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How to Find Product Data in This Databook

The Databook contains Data Sheets for all products recommended for new designs, lists of Available Products not databooked

here (data sheets upon request), and a Substitution Guide for products no longer available, plus Selection Guides and a wealth of
background information.

THERE ARE TWO VOLUMES
VOLUME I contains technical data on our integrated circuits and hybrids for data acquisition.

VOLUME II has all data-acquisition products manufactured in the form of modules, cards, instruments, discrete-assembly
subsystems and systems.

DO YOU KNOW THE MODEL NUMBER?
If you know the model number, turn to the product index on page 1-14 (back of book) and look up the model number. You
will find the Volume, Section, and Page location of data sheets bound into Volume I and Volume II.
If you’re looking for a form-and-function-compatible version of an integrated circuit or hybrid product originally brought to

market by some other manufacturer (second source), add our “AD” prefix (or “ADSP”, for digital signal processing ICs) and
look it up in the index.

IF YOU DON’T KNOW THE MODEL NUMBER

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

1. FIND YOUR FUNCTION IN THE LIST ON THE OPPOSITE PAGE OR ON PAGE 2-1
Turn directly to the appropriate Section (or Volume). You will find one or more functional Selection Guides at the
beginning of the Section. The Selection Guides will help you find the products that are closest to satisfying your need, and

their Volume-Section-Page locations. Use them to compare all products in the category by salient criteria, no matter which
Volume their technical data resides in.

2. IF THE FUNCTION IS NOT LISTED BY A NAME THAT YOU RECOGNIZE
Find it in the diagram (opposite page). It will help you find the Selection Guides for products in that functional category.

Then use the Selection Guide(s) to find the Volume-Section-Page locations of products that will come closest to satisfying
your need.

A RELATED PRODUCT MAY BE WHAT YOU REALLY WANT
Text in each section often mentions related or complementary product categories having a greater or lesser degree of functional
integration.

IF YOU CAN’T FIND IT HERE . . . ASK!
See Worldwide Service Directory, 1-12 and 1-13, at the back of this volume.
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General Introduction

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

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

MAJOR PROGRESS

Since the publication of our two-volume 1982 Databook and its
1983 companion update volume, nearly 50 significant new products
have been introduced. They are identified by bullets (®) in the
index and in the table of contents for each section of this Databook.
Examples of these new products include: The AD7226 Quad
DAC - 4 bus-interfaced voltage-output 8-bit DACs on a single
monolithic CMOS chip; the AD670 8-bit “ADCPORT,” a
complete ready-to-go monolithic pP-compatible 8-bit a/d converter
with on-chip instrumentation amplifier; the AD667 complete

- 12-bit voltage-output D/A converter with 2us voltage-settling
time; the AD9700 monolithic DAC for raster displays; the ADSP-
1110 single-port 16-bit multiplier/accumulator for digital signal-
processing; and the complete, expandable, stand-alone nMAC-
5000 single-board measurement-and-control system, programma-
ble in powerful hMACBASIC.

INTEGRATED CIRCUITS

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

VOL. I, 1-2 GENERAL INFORMATION

TECHNICAL SUPPORT

Analog Devices offers extensive technical literature, which dis-
cusses the technology and applications of products for precision
measurement and control. Besides comprehensive data sheets, of
which there are many outstanding examples in this book, we
offer Application Notes, Application Guides, Technical Hand-
books (at reasonable prices), and several serial publications; for
example, Analog Productlog, which provides brief information

on new component products being introduced and Analog Dialogue,
our technical magazine, which provides-in-depth discussions of
new developments in analog and digital circuit technology as
applied to data-acquisition and control. We maintain a mailing
list of engineers, scientists, and technicians with a serious interest
in our products. In addition to data-book catalogs—such as this
one-we also publish several short-form catalogs, on specific
product families. You will find typical publications described on
page 1-11 at the back of the book. :

SALES OFFICES

Backing up our design and manufacturing capabilities and our
extensive array of publications is a network of sales offices and
representatives throughout the United States and most of the
world. They are staffed by experienced sales and applications
engineers, and many of them maintain a local stock of Analog
Devices products. Our Worldwide Service Directory appears on
pages 1-12 and 1-13 at the back of the book.

