lems that plague many other log circuits. The -3dB bandwidth
is 50kHz over the top 3 decades, 100nA to 100uA, and de-
creases smoothly at lower input levels. This circuit needs no
additional frequency compensation for stable operation from
input current sources, such as photodiodes, which may have
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100pF of shunt capacitance. For larger input capacitances a
20pF integration capacitor around each amplifier will provide
a smoother frequency response.

This log ratio amplifier can be readily adjusted for optimum
accuracy by following this simple procedure, First, apply V1 =
V2 =-10.00V and adjust “Balance” for Voyt = 0.00V. Next
apply V1 =-10.00V, V2 = -1.00V and adjust gain for Voyr =
+1.00V. Repeat this procedure until gain and balance readings
are within 2mV of ideal values.

ACTIVE FILTERS

In active low pass filtering applications the dc accuracy of the
amplifiers used is critical to the performance of the filter cir-
cuits. DC error sources such as offset voltage and bias currents
represent the largest individual contributors to output error.
Offset voltages will be passed by the filtering network and
may, depending on the design of the filter circuit, be ampli-
fied and generate unacceptable output offset voltages. In filter
circuits for low frequency ranges large value resistors are used
to generate the low pass filter function. Input bias currents
passing through these resistors will generate an additional off-
set voltage that will also be passed to the output of the filter.

The use of the AD647 will minimize these error sources and,
therefore, maximize filter accuracy. The wide variety of per-
formance levels of the AD647 allows for just the amount of
accuracy required for any given application.

AD647 AS AN INSTRUMENTATION AMPLIFIER

The circuit shown in Figure 26 uses the AD647 to construct
an ultra high precision instrumentation amplifier. In this type
of application the matching characteristics of a monolithic
dual amplifier are crucial to ensure high performance.

L) R REFERENCE

(Y -

HOTES
g AND Rg ARE £1%, = Mppen"C
B3 AND R4 ARE 1%, rSlpem’C
P RGN B ARE & MATCHED W TRORK.
+001%_ L3ppm”C TRACKING TC

Figure 26. Precision FET Input Instrumentation Amplifier

The use of an AD647L as the input amplifier Al, guarantees
maximum offset voltage of 2501V, drift of 2.5uV/°C and bias
currents of 35pA. A2 serves two less critical functions in the
amplifier and, therefore can be an AD647]. Amplifier A is an
active data guard which increases ac CMRR and minimizes
extraneous signal pickup and leakage. Amplifier B is the out-
put amplifier of the instrumentation amplifier. To attain the
precision available from this configuration, a great deal of care
should be taken when selecting the external components.
CMRR will depend on the matching of resistors R1, R2, R3,
and R4. The gain drift performance of this circuit will be
affected by the matching TC of the resistors used.
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DEVICES

Dual Precision
Low-Power BiFET Op Amp

AD648

FEATURES
DC Performance:
400p.A max Quiescent Current
10pA max Bias Current, Warmed Up (AD648C)
300V max Offset Voltage (AD648C)
3pV/,C max Drift (AD648C)
2p.V p-p Noise, 0.1 to 10Hz
AC Performance:
1.8 V/ps Slew Rate
1MHz Unity Gain Bandwidth
Available in Plastic, Hermetic Cerdip and
Hermetic Metal Can Packages
MIL-STD-883B Parts Available

PRODUCT DESCRIPTION

The AD648 is a matched pair of low-power, precision monolithic
operational amplifiers. It offers both low bias current (10pA
max, warmed up) and low quiescent current (400pA max) and
is fabricated with ion-implanted FET and laser wafer trimming
technologies. Input bias current is guaranteed over the AD648’s
entire common-mode voltage range.

The economical ] grade has a maximum guaranteed offset voltage
of less than 2mV and an offset voltage drift of less than 200 V/°C.
The C grade reduces offset voltage to less than 0.30mV and
offset voltage drift to less than 3pV/°C. This level of dc precision
is achieved utilizing Analog’s laser wafer drift trimming process.
The combination of low quiescent current and low offset voltage
drift minimizes changes in input offset voltage due to self-heating
effects. Five additional grades are offered over the commercial,
industrial and military temperature ranges.

The AD648 is recommended for any dual supply op amp appli-
cation requiring low power and excellent de and ac performance.
In applications such as battery-powered, precision instrument
front ends and CMOS DAC buffers, the AD648’s excellent
combination of low input offset voltage and drift, low bias current
and low 1/f noise reduces output errors. High common mode
rejection (86dB, min on the “C” grade) and high open-loop gain
ensures better than 12-bit linearity in high impedance, buffer
applications.

The AD648 is pinned out in a standard dual op amp configuration
and is available in seven performance grades. The AD648] and
ADG648K are rated over the commercial temperature range of 0
to +70°C. The AD648A, AD648B anau .. "648C are rated over
the industrial temperature range of —40°C to + 85°C. The
AD6485 and AD648T are rated over the military temperature
range of —55°C to +125°C and are available processed to MIL-
STD-883B, Rev. C.

AD648 CONNECTION DIAGRAM
TO-99
(H) Package
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AMPLIFER NO 1 AMPLIFIER NO 2
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Extended reliability PLUS screening is available for parts specified
over the commercial and industrial temperature ranges. PLUS
screening includes 168-hour burn-in, as well as other environ-
mental and physical tests.

The AD648 is available in an 8-pin plastic mini-DIP, cerdip or
TO-99 metal can.

PRODUCT HIGHLIGHTS

1. A combination of low supply current, excellent dc and ac
performance and low drift makes the AD648 the ideal op
amp for high-performance, low-power applications.

2. The AD648 is pin compatible with industry standard dual op
amps such as the LF442, TL062, and AD642, enabling
designers to improve performance while achieving a reduction
in power dissipation of up to 85%.

3. Guaranteed low input offset voltage (2mV max) and drift
(200V/°C max) for the AD648] are achieved utilizing Analog
Devices’ laser drift trimming technology.

4. Analog Devices specifies each device in the warmed-up con-
dition, insuring that the device will meet its published specifica-
tions in actual use.

5. Matching characteristics are excellent for all grades. The
input offset voltage matching between amplifiers in the AD648]
is within 2mV, for the C grade martching is within 0.4mV.

6. Crosstalk between amplifiers is less than — 120dB at 1kHz.

7. The AD648 is available in chip form.
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SPECIFICATIONS (@ + 25 anav, = 151 s ot ot

Model ADGS)AS ADSSK/BT ADS4EC
Min Typ Max Min Typ Max Min Typ Max Units
INPUT OFFSET VOLTAGE'
Trunal Offset 075 2.0 0.3 1.0 010 03 mV
Tonun 10 Tonan 3.003.03.0 151520 0.5 mv
vs Temp 20 10 30 pVreC
vs Supply &0 86 86 dB
v5 Supply, Tens 10 T T6/76/76 80 50 dB
Long-Term Offset Stabiluy 15 15 15 wVimenth
INPUT BIASCURRENT
Esther Input®, Vew =0 5 20 3 10 3 10 pA
Euh:rlnpul‘ At Toges Ve =10 0.45/1 320 0.25/0 65/10 065 nA
Max Input Bias Current Over
Common-Mode Voltage Range 30 15 15 pA
Offset Current, Vey =0 5 10 2 5 2 5 pA
Offset Current at Ty, 0.25/0.7/10 0 15/ 35/5 035 nA
MATCHING CHARACTERISTICS®
Input Offser Voluage 10 2.0 0.5 1.0 02 0.4 mV
Input Offset Voltage Tn t© Tynax 303 03,0 1.5/1.5/2.0 0.5 mv
Input Offset Voluge vs Temp 8 5 25 pVvrc
Input Bias Current 10 5 5 pA
Crosstalk -120 =120 -120 db
INPUT IMPEDANCE
Dhfferenual 1= 10M)3 1% 103 12 10'7)3 pF
Common Mode 3% 10'3 321073 31x10'43 QlpF
INPUT VOLTAGERANGE
Dufferenual® =20 ~20 20 v
Common Mode =11 =12 =11 =12 =11 +12 v
Commeon-Mode Rejection
Vem= = 10V 16 82 86 dB
Torun 10 Tinay TeT6TE 82 86 dB
Vem= =11V 70 76 76 dn
Tenn 10 Topas 07070 76 76 dB
INPUT VOLTAGE NOISE
Voltage 0. 1Hz to 10Hz 1 2 2 4 uV p—(L
f=10Hz 80 B0 80 nVivHz
= 100Hz 40 40 40 aVivHz
f= 1kHz 30 30 30 nV/VHz
f= 10kHz 0 30 30 nVVHz
INPUT CURRENT NOISE ' o
f=1kHz 18 18 I8 ANV Hz
FREQUENCY RESPONSE
Uity Gawn, Small Signal 08 10 0.8 10 0.8 10 MHz
Full Power Response 30 30 30 kHz
Slew Rate, Unuty Gamn 1.0 18 Lo 18 Lo 1.8 Vips
Setthng Time to =0 01% 3 L] 8 (=]
OPEN LOOP GAIN
Vo= =10V, R =10k} 300 10040 300 1000 300 1000 VimV
T man 10 Tmans Ry = L0KIL 00200300 700 300 700 300 700 VimV
Vo= = 10V, Ry =5k 150 500 150 500 150 500 VimV
T 10 Tnars Ry 2 5k 1501501150 300 150 300 150 300 VimV
OUTPUT CHARACTERISTICS
Voltage @ Ry =10k11,
Tonan 10 T, =1¥=12%x12 =13 =12 =13 =12 =13 v
Voluage @ Ry =5k{1,
Toaun®0 T =lV=1l/£11 =12 +11 =12 =11 =12 N
Short Carcun Current 15 15 15 mA
POWER SUPPLY
Rated Performance =13 =15 =15 v
Operaung Range *4.5 +18 +4.5 =18 245 =18 v
Quiescent Current (Both Amplifiers) 340 400 340 400 340 400 wh
TEMPERATURE RANGE
Operaung, Rated Performance
Commercal (010 + 70°C) ADG48] AD64SK
Industrial{ — 40°C to + 85°C) ADB48A AD648B AD643C
Mulitary (- 55°Cro + 125°C) ADG4RS ADGAST
PACKAGE OPTIONS®
Plastic (N-8) ADG4EIN ADB4EEN
Cerdip (Q-8) ADB48AQ, ADG4ESQ AD648BQ, ADG4STQ ADS48C0Q
Metal Can (H-08A) ADS4SAH, AD648SH AD648BH, ADSSTH AD648CH
NOTES
'Inwl ‘Offset Voltage specificanons are guaranteed after 5 munutes of operation at Ty = +25°C
Bias Current fi are | at exther input after 5 minutes of operaton at T, =+ 25°C

For hugher tempersture, the current doubles every 10°C
*Matchung 15 defined as the difference between parameters of the two amphfiers
*Defined a3 voltages between imputs, such that neither exceeds + 10V from ground
5ee Section 16 for package outhine mformanon
Speafications subject to change without notice
Speaificanons in boldface are tested on all production units at final electncal test Results from those tests arc used to

calculate outgoing quality levels All min and max speafications are guaranteed, although only those shown in boldface
are tested on all production wnits
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ABSOLUTE MAXIMUM RATINGS'

Supply Voltage . . . .. . ... . v i u +18V
Internal Power Dissipation . . . ........... 500mW
IoputVoltageZ, oo o srsos s W saneds o Wisne s + 18V
Qutput Short Circuit Duration . . . ... ..... Indefinite
Differential Input Voltage . . . . .. ... .. +Vsand —Vs
Storage Temperature Range Q. H . . . . . —65°C to +150°C
N ....... —65°C to +125°C
Operating Temperature Range
ADGIBNE: : ciain s svas e wile silenw o 5 01t +70°C
ADG4SA/BIC . . . ... .. oo —40°C to +85°C
ADGABSIT . . . . v v v v v v n o0 s a s —55°C to +125°C
Lead Temperature Range (Soldering 60sec) . . . . . . . 300°C
NOTES

'Stresses above those listed under “Absolute Maximum Ratings” may

cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions above
those indicated in the operational sections of this specification is not
implied. Exp to absol i rating conditions for

periods may affect device reliability.
?For supply voltages less than + 18V, the absolute maximum input voltage is
equal to the supply voltage,

| 0.113(2.870) o

INVERTING
INPUT OUTPUT +Vg OUTPUT
2 1 8 7

6 INVERTING
INPUT

0.067
(1.702)

5 NONINVERTING
NONINVERTING 3 INEUT

INPUT

~Vg

CHIP DIMENSIONS AND PAD LAYOUT

Dimensions shown in inches and (mm).
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Typical Characteristics
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Figure 19a. Unity Gain Follower

10R11

Figure 20a. Unity Gain Inverter
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Figure 20b. Unity Gain Inverter Figure 20¢c. Unity Gain Inverter
Pulse Response (Large Signal) Pulse Response (Small Signal)
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Applying the AD648

APPLICATION NOTES

The AD648 is a pair of JFET-input op amps with a guaranteed
maximum Ig of less than 10pA, and offset and drift laser-trimmed
to 0.3mV and 3pV/°C respectively (AD648C). AC specs include
1MHz bandwidth, 1.8V/ps typical slew rate and 8ps settling
time for a 20V step to =0.01% — all at a supply current less
than 400p.A. To capitalize on the device’s performance, a number
of error sources should be considered.

The minimal power drain and low offset drift of the AD648
reduce self-heating or “warm-up” effects on input offset voltage,
making the AD648 ideal for on/off battery powered applications.
The power dissipation due to the AD648’s 400p.A supply current
has a negligible effect on input current, but heavy output loading
will raise the chip temperature. Since a JFET’s input current
doubles for every 10°C rise in chip temperature, this can be a
noticeable effect.

The amplifier is designed to be functional with power supply
voltages as low as +4.5V. It will exhibit a higher input offset
voltage than at the rated supply voltage of +15V, due to power
supply rejection effects. Common mode range extends from 3V
more positive than the negative supply to 1V more negative
than the positive supply. Designed to cleanly drive up to 10k{}
and 100pF loads, the AD648 will drive a 2k} load with reduced
open loop gain.

Figure 21 shows the recommended crosstalk test circuit. A
typical value for crosstalk is — 120dB at 1kHz.

0 1uF Vaur

CROSSTALK = 20 LOG ~0UT
10Vin

Figure 21. Crosstalk Test Circuit

LAYOUT

To take full advantage of the AD648’s 10pA max input current,
parasitic leakages must be kept below an acceptable level. The
practical limit of the resistance of epoxy or phenolic circuit
board material is between 1x 10202 and 3 x 10'20), This can
result in an additional leakage of 5pA between an input of 0V
and a — 15V supply line. Teflon or a similar low leakage material
(with a resistance exceeding 10'7(1) should be used to isolate
high impedance input lines from adjacent lines carrying high
voltages. The insulator should be kept clean, since contaminants
will degrade the surface resistance.

A metal guard completely surrounding the high impedance
nodes and driven by a voltage near the common mode input
potential can also be used to reduce some parasitic leakages.
The guarding pattern in Figure 22 will reduce parasitic leakage
due to finite board surface resistance; but it will not compensate
for a low volume resistivity board.

2-98 OPERATIONAL AMPLIFIERS

METAL CAN

MINI-DIP

Figure 22. Board Layout for Guarding Inputs

INPUT PROTECTION

The AD648 is guaranteed to withstand input voltages equal to
the power supply potential. Exceeding the negative supply voltage
on either input will forward bias the substrate junction of the
chip. The induced current may destroy the amplifier due to
excess heat.

Input protection is required in applications such as a flame
detector in a gas chromatograph, where a very high potential
may be applied to the input terminals during a sensor fault
condition. Figures 23a and 23b show simple current limiting
schemes that can be used. Rpporecr should be chosen such that
the maximum overload current is 1.0mA (for example 100k(}
for a 100V overload).

10pF

CURRENT
SOURCE

v

x5 Ry TYPICALLY 100k{} TO 1M1}
W W
= L4
I' Ry = 3> FOR 1 SECOND OR LESS TRANSIENTS

Rp = 1-;6'—“! FOR CONTINUOUS OVERLOAD

Figure 23a. Input Protection of I-to-V Converter

Figure 23b. Voltage Follower Input Protection Method

Figure 23b shows the recommended method for protecting a
voltage follower from excessive currents due to high voltage
breakdown. The protection resistor, Ry, limits the input current.
A nominal value of 100k{} will limit the input current to less
than ImA with a 100 volt input voltage applied.

The stray capacitance between the summing junction and ground
will produce a high frequency roll-off with a corner frequency
equal to:

_ 1 .
e =I5 R, Cor
Accordingly, a 100k{} value for R;, with a 3pF C,,,, will cause a
3dB corner frequency to occur at 531kHz.
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CURRENT
SOURCE 12

Figure 23c shows a diode clamp protection scheme for an I-to-V
converter using low leakage diodes. Because the diodes are
connected to the op amp’s summing junction, which is a virtual
ground, their leakage contribution is minimal.

Exceeding the negative common mode range on either input

6 ADg48 11 "': G terminal causes a phase reversal at the output, forcing the amplifier
D, D: 1)+ "™ D300 output to the corresponding high or low state. Exceeding the
;'x;g;s negative common mode on both inputs simultaneously forces

Figure 23c. I-to-V Converter with Diode Input Protection

the output high. Exceeding the positive common mode range on
a single input doesn’t cause a phase reversal, but if both inputs
exceed the limit the output will be forced high. In all cases,
normal amplifier operation is resumed when input voltages are
brought back within the common mode range.

D/A CONVERTER BIPOLAR OUTPUT BUFFER

The circuit in Figure 24 provides 4 quadrant multiplication with
a resolution of 12 bits. The AD648 is used to convert the AD7545
CMOS DAC’s output current to a voltage and provides the

necessary level shifting to achieve a bipolar voltage output. The
circuit operates with a 12-bit plus sign input code. The transfer
function is shown in Figure 25.

Voo A2
15012
c1 R4 A5
18 )y—{20 33pF 20k 20k
Voo Rre
Vin outi(1 2)= 6)= Vout
19) Vaer a1 T a2 7
A1 acnp (2 _(\o- 5
S04t ADT7545J A 3 e ! + o
DB11-DB0_ 7 AD648 1 AD&48
1/2 ADTS92IN
L ANALOG
is = COMMON
SIGN BIT

Figure 24. 12-Bit Plus Sign Magnitude D/A Converter

SIGNBIT

BINARY NUMBER IN DAC REGISTER

ANALOG OUTPUT

1111 1111 1111
0000 0000 0000
0000 0000 0000
1111 11171 1

- -0 O

+ Vi % (4095/4096)
0OVOLTS
0VOLTS
—Vin % (4095/4096)

NOTE: SIGNBITAT “0" CONNECTS THE NONINVERTING INPUT OF

A2TO ANALOG COMMON

Figure 25. Sign Magnitude Code Table

The AD7592 is a fully protected dual CMOS SPDT switch with
data latches. R4 and RS should match to within 0.01% to maintain
the accuracy of the converter. A mismatch between R4 and RS
introduces a gain error. Overall gain is trimmed by adjusting
Ryn. The AD648’s low input offset voltage, low drift over tem-
perature, and excellent dynamics make it an attractive low power
output buffer.

The input offset voltage of the AD648 output amplifier results
in an output error voltage. This error voltage equals the input
offset voltage of the op amp times the noise gain of the amplifier.

That is:
- Rep
Vos Output = Vg Input (1 + )

Rgp is the feedback resistor for the op amp, which is internal o
the DAC. Rg is the DAC’s R-2R ladder output resistance. The
value of Ro is code dependent. This has the effect of changing
the offset error voltage at the amplifier’s output. An output
amplifier with a sub millivolt input offset voltage is needed to
preserve the linearity of the DAC's transfer function.
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The AD648 in this configuration provides a 700kHz small signal
bandwidth and 1.8V/ps typical slew rate. The 33pF capacitor
across the feedback resistor optimizes the circuit’s response.
The oscilloscope photos in Figures 26a and 26b show small and

Figure 26a. Response to +20V p-p Reference Square
Wave

DUAL PHOTODIODE PREAMP

The performance of the dual photodiode preamp shown in
Figure 27 is enhanced by the AD648’s low input current, input
voltage offset, and offset voltage drift. Each photodiode sources
a current proportional to the incident light power on its surface.
Ry converts the photodiode current to an output voltage equal
to Rpx1s.

An error budget illustrating the importance of low amplifier
input current, voltage offset, and offset voltage drift to minimize
output voltage errors can be developed by considering the equi-
valent circuit for the small (0.2mm? area) photodiode shown in
Figure 27. The input current results in an error proportional to
the feedback resistance used. The amplifier’s offset will produce

large signal outputs of the circuit in Figure 24. Upper traces
show the input signal Vpy. Lower traces are the resulting output
voltage with the DAC’s digital input set to all 1's. The circuit
settles to +£0.01% for a 20V input step in 14us.

Figure 26b. Response to + 100mV p-p Reference Square
Wave

an error proportional to the preamp’s noise gain (1 + Rp/Rgy),
where Rgy is the photodiode shunt resistance. The amplifier's
input current will double with every 10°C rise in temperature
and the photodiode’s shunt resistance halves with every 10°C
rise. The error budget in Figure 28 assumes a room temperature
photodiode Ry of S00M{), and the maximum input current
and input offset voltage specs of an AD648C.

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

[
Re
100M12
Is
::: (2 12
D Apsag J1)——o
3)+
Vour = Rgls
i=wal Csu :: Rsu Is
20pF < S00MLY
- Ve
G AD648 J )9
PHOTO DIODE 8)—
EQUIVALENT CIRCUIT c
D——1 I—il
Re
120!\1!!1

Figure 27. A Dual Photodiode Pre-Amp
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TEMP Rsn Vos Is

°C (M) (1V) |(1+ Re/Rsp)Vos| (pA) | 1R TOTAL
-25 15,970 150 151uV 030 | 30uv 181pV
0 2,830 225 233uV 226 | 262pv | 495uv
+25 500 300 360V 10.00 | 1.0mV 1.36mV
+50 88.5 375 800V 566 | 5.6mV 6.40mV
+75 15.6 450 3.33mV 320 32mV 35.3mV
+85 7.8 480 6.63mV 640 64mV 70.6mV

Figure 28. Photodiode Pre-Amp Errors Over Temperature

INSTRUMENTATION AMPLIFIER

The AD648]’s maximum input current of 20pA per amplifier
makes it an excellent building block for the high input impedance
instrumentation amplifier shown in Figure 29. Total current
drain for this circuit is under 600pA. This configuration is
optimal for conditioning differential voltages from high impedance

sources

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

Vour
vm

=l+(R3+&)
R

Ving +

FOREACH
AMPLIFIER
+Vs

01uF

0.1pF

EVAP- S WA

Gains of 1 to 100 can be accommodated with gain nonlinearities
of less than 0.01%. The maximum input current is 30pA over
the common-mode range, with a common-mode impedance of
over 1x 10'2Q). The capacitors Cl, C2, C3 and C4 compensate
for peaking in the gain over frequency which is caused by input
capacitance.

15pF
1

AS Ry

20k 20k
AD548J (6 )—8—0 Vo
+

R6 Re a1 CMRR

20k 181k 2 ADJ

ca
$1SDF

AD548-PIN7
ADG4E-PINE

Wi

m Y

500k

200k

*Vs  RTO OFFSET
TRIM

NOTE VALUES FOR ALL CAPACITORS WERE CHOSEN
FOR BEST RESPONSE FOR GAINS OF 1 TO 5.
THEY ARE NOT REQUIRED FOR GAINS ABOVE 5.

Figure 29. Low Power Instrumentation Amplifier
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To calibrate this circuit, first adjust trimmer R1 for common-mode
rejection with + 10 volts dc applied to the input pins. Next,
adjust R2 for zero offset at Vo with both inputs grounded.
Trim the circuit a second time for optimal performance.

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



LOG RATIO AMPLIFIER

Log ratio amplifiers are useful for a variety of signal conditioning
applications, such as linearizing exponential transducer outputs
and compressing analog signals having a wide dynamic range.
The AD648’s picoamp level input current and low input offset
voltage make it a good choice for the front-end amplifier of the
log ratio circuit shown in Figure 30. This circuit produces an
output voltage equal to the log base 10 of the ratio of the input
currents I; and I;. Resistive inputs R1 and R2 are provided for
voltage inputs.

Input currents I, and I, set the collector currents of Q1 and Q2,
a matched pair of logging transistors. Voltages at points A and
B are developed according to the following familiar diode
equation:

Vee=(kT/q) In (Ic/Igs)

In this equation, k is Boltzmann’s constant, T is absolute tem-
perature, q is an electron charge, and Igg is the reverse saturation
current of the logging transistors. The difference of these two
voltages is taken by the subtractor section and scaled by a factor
of approximately 16 by resistors R9, R10, and R8. Temperature

Al
Vos ADJUST

compensation is provided by resistors R8 and R15, which have
a positive 3500 ppm/°C temperature coefficient. The transfer
function for the output voltage is:

Vour=1V logye (I/I;)

Frequency compensation is provided by R11, R12, Cl, and C2.
Small signal bandwidth is approximately 300kHz at input currents
above 100pA and will proportionally decrease with lower signal
levels. D1, D2, R13, and R14 compensate for the effects of the
two logging transistors’ ohmic emitter resistance.

To trim this circuit, set the two input currents to 10wA and
adjust Vourr to zero by adjusting the potentiometer on A3,
Then set I; to 1A and adjust the scale factor such that the
output voltage is 1V by trimming potentiometer R10. Offset
adjustment for Al and A2 is provided to increase the accuracy
of the voltage inputs.

This circuit ensures a 1% log conformance error over an input
current range of 300pA to ImA, with low level accuracy limited
by the AD648's input current, The low level input voltage
accuracy of this circuit is limited by the input offset voltage and
drift of the AD648.

FOREACH AMPLIFIER

(AD548) - PIN 7 ——ro +Vs
[ADE48)-PINS

01pF

PINg -—I—-o ~Vs

01,02 = LM334
DUAL LOG TRANSISTORS

T R15
1in [— e 1K
c1
1005% $ asak .
Rl —1}
10k ; A A3 RS A7
V) IN O—AAA a1 20k 20k 15k
Ria ¢ AD548K
499k ¥ )+
Vour
o ¥ p1 A3 &
5
2)= (3
2% < R13 4 R"°;! I
S 43.9k 2
100 SCALE
10k FACTOR
i OUTPUT OFFSET ADJ
2 20k
2 AR = A A RN A
ViIN O—AAA—g RE A9
: c2 2 20 14.3k
100pF
> Ri2 w2 08
S a9k
12
ADB48K
N [—od o D4
1001 3 o
vl
Vour = 1V x LOG
O+ ® V Vo= x 106y,
> I
499k < -V Vour =1V = LOG‘eﬁ

+ Vg ——AAA——— Vg
200k

AZ
Vos ADJUST

D1, D4 1N4148 DIODES

#R8. R15 1k + 3500 ppm~C TC RESISTOR

TEL LAB Q81 OR PRECISION RESISTOR PT146
ALL OTHER RESISTORS ARE 1% METAL FILM

Figure 30. Precision Log Ratio Amplifier
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ANALOG
DEVICES

Ultralow-Drift Op Amp

AD707

FEATURES

Very High dc Precision

15pV max Offset Voltage

0.1p.V/°C max Offset Voltage Drift

0.35pV p-p max Voltage Noise (0.1Hz to 10Hz)
8 V/pV min Open-Loop Gain

130dB min CMRR

120dB min PSRR

1nA max Input Bias Current

AC Performance
0.3V/ps Slew Rate
0.9MHz Closed Loop-Bandwidth

PRODUCT DESCRIPTION

The AD707 is a low-cost, high precision op amp with state-of-the-
art performance that makes it ideal for a wide range of precision
applications. The offset voltage spec of less than 15pV is the
best available in a bipolar op amp, and maximum input offset
current is 1.0nA. The top grade is the first bipolar monolithi¢
op amp to offer a maximum offset voltage drift of 0. lp.Vf°C,
and offset current drift and input bias current drift are both
specified at 25pA/"C maximum. g

The AD707’s open-loop gain is 8V/pV rmmmum. ov::r rhc full
+ 10V output range when driving a 1k{) load. Maximum input
voltage noise is 350nVp-p (0. le to 10Hz). CMRR and PSRR
are 130dB and 120dB minimum ‘respectively.

The AD707 is available in versions specified over commercial,
industrial and military temperature ranges. It is offered in 8-pin
plastic mini-DIP, small outline, hermetic cerdip and hermetic
TO-99 metal can packages. Chips and Mil Standard/883 parts
are also available.

AD707 CONNECTION DIAGRAMS

TO-99 (H)
Package

s
NC = NO CONNECT
NULL u n NULL

Plastic (N), - 2] s
and Cerdip (Q) = *™ 2] [ & | oureut
Packages -V [s] ne

NC = NO CONNECT

noe g | 8 nuw

iy, e =T Small Qutline
S B 1 b ourpur (R) Package

4 AD707 sEI Ne

NC = NO CONNECT

.APPI.IC&TION HIGHLIGHTS
. The' AD707’s 13V/WV typical open-loop gain and 140dB
typi¢al.common-mode rejection ratio make it ideal for precision
instrumentation applications.

2. The precision of the AD707 makes tighter error budgets
possible at a lower cost.

3. The low offset voltage drift and low noise of the AD707
allow the designer to amplify very small signals without
sacrificing overall system performance.

4. The AD707 can be used where chopper amplifiers are required,
but without the inherent noise and applicarion problems.

5. The AD707 is an improved pin-for-pin replacement for the
OP-07, OP-77 and the LT1001.
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SPECIFICAT'ONS (@ +25°C and = 15V dc, unless otherwise noted)

ADT707)/A ADT07K/B/S AD707CT
Conditions Min Typ Max Min Typ Max Min Typ Max | Units
INPUT OFFSET VOLTAGE
Il 30 2”0 10 25 5 15 nV
vs Temperature 0.3 10 0.1 0.3 0.03 0.1 wVrC
Tosin=Tonas 50 100 15 45 788 25 uv
Long-Term Stabalny 0.3 03 0.2 wVimonth
Adjustment Range Ry 20ki) =4 =4 =4 mV
INPUT BIAS CURRENT 10 2.5 05 1.5 0s 1.0 nA
Trun=Torax 2.0 40 15 3.0 1.0 2.0 nA
Average Dnift 15 40 15 25/25135 10 25 pAPC
OFFSET CURRENT Vi OV 0.5 2.0 03 1.5 0.1 1.0 nA
Toun=Temax 2.0 4.0 o 2.0 0.2 L.5 nA
Average Dnift 2 40 1 25125/35 1 25 pAFC
INPUT VOLTAGE NOISE 0 1w 10Hz 0.23 0.6 0.23 0.6 023 035 [ pVpp_
f 10H=z 103 15 10 3 14 103 13 nV/VHz
- 100Hz 10.0 130 10.0 12 10.0 110 | nV/VHz
{ 1kHz 96 110 96 10 96 110 | nViVHz
INPUT CURRENT NOISE 0 1Hz 1o 10Hz 14 35 4, I,.32-30 14 30 pApp
{ - 10Hz 03z 09 .32 “nfos 03z 08 | pA/VHz
f - 100Hz 014 027 Lodg o3 014 023 | pAVHEZ
f- IkHz 012 018 w ; 0.17 012 017 | pA/VHz
COMMON-MODE
REJECTION RATIO Vim - =13V 120 140 130 140 dB
Ty 10 T 120 140 % Mool 130 140 dB
OPEN-LOOP GAIN Vo =10V %
Rigan=2kil B 13 VipV
T 10 T 8 13 VipV
Rioan=1kil 8 13 VipV
POWER SUPPLY ) Ly
REJECTION RATIO Vi= =3Vio £18V 1307 N 120 130 dB
Tonin 10 Thoax 130 120 130 dB
FREQUENCY RESPONSE : G e
Closed-Loop Bandwidth AT09 0s 09 MHz
Slew Rate 03 015 0.3 Vius
INPUT RESISTANCE
Differential 24 100 45 200 60 200 Mo
Common Mode 200 300 400 G
OUTPUT CHARACTERISTICS
Voltage Ry oan= 10k} 13.5 14 135 14 13.5 14 =V
Rj oan=2k{) 12.5 13.0 12,5 130 125 13.0 =V
Ry oan=1k) 12.0 12:5 12.0 125 12.0 12,5 =V
Ry gan=2ki1
Tinun 10 Tinax 120 13.0 12.0 13.0 12.0 13.0 =\
OPEN-LOOPOUTPUT
Resistance 60 60 60 {
POWER SUPPLY
Current, Quiescent 25 3 2.5 3 2.5 3 mA
Power Consumplion Vi= =15V,
No Load T0 90 70 90 70 920 mW
Vi= 23V 7.2 9.0 72 9.0 72 9.0 mW
TEMPERATURERANGE
Operating, Rated Performance
Commercial Oto + 70°C AD707]N, AD707]R AD707KN, ADT07KR!
Industrial 40'Cw +85°C ADTOTAQ, ADTOTAH ADT07BQ, ADT0TBH ADT07CQ, AD70TCH
Miluary 55°Cro + 125°C AD7075Q, ADT075H AD707TQ, AD707TH
PACKAGE OPTIONS?
Plastic (N-8) ADTO7IN AD707KN
Cerdip (Q-8) ADT07AQ ADT07TBQ/SQ ADTO7CQTQ
TO-99(H-08A) AD707AH AD707BH/SH AD707CH/TH
SOIC(R-8) ADT07)R AD70TKR
NOTES

'ADTN7KR parts are production tested at + 25°Conly Al T, to T ., specifications are guaranteed but not 100% tested.

See Section 16 for package outline information
All mun and max specifications are guaranteed Specifications in boldface are tested on all production units art final electrical test.
Results from those tests are used to calculate outgoing quality levels
Speaifications are subject to change without notice
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ANALOG
DEVICES

Dual Ultralow Drift
Op Amp

AD708

FEATURES

Very High dc Precision

30V max Offset Voltage

0.3pV/°C max Offset Voltage Drift

0.35pV p-p max Voltage Noise (0.1 to 10Hz)

8 Million V/V min Open Loop Gain

130dB min CMRR

120dB min PSRR

Matching Characteristics
30pV max Offset Voltage Match
0.3u.V/°C max Offset Voltage Drift Match
140dB min CMRR Match

AC PERFORMANCE

0.3V/us Slew Rate

0.9MHz Closed-Loop Bandwidth
Single: AD707

Available in 8-Pin Plastic Mini-DIPs and Hermetic
Cerdip and TO-99 Metal Can Packages

and
Cerdip (Q) Package

TO-8 (H) Pag!_mﬁle

PRODUCT DESCR‘[PTION

voltage drift, monolithic operational amghﬁer.\ Eich, n.mphﬁel .
individually uffcrs excellent de pr:cnsioniﬁnd' all fmportantide ¥, 7, “ £
specifications show excellent stability mEMPel‘atu’.‘e “The
offset voltage drift match of 0. 3;&?&2"C anid offser vs)lrme match
of 30pV are the best available matching wﬁcahons for any .
dual bipolar op amp.

The AD708 sets a new standard for dual prec:swn op amps '&y
providing 8V/uV min open loop gain and guaranteed max input
voltage noise of 350nV p-p. Input bias current is 1.0nA max 2.
guaranteed. Offset current drift is typically 1pA/C and input

bias current drift is 25pA/°C max. Both CMRR (130dB min)

and PSRR (120dB min) are an order of magnitude improved 3
over any available single monolithic op amp except the AD707.

The AD708 is available in six performance grades. The AD708]

and AD708K are rated over the commercial temperature range 4
of 0 to +70°C and are available in plastic mini-DIP, cerdip, and
TO-99 packages. The AD708A and AD708B are rated over the
industrial temperature range of —40°C to + 85°C and are available
in cerdip and TO-99 packages. The AD708S and AD708T are
rated over the military temperature range of —55°C to + 125°C
and are available in cerdip and TO-99 packages. Military versions
are available processed to MIL-STD-883B, Rev. C..

the LT1002.
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Plastic DIP (N) Package ©UTA E

AD708 CONNECTION DIAGRAMS

-Vs

TOP VIEW

NOTE PIN 4 CONNECTED TO CASE

‘APPLICATION HIGHLIGHTS

" 1. The AD708’s 13V/uV typical open loop gain and 140dB
common-mode rejection make it ideal for precision in-
strumentation applications.

The combination of outstanding matching and individual
specfications makes the AD708 ideal for constructing high
gain, precision instrumentation amplifiers.

. The low offset voltage drift and noise of the AD708 allows
the designer to amplify very small signals without sacrificing
overall system preformance.

. Unmounted dice are available for hybrid circuit applications.

5. The AD708 is an improved replacement for the OP-207 and
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SPECIFICATIONS (@ + 27 ot 15, wies ot ot

Model ADT08]/A/S AD708K/B/'T
Conditions Min Typ Max Min Typ Max Units
INPUT OFFSET VOLTAGE 30 100 5 30 pv
i (O, 50 125/145/170 15 60 [
Drift 0.3 0.7 0.1 0.3 nVrC
Long-Term Stability 0.3 0.3 wV/month
INPUT BIAS CURRENT 1o 2.5 0.5 L0 nA
i g v 2.0 4.0 1.0 2.0 nA
Average Drift 15 40 10 25 pArC
OFFSET CURRENT Vem=0V 0.5 2.0 0.1 1.0 nA
Toun=Timax 2.0 4.0 0.2 1.5 nA
Average Drift 2 60 1 25 pArC
MATCHING CHARACTERISTICS
Offset Voltage 80 30 wV
T T max 180 60 nY
Offset Voltage Drift Lo 0.3 uViC
Input Bias Current ) 4.0 2.0 nA
Tenar=T enax 5.0 5.0 nA
Common-Mode Rejection 120 150 150 dB
b e 115 dB
Power Supply Rejection 110 dB
TemuoTraa 110 dB
Channel Separation 130 dB
INPUT VOLTAGE NOISE 0.110 10Hz 0.23 0.6 0.23 0.35 wVpp
f=10Hz 103 18 ¢ 103 12 nV/vVHz
f=100Hz 10.0 q',.;vj_% : " 100 110 | aVIVEz
f=1kHz .85 gy Mg - 9.6 11.0 nV/VHz
INPUT CURRENT NOISE 0.1Hz 10 10Hz : W14 30 pAp-p
f= 10Hz Y032 08 PA/VHzZ
f = 100Hz 0.14 023 | pA/VHz
012 017 pA/NVHz
COMMON-MODE P Tl T ! B ;
Rejection Ratio V= y 4'&" e . 140 dB
-Jllii; 7ol 4 1 s " 140 dB
OPEN LOOP GAIN
8 13 VipVv
BEY 8 13 ViV
Rpoap=1k 3 13" 8 13 VipV
POWER SUPPLY
Rejection Ratio Vg=+3Vio + 18V 110 130 120 130 dB
T 10 Tomex 110 130 120 130 dB
FREQUENCY RESPONSE
Closed Loop Bandwidth 0.5 0.9 0.5 0.9 MHz
Slew Rate 0.15 0.3 0.15 0.3 Vips
INPUT RESISTANCE
Differential 20 60 50 200 M0
Common Mode 200 400 GO
OUTPUT VOLTAGE Ryoap=10kil 135 14 135 14 =V
Rioan=2k0 12.5 13.0 12.5 13.0 *V
Rioap=1k0 12.0 12.5 12.0 125 =V
Rioap=2kfl
Teun 0 Tonax 12.0 13.0 12.0 13.0 =V
OPEN LOOPOUTPUT
Resistance 60 60 (4]
POWER SUPPLY
Current, Quiescent 4.5 5.5 4.5 5.5 mA
Power Consumption V=15V,
No Load 135 165 135 165 mW
V= =3V 12 18 12 18 mW
Operating Range +3 =22 3 =22 N
PACKAGE OPTIONS'
Plastic (N-8) ADT08]N AD708KN
Cerdip(Q-8) AD708JQ/AQ/SQ AD708KQ/BQTQ
TO-99(H-08A) ADT08JH/AH/SH AD708KH/BH/TH
NOTE

'See Section 16 for package outline wformanion

Specificanons subject to change without notice
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ANALOG
DEVICES

Precision Low-Cost
High-Speed BiFET Op Amp

AD711

FEATURES
AC PERFORMANCE:
Settles to +0.01% in 1ps
16V/ps min Slew Rate (AD711J)
3MHz min Unity Gain Bandwidth (AD711J)
DC PERFORMANCE:
0.25mV max Offset Voltage: (AD711C)
3pV/°C max Drift: (AD711C)
200V/mV min Open-Loop Gain (AD711K)
4pV p-p max Noise, 0.1Hz to 10Hz (AD711C)
Available in Plastic Mini-DIP, Plastic SO, Hermetic
Cerdip, and Hermetic Metal Can Packages
MIL-STD-883B Parts Available
Dual Version Available: AD712

PRODUCT DESCRIPTION

The AD711 is a high-speed, precision monolithic operational
amplifier offering high performance at very modest prices. Its
very low offset voltage and offset voltage drift are the results of
advanced laser wafer trimming technology. These performance
benefits allow the user 1o easily upgrade existing designs that
use older precision BiFETs and, in many cases, bipolar op
amps.

The superior ac and dc performance of this op amp makes it
suitable for active filter applications. With a slew rate of 16V/us
and a settling time of lps to =0.01%, the AD711 is ideal as a
buffer for 12-bit D/A and A/D Converters and as a high-speed
integrator. The settling time is unmatched by any similar IC
amplifier.

The combination of excellent noise performance and low input
current also make the AD711 useful for photo diode preamps.
Common-mode rejection of 88dB and open loop gain of 400V/mV
ensure 12-bit performance even in high-speed unity gain buffer
circuits.

The AD711 is pinned out in a standard op amp configuration
and is available in seven performance grades. The AD711] and
AD711K are rated over the commercial temperature range of 0
to +70°C. The AD711A, AD711B and AD711C are rated over
the industrial temperature range of —40°C to + 85°C. The
AD711S8 and AD711T are rated over the military temperature
range of —55°C to + 125°C and are available processed to MIL-
STD-883B, Rev. C.

AD711 CONNECTION DIAGRAMS

TO-99 Plastic Mini-DIP (N)
(H) Package Small Outline (R)
and
e Cerdip (Q) Packages

, orrser wunL [ 1] (8] ne
TRAELRS, D
O LU L nvnm:: 5] %] oureur

NONINVERTING () (%) orrser nuL v | 4] | 5 | orrser muiL
s
Ve TOP VIEW
NOTE PIN 4 CONNECTED TO CASE
o viEw 10611
® ®
(4) 15w
Vs TR

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

The AD711 is available in an 8-pin plastic mini-DIP, 8-pin
small outline, cerdip, or TO-99 metal can.

PRODUCT HIGHLIGHTS

1. The AD711 offers excellent overall performance at very
competitive prices.

2. Analog Devices' advanced processing technology and with
100% testing guarantees a low input offset voltage (0.25mV
max, C grade, 2mV max, ] grade). Input offset voltage is
specified in the warmed-up condition. Analog Devices’ laser
wafer drift trimming process reduces input offset voltage
drifts to 3uV/°C max on the AD711C.

3. Along with precision dc performance, the AD711 offers
excellent dynamic response. It settles to =0.01% in lps and
has a 100% tested minimum slew rate of 16V/us. Thus this
device is ideal for applications such as DAC and ADC buffers
which require a combination of superior ac and dc
performance.

4. The AD711 has a guaranteed and tested maximum voltage
noise of 40V p-p, 0.1 to 10Hz (AD711C).

5. Analog Devices’ well-matched, ion-implanted JFETSs ensure
a guaranteed input bias current (at either input) of 25pA max
(AD711C) and an input offset current of 10pA max (AD711C).
Both input bias current and input offset current are guaranteed
in the warmed-up condition.

6. Available in chip form.
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SPECIFICATIONS (@ -+ 251 n0v, = 15, iss ot oo

Model ADTI1JIA/S ADTIIK/RT AD71IC
Min Typ Max Min Typ Max Min Typ Max Units
INPUT OFFSET VOLTAGE'

Inirial Offser 03 211 0.2 0.5 0.1 0.25 mV
Tonin 10 Trnax inen 1.0 0.45 mV
vs. Temp, 7 2012020 5 10 2 3 uvrC
vs. Supply 76 95 80 100 86 110 dB
v5. Supply, Toun 10 Toue T6/76/76 80 86 dB

Long Term Offset Stability 15 15 15 wVimonth

INPUT BIAS CURRENT?

Either Input, Vey =0 15 50 15 50 15 25 pA

Exther Input at T pasy 1.1/3.251 113,251 1.6 nA
Vem =0(70°CR5°C/125°C)

Either Input, Vey = + 10V 20 100 20 100 20 50 pA

Offset Current, Ve = 0 10 25 5 25 5 10 pA

Offset Current at Ty
(T0°C/BS°C1125°C) 0.57/1.6/26 0.57/1.626 0.65 nA

FREQUENCY RESPONSE

Unity Gain, Small Signal 30 4 ER 4 34 4 MHz

Full Power Response 200 200 200 kHz

Slew Rate, Unity Gain 16 20 18 20 18 20 Vips

Settling Time to 0.01%* 1 1.2 1 12 1 12 s

Total Harmonic Distoriion
f=1kHz

Ry =2k(l, Vo= 3VRMS 0.0003 0 0003 0 0003 %

INPUT IMPEDANCE
Differential 3x 10155 3x107)15.5 3% 105 5 11 pF
Common-Mode 3x10"%)5.5 3% 107 5.5 310755 11| pF
INPUT VOLTAGE RANGE

Differental® =20 =20 =20 v

Common-Mode Voltage +14.5, - 11.5 +14.5,-115 +145, 115
Over Max Operating Range® | —Vg+4V +Vs=2V | —vg+av +Vs—2V | —=Vs+4v +Vs=2v | v

Common-Mode Rejection Rauo
Vem= =10V 76 B8 80 B8 86 94 dB

Toa10 Tois 76/76/T6 84 80 84 86 90 dB

Vem= =1V 70 B4 76 B4 76 90 dB

Taunt0T max 70/70/70 &0 74 B0 74 B4 dB
INPUT VOLTAGE NOISE

Voltage 0. 1Hz 1o 10Hz 2 2 2 4.0 rVpp
f=10Hz 45 45 45 nV/\VHz
f=100Hz 2 2 2 nV/VHz
f=1kHz 18 18 18 nVivVHz
£ 10kHz 16 16 16 aVivVHz

INFPUT CURRENT NOISE
f=1kHz 0.01 0.01 001 pA/VHz
OPEN LOOP GAIN®

Vo= =10V, Ry =2k} 150 400 200 400 200 400 VimV

Vo= = 10V, Ry =2k(},

Tinaas 10 T 100/100/100 100 100 VimV
OUTPUT CHARACTERISTICS

Voltage @ Ry =2k +13,-12.5 +13.9,-13.3 +13,—-12.5 +13.9,-133 +13,-125 +139,-133 v

Voltage @ Ry =2k{},

Tonan 10 T 1212212 +13.8,-131 12 +13.8,-13.1 12 P13 8, 131 v

Short-Cireust Current 5 25 25 mA

POWER SUPPLY

Rated Performance =15 =1s =15 v

Operatng Range *4.5 +18 +4.5 +18 +4.5 =18 v

Quiescent Current 25 3.4 25 3.0 15 2.8 mA

TEMPERATURE RANGE

Operating, Rated Performance
Commercial (0 to + 70°C) AD711) ADTIHEK
Industrial { — 40°C 1o + 85°C) ADT11IA AD711B ADTNIC
Mulitary ( - 55°C o + 125°C) AD7115 ADTNT

PACKAGE OPTIONS

Plastic (N-8) ADT71IJN ADTIIEN

SOIC(R-8) ADTI1JR AD711IKR

Cerdip (Q-8) AD711AQ,AD7115Q AD711BQ, AD711TQ ADTIICQ

TO-99(H-08A) ADT11AH, AD7115H AD7I1BH,ADTIITH ADT1ICH
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NOTES

'Input offset voltage specifications are guaranteed after 5 minutes of
operatwon at Ty = +25°C

*Buas current are at exther input after
5 munutes of operation at Ty = + 25°C.For hugher temperature, the
current doubles every 10°C.

*Refer to Figure 29.

*Defined as voltage between inputs, such that neither exceeds + 10V
from ground,

Typically exceeding — 14,1V negative common-mode voltage on either
anput results in an output phase reversal

“Open Loop Gain is specified with Vg both nulled and unnulled,

"See Section 16 for package outline mformation

Specifications subject to change without notice.

Specifications i boldface are tested on all production units ar final electrical
test. Results from those tests are used to calculate outgomg quality levels

All min and max i are d, although only those shown in
boldface are rested on all production units.

Supply Voltage . ¢ ox v o6 sie 5ams wie woimin w s +18V
Internal Power Dissipation . . . . . v e e e e eos 500mW
Input Voltage? . . . . .. . v v vttt e e + 18V
Output Short Circuit Duration . . . . . ... ... Indefinite
Differential Input Voltage . . . . .. ... .. +Vsand — Vs
Storage Temperature Range Q, H . . . . . —65°C to +150°C

Storage Temperature Range N
Operating Temperature Range
ADTINK: v si i e o Qs e vt 0t +70°C
AD711A/B/C —40°C to +85°C

....... —65°C to +125°C

METALIZATION PHOTOGRAPH
Dimensions in inches and (mm).

OFFSET NULL
1

INVERTING 2
NPT

NONINVERTING 3
NPUT

ATTHSIT" ¢ um wm oo e soagrens s —55°C o +125°C
Lead Temperature Range (Soldering 60 seconds) . . . . 300°C
NOTES :

'Stresses above those histed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress ranng only and functional
operation of the device at these or any other conditions above those
indicated in the operational section of this specification 1s not implied.
Exposure 1o absolute maximum rating conditions for extended periods may
affect device reliabality.

For supply voltages less than + 18V, the absolute maximum input voltage 15
equal to the supply voltage.
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Typical Characteristics
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Typical Characteristics
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Figure 19. Slew Rate vs. Temperature

Figure 21. Offset Null Configurations

Figure 22a. Unity Gain Follower Figure 22b. Unity Gain Follower Figure 22¢c. Unity Gain Follower
Pulse Response (Large Signal) Pulse Response (Small Signal)

Vour

Ry Cy
2kt é 100pF

Figure 23a. Unity Gain Inverter Figure 23b. Unity Gain Inverter Figure 23c. Unity Gain Inverter
Pulse Response (Large Signal) Pulse Response (Small Signal)
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OPTIMIZING SETTLING TIME

Most bipolar high-speed D/A converters have curent outputs;
therefore, for most applications, an external op amp is required
for current-to-voltage conversion. The settling time of the con-
verter/op amp combination depends on the settling time of the
DAC and output amplifier. A good approximation is:

t, Total = V(t, DACY + (1, AMP)

The settling time of an op amp DAC buffer will vary with the
noise gain of the circuit, the DAC output capacitance, and with
the amount of external compensation capacitance across the
DAC output scaling resistor.

Settling time for a bipolar DAC is typically 100 to 500ns. Previ-
ously, conventional op amps have required much longer settling
times than have typical state-of-the-art DACs; therefore, the
amplifier settling time has been the major limitation to a high-speed
voltage-output D-to-A function. The introduction of the AD711/
712 family of op amps with their 1ps (to +0.01% of final value)
settling time now permits the full high-speed capabilities of
most modern DACs to be realized.

0 1pF

BIPOLAR

OFFSET ADJUST

In addition to a significant improvement in settling time, the
low offset voltage, low offset voltage drift, and high open-loop
gain of the AD711 family assures 12-bit accuracy over the full
operating temperature range.

The excellent high-speed performance of the AD711 is shown in
the oscilloscope photos of Figure 25. Measurements were taken
using a low input capacitance amplifier connected directly to the
summing junction of the AD711 - both photos show the worst
case situation: a full-scale input transition. The DAC's 4kf}
[10k(2||8k(2 = 4.4k(]] output impedence together with a 10k{2
feedback resistor produce an op amp noise gain of 3.25. The
current output from the DAC produces a 10V step at the op
amp output (0 to — 10V Figure 25a, — 10V to 0V Figure 25b.)

Therefore, with an ideal op amp, settling to + 1/2LSB (+0.01%)
requires that 375V or less appears at the summing junction.
This means that the error between the input and output (that
voltage which appears at the AD711 summing junction) must be
less than 375uV. As shown in Figure 25, the total settling time
for the AD711/AD565 combination is 1.2 microseconds.

lout =
4 x lpee x
CODE

—0
OUTPUT

AD711
SUMMING
JUNCTION

ov

AD711
OUTPUT

=10V

a. (Full-Scale Negative Transition)

=10V TO +10V

AD711
SUMMING
JUNCTION

ov

AD711
OUTPUT

=10V

b. (Full-Scale Positive Transition)

Figure 25. Settling Characteristics for AD711 with AD565A
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OP AMP SETTLING TIME - A MATHEMATICAL
MODEL

The design of the AD711 gives careful attention to optimizing
individual circuit components; in addition, a careful tradeoff
was made: the gain bandwidth product (4MHz) and slew rate
(20V/ps) were chosen to be high enough to provide very fast
settling time but not too high to cause a significant reduction in
phase margin (and therefore stability). Thus designed, the AD711
settles to +0.01%, with a 10V output step, in under lps, while
retaining the ability to drive a 250pF load capacitance when
operating as a unity gain follower.

If an op amp is modeled as an ideal integrator with a unity gain
crossover frequency of wg/2w, Equation 1 will accurately describe
the small signal behavior of the circuit of Figure 26a, consisting
of an op amp connected as an I-to-V converter at the output of
a bipolar or CMOS DAC. This equation would completely
describe the output of the system if not for the op amp’s finite
slew rate and other nonlinear effects.

Equation 1.
) f -R
v RG+ G, (ﬁ + RC;) s +1
wﬂ mﬂ

w, . .
where 2—" =op amp’s unity gain frequency
T

Gn = “noise” gain of circuit (1 + ‘%;)

This equation may then be solved for Cy:

Equation 2.
_ 2 -Gy, 2VRCyw, + (1-Gy)
L Ruw, i Ruw,

In these equations, capacitor Cx is the total capacitance appearing
at the inverting terminal of the op amp. When modeling a DAC
buffer application, the Norton equivalent circuit of Figure 26a
can be used directly; capacitance Cx is the total capacitance of
the output of the DAC plus the input capacitance of the op amp
(since the two are in parallel)

=
o

Figure 26a. Simplified Model of the AD711 Used as a
Current-Out DAC Buffer
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When Rg and Ig are replaced with their Thevenin Vg and Ryy
equivalents, the general purpose inverting amplifier of Figure
26b is created. Note that when using this general model, capaci-
tance Cy is EITHER the input capacitance of the op amp if a
simple inverting op amp is being simulated OR it is the combined
capacitance of the DAC output and the op amp input if the
DAC buffer is being modeled.

Figure 26b. Simplified Model of the AD711 Used as an
Inverter

In either case, the capacitance Cy causes the system to go from
a one-pole to a two-pole response; this additional pole increases
settling time by introducing peaking or ringing in the op amp
output. Since the value of Cx can be estimated with reasonable
accuracy, Equation 2 can be used to choose a small capacitor,
Cg, to cancel the input pole and optimize amplifier response.
Figure 27 is a graphical solution of Equation 2 for the AD711
with R = 4k(l.

4 / /]
50 V.
&-n /yo r\? ;"G :,
o ng o Jo |f &
40
/ /
& » // /
20 }
10 ]
—
-
00 10 20 30 40 S0 &0

Figure 27. Value of Capacitor Cg vs. Value of Cx
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The photos of Figures 28a and 28b show the dynamic response overloading amplifier A2 and then a second time to avoid over-
of the AD711 in the settling test circuit of Figure 29. loading the oscilloscope preamp. The Tektronix oscilloscope
The input of the settling time fixture is driven by a flat-top preamp. type 7A26 b carefully choscg because it does not
pulse generator. The error signal output from the false summing ovcrlog.d with these input levels. Amghﬁer AZ needs_ tobea
node of Al is clamped, amplified by A2 and then clamped very high speed FET-input op amp; it provides a gain of 10,
again. The error signal is thus clamped twice: once to prevent amplifying the error signal output of Al.

Figure 28a. Settling Characteristics 0 to + 10V Step Figure 28b. Settling Characteristics 0 to — 10V Step
Upper Trace: Output of AD711 Under Test (5V/Div) Upper Trace: Output of AD711 Under Test (5V/Div)
Lower Trace: Amplified Error Voltage (0.01%/Div) Lower Trace: Amplified Error Voltage (0.01%/Div)

TEXTRONIX 7AZ6

| oscitLoscoee |
2080 Vennon * & ]rlu“;u“?‘;ec"nun |
|
N J 1M 20pF l
wass | L
VAV, I
| SR
_D;A_ -‘
I DYNAMICS ]
5109
| [
lion °
[FarTor o |
|pclt'-:“|-'|sﬁfumn: |
b d
—i\f r!V
Figure 29. Settling Time Test Circuit
Plastic DIP (N) Package
GUARDING T0-99 (H) Package and
The low input bias current (15pA) and low noise characteristics " Cerdip (Q) Package)
of the AD711 BiFET op amp make it suitable for electrometer . .
applications such as photo diode preamplifiers and picoampere % 6 d s ~O O~
current-to-voltage converters. The use of a guarding technique 4 5
such as that shown in Figure 30, in printed circuit board layout o=0 " Da_D O~
and construction is critical to minimize leakage currents. The =0 D{
guard ring is connected to a low impedance potential at the p q 8
same level as the inputs. High impedance signal lines should not 1 9 7 1] O~
be extended for any unnecessary length on the printed circuit 8
board. Figure 30. Board Layout for Guarding Inputs
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D/A CONVERTER APPLICATIONS

The AD711 is an excellent output amplifier for CMOS DACs.

Iz can be used to perform both 2 quadrant and 4 quadrant operation.
The output impedance of a DAC using an inverted R-2R ladder
approaches R for codes containing many 1s, 3R for codes containing
a single 1, and for codes containing all zero, the output impedance
is infinite.

For example, the output resistance of the AD7545 will modulate
between 11k(} and 33k{). Therefore, with the DAC’s internal
feedback resistance of 11k{), the noise gain will vary from 2 to
4/3. This changing noise gain modulates the effect of the input
offset voltage of the amplifier, resulting in nonlinear DAC-
amplifier performance.

The AD711K with guaranteed 500V offset voltage minimizes
this effect to achieve 12-bit performance.

Figures 31 and 32 show the AD711 and AD7545 (12-bit CMOS
DAC) configured for unipolar binary (2-quadrant multiplication)
or bipolar (4-quadrant multiplication) operation. Capacitor C1
provides phase compensation to reduce overshoot and ringing.

Voo

GAIN
ADJUST

outt (1)

@ Ve

AD7545

A1

AGND
DGND

ANALOG
COMMON

*REFER TO TABLE |
DB11-DBO

Figure 31. Unipolar Binary Operation

*FORVALUES OF R1 AND A2,
SEETABLE!

Figure 32. Bipolar Operation

R1 and R2 calibrate the zero offset and gain error of the DAC.
Specific values for these resistors depend upon the grade of
AD7545 and are shown below,

TRIM

RESISTOR | JN/AQ/SD | KN/BQ/TD | LN/CQUD | GLN/GCQ/GUD
Rl 50002 20002 1000 200}
R2 1500 6800 330 6.80

Table I. Recommended Trim Resistor Values vs. Grades
of the AD7545 for Vpp=+5V
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Figures 33a and 33b show the settling time characteristics of the
AD711 when used as a DAC output buffer for the AD7545.

a. Full-Scale Positive Transition

b. Full-Scale Negative Transition

Figure 33. Settling Characteristics for AD711 with AD7545

NOISE CHARACTERISTICS

The random nature of noise, particularly in the I/F region,
makes it difficult to specify in practical terms. At the same ,
time, designers of precision instrumentation require certain
guaranteed maximum noise levels to realize the full accuracy of
their equipment.

The AD711C grade is specified at a maximum level of 4.0V
p-p, in a 0.1 to 10Hz bandwidth. Each AD711C receives a
100% noise test for two 10-second intervals; devices with any
excursion in excess of 4.0V are rejected. The screened lot is
then submitted to Quality Control for verification on an AQL
basis.

All other grades of the AD711 are sample-tested on an AQL
basis to a limit of 6.V p-p, 0.1 to 10Hz.



DRIVING THE ANALOG INPUT OF AN A/D
CONVERTER

An op amp driving the analog input of an A/D converter, such
as that shown in Figure 34, must be capable of maintaining a
constant output voltage under dynamically changing load condi-
tions. In successive-approximation converters, the input current
1s compared 1o a series of switched trial currents. The comparison
point is diode clamped but may deviate several hundred millivolts
resulting in high frequency modulation of A/D input current.
The output impedance of a feedback amplifier is made artificially
low by the loop gain. At high frequencies, where the loop gain
is low, the amplifier output impedance can approach its open
loop value. Most IC amplifiers exhibit a minimum open loop
output impedance of 25¢} due to current limiting resistors, A
few hundred microamps reflected from the change in converter

ADS74

MIDOLE @

DFFSET
ADJUST

ANALDG COM

-5V

Figure 34. AD711 as ADC Unity Gain Buffer

V ADC N

20005

b. Sink Current = TmA
Figure 35. ADC Input Unity Gain Buffer Recovery Times

loading can introduce errors in instantaneous input voltage. If
the A/D conversion speed is not excessive and the bandwidth of
the amplifier is sufficient, the amplifier’s output will return to
the nominal value before the converter makes its comparison.
However, many amplifiers have relatively narrow bandwidth
yielding slow recovery from output transients. The AD711 is
ideally suited to drive high speed A/D converters since it offers
both wide bandwidth and high open-loop gain.

DRIVING A LARGE CAPACITIVE LOAD

The circuit in Figure 36 employs a 100(} isolaton resistor which
enables the amplifier to drive capacitive loads exceeding 1500pF;
the resistor effectively isolates the high frequency feedback from
the load and stabilizes the circuit. Low frequency feedback is
returned to the amplifier summing junction via the low pass
filter formed by the 100(} series resistor and the load capacitance,
C;.. Figure 37 shows a typical transient response for this
connection.

& 99kL
30pF
—_—
Vg
0 1pF
e
soma Ry
o 2)- 1001 OUTPUT
i1
ot ADT )

I+ G 0 1uF & L
i ‘.E?' %

TYPICAL CAPACITANCE
LIMIT FOR VARIOUS
LOADRESISTORS

R GUPTO

Figure 37. Transient Response Ry, = 2kf), C; =500pF

ACTIVE FILTER APPLICATIONS
In active filter applications using op amps, the dc accuracy of
the amplifier is critical to optimal filter performance. The am-

plifier’s offset voltage and bias current contribute to output
error, Offset voltage will be passed by the filter and may be

amplified to produce excessive output offset. For low frequency
applications requiring large value input resistors, bias currents
flowing through these resistors will also generate an offset
voltage.

In addition, at higher frequencies, an op amp's dynamics must
be carefully considered. Here, slew rate, bandwidth, and open-loop
gain play a major role in op amp selection. The slew rate must
be fast as well as symmetrical to minimize distortion. The am-
plifier’s bandwidth in conjunction with the filter's gain will

dictate the frequency response of the filter.

The use of a high performance amplifier such as the AD711 will
minimize both dc and ac errors in all active filter applications.
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SECOND ORDER LOW PASS FILTER

Figure 38 depicts the AD711 configured as a second order But-
terworth low pass filter, With the values as shown, the corner
frequency will be 20kHz; however, the wide bandwidth of the
AD711 permits a corner frequency as high as several hundred
kilohertz. Equations for component selection are shown below.

R1 = R2 = user selected (typical values: 10k} — 100k(})
c1 = 1.414 _ 0.707
(2m) (fcumff) R (2m) (fculnﬂ') (R1)

Where C1 and C2 are in farads.

L
20kit

Figure 38. Second Order Low Pass Filter

An important property of filters is their out-of-band rejection.
The simple 20kHz low pass filter shown in Figure 38, might be
used to condition a signal contaminated with clock pulses or
sampling glitches which have considerable energy content at
high frequencies.

The low output impedance and high bandwidth of the AD711
minimize high frequency feedthrough as shown in Figure 39.
The upper trace is that of another low cost BIFET op amp
showing 17dB more feedthrough at SMHz.

Figure 39.

9 POLE CHEBYCHEY FILTER

Figure 40 shows the AD711 and its dual counterpart, the AD712,
as a 9 pole Chebychev filter using active frequency dependent
negative resistors (FDNR). With a cutoff frequency of 50kHz
and better than 90dB rejection, it may be used as an anti-aliasing
filter for a 12-bit Data Acquisition System with 100kHz
throughput.

As shown in Figure 40, the filter is comprised of four FDNRs

+15V
0 1uF

(A, B, C, D) having values of 4.9395 % 10~'5 and 5.9276 %10~ !5
farad-seconds. Each FDNR active network provides a two-pole
response; for a total of 8 poles. The 9th pole consists of a 0.001pF
capacitor and a 124k(} resistor at Pin 3 of amplifier A2. Figure
41 depicts the circuits for each FDNR with the proper selection
of R. To achieve optimal performance, the 0.001wF capacitors
must be selected for 1% or better matching and all resistors
should have 1% or better tolerance.