PRODUCTS NOT CATALOGUED HERE

For maximum usefulness to designers of new equipment, without
unwieldy size, we have limited the contents of the Databook to
products most likely to be used for the design of new circuits
and systems. If the data sheet for a product you are interested
in is not in either Volume turn to page 1-9, at the back of this
book, where you will find a list of older products for which data
sheets are available upon request. On page 1-10 you will find a
guide to substitutions for products no longer available.

PRICES

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

(this section continues at the back of the book)
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INTRODUCTION
This Ordering Guide should make it easy to order Analog Devices products, whether you’re buying one IC op amp, a
. multi-option subsystem, or 1000 each of 15 different items. It will help you:

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

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

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

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

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

AD XXXX A Y Z XXX - YYZZ W M
ANALOG ' I THREE OR I
DEVICES | FOUR-CHARACTER
PREFIX ALPHABETIC
PREFIX
THREE-OR-FOUR-

THREE OR
FOUR-DIGIT
NUMBERS

NUMERAL FUNCTIONAL

1 OR 2 LETTERS

PROVIDE ADDITIONAL

GENERAL INFORMATION
'OND GENERATION fed

A: SEC
DI: DIELECTRICALLY

ISOLATED
2: OPERATION ON_+12V SUPPLIES /
PERFORMANCE-
TEMPERATURE RANGE
DESIGNATOR'
. (1 | mcreasing
J * PARAMETRIC
0 70 +70 PERFORMANCE
M BEST OVERALL
PERFORMANCE
A § INCREASING
asicd B | PERFORMANCE
=25°C TO+ C BEST OVERALL
PERFORMANCE
INCREASING
6 TOS125C $ 1 perFoRMANCE
- + U BEST OVERALL
PERFORMANCE

PACKAGE OPTIONS:

HERMETICALLY SEALED DIP,
CERAMIC OR METAL
LEADLESS CHIP CARRIER
CERAMIC FLATPACK

METAL CAN, HERMETICALLY
SEALED

METAL-CANDIP, HERMETICALLY
SEALED-COMPUTER LABS
PLASTIC DIP

1
2 2. x7m o

VERTERS,
YY MAY DENOTE
RESOLUTION, 2Z SPEED

ADDITIONAL FUNCTIONAL

PACKAGE OPTION
M OR H
HERMETICALLY
SEALED

METAL-CASE DIP

DESIGNATION OR OPTION
eg. E, C, A, ETC.

Q CERDIP
CHIPS MONOLITHIC CHIP'

EXAMPLES:
ADS521KCHIPS
AD7524AD
AD7512DIKD

'MONOLITHIC CMOS CHIPS IN THE AD75XX
SERIES WERE FORMERLY DESIGNATED
AD75XX/COM/CHIPS AND AD75XX/MIL/CHIPS
AND MAY APPEAR ON PRICE LISTS WITH
THOSE DESIGNATIONS. CONSULT ANALOG
DEVI(S:ES FOR CURRENT PRICING OF AD75XX
CHIPS.

Figure 1. Model-Number Designations for Standard
Analog Devices Monolithic and Hybrid IC Products
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SECOND SOURCE :
In addition to our many proprietary products, we also manufacture devices that are fit-, form-, and function-compatible
(and often superior in performance and reliability) to popular products that originated elsewhere. For such products, we
add the prefix “AD” to the familiar model number (example: ADDAC85C-CBI-V).

ORDERING FROM ANALOG DEVICES

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

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

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

When prepaid, orders should include $2.50 additional for packaging and postage (and a 5% sales tax on the price of the
goods if you are ordering for delivery to a destination in Massachusetts).
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General Purpose -
P / FET INPUT / /
) © v &~
S ) W
() » n '3‘
~
SIS/ )/ )/ I/
Monolithic Bipolar Input
Technology J-FET ]
Dual J-FET [ o
Multi-Device Hybrid ° °
Technology Module
High Open >100dB . O O
Loop Gain >140dB
High CMR >100dB .
Low Offset ' <SmV . ° ° .
Voltage <imv . ° ° 'Y
<50uV
Low Offset <s5uv/°C . . °
V, vs. Temp <1uv/°c
<0.6uv/°C
Low Bias <50pA . ) [ O ° 0
Current <5pA -
) <0.5pA
Fast Settling <lusto 0.1% o
<5us to 0.01% °
Wideband 2>2MHz °
(Unity Gain) 210MHz
High Slew 210V/us ) . °
Rate >30V/us
2100V /us
21000V/us
Low Noise (0.1 to 10Hz) ) . 0 0
2uV p-p
High Voltage Out =100V .
High Current Qut  >20mA
Low Power <75mW ° ° °
Second Source '
Temperature Range
0 to +70°C . . . . . .
-25°C to +85°C
-55°C to +125°C . .
Dice Availability . .
Volume 11 1 1 1 1 1
Page 4-21 4-35 | 4-35 4-75 | 4-95 4-99
Shading indi new product since publication