Vin
3 +A| ! ”?}"F 280042 619011 649011 619010 280041
ap711 L& P — A — A AAA—— AN,
VAl 0 1uF 49395E™ | 592766 " | S9276E™ | 49395
Y| | PRI R
| = = = o]
- 15V 100k =l i = T Tl O
Bolodile_|od o= b
*SEE TEXT e

v

r~ 0 001,F

~ 0 001F

Tty
1

A 249 FOR 4 93956 "
29 4k FOR § 9278E ™

Figure 41. FDNR for 9 Pole Chebychev Filter
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ANALOG
DEVICES

Dual Precision
High-Speed BiFET Op Amp

AD712

FEATURES
AC PERFORMANCE:
Settles to £0.01% in 1ps
16V/ps min Slew Rate (AD712J)
3MHz min Unity Gain Bandwidth (AD712J)
DC PERFORMANCE:
0.30mV max Offset Voltage: (AD712C)
5pV/°C max Drift: (AD712C)
200V/mV min Open Loop Gain (AD712K)
4pV p-p max Noise, 0.1Hz to 10Hz (AD712C)
Available in Plastic, Hermetic Cerdip, and Hermetic
Metal Can Packages
MIL-STD-883B Parts Available

PRODUCT DESCRIPTION

The AD712 is a high-speed, precision monolithic operational
amplifier offering high performance at very modest prices. Its
very low offset voltage and offset voltage drift are results of
advanced laser wafer trimming technology. These performance
benefits allow the user to easily upgrade existing designs that
use older precision BiFETs and, in many cases, bipolar op
amps.

The superior ac and dc performance of this op amp makes it
suitable for active filter applications. With a slew rate of 16V/ps
and a settling time of lps to =0.01%, the AD712 is ideal as a
buffer for 12-bit D/A and A/D Converters and as a high-speed
integrator. The settling time is unmatched by any similar IC
amplifier.

The combination of excellent noise performance and low input
current also make the AD712 useful for photo diode preamps.
Common-mode rejection of 88dB and open loop gain of 400V/mV
ensure 12-bit performance even in high-speed unity gain buffer
circuits.

The AD712 is pinned out in a standard op amp configuration
and is available in seven performance grades. The AD712] and
AD712K are rated over the commercial temperature range of 0
to +70°C. The AD712A, AD712B and AD712C are rated over
the industrial temperature range of —40°C to +85°C. The
AD712S and AD712T are rated over the military temperature
range of —55°C to + 125°C and are available processed 1o MIL-
STD-883B, Rev. C.

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

The AD712 is available in an 8-pin plastic mini-DIP, cerdip, or
TO-99 metal can.

AD712 FUNCTIONAL BLOCK DIAGRAM

TO-99
(H) Package

¥y

PIN 415 N ELECTRICAL
CONTACT WITH THE CASE

Plastic Mini-DIP (N) Package

and
Cerdip (Q) Package
oureur [T] [7] v
A0, PAVANS Dl
s 1o e
v- [€] (5] tonswveRTinG

PRODUCT HIGHLIGHTS

1. The AD712 offers excellent overall performance at very
competitive prices.

2. Analog Devices’ advanced processing technology and with
100% testing guarantees a low input offset voltage (0.3mV
max, C grade, 3mV max, ] grade). Input offset voltage is
specified in the warmed-up condition. Analog Devices’ laser
wafer drift trimming process reduces input offset voltage
drifts to SpV/°C max on the AD712C.

3. Along with precision dc performance, the AD712 offers
excellent dynamic response. It settles to +0.01% in 1ps and
has a 100% tested minimum slew rate of 16V/ps. Thus this
device is ideal for applications such as DAC and ADC buffers
which require a combination of superior ac and dc
performance.

4. The AD712 has a guaranteed and tested maximum voltage
noise of 40V p-p, 0.1 to 10Hz (AD712C).

5. Analog Devices’ well-matched, ion-implanted JFETs ensure
a guaranteed input bias current (at either input) of 50pA max
(AD712C) and an input offset current of 10pA max (AD712C).
Both input bias current and input offset current are guaranteed
in the warmed-up condition.

6. Available in chip form.

OPERATIONAL AMPLIFIERS 2-119

130



+ 25°C and V5 = =15V dc, unless otherwise noted)

SPECIFICATIONS «

ADT7I2JA/S ADTLIZK/B/T ADT712C
Min Typ Max Min Typ Max Min Typ Max Units
INPUT OFFSET VOLTAGE'

Initial Offset 0.3 3nn 0.2 10.7/0.7 0.1 0.30 mV
Toue 10 Trmax 4212 VLSS 0.60 mV
vs. Temp. 7 2002020 7 10 3 5 wVFC
vs. Supply 76 95 80 100 8 110 dB
vs. Supply, Toun 10 Tonex 67676 B0 86 dB

Long-Term Offset Stability 15 15 15 wV/month

INPUT BIAS CURRENT?

Either Input, Vo =0 5 75 20 75 20 50 pA

Euther Inputat T,

Vem =0(70°C/5°C/125°C) 0.6/1.6/26 1.714.877 0.5/1.3720 1.714.877 1.3 3.2 nA
Either Input, Veu = + 10V 100 100 75 pA
Offset Current, Voy = 0 10 25 5 5 5 10 pA
Offset Current at Tynas .

(70°C/B5°C/125°C) 0.30.711 0 6/1.626 0.1/0.3/5 0.6/1.6/26 0.3 0.7 nA

MATCHING CHARACTERISTICS®

Input Offset Voltage i 1/0.70.7 0.3 mV

Input Offset Voltage T run 10 T s 422 2/1.5/1.5 0.6 mV

Input Offset Voltage vs. Temp 20120/20 10 5 wViC

Input Bias Current 25 25 10 pA

Crosstalk* ¢y 1kHz 120 120 120 dB

(@ 100kHz w0 90 90 dB
FREQUENCY RESPONSE

Unity Gain, Small Signal 3.0 4 34 4 34 4 MHz

Full Power Response 200 200 200 kHz

Slew Rate, Unity Gain 16 20 18 20 18 0 Vips

Setthing Time t00.01%" 1 1.2 1 1.2 | 1.2 s

Total Harmonic Distortion
= 1kHz, Ry =2k}, Vo = 3V rms 0.0003 0.0003 0.0003 %

INPUT IMPEDANCE
Differential 3x10"||5.5 3x107)5.5 3% 10M]5.5 | pF
Common Mode 3% 10")|5.5 3x10')5.5 3% 10%5.5 it pF
INPUT VOLTAGE RANGE

Differenual® =20 =20 +20 v

Common-Mode Voltage
Over Max Operating Range” =Vg+4V +14.5, = 11.5 +Vg-2V [-Vs+4V  +14.5, 115 +Vg-2V = Vs +4V +14.5, =115 +Vg=2V| V

Commaon-Mode Rejection Ratio
Vem= =10V 76 88 80 88 B6 94 dB

Trunt® Toran T&TEITE B4 80 84 86 %0 dB

Vem= =11V To 84 76 B4 76 90 dB

j e T g TOT0T0 80 74 80 74 84 dB
INPUT VOLTAGE NOISE

Voltage 0.1Hz 1o 10Hz 1 2 2 4 pVpp
f=10Hz 45 45 a5 nVVHz
f=100Hz 2 2 2 oV/VHz
f=1kHz 18 18 18 nVIvHz
f=10kHz 16 16 16 aV/VHz

INPUT CURRENT NOISE

f=1kHz 0.01 0.01 0.01 pAVHEZ
OPEN LOOPGAIN

Vo= = 10V, Ry 22kt 150 400 200 400 200 400 VimV

T rmun 10 Ty Ry 2260 100/100/100 100 100 VimV
OUTPUT CHARACTERISTICS

Voluage @ Ry =2k} +13, -12.5 +13.9,-133 +13, =125 +13.9,-133 +13,-12.5 +13.9,-133 v
Trunt0 T =12,=12, 212 +13.8,-13.1 *12 +13.8,-13.1 12 +13.8,-13.1 v

Short Circuit Current 25 25 25 mA

POWER SUPPLY
Rared Performance =15 =15 =15 v
Operaung Range *4.5 +18 =4.5 +18 *4.5 *18 v
Quiescent Current,
Both Amphfiers 5 6.8 5 6.0 3 5.6 mA
TEMPERATURERANGE

Operating, Rated Performance
Commercial (0to +70°C) ADTI2] ADTIZK
Industrial { - 40°C o + B5°C) AD712A AD712B ADTI2C
Military (- 55°Cto + 125°C) ADT7128 AD7IZT

PACKAGE OPTIONS®

Plastic (N-8) AD712JN AD71ZKN

Cerdip (Q-8) AD712AQ,AD7125Q AD712BQ,AD7I2TQ AD712CQ

TO-99(H-08A) AD712AH, AD7125H AD712BH, ADT1I2TH AD712CH

2-120 OPERATIONAL AMPLIFIERS

131



NOTES
Mnput Offset Voltage specificanions are guaranteed after § munutes of operation at Ty = + 25°C.

?Bras Current spec are at either input after 5 mmnutes of operavon at Ty = +25°C,
For hagher temperature, the current doubles every 10°C

*Matctung 15 defined as the diff between of the two amplhfe

*Refer to Figure 21

*Refer to Figure 29

*Defined as voltage between inputs, such that nesther exceeds = 10V from ground,

"Typically exceeding — 14.1V negative common-mode voltage on either input results in an output phase reversal

*See Section 16 for package outhine information.

Speaifications subject to change without notice

Speaificanons in boldface are tested on all production wnits at final electncal test Results from those tests are used o

calculate outgoing quality levels. All min and max specificanions are guaranteed, although only those shown in boldfsce
are tested on all production units,

ABSOLUTE MAXIMUM RATINGS'

Supply Voltage . . . .. ... ...t + 18V
Internal Power Dissipation . . . . . ... ... ... 500mW
InputNahage® s o sien i Saues Fa REw ¥E s +18V
Output Short Circuit Duration . . . . .. ... .. Indefinite
Differential Input Voltage . . . . . ... ... +Vsand —Vg
Storage Temperature Range Q, H . . . . . —65°C to +150°C
Storage Temperature Range N . . . . . .. —-65°C 1o +125°C
Operating Temperature Range

ADTIRNK: s o sonvalsn Sn i & @ 01w +70°C

ADTI2A/BIC . . . . v i i e e e, —40°C to +85°C

ADTIZBIT: o i mrmin s oumowisss wa —55°C to +125°C
Lead Temperature Range (Soldering 60 seconds) . . . . 300°C
NOTES
!Stresses above those listed under “Absolute Maxi Ratings” may cause

permanent damage to the device. This is a stress rating only and functional

operation of the device at these or any other conditions above those
indicated in the operational section of this specification is not implied.

Exposure to absolute maximum rating conditions for extended periods may

affect device reliability.

?For supply voltages less than =+ 18V, the absolute maximum input voltage is

equal to the supply voltage.
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Typical Characteristics
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AMBIENT TEMPERATURE - °C

Figure 8. Short Circuit Current
Limit vs. Temperature
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TEMPERATURE - °C

Figure 9. Unity Gain Bandwidth
vs. Temperature
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Figure 18. Slew Rate vs. Input
Error Signal
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OUTPUT

INPUT
2kil

Vi
CR ALK = out
OSSTALK = 20 LOG T

Figure 21. Crosstalk Test Circuit

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

Figure 23b. Unity Gain Inverter Figure 23c. Unity Gain Inverter
Pulse Response (Large Signal) Pulse Response (Small Signal)
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OPTIMIZING SETTLING TIME
Most bipolar high-speed D/A converters have curent outputs;
therefore, for most applications, an external op-amp is required
for current-to-voltage conversion. The settling time of the con-
verter/op-amp combination depends on the settling time of the
DAC and output amplifier. A good approximation is:

t, Total = V(t, DACY + (1, AMP)
The settling time of an op amp DAC buffer will vary with the
noise gain of the circuit, the DAC output capacitance, and with
the amount of external compensation capacitance across the
DAC output scaling resistor.

Settling time for a bipolar DAC is typically 100 to 500ns. Previ-
ously, conventional op-amps have required much longer settling
times than have typical state-of-the-art DACs; therefore, the
amplifier settling time has been the major limitation to a high-speed
voltage-output D-to-A function. The introduction of the AD711/
712 family of op amps with their 1ps (to +0.01% of final value)
settling time now permits the full high-speed capabilities of
most modern DACs to be realized.

BIPOLAR

In addition to a significant improvement in settling time, the
low offset voltage, low offset voltage drift, and high open-loop
gain of the AD711/AD712 family assures 12-bit accuracy over
the full operating temperature range.

The excellent high-speed performance of the AD712 is shown in
the oscilloscope photos of Figure 25. Measurements were taken
using a low input capacitance amplifier connected directly to the
summing junction of the AD712 — both photos show the worst
case situation: a full-scale input transition. The DAC’s 4k{}
[10k0)|8k =4.4k(2] output impedance together with a 10k(
feedback resistor produce an op-amp noise gain of 3.25. The
current output from the DAC produces a 10V step at the op-amp
output (0 to — 10V Figure 25a, — 10V to 0V Figure 25b.)

Therefore, with an ideal op-amp, settling to = 1/2LSB (= 0.01%)
requires that 375V or less appears at the summing junction.
This means that the error between the input and output (that
voltage which appears at the AD712 summing junction) must be
less than 375uV. As shown in Figure 25, the total settling time
for the AD712/AD565 combination is 1.2 microseconds.

_{ OFFSET ADJUST

—0
OUTPUT

AD712
SUMMING
JUNCTION

ov

AD712
OuUTPUT

=10V

a. (Full-Scale Negative Transition)

~10V TO +10V
0.ApF

AD712
SUMMING
JUNCTION

ov

AD712
OUTPUT

=10v

b. (Full-Scale Positive Transition)

Ff'g&re 25. Settling Characteristics for AD712 with AD565A
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OP-AMP SETTLING TIME - A MATHEMATICAL
MODEL

The design of the AD712 gives careful attention to optimizing
individual circuit components; in addition, a careful tradeoff
was made: the gain bandwidth product (4MHz) and slew rate
(20V/ps) were chosen to be high enough to provide very fast
settling time but not too high to cause a significant reduction in
phase margin (and therefore stability). Thus designed, the AD712
settles to =0.01%, with a 10V output step, in under lps, while
retaining the ability to drive a 250pF load capacitance when
operating as a unity gain follower.

If an op-amp is modeled as an ideal integrator with a unity gain
crossover frequency of wo/2mw, Equation 1 will accurately describe
the small signal behavior of the circuit of Figure 26a, consisting
of an op-amp connected as an I-to-V converter at the output of
a bipolar or CMOS DAC. This equation would completely
describe the output of the system if not for the op-amp’s finite
slew rate and other nonlinear effects.

Equation 1.
Yoo —R
Iy Msz > (G_N+ RC{)S +1
we W,
where ‘2& =op amp’s unity gain frequency

Gy = “noise” gain of circuit (I + %0)

This equation may then be solved for Cy
Equation 2.

_2-Gy , 2VRCrw, ¥ -Gy
G = R, * Ruw,

In these equations, capacitor Cy is the total capacitance appearing
at the inverting terminal of the op-amp. When modeling a DAC
buffer application, the Norton equivalent circuit of Figure 26a
can be used directly; capacitance Cyx is the total capacitance of
the output of the DAC plus the input capacitance of the op-amp
(since the two are in parallel).

* Vour
172 °

AD712 l

= . 3n ]_cl

Figure 26a. Simplified Model of the AD712 Used as a
Current-Out DAC Buffer
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When Rg and I are replaced with their Thevenin Vg and Ry
equivalents, the general purpose inverting amplifier of Figure
26b is created. Note that when using this general model, capaci-
tance Cyx is EITHER the input capacitance of the op-amp if a
simple inverting op-amp is being simulated OR it is the combined
capacitance of the DAC output and the op-amp input if the
DAC buffer is being modeled.

Figure 26b. Simplified Model of the AD712 Used as an
Inverter

In either case, the capacitance Cy causes the system to go from
a one-pole to a two-pole response; this additional pole increases
settling time by introducing peaking or ringing in the op-amp
output. Since the value of Cx can be estimated with reasonable
accuracy, Equation 2 can be used to choose a small capacitor,
Cp, to cancel the input pole and optimize amplifier response.
Figure 27 is a graphical solution of Equation 2 for the AD712
with R = 4k().

LN Y
o %: VAV A
o y L ¢ f&lfd

40 / ,

o ,///

20 ¥,

10 ]

= -1

a L] 20 40 50 80

Figure 27. Value of Capacitor Cg vs. Value of Cx
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The photos of Figures 28a and 28b show the dynamic response

of the AD712 in the settling test circuit of Figure 29.
The input of the settling time fixture is driven by a flat-top

pulse generator. The error signal output from the false summing

node of Al is clamped, amplified by A2 and then clamped
again. The error signal is thus clamped twice: once to prevent

Figure 28a. Settling Characteristics 0 to + 10V Step
Upper Trace: Output of AD712 Under Test (5V/Div)
Lower Trace: Amplified Error Voltage (0.01%/Div)

overloading amplifier A2 and then a second time to avoid over-

loading the oscilloscope preamp. The Tektronix oscilloscope
preamp type 7A26 was carefully chosen because it does not

overload with these input levels, Amplifier A2 needs to be a
very high-speed, FET-input op amp; it provides a gain of 10,

amplifying the error signal output of Al.

Figure 28b. Settling Characteristics 0 to — 10V Step
Upper Trace: Output of AD712 Under Test (5V/Div)
Lower Trace: Amplified Error Voltage (0.01%/Div)

SpF

TEXTRONIX 7826 |
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Figure 29. Settling Time Test Circuit
Plastic Mini-DIP (N) Package
GUARDING T0-99 (H) Package and
The low input bias current (15pA) and low noise characteristics Cerdip (Q) Package

of the AD712 BiFET op amp make it suitable for electrometer
applications such as photo diode preamplifiers and picoampere
current-to-voltage converters. The use of a guarding technique

such as that shown in Figure 30, in printed circuit board layout

and construction is critical to minimize leakage currents. The
guard ring is connected to a low impedance potential at the

same level as the inputs. High impedance signal lines should not

be extended for any unnecessary length on the printed circuit
board.

]

BEY = 5
) I E Y%
rpqu 1] D‘J

Figure 30. Board Layout for Guarding Inputs
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D/A CONVERTER APPLICATIONS

The AD712 is an excellent output amplifier for CMOS DACs.
It can be used to perform both 2 quadrant and 4 quadrant operation.
The output impedance of a DAC using an inverted R-2R ladder
approaches R for codes containing many 1s, 3R for codes containing
a single 1, and for codes containing all zero, the output impedance
is infinite,

For example, the output resistance of the AD7545 will modulate
between 11k} and 33k(}. Therefore, with the DAC’s interfal
feedback resistance of 11k{}, the noise gain will vary from 2 to
4/3. This changing noise gain modulates the effect of the input
offset voltage of the amplifier, resulting in nonlinear DAC-
amplifier performance.

The AD712K with guaranteed 700V offset voltage minimizes
this effect to achieve 12-bit performance.

Figures 31 and 32 show the AD712 and AD7545 (12-bit CMOS
DAC) configured for unipolar binary (2 quadrant multiplication)
or bipolar (4 quadrant multiplication) operation. Capacitor Cl
provides phase compensation to reduce overshoot and ringing.

Voo

*REFER TO TABLE |
DE11-DBEO

Voo

*REFER TO TABLE |

DE11-DB0

Figure 31. Unipolar Binary Operation

*FOR VALUES OF RTAND RL
SEETABLEIN

Figure 32. Bipolar Operation

R1 and R2 calibrate the zero offset and gain error of the DAC.
Specific values for these resistors depend upon the grade of
AD7545 and are shown below.
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TRIM

RESISTOR | JN/AQ/SD | KN/BQ/TD | LN/CQ/UD | GLN/GCQ/GUD

R1
R2

50041
1500

20002
6801

1000
330

200
6.80

Table I. Recommended Trim Resistor Values vs. Grades
of the AD7545 for Vpp= +5V

Figures 33a and 33b show the settling time characteristics of the
AD712 when used as a DAC output buffer for the AD7545.

a. Full-Scale Positive Transition

b. Full-Scale Negative Transition
Figure 33. Settling Characteristics for AD712 with AD7545

NOISE CHARACTERISTICS

The random nature of noise, particularly in the I/F region,
makes it difficult to specify in practical terms. At the same
time, designers of precision instrumentation require certain
guaranteed maximum noise levels to realize the full accuracy of
their equipment.

The AD712C grade is specified at a maximum level of 4.0pnV
p-p; in a 0.1 to 10Hz bandwidth. Each AD712C receives a
100% noise test for two 10-second intervals; devices with any
excursion in excess of 4.0LV are rejected. The screened lot is
then submitted to Quality Control for verification on an AQL
basis.

All other grades of the AD712 are sample-tested on an AQL
basis to a limit of 60V p-p, 0.1 to 10Hz.



DRIVING THE ANALOG INPUT OF AN A/D
CONVERTER

An op amp driving the analog input of an A/D converter, such
as that shown in Figure 34, must be capable of maintaining a
constant output voltage under dynamically-changing load condi-
tions. In successive-approximation converters, the input current
is compared to a series of switched trial currents. The comparison
point is diode clamped but may deviate several hundred millivolts
resulting in high frequency modulation of A/D input current.
The output impedance of a feedback amplifier is made artificially
low by the loop gain. At high frequencies, where the loop gain
is low, the amplifier output impedance can approach its open
loop value. Most IC amplifiers exhibit a minimum open loop
output impedance of 25{) due to current limiting resistors. A
few hundred microamps reflected from the change in converter

OFFSET
ADJUST

v AOC N

20045

b. Sink Current = TmA
Figure 35. ADC Input Unity Gain Buffer Recovery Times

. Figure 36.

loading can introduce errors in instantaneous input voltage. If
the A/D conversion speed is not excessive and the bandwidth of
the amplifier is sufficient, the amplifier’s output will return to
the nominal value before the converter makes its comparison.
However, many amplifiers have relatively narrow bandwidth
yielding slow recovery from output transients. The AD712 is
ideally suited to drive high-speed A/D converters since it offers
both wide bandwidth and high open-loop gain.

DRIVING A LARGE CAPACITIVE LOAD

The circuit in Figure 36 employs a 100{} isolation resistor which
enables the amplifier to drive capacitive loads exceeding 1500pF;
the resistor effectively isolates the high frequency feedback from
the load and stabilizes the circuit. Low frequency feedback is
returned to the amplifier summing junction via the low pass
filter formed by the 100{) series resistor and the load capacitance,
Cy.. Figure 37 shows a typical transient response for this
connection.

4 99kl

4 99kl
O
INPUT

TYPICAL CAPACITANCE
LIMIT FOR VARIOUS
LOAD RESISTORS

A, C UPTO
2h11 1500pF
10kil  1500pF
20kik  1000pF

Circuit for Driving a Large Capacitive Load

Figure 37. Transient Response R, = 2k, C, =500pF

ACTIVE FILTER APPLICATIONS

In active filter applications using op amps, the d.c. accuracy of
the amplifier is critical to optimal filter performance. The am-
plifier’s offset voltage and bias current contribute to output
error. Offset voltage will be passed by the filter and may be

amplified to produce excessive output offset. For low frequency

applications requiring large value input resistors, bias currents
flowing through these resistors will also generate an offset
voltage.

In addition, at higher frequencies, an op-amp’s dynamics must
be carefully considered. Here, slew rate, bandwidth, and open-loop
gain play a major role in op-amp selection. The slew rate must
be fast as well as symmetrical to minimize distortion. The am-
plifier’s bandwidth in conjunction with the filter’s gain will
dictate the frequency response of the filter.

The use of a high performance amplifier such as the AD712 will
minimize both dc and ac errors in all active filter applications.
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SECOND ORDER LOW PASS FILTER

Figure 38 depicts the AD712 configured as a second order But-
terworth low pass filter. With the values as shown, the corner
frequency will be 20kHz; however, the wide bandwidth of the
AD?712 permits a corner frequency as high as several hundred
kilohertz. Equations for component selection are shown below.

R1 = R2 = user selected (typical values: 10k(2 — 100k(2)

. ~ 1.414 _ 0707
Cl Gin farads) = & oo BT 2~ @) (o) RD)
c1
S60pF
W

+15V

A1
20ki}

Figure 38. Second Order Low Pass Filter

An important property of filters is their out-of-band rejection.
The simple 20kHz low pass filter shown in Figure 38, might be
used to condition a signal contaminated with clock pulses or
sampling glitches which have considerable energy content at
high frequencies.

The low output impedance and high bandwidth of the AD712
minimize high frequency feedthrough as shown in Figure 39.

The upper trace is that of another low-cost BIFET op amp
showing 17dB more feedthrough at SMHz.

Figure 39.

9 POLE CHEBYCHEYV FILTER

Figure 40 shows the AD712 and its single counterpart, the
AD711, as a 9 pole Chebychev filter using active frequency
dependent negative resistors (FDNR). With a cutoff frequency
of 50kHz and better than 90dB rejection, it may be used as an
anti-aliasing filter for a 12-bit Data Acquisition System with
100kHz throughput.

As shown in Figure 40, the filter is comprised of four FDNRs

+15V
0
0 1uF

(A, B, C, D) having values of 4.9395 < 10~ and 5.9276 x 10~ '%
farad-seconds. Each FDNR active network provides a two-pole
response; for a total of 8 poles. The 9th pole consists of a 0.001uF
capacitor and a 124k(} resistor at Pin 3 of amplifier A2. Figure
41 depicts the circuits for each FDNR with the proper selection
of R. To achieve optimal performance, the 0.001uF capacitors
must be selected for 1% or better matching and all resistors
should have 1% or better tolerance.

619041 2ZB00SY

Vi '%
O001LF  2ao01) 613011 48012
s Itd A
1k W W
4 93956-"% | 59276 "
rerakrer
=1 =
J00k I T 11
N B PR g 1 O

*SEETEXT

A 249k FOR 4 93956
29.4k FOR 5 $276E-"

Figure 41. FDNR for 9 Pole Chebychev Filter
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10 200 000.0 Mz
8T §%.6 BEC

Figure 42. High Frequency Response for 9 Pole Chebychev
Filter
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ANALOG
DEVICES

Quad Precision
High-Speed BiFET Op Amp

AD713

FEATURES

AC PERFORMANCE

Settles to £0.01% in Tps
16V/ps min Slew Rate

3MHz min Unity Gain Bandwidth

DC PERFORMANCE

0.25mV max Offset Voltage

10p.V/°C max Drift

200V/mV min Open Loop Gain

4pV p-p max Noise, 0.1Hz to 10Hz

Single Version Available: AD711, Dual: AD712
Available In Plastic and Hermetic Cerdip Packages
MIL-STD-883B Parts Available

PRODUCT DESCRIPTION

The AD713 is comprised of four high-speed precision, FET
input operational amplifiers on one monolithic die. The A
offers superior ac and dc performance in a low cost

amp. These performance benefits allow the use: e

existing designs that use older pmmsmn Bi %‘3@
allowing the cost and board space sa

The combination of Analog D
nology, laser-wafer drift trimmin,
JFETs provide outstanding dc prégision, %

(0.25mV, C Grade), input bias current 1 rade),
input offset current (15pA, C Grade) are specified in the wa
up condition and are 100% tested. In addition, the AD713 has a

guaranteed and tested max voltage noise of 4V p-p, 0.1Hz to
10Hz (AD713C).

Along with dc precision, the AD713 offers exceptional dynamic
response. It settles to 0.01% in 1ps and has a 100% tested minimum
slew rate of 18V/us (AD713B).

The AD713 is pinned out in a standard quad op amp configuration
and is available in seven performance grades. The AD713] and
AD713K are rated over the commercial temperature range of 0
to +70°C. The AD713A, AD713B and AD713C are rated over
the industrial temperature range of —40°C to +85°C. The
AD713S and AD713T are rated over the military temperature
range of —55°C 1o + 125°C and are available processed to MIL-
STD-883B, Rev. C. The AD713 is available in an 14-pin plastic
DIP or 14-pin cerdip.

I rnat

WP

AD713 FUNCTIONAL BLOCK DIAGRAM
Plastic DIP (N) Package

and

Cerdip (Q) Package

OUTPUT E 1 E OUTPUT
+IN | 3 E +IN

11] -Vs

5 E +IN
~i p‘ l@zl ~IN
J z] OuTPUT

Vs | 4

€|lﬂb||l-l}" PLUS screening is available, specified over
mmercial and industrial temperature ranges. PLUS screening

nclud%hﬂur burn-in, as well as other environmental and

UCT HIGHLIGHTS

i i Active Filters: The superior ac and dc performance of this

op amp make it well-suited for active filter applications.

2. Buffers: With a slew rate of 16V/us and a settling time of
1ps to 0.01%, the AD713 is ideal as a buffer for A/D and
quad D/A converters.

3. Precision Data Acquisition Systems: Common-mode rejection
of 88dB and open-loop gain of 400V/mV ensure 12-bit accuracy
even in high-speed data acquisition circuits.

4. Photodiode Preamps: The combination of excellent noise
performance and low input current makes the AD713 useful
as a photodiode preamp.

5. The AD713 is an enchanced replacement for the TL074,
LF414 and other quad op amps in applications where precision
and demanding ac performance are essential,
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SPEDIF|CAT|0NS (@ +25°C and Vg = =15V dc, unless otherwise noted)

Model ' ADTIIJIA/S ADTI3K/BT AD713C
Min Typ Max Min Typ Max Min Typ Max Units
INPUT OFFSET VOLTAGE'
Iniual Offset 0.3 20 0.25 05 ol 025 mV

Tren 10 Trmas 3.5/3.53.5 L5 0.75 mV

vs. Temp 16 3073030 12 20 5 o wVrEC

vs Supply 76 95 80 100 8 10 dB

va. Supply, Tomm 10 T 767676 80 B6 dB
Long-Term Offser Stabaluny 15 15 15 wVimenth

INPUT BIAS CURRENT?
Either Input, Vey = 0 40 150 40 150 40 100 pA
Euther Input 3t T eys,

Vem=0{70°C/E5°C/125°C) 3496154 3.49.6/154 6.4 nA
Esther Input, Vey = + 10V 50 200 50 200 0 150 pA
Offset Current, Vey = 0 10 35 5 3 5 15 pA
Offset Current at Ty

(70°C/85°C/125°C) 0.82 2136 0 82 2/36 o nA

MATCHING CHARACTERISTICS®
Tnput Offser Voltage 1 10 7/ 03 mV
Input Offset Voltage T 10 Tpas 2 % 06 mV
Input Offset Voltage vs Temp 40 15 pvrc
Input Buas Current 25 10 PA
Crosstalk @ 1kHz 120 12 120 dB
G 100kHz ] 50 90 dB
FREQUENCY RESPONSE
Unity Gan, Small Signal 34 34 4 MHz
Full Power Response 200 kHz
$lew Rate, Unity Gan 16 18 20 Vius
Setthing Time 100.01% 1 1.2 us
Tetal Harmonic Distoruon
= 1kHz, Ry =2ki1, Vo = 3V rms 00003 %
INPUT IMPEDANCE
Differential Ix10')5.5 Q2pF
Common Mode 3x10M)5.5 {HipF
INPUT VOLTAGERANGE
Dufferential® =20 v
‘Common-Mode Voltage 14.5, - 11.5 +145-115 v

Owver Max Operating Range® -1 +13 -1 +13 v
Common-Mode Rejection Rato

Vew= =10V 78 88 88 86 94 dB

g e L TET6TE 84 80 84 B6 S0 dB
Vew= =11V 7 8 7% 84 50 90 dB
TruntoT mux 707070 80 74 B0 76 B4 dB
—
INPUT VOLTAGENOISE
Voltage 0. 1Hz 1o 10Hz 2 2 2 4 wVpp_
f=10Hz 45 45 45 ViV He
I=100Hz 22 22 n n\ff\/ﬂ
f=1kHz 18 18 18 nVivHz
= 10kHz 16 16 16 aVivHz

INPUT CURRENT NOISE T

= 1kHz ool ool 0.01 pANVHz
OPEN LOOP GAIN®

Vo= = 10V, Ry =2kil 150 400 200 400 200 400 VimV

Trman 10 Tonea, Ry =2k 104V 100/ 100 100 150 VimV
OUTPUT CHARACTERISTICS

Voluage ¢ Ry =2kil +13,-12.5 +13.9,-133 +13, —-12.5 +13.9,-133 +13,-12.5 +139,-133 v

T 10 Tovias =1W=14212  +13.8,-131 =12 +13.8,-131 =12 +138,-131 v

Short-Circunt Current 25 25 25 mA
POWER SUPPLY

Rated Performance =15 =18 =15 v

Operaung Range =45 =18 +4.5 x18 *4.5 +18 v

Quiescent Current (] 13.5 10.0 120 0o 112 mA
TEMPERATURE RANGE

Operaung, Rated Performance

Commercial (010 + 70°C) AD713] ADTI3K

Industrial { - 40°C o + 85°C) AD7I3A AD713B AD713C

Milutary( - 55°Cto + 125°C) AD7138 ADT13T

PACKAGE OPTIONS'

Plastic (N-14) ADT7I3]N AD7I3EN

Cerdip (Q-14} AD713AQ, AD7135Q AD7I3BQ, ADTIITQ ADTIICQ
NOTES

'Input Offset Voltage specificanons are guaranteed after 5 minutes of operation a1 Ty = +25°C

"Buas Current § at esther inpur after § minutes of operation at Ty = +25°C
For hugher temperature, the current doubles every 10°C
*Matching 15 defined & the duff between of the two i

*Defined as voltage berween inputs, such that neither exceeds = 10V from ground

“Typically exceeding — 14 1V negative common-mode voltage on esther input results in an cutput phase reversal
“Open loop gain is specified with Vs nulled and unnulled.

"See Section 16 for package outhne information.

Speaificanions subject to change without notice

Specificanions in boldfsce are tested on all production unis ar final electrical test, Results from those tests are used 1o
calculate outgong qualiry levels. All mun and max specificanons are guaranteed, although only those shown in boldface
are tested on all production umits.
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ANALOG
DEVICES

Low Cost
High Accuracy IC Op Amps

AD741 SERIES

FEATURES
Precision Input Characteristics
Low Vgg: 0.5mV max (L)
Low Vgg Drift: BuV/°C max (L)
Low Ip: 50nA max (L)
Low 'ﬂl’ 5nA max (L)
High CMRR: 90dB min (K, L)
High Output Capability
Ag| = 25,000 min, 1kS2 load (J, S)
Tmin to Tmax
Vg = 10V min, 1kS2 load (J, S)

GENERAL DESCRIPTION

The Analog Devices AD741 series are high performance
monolithic operational amplifiers, All the devices feature
full short circuit protection and internal compensation.

The Analog Devices AD741], AD741K, AD741L and AD741S
are specially tested and selected versions of the standard
AD741 operational amplifier. Improved processing and ad-
ditional electrical testing guarantee the user precision perform-
ance at a very low cost. The AD741], K and L substantially
increase overall accuracy over the standard AD741C by pro-
viding maximum limits on offset voltage drift and significantly
reducing the errors due to offset voltage, bias current, offset
current, voltage gain, power supply rejection, and common
mode rejection. For example the AD741L features maximum
offset voltage drift of 5uV/°C, offset voltage of 0.5mV max,
offset current of 5nA max, bias current of 50nA max, and a
CMRR of 90dB min, The AD741S offers gna.ramecd perform-
ance over the extended temperature range of -55°C to
+125°C, with max offset voltage drift of 15uV/°C, max off-
set voltage of 4mV, max offset current of 25nA, and a mini-
mum CMRR of 80dB.

AD741 SERIES FUNCTIONAL DIAGRAMS
TO-99
-

DUTPUT

DFFSET NULL

MNOTE FIN 4 CDNNECTED TO CASE
TOP VIEW

OFFSET NULL

INVERTING INPUT

NONINVERTING INPUT

8-Pin Mini-DIP

orrser nuet [1] U 8] ne

INVERTING INPUT [Z] 7] v+
nonnverTING inpuT [3 ] t 5] output
v-[3] (5] OFFSET NULL

TOP VIEW

HIGH OUTPUT CAPABILITY

Both the AD741] and AD741S offer the user the additional
advantages of high guaranteed output current and gain at low
values of load impedance. The AD741] guarantees a
minimum gain of 25,000 swinging +10V into a 1k£} load
from 0 to +70°C, The AD741S guarantees a muumum gain
of 25,000 swinging +10V into a 1k2 load from -55°C to
+125°C,

All devices feature full short circuit protection, high gain, high
common mode range, and internal compensation. The
AD?‘I-IJ K and L are specified for operation from 0 to
+70°C, and are available in both the T0O-99 and mini-DIP
packa.ges The AD'M-]S is specified for operation from

~55°C to +125°C, and is available in the TO-99 package.
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SP ECIFICATIONS (typical @ +25°C and +15V dc, unless otherwise specified)

AD741C AD741 AD741)
Model Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOP GAIN
Ry = 1kQ, Vp = 210V 50,000 200,000 ViV
Ry = 2kf2, Vp = t10V 20,000 200,000 50,000 200,000 Viv
Ta = min to max Ry = 2k§2 15,000 25,000 25,000 viv
OUTPUT CHARACTERISTICS
Voltage @ Ry, = 1k§2, T4 = min to max £10 £13 b
Voltage @ Ry, = 2k$2, T4 = mun to max | £10 +13 10 113 v
Short Cireur Current 25 25 25 mA
FREQUENCY RESPONSE
Unity Gain, Small Signal 1 1 1 MHz
Full Power Response 10 10 10 kHz
Slew Rate 0.5 0.5 0.5 Vius
Transient Response (Unity Gain)
Rise Time C_ < 10V p-p 0.3 0.3 0.3 us
Overshoot 5.0 5.0 5.0 %
INPUT OFFSET VOLTAGE
Initial, Rg < 10k€2, Ad). to Zero 1.0 6.0 1.0 5.0 1.0 30 mV
Ta = min ro max 1.0 75 1.0 6.0 4.0 mV
Average vs, Temperature (Untrimmed) 20 uvic
vs. Supply, Ta = min to max 30 100 HVIV
INPUT OFFSET CURRENT
Initial 20 200 20 200 5 50 nA
Tp = min to max 40 300 85 500 100 nA
Average vs, Temperature 0.1 nA/°C
INPUT BIAS CURRENT
Initial 8O 500 80 500 40 200 nA
Ta = mun to max 120 8OO 300 1,500 400 nA
Average vs, Temperature 0.6 nA/°C
INPUT IMPEDANCE DIFFERENTIAL 0.3 2.0 0.3 2.0 1.0 M
INPUT VOLTAGE RANGE'
Differential, max Safe 30 )
Common Mode, max Safe £12 +13 *12 *13 *15 v
Common Mode Rejection,
Rg == 10k2, T4 = mun to max,
Vv = £12V 70 20 70 90 80 20 dB
POWER SUPPLY
Rated Performance 115 +15 t15 v
Operating 15 *18 v
Power Supply Rejection Ratio 30 150 0 150 uviv
Quiescent Current 1.7 28 1.7 2.8 2.2 i3 mA
Power Consumption 50 85 50 85 50 85 mW
Ta = min 60 100 mw
Ta = max 45 75 mw
TEMPERATURE RANGE
Operating Rated Performance 0 +70 -55 +125 0 +70 "
Storage -65 +150 -65 +150 65 +150 °c
NOTES
Speaif; shown in boldface are tested on all production units at

! For supply voltages less than 15V, the sbsolute maximum input voltage 1 equal to the supply voltage.

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

units.

Standard Nulling Offset Circuit
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AD741K AD741L AD7418
Model Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOP GAIN
Ry, = 1kf2, Vg = 210V 50,000 200,000 ViV
Ry = 2k, Vg = £10V 50,000 200,000 50,000 200,000 ) ViV
Ta = min to max Ry = 2ki 25,000 25,000 25,000 viv
OUTPUT CHARACTERISTICS
Voltage @ Ry = 1k{2, Ty = min to max v
Voltage @ Ry = 2k2, T4 = min to max | £10 £13 10 £13 10 +13 v
Short Cirewit Current 25 25 25 mA
FREQUENCY RESPONSE
Unity Gain, Small Signal 1 1 1 MHz 2
Full Power Response 10 10 10 kHz
Slew Rarte 0.5 0.5 0.5 Vips
Transient Respone (Unity Gamn)
Rise Time 0.3 0.3 0.3 Hs
Oversh oot 5.0 5.0 5.0 %
INPUT OFFSET VOLTAGE
Inminial, Rg << 10k§2, Ad). 1o Zero 0.5 2.0 0.2 0.5 1.0 2 mV
Ta = min to max 3o Lo 4 mV
Average vs, Temperature (Untrimmed) 6.0 15.0 2.0 5.0 6.0 15.0 pw"c
vs. Supply, Ty = min to max 5 15.0 5 15.0 30 100 BVIV
INPUT OFFSET CURRENT
Imitial 2 10 2 ) 2 10 nA
Ta = min to max 15 10 25 nA
Average vs, Temperature 0.02 0.2 0,02 0.1 0.1 0,25 nAl’C
INPUT BIAS CURRENT
Ininal 30 75 30 50 30 75 nA
Ta = min to max 120 100 250 nA
Average vs, Temperature 0.6 1.5 0.6 1.0 0.6 2.0 nA/SC
INPUT IMPEDANCE DIFFERENTIAL MQ
INPUT VOLTAGE RANGE"
Differennal, max Safe +30 30 30 v
Common Mode max Safe t15 5 15 v
Common Mode Rejecuon,
Rg < 10k§2, T4 = min to max
Vi = £12V 20 100 20 100 20 100 dB
POWER SUPPLY
Rated Performance £15 *15 £15 v
Operating 15 +22 £5 *22 25 22 v
Power Supply Rejectnion Rano uviv
Quiescent Current 1.7 1.8 1.7 1.8 2.0 2.8 mA
Power Consumpuon 50 83 50 85 50 85 mW
Ta = min 60 100 mw
Ta = max 75 115 mW
TEMPERATURE RANGE
Operating Rated Performance 0 +70 0 +70 =55 +125 e
Storage -65 +150 -65 +150 -65 +150 °c

NOTES
! For supply voltages less than =15V, the absolute maximum nput voltage 15 equal to the supply voltage

Specifications subject to change without notice

ORDERING GUIDE

Temperature Package Initial Off-
Model Range Options® Set Voltage
AD741CN 0to+70°C Mini-DIP (N-8) 6.0mV
AD741CH 0o +70°C TO-99 (H-08A) 6.0mV
AD741JN 0to +70°C Mini-DIP (N-8) 3.0mV
AD741JH 0 to +70°C TO-99 (H-08A) 3.0mV
AD741KN 0to +70°C Mini-DIP (N-8) 2.0mV
AD741KH 0to+70°C TO-99 (H-0BA)  2.0mV
AD741LN 0to+70°C Mini-DIP (N-8) 0.5mV
AD741LH 010 +70°C TO-99 (H08A)  0.5mV
AD741H -55°Cro +125°C  TO-99 (H-08A) 5.0mV
AD741SH -55°C10+125°C TO-99 (H-08A) 2.0mV

*See Section 16 for package outline information.

Speaihications shown in boldface are rested on all production unmns at
final electrical test Results from those tests are used to calculate out-
going quality levels All min and max specifications are guaranteed,
although only those shown in boldface are tested on all production

units

ABSOLUTE MAXIMUMRATINGS

Absolute Maximum Ratings AD741,],K,L,§ AD741C

Supply Voltage 122V +18V

Internal Power Dissipation 500mw’ 500mW

Differential Input Voltage 30V 30V

Input Volrage 15V 115V

Storage Temperature Range  -65°C 10 +150°C  -65°C 10 +150°C

Lead Temperature 300°C 300°C
(soldenng, 60 scconds)

Qutput Shert Circuit Duration  Indefinite? Indefinite

NOTES

' Rating applies for case temperature to +125°C. Derate TO-99 hinearity
at 6.5mW,"C for ambient temperatures above +70°C.

* Raung applies for shorts to ground or either supply at case temperatures
to +125°C or ambient temperatures to +75°C.
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Typical Performance Curves
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ANALOG
DEVICES

Precision, 500ns Settling
BiFET Op Amp

AD744

FEATURES

AC PERFORMANCE

500ns Settling to 0.01% for 10V Step

1.5ps Settling to 0.0025% for 10V Step

75V/ps Slew Rate

0.0003% Total Harmonic Distortion (THD)

13MHz Gain Bandwidth — Internal Compensation

=>200MHz Gain Bandwidth (G=1000) -
External Decompensation

=1000pF Capacitive Load Drive Capability with
10V/ps Slew Rate — External Compensation

DC PERFORMANCE

0.25mV max Offset Voltage (AD744C)

3pV/°C max Drift (AD744C)

250V/mV min Open-Loop Gain (AD744B)

4uV p-p max Noise, 0.1Hz to 10Hz (AD744C)

Available in Plastic Mini-DIP, Hermetic Cerdip
and Hermetic Metal Can Packages

MIL-STD-883B Processing Available

APPLICATIONS

Output Buffers for 12-Bit, 14-Bit and 16-Bit DACs,
ADC Buffers, Cable Drivers, Wideband
Preamplifiers and Active Filters

PRODUCT DESCRIPTION

The AD744 is a fast-sertling, precision, FET input, monolithic
operational amplifier. It offers the excellent dc characteristics of
the AD711 BiFET family with enhanced settling, slew rate, and
bandwidth. The AD744 also offers the option of using custom
compensation to achieve exceptional capacitive load drive
capability.

The single-pole response of the AD744 provides fast settling:
500ns to 0.01%. This feature combined with its high dc precision,
makes it suitable for use as a buffer amplifier for 12-bit, 14-bit
or 16-bit DACs and ADCs. Furthermore, the AD744’s low total
harmonic distortion (THD) level of 0.0003% and gain bandwidth
product of 13MHz make it an ideal amplifier for demanding
audio applications. It is also an excellent choice for use in active
filters in 12-bit, 14-bit and 16-bit data acquisition systems.

The AD744 is internally compensated for stable operation as a
unity gain inverter or as a noninverting amplifier with a gain of
two or greater. External compensation may be applied to the
AD744 for stable operation as a unity gain follower. External
compensation also allows the AD744 to drive 1000pF capacitive
loads, slewing at 10V/ps with full stability. Alternatively, external
decompensation may be used to increase the gain bandwidth of
the AD744 to over 200MHz at high gains. This makes the AD744
ideal for use as ac preamps in digital signal processing (DSP)
front ends.

The AD744 is available in seven performance grades. The AD744]
and AD744K are rated over the commercial temperature range
of 0 to +70°C. The AD744A, AD744B and AD744C are rated
over the industrial temperature range of —40°C to +85°C. The
AD744S and AD744T are rated over the military temperature

AD744 CONNECTION DIAGRAMS

NOTE PIN 4 CONNECTED
TO CASE

Plastic Mini-DIP (N) Package
and
Cerdip (Q) Package
DECOMPENSATION E TRy ZI CoMENEATION
wEH. [Fw
N E EI ouTRUT

V-4 5 | COMPENSATION

AD744

range of —55°C to + 125°C and are available processed 1o MIL-
STD-883B, Rev. C.

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

The AD744 is available in an 8-pin plastic mini-DIP, 8-pin
cerdip, or TO-99 meral can.

PRODUCT HIGHLIGHTS

1. The AD744 is a high-speed BiFET op amp that offers excellent
performance at competitive prices. It outperforms the OP42,
OPA606, LF356 and LF400.

2. The AD744 offers exceptional dynamic response. It settles to
0.01% in 500ns and has a 100% tested minimum slew rate of
50V/ps (AD744B).

3. The combination of Analog Devices’ advanced processing
technology, laser wafer drift trimming and well-matched ion-
implanted JFETs provide outstanding dc precision. Input
offset voltage, input bias current, and input offset current
are specified in the warmed-up condition; all are 100%
tested.

4. The AD744 has a guaranteed and tested maximum voltage
noise of 4pV p-p, 0.1Hz to 10Hz (AD744C).
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SPEC 'FICATIUNS (@ + 25°C and =+ 15V de, unless otherwise noted)
Model ADTHJAS ADTHEBT ADT4C

Conditions | Min Typ Max & TE Max Min Typ ML Units
INPUT QFFSET VOLTAGE'

Initial Offset 03 Lo 0.25 0.5 0.10 0.25 | mV
OHfset Toen= Tiras 242 Lo 0.45 | mV
vs, Temp 5 202020 5 1] 2 3 pVAC
vs. Supply’ 2 9 88 100 92 110 dB
vs. Supply Town=Tome | $28282 88 92 4B

Long-Term Stability 15 15 15 wVimonth

INPUT BIAS CURRENT'

Euther Input Veu=0V 0 100 0 100 0 sa | pA

Euther Input fir T gy Vew =0V
LK 70C 0.7 23 0.7 23 nA
AB,C B5*C 19 6.4 19 6.4 L9 32 nA
5T 125°C 31 102 31 102 nA

Enther Input Veu= +10V 40 150 40 150 40 100 | pA

Offser Current Vom=0V 20 50 10 50 10 0 pA

Offset Current (0 Ty Vewm =0V
LK C 04 L1 02 1.1 nA
A,B,C 85°C 1.3 32 06 32 0.6 13 nA
5T 125°C 20 52 10 52 nA

FREQUENCY RESPONSE

Gan BW, Small Signal G=-1 8 13 9 13 9 13 MHz

Full Power Response V=20V p-p 600 600 G0 kHz

Slew Rate, Unity Gain G=-1 45 7 50 7 50 75 Vips

Settling Tume 100 01%* G=-1 0s 09 05 0.9 0.5 09 | us

Total Harmonic = 1kHz
Distoruon Rl=2kN

Vo=3Vrms 0 0003 0.0003 0 0003 %
INPUT IMPEDANCE
Dufferenual 3 105,58 3 10'5.5 3%10'%5 5 NipF
Common Mode 3 10M5 5 3x10'75.5 1 10M45.5 THpF
INPUT VOLTAGERANGE

Dhfferental® = =10 =20 v

Comman-Mode Voltage +14 5, - 1L5 +14.5, - 115 +14.5,-11.5 v

Over Max Operating Range® -11 +13 =11 +13 -1 +13 1V

Common-Mode Rejection Rano Vem= =10V | 78 88 82 ] 86 94 4B

84 80 B4 56 S0 dB
B4 78 B4 50 L dB
80 74 B0 76 84 dB
INPUT VOLTAGE NOISE 2 2 2 4 Vo
45 45 45 nV/
2 2 2 aVvVHz
18 18 18 aViVHz
16 16 16 aVVHz
INPUT CURRENT NOISE 00 001 001 pAVHz
OPEN LOOP GAIN" Vo= =10V
Ryoan=2ki | 200 400 25 400 250 400 VimV
Toua 10 Trnas | 1001007100 100 150 VimV
OUTPUT CHARACTERISTICS
Voltage Rioap=2kil | +13, -12.5  +13.9,-133 $13,-125  4139,-133 +13,-125 +139,-13.3 v
T Tr | 212212212 +138,-13.1 =12 +13.8,-131 =12 +13 8, - 13.1 v
Current Short-Circuit 25 25 25 mA
Capacitive Load® Gan=— 1 1000 1000 1000 | pF
POWER SUPPLY
Rated Performance =I5 =15 =1% v
Operatng Range *4.5 =18 +4.5 =18 =45 18|V
Quiescent Current 3.5 5.0 35 4.0 35 4.0 mA
TEMPERATURE RANGE
Operaung, Rated Performance
Commercial (010 + 70°C) AD744] ADT4HEK
Industrial { - 40°Cro +85°C) AD744A AD744B ADT44C
Mulitary { - 55°C1o + 125°C) AD7445 AD74T
PACKAGE OPTIONS" o
8-Pin Plastic Min:-DIP (N-8) ADT44IN ADT44KN
8-Pin Cerdip (Q-8) ADT44AQ, AD7H45Q ADT#4BQ, ADTHTQ AD74CQ
TO-99 Metal Can (H-08A) AD7&4AH, AD7445H AD744BH, ADT44TH AD744CH
NOTES
" Input Offser Vol i d after 5 minuites of operationat Ty = + 25°C
‘PSRR test condinens’ + Vs =15V, = V=12Vt 18Vand + Vy =12V 10 18V, -V, = — 15V
*Buas Current either snput after 5 minutes of 3 Ty= +25°C,
For hugher h doubl e,

*Gam= - 1, R, =2k, C; = 10pF, refer to Figure 25,
*Defined as voltage between inputs, such that nesther exceeds = 10V from ground
pically = 14.1V nega de vol ther inpur resultsin an output phase reversal,

"Open-Loop P o8
*Capacinve boad drive specified

Cromp = 20pF with the device connected as shown in Figure 32,
Under th shew rate = 14V/us 01% serthing tume = 1. 5us typical,
‘Ed‘ﬂ'lnTlhleIlfm while d load

o change
i tested on all prod ical test, Results from those dto

leul goi ity levels All mmnand pecifi Ithough b boldface

are tested onall uction ums.
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ABSOLUTE MAXIMUM RATINGS'

Supply Voltage . . . ... ............... +18V
Internal Power Dissipation . . . . .. ... ..... 500mW
Yopat Voltage®:: o0 i v 6% @ & smans + 18V
Output Short Circuit Duration . . . ... ... .. Indefinite
Differential Input Voltage . . . . . ... ... +Vsand — Vg
Storage Temperature Range Q. H . . . .. —=65°C to +150°C
Storage Temperature Range N . . . . ... —65°C to +125°C
Operating Temperature Range

AD7HMJK . . . ¢ o i i s e e e s 0o +70°C

AD744ABIC . .. . ... .. ... —40°C 1o +85°C

ADTHMSIT . . . v vv v vs s 48 s s —=55°C to +125°C
Lead Temperature Range (Soldering 60 sec) . . .. .. 300°C
NOTES
!Stresses above those listed under “Absolute Maxi Ratings” may cause

permanent damage to the device. This is a stress rating only, and functional
operation of the device at these or any other conditions above those indi-
cated in the operational section of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect
device reliability.
For supply voltages less than + 18V, the absolute maximum input voltage

is equal to the supply voltage.
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Typical Characteristics
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Figure 16. Total Harmonic Distortion
vs. Frequency, Circuit of Figure 20
(G=10)

Figure 17. Input Noise Voltage
Spectral Density
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Figure 18. Slew Rate vs. Input Error
Signal
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Figure 21. Offset Null Configuration

Figure 20. THD Test Circuit

Figure 19. Settling Time vs. Closed
Loop Voltage Gain

Figure 22b. Unity Gain Follower Figure 22¢c. Unity Gain Follower
Large Signal Pulse Response, Small Signal Pulse Response,
Ccomp=5pF Ccome=5pF

Figure 22a. Unity Gain Follower

SQUARE
WAVE
INPUT

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

Ceomp=0pF Ceome=0pF

Figure 23b. Unity Gain Inverter

Figure 23a. Unity Gain Inverter
Large Signal Pulse Response,
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Applying the AD744

POWER SUPPLY BYPASSING

The power supply connections to the AD744 must maintain a
low impedance to ground over a bandwidth of 10MHz or more.
This is especially important when driving a significant resistive
or capacitive load, since all current delivered to the load comes
from the power supplies. Multiple high quality bypass capacitors
are recommended for each power supply line in any critical
application. A 0.1pF ceramic and a 1F electrolytic capacitor as
shown in Figure 24 placed as close as possible to the amplifier
(with short lead lengths to power supply common) will assure
adequate high frequency bypassing, in most applications. A
minimum bypass capacitance of 0.1F should be used for any
application.

| FLAT-TOP
| PULSE
| GENERATOR

| 5108
| OR
| EQUIVALENT

Figure 24. Recommended Power Supply Bypassing

MEASURING AD744 SETTLING TIME

1 Vise
i -
|

DATA
! DYNAMICS

+15V ——————= +V; 1 ]

com

— 1BV i~V

Tektaonx ! !
M 20
7426 | |
OSCILLOSCOPE | 1
REAMP
SpF INPUTSECTION - = = = = =
(VIA LESS THAN 1 FT 5011
——

COAXIALCABLE!
Vepson % 10

10kt

I
I
]
I
I

6&’ 60‘-& B ém 6

4 skil % 0p8,

0 1uF

NOTE USE CIRCUNT BOARD WITH GROUND PLANE

Figure 25. Settling Time Test Circuit

The error signal is thus clamped twice: once to prevent overloading

The photos of Figures 26 and 27 show the dynamic response of amplifier A2 and then a second time to avoid overloading the
the AD744 while operating in the settling time test circuit of oscilloscope preamp. A Tektronix oscilloscope preamp type
Figure 25. The input of the settling time fixture is driven by a 7A26 was carefully chosen because it recovers from the approxi-
flat-top pulse generator. The error signal output from the false mately 0.4V overload quickly enough to allow accurate measure-

summing node of A1, the AD744 under test, is clamped, amplified ment of the AD744’s 500ns settling time. Amplifier A2 is a very

by op amp A2 and then clamped again.

high-speed FET-input op amp; it provides a voltage gain of 10,

amplifying the error signal output of the AD744 under test.

Figure 26. Settling Characteristics 0 to + 10V Step
Upper Trace: Output of AD744 Under Test (5V/div)
Lower Trace: Amplified Error Voltage (0.01%/div)
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Figure 27. Settling Characteristics 0 to — 10V Step
Upper Trace: Output of AD744 Under Test (5V/div)
Lower Trace: Amplified Error Voltage (0.01%/div)
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Figure 28. AD744 Simplified Schematic

EXTERNAL FREQUENCY COMPENSATION

Even though the AD744 is useable without compensation in
most applications, it may be externally compensated for even
more flexibility. This is accomplished by connecting a capacitor
between Pins 5 and 8. Figure 28, a simplified schematic of the
AD744, shows where this capacitor is connected. This feature is
useful because it allows the AD744 to be used as a unity gain
voltage follower. It also enables the amplifier to drive capacitive
loads up to 2000pF and greater.

The slew rate and gain bandwidth product of the AD744 are
inversely proportional to the value of the compensation capacitor,
Ccomp. Therefore, when trying to maximize the speed of the
amplifier, the value of Ccomp should be minimized. Ceomp can
also be used to slow the amplifier to a point where the slew rate
is perfectly symmetrical and well controlled. Figure 29 summarizes
the effect of external compensation on slew rate and bandwidth.

20 100
—
\N
\‘
£
2 = 1 1
. >
£ N |
g |
E <
«
E
g By H
2 02 10 @
a A
N
0.02 01
1 10 100 1000

Ceome - PF

Figure 29. Gain Bandwidth and Slew Rate vs. Ccomp

The following section provides tables to show what Ceomp values
will provide the necessary compensation for given circuit config-
urations and capacitive loads. In each case, the recommended
Ccomp is a minimum value. A larger Coomp can always be used,
but slew rate and bandwidth performance will be degraded.
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Figure 30 shows the AD744 configured as a unity gain voltage
follower. In this case, a minimum compensation capacitor of
5pF is necessary for stable operation, Larger compensation
capacitors can be used for driving larger capacitive loads. Table
I outlines recommended minimum values for Coomp based on
the desired capacitive load. It also gives the slew rate and bandwidth
that will be achieved for each case.

Figure 30. AD744 Connected as a Unity Gain Voltage

Follower
Max -3dB
Croap | Ccome | SlewRate | Bandwidth
Gain | (pF) (pF) (Vips) (MHz)
1 50 5 37 6.5
1 150 10 25 4.3
1 2000 25 125 2.0

Table I. Recommended Values of Coope vs. Various
Capacitive Loads

Figures 31 and 32 show the AD744 as a voltage follower with
gain and as an inverting amplifier. In these cases, external com-
pensation is not necessary for stable operation. However, com-
pensation may be applied to drive capacitive loads above S0pF.
Table II gives recommended Ceomp values, along with expected
slew rates and bandwidths for a variety of load conditions and
gains for the circuits in Figures 31 and 32.



*SEE TABLE Il

Figure 31. AD744 Connected as a Voltage Follower

R1*

&

Vin ©

Operating at Gains of 2 or Greater

*SEE TABLE Il

Figure 32. AD744 Connected as an Inverting Amplifier
Operating at Gains of 1 or Greater

Max Slew -3dB
Rl | R2 Gain Gain | Cioap | Ccomp | CLeap | Rate | Bandwidth
(}) | (f1) | Follower | Inverter| (pF) (pF) | (pF) | (Vips) (MHz)
4.99k | 4.99k 2 1 50 0 7 75 2.50%
4.99k | 4.99k 2 1 150 5 7 37 2.3%2
4.99k | 4.99k 2 1 1000 20 - 14 1.2
4,99k | 4.99k 2 1 =>2000 25 - 12.5*% 1.0
49901 | 4.99%k 11 10 270 0 - 75 1.2
49901 | 4.99k 11 10 390 2 - 50 0.85
49902 | 4.99k 11 10 1000 5 - g~ 0.60

*Into large capacitive loads the AD744's 25mA output current himit sets the slew rate of the amplifier,
in Vius, equal to 0.025 amps divided by the value of Cioap in pF. Slew rate is specified into rated
max Cpoap except for cases marked *, which are specified with a 50pF load.

**Bandwidth with Cpgap adjusted for minimum settling time,

Table Il. Recommended Values of Ceome vs. Various Load Conditions for the
Circuits of Figures 31 and 32.

Using Decompensation to Extend the Gain Bandwidth

Product

When the AD744 is used in applications where the closed-loop
gain is greater than 10, gain bandwidth product may be enhanced
by connecting a small capacitor between Pins 1 and 5 (Figure
33). At low frequencies, this capacitor cancels the effects of the
chip's internal compensation capacitor, Ccomp, effectively de-

compensating the amplifier.

Due to manufacturing variations in the value of the internal
Ccomps it is recommended that the amplifier’s response be
optimized for the desired gain by using a 2 to 10pF trimmer

capacitor rather than using a fixed value.

Rl | R2 Gain Gain —3dB Gain/BW ;

(1) | (f}) |Follower | Inverter | Bandwidth | Product %’ g SEE TABLE I

1k | 10k 11 10 2.5MHz 25MHz

100 | 10k | 101 100 760kHz | 76MHz Figure 33. Using the Decompensation Connection to Extend
100 | 100k| 1001 1000 225kHz 225MHz Gain Bandwidth

Table Ill. Performance Summary for the Circuit of

Figure 33
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HIGH-SPEED OP AMP APPLICATIONS
AND TECHNIQUES

DAC Buffers (I-to-V Converters)

Digital-to-analog converters which use bipolar transistors to
switch currents into (or out of) their outputs can achieve very
fast settling times. The AD565A, for example, is specified to
settle to 12 bits in less than 250ns, with a current output. However,
in many applications, a voltage output is desirable, and it would
be useful — perhaps essential — that this I-to-V conversion be
accomplished without increasing the settling time or without
degrading the accuracy of the DAC.

Figure 34 is a schematic of an AD565A DAC using an AD744
output buffer. The 10pF C; gap capacitor compensates for the
DAC’s output capacitance, plus the 5.5pF amplifier input
capacitance.

Figure 35 is an oscilloscope photo of the AD744’s output voltage
with a + 10V to OV step applied; this corresponds to an all “1s”
to all “0s” code change on the DAC. Since the DAC is connected
in the 20V span mode, 1LSB is equal to 4.88mV. Qutput settling
time for the AD565/AD744 combination is less than 500ns to
within a 2.44mV, 1/2LSB error band.

AD565A

9.96k(}

Figure 35. Upper Trace: AD744 Output Voltage for a + 10V
to OV Step, Scale: 5mV/division.
Lower Trace: Logic Input Signal, Scale: 5V/division.

. BIPOLAR OFFSET ADJ.

Figure 34. =+ 10V Voltage Output Bipolar DAC Using the
AD744 as an Output Buffer
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A HIGH-SPEED, 3 OP AMP INSTRUMENTATION
AMPLIFIER CIRCUIT

The instrumentation amplifier circuit shown in Figure 36 can
provide a range of gains from unity up to 1000 and higher. The
circuit bandwidth is 4MHz at a gain of 1 and 750kHz at a gain
of 10; settling time for the entire circuit is less than 2ps to
within 0.01% for a 10V step, (G=10).

While the AD744 is not stable with 100% negative feedback (as
when connected as a standard voltage follower), phase margin
and therefore stability at unity gain may be increased to an
acceptable level by placing the parallel combination of a resistor
and a small lead capacitor between each amplifier’s output and
its inverting input terminal.

The only penalty associated with this method is a small bandwidth
reduction at low gains. The optimum value for Cj g4p may be
determined from the graph of Figure 41. This technique can be
used in the circuit of Figure 36 to achieve stable operation at
gains from unity to over 1000.

CIRCUIT GAIN = H.!H';Q +1

AD744

*1 SpF - 20pF
[TRIM FOR BEST SETTLING TIME)

[}
Al

*10ki2
10K MW
T e 10k SENSE
1r A
Rsg  7.5pF =+ 10ki}
1 AN
= e
10ki1
AAA- SpF l &
;]; § 1ok
+IN O, REFERENGE
o
AD744

*VOLTRONICS 5P20 TRIMMER CAPACITOR OR EQUIVALENT
**RATIO MATCHED 1% METAL FILM RESISTORS

v,
+1 s

FOR OPTIONAL

OFFSET ADJUSTMENT,
TRIM A1, A3 USING TRIM
PROCEDURE SHOWN IN
FIGURE 21,

Figure 36. A High Performance, 3 Op Amp Instrumentation
Amplifier Circuit

Gain Rg Bandwidth | T Settle (0.01%)
1 NC 3.5MHz 1.5us
2 20k 2.5MHz 1.0ps
10 2.02k)| 1MHz 2ps
100 20202 290kHz Sps

Table IV. Performance Summary for the Three Op Amp
Instrumentation Amplifier Circuit

Figure 37. The Pulse Response of the 3 Op Amp
Instrumentation Amplifier, Gain=1, Horizontal Scale:
0.5us/div, Vertical Scale: 5V/div. (Gain=10)

Figure 38. Settling Time of the 3 Op Amp Instrumentation
Amplifier. Horizontal Scale: 500ns/div., Vertical Scale,
Pulse Input: 5V/div. Output Settling: TmV/div.

Minimizing Settling Time in Real-World Applications

An amplifier with a “single pole” or “ideal” integrator open-loop
frequency response will achieve the minimum possible settling
time for any given unity-gain bandwidth. However, when this
“ideal” amplifier is used in a practical circuit, the actual settling
time is increased above the minimum value because of added
time constants which are introduced due to additional capacitance
on the amplifier’s summing junction. The following discussion
will explain how to minimize this increase in settling time by
the selection of the proper value for feedback capacitor, C;.

If an op amp is modeled as an ideal integrator with a unity gain
crossover frequency, fo, Equation 1 will accurately describe the
small signal behavior of the circuit of Figure 39. This circuit
models an op amp connected as an I-to-V converter.

Equation 1 would completely describe the output of the system
if not for the op amp’s finite slew rate and other nonlinear effects.
Even considering these effects, the fine scale settling to <0.1%
will be determined by the op amp’s small signal behavior.

OPERATIONAL AMPLIFIERS 2-147

158




Equation 1.
% b: -R
Il'N R (CL+C'X} Sz + ( GN

2Ty = + R C,_) s+1

Where Fo=the op amp’s unity gain crossover frequency
Gy =the “noise” gain of the circuit (1 +1§—0)
This Equation May Then Be Solved for C;:

Equation 2.

_2-Gy
= R2nF,

2 VRCy 2nF, + (1-Gp)
R 2nF,

Co

In these equations, capacitance Cyx is the total capacitance ap-
pearing at the inverting terminal of the op amp. When modeling
an I-to-V converter application, the Norton equivalent circuit of
Figure 39 can be used directly. Capacitance Cy is the total
capacitance of the output of the current source plus the input
capacitance of the op amp, which includes any stray capacitance
at the op amp’s input.

Ceomp (optional)

Figure 39. A Simplified Model of the AD744 Used as a
Current-to-Voltage Converter

When Rg and Ig are replaced with their Thevenin Vyy and Ryy
equivalents, the general purpose inverting amplifier model of
Figure 40 is created. Here capacitor Cx represents the input
capacitance of the AD744 (5.5pF) plus any stray capacitance
due to wiring and the type of IC package employed.

In either case, the capacitance Cx causes the system to go from
a one-pole to a two-pole response; this additional pole increases
settling time by introducing peaking or ringing in the op amp’s
output, If the value of Cx can be estimated with reasonable
accuracy, Equation 2 can be used to choose the correct value for
a small capacitor, Cy, which will optimize amplifier response. If
the value of Cyx is not known, C;_ should be a variable capacitor.

2-148 OPERATIONALAMPLIFIERS

159

Figure 40. A Simplified Model of the AD744 Used as an
Inverting Amplifier

As an aid to the designer, the optimum value of Cy, for one
specific amplifier connection can be determined from the graph
of Figure 41. This graph has been produced for the case where
the AD744 is connected as in Figures 39 and 40 with a practical
minimum value for Cstray of 2pF and a total Cx value of
7.5pF.

The approximate value of C;_ can be determined for almost any
application by solving Equation 2. For example, the AD565/AD744
circuit of Figure 34 constrains all the variables of Equation 2
(Gn=3.25,R = 10kf), Fo=13MHz, and Cx = 32.5pF). Therefore,
under these conditions, C; = 10.5pF.

35 A N
30 j¢ \
\,.t
\
Sl Y \
S Gu=15
N
&
T / N
E m‘rms':l:'ﬂ:mn. Gy=2 \,\'|
> s ,3;"':176', \ TS R
b Gumd 4]
, ) *"
100 100k

1k 10k
VALUE OF RESISTOR R - OHMS

Figure 41. Practical Values of C, vs. Resistance of R for
Various Amplifier Noise Gains



ANALOG
DEVICES

Dual Precision, 500ns Settling
BiFET Op Amp

AD746

FEATURES

AC PERFORMANCE

500ns Settling to 0.01% for 10V Step
75V/ps Slew Rate

0.0003% Total Harmonic Distortion (THD)
13MHz Gain Bandwidth

DC PERFORMANCE

0.25mV max Offset Voltage (AD746C)
3pV/°C max Drift (AD746C)

250V/mV min Open Loop Gain (AD746B)
4uV p-p max Noise, 0.1Hz to 10Hz (AD746C)

APPLICATIONS

Output Buffers for 12- and 14- Bit DACs,
ADC Buffers, Cable Drivers, Wideband
Preamplifiers and Active Filters

Available in 8-Pin Plastic SOIC, Mini-DIP, Hermetic
Cerdip, and Hermetic Metal Can Packages.

PRODUCT DESCRIPTION
The AD746 is a dual fast-settling, precision, FET inputs)
operational amplifier. It offers the excellent dc cha.f'ﬁ:t 5t

and bandwidth. The AD746 is mlen;a]ly l;cm'}péasﬂtcd for
operation as a unity gain inverter or a.sfh ﬁunihverqng i
with a gain of two or greater.”, 5

F \,r-
of the AD711 BiFET family with enhanced: sénhng‘;‘s]&v m@&d ‘

,.\ fi

g
The single pole response of the AD746 pmvidc?ﬂm se{ﬂ'j ing: 500%
10 0.01%. This feature combined with its high'de’ precn% 3

makes it suitable for use as a buffer amplifiér for 12-bit,

or 16-bit DACs and ADCs. Furthermore, the AD746's low total
harmonic distortion (THD) level of 0.0003% and gain bandwidth
product of 13MHz make it an ideal amplifier for demanding
audio applications. It is also an excellent choice for use in active
filters in 12-bit, 14-bit and 16-bit data acquisition systems.

The AD746 is available in seven performance grades. The AD746]
and AD746K are rated over the commercial temperature range
of 0 to +70°C. The AD746A, AD746B and AD746C are rated
over the industrial temperature range of —40°C to 85°C. The
AD746S and AD746T are rated over the military temperature
range of —55°C to + 125°C and are available processed to MIL-
STD-883B, Rev. C.

Extended reliability PLUS screening is available, specified over
the commercial and industrial temperature range. PLUS screening
includes a 168-hour burn-in, as well as other environmental and
physical tests.

AD746 CONNECTION DIAGRAMS

v+

NOTE PIN 4 CONNECTED
TO CASE

u“"hﬂ TAE i ]\u
"3?, ¥,
# "‘_i_’, —INE A zlm'll
ol
AD746 3*"‘
H]GHLIGHTS

TthD?ai-ﬁ is a dual high-speed, fast settling, BiFET op
p that offers excellent performance at competitive prices.
The AD746 is offered in a standard dual pin out.

2. The AD746 offers excellent dynamic response. It settles to
0.01% in 500ns and has a 100% tested minimum slew rate of
S0V/us (AD746B).

3. The combination of Analog Devices’ advanced processing
technology, laser wafer drift trimming and well-matched ion-
implanted JFETSs provide outstanding dc precision. Input
offset voltage, input bias current, and input offset current
are specified in the warmed-up condition; all are 100%
tested.

4. The AD746 has a guaranteed and tested maximum voltage
noise of 40V p-p, 0.1Hz to 10Hz (AD746C).

5. The AD746 is available in an 8-pin small outline (SO) package,
mini-DIP, cerdip and metal cans.
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SPECIFICATIONS (@ + 25 an - 15v s, s aterienote
Model ADT46)AS ADTE/BT ADT46C

Conditions | Min Typ Max Min Typ Max Min Typ Max | Units
INPUT OFFSET VOLTAGE'

Inunal Offfser 03 1.0 0.25 0.5 0.10 0.25 | mV
Offeet Tour-Tonm 2.572.52.5 1 0.50 | mv
vs. Temperature 12 2002020 5 10 2 3 wVrC
vs. Supply? 52 95 8 100 2 110 dB
vs Supply Toua=Teas | 828282 ] 92 dB

Long-Term Stabiliy 15 15 15 wV/month

INPUT BIAS CURRENT?

Exther Input Ve =0V 60 150 &0 150 50 150 | pA

Esther Input Gt Ty Vem =0V
LK T0C 1.4 34 14 34 nA
AB,C 85°C ER 9.6 38 96 ER) 6.4 nA
5T 125°C [1] 154 L1} 154 nA

Euther Input Vew = +10V B0 250 80 250 80 200 | pA

Offser Current Vew =0V 30 75 20 75 0 40 pA

Offset Current @ T s Veu =0V
LE 0T 07 17 0.4 17 A
AB,C 85°C 1.9 48 1.3 48 1.3 16 nA
5T 125°C 3l 77 0 77 nA

MATCHING CHARACTERISTICS*

Input Offset Voluage 1.5 0.5 0.3 mV

Input Offset Voluage Torun10 Tonas 2.512.52.5 L 06 | mV

Input Offset Voltage vs, Temp. 2002020 5 wVC

Input Bias Current 50 20 pA

Crosstalk @ 1kHz 120 120 120 dB

(i 100kHz 0 %0 dB
FREQUENCY RESPONSE

Gaun BW, Small Signal G=-1 8 13 9 9 13 MH:

Full Power Response Vo=20Vpp 600 00 kHz

Slew Rate, Unuty Gain =-1 A % 50 75 Vips

Setiling Time 100 01%" G=-1 05 09 | ps

“Total Harmome f=1kHz L U
Distoruon Ri=2k0 g 1

Vi =3V rms 0.0003 %
INPUT IMPEDANCE
Differenual 3105 5 pF
Common Mode Ix10Ys § (HpF
INPUT VOLTAGERANGE

Differential® i =20 v

Comman-Mode Voltage P s 5 ¥ ¥14.5, - 115 +14.5, 115 v

Over Max Operanng Range® -11 W + 1 +13 -1 +13 |V

Common-Maode Rejection Ratio Vem= =10V | 78 8 86 94 dB

T 10 Toas | 767676 “ 8% 90 dB
Vem= =11V B4 78 B4 50 90 dB
Toun10 Ty | THTOTO 80 74 80 76 &4 dB
INPUT VOLTAGENOISE 0.1 10 10Hz 2 2 2 4 ¥ p-
f=10Hz 45 45 45 aViVHz
{=100Hz 2 2 n aVIVHz
f=1kHz 18 18 18 aVAVHz
f=10kHz 16 16 16 nVAVHz
INPUT CURRENTNOISE fe lkHz 0ol 0.01 001 pA/VHz
OPEN LOOP GAIN’ Vg==10V
Rroap=2kil | 150 300 175 300 200 100 VimV
Toun 10 Tmge | 7575/65 75 100 VimV
OUTPUT CHARACTERISTICS
Voltage Reoan=2kil | +13, -12.5 +139,-13.3 +13,-125 +139,-132 +13, =125 +13.9,-133 v
T 10T | 21212212 +13.8,-13 1 £12 +138, - 13.1 212 +138,-13.1 v
Current Short-Carcuit 25 5 25 mA
POWER SUPPLY

Rated Performance =15 =15 =15 v

Operating Range +4.5 +18 +4.5 +18 +4.5 =18 | V

Chnsescent Current 7.0 10.0 70 8.0 70 B0 mA

TEMPERATURE RANGE .

Operatng, Rated Performance
Commercial (010 + 70°C) AD746] AD46K
Industral { - 40°C to +85°C) ADT46A AD746B ADT46C
Mulitary ( - 55"°Cro + 125°C) AD7465 ADT46T

PACKAGE OPTIONS

SOIC{R-8) ADT46]R

Plasuc (N-8) ADT46]N ADT46EN

Cerdip(Q-8) ADT46AQ, AD7465Q AD746B0, AD746TQ AD746CQ

TO-99 (H-08A) AD746AH, AD7465H AD746BH, ADT46TH AD746CH

NOTES

Unput OfFset Voltage specifs fafter § - (Ty=+257C. "Open- Loop Gan s specificd with Vo both nulied and unnulled.
*PSRR testconditions + Vg = 15V, = Vg = 12V 10 18V and + V5 = 12V 10 18V, - V= — ISV, *Sor Section 16 for package outhne infurmaon

"Buas Current Specif d k s £ Ta=+25C

*Matching ss defi

For hugher temperarure, the current doubles every 10°C

*Defined as voltage berween mputs, such that neither exceeds = 10V from ground

Speaificanons sul

o all

byect 1o change withaut notice,

caleulate outgoung qualiry evels. All mun und

umts

Typcally ~14 1V nega
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OUTPUT SWING - V

ABSOLUTE MAXIMUM RATINGS'

Supply Voltage: .x on oo S s I8 ses 4G o +18V
Internal Power Dissipation . ... .......... 500mW
Input Voltage? . . . . . ... ... .....ouuu.n +18V
Output Short-Circuit Duration . . ... ...... Indefinite
Differential Input Voltage . . . . . ... ... +Vsand — Vg
Storage Temperature Range Q. H . . . . . —65°C to +150°C
Storage Temperature Range N . . ... .. —65°C to +125°C
Operating Temperature Range

ADT46J/K . . . . o e e 0to +70°C

ADVACABIG ;o i ia wesoen o s —40°C to +85°C

AD746SIT . . . v v v v v oo v a e u v s =55°C 1o +125°C
Lead Temperature Range (Soldering 60sec) . . . . . . +300°C
NOTES

IStresses above those listed under “Absolute Maximum Ratings™ may cause
permanent damage to the device. This is a stress rating only, and functional
aperation of the device at these or any other conditions above those indi-

cated in the op:nunnn] section of this specification is not m:plw@. Etpusun
to absolute maximum rating conditions for extended peri

0 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8
SETTLING TIME - ps
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ANALOG
DEVICES

Single Supply, Low Power
Precision Op Amp

AD821

FEATURES
True Single Supply Operation:
Input and Qutput Voltage Ranges
Include Ground
Output Voltage Swing to 50mV of Each Rail
Low Power: 400pA Supply Current max
250pV Input Offset Voltage
1.3MHz Gain Bandwidth Product
3V/ps Slew Rate
Single and Dual Supply Capability

APPLICATIONS

Battery Powered Precision Instrumentation
Strain Gage Signal Conditioners
Instrumentation Amplifiers
Thermocouple Amplifiers

Multiple Limit Threshold Detection

12- to 14-Bit Data Acqusition Systems

Available in 8-Pin Plastic Mini-DIP, SOIC and
Hermetic Cerdip Packages

Dual Version - AD822, Quad Version - Ansza %ﬁ
Available

,g-'."""‘ 1;3.\ ‘

et e

w0 A
o 4

PRODUCT DESCRIPTION |

The ADS821 is a precision, low% fnp nol

amp that can operate from a single supply 9; _[é‘+ 36V
or dual supplies of 2.4V to =18V, It haiptru le su@
capability with its input voltage range inclul,glg the negat k
rail, allowing the AD821 to accommodate input signals do to
ground in the single supply mode. Its output voltage swing
extends to within 50mV of each rail providing the maximum
possible output dynamic range to the user.

Low input offset voltage (250V max), low offset voltage drift
(3nV/°C max), low input bias current (< 10pA) and low supply
currents (400pA max) mark the AD821 with true dc precision
at low power operating conditions. Combined with unity gain
bandwidth of 1.3MHz and 3V/ps slew rate, the AD821 offers
the best combination of ac and dc specs to the single supply op
amp user. Performance in 12- to 14-bit applications is ensured
with the AD821’s low noise 26nV/\/Hz), high open-loop gain
(10’V/mV) and 4ps settling to 0.01%.

@&%ﬂ'

ADS821 FUNCTIONAL BLOCK DIAGRAM

S
NULL | 1 8 | NULL
-IN| 2 - 7| +Vs
+IN| 3 + 6 | Vour
-V

s[4] aps21 [3)NC

S—Pml’]nsucMnuDIl'
SO and Cerdip

n excellent choice for battery powered precision
pplications — wherein the extended input and
d the AD821 its versatility in these

mﬂ is available in five performance grades. The AD821]

1K are rated over the commercial temperature range
°C The AD821A and ADS821B are rated over the
perature range of —40°C to +85°C. The ADS821S
over the military temperature range of —55°C to +125°C
is available processed to MIL-STD-883B, Rev. C.

Extended reliability PLUS screening is available, specified over
the commercial and industrial temperature range. PLUS screening
includes a 168 hour burn-in, as well as other environmental and
physical tests.

PRODUCT HIGHLIGHTS
1. True single supply operation — input voltage range includes
the negative rail.

2. Output voltage range extends to 50mV of each rail.
3. Low power, low supply current.

4. Common-mode rejection of 90dB and open-loop gain of
10’V/mV ensure 12- 1o 14-bit accuracy in high-speed data
acquisition circuits.

5. Dual version — AD822, quad version — AD824 also available.
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SPECIFICATIONS (@ -+ 25 unessatrrvse ot
Model ADB21J/A/S ADS21B/K

Conditions’ Min Typ Max Min Typ Max Units
INPUTCHARACTERISTICS

Input Offset Voltage? Vem=0
Condinon I, V=0V 03 1% 0.1 0.25* mV
Condiuon 2, V= 1.4V 0.3 o 0.1 0.25* mV
Tran10 Ten 1.51.62* 0.4* mV

Input Offser Voliage Drft 10 3* pvrc

Input Bias Current? 15 30 10 20 PA
Trrin10 Tix 0.68/2/30 051.3 nA

Input Offset Current 5 15 3 7 pA
Torin 10 Trnax 0.34/0.96/15 0.16/0.45 | nA

Input Resistance Differennal 5210 510 4]

Input Capacitance 3 3 pF

Commaon-Mode Voliage Range Condimion 1 -Vg +Vs—1 -V +Vs—=1 |V
Condition 2 -Vg +Vi-1 -Vs +Vs=1 |V

Differential Voltge Range* Condinon 1 -V¢—-0.6 +V,+0.6 -Vi-06 +Vs+06|V
Condinon 2 ~Ve=0.6 +V +0.6 -Vy=06 +Ve+0.6|V

Common-Mode Rejection Condition 1 80* 90 dB
Vem= = 12V, V=0V
Condition 2 80* 90* dB
Vem=0102.5V, V=14V

Power Supply Rejection Rano Condition 1 a0 a0 dB
Condition 2 80* 90 dB
45< + V=55, V=14V .

Input Noise Volrage f=10Hz 90 nV/IVHz
f=100Hz 90 nVivVHz
f=1kHz S0 nVivVHz
f=10kHz 33 nV/VHz
f=100kHz 21 nV/VHz

Input Nosse Current f=1kHz 0.01 pA/VHz

OUTPUT CHARACTERISTICS

Ourput Voltage Swing Condinon 1, Condition 2 et
2k{} Load Wl 9 150mV max from Each Rail
10k} Load " S 100mV max from Each Rail
Condition i 4 v
1mA S p " 100mV max from Ground

Short-Circunt Current Sougg G " 0 ¢ 30 mA

GAIN , ] 1 ; o

Open Loop Cond i
Vo= =14V
2k(} Load S 500 1,000 VimV
10k<) Load 1, 10,000 1,000 10,000 VimV
Condition 2
Va=0.5Viw4.5V .
2k} Load 500 1,000 500 1,000 VimV
10k{} Load 1,000 10,000 1,000 10,000 VimV

DYNAMICCHARACTERISTICS

Gain Bandwidth Product 1.3 1.3 MHz

Rated Performance

Full Power Bandwidth 48 48 kHz

Slew Rate 3 3 Vips

Settling Time 10V Stepto0.1% 4 4 1

POWER SUPPLY
Operaung Voltage Range Dufferenual +4* + 36" +4* +36* v
Quiescent Current 400* 400* pA
TEMPERATURE RANGE
Rated Performance
Commerical (0to +70°C) ADBS21JN, ADS21JR ADS21KN
Industral{ - 25°Cto + 85°C) ADS21AQ ADE21BQ
Military ( = §5°Cro + 125°C) ADS215Q
PACKAGE OPTIONS®

Plastic (N-8) ADB2IIN ADB21KN

Cerdip (Q-8) ADS21AQ, AD821SQ ADS21BQ

SOIC(R-8) ADS21JR

NOTES

*Indicates parameter guaranteed and tested ‘Defined as voltage berween inputs

'Condinon 1 + 15V power supply, Condiion 2 + 5V power supply *See Section 16 for package outline informanon
*Input offset voltag fi dafter f at Ty =25°C. Speaifications subject to change without notice.

*Baas Current specifi
For higher

ry 10°C,

the current doublh
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage: . . . . ... ¢ v v v v v v v +36V
Qutput Short-Circuit Duration . . . .. ... ... Indefinite
Internal Power Dissipation

Plastic on sose v oad od Sal 0h R SR 8% B TBD

CerdiD v v v e e e e e e 1.6W

SOIC: o wimpe s moom aen smera om 206 WG B S0 TBD
Storage Temperature Range . . . . .. ... =65°C to +150°C
Operating Temperature Range

ADB2IJR v o v oot e e 0 to +70°C

ADS2IAMB .. civui v i i as +85°C

ADBZIB: 5 viv 5.2 Bumw Sn6 Fobce o KiF +125°C
Maximum Junction Temperature . . . . . . 150°C
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ANALOG
DEVICES

Wideband,
Fast Settling Op Amp

AD840

FEATURES

AC PERFORMANCE

Gain Bandwidth Product: 400MHz (Gain = 10)

Fast Settling: 100ns to 0.01%

Slew Rate: 400V/ps

Stable at Gains of 10 or Greater

Full Power Bandwidth: 6.4MHz for 20V p-p into a
5004} Load

DC PERFORMANCE

Input Offset Voltage: 0.5mV max

Input Offset Drift: 5uV/°C max

Input Voltage Noise: 3nV/\VHz

Open-Loop Gain: 200V/mV into a 1k() Load
Output Current: 50mA min

Supply Current: 12mA max

APPLICATIONS

Video and Pulse Amplifiers

DAC and ADC Buffers

Line Drivers

Available in 14-Pin Plastic DIP and Hermetic Cerdip
Packages

Chips and MIL-STD-883B Parts Available

PRODUCT DESCRIPTION

The ADB40 is a member of the Analog
bandwidth operational amplifiers. Thi
family includes, among others, gh
stable and the AD842, which is S le
and has 100mA minimum output

are fabricated using Analog Devices’ 1uncn
plementary bipolar (CB) process. This process permits a co
nation of dc precision and wideband ac performance previously
unobtainable in a monolithic op amp. In addition to its 400MHz
gain bandwidth product, the AD840 offers extremely fast settling
characteristics, typically settling to within 0.01% of final value
in 100ns for a 10 volt step.

}

99

ater

The ADB840 remains stable over its full operating temperature
range at closed-loop gains of 10 or greater. It also offers a low
quiescent current of 12mA maximum, a minimum output current
drive capability of 50mA, a low input voltage noise of 3nV/VHz,
and a low input offset voltage of 0.5mV maximum.

The 400V/us slew rate of the AD840, along with its 400MHz
gain bandwidth, ensures excellent performance in video and
pulse amplifier applications. This amplifier is ideally suited for
use in high-frequency signal conditioning circuits and wide
bandwidth active filters. The extremely rapid settling time of
the AD840 makes it the preferred choice for data acquisition
applications which require 12-bit accuracy. The AD840 is also
appropriate for other applications such as high-speed DAC and
ADC buffer amplifiers and other wide bandwidth circuitry.

ADBS40 CONNECTION DIAGRAM
Plastic DIP (N) Package
and
Cerdip (Q) Package

S
ncf1|® ‘NINC
AD840
NC | 2 13|NC
BALANCE | 3 12|BALANCE

—=INPUT E 11 l V+
+INPUT | 5 t 10 | OUTPUT
V-1s 9 I NC

fi

Tl s = s | nc
’g% 3 TOP VIEW j
&, ¢

HIGHLIGHTS

ate and fast settling time of the AD840 make
and ADC buffers, line drivers, and all types
§ instrumentation circuitry.

¢ AD840 is truly a precision amplifier. It offers accuracy
to 0,81% or better and wide bandwidth, performance previously
ly in hybrids.
%e D840’s thermally balanced layout and the speed of the
process allow the AD840 to settle to 0.01% in 100ns
w:thout the long “tails” that occur with other fast op amps.
4. Laser wafer trimming reduces the input offset voltage to
0.5mV max on the K grade, thus eliminating the need for
external offset nulling in many applications. Offset null pins
are provided for additional versarility.
5. Full differential inputs provide outstanding performance in
all standard high-frequency op amp applications where circuit
gain will be 10 or greater.

6. The AD840 is an enhanced replacement for the HA2540.
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SPEG'FICATIONS{@ +25°C and = 15V dc, unless otherwise noted)
Model ' ADS40] ADS40K ADB40S
Conditi Min Typ Max Min Typ Min Typ Max | Units
INPUT OFFSET VOLTAGE' 0.2 1 0.2 0.5 0.2 1 mV
Tinn=Tenax 15 0.7 2 mV
Offset Drift 10 ¥ 10 pViEC
INPUT BIASCURRENT 35 8 35 5 15 8 nA
Tenun=Tenax 10 [3 12 e
Input Offset Current 0.1 0.4 0.1 0.2 0.1 0.4 pA
Ton= Trex 0.5 03 0.6 A
INPUT CHARACTERISTICS Differential Mode
Input Resistance 0 30 30 ki
Input Capacitance 2 2 2 pF
INPUT VOLTAGERANGE
Common Mode +10 +10 =10 v
Comman-Mode Rejection Vem= =10V 90 110 100 110 90 110 dB
Ton=Timax 85 90 85 dB
INPUT VOLTAGE NOISE f=1kHz nV/VHz
Wideband Noise 10Hz 10 10MHz 10 pVrms
OPEN LOOPGAIN Vo= =10V
Rioap= 1kil 100 200 VimV
Trmun=Tmax S0 80 VimV
Rpoap= 50011 75 VimV
A 35 VimV
OUTPUT CHARACTERISTICS
Voltage Rypap=50002
Terin—Trriax +10 v
Current Vour= =10V 50 mA
OUTPUT RESISTANCE 15 n
FREQUENCY RESPONSE
Gain Bandwidth Product
400 MHz
Full Power Bandwidth?
5.5 6.4 MHz
Rise Time 10 ns
Overshoot 20 %
Slew Rate 350 400 Vips
Settling Time— 10V Step
30 ns
100.01% 100 100 100 ns
OVERDRIVE RECOVERY ~ Overdrive 160 160 160 ns
+ Overdrive 350 350 350 ns
DIFFERENTIAL GAIN f=3.58MHz 0.1 0.1 0.1 %
Differential Phase f=3.58MHz 0.1 0.1 0.1 Degree
POWER SUPPLY
Rated Performance =15 =15 =15 v
Operating Range +5 +18 *5 +18 +5 +18 |V
Quiescent Current 11 12 11 12 11 12 mA
Toun— Tiinax 14 14 16 mA
Power Supply Rejection Ratio Vg==5Vio =15V| 90 100 94 100 ] 100 dB
Torun=Tmax 80 86 80 dB
TEMPERATURERANGE
Rated Performance’ 0 +75 0 +175 -55 +125| °C
PACKAGE OPTIONS*
Cerdip (Q-14) ADS40]Q ADBS40KQ ADB405Q
Plastic (N-14) ADB40JN ADB4OKN
NOTES
'Input offset vol fications are {after 5 A= +25°C.

2Full power bandwidth = slew rate/2e Vpgax.
“"S"gmde is tested with automatic test equipmentat Ty = —55°Cand Ty, = + 125°C.
*See Section 16 for package outline information.

All min and max specificati

Specifications subject to change without notice.
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ANALOG
DEVICES

Wideband, Unity-Gain Stable,
Fast Settling Op Amp

AD841

FEATURES

AC PERFORMANCE:
Unity-Gain-Bandwidth Product: 40MHz
Fast Settling: 110ns to 0.01%

Slew Rate: 300V/ps

Stable at Gains of 1 or Greater

Full Power Bandwidth: 4.7MHz

DC PERFORMANCE

Input Offset Voltage: 1mV max

Input Offset Drift: 25uV/°C

Input Voltage Noise: 13nV/\VHz

Open-Loop Gain: 50V/mV into a 500(} Load
OQutput Current: 50mA min

Supply Current: 12ZmA max

APPLICATIONS

Video and Pulse Amplifiers

Active Filters

High-Frequency Signal Conditioning Circuitry

Available in Plastic DIP, Hermetic Metal Can
and Hermetic Cerdip Packages

MIL-STD-883B Parts Available

PRODUCT DESCRIPTION
The AD841 is a member of the Analog

bandwidth operational amplifiers. iy, mclud a:‘;?.
others, the AD840, which is stablé at ' of uwk er
and the AD842, which is stamﬁ a‘gain o & and
has 100mA output current drive. 'I'hese.‘d!v:%' ncsled
using Analog Devices’ junction 1solateﬁ nraryfl

(CB) process. This process permits a combination of dc 93‘1011

and wideband ac performance previously unobtainable in
monolithic op amp. In addition to 40MHz unity-gain bandwidth,
the AD841 offers extremely fast sertling characteristics, typically
settling to within 0.01% of final value in less than 110ns for a

10 volt step.

The ADB41 is remarkably easy to use: it only requires two
0.01F decoupling capacitors, one for each power supply line.
External compensation is not required. [t remains stable over its
full operating temperature range. The AD841 also offers a low
quiesent current (12mA), high output current drive capablity
(S0mA), low input voltage noise (13nV/\/Hz), and low input
offset voltage (1mV).

The 300V/ps slew rate of the AD841, along with its 40MHz
gain bandwidth, ensures excellent performance in video and
pulse amplifier applications. This amplifier is ideally suited for
use in high-frequency signal conditioning circuits and high-
bandwidth active filters. The extremely rapid settling time of

ADB841 CONNECTION DIAGRAMS

S
nc|v|*® 14| N
ne |z 13| N
BALANCE E 2 | BaLance :
- E] i Plastic DI: n(‘l;f) Package
smput 5 o | ourpur Cerdip (Q) Package
[ ol
ucE 8 | N

TOP VIEW

TO-8 (H) Package

BOTTOM VIEW
NOTE CAN TIED TO V+

makes this amplifier the preferred choice for data
uisition applications which require 12-bit accuracy. The
841 is also appropriate for other applications such as high-speed
mtcgramrs and sample and hold circuitry.

APPLICATION HIGHLIGHTS

1. The high slew rate and fast settling time of the AD841 make
it ideal for D/A, A/D, sample-and-hold amplifiers, high-speed
integrators, and video instrumentation circuitry.

. The AD841 is a precision amplifier. It offers accuracy to
0.01% or better and wide bandwidth; performance previously
available only in hybrids.

3. Laser wafer trimming reduces the input offset voltage to
ImV max, thus eliminating the need for external offset nulling
in many applications. Offset null pins are provided for greater
versatility.

. Full differential inputs provide outstanding performance in
all standard high-frequency op amp applications such as
signal conditioning and active filters.

. The AD841 is an enhanced replacement for the HA2541,
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SPECIFICATIONS (@ + 25t an 151 s, s ot nte

Model i ADS841) ADS4IK ADB8415
Conditions Min Typ  Max Min Typ Max Min Typ Max | Units
INPUT OFFSET VOLTAGE' 0.5 15 0.5 1 0.5 L5 mV
Toin= Trnax 3.0 2.0 4.5 mV
Offser Dnft 25 25 25 pVrC
INPUT BIASCURRENT 33 8 35 s is 8 pA
Toin=Trmax 10 [ 12 i
Input Offset Current 01 0.4 0.1 0.2 0.1 0.4 pA
Tenin—Tman 0.5 03 0.6 wi
INPUT CHARACTERISTICS
Input Resistance 200 200 200 kil
Input Capacitance 1.0 1.0 1.0 pF
INPUT VOLTAGE RANGE
Common Mode *10 =10 =10 v
Common-Mode Rejection Vem= =10V 86 100 90 100 86 100 dB
Toran=T max 80 86 80 dB
INPUT VOLTAGENOISE = 1kHzx 13 13 13 aVi Hz
Wideband Noise 10Hz 10 10MHz 40 40 40 uVrms
OPEN LOOPGAIN Vo @ =10V
By oan=5001) 25 50 0 25 50 VimV
T o= T 12 12 VimV
OUTPUT CHARACTERISTICS
Voliage Ry an=50001 =10 v
Current VoLt = =10V 50 mA
Qutput Resistance Open Loop 5 {1
FREQUENCY RESPONSE
Unity Gain Bandwidth Ve 1= 90m] 40 MHz
Full Power Bandwidth? Vo = 20V
Rl il 4.7 MH:z
Rise Time ] ns
Overshoot 1 20 %
Slew Rate vy -1 200 300 Vips
Settling Time - 10V S1ep Vil «
100 1% B0 ns
100 01% 1o ns
Differenual Gain =3 58MHz 0.1 %
Dnfferennial Phase f=3.58MHz 0.1 Degree
POWER SUPPLY
Rated Performance =15 =15 —d & ] N
Operating Range =5 =18 +5 +18 *5 18 |V
Quiescent Current 12 12 12 mA
Tom=T s 14 14 16 mA
Power Supply Rejection Rano =5V = I8V 86 100 90 100 86 100 dB
Trun = Tonas B0 86 80 dB
TEMPERATURERANGE
Rated Performance 0 + 75 0 +75 55 +125 | *C
PACKAGE OPTIONS®
Plastic (N-14) ADS4IIN ADB41KN
Cerdip(Q-14) ADS41JQ ADB4IKQ ADS415Q
Metal Can(H-12A) ADS41JH ADS41KH ADB41SH
NOTES
'Input offset voliage fi are dafter tesat Ty = +25°C

‘FPBW - Slew Rate/2n Vi ax
'See Section 16 for package outhine information.
Specifications subject to change without notice

Specificanions shownin are tested on all prod umits at final electrical test Resulrs from those tests are used 1o
calculare ourgoing gualiry levels All min and max speaifications are guaranteed, although only those shown in boldface
are tested on all producnion unis
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ANALOG
DEVICES

Wideband, High Output Current,
Fast Settling Op Amp

AD842

FEATURES

AC PERFORMANCE

Gain Bandwidth Product: 80MHz (Gain=2)
Fast Settling: 100ns to 0.01%

Slew Rate: 375V/ps

Stable at Gains of 2 or Greater

Full Power Bandwidth: 6.0MHz

DC PERFORMANCE

Input Offset Voltage: 1mV max

Input Offset Drift: 10uV/°C max

Input Voltage Noise: 9nV/VHz typ
Open-Loop Gain: 90V/mV into a 5004} Load
Output Current: 100mA min

Quiescent Supply Current: 14mA max

APPLICATIONS

Line Drivers

DAC and ADC Buffers

Video and Pulse Amplifiers

Available in Plastic DIP, Hermetic Metal Can
and Hermetic Cerdip Packages

MIL-STD-883B Parts Available.

PRODUCT DESCRIPTION 5
The AD842 is a member of the Analog Devices fah 113& ofw
bandwidth operational amplifiers. This ly‘lmciui:s, ama

ADB842 CONNECTION DIAGRAMS

Plastic DIP(N) Package "¢ []* h:u 4] ne
and NC E 1__a] NE
cerdip (Q) W) BALANCE E E BALANCE
—meurt [ 1| v+
+INPUT | & 10 | OUTPUT
v-[5 3 Ne
TOP VIEW

NC = NO CONNECT

TO-8 (H) Package

BOTTOM VIEW

NOTE CAN TIED TO V4
NC = NO CONNECT

others, the AD840 which is stable apa gain of ioor gr;atctua

the AD841 which is unity-gain ; v1cesa;e Wi TION HIGHLIGHTS

using Analog Devices’ |unm&| lﬁola&d com: ],g-m a Jﬁpola: «’* slew rate and fast settling time of the AD842 make
(CB) process. This process permjts a cong;mtgm%;fﬁc p;gc,smf@ eal for DAC and ADC buffer amplifiers, line drivers and

and wideband ac performance prevmus?'y.unobg&l‘ahlc A “qxf
monolithic op amp. In addition to its 80MHz gain bandvadtéﬁ,

the AD842 offers extremely fast settling characteristics, lyﬁi‘ca]]y
settling to within 0.01% of final value in less than 100ns for a

10 volt step.

The AD842 also offers a low guiescent current of 13mA, a high
output current drive capablity (100mA min), a low input voltage
noise of 9nV/VHz and a low input offset voltage (ImV).

The 375V/ps slew rate of the AD842, along with its 80MHz
gain bandwidth, ensures excellent performance in video and
pulse amplifier applications. This amplifier is ideally suited for
use in high frequency signal conditioning circuits and high-
bandwidth active filters. The extremely rapid settling time of
the AD842 makes this amplifier the preferred choice for data
acquisition applications which require 12-bit accuracy. The
AD842 is also appropriate for other applications such as high-speed
DAC and ADC buffer amplifiers and other wide-bandwidth
circuitry.

a!l types of video instrumentation circuitry.

2. The AD842 is a precision amplifier. It offers accuracy to
0.01% or better and wide bandwidth; performance previously
available only in hybrids.

3. Laser-wafer trimming reduces the input offset voltage to
ImV max, thus eliminating the need for external offset nulling
in many applications.

4, Full differential inputs provide outstanding performance in
all standard high frequency op amp applications where the
circuit gain will be 2 or greater.

5. The ADS842 is an enhanced replacement for the HA2542.

OPERATIONAL AMPLIFIERS 2-161

172



SPEchI CATIONSI@ +25°C and == 15V dc, unless otherwise noted)
Model ADB42] ADB4ZK ADB42S
Conditions Min Typ Max | Min Typ Max | Min Typ Max | Units
INPUT OFFSET VOLTAGE! 0.5 L5 0.5 1 0.5 1.5 mV
Tenin=Tomax 2.5 1.5 3.5 mV
Offset Drift 20 10 20 uVirC
INPUT BIAS CURRENT 3.5 8 3.5 5 3.5 8 A
Tran>Tonix 10 6 12 nA
Input Offset Current 0.1 0.4 0.1 0.2 0.1 0.4 rA
Toun=Tomax 0.5 0.3 0.6 pA
INPUT CHARACTERISTICS
Input Resistance Differential Mode 100 100 100 k
Input Capacitance 1.0 1.0 1.0 pF
INPUT VOLTAGE RANGE
Common Mode =10 =10 =10 v
Common-Mode Rejection Vem= =10V 86 100 9% 100 86 100 dB
Torar—Tmax 80 86 80 dB
INPUT VOLTAGE NOISE f=1kHz [ nV/VHz
Wideband Noise 10Hz 1o 10MHz 28 uVrms
OPEN LOOP GAIN Vo= =10V
Rioap=50002 40 90 VimV
Toun— Tonax 20 ‘V/imV
OUTPUT CHARACTERISTICS
Voltage Rroap=1k{} =10 Vv
Current Vour= =10V 100 mA
Qutput Resistance Open Loop 5 0
FREQUENCY RESPONSE
Gain Bandwidth Product Vour=9%mV
Ayor=2 80 MHz
Full Power Bandwidth? Vo=20Vp-p
Rl= 4.7 6 MHz
Rise Time Avcr 10 ns
Overshoot Aver= 20 %
Slew Rate Ayer=12 300 375 Vips
Settling Time 10V Step
w0.1% 80 ns
100.01% 100 ns
Differential Gain f=3.58MHz 0.1 0.1 0.1 %
Differential Phase f=3.58MHz 0.1 0.1 0.1 Degree
POWER SUPPLY
Rated Performance +15 =15 =15 A
Operating Range =5 +18 | =5 =18 | %5 *18 |V
Quiescent Current 14 14 14 mA
TenanT max 16 16 19 mA
Power Supply Rejection Ratio Vs==5Viw =15V | 86 100 9% 100 86 100 dB
Tirun=Tenax 80 86 80 dB
TEMPERATURE RANGE
Rated Performance 0 +75 | 0 +75 | =55 +125| °C
PACKAGE OPTIONS®
Plastic (N-14) ADB42JN ADS42KN
Cerdip(Q-14) ADS42]Q AD342KQ ADB8425Q
TO-8(H-12A) ADB842JH AD842KH ADB842SH
NOTES
"Input offset voltage specifi 1afters atTy= +25C.

2FPBW = Slew Rate/27 Vpgax.

3See Section 16 for package outline information.
Specifications subject to change without notice,

Speaifications marked 1n boldface are tested on all production umts at final elec-

trical rest,

2-162

OPERATIONAL AMPLIFIERS

173



ANALOG
DEVICES

Precision 16MHz
CBFET Op Amp

AD845

FEATURES
Replaces Hybrid Amplifiers in Many Applications

AC PERFORMANCE:

Settles to 0.01% in 350ns

100V/ps Slew Rate

12.8MHz min Unity-Gain Bandwidth
1.75MHz Full-Power Bandwidth at 20V p-p

DC PERFORMANCE:

0.25mV max Input Offset Voltage

5pV/°C max Offset Voltage Drift

0.4nA Input Bias Current

250V/mV min Open-Loop Gain

4pV p-p max Voltage Noise, 0.1Hz to 10Hz

94dB min CMRR

Available in Plastic Mini-DIP and Hermetic Cerdip
Packages

PRODUCT DESCRIPTION
The ADS845 is a fast, precise, N channel JFET input,
operational amplifier. It is fabricated using Analog
complementary bipolar (CB) process. Advau ;

while driving a paraﬂd load &
combination offeaturcs unmare

cases, those which use bipolar op amps.

The ADB845 is ideal for use in applications such as active filters,
high-speed integrators, photo diode preamps, sample and hold
amplifiers, log amplifiers, and in buffering A/D and D/A
converters. The 250V max input offset voltage makes offset
nulling unnecessary in many applications. The common-mode
rejection ratio of 110dB over a + 10V input voltage range represents
exceptional performance for a JFET input high-speed op amp.
This, together with an open-loop gain of 250V/mV ensures

that 12-bit performance is achieved, even in unity gain buffer
circuits.

ADB845 CONNECTION DIAGRAM

8-Pin Plastic (N) and
and Cerdip (Q) Packages

NULL[ 1 8 INULL
—INPUTl 2 7 |+V

+INPUTE 6 IOUTPUT
-V E 5 INC

“%, “NOTE: PIN 4 CONNECTED TO CASE

TOP VIEW

AD845

b84 conforms to the standard 741 pinout except that
lling is to V+. The AD845] and AD845K grade devices
ified to operate over the commercial 0 to +70°C
ture range. AD845A and AD845B devices are specified
tion over the —40°C to + 85°C industrial temperature

ge. The AD845S is specified to operate over the full military

ture range of —55°C to +125°C. Both the industrial
ry versions are available in 8-pin cerdip packages. The
ercial version is available in an 8-pin plastic mini-DIP.

nd

PRODUCT HIGHLIGHTS

1. The high slew rate, fast settling time, and dc precision of the

ADB845 make it ideal for high-speed applications requiring

12-bit accuracy. )

The performance of circuits using the LF400, OP-42, OP-16,

OP-17, LT1022, LT1056, HA2510, AD381, and AD382 can

be upgraded in most cases.

3. The ADBS45 is unity-gain stable and is internally
compensated.

4, The ADB84S5 is specified while driving 100pF/500£} loads.

2,
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SPECIFICATIONS (@ + 25 an 54 s, s ot st

Model ADB45J/A ADS45K/B ADB45S
Conditions Min Typ Max | Min Typ Max | Min Typ Max |Units
INPUT OFFSET VOLTAGE!
Initial Offset 0.7 1.5 0.1 0.25 0.25 1.0 |mV
Torun=Timax 25 0.4 2.0 |mV
Offset Drift 20 1.5 5.0 10 pvrc
INPUT BIAS CURRENT?
Initial Vem= =10V 500 1000 250 400 500 1000 |pA
Tonin=Tmax 30/65 12/26 1100 [nA
INPUT OFFSET CURRENT
Initial Vem= =10V 25 100 15 50 25 100 [pA
Tonin—Tmax 3/6.5 1.212.6 110 |nA
INPUT CHARACTERISTICS
Input Resistance 10" 10" 10" ki
Input Capacitance 4.0 4.0 4.0 pF
INPUT VOLTAGERANGE
Differential +20 =20 v
Common Mode +10.5/-13 +10.5/-13 v
C Mode Rejection Veu= = 10V 86 110 86 110 dB
INPUT VOLTAGE NOISE 0.1to 10Hz 4 uVp
f=10Hz 80 nV/vVHz
f=100Hz 60 nVivVHz
f=1kHz 25 nV/VHz
f=10kHz 18 nV/VHz
f= 100kHz 12 nV/VHz
INPUT CURRENT NOISE f=1kHz 0.1 pAIVHz
OPEN-LOOP GAIN Vo= =10V
200 500 VimV
100 250 VimV
70 VimV
OUTPUT CHARACTERISTICS pre e
Voltage Rioap=50002 - 1 +12.5 v
Current Short Circuit | 509, % 50 mA
Output Resistance Open Loop (1]
FREQUENCY RESPONSE !
Small Signal Unity Gain 12.8 16 13.6 16 13.6 16 MHz
Full Power Bandwidth? Vo= =10V
R1 = 5000} 1.75 1.75 1.75 MHz
Rise Time ns
Overshoot %
Slew Rate 80 100 94 100 94 100 Vius
Setthing Time 10V Step
Croan=200pF ns
R[_{),‘n =50000F ns
w0 0.01% 350 350 500 350 500 |ns
00.1% 250 250 250 ns
POWER SUPPLY
Rated Performance =15 =15 =15 i
Operating Range +4.75 +18 | +4.75 18 | =475 =18 |V
Rejection Ratio Vg= =510 = 15V| 88 110 98 113 88 110 dB
Quiescent Current TourTmax 10 15 10 15 10 15 |mA
TEMPERATURE RANGE
Operating, Rated Performance 0/~ 40 T5/85| 0/ - 40 75/85 -55 +125|°C
PACKAGE OPTIONS'
Cerdip(Q-8) ADB45AQ ADB45BQ ADS455Q
Plastic Mini-DIP (N-8) ADB45IN ADB4SKN
NOTES
'Input offset voltage specifi are dafter S of at Ty = +25°C.

Bias current specifications are guaranteed maximum at exther input after S minutes of operationat Ty = 425°C.

FPBW = slew rate/27 V peak.

“See Section 16 for package outhne information
Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final electrical test. All min and max specifications

are guaranteed, although only those shown in boldface are tested on all production units.
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ANALOG
DEVICES

*

Very High-Speed
Operational Amplifier

AD846

FEATURES
AC PERFORMANCE
Small Signal Bandwidth: 46MHz (Ay=-1)
Slew Rate: 450V/ps
Full Power Bandwidth: 6.8MHz at 20V p-p, R.=5004}
Fast Settling: for 10V Step: 110ns to 0.01%,
80ns to 0.1%
Differential Gain: <0.1% @ 3.58MHz
Differential Phase: <0.1° @ 3.58MHz
Total Harmonic Distortion (THD): 0.0002% @ 100kHz
Open-Loop Transimpedance: 500M{}

DC PERFORMANCE

Input Offset Voltage: 75uV max (K Grade)
Input Offset Drift: 2pV/°C max (K Grade)
Input Voltage Noise: 2nV/\VHz

QOutput Current: 50mA min

Quiescent Supply Current: 6mA max

APPLICATIONS

High-Speed DAC Buffers

Multiflash ADC Error Amplifiers

Flash ADC Buffers

Coaxial Cable Drivers

High Performance Audio Circuitry

Available in Plastic Mini-DIP, Herw@
Hermetic Metal Can Packa%"’?‘_ S

MIL-STD-883B Parts A\m%

PRODUCT DESCRIPTION

The AD846 is a monolithic, very high-speed operational amplifier
offering high performance. Although technically classed as a
transimpedance amplifier, it may be used in much the same way
as traditional op amps while providing significant performance
benefits. Employing Analog Devices’ junction isolated com-
plementary bipolar (CB) process, the AD846 achieves true “12-bit"’
(0.01%) precision on critical ac and dc parameters, a level of
performance unmatched by amplifiers fabricated using either

the dielectrically isolated (DI) or other bipolar processes.

The ADB846 offers significant advantages over conventional
high-speed operational amplifiers. It maintains a nearly constant
bandwidth and settling time to 0.01% over a wide range of
closed-loop gains. This makes the AD846 ideal for amplifying
the residue in multiple-pass analog to digital converters.

Other advantages include: low input errors and high open-loop
transresistance (S00M(Q) into a 5004} load, ensuring true 12-bit
de accuracy for closed-loop gains from — 1 to gains greater than
—100. This combination of ac and dc performance makes the
ADB846 an excellent choice for buffering precision high-speed
DACs and flash ADCs.

ADB846 PIN CONFIGURATIONS
TO0-99 (H) Package

COMPENSATION

_v,

NOTE CAN TIED TO V+
NC =NO CONNECT

TOP VIEW

T Plastic DIP (N) Package

4% and
3 Cerdip (Q) Package)
AP
% % e, s Jne
N 35 ~INPUT I: 3 +Vs
: i
“?? G +INPUT E E] OuTPUT
*‘ﬁi‘, ;& Ve E AGEiE E COMPENSATION
R I NG = NO CONNECT

The AD846 is available in three performance grades. The AD846]
and ADB46K are rated over the commercial temperature range
of 0 to +70°C. The AD8468 is rated over the full military
temperature range of —55°C to + 125°C and is available processed
to MIL-STD-883B, Rev C.

Extended reliability PLUS screening is available specified over
the commercial temperature range. PLUS screening includes
168 hour burn-in as well as other environmental and physical
tests. The AD846 is available in three types of 8-pin package:
plastic mini-DIP, hermetic cerdip or TO-99 hermetic metal
cans.

PRODUCT HIGHLIGHTS

1. The ADB846 achieves settling times of 110ns to 0.01% for
gains of — 1 to — 10, with a 450V/us slew rate, while consuming
only SmA of supply current.

2. For closed-loop gains of —1 to — 100, the high-speed per-
formance of the AD846 is achieved without sacrificing full
12-bit dc precision.

3. The ADB846 is well suited to line driver and video buffer
applications where the properties of low distortion and high
slew rate are required.
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SPECIFICATIONS @ 25 an = 15, s s e

ADB46K ADB846S
Coadidoa Min Typ Max [ Min = Typ  Mix | Min Typ Max | Uity
INPUT OFFSET VOLTAGE'
Initial 25 300 25 150 25 300 [
Toun—Tmax 100 400 75 250 200 800 wV
vs. Temperature 2 10 1 5 2 10 wVrC
vs. Supply BV-18V?
Initsal 110 125 120 125 110 125 dB
T T max 1o 120 116 120 104 116 dB
vs. Common Mode View = =10V
Inital 110 125 120 125 110 125 dB
Toni=T max 110 120 116 120 104 116 dB
INPUT BIAS CURRENT?
= Input Bias Current
Inital 75 450 75 250 75 450 nA
Teeno=Tmax 37s 900 325 600 2100 2700 nA
vs. Temperature 6.5 15 5.5 10 20 30 nASC
vs, Supply 8V-18V?
Ininal 5 10 4 7 5 10 nA/V
Tomin=T niix > 10 4 7 5 20 nA/V
vs, Common Mode Vem= =10V
Imiual 5 10 5 10 nA/V
Toao~T max 5 10 - 4 5 20 nAV
+ Input Bias Current
Iminal 10 20 pA
Toam™ Lmaa 14 30 nA
vs. Temperature 40 40 150 nAfC
vs, Supply BV-18V?
Instial : 10 25 nA/NV
T mai '% 10 25 nA/N
vs. Common Mode Vem = = 10V 3 w
Iminal T 5 5 15 nA/NV
Tenun=Tmax e ﬂ::::_;\ 4 5 20 nA/V
INPUT CHARACTERISTICS ’!.:;g- Ia. % ¢ {'
Input Resistance £ ¢ Gt O ]
- Input % o ;‘r#a 67 i 1 67 !
+ Input 10 ﬁ " 10 kil
Input Capacitance X
= Input 2 2 2 pF
+ Input 2 2 2 pF
INPUT VOLTAGERANGE
Common Mode =10 =10 =10 v
INPUT VOLTAGE NOISE F=1kHz 2 2 2 nVivVHz
Wideband Noise 10Hz 10 lOMH= 5 5 5 wVrms
Input Current Noise o
= Input 1kHz 20 20 20 pA/VHz
Input 10Hz-10MHz 6 6 6 nA rms
+ Input 1kHz 6 6 6 pANVHzZ
+ Input 10Hz-10MHz 20 20 20 nA rms
OPEN LOOP
Transresistance Vovrr= =10V
Rioap = 50002 150 500 250 500 150 500 Mil
i ey 100 100 70 M
OUTPUT CHARACTERISTICS
Voliage Rioap = 50001 *10 =10 *10 v
Current 50 50 50 mA
Output Ressstance Open Loop 16 16 16 1]
FREQUENCY RESPONSE
Small Signal Bandwidth Ay=-1"Rp=1k 46 46 46 MHz
(=3dB) Ay= — 10Rp=18750) 3 il 31 MHz
Ay=—30Rg=8750) 15 15 15 MHz
FULL POWER BANDWIDTH* Vour =20V p-p
Ry = 5004} 5.5 6.8 5.5 6.8 5.5 6.8 MHz
RISETIME 10 10 10 ns
Overshoot 20 20 20 %
Slew Rate 350 450 350 450 350 450 Vips
Setthing Time
10V Step, Ay = — 1 80 80 80 ns
110 110 110 ns
THD® 0.0002 0.0002 0.0002 %
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Model ADS846] ADB46K ADS8465
Conditions Min Typ Max Min Typ Max Min Typ Max Units

DIFFERENTIAL GAIN F=13.58MHz 01 0.1 0.1 %

Differenual Phase F=3.58MHz 01 0.1 0.1 Degree
POWER SUPPLY

Rated Performance =15 =15 =15 v

Operatng Range =6 =18 x5 +18 =5 =18 v

Quiescent Current Tavir ik L3 6 5 6 5 7 mA
TEMPERATURERANGE

Rated Performance 0 70 0 70 -55 +125 | © A
PACKAGE OPTIONS®

Plastic (N-8) ADS46]N ADS46KN

Metal Can (H-08A) ADS46]H ADB46KH ADB46SH

Cerdip (Q-8) AD346]Q ADS46KQ ADB46SQ
NOTES
Tnput Offser Voltage Sp i after 5 mi atTy=+25°C.

*Test Conditions: +Vs— 15V, =Vs =

SVID 18Vand +V5 = 8V 18V, - Vg = - 15V,

*Bias Current §

‘FPBW = Slew Rate/2n \-"pg“.

*Total Harmonic Distortion.

See Stcuon 16 for package outline information.
8 marked in boldface are

all production umts at final electrical rest.

Spemﬁcuuons subject to change without notice.

either input after 5 mi Ta=+25°C.

Supply Voltage . . ... .

Internal Power Dissipati
TO-99 % P,

Plastic PECW%‘L ! .g. »o.

Cerd‘;? Pa T W e

Input Volt .. % .. . e
Differential Input: wm} - gt.. 5 { S v e =6V
Conilnuous!n‘pui surrent g_,ﬁ“&

Inverting or %Ionmverling%. k7 3 S 2.0mA
Storage Temperature Range v ew o. —65°C 1o +150°C
Storage Temperature Range N . . . . . . . —65°C o +125°C
Operating Temperature Range

ADBAGYIC s irs v s s wn was 0to +70°C

ADBAS . v v v v saie e e s —55°C o +125°C
Lead Temperature Range (Soldering 60sec) . . . . . . +300°C
NOTES

IS tresses above those listed under * Absolute Maximum Ratings" may cause
permanent damage to the device. This is a stress rating only; the functional
operation of the device at these or any other conditions above those
mduatod inthe operauonal sections of this specification is not implied.
toab i rating conditions for extended periods may

affect device reliability.

*TO-99Package: 8, = 150°C/Watt.

Plastic Package: 8;, = 90°C/Wart.

Cerdip Package: 8y, = 100°C/Warr.

*For supply voltages less than + 18V, the absolute maximum input voltage is
equal to the supply voltage.
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Typical Characteristics
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Typical Characteristics, Inverting Gain of 1
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Figure 24. 3dB Bandwidth vs.
Supply Voltage
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Typical Characteristics, Inverting Gain of 10
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Applying the AD846

POWER SUPPLY BYPASSING

The power supply connections to the AD846 must maintain a
low impedance to ground over a bandwidth of 40MHz or more.
This is especially important when driving a significant resistive
or capacitive load, since all current delivered to the load comes

from the power supplies. Multiple high quality bypass capacitors .

are recommended for each power supply line in any critical
application. A 0.1F ceramic and a 2.2pF electrolytic capacitor
as shown in Figure 35 placed as close as possible to the amplifier
(with short lead lengths to power supply common) will assure
adequate high frequency bypassing, in most applications. A
minimum bypass capacitance of 0.1uF should be used for any
application.

+Vyg

THEORY OF OPERATION ,’; s N «

The AD846 differs from cunven!mna] oﬁan(ﬁ@bﬁmpii ¢
that it is a transimpedance device rather a conventi
voltage amplifier. Figure 36 is a simplified schematic of th
ADB846. The input stage consists of a pair of transistors, Q1 and
Q2, which are biased by two diode-connected transistors, Q3
and Q4. Transistors Q1 and Q2 have their emitters connected
together and this common point functions as the inverting input
of the amplifier. Correspondingly, the common connection of
the two biasing diodes acts as the noninverting input.

When operated as a closed-loop amplifier, feedback error current,
Iin, flows into the inverting input terminal and is conveyed via
current mirrors (transistors Q5, Q6, Q7, and Q8) to the com-
pensation capacitor, Ccomp. The voltage developed across Cocomp
is buffered by the outpur stage, consisting of transistors

Q9-Ql2.

Because the input error signal developed is in the form of a
current, not a voltage, the AD846 differs from conventional
operational amplifiers. This also means that, unlike most opera-
tional amplifiers which rely on negative feedback to produce a
“virtual ground™ at the inverting input terminal, this terminal
explicitly has a low impedance.

A unique circuit approach allows the AD846 to realize an open-loop
transimpedance of close to 1G{}. This is nearly three orders of
magnitude greater than that of any other operational trans-
impedance amplifier and results in extremely high levels of dc
precision.

2-172 OPERATIONAL AMPLIFIERS

183

INVERTING

{ 7 I"‘VE

" f o an

"aua

OQUTPUT
[+1]

| NONINVERTING
INPUT

INPUT !

a2

(]

0 1uF

Ty

Figure 37. Overload Recovery Test Circuit
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Figure 38. Overload Recovery Time Photo

As an example, the output voltage gain error is approximately
equal to the value of the feedback resistor divided by the value
of the open-loop transimpedance of the amplifier. That is, when
using a 1k{} feedback resistor, this error is one part in 500,000.
For a transimpedance amplifier with 1M(} transimpedance, this
error is only one part in 1000; such an amplifier would barely
be able to achieve 10-bit precision.



Applying the AD846

Wi

Figure 39. AD846 Three-Terminal Model

Figure 39 is a simplified three-terminal model for the AD846.
Figure 40 is a simplified three-terminal model for a conventional
voltage op amp. The action of current feedback serves to modify
the behavior of the amplifier under closed-loop conditions. The
feedback resistor, R, is somewhat analogous to the input stage

fore, if the value of Ry is held constant, the closed-loop bandwi

transconductance of a conventional voltage amplifier; and there- E:

Figure 40. Op Amp Three-Terminal Model
A more detailed examination of the closed-loop transfer function
of the AD846 results in the following equation:
= RF
R

Closed-Loop Gain G(s) = R
(I + Ceomp [R(-‘"'(l + R_:) Rynls)

Compare this to the equation for a convention op amp:

Closed-Loop Gain G(s) =

a+—
Em
Where: Ceomp is the internal compensation capacitor of the

amplifier; gy is the input stage transconductance of the
amplifier.

In the case of the voltage amplifier, the closed-loop bandwidth
decreases directly with increasing values of (1 + Rg/Rg), the
closed-loop gain. However, for the transimpedance amplifier,
the situation is different. At low gains, where (1 + Rg/Rs) Ry

also remains virtually constant, independent of closed-loop & :
gain.
= \ Re - ki
AN @ ST
# & : ﬂ BOTH AMPLIFIERS |
: ARE UNITY GAIN
STABLE AT 46MHz

is small compared to R, the closed-loop bandwidth is controlled
by the internal compensation capacitance of 3.3pF and the value
of Ry, and not by the closed-loop gain. At higher gains, where
(1 + Rp/Rg) Ry is much larger than R, the behavior is that of
a conventional operational amplifier in which the input stage
transconductance is equal to the inverting terminal input imped-
ance of the transimpedance amplifier (R = 6702).
A simple equation can, therefore, be used to determine the
bandwidth of an amplifier employing the AD846 in the inverting
configuration.
idth = — 18

3dB Bandwidth = pob 57 (1 + G

Where: The 3dB bandwidth is in MHz
G is the closed-loop inverting gain of the AD846

R is feedback resistance in k{}.
Figure 414 tes the closed-loop bandwidth vs. closed-loop

gain o DE&46 for various values of feedback resistor. For
col i s, the characteristic of a conventional amplifier
MHz unity gain bandwidth is also shown.

e Y e i
5 s e v
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AMPLIFIER
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1]

CLOSED-LI
o

ADBa6 |l ADB4E
Re=100kit 11 R, = 10kt \
n (11
; | RIHN
0k 100k m oM T00M

FREQUENCY - Hz

Figure 41. Closed-Loop Gain vs. Bandwidth for Various
Values of Rg

For the case where R = 1k{} and Rg = 10002 (closed-loop
gain of — 10) then the closed-loop bandwidth becomes 28MHz.
It should also be noted that the use of a capacitor to shunt Rg, a
normal practice for stabilizing conventional op amps, will cause
this amplifier to become unstable because the closed-loop
bandwidth will increase beyond the stable operating frequency.

A similar approach can be taken to calculate the noise performance
of the amplifier. A simplified noise model is shown in
Figure 42.

The equivalent output noise voltage will equal:
R\ VT L
Von = Rplyy + |1 + R, Nt (Rplyp)

Where: Rp is the external resistance placed in series with the
noninverting input

Ry is the feedback resistor

Rg is the source resistor

I is the noise currerit in the inverting input

Ingp is the noise current in the noninverting input

Vy is the input noise voltage.
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Applying the AD846

Typical values for these parameters (@ 1kHz) in pA/"Hz are:
Inw = 20, Ipy = 6, Vg = 2.

Or, referring to the input, the equivalent input voltage noise is:

1+ 5) \"VN+ (RPINP)

Vin = Re Iy + ( R

As can be seen from the above equation, the addition of Rp
degrades the noise performance of the amplifier. In addition,
the positive and negative input bias currents are unequal in the
ADB846. This means that the normal practice of adding resistor
Ry to compensate for bias-current-induced-offset errors is highly
undesirable and indeed Rp should be made as low as possible.

Ir

OUTPUT

NONINVERTING GAIN OPERA
The ADB846 can be used as a no
follower, operating at gains ber j";d A"
value of Ry equal to 1kQ2 should employed. Fo

to 2), the input signal should be applied ?0 " 84

verting input through a 1k(} series resistor; this will help rnﬂ%ﬂc}
peaking. The best transient response will occur when the am

fier's output level is below 5V peak to peak.

At closed-loop gains of 3 or more, the input resistor is not required
unless peak signals greater than 3V will be applied. The amplifier’s
bandwidth can be determined by using the inverting amplifier’s
bandwidth equation or from Figure 41. For example, at a gain
of +10 (Rg = 1k}, Rg = 100£2) the bandwidth of the AD846
will be approximately 20MHz; at a gain of + 100, (Rg = 1k(1,
Rg = 10€)) it will be 6MHz. At gains of 3 or greater, a small
capacitor (2pF-5pF) connected across the feedback resistor will
help reduce overshoot; but when operating at noninverting gains
below 3, this same capacitance will cause instability.