e
of 1982—1983 Databook Update.
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$/S /S §/3 /35 /8)8/8/8 /s
< /8 /R ~ v VAV o
Monolithic Bipolar Input L4 L ° L)
Technology J-FET .
Dual J-FET .
Multi-Device Hybrid o °
Technology Module [ ] L)
High Open >100dB ° . . ° . ° O O
Loop Gain >140dB ° .
High CMR >100dB ° . . °
Low Offset <SmV . o o ° o | . °
Voltage <lmV o ° °
<50uv . ° . o L)
Low Offset <5uV/°C ° . ° ° ) ) . Py
V, vs. Temp <1uv/°C ° ° . O °
<0.6uV/°C K . . . .
Low Bias <50pA ° ° o 0
Current <5pA N ] [ ]
<0.5pA °
Wideband >500kHz .
(Unity Gain) >2MHz .
High Slew 2>10V/us
Rate >30V/us . '
. >100V/us
21000V /us
Low Noise (0.1 to 10Hz)
<4uv p-p . (]
<2uV p-p . . .
‘<1uV p-p ° . o
High Voltage Out  >100V
High Current Out  >20mA,
Low Power <75mW [ . ° .
Second Source
Temperature Range
0 to +70°C . . . . . ° ° .
-25°Cto +85°C
-55°C to +125°C . . . .
Dice Availability o
Volume ) 1 1 1 1 1 1 I 1 I
Page 4-39 | 4-55 4-23 4-23 4-83 | 4-87 | 4-103 | 4-59 4-19
NOTE

1 Chopper Stabilized

Shading indicates new product since publication
of 19821983 Databook Update.
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Current <SpA
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Z50MHz L[]
High Slew >10V/us L] .
Rate 230V/us o .
2100V /us ° . ° [] . ] o ]
>1000V/us o
Low Noise (0.1 to 10Hz) 0 . |
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Orientation
Operational Amplifiers

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

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

BACKGROUND

The operational amplifier is today the most-widely used analog
subassembly. It is safe to say that its basic properties and appli-
cations are sufficiently understood by most circuit designers
and builders. However, the basis for choice, the subtleties of
using op amps in circuits for best results (especially in preci-
sion measurement and control), and the varieties of possible
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 4-16 a bibliography that should make avail-
able up to 99% of information needed now and then, with
“fanout” to the vast body of literature that — with some re-
dundancy — will provide the remainder. It should come as no
surprise to successful users of Analog Devices op amps that a
number of the references are to the applications sections of
data sheets included in this catalog.

SELECTION PRINCIPLES

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

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

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

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

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

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

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

2. Recognizing that the choice of an op amp depends on both
the overali circuit requirements and the characteristics of avail-
able op amps, the designer should interpret the desired overall
performance in terms of the parameters of op amps, and es-
tablish acceptable ranges of parameters, and their varjation
with time, temperature, supply voltage, etc. Examples of the
key parameters are the input offset voltage, input bias and off-

-set currents, and the high-frequency performance and transient

behavior of the op-amp block (and its effect on the closed-
loop circuit) for large and small signals. It will be helpful to
develop an application checklist, which includes such con-
siderations as the character of the input signals and their im-
pedance, the output load, the desired accuracy — static and
dynamic — and the environmental conditions.

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

APPLICATION CHECKLIST

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

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

Accuracy desired: The accuracy requirement deter-
mines the extent to which the foregoing considerations
are critical, and ultimately points the way to a device
(or series of devices) which are-acceptable. Accuracy
must, of course, be defined in terms meaningful to

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 environmental requirements imposed
by the application. This suggests that a “General Purpose”’
amplifier will be the best choice in all applications where

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

To make it easier to relate bandwidth requirements with the
drift and offset characteristics, a capsule view of bandwidth
considerations precedes the DC discussions below. The

.................

bandwidth considerations.