USING THE COMPENSATION PIN OF THE AD846
Additional compensation may be provided for the AD846 by
applying an external capacitance between Pin 5 and analog
ground (Figure 43). The nominal value of the AD846’s internal
compensation capacitor is 3.3pF. For a given value of feedback
resistance (Rg), any added external capacitance reduces the
amplifier’s slew rate and bandwidth proportionally.

In addition to providing for external compensation, Pin 5 may
be used to clamp the output of the amplifier, as shown in Figure
44. The output can be clamped anywhere within the output
range (approximately = 10V) of the amplifier. The input should
also be clamped as a precaution again damaging the amplifier’s
input transistors.
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Vour

Figure 43. ADB46 Inverting Amplifier Showing External
Compensation Connection

OUTPUT
W

POSITIVE CLAMPING
OLTAGE

MNEGATIVE CLAMPING
E

TYPE HP2835 VOLTAG

DIODES

Figure 44. ADB46 Used as a Clamped Amplifier

This compensation node may also be used as an additional output
terminal as in the precision transconductance amplifier application
of Figure 45.

O lour= =0 1MAVOLT

-Vg
Figure 45. A Precision Transconductance Amplifier

The ADB846 can be used in either the inverting transconductance
mode as shown in Figure 45, or in a noninverting mode with Rg
grounded and Vg applied to the noninverting terminal. The
current output is essentially constant over a compliance range of
+ 10V at the compensation node. The output current is limited
to about + ImA due to internal saturation. Under these cir-
cumstances the normal output pin provides a buffered version
of the compensation node output voltage. Output load impedance
of 50002 or greater will not affect the accuracy of the transcon-
ductance conversion.



Applying the AD846

THE ADS846 AS AN AUDIO AMPLIFIER

The extremely fast settling and highly linear input characteristics
of the AD846 make it a superb audio amplifier. Figure 46 is a
circuit for a phono (RIAA) preamplifier and line driver. In this
circuit, open-loop servos are used to set the dc operating points
of the amplifier.

Adequate power supply regulation is critical in this application,
otherwise the performance of the AD846 will suffer. In addition,
the deterioration of performance caused by the poor choice of
decoupling components (such as the use of tantalum capacitors)
is audible. For best performance, all capacitors should be

polypropylene.
TO

LINE
RIAA AMPLIFIER N g

MC"T IIN!:I

1o

v

MM = MOVING MAGNET
= *MIC = MOVING COIL

2 2mn
:

FROM RIAA

+15V

8 S

; 'N%\Q q:% that ]éh e i Mmpcdancc signal path to ground which allows
ER A possible output settling. In 12-bit systems with the

1S
[

Vour
(BUFFERED)
Vour=Vin +V2

(UN-BURFERED)
10k :

l lour
lour=0 TMANOLT

vz

Figure 47. AD846 Connected as a Level Shift Amplifier

THE AD846 AS A HIGH-SPEED DAC BUFFER

The AD846 will enable the AD568 12-bit DAC to develop a
10V output step which sertles to within 0.025 percent of its final
value in about 0ns. This AD846/ADS568 combination is shown
in the cmq,lifnwalgure 48. Correct power supply decoupling is
essentidl: ',2 Zﬁ'F tantalum capacitor connected in parallel with
a 9*11&}":0 0:01wF ceramic disc capacitor is usually sufficient.
THese should be placed as close to the power supply pins as

ble. Alsoga ground plane should be employed; this ensures

perating at gains of 10 or less, inadequate supply de-

* ‘;??,.?’ﬂg.\pl:n,g can cause the output settling to degrade from 100ns to
] “"as much,as 300ns, with a 10V output step applied.

lMFLﬁEH
Yy e
nnms o
}‘3‘ i 2 + 15V
-5V i" $.,:3'3. i I |5v2=?F
éﬁ“ﬂ +15V k ¢
10k E: LINE
Tk AMPLIFIER
S il 04TpF - 22pF
T v n ., L
£ s ij
E 0 FIR
F—— /[
DlQIT.ll.q 19 OuUTPUT
INPUTS 1
Figure 46. The AD846 RIAA Audio Preamplifier Circuit el = ANALOG
ANALOG SUPPLY
b GND. GROUND
E v+ PLANE
THE ADS846 AS AN OPEN-LOOP LEVEL SHIFTER o hiai
The ADS46 can also be_used fnr_open-loop level shlfm_'ng. As E{ GliSaL -
shown in Figure 47, resistor Rg is used to develop an input = 100pF SuppLy
current which is proportional to the input voltage, V. This L n 7 =

current flows from the compensation node (Pin 3) developing a
voltage across resistor Re: (Re is equal in value to resistor Rg)
which, rather than being grounded, has one end tied to reference
voltage V2. The voltage appearing at Pin 5 is, therefore, voltage
Vin plus voltage V2 and will directly follow changes in V. By

scaling resistor Re, a level shift with voltage gain can be produced.

In addition, the normal voltage output at Pin 6 is approximately
equal to the voltage at Pin 5 thus providing a low impedance,
buffered output for the level shifter.

AMPLIFIER NOISE GAIN 10

+5V

Figure 48. The AD846 Serving as a DAC Buffer
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ANALOG High-Speed, Low-Power
DEVICES Monolithic Op Amp

AD847

FEATURES AD847 CONNECTION DIAGRAM
300V/ps Slew Rate
80ns Settling Time to 0.1% 8-Pin Plastic Mini-DIP, Small Outline and Cerdip
Unity Gain Stable
50MHz Gain Bandwidth Product with Only 5mA of

Quiescent Current
Stable Performance with Any Capacitive Load BALANCE E AD847 EI BALANCE
0.5mV Offset Voltage ~IN E ZI +Vs
Performance Specified for 5V and

=15V Operation +IN E 6 | outPuT
+3V Output Swing into 150 Load
0.1dB Differential Gain ‘Vs 5 | NC
0.1dB Differential Phase

Available in Plastic, Cerdip and SO Package ‘,;% = NO CONNECT
Improved Replacement for National LM6161 Series fg A Qﬁé‘
APPLICATIONS Bl &
Unity Gain Buffer 44, ' PROBUCT bﬁgﬁm‘s ‘ ‘ _
Video and R Amplification s -& %: 9. m ABRB4T: d monolithic operational amplifier
8- and 10-Bit Data Acquisition Svstems 3, % kable 50MHz gain bandwidth product and
Cable Drivers 1 ’,g . #lew rate while drawing only SmA from the power
_‘»\E\*“ A “igupply lines.
5 -:-. * LW R
R P A 3 timized and tested for =5V and =15V
PRODUCT DESCRIPTION 1) "~ N S D ooltmges, o
The ADB847 is a high-speed, h.igh ]ow 'ihqnb[fﬂs'v’ 3 ; A
operational amplifier which achieves its perf oﬂfﬂ ilizing 847 is internally compensated for unity gain operation

Analog Devices’ unique junction isolated wmpleﬁcnmry bipo e d remains stable when driving a capacitive load.
process. It achieves its high speed while requiring only 5SmA %" 4, The amplifier can drive doubly terminated 75(} coaxial trans-
from the power supplies. This product is designed, specified mission lines, making it ideal as a video and Ry cable driver.

and tested for =5V to =15V operation. For +5V operation its . ; ; : :
R ey . . 5. The AD847 is one of a series of high-speed amplifiers featuring
output can swing +3V into a 150() load. The AD847 is available low standby power which utilize Analog Devices’ proprietary

i.n;;p‘i:;epiﬁti;, i ol ou(]i:; paz 8 Irml OPEI::;im complementary bipolar process. It is a direct replacement for
:v tw Ch OPCTLL OVEr COmmEreIa’y nang i by National Semiconductor’s LM 6161 series of amplifiers with
EPCIALITE TANECS: greatly improved gain and dc performance.

6. The AD847 has applications in video and Ry amplification,

ABSOLUTE MAXIMUM RATINGS as a buffer in high-speed 8- and 10-bit data acquisition systems
Supply Voltage . .................... =18V and in optical memory servo systems. Its low power makes it
Differential Input Voltage . . . . . . ........... +6V ideal for high packaging density applications such as multiple
Output Short-Circuit Duration . . . .. ... ... Indefinite pole active filters.
Internal Power Dissipation

Plastic . . . . . v v v v i v e e e e e e TBD

CerdiP v ovv e e e e e 1.6W

SOIC sxsm o s so R @8 Wew o SR TBD
Lead Temperature (Soldering 10sec) . . .. ... .. +260°C
Storage Temperature Range . . . . . . ... —65°C 1o +150°C
Maximum Junction Temperature . . . .. ... ... +150°C

OPERATIONALAMPLIFIERS 2-177

188



SPECIFICATIONS (@ + 25 sn 56, iss ot st

] ADB47A/S
Conditi Min Typ Max Min Typ Max Units
INPUT CHARACTERISTICS
Input Offset Voltage 0.5 1 0.5 1 mV
Terun 10 T e 25 4 mV
Input Offset Voltage Drift 15 30 15 30 pVAC
INPUT BIAS CURRENT 25 5 25 5 pA
Tas 1 Toran 6 6 wA
Input Offset Current 150 300 150 300 nA
Tarwn 10 Tonax 400 400 nA
Input Offset Current Drift 0.3 0.3 nArC
GAIN
Open Loop Vg= =5V
Vour = =2.5V
Ry = 5000 2 3 2 3 VimV
Ry = 1500} | 1 VimV
Vs = =15V
Vour = =12V
Ry = Zki1 3 3 5 VimV
Torun 10 Tenax 1.5 1.5 VimV
Differential Gain 0.1 0.1 dB
Differential Phase 0.1 0.1 degree
DYNAMIC CHARACTERISTICS
Gain Bandwidth Product f=20MHz, Vs = =15V 50 50 MHz
Vs= =5V 35 35 MHz
Slew Rate Vi= =15V 225 300 225 300 Vips
V= =5V 200 200 Vips
Seuthing Time 1o 0. 1% Vg= =5V 65 65 ns
-2.5Vwo + 2.5V
Step, Ay=—1
Ry =2kil
V= =15V
10V Step ; ns
Phase Margin Vs= =15V degree
Cp = 10pF L
Ry = 2kil
INPUT RESISTANCE Differential 300 kil
Input C: i f = 50MHz 1.5 pF
COMMON-MODE VOLTAGE RANGE | Vg = =§) +4.3 v
—-34 v
+14.3 v
) ~13.4 v
Common-Mode Rejection Vs = =5V
Vew = 2.5V 86 86 95 4B
Vo= =15V P i
Vew = =12V 86 86 95 dB
Toun 10 Tongx &0 80 dB
Power Supply Rejection Ratio 80 90 80 90 dB
Input Noise Voltage f = 10kHz 15 15 nVvHz
Input Noise Current f= 10kHz 1.5 LS5
OUTPUT CHARACTERISTICS
Qutput Voltage Swing V= =3V
Ry =2kN x3.6 +3.6 v
Ry = 15002 +2.5 *25 v
Vg= =15V
Ry = 2k} =12 =12 v
Ry = 5000 =10 =10 v
Short-Circuit Current as 35 mA
POWER SUPPLY
ting Range *4.5 =18 4.5 =18 v
Quiescent Current 5 6.0 5 6.0 mA
e | e 6.9 7.2 mA
TEMPERATURERANGE
Rated Performance
Commercial (0to +70°C) ADB4TIN ADB47JR
Military ( - 55°Cto + 125°C) ADB475Q
PACKAGE OPTIONS'
Plastic (N-8) ADB47IN
Cerdip (Q-8) ADB47AQ, ADB4TSQ
SOIC(R-8) ADB47]R
NOTE

See Section 16 for package outline information.

Speafications subject to change without notice,

Specifications marked in boldface are tested on all production units at final elec-

trical test.
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ANALOG
DEVICES

High-Speed, Low-Power
Monolithic Op Amp

AD848

FEATURES
300V/ps Slew Rate
80ns Settling Time to 0.1%
175MHz Gain Bandwidth Product with Only 5mA of
Quiescent Current
Stable Performance with Any Capacitive Load
Stable Operation with a Minimum Gain of 5
0.5mV Offset Voltage
Performance Specified for £5V and
=15V Operation
+3V Output Swing into 150} Load
0.1dB Differential Gain
0.1dB Differential Phase
Available in Plastic, Cerdip and SO Package
Improved Replacement for National LM6164 Series

APPLICATIONS

High Bandwidth, High Gain Communication Systems
Video and Rg Amplification

8- and 10-Bit Data Acquisition Systems

Cable Drivers

PRODUCT DESCRIPTION

operational amplifier which achieves
Analog Devices” unique junction isolated comp emnmﬂfﬁlpoma

The ADB48 is a high-speed, high-gai (é;zwer ngmh i'
it

precess. It achieves its high speed while only requiring SmA
from the power supplies. This product is designed, specified
and tested for 5V to =15V operation. For *5V operation its

output can swing +3V into a 15042 load. The ADB848 is available %
in 8-pin plastic, cerdip and small outline packages. Options are
available which operate over commercial, industrial and military
temperature ranges.

6.

ABSOLUTE MAXIMUM RATINGS

Supply Volge .. oo woa o svas s sime 0w + 18V
Differential Input Voltage® . . . ... .......... +6V
Qutput Short-Circuit Duration . . . . .. ... .. Indefinite
Internal Power Dissipation

Plistic: wa oy 6 2edivds 0% B oa wed 85 % TBD

Cerdip . .. .. . it 1.6W

B0 ose sne wmE e SRl S R S e B % TBD
Lead Temperature (Soldering 10sec) . .. ... ... +260°C
Storage Temperature Range . . . . . . ... —65°C to +150°C
Maximum Junction Temperature . . . . ... .. .. +150°C

\t{%%;k%

AD848 CONNECTION DIAGRAM

8-Pin Plastic Mini-DIP,
Small Outline and Cerdip

EI BALANCE
7] v

E OUTPUT
Glw

= NO CONNECT

AD848

GHTS

optimized and tested for +5V and + 15V

ltages.
48 is internally compensated for operation with a

f 5 and remains stable when driving a capacitive load.
The amplifier can drive doubly terminated 75() coaxial trans-
mission lines, making it ideal as a video and R cable driver.
The ADB848 is one of a series of high-speed amplifiers featuring
low standby power which utilize Analog Devices’ proprietary
complementary bipolar process. It is a direct replacement for
National Semiconductor’s LM 6164 series of amplifiers with
greatly improved gain and dc performance.

. The AD848 has applications in video and Rg amplification,

as a gain block in high-speed 8- and 10-bit data acquisition
systems and in optical memory servo systems. Its low power
makes it ideal for high packaging density applications such as
multiple pole active filters.
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SPECIFICATIONS (@ 25 a0 = 5 . s avrws e

ADBEAS
Conditions Min Typ Max Min Typ Max Units
INPUT CHARACTERISTICS
Input Offset Voltage 0.5 1 0.5 1 mV
Tomin 10 Treas 1.5 2 mV
Input Offset Voltage Drift 5 10 1 10 uVrC
INPUT BIAS CURRENT 25 5 25 5 pA
Treans 16 Trnaa & 6 wA
Input Offset Current 150 300 150 300 nA
Tonn 10 T 400 400 nA
Input Offset Current Drift 0.3 0.3 . nASC
GAIN
Open Loap
10 15 10 15 VimV
5 5 VimV
Vour = = 12V
Ry = 2ki} 20 30 20 30 VimV
Taun 10 Troax 10 10 VimV
Dhfferential Gain 0.1 0.1 dB
Differential Phase 0.1 0.1 degree
DYNAMICCHARACTERISTICS
Gain Bandwidth Product f = 20MHz,Vg = =15V 175 175 MHz
Vs = =5V 120 120 MHz
Slew Rate Vs = =15V 300 Vips
Vg = =5V 200 Vips
Sentling Time t00.1% Vg = =5V 65 ns
-2.5Vio + 2.5V
Ay= -5,
Ry =2k}
Ve= =15V
10V Step 30 ns
Phase Margin Vg= =15V 50 degree
Cyp. = 10pF
Ry = 2kl
INPUT RESISTANCE Differenual 1,500 k2
Input Capacitance f = SOMHz . 1.5 pF
COMMON-MODE VOLTAGERANGE | Vg = =5V @ ¢ +4.3 v
-3.4 v
Vg = thy? +14.3 v
¥ - 13.4 v
Common-Mede Rejection =3 105 dB
= =25
Vg = =15 105 dB
Vew = =12V
Towurs 10 Tinaa dB
Power Supply Rejection Ratio 100 dB
Input Noise Voltage f = 10kHz 4 aViVHz
Input Noise Current {= 10kHz 15 pA/VHz
OUTPUT CHARACTERISTICS
Output Voltage Swing V= =5V
Ry = 50001 +3.6 +3.6 v
Ry = 15061 =2.§ +2.5 v
Vg= =15V
Ry = Zkil +12 £12 v
Ry = 50001 +10 =10 v
Short-Circuit Current 35 35 mA
POWER SUPPLY
Operanung Voluge Range *4.5 +18 *4.5 =18 v
Quiescent Current 5 6.0 5 6.0 mA
Tmun 10 T 6.9 7.2 mA
TEMPERATURERANGE
Rated Performance
Commercial (010 + 70°C) ADB48]N AD348]R
Industrial { +40°Cto + 85°C) ADB4BSQ
Mulitary ( - 55°C 1o +125°C) ADB4BSQ
PACKAGE OPTIONS'
Plastic (N-8) ADS48IN
Cerdip (Q-8) ADB48AQ, ADB4BSQ
SOIC(R-8) ADS48]R

NOTE
'See Section 16 for package outline information.
Specifications subject to change without notice.

Specifications marked in boldface are tested on all producrion units at final elec-

trical test.
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ANALOG
DEVICES

High-Speed, Low-Power
Monolithic Op Amp

AD849

FEATURES
300V/ps Slew Rate
80ns Settling Time to 0.1%
750MHz Gain Bandwidth Product with Only 5mA of
Quiescent Current
Stable Performance with Any Capacitive Load
Stable Operation with a Minimum Gain of 25
0.5mV Offset Voltage
Performance Specified for =5V and
+15V Operation '
+3V Output Swing into 1504} Load
0.1dB Differential Gain
0.1dB Differential Phase
Available in Plastic, Cerdip and SO Package
Improved Replacement for National LM6165 Series

APPLICATIONS
High Gain, High Bandwidth Communication Systems
Video and R Amplification

8- and 10-Bit Data Acquisition Systems
Cable Drivers

2 Ty 8
PRODUCT DESCRIPTION X ‘i‘}%
i i i g
The AD849 is a high-speed, high-gain, low-ghwer Mopolithic
operational amplifier which achieves itg ?' 01 e by utilfzi
Analog Devices” unique junction jed Com
process. It achieves its high speed {

e'm:_qt ‘bipalar

8

in 8-pin plastic, cerdip and small outline packages. Options are
available which operate over commercial, industrial and military
temperature ranges.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage . ... ... ..... .00 v, + 18V
Differential Input Voltage . . . . . .. ... ....... +6V
Qutput Short-Circuit Duration . . . . ... .... Indefinite
Internal Power Dissipation

Plastic . . . . o v v v e s e e e e e TBD

Cordip o o wlams o6 swade 5 A SN EYBURETEE 1.6W

SOIC % o o Wins 7 SR O PG B VR 3 TBD
Lead Temperature (Soldering 10sec) . . .. ... .. +260°C
Storage Temperature Range . . . . . ... . —65°C 1o +150°C
Maximum Junction Temperature . . . . ... .... +150°C

i E power
0
1 i - 3, A
Vi quirir Iéw £ ﬁf
from the power supplies. This prodict is 'ne&éipu:lrﬁcd
and tested for +5V to =15V operation. For SV peralior't'lts )a
output can swing + 3V into a 15002 load. The AD849 is availabje

AD849 CONNECTION DIAGRAM

8-Pin Plastic Mini-DIP,
Small Qutline and Cerdip

BALANCE E E BALANCE
—IN E 3 +Vg
+IN E 6
-Vs E 5 | NC
i

NC = NO CONNECT

EI GHLIGHTS

AD849

5 te while drawing only 5SmA from the power

RO
T ADE49 -speed monolithic operational amplifier
ﬁ achieves le 750MHz gain bandwidth product and
82

circuit is optimized and tested for +5V and + 15V
|y voltages.

1s internally compensated for operation with a
5 and remains stable when driving a capacitive load.

i
he amplifier can drive doubly terminated 75{) coaxial trans-
mission lines, making it ideal as a video and Ry cable driver.

5. The ADB849 is one of a series of high-speed amplifiers featuring
low standby power which utilize Analog Devices’ proprietary
complementary bipolar process. It is a direct replacement for
National Semiconductor’s LM 6165 series of amplifiers with
greatly improved gain and dc performance.

6. The AD849 has applications in video and Ry amplification,
as a gain block in high-speed 8- and 10-bit data acquisition
systems and in optical memory servo systems. Its low power
makes it ideal for high packaging density applications such as
multiple pole active filters.

OPERATIONAL AMPLIFIERS 2-181

192



SPECIFICATIONS (@ + 25 a0 v . ies atvrws e
Model ADB849] ADB49A/S
Conditi Min Typ Max Min Typ Max Units
INPUT CHARACTERISTICS
Input Offset Voltage 0.5 1 05 1 mV
Tinan 10 Trnax 1.5 2 mV
Input Offset Voltage Dnft 1 5 1 5 pNVIC
INPUT BIAS CURRENT 2.5 5 L5 5 T8,
Town 19 Tenax 6 6 pA
Input Offset Current 150 300 150 300 nA
Tainto T 400 400 nA
Input Offset Current Drift 03 03 nAfC
GAIN
Open Loop Vg= =5V
Vour = =2.5V
R;. = 50001 30 45 30 45 VimV
Ry, = 15041 20 20 VimV
Vg = =15V
Vour = =12V
Ry = 2K{1 50 80 50 80 VimV
Tenen 10 Trmax 25 25 VimV
Differential Gan 0.1 0.1 dB
Dufferential Phase 0.1 0.1 degree
DYNAMICCHARACTERISTICS
Gain Bandwidth Product = 20MHz, Vs = =15V 730 750 MHz
Vs = =5V 520 MHz
Slew Rate Vg= =15V 225 300 Vips
V= =5V 200 Vips
Seuhing Timeto0 1% Vg= =5V 65 ns
=-2.5Vio +2 5V
Ay= -25
Ry =2kil
Vg = =15V
10V Step 80 ns
Phase Margin V= =15V 4 50 degree
Cy. = 10pF 4
Ry By,
INPUT RESISTANCE 15 kil
Input Capacitance . pF
COMMON-MODE VOLTAGE RANGE +43 v
-34 v
Vg = =15V 143 v
-134 v
Common-Mode Rejection Vg = =5V 100 115 dB
Vem = =2.5V
Vs = =15V 100 115 100 115 dB
Vew = =12V
Tirun 10 Tingy 95 95 dB
Power Supply Repection Rauo 100 110 100 110 dB
Input Nose Voluage f= 10kHz 4 4 aViVHz
Input Noise Current f= 10kHz 1.5 15 p.-\n/ﬁ
OUTPUT CHARACTERISTICS
Ourput Voltage Swing Vg = =5V
Ry = 50002 +3.6 +3.6 v
Ry, = 1500} *25 *2.5 v
V= =15V
Ry, = 2kil +12 +12 v
R;, = 50001 =10 =10 v
Short-Cireuit Current 35 35 mA
POWER SUPPLY
Operaung Voltage Range +4.5 *18 +=4.5 *18 v
Quiescent Current 5 6.0 5 6.0 mA
Tos 10 T 5.9 7.2 ‘mA
TEMPERATURE RANGE
Rated Performance
Commereial (010 + 70°C) ADE49IN ADE49]R
Industrial { - 40°C 10 + 85°C) ADB49AQ
Milnary (- 55°Cto + 125°C) ADS4950Q
PACKAGE OPTIONS'
Plastic (N-8) ADB49IN
Cerdip (Q-8) ADS49AQ, ADE49SQ
SOIC(R-8) ADS49]R
NOTE

'See Section 16 for package outhne information.

Speaifications subject to change without notice.

marked in boldf:

Q o
Spec

trical test
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ANALOG
DEVICES

Ultrahigh-Frequency
Operational Amplifier

AD5539

FEATURES
Improved Replacement for Signetics SE/NE5539

AC PERFORMANCE
Gain Bandwidth Product: 1.4GHz typ
Unity Gain Bandwidth: 220MHz typ
High Slew Rate: 600V/ps typ
Full Power Response: 82MHz typ
Open-Loop Gain: 47dB min, 52dB typ

DC PERFORMANCE

All Guaranteed DC Specifications Are 100% Tested
For Each Device Over lts Full Temperature
Range — For All Grades and Packages

Vos: 5mV max Over Full Temperature Range
(AD5539J)

Ig: 20pA max (AD5539J)

CMRR: 70dB min, 85dB typ

PSRR: 100pV/V typ

MIL-STD-883B Parts Available

PRODUCT DESCRIPTION

The AD5539 is an ultrahigh-frequency operational amplifier
designed specifically for use in video circuits and RF amplifiers.
Requiring no external compensation for gains greater than 3, it
may be operated at lower gains with the addition of external
compensation.

As a superior replacement for the Signetics NE/SE5539, each
AD5539 is 100% de tested to meet all of its guaranteed de specifica-
tions over the full temperature range of the device.

The high slew rate and wide bandwidth of the AD5539 provide
low-cost solutions to many otherwise complex and expensive
high-frequency circuit design problems.

The ADS5539 is available specified to operate over either the
commercial (AD5539JN/JQ) or military (AD5539SQ) temperature
range. The commercial grade is available either in 14-pin plastic
or cerdip packages. The military version is supplied in the cerdip
package.

ADS5539 CONNECTION DIAGRAM

Plastic DIP (N) Package
or Cerdip (Q) Package
NONINVERTING [ 72| INVERTING
INPUT INPUT
ne | 2 13| Ne
v-[3 12| FREQUENCY
+ - E] COMPENSATION
ne [ EI N
w®[s El Vi
AD5539
ne [ 6 EI NG
Gno | 7 Eouwur
TOP VIEW

PRODUCT HIGHLIGHTS

i. All guaranteed dc specifications are 100% tested.
2. The AD5539 drives 5002 and 75¢ loads directly.
3. Input voltage noise is less than 4nVV'Hz.

4.
5
6,
7

Low-cost RF and Video speed performance.

. =2 volt output range into a 1504 load.
. Low cost.
. Chips available.
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SPECIFICATIONS (@ + 25 s, = v, wiesateris st

ADS5539] ADS5539S8
Model Min Typ Max Min Typ Max Units
INPUT OFFSET VOLTAGE
Initial Offset’ 2 5 2 3 mV
T enin t0 Trnax 6 5 mV
INPUT OFFSET CURRENT
Initial Offser® 0.1 2 0.1 1 pA
T 10 Trax 5 RA
INPUT BIAS CURRENT
Initial®
Vem=0 6 20 6 13 rA
Either Input
Tonin 80 Tiase 40 25 A
FREQUENCY RESPONSE
R =1500°
Small Signal Bandwidth 220 220 MHz
Ag=2*
Gain Bandwidth Product 1400 1400 MHz
Acr=26dB
Full Power Response
Ac=2 68 68 MHz
Acr=7 82 82 MHz
Acr.=20 65 65 MHz
Settling Time (1%) 12 12 ns
Slew Rate 600 600 Vips
Large Signal Propogation Delay 4 4 ns
Total Harmonic Distortion
Ryp== 0.010 0.010 %
Ry =1000% 0.016 0.016 %
Vour=2Vp-p
A =7,f=1kHz
INPUT IMPEDANCE 100 100 ki
OUTPUT IMPEDANCE (f<10MHz) 2 2 0
INPUT VOLTAGE RANGE
Differential®
{Max Nondestructive) 250 250 mV
Common-Mode Voltage
(Max Nondestructive) 2,5 2.5 v
Common-Mode Rejection Ratio
AVeu=17V
Rgs= 1001} 70 85 70 85 dB
Trnin 10 Trnax 60 60 dB
INPUT VOLTAGE NOISE
Wideband rms Noise (RTI) 5 5 Yy
BW =5MHz; Rg =500
Spot Noise 4 4 nV/VHz
F=1kHz; Rg =501}
OPEN LOOP GAIN
Vo=+2.3V, - L7V
Ry =1500* 47 52 58 47 52 58 dB
Ry =2k} 47 58 48 57 dB
Tin 10 Tpay — Ry =2k02 43 63 46 60 dB
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AD5539] ADS539S
Model Min Typ Max | Min Typ Max | Units

OUTPUT CHARACTERISTICS
Positive Qutput Swing

Ry = 15007 +2.3  +2.8 +23  +28
Ry =2k +2.3  +3.3 +2.5 +33
T o 10 T With
Ry =2k0 +2.3 +2.3
Negative Output Swing
Rp=1500° -22  -17 -22 -17
Ry =2k} —29 —-1.7 -29 =2.0
Toun 10 Ty with
Ry =2kl -1.5 -1.5

POWER SUPPLY (No Load, No Resistorto — V)

Rated Performance =8 *8

Operating Range +4.5 +10 +4.5 +10

Quiescent Current

Initial Ioc + 14 18 14 17 mA

T erars 10 T 20 18 mA

Initial Iec — 1 15 1 14 mA

Tousi 0 T 17 15 mA

< 4= &€ =<

<=

PSER
Initial 100 1000 100 1000 pVv
Tonin 10 Tonax 2000 2000 | pVV

TEMPERATURE RANGE
Operating,
Rated Performance
Commercial (0 to +70°C) ADS5539IN, ADS539]Q
Military (- 55°Cto +125°C) ADS55395Q

PACKAGE OPTIONS®
Plastic (N-14) ADSS39JN
Cerdip (Q-14) ADS539]Q AD55395Q

NOTES

'Input Offset Voltage specifications are 1 after S mi of operationat Ty = + 25°C.

Bias Current specifications are guaranteed maximum at either input after 5 minutes of operationat T, = +25°C.
Ry =4700 10 — Vs,

*Externally compensated.

*Defined as voltage between inputs, such that neither exceeds + 2.5V, — 5.0V from ground.

“See Section 16 for package outhine information.

Speaifications subject to change without notice,

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

SUPPIY VOIREE . voviv sue siwim oo vie v sie wow o s = 10V
Internal Power Dissipation . . . . . . ... .. ... 550mW
Input Voltage . . . ... ........... +2.5V, -5.0V
Differential Input Voltage . . . . . . ... ... .... 0.25V
Storage Temperature Range Q . . . . . . . —65°C to +150°C
Storage Temperature Range N . . . . . .. —65°C to +125°C
Operating Temperature Range

ADSSIOING v wwre b wrase e voaew 0% A 0w +70°C

ADSSIBIQ) i o an wanw B Fai B S 0to +70°C

ADS539SQ . . ... —55°C to +125°C

Lead Temperature Range (Soldering 60 seconds) . . . . 300°C

NOTES

'Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those
indicated in the operational section of this specification 1s not implied. Exposure
to absolute maximum rating conditions for extended periods may affect
device reliability.

OFFSET NULL CONFIGURATION

+Vs Re

LT
36k

Ra
Vs

Vi OR GROUND

0UTPUTNULLMNGE=+V;( i )TD —Vg( Re )
R Ruuw

OFFSET NULL CONFIGURATION
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Typical Characteristics

POSITIVE SUPPLY CURRENT - maA OUTPUT VOLTAGE SWING - = VOLTS

COMMON-MODE REJECTION RATIO - dB

FREQUENCY - HERTZ

Figure 7. Common-Mode
Rejection Ratio vs. Frequency

FREQUENCY - HERTZ

Figure 8. Harmonic Distortion
vs. Frequency - Low Gain
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Figure 9. Harmonic Distortion
vs. Frequency - High Gain
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Figure 10. Full Power Response
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Figure 11. Deviation from Ideal Gain
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Figure 12. AD5539 Circuit

FUNCTIONAL DESCRIPTION

The AD5539 is a two-stage, very-high-frequency amplifier.
Darlington input transistors Q1, Q4 — Q2, Q3 form the first
stage — a differential gain amplifier with a voltage gain of ap-
proximately 50. The second stage, QS5, is a single-ended amplifier
whose input is derived from one phase of the differential amplifier
output; the other phase of the differential output is then summed
with the output of Q5. The all NPN design of the AD5539 is
configured such that the emitter of Q5 is returned, via a small
resistor to ground; this eliminates the need for separate level
shifting circuitry.

The output stage, consisting of transistors Q9 and Q10, is a
Darlington voltage follower with a resistive pull-down. The bias
section, consisting of transistors Q6, Q7 and Q8, provides a
stable emitter current for the input section, compensating for
temperature and power supply variations.

SOME GENERAL PRINCIPLES OF HIGH-FREQUENCY
CIRCUIT DESIGN

In designing practical circuits with the AD5539, the user must
remember that whenever very high frequencies are involved,
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some special precautions are in order. All real-world applications
circuits must be built using proper RF techniques: the use of
short interconnect leads, adequate shielding, groundplanes, and
very low-profile IC sockets. In addition, very careful bypassing
of power supply leads is a must.

Low-impedance transmission line is frequently used to carry
signals at RF frequencies: 504} line for telecommunications
purposes and 7541 for video applications. The AD5539 offers a
relatively low output impedance; therefore, some consideration
must be given to impedance matching. A common matching
technique involves simply placing a resistor in series with the
amplifier output that is equal to the characteristic impedance of
the transmission line. This provides a good match (although at a
loss of 6dB), adequate for many applications.

- All of the circuits here were built and tested in a 50() system.

Care should be taken in adapting these circuits for each particular
use. Any system which has been properly matched and terminated
in its characteristic impedance should have the same small-signal
frequency response as those shown in this data sheet.
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Applying the AD5539

APPLYING THE AD5539

The AD5539 is stable for closed-loop gains of 4 or more as an
inverter and at (noise) gains of 5 or greater as a voltage follower.
This means that whenever the AD5539 is operated at noise
gains below 5, external frequency compensation must be used to
insure stable operation.

The following sections outline specific compensation circuits
which permit stable operation of the AD5539 down to follower
(noise) gains of 3 (inverting gains of 2) with corresponding
—3dB bandwidths up to 390MHz. External compensation is
achieved by modifying the frequency response to the AD5539's
external feedback network (i.e., by adding lead-lag compensation),
so that the amplifier operates at a noise gain of 5 (or more) at
frequencies over 44MHz, independent of signal gain.

& 0
SN~
50 40
\\ M
40 \ 50
: M\ g
é 30 ™ 120 %
\ \\ B
8w N - 4
; AL !
o PHASE oo = 200
0 240
\
1
-10 280
M 10M 1008 16

FREQUEMNCY - HERTZ

Figure 13. Small Signal Open-Loop Gain
and Phase vs. Frequency

GENERAL PRINCIPLES OF LEAD AND LAG
COMPENSATION

The ADS5539 has its first pole or breakpoint in its open-loop
frequency response at about 10MHz (see Figure 13). At frequencies
beyond 100MHz, phase shift increases such that the output lags
the input by 180° — well before the unity gain crossover frequency.
Therefore, severe peaking (and possible oscillation) will result if
the ADS5539 is operated at noise gains below 5, unless external
compensation is employed. Figure 14 shows the uncompensated

+10

=
-
L~
g -3

:
i VAL g
E—W “ 180 E
g ::::E = \ 240 g
P \

\ 380

FREQUENCY - HERTZ

Figure 14. AD5539 Uncompensated Response, Glosed-Loop
Gain = 7

closed-loop frequency response of the AD5539 when operating
at a noise gain of 7. Under these conditions, excess phase shift
causes nearly 10dB of peaking at 150MHz.

Figure 15 illustrates the use of both lead and lag compensation
to permit stable low-gain operation. The AD5539 is shown
connected as an inverting amplifier with the required external
components added to provide stability and improve high-frequency
response. The stray capacitance between the amplifier summing
junction and ground, Cx, represents whatever capacitance is
associated with the particular type of op amp package used plus

the stray wiring capacitance at the summing junction.

Evaluating the lead capacitance first (ignoring Ry ac and Cpac

for now): the feedback network, consisting of R2 and Cygap,

has a pole frequency equal to:

1

Fa = uation 1
A7 27 Craao + CO R1| R2) .
and a zero frequency equal to:
Fp : Equation 2

2w (R1XCygap)
Usually, frequency F, is made equal to Fg; that is, (R1Cx)=(R2
CiLgAp)s in a manner similar to the compensation used for an
attenuator or scope probe. However, if the pole frequency, Fa,
will lie above the unity gain crossover frequency (440MHz),
then the optimum location of Fy will be near the crossover

Ciean

Rz 4y,

£

Vine

¢

“NOISE GAIN" = :_3 +1 2702 1oF

.
-Vg

Figure 15. Inverting Amplifier Model Showing Both Lead
and Lag Compensation

Ciean
Vour —0 Vi

Cx SR

Figure 16. A Model of the Feedback Network of the Inverting
Amplifier
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frequency. Both of these circuit techniques add a large amount
of leading phase shift at the crossover frequency, greatly aiding
stability.

The lag network (Rpag, CrLag) increases the feedback attenuation,
i.e.: the amplifier operates at a higher noise gain, above some

frequency, typically one tenth of the crossover frequency. As an
example, to achieve a noise gain of 5 at frequencies above 4MHz,
for the circuit of Figure 15, would require a network of:

R = RI
LAG ™ 4R1I/R2) -1
and...

Equation 3

PSS
LAG ™ 2mr Ryyg (44 109)

It is worth noting that an Ry 5 resistor may be used alone, to
increase the noise gain above 5 at all frequencies. However, this
approach has the disadvantage of also increasing the dc offset
and low frequency noise errors by an amount equal to the increase
in gain, in this case, by a factor of 5.

Equation 4

SOME PRACTICAL CIRCUITS
The preceding general principles may now be applied to some
actual circuits.

A General Purpose Inverter Circuit
Figure 17 is a general purpose inverter circuit operating at a
gain of —2.

Cieap 0.1 = 2 5pF TRIMMER

Vin

Figure 17. A General Purpose Inverter Circuit

For this circuit, the total capacitance at the inverting input is
approximately 3pF; therefore, Cy gap from Equations 1 & 2
needs to be approximately 1.5pF. As shown in Figure 17, a
small trimmer is used to optimize the frequency response of this
circuit, Without a lag compensation network, the noise gain of
the circuit is 3.0 and, as shown in Figure 18, the output amplitude
remains within *0.5dB to 170MHz and the —3dB bandwidth
is 200MHz.
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100M %G

Figure 18. Response of the (Figure 17) Inverter Circuit
Without a Lag Compensation Network

A lag network (Figure 15) can be added to improve the response
of this circuit even further as shown in Figures 19 and 20. In
almost all cases, it is imperative to make capacitor Cy gap ad-
justable; in some cases, Cp ag must also be variable. Otherwise,
component and circuit capacitance variations will dominate
circuit performance.

+2 T |

+1 Riag 1_.1-

g

)

SMALL SIGNAL DUTPUT AMPLITUDE - dB
|
3
r—

-5
100k ™

oM
FREQUENCY - HERTZ

100M 16

Figure 19. Response of the (Figure 17) Inverter Circuit
With an Rag Compensation Network Employed

+2 ||

+1 35pF T

3300
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-2
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-4

100k ™ oM 100M 16

FREQUENCY - HERTZ

Figure 20. Response of the (Figure 17) Inverter Circuit
With an Riag and a Cag Compensation Network
Employed



Figures 21 and 22 show the small and large signal pulse responses
of the general purpose inverter circuit of Figure 17, with
Crean=1.5pF, Ryag=330(} and Cyac=3.5pF.

R1
1k

Vi

Figure 21. Small Signal Fulse Response of the (Figure 17)

Fi 23. A inof 2 | freuit wi
Inverter Circuit. Vertical Scale: 50m\V/div; Horizontal Scale: gue.2s Gy of 2 Iverter Cltcult-with & Ceene

Capacitor Connected to Pin 12

Sns/div.
+20
g +n0
8
E 0
Crean
= TOOUTPUT
‘; =7 k‘q LI,
£
o =20
- et
g \
4 \
i \
100k ™ 10M 100M G
Figure 22. Large Signal Response of the (Figure 17) Inverter PREQUENCY ~ HERTE
Circuit. Vertical Scale: 200m\V/div, Horizontal Scale: 5ns/
div. Figure 24. Response of the Circuit of Figure 23 with
Cieap=10pF

A Cygap capacitor may be used to limit the circuit bandwidth A General Purpose Voltage Follower Circuit

and to achieve a single pole response free of overshoot Noninverting (voltage follower) circuits pose an additional com-
(= S Ericainy = 1 ) plication, in that when a lag network is used, the source impedance

2aR2C gan” will affect the noise gain, In addition, the slightly greater bandwidth
If this option is selected, it is recommended that a Cpgap be of the noninverting configuration makes any excess phase shift
connected between Pin 12 and the summing junction, as shown due to the output stage more of a problem.,

in Figure 23‘. Pin 12 provit_ies a separately bt!ffemd versio_n of For example, a gain of 3 noninverting circuit with Cy gap connected
the output signal. Connecu.r'lg the lead capacitor hm avoids the normally (across the feedback resistor — Figure 25) will require
excess output-stage phase shift and subsequent oscillation problems  , soyrce resistance of 20002 or greater to prevent UHF oscillation;
(at approx. 350MHz) which would otherwise occur when using the extra source resistance provides some damping as well as

the circuit of Figure 17 with-a Cpgap of more than about 2pF. increasing the noise gain. The frequency response plot of Figure
Figure 24 shows the response of the circuit of Figure 23 for 26 shows that the highest —3dB frequency of all the applications
each connection of C; gap. Lag components may also be added circuits can be achieved using this connection, unfortunately, at
to this circuit to further tailor its response, but, in this case, the the expense of a noise gain of 14.2. .
results will be slightly less satisfactory than connecting Cy gap

directly to the output, as was done in Figure 17.
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-8V
Figure 25. A Gain of 3 Follower with Both Lead and Lag
Compensation

+2

+1

RELATIVE
SMALL SIGNAL QUTPUT AMPLITUDE - d8
A

100k Rl oM 100/ 16
FREQUENCY - HERTZ

Figure 26. Response of the Gain of 3 Follower Circuit

Adding a lag capacitor (Figure 27) will greatly reduce the midband
and low-frequency noise gain of the circuit while sacrificing only

a small amount of bandwidth as shown in Figure 28.

-8V

Figure 27. A Gain of 3 Follower Circuit with both Cigap
and R g Compensation
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SMALL SIGNAL OUTPUT AMPUITUDE - d8

100k ™ oM 100M 16
FREQUENCY - HERTZ

Figure 28. Response of the Gain of 3 Follower with Cieap,
CMQ and Hm

These same principles may be applied when capacitor Cp gap is
connected to Pin 12 (Figure 29). Figure 30 shows the bandwidth
of the gain of 3 amplifier for various values of Ry 4. It can be
seen from these response plots that a high noise gain is still
needed to achieve a reasonably flat response (the smaller the

Figure 29. A Gain of 3 Follower Circuit with Cigap
Compensation Connected to Pin 12

10

S1041 kil
Risg Riaa
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g o]
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£
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F
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~25
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FREQUENCY - HERTZ

Figure 30. Response of the Gain of 3 Follower Circuit
with Cpeap Connected to Pin 12
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value of Ry ag, the higher the noise gain). For example, with a
22002 Ry ac and a 5002 source resistance, the noise gain will be
12.8, because the source resistance affects the noise gain.
Figures 31 and 32 show the small and large signal responses of
the circuit of Figure 29.

Figure 31. The Small-Signal Pulse Response of the Gain
of 3 Follower Circuit with Rpag and Cieap Compensation
to Pin 12. Vertical Scale: 50mV/div.; Horizontal Scale: 5ns/
div.

Figure 32. The Large-Signal Pulse Response of the Gain
of 3 Follower Circuit with R ag and Cieap Compensation
to Pin 12. Vertical Scale: 200mV/div; Horizontal Scale:
Sns/div.

A Video Amplifier Circuit with 20dB Gain (Terminated)

High gain applications (14dB and up) require only a small lead
capacitance to obtain flat response. The 26dB (20dB terminated)
video amplifier circuit of Figure 33 has the response shown in
Figure 34 using only approximately 0.5-1pF lead capacitance.
Again, a small Ci gap can be connected, either to the output or
to Pin 12 with very little difference in response.

0.1 - 25pF
TRIMMER

7541
L LOAD

+2
[ l

z +1 - 7 "/,E?::n__
E ° o ||
§§ = : 'L).k
£ . G\
3
2 -3
=]
i,

-5

100k ™ 10M 100M 16
FREQUENCY - HERTZ

Figure 34. Response of the 20dB Video Amplifier

In color video applications, the quality of differential gain and
differential phase response is very important. Figures 35, 36, 37
and 38 show the standard six-step modulated staircase waveform.
The amplifier’s response is plotted first by a vector scope, and
then the magnified differential gain/differential phase target is
plotted, first without the 20dB amplifier, then with the amplifier
in the system.

Figures 37 and 38 have been expanded to provide the necessary
resolution to show a differential gain of less than 0.5% and a
differential phase less than 0.1°.
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Figure 35. A Six-Step Modulsted Staircase Waveform of
the 20dB Video Amplifier Circuit

Figure 36. The 20dB Video Amplifier's Response Plotted
on a Vector Scope

Figure 37. Differential Gain/Differential Phase Target with
Generator Output Connected Directly to Vector Scope
Input

2-194 OPERATIONAL AMPLIFIERS

Figure 38. Differential Gain/Differential Phase Target with
Generator Output Connected to Video Amplifier Input —
Amplifier is Output Connected to Vector Scope Input

MEASURING AD5539 SETTLING TIME

Measuring the very rapid settling times associated with AD5539
can be a real problem for the designer; proper component layout
must be used and appropriate test equipment selected. In addition,
both cable dispersion (a function of cable losses) and the quality
of termination (SWR) directly affect the measurement. The
circuit of Figure 39 was used to make a “brute force” AD5539
settling time measurement. The fixture containing the circuit
was connected directly — using a male BNC connector (but no
cable) — onto the front of a 50{) input oscilloscope preamp. A
digital mainframe was then used to capture, average, and expand
the error signal. Most of the small-scale waveform aberrations
shown on the figure were caused by the oscilloscope itself, espe-
cially the glitch at 15ns. The pulse source used for this measurement
was an EH-SPG2000 pulse generator set for a 1ns rise-time; it
was coupled directly to the circuit using 18" of microwave 500}
hard line.

TO
TEKTRONICS 43002
TE54/7A24 o A
OSCILLOSCOPE Ciean 0.1 - 2.5pF
PREAMP

3
24300
2

5041

. Vour
L 62101 510
= e 9
\ s0ne
EH SPG2000
PULSE
GENERATOR

& =
-8V =

Figure 39. AD5539 Settling Time Test Circuit
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APPLICATIONS SUMMARY CHART

GAIN -3dB
Rl R2! Rue Ciag’ Ciean’  GAIN  FLATNESS  BANDWIDTH
(TRIMMED)
Gain=-1t0 =5 .
; R2 R1 1 IpF
Circuitof Fag 17 = 2k = E— = -2 «0.
g s &, I IR, G 0.2dB 200MHz
R2
Gain = =110 =5
: R2 Rl 1 3pF
Circuitof Fig. 23 == 2k = & = = -2 +1dB 180
¥ G 4R, 2744 % 10%) Ry ug G SoMHz 2
R2
Gain = + 210 +5°
g R2 Rl = 1 3pF
Circuitof Fig 27 —= 2 = = —— = +3 +1dB
= ORI, “Im@x10R,;  G-1 1 390MI3
R2
Gain = +210 +5* R2 RI IoF
Circuit of Fig. 29 1 2k =1 R NA = 52_: +3 +0.5dB 340MHz
B 0= -1 =
R2
3 R2Z > s 5
Gamn<-35 G 15k NA NA Trimmer - 20 +0.2dB BOMHz
Gain>+5 {% 1.5k NA NA Trimmer®  +20  +0.2dB S0MH:
G==Gmun  NA = Not Applicable

for specific resul 1zed here -

can be adapted for values different than those specified

It is recommended that Cy gap, and Cy_y g Be trimmers coverng a range that includes the compured value above

*Ryoumes 52000
Rsourcy =301
"Use Voltromes CPAZ 0 | - 2.53pF Teflon Trimmer Capacitor (or equivalent)

The photos of Figures 40 and 41 demonstrate how the AD5539
easily settles to 1% (1mV) in less than 12ns; settling to 0.1%
(100p.V) requires less than 25ns.

00U

sHCRD = 2363n$
8 JiFn CRS2>

AUCRD = 22004
0 lurh

Figure 40. Error Signal from AD5539 Settling Time Test
Circuit - Falling Edge. Vertical Scale: 5ns/div.; Horizontal
Scale: 500uV/div.

108.95U ¢ aHERD : 24905 |
0 LFH CRSIC

TueRp =
D uFn

Figure 41. Error Signal from AD5539 Settling Time Test
Circuit — Rising Edge. Vertical Scale: 5ns/div.; Horizontal
Scale: 500uV/div.

Figure 42 shows the oscilloscope response of the generator alone,
set up to simulate the ideal test circuit error signal (Figure 43).

oRl 0 | uzd 1.6)1

S6n0  +aHLAD
10 HFl CRS1:

Figure 42. The Oscilloscope Response Alone Directly
Driven by the Test Generator. Vertical Scale: 5ns/div.;
Horizontal Scale: 500uV/div.
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Figure 43. A Simulated Ideal Test Circuit Error Signal
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Figure 44. A Wide Bandwidth Voltage-Controlled Amplifier

A 50MHz VOLTAGE-CONTROLLED AMPLIFIER

Figure 44 is a circuit for a 5S0MHz voltage-controlled amplifier
(VCA) suitable for use in high-quality video-speed applications.
This circuit uses the ADS539 as an output amplifier for the
ADS539, a high bandwidth multiplier. The outputs from the two
signal channels of the AD539 are applied to the op amp in a
subtracting configuration. This connection has two main advan-
tages: first, it results in better rejection of the control voliage,
particularly when over-driven (Vx<0 or Vx>>3.3V). Secondly, it
provides a choice of either noninverting or inverting responses,
using either input Vy; or Vy; respectively. In this circuit, the
output of the op amp will equal:

Vx (Vy, =V
Vour = "(z{,‘ 12 for V>0

Hence, the gain is unity at Vx = +2V. Since Vx can over-range
to + 3.3V, the maximum gain in this configuration is about
4.3dB. (Note: If Pin 9 of the AD539 is grounded, rather than
connected to the output of the 5539N, the maximum gain becomes
10dB.)

The bandwidth of this circuit is over S0MHz at full gain, and is
not substantially affected at lower gains. Of course, when Vx is
zero (or slightly negative, to override the residual input offset)
there is still a small amount of capacitive feedthrough at high
frequencies; therefore, exireme care is needed in laying out the
PC board to minimize this effect. Also, for small values of Vy,
the combination of this feedthrough with the multiplier output
can cause a dip in the response where they are out of phase.
Figure 45 shows the ac response from the noninverting input,
with the response from the inverting input, Vy,, essentially
identical. Test conditions: Vy;=0.5V rms for values of Vy from
+10mV to +3.16V; this is with a 7502 load on the output. The
feedthrough at Vx = —10mV is also shown.
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Figure 45. AC Response of the VCA at Different Gains
Vy=0.5V rms

The transient response of the signal channel at Vy= 42V,
Vy=Vour=+ or —1V is shown in Figure 46; with the VCA
driving a 75¢) load. The rise and fall times are both approximately
7ns.

A few final circuit details: in general, the control amplifier
compensation capacitor for Pin 2, Ce, must have a minimum
value of 3000pF (3nF) to provide both circuit stability and
maximum control bandwidth. However, if the maximum control
bandwidth is not needed, then it is advisable to use a larger
value of Cg, with typical values between 0.01 and 0.1pF. Like
many aspects of design, the value of Ce will be a tradeoff: higher
values of Cg will lower the high-frequency distortion, reduce the
high-frequency crosstalk and improve the signal channel phase
response, Conversely, lower values of C will provide a higher
control channel bandwidth at the expense of degraded linearity
in the output response when amplitude modulating a carrier
signal.
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Figure 46. Transient Response of the Voltage-Controlled
Amplifier V= +2 Volts, Vy= =1 Volt

The control channel bandwidth will vary in inverse proportion
to the value of C¢, providing a typical bandwidth of 2MHz with
a Cc of 0.01pF and a Vx voltage of + 1.7 volts.

Both the bandwidth and pulse response of the control channel
can be further increased by using a feedforward capacitor, Cy,
with a value between 5 and 20 percent of C=. Cyy should be
carefully adjusted to give the best pulse response for a particular
step input applied to the control channel. Note that since Cy is
connected between a linear control input (Pin 1) and a logarithmic
node, the settling time of the control channel with a pulse input
will vary with different control input step levels.

Diode D1 clamps the logarithmic control node at Pin 2 of the
ADS539, (preventing this point from going too negative); this
diode helps decrease the circuit recovery time when the control
input goes below ground potential.

THE AD539/5539 COMBINATION AS A FAST, LOW
FEEDTHROUGH, VIDEO SWITCH

Figure 47 shows how the AD539/5539 combination can be used
to create a fast video speed switch suitable for many high-frequency
applications including color key switching. It features both
inverting and noninverting inputs and can provide an output of
+ 1V into a reverse-terminated 750} load (or =2V into 1501}).
An optional output offset adjustment is provided. The input
range of the video switch is the same as the output range: +1V
at either input generates + 1V (noninverting) or ¥ 1V (inverting)
across the 7501 load. The circuit provides a gain of abour 1,
when “ON”, or zero when “OFF".

The differential configuration uses both channels of the ADS39
not only to provide alternative input phases, but also to eliminate
the switching pedestal due to step changes in the output current
as the AD339 is gated on or off,

Figure 49 shows the response to a pulse of 0 to + 1V on the
signal channel. With the control input held at zero, the rise

time is under 10ns. The response from the inverting input is
similar.

The differential-gain and differential-phase characteristics of this
switch are compatible with video applications. The incremental
gain changes less than 0.05dB over a signal window of 0 to

047uF e 3
1010 9310 750 750
T H ! PV ?’ OUTPUT
2 1pF* 270 .
n 10|'.|F :. ‘;
n S a700
INVERTING
INPUT > I 3 i l_‘
’5“ AD539JN :-1501: 14 113] 12|11
‘
A e e “ s
IGN
SIBNAL  prioNaL F |
TERMINATION [:s ':l.l2 S1s0n | o ]__‘ AD5533N
<
Jz
NON- LIJ
INVERTING —E E
INPUT
750 ‘1;1
v 7 10 100k
0.47 L - A
100 |RBF
-9V o—WA—| 8 9 8V —sv
+150mV
9310 ‘/_]_L oy
52.30 4 750 +1V (OFF)
! 8 CONTROL
INPUT
DENOTES SHORT, 2 o0(ON)
% DIRECT CONNECTION Rt 2240
TO GROUND PEANE o *VALUE WILL VARY SLIGHTLY
9 WITHCOMPONENT LAYOUT

Figure 47. An Analog Multiplier Video Switch
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+ 1V, with a phase variation of less than 0.5 degree at the subcarrier case, an offset sine wave at 1MHz) was applied to the noninverting
frequency of 3.58MHz. The noise level of this circuit measured input. In Figure 48, the envelope response shows the output

at the 75(1 load is typically 200V in a 0 to 5SMHz bandwidth being fully switched in about 50ns. Note that the output is ON
or approximately 100nV per root hertz, The noise spectral density when the control input is zero (or more negative) and OFF for a
is essentially flat to 40MHz. control input of + 1V or more. There is very little control-signal

The waveforms shown in Figures 48 and 49 were taken across a breakthrough.
751) termination; in both photos, the signal of 0 to + 1V (in this

—— 1V

OuUTPUT QUTPUT
—=— ZERO —— ZEROD
Figure 48. The Control Response of the Video Switcher Figure 49. The Signal Response of the Video Switcher
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ANALOG
DEVICES

Wide-Bandwidth, Fast-Settling
Operational Amplifier

AD3610

FEATURES

Ultrastable Unity Gain Bandwidth (100MHz)
18ns Settling Time to 0.1%

Superior dc Performance

Offset Voltage +0.3mV

Bias Current 2pA

+21mA Supply Currents

APPLICATIONS

Driving Flash Converters
High-Speed DACs
Radar, IF Processors
Photodiode Preamps
ATE/Pulse Generators
Imaging/Display Drivers

GENERAL DESCRIPTION

The AD9610 is a fast-settling, wide-bandwidth dc-coupled
transimpedance operational amplifier which combines superior
dc specifications and exceptional dynamic performance. That
combination provides remarkable versatility and utility for
high-speed designers.

Thin-film technology and innovative design techniques help
assure stable operation over the complete operating temperature
range. Input offset voltage temperature drift is typically 5pV/°C;
input bias current drift is typically 70nA/°C.

Unique internal architecture keeps the AD9610 inherently stable
over its complete gain range and assures wide bandwidth at all
gain settings. With G= —1, 3dB bandwidth is 100MHz; with
G= —10, bandwidth is 9SMHz. When G= —20, 3dB bandwidth
is an incredible 75MHz. Slew rate, rise time, fall time, and
settling time are also independent of gain.

The design of the AD9610 makes it easy to apply. The unit is
internally compensated and needs no external compensation. An
internal 1.5k() feedback resistor is available to the user by con-
necting Pin 4 to output Pin 11. Pins 2 and 8 are bypass pins
and should be connected to ground through 33 — 504} resistors
and 0.1pF ceramic capacitors; effective decoupling of the power
supplies is also important for proper operation,

Two temperature ranges are available. The AD9610BH is guaran-
teed over a case temperature range of —25°C to +85°C; the
AD9610TH is for a range of —55°C to + 125°C. Standard devices
are produced in a MIL-STD-1772-certified facility; contact the
factory for information on units screened to MIL-STD-883.

AD9610 FUNCTIONAL BLOCK DIAGRAM

33 - 5000
s,
H L0

'
BYPASS

GROUND Ve RF

BYPASS
BOTTOM view |
Zn.s00

S, 0 1F

a8 § === \\ﬂ=_?\ G=-1
” N \\
N \ \
-3 N

ADS9610 Inverting Gain
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SPECIFICATIONS
DC ELECTRICAL CHARACTERISTICS (:£v= 15 A= — 16; Ry =150002; Ry = 15K€2; No Rigap)

AD9610BH/TH AD9610BH' AD9610TH?
Sub- Typical MinMax@ ______ Min/Max@
Parameter (Conditions) Group @+25°C -25°C | +25°C | +85°C | —55°C | +25°C | +125°C | Units
/. Offset Voltage 1,2,3 =0.3 +4.0 +1.0 +2.5 =4.0 +1.0 =25 mV
/ Offset Voltage Tc? 2,3 *5 +25 +25 wVree
J/ InputBias Current
Inverting 1,2,3 + 56 15 +35 =56 =15 35 pA
Noninverting 1,2,3 =15 75 S0 62 +75 +50 62 rA
/ Input Bias Current T¢?
Inverting 2,3 =70 =330 +330 nA”C
Noninverting 2,3 =30 =200 =200 nAPC
# Inverting Impedance 20 0
# Noninverting
Impedance 200k 0
Capacitance 2 pF
# Common-Mode Input + 5 =5 =5 =5 =5 *§ =5 v
J/ Internal Feedback Resistor (Rg) 1500 1490/ 1490/
1510 1510 n
# Rg Temperature Coefficient +25 =25 +25 +25 ppm/°C
./ Common-Mode Rejection Ratio (CMRR)* 4,5,6 =50 =35 =35 =35 =35 =35 =35 dB
CMRER (R = 150002; Ry = 15000, AV =5V) =60 dB
/ Common-Mode Sensitivity (CMS),
Referred to Input (AVg=5V)
- CMS 4,5,6 3 8 8 8 8 8 8 pANV
+CMS 4,5,6 3 8 8 8 8 8 8 pANV
CMSvorTace 4,5,6 62 =50 =50 =50 =50 =50 =50 dB
# Output Impedance (dc to 100kHz) 0.05 a
J/ Output Voltage Swing (Ry oap = 20002) 1,2,3 =10 =9 =9 =x9 =9 ==0 =9 v
# Ourput Current =50 =+50 | =250 | ==50| ==+50 | ==50 | ==50 | mA
(Continuous)
/ Open Loop Transimpedance Gain (2000 Load) | 4,5,6 >1.5 =0.7 =09 =0.7 =0.7 =0.9 =0.7 M0
/ Supply Current® 1,2,3 21 =27 =25 =27 =27 =25 =27 mA
Power Consumption® 630 =810 =750 =810 =810 =750 =810 mW
/. Power Supply Rejection Ratio (PSRR)* 4,5,6 =50 =35 =35 =35 =35 =35 =35 dB
PSRR (Rg = 150002; Ry = 15002 AV = 10V) =60 dB
/ Power Supply Sensitivity (PSS),”
Referred to Input (AVg = 10V)
PSSvoLTaGE 4,5,6 65 50 50 50 50 50 50 dB
- PSS 4,5,6 3 8 8 8 8 8 8 pANV
+ PSS 4,5,6 3 8 B 8 8 8 8 RAV
AC ELECTRICAL CHARACTERISTICS (=v= = 15% A, = — 10; Ry=15062; Re = 1.5(2; Riggo =20062)
Bandwidth ( — 3dB) (Vour = 100mV p-p)
J G=-10 4,5,6 =100 =80 =80 =380 =80 =80 =80 MHz
Amplitude of Peaking:
J/ DCro60MHz 4,5,6 0 =04 =0.2 = =0.4 =0.2 =1.0 dB
# >60MHz 0 =0.6 =0.3 =1 =0.6 =03 =1.8 dB
# Phase Nonlinearity (de to 45MHz) 1 °
# Rise(Fall) Time (Vout =5V Step) <3.5 =4 =4 =43 =4 =4 =43 ns
# Slew Rate (Vout = 18V Step) >3.5 =3 =3 =24 =3 =3 2.4 kV/ips
# Settling Time 10 0.1% (G= — 10;
5V Qutput Step) 18 =29 =25 =29 =29 =25 =29 ns
# Seutling Time 10 0.02% (G= — 10;
5V Qutput Step) 30 ns
# Overshoot Amplitude (Vo = 5V Output Step) <4 =14 =8 =18 =14 =8 18 %
# Propagation Delay 33 =4.0 =4.0 4.0 =4.0 =4.0 4.0 ns
/ Total Harmonic Distortion (Freq. = 20 MHz;
Ourtput Voltage = 2V p-p) 4,5,6 55 50 50 50 50 50 50 dB
# Input Noise (Rpoap = 100£1)
Voltage (SMHz 1o 150MHz) 0.7 =12 =1.5 2.0 =1.2 1.5 =2.0 nV/VHz
Current (SMHz to 150MHz) 23 =29 =30 =35 =29 =35 pA/VHz
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AD%10BH/'TH AD9610BH AD9610TH
Sub- Typical Min/Max Min/Max @
Parameter Group @+25°C —25°C | +25°C | +85°C | —55°C | +25°C | +125°C| Units
OTHER INFORMATION
Case to Ambient, 6, ® 65 Ll % ] ™ * * T
(Still Air; No Heat Sink)
Case to Ambient, ¢4 38 * * * * " * CIW
(500 LFPM Air; No Heat Sink)
MTBF’ =1.48 % 10° * * * * * * hours
PACKAGE OPTION'
TO-8(H-12A) AD910BH AD9610TH
NOTES
J/ 100% tested (See Notes 1 and 2).
# Specificati 1 by design; not tested.

*Specification same as AD9610BH/TH typical specification.

'AD9610BH parameters preceded by a check (/) are tested at + 25°C ambient temperature; performance is guaranteed over the

industrial temperature range (- 25°C o + 85°C) case temperature.

‘AD9610TH parameters preceded by a check (/) are tested at 55°C case, +25°C ambient, and + 125°C case temperatures.

Mil-processed versions are available.

*Offset voltage T and bias current T are guaranteed over the respective temperature ranges.

*CMRR and PSRR apply only for stated conditions.

*CMS values can be used to determine the CMRR for specific gain settings according to the following worst case relationships:

Re

AAA

vV

+ VsupeLy

—0 Vour
+

= VSUMY

AVour = [~CMS] (Re] [8Vaupml + (+CMS1 (B2 [ 1455 ] (aVaum + (MSuour) [ 1455 | taVoummol
WHERE AVsupeiy = A —Vsupsiy AND A +Vsupeiy

CMRR = —20 LOG { AVour

(1+ lAVm\r)]

“Supply current and power dissipation numbers are for quiescent operation (input 1s grounded). Values increase with

hugher frequency operation.

PSS values can be used to determine the PSRR for specific gain settings according to the following worst case relatonships

(See diagram in 5 above):

AVour = [~PSS] (R (Vsuwns] + [+P581(R21 [ 1+ B | (aVauumsl + PSSvourt [ 1+ % | 1aVaummal
WHERE AVsyppy = 4= Vuppy OR A+ Vgyppry

PSRR = —20 LOG [ AVour

dad

#Re junction

( 14+ R—ii: X AVgipmy )]

ure 15 + 165°C. See Thermal Model.

*MTBF calculated using MIL-HNBK 2'| 7D; Ground Fixed; Temperature (case) = + 70°C.

%See Section 16 for package outline information.
Specifications subject to change without notice.

EXPLANATION OF GROUP A MILITARY SUBGROUPS

Subgroup 1 — Static tests at +25°C.

Subgroup 2 — Static tests at maximum rated temperature.
Subgroup 3 - Static tests at minimum rated temperature.
Subgroup 4 - Dynamic tests at +25°C.

Subgroup 5 - Dynamic tests at maximum rated temperature.
Subgroup 6 — Dynamic tests at minimum rated temperature.

Subgroup 7 — Functional tests at + 25°C.

Subgroup 8 — Functional tests at maximum and minimum
rated temperatures.

Subgroup 9 — Switching tests at + 25°C.

Subgroup 10 — Switching tests at maximum rated temperatures.

Subgroup 11 — Switching tests at minimum rated temperatures.

Subgroup 12 - Periodically sample tested.

ABSOLUTE MAXIMUM RATINGS

Supply Voltages (=Vs) . ... ... ... ... ..... + 18V
Operating Temperature Range (case)
ADIBIOBH = i. s enanisis eoewsns —25°C 1o +85°C
ADOSIOTH : ois wome madsfry s308E0 —-55°C 10 +125°C

Power Dissipation

Junction Temperature . . . . . ... ... .. .... +165°C
Storage Temperature Range . . . . . .. .. —65°C to +150°C
Lead Temperature (soldering, 10sec) . . . . ... .. +300°C
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Ry = RNCSSH2001F
Ry =RNSSCT501F

THIS MICROCIRCLIT IS COVERED BY TECHNOLOGY GROUP (1 ) PER MIL-M-38510

10pF = M33003101-2302
0 1puF =M39014101-1563

AD9610 LIFE TEST/BURN-IN CIRCUIT

THEORY OF OPERATION

The advantages of the transimpedance AD9610 Operational
Amplifier become easier to understand when its operation is
compared to the operation of conventional high-speed op amps.

The operation of the AD9610 Operational Amplifier is similar
to a standard voltage-input differential amplifier in terms of
setting gain and calculating noise. The primary difference between
the two types is a low-impedance inverting input on the AD9610;
this causes the unit to use current feedback, rather than voltage
feedback, to achieve signal amplification.

Figure 1 and the discussion which follows help make a comparison
between the AD9610 and “conventional” devices.

Two equations are necessary to describe the amplifier shown in
Figure 1.

Rin =
Vi 0—"WA— v
5
—0 Vour
+
\/
v/
Figure 1.

One equation is a rudimentary amplifier transfer function:

—Vour = Alw) Vg (Equation A)
and the other sums the currents at the inverting input:
Vs—Vin Vs Vs—Vour .
— + =0 (Equation B)
Rin Rg R

Rearranging and reducing Equation B; and substituting from
Equation A results in a third equation:

~AORRY/RRe + RaRe +RARD
e m
Vi 14 A(N)RWRS/ (RRg+RpyRg + RixRs)

1|FrCrl:'r
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For purposes of discussion, assume the amplifier shown in
Figure 1 exhibits a single-pole frequency response. When it
does, A(w)= Ap/(]1 +jwt) where Ag = open loop gain; and
1/r = the roll-off frequency. When these terms are substituted
into Equation C, the result is:

Vour _ _ — A“RSRF/(RSRF +RyRe+RpyRg)
Vin Ihjerd | AoRiy Rs/ (RsRg +RiyRy + RINRS)]

Based on the idea that

1+ [AoRnRs /(R R, + R Ry + RuRy)|

is approximately equal to

AOR'NRS/ (RsRp+RyyRi+ RiyRs)

and G (closed loop gain) = Rg/Ryy, it becomes possible to
simplify and substitute terms in the above equation to obtain:
Vour _ -G
Vin jwrRe [ 1 1 1 ]
1+ —L — + — + —
Ag Ry  Rs  Rg

The fundamental difference between the AD9610 and traditional
amplifiers becomes apparent at this point.

In traditional voltage-imput amplifiers, the input resistance (Rg)
approaches infinity. Consequently, 1/Rs approaches zero; and
the term Ry (1/Rpy + 1/Rs + 1/Rg) simplifies to the term

Ry (l Ry + lpr)A The latter can be reduced further to (G+ 1).
When substitutions are made, the gain/frequency relationship
for a traditional amplifier design is expressed as:

Vour _ -G

AL TSI~ P
AO
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There is a dramatically different result for the AD9610.

This difference is because the value of Rg in the transimpedance
amplifier is only 2002, This is important when one realizes

Rs || Rpy || Rp; and Rg <<<Rpy and/or Rg. In this case,

(1/Rs + 1/Rpn + 1/Rg) = 1/Rs. Substituting terms, a direct
comparison with traditional amplifer relationships can be made:

=&
jor RF]
U ol
|

Both amplifier types yield similar algebraic results, but there is
one critical difference in how they are obtained.

As shown above, the closed loop gain (G) of the traditional
amplifier is multiplied by the frequency-dependent term of the
denominator; this means increasing frequencies or closed loop
gain accelerates the gain roll-off.

In the AD9610, however, the constant Rg/Rs is multiplied by
the frequency-dependent term; this means bandwidth remains
relatively constant for any given value of gain.

Inside the AD9610, the design includes a 1.5k{} feedback resistor
to help reduce the effect of stray capacitances and make it easier
to apply the amplifier. This internal Rg means the gain of the
AD9610 is set by varying Ry

The differences in the architecture of the AD9610 vis-a-vis a
traditional op amp cause its closed-loop frequency response to
be considerably different from conventional units.

VO‘I.JT_
Ve

Figure 2 pictures a typical plot for a traditional single-pole
amplifier.

GAIN =50
~3dBFREQ =2MHz

GAIN=5
—3dBFREQ =20MHz

Figure 2.

As shown, increasing the closed loop gain of a traditional op
amp decreases the bandwidth of the amplifier; the precise amount
of change will be determined by the actual roll-off characteristics
of the op amp.

By contrast, the frequency response of the AD9610 changes
very little when the gain is changed. Refer to Figure 3.
Variations in gain (established by varying values of Ryy) have
only a negligible effect on the bandwidth of the amplifier.
(NOTE: For a more complete explanation of the mathematics involved
in comparing conventional op amps and the AD9610, refer to the
Analog Devices application note entitled “Using the AD9610 Trans-
impedance Amplifier”.)

GAIN [dB)

|
_—_—_—l_—_-_—-‘

Y,

Ll
FREQUENCY

-+

Figure 3.

AD9%610 FUNCTIONAL DESCRIPTION
Refer to Figure 4, AD9610 Functional Circuit.

BYPASS

Figure 4. AD9610 Functional Circuit

The most prominent characteristic illustrated in this model of
the unit is the combination of a high-impedance noninverting
terminal and a low-impedance inverting terminal. This is achieved
by buffering the noninverting terminal to create a high-impedance
input; while maintaining a low impedance through the 2002
characteristic of the inverting input.

Because of the low input impedance of the inverting input, all
of the input signal voltage is impressed across the input resistor
(Ry in Figure 6); this causes a direct voltage-to-current conversion
to take place.

Conventional op amps use a volts/volts transfer function,
while the transfer function of the AD9610 is volts/pA (or
resistance).

Signal current flowing in the inverting terminal (Pin 5) will flow
through the 200} resistor. The voltage developed across this
input impedance becomes the input signal for the internal
amplifier.

As a result of this action, the input current is converted to an
output voltage; this is the reason for the open loop transfer
function being expressed in ohms.

OPERATIONAL AMPLIFIERS 2-203
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To compensate for variations in offset voltage and current in the
AD9610, both a voltage source and a current source are included
in the unit. Input offset voltage (Vqs) is a dc error which appears
at the output as [Vos (1+Rg/Rpn)]. In a similar fashion, the
input bias current (Ios) reflects as a dc error which appears at
the output as [Ios (Rg)].

The current source connected to the inverting terminal effectively
models the input offset current; and although bias currents flow
in both terminals, the inverting input bias current is dominant.
The combined actions of the internal voltage and current sources
effectively compensate for discrepancies in offset voltage and
current.

Power supply voltages applied to the AD9610 are separated,
with one set of terminals designated for the output transistors
(Pins 10 and 12) and another set for the internal amplifier

(Pins 1 and 9). This splitting of the voltages makes it possible to
limit voltage swings and current at the output, and helps regulate
the junction temperatures of the output transistors.

APPLYING THE AD9%610 OP AMP
In applying the AD%610 op amp, there are certain precautions
which must be observed to protect the unit from damage:

1. Shorting either power supply input pin (Pin 10 or Pin 12) to
the output (Pin 11) will destroy the device.

2. Shorting the output (Pin 11) to ground will destroy the device;
no internal protection is provided.

As explained earlier, the noninverting input of the AD9610
Operational Amplifier is a high impedance. This requires that it
be driven from a low-impedance source, or connected to ground.
Driving this input from a high impedance detracts from the
wide bandwidth performance; connecting it to ground avoids
the possibility of closed-loop ac peaking.

Because the internal biasing network of the AD9610 is connected
to the +V and —V supply pins, it is important that these pins
have adequate decoupling. Nominal supply voltages for the
AD9610 are + 15V, but this can be reduced to a lower limit of
+ 12V without serious degradation of high-speed performance.
When =12V supplies are used, outpurt voltage swings from the
amplifier must be reduced.

Bypass Pins 2 and 8 should be decoupled to ground through
33 — 509 resistors and 0.1pF capacitors to maintain stability on
the bias network.

Feedback resistor Ry is internal to the AD9610 and has been
precisely adjusted to allow the widest possible range of operating
conditions. While it is possible to use an external feedback
resistor for the device, the user is urged to avoid the temptation
to “tune” performance with this technique because it will inevitably
detract from ac performance.

A massive low-impedance ground plane is essential for optimum
performance from the AD9610 because it provides a moderate
level of shielding and helps reduce the effects of distributed
capacitance. !
But the benefits of a large ground plane can be diminished if
components are grounded at multiple points on the ground
plane. Single-point grounding is always preferred for high-speed
circuits to avoid the possibility of voltage differentials which
might result from multiple grounds.

The best high-frequency performance is obtained from the AD9610
when total output capacitance is minimized. Realistically, this is
not always possible; but performance can be improved with a

5 = 301 resistor in series with the output as shown in Figure 5.
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Isolation provided by the series resistor makes it possible for the
AD9610 to drive loads well outside its design limits, but at
some loss of speed. Isolating the capacitive load from the output
of the amplifier is particularly useful when driving flash A/D
converters.

The power supplies for the AD9610 must be decoupled effectively
to obtain maximum performance from the device. Recommended
choices are a 0.1F ceramic capacitor and a 10pF tantalum
capacitor in parallel on each supply. These connections show up
in Figures 6 and 7 which illustrate the connections for inverting
and noninvertering operation, respectively. Decoupling compo-
nents should always be connected as closely as possible to the
amplifier’s voltage supply pins.

Figure 5.

0 1pF

33-5011

INPUT ©

$&I5F
Re

GAIN = =
Ry
$ Ry = 150001 (INTERNAL)

Figure 6. AD9610 Inverting Operation

If the expected output voltage swings are small, it is possible to
operate the ouput stages from =5V supplies; this will reduce
power dissipation and junction temperatures on the output
transistors. For this, the =5V and = 15V supplies must be
decoupled separately.

01uF 33_s500)

INFUT ©

g Ry = 150001 {INTERNAL}

Figure 7. AD9610 Noninverting Operation
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As shown in Figures 6 and 7, bypass pins 2 and 8 should be
decoupled individually with a 33 — 5002 resistor and 0.1pF
capacitor in series to ground. Without this decoupling, power
supply and common-mode rejection ratios (PSRR and CMMR)
may be degraded. In some applications, the lack of this decoupling
may show up as very high-frequency “ringing” on the output.
Rmarcy in Figures 6 and 7 is used to match the output impedance
of the driving source.

AD9610 POWER DISSIPATION

Quiescent power supply currents for the AD9610 are =21mA.
Supply currents this low allow the unit to be operated over a
wide temperature range without damage. For high-temperature
operation and long-term stability, however, the user is urged to
use a heat sink. Two acceptable models for TO-8 packages are
the Thermalloy 2240 and the IERC Up-TO8-48CB.

Refer to Figure 8.

20 /
80 7.
70 ’_/
V, =10V
- % Ry oA
<
E g
o /
2w Vour =SV _|_o=="1
v 8
30 —
20 pd s L1 Veu=2v
74 e
10 A —
v
o
40 |60 80 00 120 40 160 180 200
81 T. ABOVE T, ["C}

Figure 8. Junction Temp. Rise vs. Load Current

The data in this illustration are typical characteristics when the
AD®9610 is operated from =+ 15V supplies. Assume the desired
output from the op amp is + 10V swings at +=50mA currents.
For this combination, maximum junction temperature will be
100°C above the ambient temperature.

Since maximum allowable junction temperature is +165°C, the
maximum ambient temperature which can be tolerated is + 65°C.
If there is a possibility the ambient may exceed this limit, heat
sinking and/or heat removal is required. Additional details on
the thermal characteristics of the unit are included in the AD9610
Thermal Model. (For more information on thermal protection,
consult the Analog Devices application note “Using the AD9610
Transimpedance Amplifier”.)

T 0 *— Tease
ICOMPONENTS

OTHER THAN
20w nocw thea
TRANSISTOR [SEE SPECIFICATIONS!
JUNCTIONS) }
- T - T
Prrn Pene Peancuar Tansmenit

Pemcun =lee[ + Vee —{ = Vec)] WHERE lee =21mA (1 =15V
Puxx = [{=Vee) =Vour —loou (8] (leay ) 1% DUTY CYCLE)
NOTE 4y = NPN OR PNP
(FOR POSITIVE Vour AND Vie. THIS IS POWER IN NPN OUTPUT STAGE
FOR NEGATIVE Vour AND Ve, THIS IS POWER IN PNP OUTPUT STAGE
?,L =Vwm§§.w or 3 0mA, WHICHEVER IS GREATER
EEDBACK RESISTOR R, IS INCLUDED IN Ryou |

Tyrseri = Ponp (210 + ca) + (Pomcurr + Papn) 10 ca) + T, SIMILAR FOR Tnes

AD3160 Thermal Model

AD9610 PERFORMANCE
In the following section, graphs and photographs depict typical
performance of the AD9610 for various characteristics.

80

|
g -5 I INVERTING AND 2 Jv==1. =28 | 455
i AT I 113 -— =§
z -1 Aym =50, 150
< LY
o -15 — F ] 135
g 108 !
5 -m A 0 3
E = _1._75 8
g -4 w &
-} B, = =50 v, \
E ~45 i TR S F. =22, =8, = 45
E -50 [ ,/ -— \ 30
2 PHASES r”
£ .55 L 111 15

~&0
1 10 100 G

FREQUENCY - MHz

AD9610 Frequency Response (Ay==1, =2, =5, +10,
+50)

oo

o = e
1 =04 Aymz1, 22 & =6 —4
Z .05 NN\
3 o \
E::“ T 0\ \
St i T\
é—ls Ay = =50,
i |
g -2z |
g-u !l,
o I
e I

"
FREQUENCY - MHz

ADS610 Frequency Response (Ay=*1, +2, *
+50)

o
14
—
S

112

108 I
104 J

100

L]} SE—
0%
088

RELATIVE BANDWIDTH

080
076

Vie- 2V

Bandwidth vs. Ve

OPERATIONALAMPLIFIERS 2-205

216



i
11
1o 0
>
"
d g 1 ;
2 5 ”
2 A
= 01
=2 8 i
£ 1]
3 PR 1 W
7 100 & 10k 100k e 10M 100M 1G
FREQUENCY - Hz
s Small-Signal Output Resistance vs. Frequency (G = —10)
1 12 13 14 15 16
Veg=2=V
QOutput Voltage vs. Ve _'::
—%0 ndlk
» =100 4
114 — — —{} é ::;: ; \
112 w130 S b L L
110 -~ P § -140 / \
z L T -150
E i ~ ® _1ee \
=17 —
g 106 ’/_ —:a: =11 f_ \
L — Vi -130 i
E / _-| 100 1k 10k 100k ™ 10M 100M 16
g 102 FREQUENCY - Hz
ST ] ;
oes Small-Signal Output Phase Shift vs. Frequency (G = —10)
7
st0 45— '
o 200 400 600 BOO 1k 2
Rioan- It

Bandwidth vs. Load

GAIN=—10; 5V OUTPUT, ERROR WINDOW (=5mV} = 0 1%, 5ns/DIV

ADS9610 Settling Time

GAIN= —10; 136mV/DIV; 10ns/DIV

ADS610 Small-Signal Pulse Response ORDERING INFORMATION

Two models of the AD9610 Operational Amplifier are available.
The AD9610BH is specified for operation over a case lemperature
range of —25°C to +85°C; the AD9610TH is intended for
applications in which case temperature may be between —55°C
and + 125°C.

GAIN= -10; 3.4V/DIV; 10ns/DIV

ADS9610 Large-Signal Pulse Response
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ANALOG
DEVICES

Wide Bandwidth, Fast-Settling
Operational Amplifier

AD3611

FEATURES

Unity Gain Stable

Small-Signal Bandwidth 280MHz

Full Power Bandwidth 210MHz

Settling — 13ns to 0.1%

Rise/Fall Times 1.3ns/1.5ns

Offset Voltage =0.5mV

Bias Current =1pA

Power Dissipation Independent of Load

APPLICATIONS

Driving Flash Converters

High-Speed DACs

Radar, IF Processors

Baseband and Video Communications
Photodiode Preamps

ATE/Pulse Generators
Imaging/Display Applications

GENERAL DESCRIPTION

The AD9611 is an ultrafast-settling, wide-bandwidth, dc-coupled
operational amplifier that combines exceptional ac and dc specifica-
tions to establish a new standard of excellence in de-coupled
amplifiers.

Rise and fall times are 1.3ns and 1.5ns, respectively. The —3dB
bandwidth is 280MHz (G = —5); the full-power bandwidth is
210MHz. The AD9611 settles to 0.1% in 13ns, and dc performance
is also exceptional. Offset voltage is +0.5mV and drifts only
SuV/°C. The inverting and noninverting bias currents are 1pA.

The AD9611 requires =5V power supplies and employs an
innovative current-steering output stage that keeps the total
circuit power dissipation essentially constant regardless of output
drive (for loads =1000}). Circuit power dissipation does not increase
as the load 1s increased; the unit can be operated up to + 110°C
in still air without heat sinking.

AD9%11 FUNCTIONAL BLOCK DIAGRAM
GROUND

GROUND
BOTTOM VIEW

Current feedback is used instead of voltage feedback to provide

dynamic performance that is relatively independent of gain
settings. Flat gain and phase response combine with excellent
noise and distortion performance to provide a unity-gain-stable
amplifier especially well suited for use in digital communication
systems. The AD9611 is an excellent choice for driving the
newest generation of ultrahigh-speed flash converters when
system SNR and effective number of bits are important.

The AD9611 is constructed with discrete transistors on a precision
thin-film substrate. The AD9611BH is rated for case temperatures
from —25°C to +85°C; the AD9611TH is guaranteed from
—55°C 1o + 125°C. Contact the factory for information about
883 grade parts. All units are built and tested in a MIL-STD-1772-
certified facility.
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SPECIFICATIONS
DC ELECTRICAL CHARACTERISTICS v, = -5t A = — 1y =2000: Ry = 10 g =100

AD9611BH/TH AD9611BH’ AD9611TH?
Sub- Typical Min/Max@ Min/Max@
Parameter (Conditions) Group @ +25°C -25°C  +25°C  +85°C | —55°C +25°C  +125°C | Units
J  Offset Voltage 1,2,3 =0.5 +5.0 +3.0 +43 +5.0 =3.0 +4.3 mV
# Offset Voltage T¢? +5 +20 +20 pvrC
v Input Bias Current
Inverting 1,2,3 +1 +40 *5 =19 =40 *5 =19 wA
Noninverting 1,2,3 +1 +25 +5 =15 =25 =5 =15 A
Input Bias Current T
# Inverting +140 =275 +275 |nAFC
# Noninverting +75 =175 =175 |nArC
Noninverting
Impedance 150 k2
Capacitance 3 pF
J/ Common-Mode Input Range 1,2,3 +1.5 1.4 =14 +1.25 | £1.4 +1.4 +1.25 |V
J/ Internal Feedback Resistor (Rgg) 1000 987/ 990/ 987/ 987/ 990/ 987/
1013 1010 1013 1013 1010 1013 1]
# Rpp Temperature Coefficient +=25 =25 =25 %25 ppm”C
/ Common-Mode Rejection Ratio (AVep = 0.5V)*| 4,5,6 42 =32 =34 =32 =32 =34 =32 dB
/ Common-Mode Sensitivity (CMS)®
Referred 1o Input
~CMS 4,5,6 5 =24 =20 =24 =24 =20 =24 RAV
+CMS 4,5,6 5 =24 =20 =24 =24 =20 =24 pANV
Ourput Impedance (dc to IMHz) 0.03 Q0
Output Impedance @ 100MHz 0.4/18 VnH
v Output Voltage Swing 1,2,3 =3 =+28 =+28 ==*25 |=x28 ==28 ==25 |V
# Ourput Current (continuous) =50 ==24) =+40 =240 |==40 =40 ==40 |mA
# Open-Loop Transimpedance Gain (10002 Load) >0.35 =0.1 =0.2 =0.2 =0.1 =0.2 =0.2 MO
J/  + Supply Current(5V)® 1,2,3 70 =85 =77 =77 =85 =77 =77 mA
J/ = Supply Current(— 5V)® 1,2,3 74 =88 =80 =80 =88 =80 =80 mA
Power Consumption® 720 =865 =785 =785 =865 =785 =785 mW
J/ Power Supply Rejection Ratio (AVs =0.5V)* 4,5,6 46 =35 =37 =35 =35 =37 =35 dB
/ Power Supply Sensitivity (PSS)’
Referred to Input
- PSS 4,5,6 4 =17 =14 =17 =17 =14 =17 pAV
+PSS 4,5,6 4 =17 =14 =17 =17 =14 =17 pAY
AC ELECTRICAL CHARACTERISTICS (v, = =5 A= — 5 Ry =20062; Res = 1K; Rigag = 1002 unless otherwise spcified)
/ Bandwidth (- 3dB)(Vour =1V p-p) 4,5,6 =280 =250 =250 =220 =250 =250 =220 MHz
Full Power Bandwidth (Vo =3V p-p) >210 MHz
Slew Rate 1900 Vips
Amplitude of Peaking:

J  deto7OMHz(Vour=1Vp-p) 4,5,6 0 0.2 0.2 0.2 0.2 0.2 0.2 dB
J  =70MHz(Vour=1Vp-p) 4,5,6 0 =0.8 =0.8 =1.6 =0.8 =0.8 =1.6 dB
Phase Nonlinearity (dc to 120MHz) 1 »

# Rise Time (Vour =1V Step) 1.3 =1.5 =15 =17 =1.5 =1.5 =17 ns
# Fall Time (Voyur =1V Step) 1.5 =17 =17 =1.9 =17 =17 =19 ns
# Rise Time (Vour =3V Step) 1.4 =1.6 =1.8 =2.1 =1.6 =1.8 =2.1 ns
# Fall Time (Voyur = 3V Step) 1.6 =2.0 =2.0 =2.1 =2.0 =2.0 =21 ns
# Seuling Time to 1% 7 =12 =12 =13 =12 =12 =13 ns

(Vour=1.5V Step)
# Seutling Timet00.1% 13 =19 =19 =22 =19 =19 =22 ns
(VQUT =3V Sltp; R]_ = SOR)
Settling Time 100.05% 16 ns
Vour= v Step; RL = 50-[1)
# Overshoot Amplitude (Vo =2V Step) 4 =14 =14 =18 =14 =14 =18 Yo
Overdrive Recovery to 1% (2X; 50ns)
Positive Rail to Linear Region 20 ns
Negative Rail to Linear Region 40 ns
Propagation Delay 2.1 ns
/ 2nd Harmonic Distortion 4,5,6 —54 =50 =-50 =-42|=-50 =-50 =-42]|dB
(f=60MHz; Vour =2V p-p)
/ 3rd Harmonic Distortion 4,5,6 ~53 =-5] =-51 =-44 | =-51 =-51 =-4|dB
(f=60MHz; Vour=2Vp-p)
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AD%11BHTH AD9611BH AD%11TH
Sub- Typical Min/Max@ Min/Max@ *
Parameter Group @ +25°C =25°C  +25°C  +85°C | -55°C +25°C +125°C | Units
Moise
#  Voltage (5MHz to 280MHz) 1.0 =14 =14 =17 =1.4 =14 =17 nV/VHz
#  Current (5SMHz to 280MHz) 21 =25 =25 =28 =25 =25 =28 pANVHz
#  Equivalent Integrated Input 75 =92 =92 =106 =92 =9 =106 Vv
(SMHz 10 280MHz)
Other Information
Case to Ambient, B, ** 50 . . . * . . T
(Still Aur; No Heat Sink)
Case 1o Ambient, 8¢, *? 30 . " * * . . W
(500 LFPM Air; No Heat Sink)
MTBF (Mean Time Betwen Failures) =196 x 10" L n . # » . hours
(Tease = 70°C, Ground Fixed;
per MIL-HDBK-217D)
PACKAGEOPTION'™
TO-8(H-124) AD9%I11BH AD9%11TH
Forappl call Comy Labs Division (v (919) 668-9511
NOTES

J 100% tested (See Notes | and 2)

# Specifications guaranteed by design, not tested
*Specificanon same as AD%611BH/TH ypical speaificanion
'AD9611BH parameters preceded by a check () are tested at + 25°C ambuent temperature, performance 1s guaranteed over the
industrial temperature range { - 25°C to + 85°C) case temperature

?AD9611TH parameters preceded by a check (/) are tested at - 55°C case, +25°C ambient, and + 125°C case temperatures
*Offset voltage T and bias current T are guaranteed over the respechive lemperature ranges

*CMRR and PSRR apply only for stated conditions

*CMS values can be used to determine the CMRR for specific gain settings according to the foll

i "

B WOTS! case

Re
AVgyy = [~ CMS] [Re] [aVenl — [+CMS] [R2] [1 + = ] [AVew]

+Vsupery
R1
VW o
R2 V, CMRR = - ot

3 our 20 LOG [{ ol

=Vsuspiy

“Supply current and power dissipation numbers are for quiescent operation (Vi = 0V). A proprietary output stage assures total circunt power dissipation
does not increase as a function of output current and Ry gap. (See Text)

PSS values can be used to determine the PSRR for speaific gain settings according to the foll
(See diagram in 5 above):

g WOrst case P

R,
AVgyr = [=PSS] [Re] [AVsupmy] — [+PSS] [R2] [1 * R—:] [AVsypeuvl
WHERE AVgippy = A= Viuppy OR A+ Vgyuppyy

= - A Vour
PSRR = —20 LOG [I__avm':

"Res ded Juncnon 15+ 165°C.

“Bottom of umt raised approxsmately 0 125" (3 2mm) above surface of copper-clad board
"See Section 16 for package outhne information.

Specificanons subject to change without notice

ABSOLUTE MAXIMUM RATINGS

Supply Voltages (V) . .. ..... R R S e =6V
AR TP oy 055 (T [ 0 AT | SRR 6 =Vg
Inverung Input Sink Cum-.nl .............. 30mA
Continuous Qurput Current . . . . . .. .. ... .. +50mA
Operating Temperature Rangc (Case)

AD9611BH . " =25°C to +85°C

AD911TH =55°C o +125°C
Power Dissipation . . .. ......... See Thermal Model
Junction Temperawre . . . . . . . AR . +165°C
Storage Temperature Range |, . =65°C to +150°C
Lead Temperature (soldenng, 10sec.) . ... . ... +300°C

Subgroup 1 - Static tests at +25°C.

Subgroup 2 - Staric tests at maximum
Subgroup 3 — Stauc tests at

(10% PDA calculated agmnst Subgroup | for hugh-rel versions)

rated temperature.
rated

EXPLANATION OF GROUP A MILITARY SUBGROUPS

Subgroup 7 - Funcuonal tests at + 25°C.

Subgroup 8§ - Fi | tests at and
rltod l:rupcrlmm
Sub 9- g lests at +25°C.

Subgroup 4 - Dynamuc tests ar +25°C.

rated

Suhgrwp 10 - S\mtd:m; 1ests at maximum rated temperatures.

Subgroup 5 - Dynamuc tests at
Sut 6 - Dy ic tests at

rated

11 - Swatching tests at munimum rated temperatures.

group 12 — Periodically sample tested.
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THEORY OF OPERATION

The advantages of using the transimpedance AD9611 operational
amplifier instead of a uonvemipml high-speed op amp are based
on the difference in the way the two types of amplifiers operate.

The AD9611 operational amplifier uses current feedback, rather
than the voltage feedback common to traditional amplifiers.
Current feedback amplifiers provide significantly more bandwidth
at given gain settings than traditional amplifiers do.

Both types are similar in terms of setting gain and calculating
noise, but there is a major difference in the input stages when
comparing current feedback (transimpedance) amplifiers and
voltage feedback amplifiers.

Traditionally, conventional amplifiers have two high-impedance
inputs. Within the AD9611, however, the inputs are connected
across a unity gain buffer; this causes the noninverting input to
be a high impedance and the inverting input to be low impedance.

Under normal operating conditions, the inverting input current
is very small. The AD9611 operation is similar to a traditional
amplifier in that the voltage between the input terminals and
the bias currents are, ideally, zero.

R1 Re (1kil)
I
- -
—0 Vo
+ |V
\/
Figure 1.

Closed-loop bandwidth (CLBW) of the AD9611 is first-order
independent of its closed-loop gain (G). Its transfer function can
be expressed as:

1 EQ = G
Vs e g Ry +1
T(s) R1
where:

Rp is the internal feedback resistor; Rg = 1ki}
R1 is the gain-setting input resistor
T(s) is the transimpedance gain as a function of
frequency (s) and is independent of gain-setting
resistors; T(s) = Vo (s)/Iin(s)
G = Ryp/RI (closed-loop gain)
Ry is the open-loop input impedance (typically 220}
in the 200MHz — 300MHz band)
When closed-loop gain is greatly increased, CLBW is only slightly
diminished because of the low input impedance of Ry. The
ratio of CLBW for any gain to CLBW at G = — 0 can be determined
using the following relationship:

CLBW (G=x) _ 1 _ ]
CLBW (G=0) [1 "Ry G] (T — 0.022G)
F

As an example, when G = —20, the CLBW will be 70% of the
CLBW when G = 0 (typically 310MHz).
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In the AD9611, Rp is internal and has a value of 1k(}; this
design helps reduce the effect of stray capacitances and makes it
easier to apply the amplifier. The low input impedance at the
inverting input means all of the input signal voltage is impressed
across R1; this causes a direct voltage-to-current conversion to
take place.

Using only the feedback resistor within the unit means the gain
of the AD9611 can be set by varying only R1.

APPLYING THE AD9%11 OP AMP
In applying the AD9611 op amp, there are certain precautions
which must be observed to protect the unit from damage:

1. Shorting either power supply input pin (Pins 9/10 or Pins
1/12) to the output (Pin 11) will destroy the device.

2. Shorting the output (Pin 11) to ground will destroy the
device; no internal protection is included.

As noted earlier, the noninverting input of the AD9611 operational
amplifier is a high impedance. This requires that it be driven
from a low-impedance source, or connected to a low impedance
when used in the inverting mode. Driving this input from a
high impedance will reduce bandwidth. Feedback resistor Ry is
internal to the AD9611 and has been precisely adjusted to allow
a wide range of operating conditions. In some instances, the
user may want to obtain higher closed-loop gains than those
which can be achieved with only the internal feedback resistor.
It is possible to use an external feedback resistor in series with
the internal 1k{} Ry to achieve relatively higher gains, but
bandwidth will be reduced. Table I lists typical bandwidths at
G= —5 with varying amounts of feedback resistance. In this
listing, the Rg which is shown is the total resistance, including
the internal 1kf{}.

Value of Rg —3dB Bandwidth
1k ' 280MHz
1.5k 17SMHz
2k(2 135MHz
2.5k 125MHz
Tablel

Good layout practices are always crucial to realize the full potential
of the AD9611. A massive ground plane is strongly recommended.
The ground plane provides a low impedance path for all power
supply and signal currents, and suppresses EMI.

Ceramic 0.1pF decoupling capacitors should be placed as close
to the specified pins shown in Figures 2 and 3 as possible;
preferably, the distance should be less than 0.1 inch. The (10pF)
tantalum capacitors for additional decoupling of each power
supply should be placed within one inch of their specified pins.
Run lengths must be kept as short as possible; if the signal path
must be longer than two or three inches, use terminated coaxial
cable and/or microstrip techniques. Impedance mismatches will
cause signal reflections and system distortion.

Output impedance of the driving source should equal Ryarcyl|R1
(inverting mode) or Ryatcu (noninverting mode). A suggested
layout is shown on the last page of this data sheet.

Parasitic capacitance associated with ZIF (and other) device
sockets will severely degrade the performance of the AD9611; if
sockets must be used, individual pin sockets for each lead are
strongly encouraged.
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IF Zipg =5012, Rppares RT =502

R1
INPUT O

GAIN = -:-;
Rp=1,0008k{internal)
Rs* { if cable impedance or
driving loads with capacitance greater
than approximately 4pF

Figure 2. AD9611 Inverting Operation

& Re
GAIN = 1 + "
R =1.0004tinternal)

Rs* reg it cable i or _
driving loads with capacitance greater

than approximately 4pF

Figure 3. AD9611 Noninverting Operation

The best high-frequency performance of the AD9611 is achieved
when total output capacitance (Cy ) is at a minimum. Realistically,
this is not always possible; but performance can be improved if
a series resistor is used at the output of the amplifier, as shown
in Figure 4.

Rs
(10 —40Q)

Figure 4. Isolating Capacitive Loads

The unit will drive capacitive loads without appreciable degra-
dation in either settling time or pulse fidelity. For driving capacitive

loads >8pF (if Ry = 50)) and >4pF (if Ry = 500(1),
isolation resistor Rg should be connected in series with the
AD9611 output.

- i 1

M |

70 Ry, =504 ([ ,[
L"f: :: R, =5000

@ /
% /

20—

L] 10 20
Rs - 02

Figure 5. Output Capacitance vs. Compensation

Isolating the capacitive load from the amplifier’s output is
particularly useful when driving flash A/D converters.

REDUCING OUTPUT VOLTAGE DRIFT

The expected dc error at the output of the AD9611 is a function
of inpur offset voltage (Vip), and inverting and noninverting
bias currents (Iz_ and Iy, ). The calculation is the same as it
would be for conventional amplifiers.

Bias currents vary inversely with temperature and typically
track to within 10% of each other at high temperatures (+25°C
to +125°C); and within 30% at low temperatures ( —55°C to
+25°C).

+15 |
|ms‘
+10
1
1 \
(]
% +5 ‘-\1
E laas + |y
© o
7] T~
ﬁ “\%
-8 ——
~‘."'..:_"-:
—10
-556 —-35 -16 +5 +25 +45 +65 +85 +105 +125

TEMPERATURE - °C

Figure 6. Bias Currents vs. Temperature

Qutput offset voltage drift (Vop) in the inverting mode can be
markedly reduced, especially at high temperatures, by inserting
a resistor (R2) between the noninverting input (Pin 6) and ground.
This connection is shown in Figure 7.
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For this configuration, outpur offset voltage can be determined
as follows:

R R
vo=v,0(1 + iﬁ) + Iy, (RZ)(I o R—‘;) — Iy (Rp)

where:
R1 = gain-setting resistor

Rp = internal feedback resistor (1k2)

R2 = RI|Rs

Cs = (16,200/R2)pF

A shunt capacitor (Cg) must be connected in parallel with R2
when using this technique to maintain the amplifier’s maximum v

bandwidth, stability, and low-noise performance. The value of

the shunt is shown above. Figure 7. Reducing Offset Drift

As an example, assume the AD9611 is set up for a gain of —5;

R1 should be 20002; R2 should be 167; and Cg should be 97pF. it would be by simply grounding Pin 6. At high gain settings,
Resistor R2 reduces Vop by indirectly nulling the bias current the reduction in Vop becomes relatively less because Vg starts
drifts. The reduction in Vgp is dramatically reduced from what to dominate.

nwn

mall

AD9%611 PERFORMANCE

The following graphs and drawings provide additional information
on the performance of the AD9611 transimpedance operational
amplifier. The data which are shown are based on typical

characteristics,
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Maximum Temperatures vs. Output Power

TEMPERATURE vs. OUTPUT POWER

The chart above illustrates an important characteristic of the
AD9611 amplifier. A proprietary design feature of the output
stage assures a constant case temperature regardless of the amount
of output power. This is in marked contrast to most conventional
amplifiers, in which increasing amounts of power raise the case
temperature of the device as junction temperature increases.

This unique feature of the unit means that no heat sinking is
required in still air at ambient temperatures as high as +110°C;
with air flow of 500 LFPM, the device can be operated to + 125°C
before heat sinking is necessary.
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QA AND OB ARE ADSE11 OUTPUT TRANSISTORS,
Poncur 1S TOTAL ADS611 POWER MINUS POWER OF THE OUTPUT TRANSISTORS

o Tease
4 (COMPONENTS Bea
B 2 155°CW SE'CW OTHER THAN THONS|
ISTOR [SEE SPECIFICA’ 1]
JUNCTIONS)
Tiaa -Tas
Paa Pos. g "cnvuh Tanment

Pemcur = 520mW @ +25°C AND =5V SUPPLIES
",’:’;;" = Poa+Pos=200mW (WORST CASE: Vour =0V: Ryoap=5011)

WHERE: Vo
Poa= (Ve = Vour) 20mA + [WORST CASE IS AT +2.0V]

p.-lv.-vmp[-m+;%] [WORST CASE IS AT —2.0V]

Tioa = Poal 155+ Bca) + Pemciar + Poa) (0ca) + T asmuny
Tiaa=Paal 155+ Beal + Pemcur + Paa) (fead + Tasmenr

AD3811 THERMAL MODEL

ADS611 Thermal Model
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AD9%11 LAYOUT INFORMATION

The suggested layout of the AD9611 shown below is based on
the proven performance of the AD9611 Evaluation Board. The
user is urged to use a similar layout when incorporating the
amplifier into the system in which it will operate.

In the layout, resistors are film; 0.1W; = 1%; SOppm. Capacitors
C1 and C2 are tantalum; 10pF; 20%; 35V. C3 — C8 are ceramic;
0.1p.F; 20%; S0V. Connectors J1 — J3 are Amphenol BNC type;
pin sockets are available from Amp as part number 6-330808-0
(closed end) or part number 6-330808-3 (open end).

|

- 3.00 -.-J

The input connections shown below are based on the layout of (76.2)
the evaluation board. Refer to Figure 2 (inverting operation) AD9611 Suggested Layout Component Side (Top) Viewed
and Figure 3 (noninverting operation) for schematic details. from Top
J E1  Rmarcu = # o ° ° #
Vin— : °
°
V . o fl o ! . i %
° ° e
2.00"
5 % & b = omm -4
a2 E9 E6 ’ °! \" ° ° °
i " (-]
Y )'?' / bEs  OF7 ° ° o
°
o
R
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E10 FILM, 1110 W, 1%
L 3.00" |
(76.2) —
. ADJE11 Suggested Layout Solder Side (Botton) Viewed
Suggested Layout Input Connections from Top % 4 e (Paony
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ANALOG
DEVICES

Ultrafast FET
Operational Amplifiers

ADLH00326/ADLH0032CG

FEATURES

2nd Source; Replaces All LH0032G

High Slew Rate; 500V /us

Wide 70MHz Bandwidth

Operation Guaranteed -55°C to +125°C (ADLH0032G)
High Input Impedance of 10'2)

2mV Input Offset Voltage

APPLICATIONS

ADC and SHA Input Buffers
High Speed Integrators
Video Amplifiers

GENERAL DESCRIPTION

The ADLH0032G and ADLH0032CG are high slew rate, high
input impedance, differential operational amplifiers, suitable
for numerous applications in high-speed signal processing.
These second-source devices are the same in every character-
istic as other LHO032G/LHO0032CG amplifiers.

Featuring a wide 70MHz bandwidth, high input impedance
(10*2Q), and high outpur drive capacity, the ADLH0032G
and ADLHO0032CG have already been designed into such
applications as summing amplifiers in high-speed DACs, Buffer
Amps in ADCs and high-speed SHAs, as well as other applica-
tions normally reserved for special purpose video amplifiers.

The ADLHO0032G is guaranteed over the extended tempera-
ture range from -55°C to +125°C, while the commercial grade
ADLHO0032CG is guaranteed from -25°C to +85°C. Both
devices are packaged in a TO-8 metal can package.

INPUTS {

Figure 1. Offset Null

226

ADLH0032G/ADLH0032CG PIN CONFIGURATIONS
NC

NC

NONINVERTED
INPUT

[ T
N.“r,f,,'fnm (5) oUTPUT
v+
BALANCE/ k
COMPENSATION
OUTPUT
COMPENSATION
TO-8 PACKAGE
BOTTOM VIEW

V-

iIPpwa—s

Figure 2. Output Short Circuit Protection
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SPECIFICATIONS

Model

ADLHO0032G, ADLH0032CG

ABSOLUTE MAXIMUM RATINGS
Supply Voltage
Power Dissipation
Differential Input Voltage
Input Voltage

+18V

See Characteristic Curves
+30V

iVS

Operating Temperature Range ADLHO0032G -55°Cto +125°C
ADLHO032CG -25°C 1o +85°C
Storage Temperature Range - -65°C to +150°C
Lead Temperature (soldering, 10sec) 300°C
ADLHO0032G ADLH0032CG
Parameter Conaitions Min Typ Max Min Typ Max Units
DC ELECTRICAL CHARACTERISTICS'
Input Offset Voltage® Ty = +2 5°C 2 5 5 15 mV
10 20
Input Offset Current” Ty = +25°C 5 25 10 50 pA
25 5 nA
Input Bias Current® Ty =+25°C 10 100 25 200 pA
50 15 nA
Average Offset Voltage Drift 25 50 25 50 uv/ e
Large Signal Voltage Gain Vour = 10V, F = 1kHz,
Ry = 1k§2, T¢ = +25°C | 60 70 60 70 dB
Vour = 10V, Ry = 1k€, .
F = 1kHz 57 57 dB
Input Voltage Range +10 +12 £10 *12 A%
Qurtput Voltage Swing Ry = 1k§2 +10 *13.5 +10 +13 Vv
Power Supply Rejection Ratio AVg =210V 50 60 50 60 dB
Common Mode Rejection Ratio  AVyy = 10V 50 60 50 60 dB
Supply Current Te =+25°C 18 20 20 22 mA
AC ELECTRICAL CHARACTERISTICS?
Slew Rate Ay = +1, AVpy = 20V 350 500 350 500 Vius
Settling Time
to 1% of Final Value Ay =-1, AV = 20V 100 100 ns
Settling Time
to 0.1% of Final Value Ay = -1, AVpy = 20V 300 300 ns
Small Signal Rise Time Ay = +1, AVpy = 1V 8 20 8 20 ns
Small Signal Delay Time Ay =+1,AVpy = 1V 10 25 10 2§ ns
MTBF
Meantime Between Failures 1.0608 X 107 hours
NOTES

! These specifications apply for Vg = 15V and 55" C to +125°C
for the ADLHO032G and -25°C 1o +85° C for the ADLH0032CG,

? Due to high speed auromatic test techniques employed these parameters

are correlated 1o junction temperature.

* These specifications apply for Vg = 15V, Ry, = 1kf2, T = +25°C.

Specifications subject to change without notice.

ORDERING INFORMATION

Model Temperature Package
Range Option*

ADLI0032CG -25°Cto +85°C  TO-8 (H-12A)

ADLI10032G -55°C 1o +125°C  TO-8 (H-12A)

*See Section 16 for package outline information,
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Applying the ADLH0032G/ADLH0032CG

POWER SUPPLY DECOUPLING

The ADLHO0032G/ADLH0032CG, like most high-speed cir-
cuits, are sensitive to stray capacitances and layout. Power sup-
plies should be bypassed as near to £V (Pins 10 and 12) as
possible, using low inductance capacitors such as 0.01pF disc
ceramics. Components for compensation should also be
located close to the appropriate pins to reduce stray capaci-
tances. A large ground plane area for low-impedance ground
paths is highly recommended.

HEAT SINKING

The ADLH0032G/ADLH0032CG are specified for operation
without any heat sink. Since internal power dissipation does
create a significant temperature rise, improved bias current
performance can be achieved by using a small heat sink such
as the Thermalloy 2241 or equivalent. Since the case of the
ADLHO0032G/ADLHO0032CG has no internal connection, it
may be electrically connected to the heat sink. This, however,

IS Vodhiinad
il
TO ADDHTIONAL Ay 10k
SWITCHES
30pF
[ Awoon ] N v
T ot N
W e t + I ADLWIZ o
OUTPUT
1wy 10w o + 2
o o e =
112 DHOO3
I : 0p¢

Figure 3. Current Mode Multiplexer

will affect the stray capacitances to all pins, therefore requiring
adjustment of all circuit compensation values.

INPUT CAPACITANCE

Inverting Input:

For optimum performance, the inverting input should be
compensated by a small capacitance, around 10pF, across the
feedback resistor. This is because the 5pF input capacitance
may cause significant time constants with high-value resistors.

The capacitor value may be changed somewhat depending on
the effects of layout and closed loop gain.

Noninverting Input:

To divert leakage currents away from the noninverting inpur

and to reduce the effective input capacitance, it is desirable

to bootstrap the case and/or a guard conductor to the in-

verting input. The resulting input capacitance of a unity gain

follower configured this way will be less than 1 picofarad.

p—=C OUTPUT

Figure 4. Unity Gain Follower

*U5E POLYSTYRENE DIELECTRIC
FOR MINIMUM DRIFT

Figure 5. High Speed Sample and Hold
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Typical Performance Curves
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ANALOG
DEVICES

High Speed
Buffer Amplifiers

ADLH0033G/ADLH0033CG

FEATURES

2nd Source—Replaces All LHO033G Series

Wide Bandwidth—dc to 100MHz

High Slew Rate—1500V /s

Operates on Single or Dual Power Supplies

Operation Guaranteed -55°C to +125°C (ADLH0033G)
High 10" £ Input Impedance

APPLICATIONS

High-Speed Line Drivers

Video Impedance Transformation
High-Speed A/D Input Buffers
Nuclear Instrumentation Amplifiers
Coaxial Cable Drive

GENERAL DESCRIPTION

The ADLH0033G and ADLHO0033CG are superhigh speed
(1500V/us slew rate) and high input impedance (10" )
buffer amplifiers, designed to replace all LH0033 series
amplifiers in applications such as high-speed line drivers or
as high impedance buffers for fast A/D converters and
comparators.

The ADLHO033G is guaranteed over the temperature range
of -55°C to +125°C, while the commercial grade ADLHO0033CG
is guaranteed over the range of -25°C to +85°C.

Guaranteed operation over temperature of the ADLH0033G
is achieved by using specially selected junction FET’s and the
latest state-of-the-art laser trimming techniques. They are
available in the industry standard 12 pin TO-8 metal can.

OPERATION WITHIN AN OP AMP LOOP

When using the ADLH0033G/ADLHO0033CG as a current
booster or isolation buffer with op amps such as LH0032,
118, 741, etc., an isolation resistor of at least 4752 must be

Figure 1. Offset Adjustment

ADLHO0033G/ADLH0033CG
OUTLINE AND PIN DESIGNATIONS

OFFSET
ADJUST

OFFSET
PRESET

INPUT OuTPUT

NC V+

NC
BOTTOM VIEW

used between the op amp’s output and the input of the
ADLHO0033G.

HEAT SINKING

To assure maximum output drive capability of the
ADLHO0033G/ADLHO0033CG over temperature, heat sinks
should be used. The cases are electrically isolated from the
circuit and thus may be connected to system grounds,

POWER SUPPLY BYPASSING

To prevent oscillation, power supply bypassing is recommended.
Use low-inductance ceramic disc caps, keeping lead lengths as
short as possible (1/4" to 1/2" max from device package),
connected between ground plane and each supply lead. Use
one or two 0.1uF caps in parallel with a 4.7uF tantalum for
best results.

Figure 2. Short Circuit Protection Using Current
Limiting Resistors (R 1)
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SPECIFICATIONS

ADLHO0033G _ ADLH0033CG

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (V+ - V=) 40V

Maximum Power Dissipation (see curves) 1.5W

Maximum Junction Temperature 175°C

Input Voltage Equal to Supplies

Continuous Qurpur Current £100mA

Peak Outpur Current +250mA

Operating Temperature

ADLHO0033G

ADLHO0033CG

Storage Temperature Range

Lead Temperature (Soldering, 10 sec.)

-55°Cto +125°C
-25°Cro +85°C
-65°C 1o +150°C
300°C

ADLHO0033G ADLH0033CG
Parameter I Conditions min typ max min typ max Units
DC ELECTRICAL CHARACTERISTICS'+*
Input Bias Current Te = 25°C 0.1 0.15 0.15 nA
10 5 nA
Input Impedance Ry = 1k§2 10" 10" 10'° 10" Q
Voltage Gain Vin = 1V rms, f = 1kHz, 0.96 | 098 | 1.0 096 | 098 | 1.0 Viv
Rp = 1kE2, Rg = 100kS2
Output Offset Voltage Rg = 100KSL, Tc=25 € 5 10 12 20 mV
Rg = 100kQ 15 25 mV
Qurpurt Offser Voltage TC | Rg = 100k§2 50 100 50 100 uvifc
Outpur Impedance Vg =1V rms, f= 1kHz 6 10 6 10 Q
Rg = 100ki2, Ry = 1k$2
Outpur Voltage Swing Ry = 1k§2 112 +13 112 13 v
Ry = 10082, Te =25°C + 9 v
Supply Current Vin = 0V, Vg =215V 20 25 21 25 mA
Power Consumption Vpy = 0V, Vg = 215V 600 660 630 720 mW
AC ELECTRICAL CHARACTERISTICS (T = 25°C, Vg =+15V, Rg = 5062, Ry = 1k§2)
Slew Rate Vpy =210V 1000} 1500 1000 | 1400 Vips
Bandwidth Vi =1V rms 100 100 MHz
Phase Nonlinearity BW =1 to 20MHz 2 2 Degrees
Rise Time AV = 0.5V 2.9 3 3.2 5 ns
Propagation Delay AVpy = 0.5V 1.2 1.5 ns
Harmonic Distortion f>1kHz <0.1 <0.1 %
MTBF
Meantime Between Failure| 1.962X107 hours
PACKAGE OPTION?
TO-8 (H-12A) ADLHO033G ADLHO0033CG
NOTES ORDERING INFORMATION

! Unless otherwise specified, these specifications apply for +15V apphed to pins 1 and 12,15V
applied to pins 9 and 10, and pin 6 connected to pin 7.
2 Unless otherwise noted, specifications apply over a temperature range, -55°C<Tgs+125°C
for the ADLHO033G, and -25°C<T<+85"C for the ADLH0O033CG, Typical values shown

are for Te = 25°C.

*See S 16 for

outline i

Specifications subject to change without notice.
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Temperature Range
-25°C to +85°C
-55°Cto +125°C



Applying the ADLH0033G/ADLHO033C6

LAYOUT CONSIDERATIONS

As is the case with any high-speed design, proper layout is
critical to avoid the introduction of unnecessary errors due to
high-frequency coupling, stray capacitance, and the like.

Rum
0.14F | 10002 7W  0.0014F

Large ground planes should be used whenever possible to
provide a low resistance, low inductance circuit path, as well
as shielding the effects of high-frequency coupling. Sockets
should be avoided, as the increased inter-lead capacitance can
degrade bandwidth. Input and output connections should be
kept as short as practical.

OFFSET ADJUSTMENT o A————
The ADLH0033G/ADLH0033CG are factory trimmed for V- PULEC AESPONSE
output voltage offsets well within the guaranteed limits, Figure 3. Coaxial Cable Drive
thereby eliminating the need to calibrate each device in- W

dividually. To use this feature, simply connect Pin 6 (OFFSET 75

PRESET) to Pin 7 (OFFSET ADJUST).
When it is desirable to eliminate any errors due to output
offsets, the circuit of Figure 1 may be used to adjust these
errors 1o zero.

SHORT CIRCUIT PROTECTION

The circuit of Figure 2 is used to protect the ADLH0033G/
ADLHO0033CG from short circuits on the output. The value
of Ry v is determined by the following:

V+ V-
Rum = =1

Where I, = Output Current under short circuit condi-
tions <100mA.

Note that output voltage swing will also be somewhat limited
in this configuration; however, decoupling of Pins 1 and 9
through disc type capacitors to ground as shown in Figure 2
will restore full output swing for transient pulses.

OPERATION WITH ASYMMETRICAL SUPPLIES

Since Symmetrical Power Supplies may not always be desirable
or available, the ADLH0033G/ADLH0033CG is designed to
operate on Asymmetrical Supplies. This causes an apparent
output offset; however, this is because of the amplifier's gain
of less than unity. To accurately predict the output voltage
shift due to Asymmetrical Supplies, use the following formula:

(V+=-V=)
2
Where Ay = No Load Voltage Gain, typically 0.99

V+ = Positive Supply Voltage
V- = Negative Supply Voltage

Avo = (1-Ay) =0.005 (V+-V-)

Of course, these apparent offsets may be adjusted to zero by N iAo

using the circuit shown in Figure 1, OFFSET ADJUSTMENT.

CAPACITIVE LOADING

The ADLH0033G/ADLH0033CG have been designed to drive et
capacitive loads of several thousand picofarads (such as

coaxial cable) without oscillation. In these applications, peak

current resulting from (C X dv/dt) should be limited below the

absolute maximum peak current rating of £250mA.

Also, power dissipation due to driving capacitive loads plus
standby power should be kept below the total power rating
of 1.5W. Figure 6. High Speed Shield/Line Driver
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Typical Performance Curves
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ANALOG
DEVICES

Ultralow Offset
Voltage Op Amp

AD 0P-07

FEATURES

Ten Times More Gain than Other OP-07 Devices
(3.0M min)

Ultralow Offset Voltage: 10pV

Ultralow Offset Voltage Drift: 0.2pV/°C

Ultrastable vs. Time: 0.2pV/°C

Uitralow Noise: 0.35pV p-p

No External Components Required

Monolithic Construction

High Common-Mode Input Range: =*14.0V

Wide Power Supply Voltage Range: +3V to 18V

Fits 725, 108A/308A Sockets

Military Parts and Plus Parts Available

8-Pin Plastic Mini-DIP, Cerdip, Small Outline or
TO-99 Hermetic Metal Can

Available in Wafer-Trimmed Chip Form

PRODUCT DESCRIPTION

The AD OP-07 is an improved version of the industry-standard
OP-07 precision operational amplifier. A guaranteed minimum
open-loop voltage gain of 3,000,000 (AD OP-07A) represents
an order of magnitude improvement over older designs; this
affords increased accuracy in high closed-loop gain applica-
tions. Typical input offser voltages as low as 10uV, typical
bias currents of 0.7nA, internal compensation and device pro-
tection eliminate the need for external components and
adjustments. An input offset voltage temperature coefficient
of 0.2uV/°C (typ) and long-term stability of 0.2uV/month
(typ) eliminate recalibration or loss of initial accuracy.

A true differential operational amplifier, the AD OP-07 has a
high common-mode input voltage range (¥13V, min) common-
mode rejection ratio (typically up to 126dB) and high differen-
tial input impedance (50MS2 typ); these features combine to
assure high accuracy in noninverting configurations. Such
applications include instrumentation amplifiers, where the
increased open-loop gain maintains high linearity at high
closed-loop gains.

The AD OP-07 is available in five performance grades. The AD
OP-07E, AD OP-07C and AD OP-07D are specified for opera-
tion over the 0 to +70°C temperature range, while the AD
OP-07A and AD OP-07 are specified for -55°C to +125°C
operation. All devices are available in either the TO-99
hermetically sealed metal cans or the hermetically sealed
cerdip packages, while the industrail grades are also available
in plastic 8-pin mini-DIPs and small outline packages.

AD OP-07 CONNECTION DIAGRAMS

TO-99 (H) Package Plastic Mini-DIP (N) Package
and
Cerdip (Q) Package

OFFSET OFFSET
NULL NULL

=N ul} n *Vs

+in [ 3] | 6 | ouTPuT

~vala] BL
NC = NO CONNECT

TOP VIEW

Small Outline (R) Package

OFFSET OFFSET
wuLL £ |1 8T NuLL

-IN m:-l = 1 +Vs
+IN |:|=| + T OuTPUT

-vs 1 |4 s ne

NG = NO CONNECT
TOP VIEW

PRODUCT HIGHLIGHTS

1. Increased open-loop voltage gain (3.0 million, min) results
in better accuracy and linearity in high closed-loop gain
applications.

2. Ulralow offset voltage and offset voltage drift, combined

with low input bias currents, allow the AD OP-07 to main-
tain high accuracy over the entire operating temperature
range.

3. Internal frequency compensation, ultralow input offset

voltage and full device protection eliminate the need for
additional components. This reduces circuit size and com-
plexity and increases reliability.

4. High input impedances, large common mode input voltage

range and high common mode rejection ratio make the
AD OP-07 ideal for noninverting and differential instrumen-
tation applications.

5. Monolithic construction along with advanced circuit design
and processing techniques result in low cost.

6. The input offset voltage is trimmed at the wafer stage. Un-

mounted chips are available for hybrid circuit applications.
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SPEBIFIBATIONS (= #2570, Vo= 15, s theris socind)

AD OP-07E AD OP-07C AD OP-07TD
Parameter Symbol Min Typ Max Min Typ Max Min Typ Max
OPEN LOOP GAIN Avo 2,000 5,000 1,200 4,000 1,200 4,000
1,800 4,500 1,000 4,000 1,000 4,000
300 1,000 300 1,000 300 1,000
OUTPUT CHARACTERISTICS
Maximum Output Swing Viom £12.,5 =13.0 +12.0 =13.0 *12.0 =13.0
+£12.0 =128 =115 =128 +11.5 =+12.8
=105 =120 +12.0
=120 %126 1.0 *12.6 +11.0 =126
Open-Loop Output Resistance | Ry 60 60 60
FREQUENCY RESPONSE
Closed Loop Bandwidth BW 0.6 0.6 0.6
Slew Rate SR 0.17 0.17 0.17
INPUT OFFSET VOLTAGE
Iminal Vos 30 75 60 150 60 150
45 130 85 250 85 250
Adjustment Range +4 +4 =4
Average Dnift
No External Trim TCVos 0.3 1.3 0.5 1 0.7 2.5
With External Trim TCV 0.3 1.3 0.4 1.6 0.7 2.5
Long Term Stability Viyy/Time 0.3 1.5 0.4 4 0.5 3.0
INPUT OFFSET CURRENT
Ininal Ton 0.5 3.8 0.8 6.0 0.8 6.0
0.9 5.3 1.6 8.0 1.6 8.0
Average Dnft TClos 8 35 12 50 12 50
INPUT BIAS CURRENT
Inutial In +1.2 +=4.0 +1.8 +7.0 +2.0 %12
+1.5 £5.5 *2.2 +9.0 =3.0 =14
Average Drift TClg 13 35 18 50 18 50
INPUT RESISTANCE
Differential Rin 15 50 8 33 T 31
Common Mode Rinem 160 120 120
INPUT NOISE
Voltage e p-p 0.35 0.6 0.38 0.65 0.38 0.65
Voltage Density e, 10.3 18.0 10.5 20.0 10.5 20.0
10.0 13.0 10.2 13.5 10.2 13.5
9.6 1.0 9.8 11.5 9.8 11.5
Current inp-p 14 30 15 35 15 35
Current Density in 0.32 0.80 0.35 0.90 0.35 0.90
0.14 0.23 0.15 0.27 0.15 0.27
0.12 0.17 0.13 0.18 0.13 0.18
INPUT VOLTAGE RANGE
Common Mode CMVR +13.0 =140 +13.0 =140 +13.0 +14.0
+13.0 +135 +13.0 =135 +=13.0 =+135
Common-Mode Rejection
Ratio CMRR 106 123 100 120 94 110
103 123 97 120 94 106
POWER SUPPLY
Current, Quiescent Iy 3.0 4.0 3.5 5.0 3.5 5.0
Power Consumption Pn 90 120 105 150 105 150
6.0 9.0 6.0 9.0 6.0 9.0
Rejection Ratio PSRR 94 107 9 104 90 104
90 104 86 100 86 100
OPERATING TEMPERATURE
RANGE Toiins Tinaz ] 0 +70 0 +70 1] +70
PACKAGE OPTIONS?
Small Outline (R-8) ADOP-07CR
Plastic Mini-DIP (N-&) AD OP-07EN AD OP-07CN ADOP-07DN
Cerdip (Q-8) ADOP-07EQ ADOP-07CQ ADOP-07DQ
TO-99 (H-08A) ADOP-07EH ADOP-07CH ADOP-07DH
NOTES
‘]npr.n Offset Voltage measurements are performed by i test i Iy 0.5 is after app of
_power Addiuonally, the AD OP-07A offser voltage 15 guararueed fully warmed up
*Long-Term Input Offset Voltage Stability refers to the ged trend line of Vs vs. Time over extended periods of nme

and 1s extrapolated from high temperature test data. Excluding the imual hour of operation, changes in Vs during the first
30 operaning days are tymcally 2.5uV — Parameter 15 not 100% tested, 90% of unis meet this specification.
See Section 16 for package outhine information.
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AD OP-07A AD OP-07
Min Typ Max Min Typ Max Test Conditions Units
3,000 5,000 2,000 5,000 Rp=2k0), Vo= = 10V VimV
2,000 4,000 1,500 4,000 Rp=2k€), Vo= = 10V, Ty 10 T s VimV
300 1,000 300 1,000 Ry =5000), Vo= +0.5V,Vs= +3V VimV
125 +13.0 £125 =130 Ry =10k v
£12.0 =128 +120 +12.8 Ry=2k0) v
£10.5  =12.0 +105 =12.0 Ry =1k v
£120 =126 £12.0 =126 Ry =2K0, Ty 10 Trnax v
60 60 Vo=0,I=0 0
0.6 0.6 Aycr=+1.0 MHz
0.17 0.17 Ry =2k Vips
10 25 30 75 Note 1 uVv
25 60' 60 200" Tian 10 T uv
+4 +4 Rp =20k} mV
0.2 0.6 0.3 1.3 T 10 T wVrC
0.2 0.6 0.3 1.3 Rp= 20k}, Ty 10 Tpax wVFC
0.2 1.0 0.2 1.0 Note2 pV/Month
0.3 2.0 0.4 2.8 nA
0.8 4.0 1.2 5.6 T T i nA
5 25 8 50 TiiwTis pArC
+0.7 +2.0 =1.0 +3.0 nA
1.0 x40 20 260 | TontoThe. nA
8 25 13 50 T 00 T pA°C
30 80 20 60 M0
200 200 GO
0.35 0.6 035 0.6 0.1Hzto 10Hz wvp-
10.3 18.0 10.3 18.0 | fo=10Hz nV/VHz
10.0 13.0 10.0 13.0 | fo=100Hz nV/VHz
9.6 11.0 9.6 1.0 | fo=1kHz nV/VHz
14 30 14 30 0.1Hz to 10Hz pAp-
0.32 0.80 032 080 | fo=10Hz pANVHz
0.14  0.23 0.14 023 | fo=100Hz pA/VHz
0.12 0.17 0.12 0.17 fo=1kHz pA/VHz
£13.0 =140 +13.0  +14.0 v
£13.0 =135 +13.0 =135 T e 10 T v
110 126 110 126 Vem= +CMVR dB
106 123 106 123 Vem= = CMVR, Toun 10 Torax dB
3.0 4.0 30 4.0 Vg= =15V mA
90 120 90 120 Vg= =15V mW
6.0 8.4 6.0 8.4 = +3V mW
100 110 100 110 Vs=+3Vio =18V dB
94 106 9% 106 V= +3V10 = 18V, Tn 10 Trnax dB
~55 +125 | -55 +125 oc
ADOP-07AQ ADOP-07Q
ADOP-07AH ADOP-07H

Speafications subject to change withour notice.

Specifications shown in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculare outgoing quality
levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.
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ABSOLUTE MAXIMUM RATINGS : CHIP DIMENSIONS AND BONDING DIAGRAM

Dimensions shown in inches and (mm).

Supply Voltage . . .« vv v v v vv cme sin e e +22V
Internal Power Dissipation (Note 1) . . . .. .. .. 500mW | 0110 (2.79)
Differential Input Voltage . . . . .. .......... +30V NULL . Vs
IODUEVORERE: vocoionnre wrve sy 5l s sie Sowlis @i *Vs /“ 7\
Qutput Short Circuit Duration . . . ... ... .. Indefinite
Storage Temperature Range . . . . ... .. —65°C to +150°C
Operating Temperature Range
AD OP-07A, ADOP-O7 . ........ —55°C o +125°C
AD OP-07E, AD OP-07C, ADOP-07D . ... Ow +70°C f,f';"}
Lead Temperature Range (Soldering 60sec) . . . . . . +300°C |
NOTES |
Note 1: Maximum package power dissipation vs. ambient temperature.
Maximum Ambient Derate Above Maximum L
Package Type  Temperarture for Rati Ambient Temperature o — L
TO-99(H) :;“c ® 7.1mWrC w ~ 2 N o
Mini-DIP ('N'} 36°C 5.6mW/rC NULL = INPUT +INPUT =-Vs
Cerdip(Q) 75°C 6.7mW/°C THE AD OP-07 IS AVAILABLE IN WAFER-TRIMMED CHIP FORM FOR

PRECISION HYBRIDS CONSULT THE FACTORY FOR DETAILS

200k$2

AD OP-07 L—OVD

3
- < fJ

ALL OTHER PINS
1 ARE NOT CONNECTED
= = 18V
Offset Voltage Test Circuit B Ceol
AD OP-07 ORDERING GUIDE
Package Temperature Max Initial Max Offset

Model Option Range (°C) Offset(nV) Drift(nV/°C)
ADOP-O7EH TO-99 Oto +70 75 1.3
ADOP-07EN  Mini-DIP Oto +70 75 1.3

" ADOP-07EQ Cerdip Oto +70 75 1.3
ADOP-07CH TO-99 Oto+70 150 1.8
ADOP-O7CN  Mini-DIP Ot +70 150 1.8
ADOP-07CQ Cerdip 0to +70 150 1.8
ADOP-07CR  Small Outline 0Oto +70 150 1.8
ADOP-O7DH TO-99 O +70 150 25
ADOP-07DN  Mini-DIP 0o +70 150 2.5
ADOP-07DQ Cerdip 0to +70 150 2.5
ADOP-07AH TO-99 ~55w+125 25 0.6
ADOP-07AQ Cerdip -55t0+125 25 0.6
ADOP-07TH TO-99 —-55t0+125 75 1.3
ADOP-07Q Cerdip —55w+125 75 1.3

2-226 OPERATIONAL AMPLIFIERS

237

-~ ouTPUT



Applying the AD OP-07

The AD OP-07 may be directly substituted for other OP-07's
as well as 725, 108/208/308, 108A/208A/308A, 714, OP-05
or LM11 devices, with or without removal of external fre-
quency compensation or offset nulling components. If used to
replace 741 devices, offset nulling components must be re-

Figure 1. Optional Offset Nulling Circuit and
Power Supply Bypassing

moved (or referenced to +Vg). Input offset voltage of the AD
OP-07 is very low, but if additional nulling is required, the cir-
cuit shown in Figure 1 is recommended.

The AD OP-07 provides stable operation with load capaci-
tances up to 500pF and £10V swings; larger capacitances
should be decoupled with 5082 resistor.

Stray thermoelectric voltages generated by dissimilar metals
(thermocouples) at the contacts to the input terminals can pre-

vent realization of the drift performance indicated. Best opera-
tion will be obtained when both input contacts are maintained

at the same temperature, preferably close to the temperature

of the device’s package.

Although the AD OP-07 feartures high power supply rejection,

the effects of noise on the power supplies may be minimized

by bypassing the power supplies as close to pins 4 and 7 of the

AD OP-07 as possible, to load ground with a good-quality
0.01pF ceramic capacitor as shown in Figure 1.

Performance Curves (typical @ TA = +25°C, Vg = 15V, AD OP-07 Grade Device unless otherwise noted)

2
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2
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2
>
VourT, 5V/DIV
AD OP-07 Open Loop Gain Curve
>
£
s I
8 !
g |
= 2000
8 l
ok -50 +50 +100 +150

TEMPERATURE — *C

Open Loop Gain vs. Temperature

Vout 5mV/DIV (Referred to Output)
200nV/DIV (Referred to Input)

1SEC/DIV

AD OP-07 Low Frequency Noise (See Test Circuit,
on the Previous Page)
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Typical Performance Curves
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ANALOG
DEVICES

Ultralow-Noise
Precision Op Amp

AD OP-27

FEATURES

Ultralow Noise: 80nV p-p (0.1Hz to 10Hz),
3nV/VHz at 1kHz

Uitralow Offset Voltage Drift: 0.2uV/°C

High Offset Stability Over Time: 0.2pV/month

High Slew Rate: 2.8V/ps

High Gain Bandwidth Product: 8MHz

Low Offset Voltage: 10pV

High CMRR: 126dB Over =11V Input Voltage Range

Fits OP-07, OP-05, OP-06, 5534, 725, 714 and
741 Sockets

Military Grade and Plus Parts Available

8-Pin Plastic Mini-DIP, Cerdip or T0O-99 Hermetic
Metal Can

Available in Wafer-Trimmed Chip Form

PRODUCT DESCRIPTION

The AD OP-27 offers the combined features of high precision,
ultralow noise and high speed in a monolithic bipolar operational
amplifier. State-of-the-art performance for high accuracy ampli-
fication of very low level signals, where inherent device noise
can be the limiting factor, is attainable with the AD OP-27. As
a device directly compatible with other low noise op amps, the
AD OP-27 features industry standard dc performance; typical
input offset voltages of 10,V and typical input offset voltage
temperature coefficients of 0.2uV/°C. The super low input voltage
noise performance of the AD OP-27 is characterized by an e,
p-p (typ) of 80nV (0.1Hz to 10Hz), an e, (typ) of 3.0nV/VHz
(at 1kHz) and a 1/f noise corner frequency of 2.7Hz. AC specifi-
cations including a 2.8V/ps (typ) slew rate and an 8MHz (typ)
gain bandwidth product are possible withourt sacrificing dc accu-
racy. Long-term stability is assured by an input offset voltage
drift specification of 0.2pV/month.

Source resistance related errors with the AD OP-27 are minimized
by a low inpurt bias current at ambient of + 10nA (typ) and an
input offset current of 7nA (typ). An input bias current cancellation
circuit limits bias and offset currents over the extented temperature
range to = 20nA (typ) and 15nA (typ), respectively. Other factors
inducing input referred errors such as power supply variations
and common-mode voltages are attenuated by a PSRR and
CMRR of at least 120dB.

The AD OP-27 is available in six performance grades. The AD
OP-27E, AD OP-27F and AD OP-27G are specified for operation
over the —25°C to +85°C temperature range, while the AD
OP-27A, AD OP-27B and AD OP-27C are specified for —55°C
to + 125°C operation. All devices are available in either the
TO-99 hermetically sealed metal cans or the hermetically sealed
cerdip packages, while the E, F and G grades are also available
in plastic mini-DIPs.

AD OP-27 CONNECTION DIAGRAMS

TO-99 Plastic Mini-DIP (N) Package 2
(H) Package and
Cerdip (Q) Package

OFFSET NuLL [1] 5 | oFesET NULL
INVERTING .
ouTPUT INPUT “l} 7] v
NONINVERTING QUTRUT
et L] 5]
v [4] (5] me

TOP VIEW

TOP VIEW
NOTE PIN 4 CONNECTED TO CASE

PRODUCT HIGHLIGHTS
1. Precision amplification of very low level, low frequency voltage
inputs is enhanced by ultralow input voltage noise.

2. The AD OP-27 maintains high dc accuracy over an extended
temperature range due to ultra-low offset voltage, offset
voltage drift and input bias current.

3. Internal frequency compensation, factory adjusted offset
voltage and full device protection eliminate the need for
additional components. Circuit size and complexity are reduced
while reliability is increased.

4. Long-term stability and accuracy is assured with low offset
voltage drift over time,

5. Inpurt referred errors are greatly reduced by superior common
mode and power supply rejection characteristics.

6. Monolithic construction along with advanced circuit design
and processing techniques result in low cost.
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SPECIFICATIONS 1= +25t, vi= 15, s atrvise spociion

Model AD OP-27G AD OP-27F AD OP-27E
Parameter Symbol Min Typ Max Min Typ Max Min Typ Max
OPEN LOOP GAIN Avo 700 1,500 1,000 1,800 1,000 1,800
400 1,500 800 1,500 800 1,500
200 500 250 700 250 700
450 1,000 700 1,300 750 1,500
OUTPUT CHARACTERISTICS
Voltage Swing Vo x11.5 =13.5 +12.0 =13.8 +120 +138
=10.0 =11.5 =100 =115 =100 =115
+=11.0 =133 +11.4 =135 +1L.7 =13.6
Open-Loop Output Resistance  Rg 70 70 70
FREQUENCY RESPONSE
Gain Bandwidth Product GBW 5.0 8.0 5.0 8.0 5.0 8.0
Slew Rate SR 1.7 2.8 1.7 2.8 1.7 2.8
INPUT OFFSET VOLTAGE
Initial Vos 30 100 20 60 10 25
55 220 40 140 20 60
Average Drift TCVas 0.4 1.8 0.3 1.3 0.2 0.6
Long Term Stability Vos/Time 0.4 2.0 0.3 1.5 0.2 1.0
Adjustment Range 4.0 +=4.0 +4.0
INPUT BIASCURRENT
Initial I 15 +80 12 55 = | =40
*25 + 150 +95 +1 +60
INPUT OFFSET CURRENT
Initial Ios 12 75 9 50 7 35
20 135 14 85 10 50
INPUT NOISE
Voltage e, p-p 0.09 0.25 0.08 0.18 0.08 0.18
Voltage Density e, 3.8 8.0 35 5.5 35 5.5
3.3 5.6 3.1 4.5 3.1 4.5
3.2 4.5 3.0 3.8 3.0 3.8
Current Density in 1.7 - 1.7 4.0 1.7 4.0
1.0 - 1.0 2.3 1.0 2.3
0.4 0.6 0.4 0.6 0.4 0.6
INPUT VOLTAGE RANGE
Common Mode CMVR +11.0 =123 =110 =123 =110 =123
+10.5 =118 =10.5 =118 =105 =118
Common-Mode Rejection
Ratio CMRR 100 120 106 123 114 126
96 118 102 121 110 124
INPUT RESISTANCE
Differential Rin 0.8 4 1.2 5 1.5 6
Co Mode Riniest 2 25 3
POWER SUPPLY
Rated Performance +15 +15 +15
Operating +(4-18) +(4-18) +(4-18)
Current, Quiescent I 33 5.6 3.0 4.6 3.0 4.6
Rejection PSR 2 20 1 10 1 10
2 32 2 16 2 15
Power Consumption Py 100 170 90 140 90 140
OPERATING TEMPERATURE RANGE
Touns Tnax | —25 +85 =25 +85 =25 + 85
PACKAGE OPTIONS?
Plastic Mini-DIP (N-8) ADOP-27GN ADOP-27FN ADOP-27EN
Cerdip (Q-8) ADOP-27GQ ADOP-27FQ ADOP-27FQ
TO-99 (H-08A) ADOP-27GH ADOP-27FH ADOP-27EH
NOTES '

'Inpur Offset Voltage measurements are performed by

i test

power. A and E grades are guaranteed fully warmed up. .
?Long-Term Input Offset Voltage Stability refers to the average trend line of Vs vs. time after the first 30 days.

5ee Section 16 for package outline information,
Specifications subject to change without notice.
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AD OP-27C AD OP-27B AD OP-27A Conditions Units
Min Typ Max Min Typ Max Min Typ Max
700 1,500 1,000 1,800 1,000 1,800 Ry =2kQ, Voyr= = 10V VimV
400 1,500 800 1,500 800 1,500 Ry =1k, Vour= =z 10V VimV
200 500 250 700 250 700 Ry =6000), Vour= =1V, Vg = =4V VimV
300 800 500 1,000 600 1,200 Ry=2k, Vour = = 10V, T, = min to max| V/imV
115 =135 =120 =138 +12.0 =13.8 Ri.=2k \Y
+=10.0 =115 +10.0 =115 +100 =+11.5 Ry =60001 \Y
=105 =13.0 =11.0 =13.2 115 =135 Ry =2k, T, = min to max v 2
70 70 70 lour=0A, Vour =0V Q
5.0 8.0 5.0 8.0 5.0 8.0 MHz
1.7 2.8 1.7 2.8 1.7 2.8 Ri.=2k0 Vips
30 100 20 60 10 25 (Note 1) Y
70 300 50 200 30 60 T, = min to max Y
0.4 1.8 0.3 1.3 0.2 0.6 T, =nun to max uVieC
0.4 2.0 0.3 1.5 0.2 1.0 (Note 2) pV/month
=4.0 =4.0 +=4.0 R,=10k2 mV
=15 +=80 12 +55 =10 =40 nA
+35 =150 28 =95 =20 =60 T,=min to max nA
12 75 9 50 35 nA
30 135 22 85 15 50 T, =min to max nA
0.09 0.25 0.08 0.18 0.08 0.18 0.1Hzto 10Hz wVp-
3.8 8.0 35 5:5 35 5.5 f,=10Hz nV/VHz
33 5.6 3.1 4.5 3.1 4.5 f,=30Hz nVivVHz
3.2 4.5 3.0 3.8 3.0 3.8 f, = 1000Hz nV/\vHz
1.7 - 1.7 4.0 1.7 4.0 fo=10Hz pA/VHz
1.0 - 1.0 2.3 1.0 2.3 f,=30Hz pA/VHz
0.4 0.6 0.4 0.6 0.4 0.6 fo=1000Hz pA/VHzZ
=11.0 =123 =110 =123 +11.0 =12, \Y
10.2 =115 +10.3 #£11.5 +10.3 =11.5 T, =min to max Y
100 120 106 123 114 126 Vem= £11V dB
94 116 100 119 108 122 Vem= = 10V, T, = min to max dB
0.8 4 1.2 5 1.5 6 MQ
2 2.5 GO
*15 +15 +15 v
+(4-18) +(4-18) +(4-18) \%
3.3 5.6 3.0 4.6 3.0 4.6 Vg= =15V mA
2 20 1 10 1 10 Vs==4Vio =18V pViv
4 51 2 20 2 16 Vg=+4.5Vto =+ 18V, T, = min to max wVv
100 170 90 140 90 140 Vour=0W mW
-55 +125 ~55 +125 -55 +125 °C
ADOP-27CQ ADOP-27BQ ADOP-27AQ
ADOP-27CH ADOP-27BH ADOP-27AH
Specifications shown in boldface are tested on all production units at final
electrical test. Results from those tests are used to calculate outgoing quality
levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.
OPERATIONAL AMPLIFIERS 2-231

242



ABSOLUTE MAXIMUM RATINGS

Supply Voltage . . . . .. .. .. ... ... + 18V

Internal Power Dissipation (Note 1) . . . ... ... SO0mW

Input Voltage . . . . - . ¢ v v i v v i in e ww o an s +Vsg

Qutput Short Circuit Duration . . . . ... .. .. Indefinite

Differential Input Voltage (Note 2) . . . ., . ... .. =07V
NOTES:

Differential Input Current (Note 2) . . . . . ... .. +25mA
Storage Temperature Range . . . . . . . .. —65°C to + 150°C
Operating Temperature Range
AD OP-27A, AD OP-27B, AD OP-27C
AD OP-27E, AD OP-27F, AD OP-27G

. —55°C 10 +125°C
—25°C 1o +85°C

Note 1: Maximum package power dissipation vs. ambient temperature,

Maximum Ambient

Package Type Temperature for Rating
TO-99(H) 80°C
Mini-DIP(N) I6°C
Cerdip (Q) 75°C

Note 2: The AD OP-27's inputs are protected by back-to-back diodes. To achieve low noise current limiting resistors could
not be used. If the differential input voltage exceeds + 0.7V, the input current should be limited to 25mA.

CHIP DIMENSIONS AND BONDING DIAGRAM

Dimensions shown in inches and (mm).

| @100 (254 -
| : |

[l
[
THE AD OP-27 IS AVAILABLE IN WAFER-TRIMMED CHIP FORM

CONSULT THE FACTORY FOR DETAILS

2-232 OPERATIONAL AMPLIFIERS

Lead Temperature Range (Soldering 60sec) . . . . . . . 300°C
Derate Above Maximum
Ambient Temperature

7. 1mWC

5.6mW/C

6. 7TmWrC

AD OP-27 ORDERING GUIDE
Package Temperature Max Initial  Max Offset

Model Option* Range (°C) Offset(pV)  Drift (uV/°C)
ADOP-27GH TO-99 -2510 + 85 100 1.8
ADOP-27GN Mini-DIP —2510 +85 100 1.8
ADOP-27GQ  Cerdip —-25t0 +85 100 1.8
ADOP-27FH TO-99 ~25t0 + 85 60 1.3
ADOP-27FN Muni-DIP —25t0 +85 60 1.3
ADOP-27FQ Cerdip —25t0 +85 60 1.3
ADOP-27EH TO-99 —2510 +85 25 0.6
ADOP-27EN Mini-DIP —2510 + 85 25 0.6
ADOP-27EQ Cerdip —25t0 +85 25 0.6
ADOP-27CH TO-99 =550 +125 100 1.8
ADOP-27CQ Cerdip —-5510 +125 100 1.8
ADOP-27BH TO-99 ~5510 +125 60 13
ADOP-27BQ Cerdip —55t0 +125 60 1.3
ADOP-27AH TO-99 —5510 +125 25 0.6
ADOP-27AQ Cerdip —55t0 + 125 25 0.6

*See Section 16 for package outhne information.
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APPLICATION NOTES FOR THE AD OP-27

The AD OP-27 can be used in the sockets of many of the popular
precision bipolar input operational amplifiers on the market.
Elimination of external frequency compensation or nulling cir-
cuitry may be possible in many cases. In 741 replacement situa-
tions, if nulling has been implemented, it should be modified or
removed for optimum AD OP-27 performance.

In applications where the initial factory adjusted input offset
voltage provides insufficient accuracy, further offset trimming
can be accomplished with the resistor network shown in Figure
1. The adjustment range attainable using 2 10k{} potentiometer
will be £4mV. If a smaller adjustment range is required, the
sensitivity of the nulling can be increased by using a smaller
potentiometer in series with fixed resistor(s). For example, a
1k() pot in series with two 4.7k(} resistors will yield a =280pV
range.

001uF =
_VS L

Figure 1. Optional Offset Nulling Circuit and Power Supply
Bypassing

Zeroing the initial offset with potentiometers other than 10k(},
but between 1k(} and 1M(}, will introduce an additional input
offset voltage temperature drift error of from 0.1 to 0.2uV/°C.
Additionally, by intentionally trimming in a dc level shift a
voltage dependent offset drift will be created. It will be approxi-
mately the input offset voltage at 25°C divided by 300 (in pV/
°C).

Parasitic thermocouple EMF’s can be generated where dissimilar
metals meet the contacts to the input terminals of the AD OP-27.
These temperature dependent voltages can manifest themselves
as drift type errors. Optimized temperature performance will be

obtained when both contacts are maintained at the same temper--

ature—a temperature close to the device’s package.

Output stability with the AD OP-27 is possible with capacitive
loads of up to 2000pF and + 10V output swings. Larger capaci-
tances should be decoupled with a 50(} resistor.

High closed loop gain and excellent linearity can be achieved by
operating the AD OP-27 within an output current range of

+ 10mA. Minimizing output current will provide the highest
linearity.

+18V
O

ALL OTHER PINS
ARE NOT

—18vV CONNECTED

Figure 2. Burn-In Circuit

SLEW RATE DISCUSSION

In unity gain buffer applications with feedback resistances of
less than 100{) where the input is driven with a fast, large (greater
than 1V) pulse, the output waveform will appear as in Figure 3.

<1004}
AAA—

28Vips

= w
G ouTPUT 2
4 ADOP-27 - o
+
O ov
ov| meuT

Figure 3. Unity Gain Buffer/Pulsed Operation

During the initial portion of the output slew the input protection
back-to-back diodes effectively short the output to the input. A
current limited only by the output short circuit protection will
be drawn from the source. After the input diodes saturate, the
amplifier will slew at its nominal 2.8V/ps. With feedback resis-
tances of more than 500{) the output is capable of handling the
current requirements without limiting (less than 20mA at 10V)
and the amplifier will stay in the linear region.

As with all operational amplifiers a feedback resistance of greater
than 2k(} will create a pole with the input capacitance (8pF).
Additional phase shift will be introduced and the phase margin
will be reduced. A small capacitor (20 to 50pF) in parallel with
the feedback resistor will alleviate this problem.

CAUTION: NOISE MEASUREMENTS

Precise measurement of the extremely low input noise associated
with the AD OP-27 is a difficult task. In order to observe the
rated noise in the 0.1Hz to 10Hz frequency range the following
cautions should be exercised.

(1) The test time to measure 0.1Hz to 10Hz noise should not
exceed 10 seconds. As shown in the noise test frequency response
plot in this data sheet the 0.1Hz corner is only defined by a
single zero. A test time of 10 seconds acts as an additional zero
to eliminate noise contributions from frequencies lower than
0.1Hz.

(2) Warm-up for a least five minutes will eliminate temperature
induced effects. During the first few minutes the offset voltage
typically increases 4pV. In a 10 second measurement interval
prior to temperature stabilization the reading could include
several nanovolts of warm-up offset error in addition to the
noise.

(3) For reasons similar to (2) the device under test should be
well shielded from air currents or other heat sinks to eliminate
the possibility of temperature changes over time invalidating the
measurements. Sudden motion in the vicinity or physical contact
with the package can also increase the observed noise.

An input voltage noise spectral density test is recommended
when measuring noise on a large number of units. Because the
Vf noise corner frequency is around 3Hz, a 1kHz noise voltage
density measurement combined with a 0. 1Hz to 10Hz peak-to-peak
noise reading will guarantee V/f and white noise performance
over the rated frequency spectrum.
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ANALOG
DEVICES

Ultralow-Noise, High-Speed
Precision Op Amp (Aye =9)

AD OP-37

FEATURES

Ultralow Noise: 80nV p-p (0.1Hz to 10Hz),
3nV/VHz at 1kHz

High Speed: 17V/ps

High Gain Bandwidth Product: 63MHz

Uitralow Offset Voltage Drift: 0.2uV/°C

High Offset Stability Over Time: 0.2uV/month

Low Offset Voltage: 10pV

High CMRR: 126dB Over =11V Input Voltage Range

Fits OP-07, OP-05, OP-06, 5534, LH0044,
5130, 3510, 725, 714 and 741 Sockets
in Gains = 5

Military Grade and Plus Parts Available

8-Pin Plastic Mini-DIP, Cerdip or TO-99 Hermetic
Metal Can

Available in Wafer-Trimmed Chip Form

PRODUCT DESCRIPTION

The AD OP-37 offers the combined features of high precision,
ultralow noise and high speed in a monolithic bipolar operational
amplifier. High-speed accurate amplification of very low level
signals, where inherent device noise can be the limiting factor,
is attainable with the AD OP-37 in applications requiring gains
greater than or equal to five. This instrumenation grade op amp
features industry standard dc performance; typical input offset
voltages of 10V and typical input offset voltage temperature
coefficients of 0.2pV/°C. The super low input voltage noise
performance of the AD OP-37 is characterized by an ¢, p-p
(typ) of 80nV (0.1Hz to 10Hz), an e, (typ) of 3.0nV/VHz (at
1kHz) and a 1/f noise corner frequency of 2.7Hz. High speed
performance is assured by a typical 17V/ps slew rate and a
typical 63MHz gain bandwidth product. Long-term stability

is guaranteed by an input offset voltage drift specification of
0.2pV/month.

Source resistance related input errors with the AD OP-37 are
minimized by a low input bias current of + 10nA (typ) and an

AD OP-37 CONNECTION DIAGRAMS

TO-99 Plastic Mini-DIP (N) Package  [i/A
(H) Package and
Cerdip (Q) Package
OFFSET NULL

OFFSET NULL 0 0 Ve arrser nuw [1] (] orrser nuLL

mvsn'rluo [z ] El Ve
R 9 (8) outeut nomwsnrmo 5} 2] outeur
NOIIINVEIII‘WG N,,; v— [ (5] ne
TOP VIEW

NOTE PIN & CUNNEC'IED TO CASE
TOP VIEW

PRODUCT HIGHLIGHTS

1. High speed accurate amplification (gains = 5) of very low
level low frequency voltage inputs is enhanced by a high gain
bandwidth product and ultralow input voltage noise.

2. The AD OP-37 maintains high dc accuracy over an extended
temperature range due to ultralow offset voltage, offset voltage
drift and input bias current.

3. Internal frequency compensation, factory adjusted offset
voltage and full device protection eliminate the need for
additional components. Circuit size and complexity are reduced
while reliability is increased.

4. Long-term stability and accuracy is assured with low offset
voltage drift over time.

5. Input referred errors are greatly reduced by superior common-
mode and power supply rejection characteristics.

6. Monolithic construction along with advanced circuit design
and processing techniques result in low cost.

input offset current of 7nA (typ). An input bias current cancellation

circuit restricts bias and offset currents over the extended tem-
perature range to = 20nA (typ) and 15nA (typ), respectively.
Other factors inducing input referred errors such as power
supply variations and common-mode voltages are attenuated by
a PSRR and CMRR of 120dB.

The AD OP-37 is available in six performance grades. The AD

OP-37E, AD OP-37F and AD OP-37G are specified for operation

over the —25°C to + 85°C temperature range, while the AD
OP-37A, AD OP-37B and AD OP-37C are specified for —55°C
to + 125°C operation. All devices are available in either the
TO0-99 hermetically sealed metal cans or the hermetically sealed
cerdip packages, while the industrial grades are also available in
plastic mini-DIPs.
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SPECIFICATIONS =+ 25¢, =15, s atorws spocton

Model AD OP-37G AD OP-37F AD OP-37E
Parameter Symbol Min Typ Max Min Typ Max Min Typ Max
OPEN LOOP GAIN Avo 700 1,500 1,000 1,800 1,000 1,800
400 1,500 800 1,500 800 1,500
200 500 250 700 250 700
450 1,000 700 1,300 750 1,500
OUTPUT CHARACTERISTICS
Voltage Swing Vo +=11.5 =+135 +12.0 =138 +12.0 =*13.8
+10.0 =115 =100 =115 =100 =115
+11.0 =133 +11.4 =135 +=11.7 =13.6
Open-Loop Output Resistance  Rg 70 70 70
FREQUENCY RESPONSE
Gain Bandwidth Product GBW 45 63 45 63 45 63
- 40 - 40 - 40
Slew Rate SR 11 17 11 17 11 17
INPUT OFFSET VOLTAGE
Initial Vos 30 100 20 60 10 25
55 220 40 140 20 60
Average Drift TCVos 0.4 1.8 0.3 1.3 0.2 0.6
Long-Term Stability Vgs/Time 0.4 2.0 0.3 1.5 0.2 1.0
Adjustment Range +4.0 +4.0 =40
INPUT BIAS CURRENT
Initial I +15 +80 12 +55 =10 +=40
+25 =150 + 18 +95 =14 =60
INPUT OFFSET CURRENT
Initial Ias 12 75 9 50 7 35
20 135 14 85 10 50
INPUTNOISE
Voltage enpp 0.09 0.25 0.08 0.18 0.08 0.18
Voltage Density €, 3.8 8.0 35 5.5 3.5 5.5
33 5.6 3.1 4.5 3.1 4.5
3.2 4.5 3.0 38 3.0 3.8
Current Density in 1.7 - 1.7 4.0 1.7 4.0
1.0 - 1.0 23 1.0 2.3
0.4 0.6 0.4 0.6 0.4 0.6
INPUT VOLTAGE RANGE
Common Mode CMVR =11.0 =123 =110 =*12.3 =110 +12.3
+10.5 +11.8 +10.5 =+11.8 +10.5 =+11.8
Common-Mode Rejection
Ratio CMRR 100 120 106 123 114 126
96 118 102 121 110 124
INPUT RESISTANCE
Differential Ry 0.8 4 1.2 3 1.5 6
Common Mode Rinvesm 2 2.5 3
POWER SUPPLY
Rated Performance +15 +15 +15
Operating +(4-18) + (4-18) *(4-18)
Current, Quiescent Io 3.3 5.6 3.0 4.6 3.0 4.6
Rejection PSR 2 20 1 10 1 10
2 32 2 16 2 15
Power Consumption Py 100 170 90 140 90 140
OPERATING TEMPERATURE RANGE
T s Tonas: | 25 +85 -25 +85 —25 + 85
PACKAGE OPTIONS?
Plastic Mini-DIP (N-8) ADOP-37GN ADOP-37FN ADOP-37EN
Cerdip (Q-8) ADOP-37GQ ADOP-37FQ ADOP-37EQ
TO-99 (H-08) ADOP-37GH ADOP-37FH ADOP-37EH
NOTES
Input Offset Voltage measurements are performed by d test if pproxi ly 0.5 seconds after application of

power. A and E grades are guaranteed fully warmed up.

*Long-Term Input Offser Voltage Stability refers to the average trend line of Vg vs. time after the first 30 days.
3See Section 16 for package outline information.

Specifications subject to change without notice.
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AD OP-37C AD OP-37B AD OP-37A Conditions Units
Min Typ Max Min Typ Max Min Typ Max
700 1,500 1,000 1,800 1,000 1,800 Rp=2kQ, Voyr= £ 10V VimV
400 1,500 800 1,500 800 1,500 Ry=1kQ, Voyr= £ 10V VimV
200 500 250 700 250 700 Ry =600, Voyr= 1V, Vs= +4V VimV
300 800 500 1,000 600 1,200 Ry=2k, Voyr = + 10V, T, = min to max| V/mV
=115 =135 +12.0 =138 +12.0 =138 Ry =2kf} \"
*=10.0 =11.5 +£10.0 =+11.5 +10.0 +11.5 Ry =6000 v
+10.5 +13.0 +11.0 +13.2 +11.5 =+13.5 Ry =2k, T, = min to max v
70 70 70 Tout=0A, Vour=0V Q
45 63 45 63 45 63 f,=10kHz MHz
- 63 - 40 - 40 fo=1MHz MHz
11 17 11 17 11 17 Rp=2k() Vips
30 100 20 60 10 25 (Note 1) Y
70 300 50 200 30 60 T, = min to max TRY
0.4 1.8 0.3 1.3 0.2 0.6 T, = min to max pV/ireC
0.4 2.0 0.3 18 0.2 1.0 (Note 2) pVimonth
+4.0 +4.0 = 4.0 R, =10k mV
+15 =80 +=12 +55 =10 =40 nA
+135 +150 +28 +95 =20 =60 T, = min to max nA
12 75 9 50 7 35 nA
30 135 22 85 15 50 T, = min to max nA
0.09 0.25 0.08 0.18 0.08 0.18 0.1Hzto 10Hz 1V p-
3.8 8.0 3.5 5.5 3.5 5.5 fo=10Hz nV/VHz
3.3 5.6 3.1 4.5 3.1 4.5 fo=30Hz nV/VHz
3.2 4.5 3.0 38 3.0 3.8 fo=1000Hz nV/VHz
- 1.7 4.0 1.7 4.0 fo=10Hz pA/VHz
1.0 = 1.0 23 1.0 2.3 f,=30Hz pA/VHz
0.4 0.6 0.4 0.6 0.4 0.6 f,= 1000Hz pA/VHz
+ 2.3 +11.0 +12.3 1.0 =123 v
*=1 +11.5 +10.3 =115 +10.3 =115 T,=min to max v
100 120 106 123 114 126 Ven=+11V dB
94 116 100 119 108 122 Vem = = 10V, T, = min to max dB
0.8 4 1.2 5 1.5 6 MQ
2 2.5 3 G
+15 +=15 + 15 A"
+(4-18) +(4-18) +(4-18) A%
33 5.6 3.0 4.6 3.0 4.6 Vg= 215V mA
2 20 1 10 1 10 Y
4 51 2 20 2 16 wvv
100 170 90 140 90 140 Vour=0V mW
=55 +125 —55 +125 - 55 +125 a1
ADOP-37CQ AD OP-37BQ ADOP-37AQ
ADOP-37CH ADOP-37BH ADOP-37AH

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

SOPPIY VOIEEE: . oo wowen suy siwom s sowes & snane + 18V
Internal Power Dissipation (Note 1) . . . . . .. .. 500mW
InpurVoloige: o5 5 S55 53 Saa §F Gt o S b +=Vs
Qutput Short Circuit Duration . . . . .. ... .. Indefinite
Differential Input Voltage (Note 2) . . . . .. ... .. +0.7V

NOTES:
Note 1: Maximum package power dissi

ion vs. amt

Differential Input Current (Note 2)
Storage Temperature Range

Maximum Ambient

Package Type Temperature for Rating
TO-99(H) 80°C
Mini-DIP (N} 36°C
Cerdip(Q) 75°C

Note 2: The AD OP-37"s inputs are protected by back-to-back diodes. Toachieve low noise current limiting resistors could

not be used. If the differential input voltage exceeds = 0.7V, the input current should be mited to 25mA.

CHIP DIMENSIONS AND BONDING DIAGRAM

Dimensions shown in inches and (mm).

i—*— 0100 12 54)
s

THE AD OP-37 IS AVAILABLE IN WAFER-TRIMMED CHIP FORM CONSULT THE FACTORY FOR DETAILS
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Operating Temperature Range
AD OP-37A, AD OP-37B, AD OP-37C . —55°C 1o +125°C
AD OP-37E, AD OP-37F, AD OP-37G —25°C to +85°C

Lead Temperature Range (Soldering 60sec) . . . . . . . 300°C
p ure.

Derate Above Maximum

Ambient Temperature
7.1mWrC
5.6mWrC
6.7mW/C

AD OP-37 ORDERING GUIDE
Temperature Max Initial Max Offset

Model Package* Range(°C) Offset (uV) Drift (uV/~C)
ADOP-37GH TO-99 —-2510 +85 100 1.8
ADOP-37GN Mini-DIP -2510 +85 100 1.8
ADOP-37GQ Cerdip ~25t0+85 100 1.8
ADOP-37FH TO-99 —25t0 +85 60 1.3
ADOP-37FN  Mini-DIP  —2510 +85 60 1.3
ADOP-37FQ Cerdip —2510 + 85 60 1.3
ADOP-37EH TO-99 ~2510 +85 25 0.6
ADOP-37EN  Mini-DIP  —2510 +85 25 0.6
ADOP-37EQ Cerdip —2510 +85 25 0.6
ADOP-37CH TO-99 =550 +125 100 1.8
ADQOP-37CQ Cerdip —55t0 +125 100 1.8
ADOP-37BH TO-99 ~55w+125 60 1.3
ADOP-37BQ Cerdip ~ —55t0+125 60 1.3
ADOP-37AH TO-99 —551w0+125 25 06
ADOP-37AQ Cerdip -55w+125 25 0.6

*See Section 16 for package outhne information
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APPLICATION NOTES FOR THE AD OP-37

The AD OP-37 can be used in the sockets of many of the popular
precision bipolar input operational amplifiers on the market.
Elimination of external frequency compensation or nulling cir-
cuitry may be possible in many cases. In 741 replacement situa-
tions, if nulling has been implemented, it should be modified or
removed for correct AD OP-37 performance.

In applications where the initial factory adjusted input offset
voltage provides insufficient accuracy, further offset trimming
can be accomplished with the resistor network shown in Figure
1. The adjustment range attainable using a 10k{} potentiometer
will be +4mV. If a smaller adjustment range is required, the
sensitivity of the nulling can be increased by using a smaller
potentiometer in series with fixed resistor(s). For example, a
1k{} pot in series with two 4.7k(] resistors will yield a + 280V
range.

Figure 1. Optional Offset Nulling Circuit
and Power Supply Bypassing

Zeroing the initial offset with potentiometers other than 10k(2,
but between 1k and 1M(}, will introduce an additional input
offset voltage temperature drift error of from 0.1 to 0.2pV/°C.
Additionally, by intentionally trimming in a dc level shift a
voltage dependent offset drift will be created. It will be approxi-
mately the input offset voltage at 25°C divided by 300 (in pV/
°C).

Parasitic thermocouple EMF’s can be generated where dissimilar
metals meet the contacts to the input terminals of the AD OP-37,
These temperature dependent voltages can manifest themselves
as drift type errors. Optimized temperature performance will

be obrained when both contacts are maintained at the same
temperature.

Qutput stability with the AD OP-37 is possible with capacitive
loads of up to 1000pF and + 10V output swings. Larger capaci-
tances should be decoupled with a 50(1 resistor inside the feedback
loop.

Although the AD OP-37 features high-power supply rejection,
the effects of noise on the power supplics may be minimized by
bypassing the power supplies as close to Pins 4 and 7 of the AD
OP-37 as possible, to load ground with a good quality 0.01pF
ceramic capacitor as shown in Figure 1.

High closed loop gain and excellent linearity can be achieved by
operating the AD OP-37 within an output current range of
+10mA. Minimizing output current will provide the highest
linearity.

| .
1

ALL OTHER PINS
ARE NOT

=18V CONNECTED

Figure 2. Burn-in Circuit

CAUTION: NOISE MEASUREMENTS

Precise measurement of the extremely low input noise associated
with the AD OP-37 is a difficult task. In order to observe the
rated noise in the 0.1Hz to 10Hz frequency range the following
cautions should be exercised.

(1) The test time to measure 0.1Hz to 10Hz noise should not
exceed 10 seconds. As shown in the noise test frequency response
plot in this data sheet the 0.1Hz corner is only defined by a
single zero. A test time of 10 seconds acts as an additional zero
to eliminate noise contributions from frequencies lower than
0.1Hz.

(2) Warm-up for a least five minutes will eliminate temperature
induced effects. During the first few minutes the offset voltage
typically increases 4u.V. In a 10 second measurement interval
prior to temperature stabilization the reading could include
several nanovolts of warm-up offset error in addition to the
noise.

(3) For reasons similar to (2) the device under test should be
well shielded from air currents or other heat sinks to eliminate
the possibility of temperature changes over time invalidating the
measurements. Sudden motion in the vicinity or physical contact
with the package can also increase the observed noise.

An input voltage noise spectral density test is recommended
when measuring noise on a large number of units. Because the
/f noise corner frequency is around 3Hz, a 1kHz noise voltage
density measurement combined with a 0.1Hz to 10Hz peak-to-peak
noise reading will guarantee /f and white noise performance
over the rated frequency spectrum.
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Typical Performance Curves r-zss v==m
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ANALOG
DEVICES

Fast Settling
Video Operational Amplifiers

HOS-050/H0S-050A/H0S-050C

FEATURES

80ns Settling to 0.1%; 200ns to 0.01%
100MHz Gain Bandwidth Product
55MHz 3dB Bandwidth

100mA Output @ =10V

APPLICATIONS

D/A Current Converter
Video Pulse Amplifier

CRT Deflection Amplifier
Wideband Current Booster

GENERAL DESCRIPTION

The HOS-050, HOS-050A, and HOS-050C op amps are very
high speed wideband operational amplifiers designed to comple-
ment the Analog Devices’ lines of high speed data acquisition

products. They feature a 100MHz gain bandwidth product; slew

rate of 300V/ps; and settling time of 80ns 1o +0.1%.

The HOS-050A, HOS-050, and HOS-050C have typical input
offset voltages of 10mV, 25mV, and 45mV, respectively.

All models have a rated output of + 100mA minimum, and an
exceptional noise spec of only 7uV rms, dc 1o 2MHz; they are
ideally suited for a broad range of video applications.
FAST-SETTLING OP AMPS

At one time, operational amplifiers could be specified according

to slew rates, bandwidth, and drive capability; and these param-

eters would be sufficient. Settling time was not considered until
the use of high speed video D/A converters became widespread.

The conversion speed of the IVA can be limited by the settling
time of the output amplifier, so it has become essential to select
an op amp whose settling time is compatible with the D/A
converter.

The increased emphasis on settling time has, in some cases,
created a preoccupation with slew rates in the minds of some
designers. But slew rate is only one component in establishing
settling time.

The amount of overshoot, and the ringing which are present at
the end of a step function change also have an effect. These

parameters, in turn, are influenced by the bandwidth (or lack of

it) when operating the op amp with closed loop gains greater
than one.

(connnued after Specificanons)

HOS-050/A/C PIN DESIGNATIONS
TO-8 PACKAGE
GROUND

OFFSET
ADJUST*

V+

OFFSET V+
ADJUST* GROUND
*PINS FOR CONNECTING OPTIONAL

OFFSET POTENTIOMETER. RECOMMENDED

VALUE IS 10k OHMS, WITH CENTER ARM

CONNECTED TO +15V,

NC = NO CONNECT
BOTTOM VIEW
|
||

GAIN (10041 LOAD]
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Figure 1. HOS-050 Frequency Response
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SPECIFICATIDNS (typical @ + 25°C and = 15V unless otherwise specified)
Model HOS-050 HOS-050A HOS-050C
ABSOLUTE MAXIMUM RATINGS
Supply Voltages (Vs) + 18V [ *
Power Dissipation See Figure 2 * *
Input Voltage =V Li L
Differential Input Voltage =V . *
Operating Temperature Range (case) =55°Cro +125°C k —25°Cto +85°C
Junction Temperature 175°C & *
Storage Temperature Range —65°Cto + 150°C . .
Lead Temperature (soldering, 10 sec.) 300°C g i
DCELECTRICAL CHARACTERISTICS
Parameter Conditions Min Typ Max | Min Typ Max | Min Typ  Max | Units
Open Loop Gain Ry = 1004} 100 . X dB
Rated Qutput Ry = >10011
Voltage + 10/ -8 * . v
Current
(notshortcircut protected) Ry = >10002 + 100 " A mA
Voltage Ry = >2000 =10 o L v
Input Offset Voltage Adjustable to Zero
Irutial @ +25°C 25 35 10 15 45 65 mV
vs. Temperature 50 150 20 35 75 200 pVrC
vs, Power Supply Voluage 0.5 * " mV/iV
Inpurt Bras Current
Imtial W +25°C 1 2 . » " W nA
vs. Temperature Doubles > ¥ N0°C
Input Offset Current
Initial @ 4 25°C =100 * ad pA
Input Impedance
10 - -
retal i }In parallel with SpF e 2 g -
Input Voltage Range
Common Mode =10 18 |* » * ¥ v
Differential 18 s n v
Common Mode Rejecuion 70 . . dB
Input Nose Ree = 1000}; Ry:g = 1k{}
dcto 100kHz 5 K * wV rms
deo2MHz 7 % = wV rms
ACELECTRICAL CHARACTERISTICS'
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max Units
Slew Rate A = = L;Rgp = Ry = 50011,
Load = 100§} 300 b & Vips
Noninvernng Slew Rate A= 2;Rgp = Ry = 100041
Load = 1000} 320 ! . Vips
Overload Recovery 50% Overdrive 400 L L ns
Unnty Gain Bandwidth Product Rip = R = 5000} 100 * - MHz
Small Signal Bandwidth, —3dB A = - |, Ry = Ry = 50011 45 b ] MHz
A= =1,Rg: = Ry = 1000} i5 * - MH:z
A= -2;Rgp: = 50041,
Ry = 10002 35 ‘ * MHz
A= -4,Rgp = 2500}
Reg = 10000} 30 ® . MHz
Output Impedance <l L - 0
Noninverting Bandwidth, —3dB A = 2; Rgg = Ry = 100011,
10042 load; 10pF capaciance
S-volt p-p output 25 % & MHz
4-volt p-poutput 30 x » MHz
2-volt p-poutput 55 * & MHz
A = 3; Rep = 50002;
Rgg = 100002; 10001, 100002,
or 20004} load; 10pF
capacitance
10-volt p-p output 17 * * MHz
S-volt p-p output 25 A L MHz
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ACELECTRICAL CHARACTERISTICS' (Continued) HOS-050 HOS-050A HOS-050C

Parameter Conditions Min Typ Max | Min Typ Max | Min Typ Max | Units
Nomnverting Bandwidth, —3dB | A = 5; Ry = 50062;
(continued) Ryzg = 200041, 100£1, 10001},
or 2000¢ Hoad/ 10pF
capacitance
S-volt p-poutput 15 o ot MHz
4-volt p-p output 30 * x MHz
2-volt p-poutput 40 = . MHz
I-volt p-p output 40 * - MHz
Full Power Bandwidth Quiput = =5V,A = ~ 1,
(—3dB) Ry = 1001} 20 " . MHz
Setthng Time 10 0.1% A= —1,Ry = Ryy = 50002
Inverting Vour = =5V 100 L " ns
(See Figure 5) Vouy = =2.5V 80 i a ns
Nomnverung A = 2,Ryyr = Ry i = 50012
Max Load capacnance = 75pF
Vour= =5V 200 ¥ - ns
Vour = =25V 135 * . ns
Harmomc Distortion A = -1;Load = 10004}
(See Figure 9) Signal = 4MHz, 2V output ~-63 * T dB
MNomnverung Harmomie A= 2,Ryy = Ryg = 100011,
Distornion (See Figure 10) Load = 100051,
Signal = 4MHz, 2V output - 59 * a dB
Power Supply
Volage Rated performance + 15 " 4 Vde
Voltage Operating range =12 =18 | * » . s Vde
Current Quiescent + 20 *25 | ' n . mA
Power Consumpnion Quiescent 06 - . w
Power Dissipation 125 o . W
Temperature Range
Operaung (Case) (See Figure 2 for =35 +125] * Ly -25 + 85 ‘C
Storage Derating Informauon) - 65 +150] * * * w “C
Meantuime Between Failures MIL-HNBK 217, Ground, 627 Hours
(MTBF) Fixed; Case = 70°C = 10"
Package Option®
TO-8(H-12A) HOS-050 HOS-050A HOS-050C
NOTES

*Specificanon same as HOS-050

'Specification for Inverting Mode unles otherwase noted

‘See Section 16 for package outhne nformation

Indwidual socker assemblies (one per panjare avatable from AMP as part number 6-330808-0
Specifications subyect tochange without natie

PIN DESIGNATIONS

PINS FUNCTION
1 +V
2 GROUND
3 OFFSETADJ*
4 OFFSET ADJ*
5 — INPUT
L +INPUT
7 NC
8 GROUND
L) -V
10 -V
" ouTPUT
12 +WV

*PINS FOR CONNECTING OPTIONAL
OFFSET POTENTIOMETER RECOMMENDED
VALUE 1S 10k OHMS, WITH CENTER ARM
CONMNECTED TO +15V
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(continued from Features page)

The HOS-050 Series stands up under close scrutiny of these
characteristics because of its 100MHz gain bandwidth product.
The use of these amplifiers in a wide variety of applications has
confirmed their suitability for video circuits.

VOLTAGE AMPLIFIERS/CURRENT BOOSTERS

Video op amps such as the HOS-050 are generally characterized
by high gain bandwidth products, fast settling times, and high
output drive.

One of the most common uses of video op amps is for D/A
converter output voltage amplification or current boosting.
Figure 3 is one example of this type of application. In this circuit,
the internal resistance of the D/A is the feed forward resistor for
the op amp.

~HWV +18V

01eE 8

CHGITAL
INPUTS

Figure 3. Inverting Unipolar or Bipolar Voltage Output

IUNIPOLAR = B, » =10 24mal
(BEPOLAR = W, = =% 12mal

The HDS Series D/A converters are fast-settling, current output
D/As available in 8-, 10-, and 12-bit resolutions, Both TTL and
ECL versions are available, and settling times range from 10ns
for 8-bit units through 40ns for 12-bit units.

The circuit which is shown will provide a negative unipolar
output with binary coding on the input, and bipolar offset ground-
ed. It will provide a bipolar output with complementary offset
binary coding on the input, and bipolar offset connected to Ip.

An approximation of the total settling time for the D/A op amp
combination is calculated by:

Ts = \«‘TDZ-I- Toz

where T, is D/A settling time and Ty, is HOS-050 settling time.

This approximation is valid because both the D/A and the HOS-
050 exhibit 6dB/octave roll-off charateristics (single pole response);
and the combination of low D/A output capacitance and op amp
input capacitance does not materially affect the formula.

The user of the HOS-050 should remember the current flowing
in the feedback resistor (R1) must be subtracted from the output
available from the HOS-050.

There is a tendency, because of this fact, 1o use a high value of
feedback resistor to assure maximum current drive being available
for driving low impedances; but this approach may create unde-
sirable side effects.

Calculating the minimum load that can be driven under two
conditions of feedback resistor values will serve to illustrate the
difference.

Assume the feedback resistor value is S00(2. If output voltage of
the HOS-050 is 10 volts, and output current is 100mA, minimum
load would be:

E max 10V 10V
Iomax — Igpg  100mA — 20mA  S0mA

= 1250 minimum load
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where: Eq max = peak voltage needed

Ip max = maximum continuous current HOS-050 can

produce

Ixrg = current in feedback resistor at peak voltage
Assume the feedback resistor value is 5,000(). Minimum load
would be:

E max 1ov 1nov

Taps  100mA — ZmA  98mA 10262 minimum load

Iy max —

Designs which strive for driving a minimum load (by increasing
the feedback resistor) can create settling problems because of a
fundamental characteristic of op amp circuits . . . the higher the
feedback resistance, the slower the system response.

This phenomenon is the result of increased impedance for driving
stray capacitances in the circuit employing the op amp, and
fixed capacitances in the summing node.

Impedances need to be kept as low as possible consistent with
low distortion; and stray capacitances need to be eliminated to
the maximum possible extent. A large ground plane structure is
recommended to help assure low ground impedances. In addition,
0.1pF ceramic capacitors and 3-10pF tantalum capacitors con-
nected as close as possible to power supply inputs will decrease
the potential for parasitic oscillations and other noise signals.

Another argument for limiting the size of the feedback resistor
is because of its effect on bandwidth. Bandwidth of the HOS-050
op amp and the value of the feedback resistor are inversely
related.

At any given gain of the op amp, the gain setting with the widest
bandwidth will be the one which employs the lower value of
feedback. As an example, a gain of | can be achieved with Ryg
= Rgg = 50002; or Rz = Rpzg = 1,0001). Small-signal bandwidth
for the first combination is typically 4SMHz; bandwidth for the
second is typically 35MHz.

OFFSET AND GAIN ADJUSTMENT
Figure 4 shows a method of using the HOS-050 op amp which
allows adjusting the offset and gain of the output voltage.

Jegeitans - GAIN
HODE SNONT s | o,

Vi
R,

cam - - (Re2) v
Figure 4. HOS-050 Offset and Gain Adjust
As shown, the gain of the circuit is established by the equation:

=)

where Ryp is the total of Rgapy and Gain Adjust.

o ]

Once the user has established the desired gain for the illustrated
circuit, the value of Rpg can be used to determine the correct
value of Rgppspr with the equation:

Rorrser = — (v—‘oc—;i‘g'&)

where AEp, is the desired amount of offset on the output.



Assume *Vee = = 15V; Rgame = 9000); Gain Adjust = 100£);
the desired change on the output = =1 volt.

Under these conditions, Roppser will be 15k
_ 15V % [900 + 100]
Roprser = — ( = )

v
Rorrser = — (L?%"_)

Roprser = 15,0000

Figure 4 shows bipolar output operation. If unipolar output is
desired, the appropriate Ve should be removed from the Offser
Adjust potentiometer.

The 0.1F capacitor attached to the wiper arm of the Offset
Adjust control isolates the control and helps prevent adjustment
noise from appearing on the output of the HOS-050.

Cyp can be any value between 0 and 20pF, depending on the
value of Rgape: and should be selected to optimize settling time
for the particular circuit layout in which the HOS-050 is being
used.

The Gain Adjust control should be a low value, low inductance
cermet trimming potentiometer.

Note: Rep, Rgames Crs and Roprser must be located as close to
the summing node of the HOS-050 as physically possible. This
helps prevent additional capacitance in the summing node and
corresponding bad effects on frequency response and settling
times.

Variable controls (such as Offset Adjust and Gain Adjust) should
never be tied to the summing node of the op amp. Their correct
electrical locations are those shown in Figure 4.
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Figure 5. Settling Time — Inverting Mode
SETTLING TIME MEASUREMENT
Although there are some exceptions, most members of industry
are in agreement on the description which says settling time is:
The interval of time from the application of an ideal step
function input until the closed-loop amplifier output has
entered and remains within a specified error band.
The well-informed user needs to be alert to the consequences of
settling time specs which do not meet that description.

This definition encompasses the major components which comprise

settling time. They include (1) propogation delay through the
amplifier; (2) slewing time to approach the final output value;
(3) the time of recovery from the overload associated with slewing;
and (4) linear settling to within the specified error band.

Expressed in these terms, the measurement of settling time is
obviously a challenge and needs to be done accurately to assure
the user that the amplifier is worth consideration for his
application.

Figure 6 is the test circuit for measuring settling time to 0.1%.
This method creates a “false” summing junction and the error
band is observed at that point.

Ayu

Figure 6. Settling Time Test Circuit for 0.1% Settling

If one were to attempt the measurement at the “true” summing
junction of the op amp, the results would be misleading. All
scope probes will add capacitance to the input and will change
the response of the system. Making the measurement at the
output of the amplifier is also impractical, since scope nonlinearities
and reading inaccuracies caused by overdriving the scope preclude
accurate measurements to the tolerances which are required.

The false summing junction method causes the amplifier to
subtract the output from the input; only one-half the actual
error appears at the false junction, and it can be measured to
the required accuracies.

The false junction is clamped with diodes to limit the voltage
excursion appearing at that point. This is necessary because the
amplifier will be overdriven and one-half its input voltage will
appear at the junction. Without the clamps, the scope used for
making the measurement would be overdriven and its recovery
time would mask the settling time of the amplifier.

The test circuit for measuring settling time to 0.01%, Figure 7,
is simply an extension of the same basic technique. Measuring
to the closer tolerance requires additional gain in the circuit
driving the oscilloscope.

18

FROM FALSE & 100011 b 33041 TRIM FOR
SUMMING GAIN OF 3 TG Sm

Nowe SENSITIVITY
EL e INIBEAA OF 4TS SCOPE

F0it ET ln 16F 3 ar00n
90041 I ookl

0 1uF 0001 E 3001 POFRRENTAL

I‘ wf PAIR CURRENT

-y -V =15V =15V

Figure 7. Settling Time Test Circuit for 0.01% Settling

IMPEDANCE MATCHING

The characteristics of the HOS-050 operational amplifier make
it an ideal choice for matching the impedances of video circuits
to the impedances of transmission lines.

In this application, source and load terminating resistors will
cause the output voltage to be halved at the end of the cable
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being driven by the op amp. This makes it necessary to set the
gain of the circuit to provide twice the desired voltage.

Three different values of resistors and cables are “phantomed”
into the figure as examples of possible characteristic impedances
which might be used. Figure 8 is not meant to imply the HOS-050
can drive three cables simultaneously.

G
1}

Res.
A
Wint Dttt Vour
HOS-050
501

754

|
%

——
saul

;

—

7501

Figure 8. HOS-050 Impedance Matching

NONINVERTING OPERATION

The vast majority of video operational amplifiers display marked
differences in settling times and bandwidths when operated in a
noninverting mode instead of the inverting mode. There are a
number of valid reasons for this characteristic.

4

Most high-speed op amps use feed-forward compensation for
optimizing performance in the inverting mode. This is necessary
to obtain wide gain-bandwidth products while maintaining dc
performance in these types of devices. In effect, the op amp has
a wideband ac channel which is not perfectly matched to the dc
channel.

Feed-forward techniques enhance the performance of the op
amp in the inverting mode by incresing the slew rate and small-
signal bandwidth. These techniques, however, also decrease the
amplifier’s tolerance to stray capacitances, so must be employed
judiciously.

The overall input capacitance of the op amp is kept as low as
possible in the design; and any mismatch in the capacitance of
the two channels appears as an error in the output. Because of
the inherently low total input capacitance of the op amp, even a
small capacitive mismatch between channels shows up as a large
effective error signal.

Decreasing the channel mismatch can be achieved only by com-
plicating the design of the op amp with additional components,
and rigorous selection of those components in the manufacturing
process.

As a consequence, the mismaich is reduced to the smallest practical
value consistent with the economics of producing and using the
op amp. But it remains a mismatch, and manifests itself as a
difference in performance in the inverting versus noninverting
modes.

There are video op amps available at low cost which use a 741-type
amplifier for high dc open loop gain in the noninverting channel.
The user of these kinds of designs may sometimes gain an economic
advantage, but at a high cost in performance. Bandwidths for
noninverting applications are often measured in kHz, not MHz,
for this approach.

A video op amp is acting as a voltage mode device at both inputs
when operating in the noninverting mode. This contrasts with
the inverting mode, where it is operating as a current mode
device.

2-250 OPERATIONAL AMPLIFIERS

261

The Analog Devices HOS-050 has different performance charac-
teristics when operating as a noninverting amplifier, but the
care used in the design makes the differences less pronounced
than they are in many competing units,

The HOS-050 can be considered a true differential video op
amp. It requires little or no external compensation because its
rolloff characteristics approach a 6dB/octave slope. This helps
the user determine summing errors and loop response; and
helps assure the stability of the system.

The performance parameters for both inverting and noninverting
operation are shown elsewhere in this data sheet (see SPECIFI-
CATIONS section and figures). A comparison of the characteristics
will highlight the similarities in performance, with the exceptions
noted above.

[Rgr = Rea = 50041, A = -1)

o —-=--0 2VP-P, B, = 1502
—40 & ~-— -8 4V P-P, R, = 1500}
Q——02VPP R =1k
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§ 4 “\
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3 ol P s |
2 By “aa .
s e -
§ = AN < e
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Figure 9. Harmonic Distortion — Inverting
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QUTPUT FREQUENCY - MHz

Figure 10. Harmonic Distortion = Noninverting

IN SUMMARY . .. A CAVEAT

Settling time specifications, bandwidth capabilities, harmonic
distortion performance, and other parameters for video op amps
cannot possibly include all possible situations and applications,

A multitude of seemingly insignificant conditions can have a
major impact on the unit and its ability to operate in any given
circuit.

The potential user is strongly urged to evaluate the effectiveness
of the HOS-050 in the actual circuit in which it will be used.
In many instances, the application conditions are different from
the conditions used in specifying; there is no substitute for a
trial in the proposed circuit to determine if the op amp will
provide the desired results.



ANALOG
DEVICES

Low Offset, Fast Settling
Video Operational Amplifier

HOS-060

FEATURES

<1mV Vgs

Low Drift

80ns Settling to 0.1%; 200ns to 0.01%
100mA Output @ =10V

APPLICATIONS

D/A Current Converter
Video Pulse Amplifier

CRT Deflection Amplifier
Wideband Current Booster

GENERAL DESCRIPTION

The HOS-060 Operational Amplifier is an extension of the
proven hybrid technology used in the HOS-050 series of op
amps.

The FET input and high-performance characteristics, including
wide bandwidth and fast settling, make it useful for a variety of
applications in the processing of video signals.

Recent innovations in circuit design have been incorporated into
the HOS-060 to make it extremely useful to the designer who
needs outstanding performance in current boosting, voltage
amplification, impedance matching, or a multiplicity of other
high-frequency requirements.

Voltage offset and its temperature coefficient have been dramati-
cally improved in the HOS-060; offset is as low as most high
performance monolithic op amps.

The HOS-060 op amp is pin-for-pin compatible with its forerunner
HOS-050 and is useable in the same diversity of video require-
ments. The reader is strongly urged to refer to the six-page data
sheet for the HOS-050 op amp to obtain additional insight and
details on potential uses for the HOS-060.

The HOS-060 Operational Amplifier package is the industry
standard TO-8 metal can and operates over a case temperature
range of —55°C 1o + 125°C; the model number for the standard
unit is HOS-060SH.
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HO0S-060 PIN DESIGNATIONS!
TO-8 (H-12A) Package

GROUND

uT

OFFSET
ADJUST* GROUND
BOTTOM VIEW

NOTES

YSEE SECTION 16(H-12A) FOR

PACKAGE OUTLINE INFORMATION

*PINS FOR CONNECTING OPTIONAL
OFFSET IOMETER RECOMMENDED
VALUEIS 10k DHMS, WITH CENTER ARM
CONNECTED TO + 15V

|

£z GAM (10011 LOAD)
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Figure 1. HOS-060 Frequency Response
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SPECIFICATIONS typca @ + 25 an  15v e atrviso s

Model HOS-060SH
ABSOLUTE MAXIMUM RATINGS
Supply Voltages (Vs) + 18V
Power Dissipation See Figure 2
Input Voltage +=Vg
Differential Input Voltage +Vg
Operating Temperature Range (Case) —55°Co +125°C
Junction Temperature 175°C
Storage Temperature Range —65°Cto + 150°C
Lead Temperature { Soldering, 10sec) 300°C
Parameter Conditions Min Typ Max Units
Open Loop Gain Ry = 10002 100 dB
Rated Ourput
Current
(Not Short-Circuit Protected)| Ry = =100{) =100 mA
Voltage Ry, = >2001) =10 v
Input Offset Voltage Adjustable to Zero
Initial @ +25°C +0.5 =15 | mV
vs. Case Temperature
—55°Cto + 125°C 35 uVreC
vs. Power Supply Voltage 0.5 mV/V
Input Bias Current
Initial (a +25°C 1 2 nA
vs. Temperature Doubles o°C
Input Offset Current
Initial (@ +25°C =100 | pA
Input Impedance
: ; 10
Doemottl }In Parallel with SpF :g,n f;
Inpurt Voltage Range
Common Mode +10 18 v
Differential 18 A%
Common-Mode Rejection 70 dB
Input Noise Rgr = 1000); R = 1k
deto 100kHz 5 wVrms
dero 2MHz 7 wVrms
AC ELECTRICAL CHARACTERISTICS'
Parameter Conditions Min Typ Max Units
Slew Rate A = —1; R = Rgg = 50012
Load = 10002 300 Vips
Noninverting Slew Rate A = 2;Rgr = Rgp = 10008);
Load = 100{} 320 Vips
Overload Recovery 50% Overdrive 400 ns
Unity Gain Bandwidth Product Rgr = Ry = 50042 100 MHz
Small Signal Bandwidth, —3dB  |A = —1;Rgg = R = 50002 45 MHz
A = = 1;Rpr = Rgn = 10004} 5 MHz
A= —2;Rpp = 5000;
RFB = 1000£2 35 MHz
A = —4;Rgp = 25000
Ryg = 100002 30 MHz
Output Impedance <1 (1]
Noninverting Bandwidth, —3dB | A = 2;Rgr = R = 1000413
10042 Load; 10pF Capacitance
5V p-p Ourput 25 MHz
4V p-p Output 30 MHz
2V p-p Output 55 MHz
A = 3;Rpp = 50002
R = 100002;
Load = 10002, 100041, or 200042;
Capacitance = 10pF
10V Qutput 17 MHz
5V p-p Output 25 MHz
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AC ELECTRICAL CHARACTERISTICS' (Continued)

HOS-060SH
Parameter Conditions Min Typ Max Units
Noninverting Bandwidth, — 3dB | A = 5; R = 500(1;
(Continued) Ry:p = 200062 100€2, 100012,
or 20000} Load/10pF ’
Capacitance
5V p-p Output 15 MHz
4V p-p Output 30 MHz
2V p-p Output 40 MHz
1V p-p Output 40 MHz
Full Power Bandwidth Output = 25V;A = —1;
(—3dB) Load = 1000} 20 MHz
Settling Time to 0. 1% A= = I;Rpr = Ry = 50002
Inverting Vour = =5V 100 ns
Vour = £2.5V 80 ns
Noninverting A = 2; Rgpe = Rysg = 50002
Max Load Capacitance = 75pF
Vour = +5V 200 ns
Vour = +2.5V 135 ns
Harmonic Distortion A = —1;Load = 10000}
(See Figure 5) Signal = 4MHz; 2V Output —-63 dB
Noninverting Harmonic A= 2;Rpp = Ry = 100011;
Distortion (See Figure 6) Load = 1000(};
Signal = 4MHz; 2V OQurput - 59 dB
Power Supply
Voltage Rated Performance +15 Vde
Voltage Operating Range +12 +18 Vde
Current Quiescent +20 +25 mA
Power Consumption Quiescent 0.6 w
Power Dissipation 1.25 W
Temperature Range
Operating (Case) (See Figure 2 for -55 +125 | °C
Storage Derating Information) —65 +150 | °C
Package Option®
TO-8(H-12A)
NOTES

'Specification for Inverting Mode unless otherwise noted.
*See Secnion 16 for package outhne information.

*Specifications same as HOS-0605H

Individual socker bl

{one per pin)are

lable from AMP as part number 6-330808-0,

Specificanions subyect ro change without notice

PIN DESIGNATIONS

*PINS FOR CONNECTING OPTIONAL
OFFSET POTENTIOMETER, RECOMMENDED
VALUE 15 10k OHMS, WITH CENTER ARM
CONNECTED TO +15V,
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VOLTAGE AMPLIFIERS/CURRENT BOOSTERS
Video op amps such as the HOS-060 are characterized by high
gain bandwidth products, fast settling times, and high output
drive.
One of the most common uses of video op amps is for D/A
current to voltage conversion or current boosting. Figure 3 is
one example of this type of application. In this circuit, the
internal resistance of the D/A is the feed-forward resistor for the
op amp.
=15V 15V
0 1pF 0 1F

DHGITAL
E>

Figure 3. Inverting Unipolar or Bipolar Voltage Output

(UNIPOLAR = Ry » - 10 24ma|
(BFOLAR = R, x =5 12mA)

The circuit which is shown will provide a negative unipolar
output with binary coding on the mput, and the bipolar offset
pin grounded. It will provide a bipolar output with complementary
offset binary coding on the input, and bipolar offset connected
to Ig.

OFFSET AND GAIN ADJUSTMENT
The low value of offset may preclude the need for adjustment,
but Figure 4 shows a method of adjusting both offset and gain.

p—0Vour
L

can = - (G2) v
Figure 4. HOS-060 Offset and Gain Adjust
As shown, the gain of the circuit is established by the equation:

RFB) o
we= (i;l'_: where Rpg = Rgay + Gain Adjust.

Once the user has established the desired gain for the illustrated
circuit, the value of Rgp can be used to determine the correct
value of Rgppspr with the equation:

Vee % RFB)
Rorrser = = \— 385 .

where AEg is the desired amount of offset on the output,

Note: Rgg, Rgany Crp and Roppser must be located as close to
the summing node of the HOS-060 as physically possible. This
helps prevent additional capacitance in the summing node and
corresponding bad effects on frequency response and settling
times.

Variable controls (such as Offset Adjust and Gain Adjust) should
never be tied to the summing node of the op amp. Their correct
electrical locations are those shown in Figure 4.
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NONINVERTING OPERATION

The vast majority of video operational amplifiers display marked
differences in settling times and bandwidths when operated in a
noninverting mode instead of the inverting mode. There are a
number of valid reasons for this characteristic.

Most high-speed op amps use feed-forward compensation for
optimizing performance in the inverting mode. This is necessary
to obtain wide gain-bandwidth products while maintaining dc
performance in these types of devices. In effect, the op amp has
a wideband ac channel which is not perfectly matched to the dc
channel.

Feed-forward techniques enhance the performance of the op
amp in the inverting mode by increasing the slew rate and small-
signal bandwidth. These techniques, however, also decrease the
amplifier’s tolerance to stray capacitances, so must be employed
judiciously.

The Analog Devices HOS-060 has different performance charac-
teristics when operating as a noninverting amplifier, but the
care used in the design makes the differences less pronounced
than they are in the designs of competing units.

The HOS-060 can be considered a true differential video op
amp. It requires little or no external compensation because its
rolloff characteristics approach a 6dB/octave slope. This helps
the user determine summing errors and loop response; and
helps assure the stability of the system.

The performance parameters for both inverting and noninverting
operation are shown elsewhere in this data sheet (see SPECIFI-
CATIONS section and figures). A comparison of the characteristics
will highlight the similarities in performance, with the exceptions
noted above.
(Rpe = Ryy = 50011, A = - 1)

=-=---0 Il'l' PP R = 15000
Py === VPP, R~ 16000

——0 PR R = Tk
——BWVPPR R = Tk

o8 BELOW FULL SCALE
|
|}
L
Ly
L)

k-‘“-..‘ e
i Q\Q:".’. et

051 -2 4 L
OUTPUT FREQUENCY - MHx

Figure 5. Harmonic Distortion — Inverting
[Rep = Py = Th, A = 2

T
4= = =g VPR R = 1500

o=
= == =8 AV PP, R, = 15001
o Oy 2V PP, Ry = T
n
iy WV PPR = TR
Y b
8 N
3
F . -4
H N //p
] -, P
- A, .
2 Nl o S
=80
05 1 2 L]

Figure 6. Harmonic Distortion - Neninverting

THE READER IS URGED TO CONSULT THE HOS-050
DATA SHEET FOR ADDITIONAL APPLICATIONS IN-
FORMATION. THE HOS-060 IS PIN-FOR-PIN COMPATI-
BLE WITH THE HOS-050 SERIES AND CAN BE USED
IN SIMILAR WAYS.
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ANALOG
DEVICES

Wide Bandwidth,
High-Speed Buffer Amplifiers

HOS-100AH/HOS-100SH

FEATURES

Wide Bandwidth — dc to 125MHz

High Slew Rate — 1500V/us

Operation Guaranteed -55°C to +125°C (SH)
High Output Drive — £10V with 1002 Load

APPLICATIONS

Current Boosters

High Speed A/D Input Buffers
Nuclear Instrumentation Amplifiers
Coaxial Cable Drive

High Speed Line Drivers

Video Impedance Transformation

GENERAL DESCRIPTION

The HOS-100SH and HOS-100AH Bipolar Buffer Amplifiers
are high-speed, voltage follower/buffers designed to provide
high-current drive at frequencies from dc to over 125MHz, as
well as providing 210mA into 1k£2 loads (£100mA peak) at
slew rates of 1500V/us. Both units also exhibit excellent phase
linearity (2°), and low distortion (<0.1%).

For commercial temperature ranges the HOS-100AH is speci-
fied for operation over the range of -25°C to +85°C (case).
The HOS-100SH is specified for operation over the military
range of -55°C to +125°C (case).

The HOS-100SH and HOS-100AH are intended to fulfill a
wide range of buffer applications, such as video impedance
transformation, high impedance input buffers for A/D con-
verters and comparators, as well as high-speed line drivers and

)
0

3
10041 J

3k
2 3l

i)
Hw s>l

Figure 1. Schematic Diagram HOS-100

HOS-100AH/HOS-100SH
FUNCTIONAL BLOCK DIAGRAM

GND

GND

nuclear instrumentation amplifiers. Additionally, both ampli-
fiers will continuously drive 50§ coaxial cables or serve as
yoke drives in high resolution CRT displays.

They are particularly well suited for current booster applica-
tions (Figure 3) within an op-amp loop where input impedance
and bias current requirements are less stringent than in FET
design.

i N
: -
20
g N
e CASE
g 18
&
=]
10
= AMBIENT| W] N
z
2 os
S e ——————
25 50 75 100 125 150

TEMPERATURE - "C
Figure 2. Power Derating

p—0 OUTPUT

'b
001F q;m

-

Figure 3. Current Booster
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SPECIFICATIONS

HOS-100SH HOS-100AH
PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX | UNITS
DC ELECTRICAL CHARACTERISTICS'/?
Input Bias Current Tc =25°C 5 20 5 25 HA
25 MA
Input Impedance Vin = 1V rms, f = 1kHz 100 200 100 200 k2
R = 1k, T¢ = 25°C
Voltage Gain Vin = 1V rms, f = 1kHz 0.95 0.97 1.0 0.94 0.96 1.0 ViV
Ry = 1k, T¢ = 25°C
Output Offset Voltage Rg = 508, Tc = 25°C 5 10 10 25 mV
25 35 mV
Outpur Offset Voltage T¢ Rg =500 25 75 25 75 uvrc
Output Impedance Vi = 1V rms, f = 1kHz 8 12 . 8 12 Q
Rg = 50082, Ry = 1k
Output Voltage Swing Rg = 5082, Ry = 1k +12 *13 +17 *13 v
Vg =15V, Ry = 1k 6 6 v
Supply Current Vin = 0V, T¢ = 25°C
Vg = %15 13 16 15 20 mA
Vs =145 10 10 mA
Power Consumption Vi =0V, Vg =15V 390 480 450 600 mW
Tc =25°C
AC ELECTRICAL CHARACTERISTICS?
Slew Rate Vi = 210V 1000 1500 1000 1400 Vius
Bandwidth Vg = 1V rms 100 125 100 125 MHz
Rise Time AV = 0.5V 2 5 2 5 ns
Propagation Delay AViy = 0.5V 1.5 1.5 ns
Phase Nonlinearity BW = 1 to 20MHz 2 2 Degrees
Harmonic Distortion <0.1 <0.1 %
MFBF 1.509X107 hours
NOTES
! Unless otherwise noted, these specifications apply for +15V applied to Pin 12, and -15V applied to Pin 10,
2 Unless otherwise noted, specifications apply over a temperature range, -55°C < T(; < +125°C for the HOS-1005H, and
-25°C < T < +85°C for the HOS-100AH. Typical values shown are for T = +25°C.
?These specifications all measured with the following conditions: T¢ = +25°C, Vg = +15V, Rg = 5022, R = 1k.
Specifications subject to change without notice.
ABSOLUTE MAXIMUM RATINGS
Supply Voltage (V4 =V=). . . ... iivi ... 40v  ORDERING INFORMATION
Maximum Power DiSSipation . . . . . . . ... ....u.s.. 1.5W Packege.
Input Voltage. .. ............. Equal to Supply Volt Model Temperature Range Opuons
Maximum Continuous Qutput Current . ......... +100mA g 50 o ?
Maximum Peak OQutput Current. . .. ........... +250mA :g:_ig?}g: _::og Ez :;}g S%C :_}i:
. -] o
Operating Temperature Range (Case) . . ... =55 Cto+125 C
Storage Temperature . . .............. -65°Cto +1 50:C *See Section 16 for package outline information,
Lead Temperature (Soldering, 10sec) . . . ........ +300 C
Maximum Junction Temperature . . . . ... ....... +175°C
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ANALOG
DEVICES |

Wide Bandwidth,
High-Speed Buffer Amplifier

HOS-200

FEATURES

Wide Bandwidth/Good Drive
Fast Rise Time

Low Power

+5V Supplies

APPLICATIONS

Current Boosters

High-Speed A/D Input Buffers
Instrumentation Amplifiers
Coaxial Cable Drivers
High-Speed Line Drivers

GENERAL DESCRIPTION

The HOS-200AH and HOS-200SH Buffer Amplifiers are high-
speed, voltage follower/buffers designed to provide up to 100mA
of continuous current at frequencies from dc to 200MHz. AC
performance is enchanced with slew rates exceeding 1500V/ps.
Both units exhibit excellent phase linearity and low distortion,
making them ideal for raster graphic and other video-speed
applications.

These devices are designed to fit into a broad range of buffer
applications, such as video impedance transformation; high-
impedance input buffers for A/D converters and comparators;
and high-speed line drivers for nuclear instrumentation amplifiers.
The HOS-200 will drive 500} and 75(} cables, and can serve as a
yoke driver in high-resolution CRT displays.

The versatility of the HOS-200 makes it particularly well suited
for use with the Analog Devices series of raster graphic video
DACs, such as the monolithic AD9700 and the hybrid HDG
Series. The HOS-200 follower/buffer can also economically
enhance the output drive of monolithic op amps.

MIL-STD-1772 approval has been granted to the Analog Devices
manufacturing facility that produces the parts, which are also
available with MIL processing. The HOS-200AH operates from
—25°C to +85°C; the HOS-200SH is specified for —55°C to
+125°C.
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HOS-200 FUNCTIONAL BLOCK DIAGRAM

INPUT (5 'ID OUTPUT
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HOS-200 Phase and Gain Response
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SPECIFICATIONS (typical @ ~+ 25°C with =V = = 5V unless otherwise specified)
Model HOS-200AH HOS-2005H
ABSOLUTE MAXIMUM RATINGS
Peak Voltage Between Supply Terminals (Vs + toVg—) 3ov *
Continuous Voltage Between Supply Terminals (Vs + toVs—) 16V af
Power Dissipation See Derating Graph x
Input Voltage =Vs L
Continuous Output Current +100mA ®:
Peak Ourput Current +250mA *
Operating Temperature Range (Case) —25°C1o +85°C —55°Cto +125°C
Junction Temperature +150°C *
Storage Temperature Range —65°Cto +150°C *
Lead Temperature (soldering, 10sec) +300°C *
P Conditions Min Typ Max —=55°C +25°C +125°C | Units
Input Bias Current Vin=0V; Rg= 10k{l 8 25 30(max) 20(max) 20(max) |pA
Input Impedance V=1V rms; f=1kHz;
Ryp=1k 100 200 100{min) k2
Voltage Gain Vin=1V;Re=1k 0.975  0.985 0.975(min) 0.975 (min) 0.975 (min)| V/V
Vin=1V; R = 1000} 0.900 0.915 0.900 (min) Vv
Offset Voltage Rs= 15002 12 25 18 (max) 15 (max) 15(max) |mV
Offset Voltage T¢' Rg =500 25 25(typ)  S(yp)  S@yp)  |wVrC
Qurput Impedance Vin=1Vrms;f=1kHz 8 12 12 (max) 0
Rs=5000};R; = 1k0}
Output Voltage Swing Rs=5000; R, = 1k 4.0 4.25 3.75(min) 4.0(min) 4.0(min) |V
Output Current (Continuous) Vour=0 100 100 {min) mA
Supply Current Vin=0V;Vg= =5V 12 16 16(max) 16(max) 20(max) |mA
Power Consumption Vin=0V;Vg= =5V 120 160 160 (max) 160 (max) 200(max) |mW
Power Supply Rejection
Ratio (PSRR) AVs= 2.5V 40 45 40 (min) dB
AC ELECTRICAL CHARACTERISTICS?
Parameter Conditions Min Typ Max —55°C +25°C +125°C | Units
Slew Rate Vin=+2.5V 1000 1500 1000 (min) Vips
Bandwidth (- 3dB) V=1V rms 200 200 MHz
Rise Time AVin=0.5V 1.5 1.5 ns
Propagation Delay AVpe=0.5V 1.5 1.5 ns
Phase Nonlinearity BW =11t020MHz 2 2 degree
Harmonic Distortion <0.1 <0.1 %
THERMAL RESISTANCE?
Junction to Air, 8 (Free Air) 90 90 “Crw
Junction to Case, fjc 40 40 “CW
MTBF* >1.1x107 hours
PACKAGE OPTION?®
TO-8(H-12A)
MNOTES

!Input offset voltage T 1s typically less than SuV/*C from + 25°C to high temperature extreme.

"These specificanions measured under following
R, Lol

s + 150°C,

junctron

conditions: T = 4 25°C; + Vg = + 5V, Rg =01, Ry

*MTBF calculated using M1 Handbook 217, Ground; Fixed; Temperature (case) = 35°C.
*See Section 16 for package outline information.
Specificauons subject to change without notice.
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ENHANCING HOS-200 PERFORMANCE

The HOS-200 is an excellent building block in high slew rate,
pulse-oriented systems. Output loading in these types of systems
is often highly capacitive because of coaxial cables and twisted
pair lines; but the powerful drive capability of the HOS-200
makes it a good choice for inclusion in the system.

Its effectiveness can be extended further through the use of a
small series resistance (5{1-300() in the output of the unit. This
has two effects: it shields the HOS-200 from the load capacitance,
which might otherwise be outside the design limits of the amplifier;
and also tailors the pulse response. The output response can
also be enhanced with a small (100pF-300pF) capacitor connected
between the input and output. )

LAYOUT CONSIDERATIONS

Like any high-speed device, the HOS-200 amplifier will benefit
from the use of good high-frequency design practices. The
undesirable effects of stray capacitance and high frequency
coupling can be minimized with close attention to circuit layout.

A low-impedance ground plane under the HOS-200 can reduce
the effects of distributed capacitance; and provide a greater
degree of shielding for the device. Lead lengths in and out of
the HOS-200 should be kept as short as practicable to minimize
impedances and limit the effects of signal reflections.

Direct soldering of the unit into the circuit is recommended to
avoid the inter-lead capacitance of sockets and the reduction in
performance which can result. If socket mount must be used,
individual pin sockets are preferable to device sockets.

The HOS-200 contains internal power supply decoupling
capacitors, but further improvement in performance can often
be achieved with external decoupling capacitors connected as
closely as possible to the power supply pins of the amplifier.
Typically, a combination of a 0.1.F ceramic disk capacitor and
a 100pF tantalum capacitor is connected to each supply pin.

Each power supply voltage has been provided with two pins on
the HOS-200; + 5V is connected to pins 1 and 12, and —5V is
connected to pins 9 and 10. Each pair of pins is connected
internally, but should also be connected externally to its mate
and the appropriate power supply. Pins 2 and 8 are ground pins
which are connected internally, but should also be connected
together externally before the connection 1o the low-impedance
ground recommended above.

HEAT SINKING

An efficient heat sink is required for the HOS-200SH if the user
expects to obtain maximum output drive at temperatures up to
+125°C. One possibility is the Thermalloy-2204A, but other
appropriate devices are also available.

The case of the HOS-200 is electrically isolated from the circuit
containing the amplifier. This means the case can be connected
to system ground(s) for additional heat dissipation, and shielding.
Pins 3, 4, 6, and 7 are designated as “no connection” and can
also be connected to the low-impedance ground to help dissipate
heat.

SUGGESTED APPLICATIONS

Figures | and 2 are possible application ideas using the HOS-200
amplifier. The circuits which are shown are not intended as the
only possible applications for this device; they are simply intended
to illustrate some possibilities offered by the unit.

c1
W
A= -2 Ell
1 v+
R R4
25¢1-3004} 50-100
AN © Vour

C1 AND R4 SELECTED
FOR OPTIMAL

R3 PROVIDES
ISOLATION BETWEEN
AMPLIFIER AND BUFFER.

Figure 1. Increased Output Current Drive

OUTPUT LOADING POSSIBILITIES

9311

750

5041

Figure 2. Impedance Transformations for 5002, 7502, and
9311 Cables
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PERFORMANCE GRAPHS

Figures 3 through 9 depict typical performance of the HOS-200
amplifier for a number of characteristics. As in the parameters

shown in the SPECIFICATIONS section of the data sheet, the
data shown in the graphs are typical performance at +25°C,

unless noted otherwise.
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Figure 3. Input Bias Current vs. Figure 4. Gain vs. Temperature Figure 5. Output Voltage vs.
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Figure 6. Supply Current vs. Figure 7. Output Impedance vs. Figure 8. Small-Signal Settling
Supply Voltage Frequency {+250mV Square Wave Input)
. - ORDERING INFORMATION
15 The model HOS-200AH operates over an industrial temperature
range of —25°C to +85°C. The model HOS-200SH is designed
i for a military temperature range of —55°C to +125°C. The
@ Computer Labs Division of Analog Devices, which produces the
g P HOS-200 has been certified as meeting the standards established
by MIL-STD-1772. Contact the division for details regarding
parts with MIL processing.
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Figure 9. Large-Signal Settling
(=2.5V Square Wave Input)
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Comparators
Contents

Selection Guide . . . . . . ... ... .....
Orientation . . . . .. .. .. ... ...
AD790 - Fast Single Supply Comparator . . . .
AD9685/9687 — High Speed Comparators . . . .
AD9686 — High Speed TTL Voltage Comparator
AD96685/96687 — Ultrafast Comparators . . . .
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Selection Guide

Comparators

3-2 COMPARTORS

Prop Delay Interface
Model ns Latch Logic  Page Notes
AD790 35 X TTL 3-5
AD9685 2.2 X ECL 3-9
AD%686 7 X TTL 3-13
AD9687 2.7 X ECL 3-9 Dual
AD96685 2.5 X ECL 3-17
ADS6687 2.5 X ECL. 3-17 Dual
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Orientation
Comparators

A voltage comparator compares two voltages and provides an
output that is a function of their difference. For the products in
this section, the output of an ideal comparator has two stable
states representing the sign of the difference. Thus, the output
will be a logic “1” if the voltage at the input labelled *“+ is
greater than the voltage at the input labelled “—,” and logic
“0” for the opposite case.

A comparator is used wherever some action depends on whether
a voltage is — or becomes — greater or less than another voltage —
usually a reference. Since it is in effect a 1-bit A/D converter,
the comparator is the basic element of virtually all A/D converters,
as well as a sign-magnitude adjunct. Because the voltage that is
compared with a reference can be the linearly varying output of
an integrator with constant input, a comparator can be used in
analog-based event timing. The comparator is also an element of
pulse-width modulators, peak detectors, delay generators, switch
drivers, etc.

A comparator is essentially a fast, high-gain amplifier whose
output is always at an upper or lower limit, except when switching.
The simplest comparator would be an open-loop-connected,
uncompensated, high-gain, high-slew-rate op amp with excellent
offset & drift characteristics, fast recovery from overdrive and
an overdrive-protected input.

In addition, practical comparators have a small amount of hysteresis
(internal or external) to help keep noise from causing the output
to bounce around, and most have a latch, which makes it possible
to freeze the output at the state it has at a given instant of time,
in response to a logic signal, Since the comparator is producing
a digital decision, its outputs are generally compatible with
either TTL or ECL.

Aside from its op-amp related specifications, such as bias current,
offset & drift and the various logic-related timing and interface
specs, the key comparator spec is propagation delay: the time
required for the output to reach the 50% point of a transition,
after the net input has crossed the offset voltage — when driven
by a square wave to a prescribed value of input overdrive, usually
SmV or 10mV.

The Selection Guide classifies Analog Devices comparators by
propagation delay, presence or absence of a latch and interface
logic compatibility. It also indicates the presence of dual com-
parators, each comprising two independent comparators on a
single monolithic chip. Since pairs of comparators jointly have
four possible states, they may be used for high-accuracy 2-bit
ADCs and for window measurements, as well as for simple two-
in-one space-saving.

COMPARATORS 3-3
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ANALOG
DEVICES

Fast Single Supply
Comparator

AD790

FEATURES

35ns max Response Time

Single +5V Supply Operation
CMOS or TTL Logic Capability
250V max Input Offset Voltage
1mV Input Voltage Resolution
15V max Differential Input Voltage
Latching Function Capability
Glitch Free Output Stage

60mW Power Dissipation

APPLICATIONS

Oversampling A/D Converters

Single Supply Line Receiver

MOS Switch Drivers

Pulse Width Modulator

Peak Detector

Single Supply Ground Crossing Detector

Time Delay Generator

Available in Plastic, Mini-DIP, Hermetic
Cerdip Packages

PRODUCT DESCRIPTION
The AD790 is a fast (35ns) pi
a number of features that make it cepno
easy to use. The AD790 may opera‘fe fromt
or a dual =15V supply. In the single supply
inputs may be referenced to “ground,” a feature not found i in.
most other comparators. In the dual supply mode it has the
unique advantage of handling a maximum differential voltage of
15V across its input terminals, easing interfacing of the input to
large amplitude and dyanamic signals,

g.

This device is fabricated using Analog Devices’ complementary
bipolar (CB) process — offering benefits such as fast response
tme (35ns), low input offset voltage (250nV) and high input
voltage resolution (1mV). To preserve its speed, the AD790
incorporates a “low glitch” output stage which does not exhibit
large current spikes normally found in TTL or CMOS output
stages. Its controlled switching reduces power supply disturbances
which would tend to feed back to the input causing undesired
oscillations or hysteresis. The AD790 has a latching function
which makes it ideal for applications requiring synchronous
detection — wherein the latch is activated by forcing the latch
pin low with either a CMOS or TTL gate.

AD790 FUNCTIONAL BLOCK DIAGRAM
8-Pin Plastic Mini-DIP

and Cerdip
+Vs| 1 8 | Vioaic
+INPUT| 2 7 | outPuT
-INPUT| 3 6 | GND
~Nsl a4 5 | TATCH
iy, e AD790

-precision, low-power and glitch-free oper-

s brought together in the AD790, make it the

oice for 12-bit high-speed applications.

is available in five performance grades. The AD790]
K are rated over the commercial temperature

%+ 70°C. The AD790A and AD790B are rated over
rial temperature range of —40°C to +85°C. The

S is rated over the military temperature range of —55°C

:d‘ +125°C and is available processed to MIL-STD-883B,

Rev. C.

Extened reliability PLLUS screening is available, specified over
the commercial and industrial temperature range. PLUS screening
includes a 168 hour burn-in, as well as other environmental and
physical tests.

r\:r

PRODUCT HIGHLIGHTS
1. The AD790 is a fast, high precision, easy to use voltage
comparator,

. True single supply operation plus dual supply capability
allow usage in many design environments.

3. CMOS or TTL compatible output stage.
. 60mW power dissipation is the lowest in its class,
5. Glitch-free output stage minimizes oscillation and hysteresis,

COMPARATORS 3-5
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SPECIFICATIONS (@ + 25 snv, = 1518, s s e

ADT90J/A/S ADT90K/B
Model Conditions Min Typ Max Min Typ Max Units
RESPONSETIME
Propagation Delay S5mV Overdrive 30 35 30 35 ns
Latch Response Time 15 20 15 20 ns
Latch Setup Time 10 15 10 15 ns
QUTPUT CHARACTERISTICS
Output HIGH Voltage 100j.A Sink 4.7 4.8 4.7 48 v
Toun—=Tmax 4.6/4.6/4.6 4.8 4.6 4.8 v
Output Low Volage 8mA Sink 0.44 0.5 0.44 0.5 v
Toun = Tinax 0.44 0.5/0.5/0.5 0.44 0.5 v
INPUT CHARACTERTISTICS
Input Offset Voltage' 200 1000 50 500 uv
f Py 1.5 0.75 mV
Hysteresis™? T o 300 400 600 300 400 500 Y
Voltage Resolution Tonn— Tonax 0.8 1.2 0.8 1.0 mV
Input Bias Current Either Input 2 5 1.3 3 A
Tonn=Tenax 6/6/8 4 A
Input Offset Current 0.05 .25 0.01 0.15 nA
TimsTon Qhéﬁfﬂjm.-i 0.2 pA
PSRR 80 T 88 100 dB
Tin— Tz 76/76/76 85 96 dB
INPUT VOLTAGE RANGE % =
Differential Input Voltage +Vs<==15V : +Vs v
Common-Mode Input ~Vs +Vs-2| V
CMRR 920 100 dB
Tmm 88 dB
LATCH CHARACTERISTICS? oatn *
LOW Input Level o ¥ Ty S % 0.8 v
HIGH Input Level 4 ST, Q? i 1.6 v
Latch Input Current G| L %p* ' 2 5 rA
il o 6 |
SUPPLY CHARACTERISTICS ¥
Differential Supply Voltage ** Viogic=5V 4.5 36 \Y
Logic Supply Toman 10 Trnax 4 6 v
Quiescent Current
+Vs +Vsg=+15V 8 10 mA
-Vs ~Vg=—15V 4 5 " mA
Vioare Viogic= +5V 2 3 mA
Power Dissipation + 15V Operation 240 mW
NOTES
' Defined as the average of the low to high and high tolow transition input voltages.
G d over full remp range although not 100% tested at temperature for J/A grades. 100% tested on all other grades.

*Defined as half the magnitude between low to high and high tolow transition input voltages.
*+ Vs must be no less than 0.5V below V| ogc inany supply operating conditions.
Specifications subject to change without notice.
Specifications shown in boldface are tested on all production units at final test. All min and max specifi
although only those shown in boldface are tested.
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SPECIFICATIONS{@+25"BMISM}& + 5V Supply, unless otherwise nated)’

ADT0J/A/S AD7T90K/B
Model Conditions Min Typ Max Min Typ Max Units
RESPONSE TIME
Propagation Delay SmV Overdrive 35 40 35 40 ns
Latch Response Time 20 25 20 25 ns
Latch Setup Time 15 20 15 20 ns
OUTPUT CHARACTERISTICS
Output HIGH Voltage 100pA Sink 4.7 4.8 4.7 4.8 v
Tun—Tmax 4.6/4.6/4.6 4.8 4.6 4.8 \'
Output LOW Voltage 8mA Sink 0.44 0.5 0.44 0.5 v
Tonin= Triaz 0.44 0.5/0.5/0.5 0.44 0.5 v
INPUT CHARACTERTISTICS
Input Offset Voltage? 50 250 nv
Trn—Timax 0.75 mV
Hysteresis>* T T 300 450 600 v
Voltage Resolution Teron—Trmax 0.9 1.2 mV
Input Bias Current Either Input 1.3 3 A
o 4 pA
Input Offset Current 0.01 0.15 pA
; Iy O 0.2 pA
PSRR 4.5<Vg<5.5 86 100 dB
Tmln _Tmu,-f'-' 82 9% dB
INPUT VOLTAGE RANGE* 4
Differential Input Voltage +Vs v
Common-Mode Input 0 +Vs—-2| V
LATCHCHARACTERISTICS*
LOW Input Level 0.8 v
HIGH Input Level L6 v
Latch Input Current 2 5 A
6 pA
SUPPLY CHARACTERISTICS
Single Supply Range 3.5 7 3.5 7 v
Quiescent Current +Vs=+5V 12 12 mA
Power Dissipation +Vs= + 5V Operation 60 60 mW
5
FicEyemonror - JR—
Cerdip (Q-8) AD790AQ, AD7905Q AD790BQ
NOTES

'Pin I tied toPin8 = + 5V, and Pin4 tied to Pin 6= 0V
?Defined as the average of the low to high and high to low transition input voltages.
*Defined as half the magnitude between low to high and high to low transition input voltages.

*Guaranteed over full temperature range although not 100% tested at temperature for J/A grades. 100% tested on all other grades.

“See Section 16 for package outline information.
Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final test. All min and max specifications are guaranteed
although only those shown in boldface are tested.
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ABSOLUTE MAXIMUM RATINGS!

Supply Voltage . . . . .. ... ... + 18V
Internal Power Dissipation . . . . . ... ... ... 500mW
Differential Input Voltage? . . .. ........... +15V
Output Current . . . . . . v v v v v v v v v o v v e 20mA
Storage Temperature Range N, Q . .. .. —65°C 1o +125°C
Operating Temperature Range

AD79OJK . . . i e e 0to +70°C

ADT90AB . . . . oo i e e —40°C 1o +85°C

AD7908:: oo oaw i wwte b s —55°C 10 +125°C
Lead Temperature Range (Soldering 60sec) . . . . . . +300°C
NOTES

!Stresses above those listed under “Absolute Maximum Ratings” may
cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any conditions
above those indicated in the operational sections specification

is not implied. Exposure to absolute maxim nditions for
extended periods may affect device reliabilityy, [
?For supply voltages less than =15V, e Maximum input
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ANALOG
DEVICES

High-Speed Comparators

AD9685/AD3687

FEATURES

2.7ns Propagation Delay
0.5ns Latch Setup Time

90dB CMRR

+5V, —5.2V Supply Voltages

APPLICATIONS
High-Speed Triggers
High-Speed Line Receivers
Peak Detectors

Threshold Detectors

GENERAL DESCRIPTION
The AD9685 and the AD9687 are high-speed voltage comparators.
The AD9685 and the AD9687 are manufactured in a high per-
formance bipolar process which allows improved speed and dc

accuracy. The AD968S is a single comparator with a 2.7ns
propagation delay, and the AD9687 is a dual comparator of

equal performance.

Both devices employ a high precision differential input stage
with a common-mode range of +2.5V. The AD9685 and the

AD9687 provide complementary digital outputs which are fully

ECL compatible. The output stage is capable of driving 50()
terminated transmission lines given the 30mA output drive
capacity. In addition to this, a latch enable input is provided,

allowing operation in either a sample-hold mode or a track-hold
mode.

The AD9685 and the AD9687 are both available as an industrial
grade device, —25°C to +85°C, and as an extended temperature
range device, —55°C to +125°C. The AD968S5 is available in a

10-pin TO-100 metal can, or a 16-pin ceramic package. The
ADD9687 is available in a 16-pin ceramic package.

AD9%685/AD9687 FUNCTIONAL BLOCK DIAGRAMS
e ”

e

U

LATCHENABLE Wy

A

THE OUTPUTS ARE OPEN EMITTERS, REQUIRING EXTERNAL
PULL-DOWN RESISTORS THESE RESISTORS MAY BE IN THE
RANGE OF S001- 2000 CONNECTED TO - 2 0V, OF 20041~ 200001
CONNECTEDTO - 52V

AD9685

ORDERING INFORMATION

Temperature Package

Device Type | Range Description Options*
AD9685BD | Single | —25°Cto +85°C 16-Pin DIP, Industrial D-16
AD9685BH | Single | —25°Cto +85°C 10-Pin Can, Industrial H-10A
AD9685TD | Single | —55°Cto +125°C 16-Pin DIP, Extended Temperature D-16
AD9685TH | Single | —55°Cto +125°C 10-Pin Can, Extended Temperature H-10A
AD9687BD | Dual —25°Cto +85°C 16-Pin DIP, Industrial D-16
AD9687TD | Dual —-55°C1o + 125°C 16-Pin DIP, Extended Temperature D-16

*See Section 16 for package outline mformation,

COMPARATORS 3-9
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS!

Positive Supply Voltage (+Vs) . . . .. . v oo v v v +6V

" Negative Supply Voltage (—Vs) . . . . . ... ... ... -6V
Input Voltage . . . ... ................. =5V
Differential Input Voltage . . . . . . .. ... ...... 5.5V
Latch Enable Voltage . . . ... ......... —Vs to 0V
OUtput CUTTEDE © ¢ « 4 v v v o v 6 v bn sin oo v ss s 30mA
Power Dissipation AD9685 . . . .. ......... 500mW
ADWET: o wave e we w06 600mW

Operating Temperature Range’

AD9685/87/BD/BH . ... ........ —25°C o +85°C
AD9685/87/TD/TH . . . . ... ..... —55°C to +125°C
Storage Temperature Range . . . . .. ... —55°C to +150°C
Junction Temperature . . . .ow o0 v sad e s +175°C
Lead Soldering Temperature (10sec) . .. ... ... +300°C

ELECTRICAL CHARACTERISTICS (positve supply vottage = -+ 5.0v; Negative Supply oltage = — 5.2V, uness otherwisa statd)

Industrial Temp. Range —25°C to +85°C Military Temp. Range —55°C to +125°C
AD9685BDVBH AD9%87BD AD%SSTD/'TH AD9%%STTD
Parameter Temp |Min Typ Max |Min Typ Max |[Min Typ Max | Min Typ Max | Units
INPUT CHARACTERISTICS
Input Offset Voltage® +25°C] 1 5 1 5 1 5 1 5 mV
Full 7 7 7 7 mV
Input Offset Drift Full 20 20 20 20 wV/iC
Input Bias Current +25°C 3 15 3 15 3 15 3 15 pA
Full 20 20 20 20 nA
Input Offset Current +25°C 0.5 3 0.5 3 0.5 3 0.5 3 rA
Full 5 5 5 5 pA
Input Resistance +25°C 200 200 200 200 kO
Input Capacitance +25°C 3 3 3 3 pF
Input Voltage Range Full -2.5 +2.5 | -25 +25)] -25 +2.5| -2.5 +25|V
Common-Mode Rejection Ratio | Full |75 90 75 90 80 90 80 90 dB
ENABLEINPUT
Logic*1"” Voltage Full |-1.1 -1.1 < 5F -1.1 v
Logic “0" Voltage Full -1.5 ~ 1.5 =1.5 -151|V
Logic“1" Current Full 60 60 60 60 pA
Logic 0" Current Full 5 5 5 5 pA
DIGITAL OUTPUTS*
Logic“1” Voltage Full -1.1 -1.1 -1.1 -1.1 v
Logic “0"” Voltage Full -1.5 —1.5 =1.5 —-15 |V
SWITCHING PERFORMANCE*
Propagation Delays®
Input to Output HIGH +25°C 2.7 3.0 2.7 4.0 2.7 3.0 2.7 4.0 ns
Input to Qutput LOW +25°C 2.7 3.0 2.7 4.0 2.7 3.0 2.7 4.0 ns
Latch Enable to Qutput HIGH +25°C 2.7 3.0 2.7 4.0 2.7 3.0 2.7 4.0 ns
Latch Enable to Qutput LOW +25°C 2.7 3.0 2.7 4.0 2.7 3.0 2.7 4.0 ns
Latch Enable
Minimum Pulse Width +25°C 2.0 3.0 2.0 3.0 2.0 3.0 2.0 3.0 ns
Minimum Setup Time +25°C 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 ns
Minimum Hold Time +25°C 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 ns_
POWER SUPPLY®
Positive Supply Current ( +5.0V) | Full 16 23 31 42 16 23 31 42 mA
Negative Supply Current (- 5.2V) | Full 30 34 67 75 30 34 67 75 mA
Power Supply Rejection Ratio” Full 60 60 60 60 dB
NOTES
TAbsolute maximunr ratings are limiting values, o be applied individually, *Rg =100,

and beyond which serviceability of the circuit may be impaired. Functional
operation under any of these conditions is not necessarily implied. E:

*Outputs terminated through 500} to — 2.0V,
P ion delays 1 with 100mV pulse; SmV overdrive,

to absolute maximum rating conditions for extended periods may affe;l
device reliability.

*Typical thermal impedances . . .

AD9685 Metal Can 8,0 = 172°C/W; 8,.= 52°C/W
AD9685 Ceramic 6, = L15°C/W; 6, = ST°C/W
AD9687 Ceramic 6, = 102°C/W; 8, = 45°C/W

3-10 COMPARATORS

“Sup:p]; voltages should remain stable within + 5% for normal operation.
"Measured at +5% of + Vs and — V.

Specifications subject to change without notice.
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~ FUNCTIONAL DESCRIPTION

PIN NAME DESCRIPTION

+Vs — Positive supply terminal, nominally +5.0V.

NONINVERTING INPUT — Noninverting analog input of the differential input stage. The NONINVERTING INPUT
must be driven in conjunction with the INVERTING INPUT.

INVERTING INPUT — Inverting analog input of the differential input stage. The INVERTING INPUT must be
driven in conjunction with the NONINVERTING INPUT.

LATCH ENABLE — In the “compare” mode (logic HIGH), the output will track changes at the input of the
comparator, In the “latch"_ mode (logi_c LOW), the output will reflect the input state just
prior to the comparator being placed in the “latch” mode. LATCH ENABLE must be

driven in conjunction with LATCH ENABLE for the AD9687.

LATCH ENABLE — In the “compare” mode (logic LOW), the output will track changes at the input of the
comparator. In the “latch” mode (logic HIGH), the output will reflect the input state just
prior to the comparator being placed in the “latch” mode. LATCH ENABLE must be
drive in conjunction with LATCH ENABLE for the AD9687.

-Vs — Negative supply terminal, nominally —5.2V.

Q — One of two complementary outputs, Q will be at logic HIGH, if the analog voltage at the
NONINVERTING INPUT is greater than the analog voltage at the INVERTING INPUT
(provided the comparator is in the “compare” mode). See LATCH ENABLE and
LATCH ENABLE (AD9687 only) for additional information.

— One of two complementary outputs. Q will be at logic LOW, if the analog voltage at the
NONINVERTING INPUT is greater than the analog voltage at the INVERTING INPUT
(provided the comparator is in the “compare” mode). See LATCH ENABLE and
LATCH ENABLE (AD9%687 only) for additional information.

GROUND 1 — One of two grounds, but primarily associated with the digital ground. Both grounds should

be connected together near the comparator.

GROUND 2 — One of two grounds, but primarily associated with the analog ground. Both grounds should
be connected rogether near the comparator.

(=]}

Pin Configuration

S S

GROUND ‘E Emm: 7 T_.I‘
*"E [s]me dourrut[2 [1s]GouTeur
= -t R [a]ne arouno[3 | [14]arouno
INVERTING ] 3 |ne atcHenaste [ & EIIAI’I:HEHAD‘LE
we[E] ] aoutrur CaTeHERARCE 3 \ / [72] R erERasLE
L =E 11| aouTPUT v-[3] 2 13 [T1]v+
W] 3] e e alhet™
5CONNECTED TOCASE O TOF viEw 1% w1 TOP VIEW =t
AD96858D AD96878D
SYSTEM TIMING DIAGRAM
ts — Minimum Setup Time
ty — Minimum Hold Time
tpp — Input-to-Output Delay
INPUT e\ § tep (E) — LATCH ENABLE to Output Delay
VOLTAGE == N o Voo tpw(E)  — Minimum LATCH ENABLE Pulsc Width
! Vos — Input Offset Voltage
Vob — Overdrive Voltage

COMPARATORS 3-11
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DIE LAYOUT AND MECHANICAL INFORMATION

U\{ GROUND 1 GROUND 2

@ ouTPUT

NONINVERTING
INPUT

INVERTING _~#
INPUT

b

LATCH V-

ENABLE A D 9685

LATCH LATCH
ENABLE EMNABLE

NONINY INPUT- Q OUTPUT

a ouTPUT

GROUND

H LATCH

%ﬁAELE ENABLE

AD9687

Die Dimensions  AD9685 54 % 50 % 15 (+2) mils
AD9687 84 X 62 X 15 (+2) mils

Pad Dimensions 4 % 4mils
Metalization 10,000A, Aluminum
Backing None
Substrate Potential -Vs
Passivation 10,0004, Nitride
Die Attach Gold Eutectic
Bond Wire 1.25 mil, Aluminum, Ultrasonic Bonding
or 1 mil, Gold, Gold Ball Bonding

3-12 COMPARATORS
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ANALOG
DEVICES

High-Speed

TTL Voltage Comparator

AD9686

FEATURES

7ns Propagation Delay
Complementary TTL Outputs
85dB CMRR

+5V, —6V Supply Voitages

APPLICATIONS
High-Speed Triggers
High-Speed Line Receivers

NONINVERTING INPUT O———A

INVERTING INPUT O

+5 0V

AD9%686 FUNCTIONAL BLOCK DIAGRAM

Q ouTPUT

Peak Detectors

Threshold Detectors
LATCH ENABLE

GENERAL DESCRIFTION

The AD9686 is a high-speed voltage comparator with com-
plementary TTL outputs. The AD9686 is manufactured in a
high-performance bipolar process which provides an excellent
match between high-speed ac switching and dc accuracy. The
AD9686 operates with a propagation delay of only 7ns.

The AD9686 incorporates a Latch Enable control line providing
operation in either a sample-hold mode or a track-hold mode.
The Latch Enable setup times are less than 2ns which allows
very high-speed voltage sampling.

The precision differential input stage has less than 2mV of
offset voltage and requires an input bias current of only 4pA.
This combined with the 85dB common-mode rejection ratio,
makes the AD9686 especially well suited for high-speed analog
signal processing.

The AD9686 is offered as both an industrial temperature range
device, —25°C to + 85°C, and as an extended temperature range
device, —55°C to + 125°C. Both versions are available packaged
in a TO-100 metal can and in a ceramic DIP. The extended
temperature range device is also available in a ceramic LCC

package.

ORDERING INFORMATION

-60V

O QOouUTPUT

Package
Device Temperature Range | Description Options*
AD9686BH | —25°Cto +85°C 10-Pin Can, Industrial H-10A
AD9686BQ —25°Cto +85°C 16-Pin DIP, Industrial Q-16
AD9686TE | —55°Cto +125°C 20-Pin LCC, Extended Temperature E-20A
AD986TH | —55°Cto +125°C 10-Pin Can, Extended Temperature H-10A
AD9686TQ =55°Cto +125°C 16-Pin DIP, Extended Temperature Q-16

*See Section 16 for package outline information.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS'

Positive Supply Voltage (+Vg) . . . ... ..... ... +7V Power Dissipation . . . . ven o wos s s s 600mW
Negative Supply Voltage (=Vs) . . . v v v v v v v v v o -7V Operating Temperature Range®
Input Voltage Range® . . . . ... .. ... ....... +5V AD9S86BH/BQ . . .. ... ....... —25°C to +85°C
Differential Input Voltage . . . . ... .. ... ..... 6.0V AD9S6TETH/TQ . . . . ... ..... -55°C o +125°C
Latch Enable Voltage . . . . ... ........ 0V 1o +Vs Storage Temperature Range . . . . . . ... —65°C 1o +150°C
Output Current SOURCIRG: v s wowsiess s mumps 4mA Junction Temperature . . . . . . . 2 v 00w w0 +175°C
Sinking. oo o s wsows 14mA Lead Soldering Temperature (10sec) . ... .. ... +300°C
ELECTRICAL CHARACTERISTICS (supply vottages = — 6.0v and -+ 5.0V, uness otherwise stated)
Industrial Military
mi? —25°Cto +85°C —55°Cto +125°C
Sub AD9%686BH/BQ AD96S6TETH/TQ
Parameter Group | Temp | Min Typ Max Min Typ Max Units
INPUT CHARACTERISTICS
Input Offset Voltage® 1 +25°C 1.0 2.0 1.0 2.0 mV
2,3 Full 3.0 3.0 mV
Input Offser Drift Full 10 10 pvrC
Input Bias Current 1 +25°C 10 4 10 nA
2,3 Full 13 13 nA
Input Offset Current 1 +25°C 0.4 1.0 0.4 1.0 rA
2,3 Full 1.3 1.3 pA
Input Resistance +25°C 100 100 k0
Input Capacitance +25°C pF
Input Voltage Range 1,2,3 Full -33 +4.5 | =33 +45 |V
Common-Mode Rejection Ratio Full 85 85 dB
ENABLEINPUT
Logic*“1” Voltage 1,2,3 | Full 2.0 2.0 v
Logic “0” Voltage 1,2,3 | Full 0.8 0.8 v
Logic“1” Current 1,2,3 | Full 100 100 | pA
Logic “0” Current 1,2,3 Full 100 100 rA
DIGITAL OUTPUTS
Logic “1” Voltage (Source ImA) 1,2,3 | Full 2.4 35 2.4 3.5 v
Logic “0” Voltage (Sink 10mA) 1,2,3 Full 0.3 0.4 0.3 0.4 v
SWITCHINGPERFORMANCE
Propagation Delays
Input to Qutput HIGH +25°C 7 7 ns
Input to Qutput LOW +25°C 7 7 ns
Latch Enable to Qutput HIGH +25°C 7 7 ns
Latch Enable to OQutput LOW +25°C 7 7 ns
Delta Delay Between Outputs +25°C 2 2 ns
Latch Enable
Minimum Pulse Width 12 +25°C 2 3 2 3 ns
Minimum Setup Time 12 +25°C 1 2 1 2 ns
Minimum Hold Time 12 +25°C 1 2 1 2 ns
POWER SUPPLY®
Positive Supply Current (+5.0V) 1,2,3 Full 30 35 30 35 mA
Negative Supply Current (— 6.0V) 1,2,3 | Full 26 32 26 32 mA
Power Supply Rejection Ratio’ Full 65 65 dB
NOTES

'Absolute maximum ratings are limiting values, to be applied individually,
and beyond which serviceability of the circuit may be impaired. Functional
operation under any of these conditions is not necessarily implied.

. o6 ahasl i y e s

*Military subgroups apply to military qualified devices only.

*Rg = 10002,

SSupply voltage should remain stable within = 5% for normal operation.
Taa

d at +5% of +Vs and —Vs.

T rating for F
may affect device reliability.
*Under no circumstances should the input voltages exceed the supply

voltages.

*Typical thermal impedance . . .
AD9686 Metal Can By = 172°C/W; Byc = 52°C/W
AD9686 Ceramic Bya = 115°C/W; 8)c = 5T°C/W
AD9686 LCC By = 102°C/W; jc = 45°C/W

3-14 COMPARATORS
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EXPLANATION OF GROUP A MILITARY SUBGROUPS

Subgroup 1-Statictestsat + 25°C.

Subgroup 2-Static tests at max rated oper. temp. Subgroup 6-—Dynamic tests at min rated oper, temp.
Subgroup 3 - Static tests at min rated oper. temp. Subgroup 7-Functional rests at +25°C.

Subgroup 4-Dynamic testsat +25°C.

Subgroup 5-Dynamic tests at max rated oper. temp. Subgroup 9-8 ing testsat + 25°C.
Subgroup 10~ Switching tests at max rated oper. temp.
Subgroup 11 - Switching tests at min rated oper. temp.

Subgroup 8- Functional testsat maxand minrated  Subgroup 12 - Periodically sample tested.

oper. temp.
FUNCTIONAL DESCRIPTION

PIN NAME DESCRIPTION

+Vs - Positive supply terminal, nominally +5.0V.

NONINVERTING INPUT — Noninverting analog input of the differential input stage. The NONINVERTING INPUT must
be driven in conjunction with the INVERTING INPUT.

INVERTING INPUT —~ Inverting analog input of the differential input stage. The INVERTING INPUT must be driven
in conjunction with the NONINVERTING INPUT.

—-Vs — Negative supply terminal, nominally —6.0V.

LATCHENABLE — In the “compare” mode (logic LOW), the output will track changes at the input of the comparator.
In the “latch” mode (logic HIGH), the output will reflect the input state just prior to the comparator
being placed in the “latch” mode.

GROUND — Analog and digital ground.

QOUTPUT — One of two complementary outputs. Q will be at logic HIGH if the analog voltage at the NON-
INVERTING INPUT is greater than the analog voltage at the INVERTING INPUT (provided
the comparator is in the “compare” mode). See LATCH ENABLE for additional information.

QOUTPUT — One of two complementary outputs. Q will be at logic LOW if the analog voltage at the NONIN-
VERTING INPUT is greater than the analog voltage at the INVERTING INPUT (provided the
comparator is in the “compare” mode). See LATCH ENABLE for additional information.

NC — “NO CONNECT” pins are not internally connected.

PINOUT CONFIGURATIONS

S £:22:2¢8
NCE [ ] 16 | NC 3 2 1 2018
iuc:E 15 | Ne 1
Vet E 18] oumor Nonmv:m\n’;; : M b
NONINVERTING NONHVERTING E + 13} @ ouTPUT '"P:: : AD9686 :: :cuuqu
INEWT '""'Em':,ﬁ? E - 12 | GROUND INVERTING IN‘:\?:anE‘::el 15 GROUND
INVERTING LATCH INFUT
INPUT V= E ADIESE 1) ENABLE Ve 8 12 IE:II\CB.:E
RONCEO ki o 0 R 0
NG = NO CONNECT  LATCH ENABLE ne 8] [2]ne gomae s
NC = NOCONNECT Z2 2 Z2 2 2Z
NC = ND CONNECT
TO-100 16-Pin DIP 20-Pin LCC
10-Pin Can
SYSTEM TIMING DIAGRAM
ts — Minimum Setup Time
tH — Minimum Hold Time
trD — Inputto Output Delay
tpp(E) — LATCHENABLE to Output Delay
tpw(E) - Minimum LATCH ENABLE Pulse Width
Vos — Input Offset Voltage
Vob — Overdrive Voltage
Atpp - Delta Delay Between Complementary OQutputs

COMPARATORS 3-15
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DIE LAYOUT AND MECHANICAL INFORMATION
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Die Dimensions . . . ... ...... 59 % 50 % 18 (max) mils
Pad Dimensions . . . . v v v v v v v v v v v v 00 e 4 x4 mils
Metalization . . . « v v 4 6 s v v o8 s o b 40 v w s Aluminum
Backing iow v e i SEIL G B 6N RUE PN None
Substrate Potential . . ... ............... -Vs
PREIVINON! & vov wpm ite @@ mE wiEiw HE S Oxynitride
Die Attach: = o, v i vias aie e v iaae Gold Eutectic
Bond Wire . . ... 1.25 mil, Aluminum; Ultrasonic Bonding

or 1mil, Gold; Gold Ball Bonding



ANALOG
DEVICES

Ultrafast Comparators

AD96685/AD96687

FEATURES

2.5ns Propagation Delay
0.5ns Latch Setup Time

90dB CMRR

+5V, —5.2V Supply Voltages

APPLICATIONS
High-Speed Triggers
High-Speed Line Receivers
Peak Detectors

Threshold Detectors

GENERAL DESCRIPTION

The AD96685 and the AD96687 are ultrafast voltage comparators.
The AD96685 and the AD96687 are manufactured in a high-
performance bipolar process which allows improved speed and
de accuracy. The AD96685 is a single comparator with a 2.5ns
propagation delay, 50ps dispersion, and the AD96687 is an
equally fast dual comparator.

AD96685/AD96687 FUNCTIONAL BLOCK DIAGRAMS

NONINVERTING,
ot | o——1+ —0 GOUuTPUT
INVERTING -
o—q ——0 QOUTPUT
R R
ANTOH B u
AD96685
NONINVERTING | A ouTPUT O ouTPUT NOMNVERTING
e + —o o INPUT
QOUTPUT  QOUTPUT INVERTING
INVERTING o | 4 = T
L jl b
R Ry LT
LE [E Vi E L
LATCH ENABLE LATCH ENABLE

THE OUTPUTS ARE DPEN EMITTERS, EXTERMAL
MAY BE IN THE
20001-200001

THESE RESISTORS |
RANGE OF 5001-200(}CONNECTED TO ~2 oV, OR
CONNECTEDTO -5 2V.

Both devices employ a high-precision differential input stage ADg6687

with a common-mode range from — 2.5V to +5.0V. The AD96685

and the AD96687 provide complementary digital outputs which

are fully ECL compatible. The output stage is capable of driving

5012 terminated transmission lines given the 30mA output drive

capacity. In addition to this, a latch enable input is provided,

allowing operation in either a sample-hold mode or a track-hold

mode.

The AD96685 and the AD96687 are both available as an industrial

temperature range device, —25°C to +85°C, and as an extended

temperature range device, —55°C to +125°C. The AD9668S is

available in a 10-pin TO-100 metal can, and a 16-pin ceramic

package. The AD96687 is available in a 16-pin ceramic package.

Both comparators are also available in an extended temperature

range LCC package.

ORDERING INFORMATION
Package

Device Type | Temperature Range | Description Options*
AD96685BH | Single | —25°Cto +85°C 10-Pin Can, Industrial H-10A
AD96685BQ | Single | —25°Cto +85°C 16-Pin Cerdip, Industrial Q-16
AD96685TE | Single | —55°Cto +125°C 20-Pin LCC, Extended Temperature E-20A
AD96685TH | Single | —55°Cto + 125°C 10-Pin Can, Extended Temperature H-10A
AD96685TQ | Single | —55°Cto +125°C 16-Pin Cerdip, Extended Temperature | Q-16
AD96687BQ | Dual —25°Cto +85°C 16-Pin Cerdip, Industrial Q-16
AD9%6687TE | Dual —55°Cto +125°C 20-Pin LCC, Extended Temperature E-20A
AD9%6687TQ | Dual -55°C1to +125°C 16-Pin Cerdip, Extended Temperature | Q-16

*See Secnion 16 for package outhine information.
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SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS'

Positive Supply Voltage (+Vs) . . . . ... ..... +65V Operating Temperature Range?

Negative Supply Voltage (=Vg) . . . . .. ... o o v =065V AD96685/87/BH/BQ ........... —25°Cto +85C
Input Voltage Range® . . . . .. ... ..........=%5V AD96685/87/TEETH/TQ ......... =55C 1w +125°C
Differential Input Voltage . . . . ... ... v e mm DN Storage Temperature Range . . . . ... .. —55°Cto +150°C
Latch Enable Voltage . . . ............ =Vsto0V Junction Temperature . . . . . .. ... d S RV +175°C
OQutput Current . .« .. v av i e 5% v i s 30mA Lead Soldering Temperature (10sec) . . ... .. .. +300°C
Power Dissipation AD96685 . . ... ........ 500mW

ADIBET . v wowro wie s e 600mW

ELECTRICAL CHARACTERISTICS (positve supply ottage = -+5.0v; Ngative Supply Voltage = — 5.2, nles otherwise statd)

R Industrial Temp. Range —25°C to +85°C Military Temp. Range —55°C to +125°C
Sub AD%685BHBQ AD9687BQ AD9668STETHTQ AD9%68TTETQ
Parameter Group | Temp |[Min Typ Max| Min Typ Max | Min Typ Max | Min Typ Max | Units
INPUT CHARACTERISTICS
Input Offset Voltage® 1 +25°C 1 2 1 2 1 2 1 2 mV
2,3 Full 3 3 3 3 mV
Input Offset Dnft Full 20 20 20 20 uVreC
Input Bias Current I +25°C 7 10 7 10 7 10 7 10 pA
2,3 Full 13 13 13 13 A
Input Offset Current 1 +25°C 0.1 1.0 0.1 1.0 0.1 1.0 0.1 1.0 A
2,3 Full 1.2 1.2 1.2 1.2 pA
Input Resistance +25°C 200 200 200 200 k2
Input Capacitance +25°C 2 2 2 2 pF
Input Voltage Range® 1,2,3 | Full -2.5 +5.0] -2.5 +5.0] -2.5 +5.0 | -2.5 +5.0| V
Common-Mode Rejection Ratio 1,2,3 |Full &0 90 80 90 &0 20 20 90 dB
ENABLEINPUT
Logic 1" Voltage 1,2,3 | Full - 1.1 1.1 | -1.1 Vv
Logic**0" Voltage 1,2,3 | Full -1.3 -1.5 =5 -15 V
Logic 1" Current 1,2,3 {Full 40 40 40 40 pA
Logic **0" Current 1,2,3 |Full 5 5 5 5 A
DIGITAL OUTPUTS’
Logic “1" Voltage 1,2,3 |Full =11 —1.1 =11 =Ll v
Logic 0" Voliage 1,2,3 1 Full 15 =1.5 -1.5 -1.5| V
SWITCHING PERFORMANCE’
Propagation D::i.ay:is
Input o Ourpm HIGH 9 +25°C 2.5 35 2.5 35 25 35 25 35 ns
Input to Output LOW 9 +25°C 2.5 35 2.5 35 25 35 2.5 35 ns
Latch Enable to Quiput HIGH | 9 +25°C 2.5 3.5 2.5 35 25 35 L3 35 ns
Latch Enable to Quipmt LOW | 9 +25°C 2.5 35 25 35 25 is 25 35 ns
Dispersion” +25°C 50 50 50 50 ps
Latch Enable
Minumum Pulse Width 12 +25°C 2.0 3.0 2.0 30 20 3.0 2.0 3.0 ns
Munimum Setup Time 12 +25°C 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 ns
Minimum Hold Time 12 +25°C 0.5 1.0 0.5 1.0 0.5 1.0 0.5 1.0 ns
POWER SUPPLY'"
Positive Supply Current ( +5.0V) | 1,2,3 | Full 8 9 15 18 8 15 18 mA
Negative Supply Current (- 5.2V) | 1,2,3 |Full 15 18 3l i6 15 18 31 36 mA
Power Supply Rejection Ratio'! 1,2,3 |Full |60 70 60 70 60 70 &0 70 dB
NOTES AD96685 LCC 8,,= 172°C/W; 6, = 65°C/W
'Absolute maximum ratings are mitng values, to be apphied individually, AD96687 Ceramic B =115°C/W; 0, = STC/W
and beyond which serviceability of the eircuit may be impaired. Functional AD96687 LCC B =82°C/W; B, = 31°C/W

operation under any of these conditions 15
E: o absol ranng
affect device rehabulity.

Under no circumstances should the input voltages exceed the supply
voltages.

Typical thermal impedances . . .
AD96685 Metal Can

AD96685 Ceramic

not necessanly implied.
d for ded periods may

172°C/W, 8, = 52°CW
H5°C/W; 8, = 5T°CAW

0.
B

*Military subgroups apply to military qualified components only.
*Rs= 10011,
“Input Voltage Range can be extended to — 3.3V if —Vg= - 6.0V.
"Outputs terminated through 500 to - 2.0V,
*Propagation delays measured with 100mV pulse (10mV overdrive), to
50% transiion poant of the outpur.
*Change 1n propagation Delay from 100mV to 1V input overdrive,
"“Supply voltages should remain stable within = 5% for normal operation.
"'Measured at +5% of + Vs and —Vs.
Specificanons subject to change without notice.

EXPLANATION OF GROUP A MILITARY SUBGROUPS
Subgroup 1-Static testsat +25°C.

Subgroup 4-Dynamic testsat +25°C.

Subgroup 5-Dynamic tests at max rated oper. temp. Subgroup 9-Switching testsar +25°C.
Subgroup 2-Static tests at max rated oper. temp. Subgroup 6—Dynamic tests at min rated oper. temp. Subgroup 10— Switching testsat max rated oper. temp.
Subgroup 3— Static tests at min rated oper. temp. Subgroup 7-Functional testsat + 25°C.

Subgroup 11 - Switching tests at min rated oper. temp.
Subgroup 8-Functional testsat maxand minrated  Subgroup 12 —Periodically sample tested.,
oper. temp.

3-18 COMPARATORS
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FUNCTIONAL DESCRIPTION

PIN NAME DESCRIPTION

+Vs — Positive supply terminal, nominally +5.0V.

NONINVERTING INPUT — Noninverting analog input of the differential input stage. The NONINVERTING INPUT must
be driven in conjunction with the INVERTING INPUT.

INVERTING INPUT — Inverting analog input of the differential input stage. The INVERTING INPUT must be driven
in conjunction with the NONINVERTING INPUT.

LATCHENABLE — In the “compare” mode (logic HIGH), the output will track changes at the input of the comparator.

In the “latch™ mode (logic LOW), the output will reflect the input state just prior to the comparator
being placed in the “latch” mode. LATCH ENABLE must be driven in conjunction with LATCH
ENABLE for the AD96687.

LATCHENABLE —In the “compare” mode (logic LOW), the output will track changes at the input of the comparator.
In the “latch” mode (logic HIGH), the output will reflect the input state just prior to the comparator
being placed in the “latch” mode. LATCH ENABLE must be driven in conjunction with
LATCH ENABLE for the AD96687.

-V — Negative supply terminal, nominally —5.2V.

Q — One of two complementary outputs. Q will be at logic HIGH if the analog voltage at the NON-
INVERTING INPUT is greater than the analog voltage at the INVERTING INPUT (provided
the comparator is in the “‘compare” mode). See LATCH ENABLE and LATCH ENABLE (AD9%6687
only) for additional information.

— One of two complementary outputs. Q will be at logic LOW if the analog voltage at the NONIN-
VERTING INPUT is greater than the analog voltage at the INVERTING INPUT (provided the
comparator is in the “compare” mode). See LATCH ENABLE and LATCH ENABLE (AD%687
only) for additional information.

GROUND1 — One of two grounds, but primarily associated with the digital ground. Both grounds should be

connected together near the comparator.

GROUND2 — One of two grounds, but primarily associated with the analog ground. Both grounds should be
connected together near the comparator.

2l

PIN DESIGNATIONS

A
arounot [3] e 16 | GROUND2
Vet E 15] NC
NONINVERTING
INPUT E E e

mwmuﬁE " 3] ne
TOP VIEW 5
e [E] i 12 Bouteur

LATCHENABLE E 11| aOUTPUT
NC E 10| ne
vs- [3] 5] ne
(PIN 5 CONNECTED TO CASE)
AD9%6685BQ/TQ AD9%6685BH/'TH
TOP VIEW TOP VIEW
QOUTPUT E . 16 | aouTPuT
aouTPuT E 15 | GOUTPUT

arouno 3] [14] Grouno

LATCH ENABLE E ADI668T 13 | LATCH ENABLE
TATCH ENABLE E TOP VIEW E {ATCH ENABLE

INot to Scale)
V- E E Vg+
INVERTING INPUT E?: 10 | INVERTING INPUT
[ D=0z ] os]
NONINVERTING INPUT E 9 | NONINVERTING INPUT ; ; E E
AD96687TBQ/TQ E - E
TorviEw |} sowenx
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SYSTEM TIMING DIAGRAM

DIFFERENTIAL
INPUT
VOLTAGE

ts — Minimum Setup Time

ty — Minimum Hold Time

trp — Input to Output Delay

tpplE) - LATCH ENABLE to Qutput Delay
tpw(E) — Minimum LATCH ENABLE Pulse Width
Vos ~ Input Offset Voltage

Voo — Overdrive Voltage

DIELAYOUT AND MECHANICAL INFORMATION

+Vyg GROUND 1 GROUND 2

NONINVERTING
INPUT

INVERTING _
INPUT

E 6
| E

LATCHENABLE =Vs

LATCH ENABLE LATCH ENABLE

\ /

T —

INVEATING ___
INPUT

NONINVERTING ___
INPUT

MNONINVERTING
INPUT
INVERTING

INPUT

PRV |

LATCH ENABLE

LATCH ENABLE
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Die Dimensions AD96685 44 % 50 % 15 (= 2) mils
Pad Dimensions 4 x4 mils
Metalization Aluminum
Backing None
Substrate Potential -Vs
Passivation Oxynitride
Die Artach Gold Eutectic
Bond Wire 1.25 mil, Aluminum; Ultrasonic Bonding

or Imil, Gold, Gold Ball Bonding
Die Dimensions AD96687 77 %60 % 15 ( = 2) mils
Pad Dimensions 4 % 4 mils
Metalization Aluminum
Backing None
Substrate Potential -Vs
Passivation Oxynitride
Die Attach Gold Eutectic
Bond Wire 1.25 mil, Aluminum; Ultrasonic Bonding

or 1mil, Gold, Gold Ball Bonding



APPLICATIONS INFORMATION

The AD96685/87 comparators are very high-speed devices.
Consequently, high-speed design techniques must be employed
to achieve the best performance. The most critical aspect of any
AD96685/87 design is the use of a low impedance ground plane.

Another area of particular importance is power supply decoupling.
Normally, both power supply connections should be separately
decoupled to ground through 0.1uF ceramic and 0.001wF mica
capacitors. The basic design of comparator circuits makes the
negative supply somewhat more sensitive to variations. As a
result more attention should be placed on insuring a “ at
negative supply.

The LATCH ENABLE input is active LOW (latched). If the
latching function is not used, the LATCH ENABLE input
should be grounded (ground is an ECL logic HIGH). The
LATCH ENABLE input of the AD96687 should be tied to
—2.0V or left “floating”, to disable the latching function. An
alternate use of the LATCH ENABLE input is as a hysteresis
control input. By varying the voltage at the LATCH ENABLE
input for the AD96685 and the differential voltage between both
latch inputs for the AD96687, small variations in the hysteresis
can be achieved.

Occasionally, one of the two comparator stages within the AD96687
will not be used. The inputs of the unused comparator should
not be allowed to “float”. The high internal gain may cause the
output to oscillate (possibly affecting the other comparator which
is being used) unless the output is forced into a fixed state. This
is easily accomplished by insuring that the two inpurts are at
least one diode drop apart, while also grounding the LATCH
ENABLE input.

The best performance will be achieved with the use of proper
ECL terminations. The open-emitter outputs of the AD96685/87
are designed to be terminated through 50() resistors to — 2.0V,
or any other equivalent ECL termination. If high-speed ECL
signals must be routed more than a few centimeters, MicroStrip
or StripLine techniques may be required to insure proper transition
times and prevent output ringing.

The AD96685/87 have been specifically designed to reduce
propagation delay dispersion over an input overdrive range of
100mV to 1V. Propagation delay dispersion is the change in
propagation delay which results from a change in the degree of
overdrive (how far the switching point is exceeded by the input).
The overall result is 2 higher degree of timing accuracy since
the AD96685/87 is far less sensitive to input variations than
most comparator designs.

COMPARATORS 3-21
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Typical Applications

HIGH-SPEED SAMPLING CIRCUIT
AD96685/87

Vin
OUTPUTS

Vaer
500 500
[ATCHENABLE ’
INPUT o
—2.0V
HIGH-SPEED WINDOW COMPARATOR
+Vieer +\
= .=
Vin AD96685/87
500
s
L OUTPUT
—Vger =

500

-2.0V
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Instrumentation Amplifiers
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Selection Guide

Instrumentation Amplifiers

Offset Offset Bias
Voltage Drift Current GBWP
Model nv nvrc nA MHz Gain Ranges Page Notes
AD365 200 2 50 20 1,10, 100, 500 4-7 Digitally programmable, w/T/H
ADS521 1000 7 40 40 0.1-10000 4-15  Resistor programmable
AD322 100 2 25 0.3 1-1000 4-121 Resistor programmable
AD524 50 0.5 15 25 1,10, 100, 1000 4-25 Pin programmable
ADS526 250 - 0.15 6 1,2,4,8,16 4-37  Digitally programmable, pP interface,
single-ended
AD624 25 0.25 15 25 1, 100, 200, 500, 1000 4-49  Pinprogrammable
AD625 25 0.25 15 25 1- 10000 4 -6l Resistor programmable, low cost
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Orientation
Instrumentation Amplifiers

An instrumentation amplifier is a committed “gain block™ that
measures the difference between the voltages existing at its two
input terminals, amplifies it by a precisely set gain — usually
from 1V/V to 1000V/V or more — causes the result to appear
between a pair of terminals in the output circuit. Referring to
Figure 1,

Vs‘VR:G(V-' —V')

An ideal differential instrumentation amplifier responds only to
the difference between the input voltages. If the input voltages
are equal (V' = V™ = Vg, the common-mode woltage), the
output of the ideal instrumentation amplifier will be zero.

[— T « GAIN %cl‘rn!u_“u
Ve
I —lx\k kil feki sense
? -gam | > %
RaAL SENSE - 1 Ev.
| Vad 3 v J:D—aw
r— p+ QAN | - iy [ Vi
VOLTAGE % - I/ 1REF
é ey DAVE GAM =1 s a.ﬂ + g'l

Ris. R B, ARE EXTERANAL GAIN-SETTING RESISTORS

An amplifier circuit which is optimized for performance as an
instrumentation amplifier gain block has high input impedance,
low offset and drift, low nonlinearity, stable gain and low effective
output impedance. It is commonly used for applications which
capitalize on these advantages. Examples include: transducer
amplification — for thermocouples, strain-gage bridges, current
shunts and biological probes; preamplification of small differential
signals superimposed on high common-mode voltages, signal
conditioning and (moderate) isolation for data acquisition; and
signal translation for differential and single-ended signals wherever
the common “‘ground” is noisy or of questionable integrity.

Single-ended software-programmable gain amplifiers, such as
the AD526, with fixed binary gains of 1, 2, 4, 8, etc., are often
listed with instrumentation amplifiers. They are used in systems
having a “‘clean” signal ground to provide appropriate amounts
of digitally controlled gain to normalize the level of the output
signal to correspond to a large fraction of the input range of an
A/D converter; they can thus be used as components of a floating-
point A/D conversion system to preserve accuracy over a wide
dynamic range. See also “Data-Acquisition Subsystems™ in the
Data Conversion Products Databook.

Instrumentation amplifiers are usually chosen in preference to
user-assembled op-amp circuitry because they offer optimized,
specified performance in low-cost, easy-to-use, compact packages.
If the application calls for high common-mode voltages (typically,
voltages in excess of the amplifier supply voltage), or if isolation
impedances must be very high (e.g., 10'°(), with galvanic isolation,
as in medical and industrial applications), the designer should
consider an isolation amplifier.

NOTES

!Application Note: “A User's Guide to IC Instrumentation Amplifiers,”
by J. Riskin, available upon request.
2 Transd Interfacing Handbook, D.H. Sheingold, ed., 1980. §14.50,
Analog Devices, Inc., P.O. Box 796, Norwood, MA 02062
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SPECIFYING INSTRUMENTATION AMPLIFIERS

The instrumentation amplifier chosen for a given application
will be the lowest cost device that satisfies the performance and
environmental requirements. In addition to the products listed
here, which are recommended for new designs, a number of
older products are still available; data sheets are available upon
request. It is essential that the designer have a firm understanding
of the specifications of instrumentation amplifiers and of the
contributions of the various sources of error to the total error.
The data sheets provide much useful application data on these
devices, as well as examples of basic error analyses.

Definitions of the key specifications follow a brief discussion of
instrumentation-amplifier architectures. For more complete
information on the fundamentals and applications of instrumen-
tation amplifiers, a number of publications are available from
Analog Devices.'? '

INSTRUMENTATION AMPLIFIER ARCHITECTURE
Basic Analog Devices instrumentation amplifiers have two high-
impedance input terminals, a set of terminals for gain program-
ming, an “output” terminal and a pair of feedback terminals,
labeled sense and reference, as well as terminals for power supply
and offset trim. Gain is programmable in three ways:

® The gain of basic amplifiers, such as the AD521, AD522
and ADG625, is established by connecting resistors externally.
Such circuits are generally used for dedicated fixed-gain
applications.

® Pin-programmable amplifiers, such as the AD524 and AD624,
have a set of internal resistors; a limited set of fixed gains in
the range of 1 to 1,000 are chosen by appropriately intercon-
necting the resistors via external pins. The connections can be
fixed or switched via DIP switches or reed relays (if CMOS
switches are used, the on resistance of the switches must be
considered in series with the internal gain resistors).

® Digitally (or “software-"") programmable amplifiers are com-
pletely self-contained, with gains set by a 2-, 3- or 4-birt digital
control word. These devices include the AD365 (with gains of
1, 10, 100, 500) and the AD526 (with binary gains of 1-16,
cascadable to 256).

Except for the AD521, the differential input amplifiers use
variations of the well known three-op-amp configuration, con-
sisting of a differential input-output gain stage and a subtractor
stage. Gain (<1V/V) is set by the choice of a single gain-setting
resistor, Rg. When the sense (V) feedback terminal is connected
to the output terminal, and the reference terminal (V) is connected
to power common, the output voltage appears between the
output terminal and power common,

The Vs and Vg terminals may be used for remote sensing — to
establish precise outputs in the presence of line drops; they may
be used with an inside-the-loop booster follower to obtain power
amplification without loss of accuracy; and they may be used to
establish an output current that is precisely proportional to the
difference signal. A voltage applied to the Vg terminal will bias
the output by a predetermined amount. It is important always
to maintain very low impedance (in relation to the specified Vs
and Vg input impedances) when driving the Vg and Vg inputs,



in order not to introduce common-mode, gain, and/or offset
errors. In devices using the 3-amplifier configuration, the Vg
terminal is sometimes used for “tweaking” common-mode
rejection.

SPECIFICATIONS

Specification tables are generally headed by the legend: “specifi-
cations are typical at Vs = + 15V, R = 2k, and T» = +25°C,
unless otherwise specified.” This tells the user that these are the
normal operating conditions under which the device is tested.
Deviations from these conditions might degrade (or improve)
performance. When deviations from the “normal” conditions
are likely (such as a change in temperature), the significant
effects are usually indicated within the specs. “Typical” means
that the manufacturer’s characterization process has shown this
number to be in the middle of a distribution.

Specifications not discussed in detail are self-explanatory and
require only a basic knowledge of electronic measurements.
Such specs are not uniquely applicable to instrumentation amps.

GAIN: These specifications refer to the linear transfer function
of the device; for example, the AD524 gain equation is:

40,000
G=1+—7"2—VN
Rg
The value of Rg; for a given gain value is:

_ 40,000
RG'_ G

For example, if G is to be 200V/V,

R; = 201 ohms.

Gain Range: Specified at 1 to 1,000, for example, resistor-
programmable devices may work at higher gains (IV/V is
minimum, except for the AD521), but the manufacturer does
not specify performance outside the range. In practice, noise
and drift may make higher gains impractical for a given device.

Eguation Error (or “Gain Accuracy”): The number given by this
specification describes deviation from the gain equation when
Rg is at its nominal value. The user can trim the gain or compensate
for gain error elsewhere in the overall system. Systems using
microprocessors {(or computers, or other digital “intelligence”)
can be made self-calibrating, to take into account the lumped
gain errors of all the stages in the analog poruon of the system,
from transducer to A/D converter.

Nonlinearity (or Gain Nonlinearity): Nonlinearity is defined as
the deviation from a straight line on the plot of outpur vs. input.
The magnitude of linearity error is the maximum deviation from
a “best-straight line,” with the output swinging through its full-
scale range. Nonlinearity is usually specified in percent of full-scale
output range.

"There is a good explanation of the specification of offset in the
Application Note: “A User's Guide to IC Instrumentation
Amplifiers,” by J. Riskin, available upon request.

Gain vs. Temperature: These numbers give the deviations from
the gain equation as a function of temperature.

SETTLING TIME is defined as that length of time required
for the output voltage to approach and remain within a certain
(=) tolerance of its final value. It is usually specified for a fast
step that will drive the output through its full-scale range, and
it includes slewing time. Since several factors contribute to the
overall settling time, fast settling to 0.1% does not necessarily
mean proportionally fast settling to 0.01%, nor is settling time
necessarily proportional to gain. Principal contributing factors
include slew-rate limiting, underdamping (ringing) and thermal
gradients (long tails).

GAIN-BANDWIDTH PRODUCT (GBWP) — the product of
the highest gain and its corresponding bandwidth — is a rough
figure of merit for bandwidth as an aid to the preliminary screening
process. However, since gain and bandwidth are not necessarily
in exact inverse proportion, it can be a misleading specification,
especially at the lower gains, if interpreted literally.

VOLTAGE OFFSET: Voltage offset and common-mode rejection
(see below) specifications are often considered the key figures of
merit for instrumentation amplifiers. While initial offset can be
adjusted to zero, shifts in offset voltage with time and temperature
introduce errors. Systems that involve “intelligent” processors
can correct for offset errors in the whole measurement chain,
but such applications are still relatively infrequent; in most
applications, the instrumentation amplifier’s contribution to
system offset error must be defined.

Voltage offset and offset drift in instrumentation amplifiers are
functions of gain.! The offset, measured at the output, is equal
to a constant plus a term proportional to gain. For an amplifier
with specified performance over a gain range from 1 to 1,000,
the constant is essentially the offset at unity gain, and the pro-
portionality term (or slope) is equal to the change in output
offset between G = 1 and G = 1,000, divided by 999. To refer
offset to the input (RTI), divide the total output offset by the
gain. Since offset at a gain of 1,000 is dominated by the proportional
term, the slope is often called the “RTI offset, G = 1,000.” At
any value of gain, the offset is equal to the unity-gain offset plus
the product of the gain and the “RTI offset.”

The same considerations apply to the offset drift. For example,
the maximum RTI drift of the AD624C is specified at 0.25pV/°C.
Thus, the output drift is (0.25pV/°C % G) + 10pV/C at any
gain, G, in the range.

Voltage offset as a function of power supply level is also specified
RTI at one or more gain settings.
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INPUT BIAS AND OFFSET CURRENTS: Input bias currents
are those currents needed to bias the input transistors of a dc
amplifier or to supply the junction leakage of FETs. FET-input
devices have lower bias currents than those using bipolar tran-
sistors, but FET leakage currents increase dramatically with
temperature, approximately doubling every 11°C, Since bias
currents can be considered as a source of voltage offset (when
multiplied by source resistance), the change in bias currents is
of more concern than the magnitude of the bias currents. Input
offset current is the difference between the two input bias
currents.

Important Note

Although instrumentation amplifiers have differential
inputs, there must be a return path for the bias
currents. If it is not provided, those currents will
charge stray capacitances, causing the output to
drift uncontrollably or to saturate. Therefore, when
amplifying outputs of “floating” sources, such as
transformers and thermocouples, as well as ac-coupled
sources, there must still be a path from each input
to common, or to the guard terminal. If a dc return
path is impracticable, an isolator must be used.
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COMMON-MODE REJECTION (CMR) is a measure of the
change in output voltage when both inputs are changed by
equal amounts. CMR is usually specified for a full-range common-
mode voltage change (CMV) at a given frequency, and a specified
imbalance of source impedance (e.g. 1k{2 source unbalance, at
60Hz). CMR is a logarithmic expression of the common-mode
rejection ratio (CMRR): CMR = 20 log;o (CMRR). The common-
mode rejection ratio is defined as the ratio of the signal gain, G,
to the ratio of common-mode signal appearing at the output to
the input CMV.

In most instrumentation amplifiers, the CMR increases with
gain because the front-end configuration does not amplify
common-mode signals, and the amount of common-mode signal
appearing at the output stays relatively constant as the signal
gain (G) increases.

However, at higher gains, amplifier bandwidth decreases. Since
differences in phase shift through the differential input stage
will show up as common-mode errors, CMR becomes more
frequency-dependent at high gains.



ANALOG Programmable Gain & T/H
DEVICES DAS Amplifier

AD365

FEATURES AD365 FUNCTIONAL BLOCK DIAGRAM
Software Programmable Gain (1, 10, 100, 500)
Low Input Noise (0.2pV p-p)

Low Gain Error (0.05% max)

Low Nonlinearity (0.005% max)

Low Gain Drift (10ppm/°C max)

Low Offset Drift (2uV/°C RTI max)

Fast Settling (15ps @ Gain 100)

Small 16-Pin Metal DIP

APPLICATIONS

Digitally Controlled Gain Amplifier
Auto-Gain Ranging Amplifier

Wide Dynamic Range Measurement System
Gain Selection/Channel Amplifier
Transducer/Bridge Amplifier

Test Equipment

HIGHLIGHTS

The AD365 is a two stage data acquisition system (DAS) front
end consisting of a digitally selectable gain amplifier followed by
an independent track/hold amplifier. The programmable gain
amplifier features differential inputs for excellent common-mode
rejection, high open loop gain for superior linearity, and fast
settling for use in multiplexed high speed systems. The track/hold The input stage provides high common-mode rejection, low

amplifier features high open loop gain for 12-bit compatible noise, fast settling at all gains, and low drift over temperature.
linearity, internal hold capacitor for high reliability, and fast The gains of 1, 10, 100, and 500 are digitally selected with the
acquisition time for use with multichannel systems. Both amplifiers two gain control lines which are 5V CMOS compatible.

are “P“;L“;f_b’“;s used separately and are specified as inde- The track and hold amplifier section is ideally suited for high
pendent function blocks. speed 12-bit applications where fast settling, low noise, and low

sample-to-hold offset are critical. The T/H mode is controlled
with a single input line which can be tied to the status output
line of the accompanying A/D converter.

GENERAL DESCRIPTION

The AD365 is comprised of the AD625 monolithic precision
instrumentation amplifier to provide a precision differential
input, the AD7502 monolithic CMOS multiplexer to handle
gain switching, a precision thin-film resistor network, and the
AD585 monolithic track and hold amplifier with internal hold
capacitor.
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SPECIFICATIONS s

= 15V, R, = 2k and T, = +25°C unless otherwise specified)
AD365AM Min Typ Max Units
PGA GAIN
Inaccuracy®
@G=1,10,100 0.02 0.05 %
@ G=>500 0.04 0.1 %
Nonlinearity
@G=1,10,100 0.005 %
@ G=500 0.01 %
Drift
@G=1 1 5 ppm/°C
@ G=10,100,500 3 10 ppm/°C
PGA OFFSET (May be Nulled at Input and Output)
Input Offset Voltage (RTI) 25 200 Y
vs. Temperature 0.1 2 wVrC
vs. Common-Mode Voltage 0.5 3.2 nVIv
vs. Supply Voltage 1 10 nViv
Ourput Offset Voltage (RTO) 1 5 mV
vs. Temperature 30 150 wVrC
vs. Common-Mode Voltage 60 316 pviv
vs. Supply Voltage 60 316 pViv
PGAINPUT
Common- Mode and Differential Impedance 105 Q|pF
Differential Input Voltage, Linear 10 12 Vv
Common-Mode Voltage, Linear 12 — Vper x G2 v
Input Stage Noise 0.1to 10Hz 0.2 wVp-p
Input Stage Noise Density @ 1kHz 4 nV/VHz
Bias Current 5 50 nA
vs. Temperature 50 pAFrC
Offset Current 2 20 nA
vs. Temperature 20 pAFrPC
Noise Current (0.1 to 10Hz) 60 pAp-p
PGA OUTPUT
Voltage 2k}Load 10 12 v
Output Impedance 0.2 (4]
Short Circuit Current 25 mA
Capacitive Load 500 pF
Qutput Stage Noise 0.1 to 10Hz 10 wVp-p
Output Stage Noise Density @ 1kHz 75 nV/VHz
Guard Voltage (Vo + Vo2 v
Guard Offset - 550 mV
PGADYNAMIC RESPONSE
Small Signal — 3dB
G=1 800 kHz
G=10 400 kHz
G=100 150 kHz
G=500 40 kHz
Full Power BandwidthG=1@ V=20V p-p 60 kHz
Slew Rate 4 Vius
Settling Time 100.01% @ Vo =20V p-p
G=1,10 8 10 us
G=100 12 15 ps
G=500 40 50 s
Gain Switching Time 1.5 ns
Overdrive Recovery Time Vin=15V@ G=1 7 s
PGA DIGITALINPUTS
Logic Low 0 0.8 ¥
Logic High 3.0 +Vs v
Current, Ipgor I 0.01 1 A
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AD365AM Min Typ Max Units
TRACK AND HOLD AMPLIFIER SECTION
TRANSFER CHARACTERISTICS
Open Loop Gain Vi, = 10V, R, =2k 100k 200k ViV
Nonlincarity (v G= + 1 0.005 % FSR
Output Voltage Ry = 2k{() 10 12 \'
Capacitive Load 100 pF
Short Circuit Current 25 mA
TRACK MODE DYNAMICS
Acquisition Time 1o 0.01% 10V Siep 2 3 Ty
20V Swep 4 5 ns
Small Signal Bandwidth — 3dB 2 MHz
Full Power Bandwidth (20V p-p) 120 kHz
Slew Rate 10 Vius
TRACK/HOLD SWITCHING
Aperture Time 35 ns
Aperture Uncertainty 0.5 ns
Switching Transient 40 mV
Setthng Time to 2mV 0.5 s
HOLDMODE
Droop Rate (0 +25°C 0.3 1 Visec
from T apunen 10 Tagax Doubles/10°C Visec
Feedthrough ¢ 25 wvv
Pedestal, Offser (v + 25°C 2 3 mV
Over Temperature 3 mV
T/HANALOGINPUT
Bias Current 0.1 2 nA
Over Temperature 0.2 5 nA
Offset Voltage 2 mV
Over Temperature 3 mV
vs. Common Mode 25 100 pVv
vs. Supplies 100 il6 wViv
Input Impedance 10710 QpF
Noise Density ¢+ 1kHz 50 nV/\'Hz
Noise 0. 1Hzwo 10Hz 10 wVpp
T/HDIGITAL INPUT CHARACTERISTICS
Logic Low (Hold Mode) 0 0.8 \Y
Logic High (Track Mode) 2.0 +Vg v
Input Current 10 50 pA
AD365 POWER REQUIREMENTS
Positive Supply Range +11 +17 A
Megative Supply Range =11 =17 v
Quiescent Current 12 16 mA
Power Dissipation 360 550 mW
Warm-Up Time to Specification 5 Minutes
Ambient Operating Temperature =25 +85 L
Package Thermal Resistance (8,,) 60 W
AD365 ABSOLUTE MAXIMUM RATINGS
Positive Supply + Vs -0.3 +17 Vde
Negative Supply — Vs +0.3 -17 Vde
Analog Input Voltage -Vs +Vs v
Analog Input Current =10 +10 mA
Digital Input Voltage -0.3 +Vs \Y
T/H Differential Vn +30 v
Storage Temperature —65 +150 c
Lead Soldering, 10 Sec 300 C
Short Circuit Duration Indefinite
PACKAGE OPTION?
DH-16B
NOTE

'Gain = 10, 100 and 500 are trimmed and tested ranometricto G = 1.
See Section 16 for package outhine information.
Specifications subject to change without notice.
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TYPICAL CHARACTERISTICS (@ +25uniess othervise noted)

CMRR - dB
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Theory of Operation

The AD365 PGA section uses the AD625 monolithic instrumen-
tation amplifier based on a modification of the classic three-op-amp
approach. Monolithic construction and laser-wafer-trimming
allow the tight matching and tracking of circuit components.
This insures the high level of performance inherent in this circuit
architecture.

A preamp stage (Q1-Q4) provides additional gain to Al and A2.
Feedback from the outputs of Al and A2 forces the collector
currents of Q1-Q4 1o be constant, thereby, impressing the input
voltage across Rg. This creates a differential voltage at the outputs
of Al and A2 which is given by the gain (2Rg/Rg + 1) times
the differential portion of the input voltage. The unity gain
subtractor, A3, removes any common-mode signal from the
output voltage yielding a single ended output, Voyr, referred to
the potential at the reference pin.

Digital gain control is provided using the D0 and D1 inputs
(pins 14 and 15) which are decoded internally in the gain switching
AD?7502 as shown in Figure 15 below. The switch selects the
resistance Rg; from the laser trimmed resistor network according
to the following gain select table.

D1 Do PGA GAIN
0 0 1
0 1 10
1 0 100
1 1 500

~ N

Figure 13. Simplified Circuit of the PGA

INPUT PROTECTION

Differential input amplifiers frequently encounter input voltages
outside of their linear range of operation. There are two consid-
erations when applying input protection for the PGA; 1) that
continuous input current must be limited to less than 10mA and
2) that input voltages must not exceed either supply by more
than one diode drop (approximately 0.6V @ 25°C).

Under differential overload conditions there is (Rg + 300){) in
series with two diode drops (approximately 1.2V) between the
plus and minus inputs, in either direction. With no external
protection and Rg very small (i.e., 800 @ G = 500), the maximum
overload voltage the PGA can withstand, continuously, is ap-
proximately +5V. Figure 14 shows the external components

T FD333 T
1 2kil
+IN O——AAA

1 2kid

T FD333 -

Figure 14. Input Protection Circuit for PGA

necessary to protect the PGA under all overload conditions at
any gain. The diodes to the supplies are only necessary if input
voltages outside of the range of the supplies are encountered.

REFERENCE TERMINAL

The reference terminal may be used to offset the output by up
to +2V. This is useful when the load is “floating™ or does not
share a ground with the rest of the system. It also provides a
direct means of injecting a precise offset. It must be remembered,
however, that the total output swing, to be shared between
signal and reference offset, should be =10 volts (from ground).

The PGA section reference terminal must be presented with
nearly zero impedance. Any significant resistance, including
those caused by PC layouts or other connection technigues, will
increase the gain of the noninverting signal path, thereby, upsetting
the common-mode rejection of the In-Amp. Inadvertent ther-
mocouple connections created in the sense and reference lines
should also be avoided as they will directly affect the output
offset voltage and output offset voltage drift.

In the AD625, a reference source resistance will unbalance the
CMR trim by the ratio of 10k{)/Rggr. For example, if the reference
source impedance is 1£2, CMR will be reduced to 80dB (10k{}/1{2
= 80dB). An operational amplifier may be used to provide the
low impedance reference point as shown in Figure 15. The

input offset voltage characteristics of that amplifier will add
directly to the output offset voltage performance of the in-
strumentation amplifier.

GNO Vos Vi
P BAER o
20 0
10—
Ex 0
ADTS0Z
F
Voo 4=
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+
75 D
msE
0
pata "1
L "
s ADTS24 =
= () 8-BIT DAC 7 [ L A
10kt
Wi &

Figure 15, Software Controllable Offset
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The circuit of Figure 15 also shows a CMOS DAC operating in
the bipolar mode and connnected to the reference terminal to
provide software controllable offset adjustments. The total offset
range is equal to = (Vgee/2 X Rs/Ry). To be symmetrical about
0V, R; must be equal to 2 X Ry.

The offset per bit is equal to the total offset range divided by
2N, where N = number of bits of the DAC. The range of offset
for Figure 15 is +120mV, and the offset is incremented in steps
of 0.9375mV/LSB.

INPUT AND OUTPUT OFFSET VOLTAGE

Offset voltage specifications are often considered a figure of
merit for instrumentation amplifiers., While initial offset may be
adjusted to zero, shifts in offset voltage due to temperature
variations will cause errors. Intelligent systems can often correct
for this factor with an auto-zero cycle, but this requires extra
circuitry.

Offset voltage and offset voltage drift each have two components:
input and output. Input offset is that component of offset that
is generated at the input stage. Measured at the output it is
directly proportional to gain, i.e., input offset as measured at
the output at G = 100 is 100 times greater than that measured
at G = 1. Qutpur offset is generated at the output and is constant
for all gains. Input errors dominate at high gains and output
errors dominate at low gains.

By separating these errors, one can evaluate the total error inde-
pendent of the gain. For a given gain, both errors can be combined
to give a total error referred to the input (RTI) or output (RTO)
by the following formula:

Total Error RTI = input error + (output error/gain)
Total Error RTO = (Gain x input error) + output error

The AD365 provides for input offset voltage adjustment (see
Figure 16). This simplifies nulling in very high precision appli-
cations and minimizes offset voltage effects in switched gain
applications. In such applications the input offset is adjusted
first at the highest programmed gain, then the output offset is
adjusted at G = 1. If only a single null is desired, the input
offset null should be used. The most additional drift when using
only the input offset null is 0.9u.V/°C, RTO.

Output offset adjustment is normally provided by the A/D con-
verter offset adjustment which will compensate for the output
offset of the PGA, offset of the T/H amplifier, and offset of the
A/D.

)

®
o: 10ki

Figure 16. Input Voltage Offset Adjustment

COMMON-MODE REJECTION

In an instrumentation amplifier, degradation of common-mode
rejection is caused by a differential phase shift due to differences
in distributed stray capacitances. In many applications shielded

-V,

Figure 17. Common-Mode Shield Driver
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cables are used to minimize noise. This technique can create
common-mode rejection errors unless the shield is properly
driven. Figure 17 shows active data guards which are configured
to improve ac common-mode rejection by “bootstrapping” the
capacitances of the input cabling, thus minimizing differential
phase shift,

GROUNDING

In order to isolate low level analog signals from a noisy digital
environment, many data-acquisition components have two or
more ground pins. These grounds must eventually be tied together
at one point. It would be convenient to use a single ground line,
however, current through ground wires and pc runs of the circuit
card can cause hundreds of millivolts of error. Therefore, separate
ground returns should be provided to minimize the current flow
from the sensitive points to the system ground (see Figure 18).
Since the AD365 output voltage is developed with respect to the
potential on the reference terminal, it can solve many grounding
problems.

PROG GAIN
INST
AMP

Figure 18. Basic Grounding Practice

GROUND RETURNS FOR BIAS CURRENTS

Input bias currents are those currents necessary to bias the
input transistors of a dc amplifier. There must be a direct return
path for these currents, otherwise they will charge external
capacitances, causing the output to drift uncontrollably or saturate.
Therefore, when amplifying “floating” input sources such as
transformers, or ac-coupled sources, there must be a dc path
from each input to ground as shown in Figure 19.

SENSE

7
} AD365 ) b Vour
2 | LoAD
= 1 13
REFERENCE  |1g pOWER
SUPPLY
-V GROUND

Figure 19a. Ground Returns for Bias Currents with
Transformer Coupled Inputs
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Figure 19b. Ground Returns for Bias Currents with ac
Coupled Inputs
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AUTO-ZERO CIRCUITS

In many applications it is necessary to maintain high accuracy.
At room temperature, offset effects can be nulled by the use of
offset trimpots. Over the operating temperature range, however,
offset nulling becomes a problem. For these applications the
auto-zero circuit of Figure 20 provides a hardware solution.

Figure 20. Auto-Zero Circuit

OTHER CONSIDERATIONS

One of the more overlooked problems in designing ultra-low-drift
dc amplifiers is thermocouple induced offset. In a circuit comprised
of two dissimilar conductors (i.e., copper, kovar), a current
flows when the two junctions are at different temperatures.
When this circuit is broken, a voltage known as the “Seebeck™
or thermocouple emf can be measured. Standard IC lead material
(kovar) and copper form a thermocouple with a high thermoelectric
potential (about 35uV°C). This means that care must be taken
to insure that all connections (especially those in the input circuit
of the AD365) remain isothermal. This includes the input leads
(1, 2). In addition, the user should also avoid air currents over
the circuitry since slowly fluctuating thermocouple voltages will
appear as “flicker” noise,

The base emitter junction of an input transistor can rectify out-
of-band signals (i.e., RF interference). When amplifying small
signals, these rectified voltages act as small dc offset errors. In
the case of a resistive transducer, a capacitor across the input
working against the internal resistance of the transducer may
suffice to provide an RC filter. These capacitances may also be
incorporated as part of the external input protection circuit (see
section on input protection). As a general practice every effort
should be made to match the extraneous capacitance at pins 1
and 2, to preserve high ac CMR.

THEORY OF OPERATION - T/H SECTION

In sampled data systems there are a number of limiting factors
in digitizing high frequency signals accurately. Figure 21 shows
pictorially the track-and-hold errors that are the limiting factors.
In the following discussions of error sources the errors will be
divided into the following groups: 1. Track-to-Hold Transition,
2. Hold Mode and 3. Hold-to-Track Transition.

1
HOLD/TRACK DELAY
i
SLEW RATE
LIMITED

SETTLING TIME

£

T

ACOUISITION
TIME

1
¥
[}

LOGIC INPUT

Figure 21. Pictorial Showing Various T/H Characteristics

TRACK-TO-HOLD TRANSITION

The aperture delay time is the time required for the track-and-hold
amplifier to switch from track to hold. Since this is effectively a
constant, it may be tuned out. If however, the aperture delay
time is not accounted for then errors of the magnitude as shown
in Figure 22 will result.

APERTURE DELAY
[¥5ns)

100 1k 10k
SIGNAL FREQUENCY - Hz

100k

Figure 22. Aperture Delay Error vs. Frequency

To eliminate the aperture delay as an error source the track-to-hold
command may be advanced with respect to the input signal.

Once the aperture delay time has been eliminated as an error
source then T/H trigger uncertainty/jitter and internal aperture
jitter which are the variations in aperture delay time from sample-
to-sample remain. The aperture jitter is a true error source and
must be considered. The aperture jitter is a result of noise within
the switching network which modulates the phase of the hold
command and is manifested in the variations in the value of the
analog input that has been held. The aperture error which results
from this jitter is directly related to the dV/dt of the analog
input.

The error due to aperture jitter is easily calculated as shown
below. The error calculation takes into account the desired
accuracy corresponding to the resolution of the N-bit A/D
converter.

2-0N+D)
7 (Aperture Jitter)

Foux =
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For an application with a 12-bit A/D converter with a 10V full
scale to a 1/2LSB error maximum:
2-012+1)

Faw = —2———— = 77.9kH
o 05%10-9) *

Track-to-hold offset is caused by the transfer of charge to the
holding capacitor via the gate capacitance of the switch when
switching into hold. Since the gate capacitance couples the
switch-control voltage applied to the gate on to the hold capacitor.
the resulting track-to-hold offset is a function of the logic level
applied to the gate and the change in the gate capacitance over
temperature.

HOLD MODE

In the hold mode there are two important specifications that
must be considered; feedthrough and the droop rate. Feedthrough
errors appear as an attenuated version of the input at the output
while in the hold mode. Hold-Mode feedthrough varies with
frequency, increasing at higher frequencies. Feedthrough is an
important specification when a track and hold follows an analog
multiplexer that switches among many different

channels.

Hold-mode droop rate is the change in output voltage per unit
of time while in the hold mode. Hold mode droop originates as
leakage from the hold capacitor, of which the major leakage
current contributors are switch leakage current and bias current.
The rate of voltage change on the capacitor dV/dt is the ratio of
the total leakage current I;_ to the hold capacitance Cy.

dVour I (pA)
D Rate = Volts/Sec) =
roop Rate at (Volts/Sec) CuoF)
For the AD365 in particular;
Droop Rate = 100pA _ 1V/sec maximum
P 100pF

Additionally the leakage current doubles for every 10°C increase
in temperature above 25°C; therefore, the hold-mode droop rate
characteristic will also double in the same fashion.

Since a track and hold is used typically in combination with an
A/D converter, then the total droop in the output voltage has to
be less than 1/2LSB during the period of a conversion. The
maximum allowable signal change on the input of an A/D converter
is:

; _ Full Scale Voltage
AV max = SN+

Once the maximum AV is determined then the conversion time

of the A/D converter (tcony) is required to calculate the maximum
allowable dV/dt.

dV max _ AV max
de tconv

dVé:mx as shown by the previous equation is

The maximum
the limit not only at 25°C but at the maximum expected operating
temperature range. Therefore, over the operating temperature
range the following criteria must be met (TopgraTion —25°C)
= AT.
(ATC)
dV 25°C x 2 ¢ stmax
dr dt
HOLD-TO-TRACK TRANSITION
The Nyquist theorem states that a band-limited signal which is
sampled at a rate at least twice the maximum signal frequency
can be reconstructed without loss of information. This means

4-14 INSTRUMENTATION AMPLIFIERS

that a sampled data system must sample, convert and acquire
the next point at a rate at least twice the signal frequency. Thus
the maximum input frequency is equal to

_ 1
fj"“""HZ(‘I';I\(:Q + Tconv + Tap)

Where Tacg is the acquisition time of the sample-to-hold
amplifier, Tap is the maximum aperture time (small enough to
be ignored) and Teoney is the conversion time of the A/D
converter.

DATA ACQUISITION SYSTEMS

The fast acquisition time of the AD365 when used with a high
speed A/D converter allows accurate digitization of high frequency
signals and high throughput rates in multichannel data acquisition
systems. The AD365 can be used with a number of different
A/D converters to achieve high throughput rates. Figures 23
and 24 show the use of an AD365 with the AD578 and
ADS74A.

15V

- > =16V
O

Figure 23. A/D Conversion System, 117.6kHz Throughput
58.8kHz Max Signal Input

+18V

& =-15Y

anaLoG @
INFUT
010 =10V

GAIN
SELECT
o

CONVERT

START

Figure 24. 12-Bit A'D Conversion System, 26.3kHz
Throughput Rate, 13.1kHz Max Signal Input
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ANALOG
DEVICES

Integrated Circuit

Precision Instrumentation Amplifier

AD521

FEATURES

Programmable Gains from 0.1 to 1000

Differential Inputs ‘

High CMRR: 110dB min

Low Drift: 2uV/°C max (L)

Complete Input Protection, Power ON and Power OFF
Functionally Complete with the Addition of Two Resistors
Internally Compensated

Gain Bandwidth Product: 40MHz

Output Current Limited: 25mA

Very Low Noise: 0.5uV p-p, 0.1Hz to 10Hz, RTI @ G = 1000
Chips are Available

PRODUCT DESCRIPTION

The AD521 is a second generation, low cost, monolithic IC
instrumentation amplifier developed by Analog Devices. As a
true instrumentation amplifier, the AD521 is a gain block with
differential inputs and an accurately programmable input/
output gain relationship.

The AD521 IC instrumentation amplifier should not be con-
fused with an operational amplifier, although several manu-
facturers (including Analog Devices) offer op amps which can
be used as building blocks in variable gain instrumentation
amplifier circuits. Op amps are general-purpose components
which, when used with precision-matched external resistors,
can perform the instrumentation amplifier function.

An instrumentation amplifier is a precision differential volt-
age gain device optimized for operation in a real world envi-
ronment, and is intended to be used wherever acquisition of a
useful signal is difficult. It is characterized by high input im-
pedance, balanced differential inputs, low bias currents and
high CMR.

As a complete instrumentation amplifier, the AD521 requires
only two resistors to set its gain to any value between 0.1 and
1000. The ratio matching of these resistors does not affect the
high CMRR (up to 120dB) or the high input impedance (3 X
107 §2) of the AD521. Furthermore, unlike most operational
amplifier-based instrumentation amplifiers, the inputs are
protected against overvoltages up to 15 volts beyond the
supplies.

The AD521 IC instrumentation amplifier is available in four
different versions of accuracy and operating temperature range.
The economical “J" grade, the low drift “K" grade, and the
lower drift, higher linearity “L" grade are specified from 0 to

AD521 PIN CONFIGURATION

NPT |L 2] gnm
cam [2 E ScaLe
-INPUT | 3 El SENSE
OFﬁﬂ 4 ADE2T, El REF
Ve E El ScaLE
orrser [ %] cow.
OUTPUT ]T ﬂ v+

+70°C. The “S” grade guarantees performance to specification
over the extended temperature range: -55°C to +125°C,

PRODUCT HIGHLIGHTS

1.
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The AD521 is a true instrumentation amplifier in integrated
circuit form, offering the user performance comparable to
many modular instrumentation amplifiers at a fraction of
the cost.

. The AD521 has low guaranteed input offset voltage drift

(2uV/C for L grade) and low noise for precision, high gain
applications,

. The AD521 is functionally complete with the addition of

two resistors. Gain can be preset from 0.1 to more than
1000.

The AD521 is fully protected for input levels up to 15V
beyond the supply voltages and 30V differential at the
inputs.

. Internally compensated for all gains, the AD521 also offers

the user the provision for limiting bandwidth.

. Offset nulling can be achieved with an optional trim pot.
. The AD521 offers superior dynamic performance with a

gain-bandwidth product of 40MHz, full peak response of
100kHz (independent of gain) and a settling time of 5us
to 0.1% of a 10V step.
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SPECIFICATIONS (typical @ Vg = 15V, R|_ = 2kS2and TA = 25°C unless otherwise specified)

AD5215D
MODEL AD521)D ADSZIKD ADSZILD (AD5215D/883B)
GAIN
Range (For Speafied Operanon, Note 1) 1 to 1000 % = .
Equation G = Rg/Rg VIV . ks *
Error from Equinion (40 250 004G)% . * -
Nonlinearity (Note 2)
1SG<1000 0.2% max * 0 1% max -
Gawn Temperature Coefficient £(3 $0 05G)ppm/°C = - +(15 +0 4G)ppm/°C
OUTPUT CHARACTERISTICS
Rated Output £10V, £10mA min * * -
Qurput at Op g Temp £10V @ SmA min - d b
Impedance o142 . * L
DVNAMIC RESPONSE
Small Signal Bandwidth (£3dB)
G=1 >2MHz w . .
G=10 300kHz * - -
G =100 200kHe r " *
G = 1000 40kHz . * .
Small Signal, *1 0% Flatness
G=1 T5kHz * . *
G= 10 26kH:2 " it 2
G =100 24kHz . . *
G = 1000 6klle * * *
Full Peak Response (Note 3) 100k Hz b4 4 "
Slew Rate, 15 G= 1000 10V /s - * *
Serthing Trme (any 10V step to within 10mV of Final Value)
G=1 Tus . M .
G=10 Sps - i E
G=100 10us ) - o
G = 1000 3508 J . .
Differential Overload Recovery (£30V Input to within
10mV of Final Value) (Note 4)
G = 1000 S0us . . .
Common Mode Step Recovery (30V Input 1o within
10mV of Final Value) (Note 5)
G = 1000 10us . . .

VOLTAGE OFFSET (may be nulled)
Input Offset Voltage (Vos )

3mV max (ZmV typ)

1 5mV max (0 SmV typ)

1 OmV max (0 SmV typ)

vs. Temperature 15uV/°C max (TuV/7C typ) SuV/ Cmax (1.5uV/FC typ) 2uV/°C max T
vs. Supply IuVI% . . .
Output Offset Voltage (Vos,) 400mV max (200mV typ) 200mV max (30mV typ) 100mV max 2
vs Temperature 400uV/°C max (1 w”‘,’;ec typ} 150uV/~C max (su.uwgc typ) 75uV/°C max oy
vs. Supply (Note 6) 0 005V o5, /% . * )
INFUT CURRENTS
Input Bias Current (esther mput) B0nA max 40mA max et b
vs, Temperarure 1nASC max 500pA/"C max on L]
vi Supply 2%V . iz L
Input Offset Current 20nA max 10nA max o -
vs I 250pAL"C max 125pASC max " ki
INPUT
Dafferential Input Impedance (Note 7} 3 x10°81.8pF . . .
Common Mode Input Impedance (Note 8) 6x 10' 9|3 0pF . . .
Input Voltage Range for Specified Performance
{with respect to ground) 1oV * . .
Maximum Voltage without Damage to Umit, Power ON
or OFF Differential Mode (Note 9) jov ” L .
Voltage at eather input (Note 9) Vg 215V . . .
Common Mode Rejection Ratio, DC to 60Hz with 1k§2
source unbalance
Gmul 70dB mun (74dB typ) 74dB mn (80dB typ) . .
G=10 90dB mun (9448 typ) 2448 min (100dB typ) " .
G =100 100dB min (104dB typ) 10448 min (114dB typ) " b
G = 1000 100dB min (11048 typ) 11048 min (12048 typ) s (1
NOISE
Voltage RTO (p-p) @ 0 1Hz to 10Hz (Note 10) VI SG) « (225 v . : ke
RMS RTO, 10Hz to 10kHz (1 2G) + (507 uv . . L
Isiput Current, rms, 10Hz 1o 10kHz 15pA (rms) * 2 -
REFERENCE TERMINAL
Bias Current 3uA . - .
Input Resistance oM bl e B
Voltage Range 10V . s ..
Gain to Output 1 . . 5
POWER SUPPLY
Operaung Voltage Range 5V to £18V s ’ .
Quiescent Supply Current SmA max d - .
TEMPERATURE RANGE
Speaified Performance Oto +70°C . . _ee® +125°
Operaung -25°C o +85°C [ . -::"g :: *:;;'g
Storage ~65°Cro +150°C x - .
PACKAGE OPTION'
Ceramuc (D-14) ADS21JD ADSZIKD ADS2ILD ADS215D
NOTES
"See Section 16 for package outhne information.
*Speaficanons same as ADS21]D.
**Specrfications same as AD5Z1 KD

Speafications subjeet 1o change withour notice
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Applying the AD521

NOTES:

1. Gains below 1 and above 1000 are realized by simply ad-
justing the gain setting resistors. For best results, voltage at

either input should be restricted to £10V for gains equal to

or less than 1.

2. Nonlinearity is defined as the ratio of the deviation from
the “‘best straight line” through a full scale output range of
+9 volts. With a combination of high gain and 10 volt output
swing, distortion may increase to as much as 0.3%.

3. Full Peak Response is the frequency below which a typical
amplifier will produce full output swing.

4. Differential Overload Recovery is the time it takes the ampli-
fier to recover from a pulsed 30V differential input with 15V
of common mode voltage, to within 10mV of final value. The
test input is a 30V, 10us pulse at a 1kHz rate. (When a differ-
ential signal of greater than 11V is applied between the inputs,
transistor clamps are activated which drop the excess input
voltage across internal input resistors. If a continuous overload
is maintained, power dissipated in these resistors causes temper-
ature gradients and a corresponding change in offset voltage,

as well as added thermal time constant, but will not damage

the device.)

5. Common Mode Step Recovery is the time it takes the amp-
lifier to recover from a 30V common mode input with zero
volts of differential signal to within 10mV of final value. The
test input is 30V, 10us pulse at a 1kHz rate. (When a com-

mon mode signal greater than Vg -0.5V is applied to the
inputs, transistor clamps are activated which drop the excessive
input voltage across internal input resistors. Power dissipated
in these resistors causes temperature gradients and a correspon-
ding change in offset voltage, as well as an added thermal time
constant, but will not damage the device.)

6. Output Offset Voltage versus Power Supply Change is a
constant 0.005 times the unnulled output offset per percent
change in either power supply. If the output offset is nulled,
the output offset change versus supply change is substantially
reduced.

7. Differential Input Impedance is the impedance between the
two inputs.

8. Common Mode Input Impedance is the impedance from
either input to the power supplies.

9. Maximum Input Voltage (differential or at either input) is
30V when using 15V supplies. A more general specification is
that neither input may exceed either supply (even when

Vs =0) by more than 15V and that the difference between the
two inputs must not exceed 30V. (See also Notes 4 and 5.)

10. 0.1Hz to 10Hz Peak-to-Peak Voltage Noise is defined as
the maximum peak-to-peak voltage noise observed during 2
of 3 seperate 10 second periods with the test circuit of Fig-
ure 8.

DESIGN PRINCIPLE

Figure 1 is a simplified schematic of the AD521. A differental
input voltage, Vpy, appears across Rg causing an imbalance in
the currents through Q and Qa, AI=Vpy/Rg. That imbalance
is forced to flow in Rg because the collector currents of Qg
and Q4 are constrained to be equal by their biasing (current
mirror). These conditions can only be satisfied if the differen-
tial voltage across Rg (and hence the output voltage of the
AD521) is equal to Al X Rg. The feedback amplifier, App

x Vi
performs that function. Therefore, Voyr = S Rg or

Rg

'E] 2|
o [
S AN IR FA P
EXTERNAL
X w *, !%a_ 335.
1 T-AAO= 1 -
Vi ""—%";-M Bt M_%‘}_I\
] e R =
—= Ay
/| ST
[ _— L
g | ol R I -
a3 Vour o
Hen S ouT
b2 Vour
TRE'
i1 '::",’

]

Figure 1. Simplified AD521 Schematic
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APPLICATION NOTES FOR THE AD521

These notes ensure the AD521 will achieve the high level of

performance necessary for many diversified IA applications.
1. Gains below 1 and above 1000 are realized by adjusting

the gain setting resistors as shown in Figure 2 (the resistor,
Rg between pins 10 and 13 should remain 100k £15%,
see application note 3). For best results, the input voitage
should be restricted to 10V especially for gain equal to
or less than 1.

. Provide a return path to ground for input bias currents. The
AD521 is an instrumentation amplifier, not an isolation
amplifier. When using a thermocouple or other “floating”
source, this return path may be provided directly to ground
or indirectly through a resistor to ground from pins 1 and/
or 3, as shown in Figure 3, If the return path is not pro-
vided, bias currents will cause the output to saturate. The
value of the resistor may be determined by dividing the
maximum allowable common mode voltage for the appli-
cation, by the bias current of the instrumentation amplifier.

W+

GAIN TRIM

+IN 0—|

14
Rgain (Rg) O OUTPUT
2 ik
3
AN O— OUTPUT
O SIGNAL
= COMMON
i
! GAIN | VALUE OF Rg
0.1 ma
1 100k£2
v- TRIM 10 10k82
100 1k
1000 10002

Figure 2. Operating Connections for AD521

3. The resistors between pins 10 and 13, (Rgcapg) must equal

100kS2 +15% (Figure 2). If RgcaLE is too low (below 85k(2)

the output swing of the AD521 is reduced. At values below

80kS2 and above 120k{D the stability of the AD521 may be
. impaired.

. Do not exceed the allowable input signal range. The line-
arity of the AD521 decreases if the inputs are driven within
5 volts of the supply rails, particularly when the device is
used at a gain less than 1. To avoid this possibility, atten-
uate the input signal through a resistive divider network and
use the AD521 as a buffer, as shown in Figure 4. The resis-
tor R/2 matches the impedance seen by both AD521 in-
puts so that the voltage offset caused by bias currents will
be minimized.
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5. Use the compensation pin (pin 9) and the applicable com-
pensation circuit when the amplifier is required to drive a
capacitive load. It is worth mentioning that coaxial cables
can “invisibly"’ provide such capacitance since many popu-
lar coaxial cables display capacitance in the vicinity of 30pF
per foot.

This compensation (bandwidth control) feature permits the
user to fit the response of the AD521 to the particular appli-
cation as illustrated by Figure 5. In cases of extremely high
load capacitance the compensation circuit may be changed
as follows:

1. Reduce 68052 to 2452

2. Reduce 33082 to 7.502

3. Increase 1000pF to 0.1uF

4. Set Cx to 1000pF if no compensation was originally
used. Otherwise, do not alter the original value.

This allows stable operation for load capacitances up to
3000pF, but limits the slew rate to approximately 0.16V/us.

6. Signals having frequency components above the Instrumen-
tation Amplifier's output amplifier closed-loop bandwidth
will be transmitted from V- to the output with little or no
attenuation. Therefore, it is advisable to decouple the V-
supply line to the output common or to pin 11.

CX=

1 : F 7
70077 when f¢ js the desired bandwidth.
(f; in kHz, Cx in uF)

Figure 5. Optional Compensation Circuit

INPUT OFFSET AND OUTPUT OFFSET

When specifying offsets and other errors in an operational
amplifier, it is often convenient to refer these errors to the
inputs. This enables the user to calculate the maximum error
he would see at the output with any gain or circuit configura-
tion. An op amp with 1mV of input offset voltage, for
example, would produce 1V of offset at the output in a gain
of 1000 configuration.

In the case of an instrumecntation amplifier, where the gain is
controlled in the amplifier, it is more convenient to separate

! For further details, refer to ““An 1.C. User’s Guide to Decoupling,
Grounding, and Making Things Go Right for a Change,” by A.
Paul Brokaw, This application note is available from Analog Devices
without charge upon request.

errors into two categories. Those errors which simply add to
the output signal and are unaffected by the gain|can be classi-
fied as output errors. Those which act as if they are associated
with the input signal, such that their effect at the output is
proportional to the gain, can be classified as input errors.

As an illustration, a typical AD521 might have 2 +30mV output
offset and a -0.7mV input offset. In a unity gain configuration,
the total output offset would be +29.3mV or the sum of the
two. At a gain of 100, the output offset would be 40mV or:
30mV + 100(-0.7mV) = 40mV.

By separating these errors, one can evaluate the total error
independent of the gain settings used, similar to the situation
with the input offset specifications on an op amp. In a given
gain configuration, both errors can be combined to give a total
error referred to the input (R.T.1.) or output (R.T.0.) by the
following formula:

Total Error R.T.I. = input error + (output error/gain}

Total Error R.T.0. = (Gain x input error) + output error

The offset trim adjustment (pins 4 and 6, Figure 2) is associ-
ated primarily with the output offset. At any gain it can be
used to introduce an output offset equal and opposite to the
input offset voltage multiplied by the gain. As a result, the
total output offset can be reduced to zero.

As shown in Figure 6, the gain range on the AD521 can be
extended considerably by adding an attenuator in the sense
terminal feedback path (as well as adjusting the ratio, Rg/Rg).
Since the sense terminal is the inverting input to the output
amplifier, the additional gain to the output is controlled by
R; and Rj. This gain factor is 1 + R3/R;.

Vour = [vm +( :ﬁ_‘)(v. 7 v,)] [11_%'_‘1]

Figure 6. Circuit for utilizing some of the unique features of the
ADS521. Note that gain changes introduced by changing R1 and
R2 will have a minimum effect on output offset if the offset is
carefully nulled at the highest gain setting.
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Where offset errors are critical, a resistor equal to the parallel

combination of Ry and R should be placed between pin 11
and Vrgp. This minimizes the offset errors resulting from the

input current flowing in Ry and R at the sense terminal. Note
that gain changes introduced by changing the R /R attenua-

tor will have a minimum effect on output offset if the offset
is carefully nulled at the highest gain setting.

When a predetermined outpurt offset is desired, VRgr can be
placed in series with pin 11. This offset is then multiplied by
the gain factor 1 + R3/R; as shown in the equation of
Figure 6.

Figure 7. Ground loop elimination. The reference input, Pin 11,
allows remote referencing of ground potential, Differences in
ground potentials are attenuated by the high CMRR of the
AD521,

+16V 100k
‘V‘\“V
2~z
e
0 164F % \
*® 0% Ll CHART
; ADS15L AMA-9—0 peconpen
5
1L 3 +
100K 1AY : 1
COMMON
250F =
1
o
L | o S 10mn

>
-

2
§
’—1{'
3

Figure 8. Test circuit for measuring peak to peak noise in the
bandwidth 0. 1Hz to 10Hz, Typical measurements are found by
reading the maximum peak to peak voltage noise of the device
under test (D,U.T.) for 3 observation periods of 10 seconds each.
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ANALOG
DEVICES

High Accuracy Data Acquisition
Instrumentation Amplifier

AD522

FEATURES

Performance

Low Drift: 2.0uV/°C (AD5228)

Low Nonlinearity: 0.005% (G = 100)

High CMRR: >110dB (G = 1000}

Low Noise: 1.5uV p-p (0.1 to 100Hz)

Low Initial Vgg: 100V (AD522B)
Versatility

Single-Resistor Gain Programmable: 1< G < 1000
Output Reference and Sense Terminals

Data Guard for Improving ac CMR

Value

Internally Compensated

No External Components except Gain Resistor
Active Trimmed Offset, Gain, and CMR

PRODUCT DESCRIPTION

The AD522 is a precision IC instrumentation amplifier designed
for data acquisition applications requiring high accuracy

under worst-case operating conditions. An outstanding com-
bination of high linearity, high common mode rejection, low
voltage drift, and low noise makes the AD522 suitable for

use in many 12-bit data acquisition systems.

An instrumentation amplifier is usually employed as a bridge
amplifier for resistance transducers (thermistors, strain gages,
etc.) found in process control, instrumentation, data processing,
and medical testing. The operating environment is frequently
characterized by low signal-to-noise levels, fluctuating tempera-
tures, unbalanced input impedances, and remote location which
hinders recalibration.

The AD522 was designed to provide highly accurare signal con-
ditioning under these severe conditions. It provides outpurt off-
set voltage drift of less than 10uV/°C, input offset voltage drift
of less than 2.0pV!°C, CMR above 80dB at unity gain (110dB

at G = 1000), maximum gain nonlinearity of 0.001% atG =1,
and typical input impedance of 10°§2.

AD522 FUNCTIONAL BLOCK DIAGRAM

14-PIN DIP

HINPUT |L
RGAIN E
ANPUT E
NULL E
o
NULL E
ouUTPUT |T

’1! R GAIN

E DATA GUARD

12| SENSE

EREF

MmfNC
9 | GND |CASE)

w

This excellent performance is achieved by combining a proven
circuit configuration with state-of-the-art manufacturing tech-
nology which utilizes active laser trimming of tight-tolerance
thin-film resistors to achieve low cost, small size and high relia-
bility. This combination of high value with no-compromise per-
formance gives the AD522 the best features of both mono-
lithic and modular instrumentation amplifiers, thus providing
extremely cost-effective precision low-level amplification.

The AD522 is available in three versions with differing accu-
racies and operating temperature ranges; the “A", and “B"
are specified from 25°C to +85°C, and the ““S” is guaran-
teed over the extended aerospace temperature range of -55°C
to +125°C. All versions are packaged in a 14-pin DIP and are
supplied in a pin configuration similar to that of the popular
AD521 instrumentation amplifier,
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A = +25°C unless otherwise specified)

SPECIFICATIONS typicai@ +vs- s15v, ry - 21087

MODEL ADS __ADS225D
GAIN -
Gain Equation 14+24107) . .
. Ry
Gan Range 1 to 1004 . -
Equation Error
G=1 0 2% max 0.05% max L
G o= 1000 X 1.0% max 0 2% max .
Nonlinearity, max (see Fig 4)
0 0Us% 0001% e
001% 0 005% -
2ppm/°C (1ppm/°C typ) . .
G = 1000 soppm/°C (25ppm/°C typ) ¢ .
(e} A ERISTICS
Output Rating 10V @ SmA : *
DYNAMIC RESPONSE (see Fig 6)
Small Signal {-3dB)
G=1 300kHz . .
G= 100 3kHz . .
Full Power GBW 1 5kHz * .
Slew Rare 0 1V/us . .
Setthing Time to 0 1%, G = 100 0 5ms * -
to 001%, G = 100 Sms = =
10 001%, G = 10 2ms . .
wi0l% G=1 0 5ms . .
VOLTAGE OFFSET
Offsers Referred to Input
Imitial Offser Voltage
{adjustable to zero)
G=1 £400pV max (£200u4V typ) 22000V max (£ 1000V iyp) 200UV max (£100uV typ)
vs Temperature, max (see Fig 3)
G=1 £50uY"C (£10uV/"C typ) £25uV/°C 5V C typ) £100uV/°C (£10uV/°C typ)
G = 1000 6uVI°C s2uv/°C 26uV/IC
1<G6 <1000 1{-:—;" +6WviC 4:‘%’ +pvic # % + EpvIe
vs Supply, max
G=1 20uV/% . .
G = 1000 0 2uV/% < b
INPUT CURRENTS
Input Bias Current
Initial max, +25°C £25nA . .
vs Temperature £100pA/°C . .
Input Offser Curvent
Initial max, +25°C +20nA . .
vi Temperature thOpM’C b .
INPUT
Input Impedance
Differential 10*a - .
Common Mode 10°0 ' .
Input Valtage Range
Maximum Differenual Input, Linear 1oV . .
Maximum Differential Input, Safe 1z0v » .
Maximum Common Mode, Linear t1ov » -
Maximum Common Mode Input, Safe 215V . .

Common Mode Rjection Rano,
Min @ £10V, 1k Source
Imbalance (see Fig. 5)

G = 1 {dc to 30Hz) 75dB (90dB typ)

80dB (100dB typ)

75dB (90dB typ}

G = 10 (dc to 10Hz) 90dB (100dB typ) 25dB (110dB yp) 90dB (110dB typ)
G = 100 {de to 3Hz) 100dB (110dB typ) 100dB (120dB typ) 100dB (12048 typ)
G = 1000 (dc 1o 1Hz) 10048 (120dB typ) 110dB (>120dB typ) 100dB (>120dB typ)
G = 1 1o 1000 (dc to 60Hz) 75dB (B8dB typ) 80dB (88dB typ) *
NOISE
Voltage Nowse, RTI (see Fig 4)
0 1He¢ to 100Hz {p-p)
G=1 15V . .
G = 1000 15V . .
10Hz ta 10kHz (rms)
G=1 150V i .
TEMPERATURE RANGE
Specified Performance -25°C 10 +85°C - -55"Cro +125°C
Operating -55°Cro +125°C ‘ X
Storage -65°C w +150°C . .
POWER SUPPLY
Power Supply Range (5 to 1)V " -
Quiescent Current, max @ 15V *10mA *8mA e
PACKAGE OPTIONS?
Ceramic® (DH-14A) ADS22AD AD522BD
Metal (DH-148) AD5225D

NOTES

! Speaificstions guaranteed after 10 munute warm-up.

¥ See Section 16 for package outline information.

* Analog Devices reserves the right to ship metal package m e
of the standard ceramic packages for A and B grades,
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Applying the AD522

GENERAL APPLICATION CONSIDERATIONS

Figure 1 illustrates the AD522 wiring configuration when used
in a typical bridge amplifier application. In any low-level, high
impedance, noise-dominated environment, proper shielding and
grounding are requisite for optimum performance; a recommen-
ded technique is shown.

SIGNAL RETURN LOAD RETURN

oo ) - (5 )]

I GAIN ﬂESﬁTBH lk—,Swa BE ~.Sppm/ C [VISHAY TYPE H(MN‘DED‘«
0 fg

2 5ml

ANDMCMN TH) msux mcll!s FROM
ADB2E NO INSTABILITIES ARE cms[o sv n:ucn Flg LOCATIONS WHEN HOT USED
THE DATA GUARD PIN CAN BE LEFT UNCONNECTED

3 m:nwwu FILTERS ARE RECOMMENDED FOR MINIMUSM NOIGE IN NOITY ENVIRON.

4 m:lmlu RECUIAED FOR MOST APPLICATIONS IF ntﬂulalo A ML, Thopm! C 28 TURN
TRM POT (SUCH AS VISHAY 1202 ¥ 104) IS AECOMMENDED

Figure 1. Typical Bridge Application

Direct coupling of the AD522 inputs makes it necessary to
provide a signal ground return for input amplifier bias currents.
This can be achieved by direct connection as shown, or through
an indirect path of less than 1M£2 resistance such as other sys-
tem Interconnections.

To minimize noise, shielding should be provided for the input
leads and gain resistor connections. A passive data guard is pro-
vided to improve ac common mode rejection by “bootstrap-
ping"' the capacitance of the input cabling, thus minimizing
differential phase shift. This will also reduce degradation of
system bandwidth.

Balanced design eliminates the need for external bypass capa-
citors for most applications. If, however, the power supplies
are remotely located (farther than 10 feet or so) or if they are
likely to carry more than a few millivolts of noise, local filter-
ing will enable the user to retain optimal performance.

Reference and sense pins are provided to permit remote load

sensing. These points can also be used to trim the device CMR,
add an output booster, or to offset the output to a reference
level. These applications are illustrated in following sections.

It is good practice to place Rg within several inches of the
AD522. Longer leads will increase stray capacitance and cause
phase shifts that will degrade CMR at higher frequencies. For
frequencies below 10Hz, a remote Rg is generally acceptable;
no stability problems are caused. Bear in mind that a leakage
impedance of 200M{2 between Rg pins will cause an 0.1% gain
error at G = 1. Unity gain is not trimmable.

TYPICAL APPLICATION AND ERROR BUDGET ANALYSIS
(See Figure 1 and Table I)

A floating transducer with a 0 to 1 volt output has a 1k source
imbalance. A noisy environment induces a one volt 0 to 60Hz
common mode signal in the ground return. This signal must be
amplified to interface with a data acquisition system calibrated
fora O to 10 volt signal range. The operating temperature range
is 0 to +50°C and an AD522B is to be used. Table 1 lists

error sources and their effect on system accuracy.

The total effect on absolute accuracy is less than 20.2%, allowing
adjustment-free 8-bit operation. In computer or microproces-
sor controlled data-acquisition systems, automatic recalibration
can nullify gain and offset drifts leaving noise, distortion and
CMR as the only error sources. In this case, full 12-bit opera-
tion is achieved.

Gain Errors: Absolute gain errors can be nulled by trimming
Rg. Gain drift is a linear effect, not detrimental to resolution
and is caused by the change in value of internal resistors over
the operating temperature range. An “intelligent”” system can
correct for these errors with an automatic calibration cycle.
Gain nonlinearity never exceeds 0.002% at G = 10.

Offset Drift & Pins Current Errors: Special care has been taken
in the design of the AD522 input stage to minimize offset drift.
Unless transducer impedances are unbalanced by more than
2k£2, errors caused by offset current drift are negligible com-
pared to offset voltage drift. Although initial offset voltages
are laser-nulled for most applications, provisions have been
made to allow further adjustment to correct for initial system
offset. In this example, all offset drifts amount to £0.014%
and do not effect resolution (can be corrected with an auto-
matic calibration cycle).

CMR and Noise Errors: Common mode rejection and noise
performance of instrumentation amplifiers are critical because

Effect on Absolute Effect on Resolution

Error Source Specification Accuracy, %of F.§. % of F.5.
Gain Nonlinearity +0.002% max, G = 10 *0.002 0 002
(from Spec Sheetand Fig 4)
Voltage Dnift gié‘::nﬁ +20uV/C=45uvi°C $0.011 A
R T.L = 0 00055%/°C
(from Spec Sheet)
CMR 86dB (from Spec. Sheet, CMR vs F 0 005 0 005
vs. G, typical curve)
Nowse, RT.0, 15uV (p-p) RT O (from Spec Sheet, 0 0015 0 0015
(0 1 to 100Hz) Noise vs G typical curve)
Offser Current £50pAL°C x 1k source imbalance +0.000125 ——
Drift (Spec Sheet) = £50uV/°C =
1250V R T
Gain Drift 60ppm/°C £0.15 _—

(add 10ppm/°C for
external Rg )

(Spec. Sheer)

Table I. Error Sources
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