Gain Bandwidth Considerations, A Capsule View
Although all selection criteria must be met simultaneously,
determination of the bandwidth requirements is a logical
starting point because:

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

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

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

Where DC information is required and where frequency
requirements are relatively modest (full power response
below 100kHz, unity gain of less than 1.5MHz) other criteria
will probably influence the final choice. It is important,
however, to choose an amplifier with which an adequate
value of loop gain is assured (at the maximum frequency of
interest) to obtain the desired accuracy. Loop gain is the
excess of open loop gain over closed loop gain, and is
responsible for the diminishing error due to fluctuations in
the open loop gain due to time, temperature, etc. For ex-
ample, if the closed-loop gain is 1000, the open-loop gain
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must be at least 100,000 to yield an error of no more than
1%, and 1,000,000 to yield an error no greater than 0.1%.
Where undistorted response is required, the specifications for
full linear response and slewing rate should be chosen such
that they are not exceeded at the highest frequency of
operation.

Offset and Drift Considerations

In the majority of op-amp applications, final selection is
determined by the DC offset and drift characteristics. To
undertake amplifier selection in these cases, it is necessary

to translate the requirements listed above as follows. (It is
assumed that bandwidth requirements and temperature range
have been established at this point.)

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

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

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

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

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

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

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



ForRc = 0
and R << R;

R¢ R¢ + R
% =-qt [s, + s ( fRf ') + l.,R;]
—
Signal Input Drift Error = Vg

i For Rc = R R¢/(R; + R¢)

R '
®o=- gh [os + o BLTRL 4 iR
-G t and Ry << R;

———
Signal Input Drift Error = Vg
Input Impedance Ry ~ R;

% Drift Error = 100vy

Figure 1A. Inverting Configuration

+ R;
eog_Riﬁi_' [e, + egs + ibR,] forRgc = 0
N
Signal  Drift Error = Vg
R2 + Ri [ . Ri Rz
8 = —— + + ig R. = -——
o R eg eos id ,] for Rg Rg R * A2

L e ]
Signal . Drift Error = Vg

Input Impedance Ry = Rcm

% Drift Error = “:.;V_a_
'S

Figure 1B. Noninverting Configuration

Where it will otherwise function properly, the noninverting
circuit generally makes a better choice for high input
impedance circuits. Also, for the same source and input
impedance requirement, a given amplifier will generate lower
offset errors for the noninverting circuit than for the inverting
circuit. This is so because the bias current flows only through
R for the noninverter and this will always be less than the
mput impedance, R;, of the inverter. Input 1mpedance of the
noninverter (approximately R ) is typically 107 ohms
even for the least expensive bipolar amplifiers and up to 10!}
ohms for FET types.

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

Initial offsets can usually be zeroed at room temperature so
that only the maximum temperature excursion (AT) from
+25 C need be considered. For example, over the range of
-25°Cto +85 °C, the maxxmum 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.

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,

-
|
Lyl +

Ri + R
o= [ + 0o () + i)

Signal  Drift error = le
" _(_RtRg 1
Input R'N-<R1+H¢>(1+Aﬁ>
where 1/8=1 + BB *Ra) o i o 1001
Ry Ra is

Figure 2A. Current Amplifier

e, =Rgis + eq + ip R¢ for Ry > Ry
——
Signal  Drift Error = Vg
Input Impedance Rjy ~ Rg¢

100V4

% Drift Error = Rr &

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

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

In selecting a current amplifier, the most important
consideration is current noise, and bias current drift.
Measuring accuracy is largely the ratio of current noise and
drift to signal current, ig. To obtain the drift of error current
I, referred to the input, use the following expression.

Aeys Rf“‘Rsr Aig
Ale "[ AT( RR, ) AT AT

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, ig. 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 performance for the DC and audio frequency range
applications. However, to obtain unity gain bandwidth above
2MHz, full power response above 20kHz and slewing rate
above 6V/usec, in general, requires special design techniques.
All amplifiers with wideband, fast response characteristics
have been listed in the wide bandwidth group to simplify
the selection for higher frequency applications.

One factor often overlooked is that stray capacitance and
impedance levels of the external feedback circuit can be the
major limitation in high frequency applications. For example,
in Figure 1A, if R¢ were one megohm, and stray capacitance,
Cg, were one picofarad then the closed loop bandwidth
would be limited to 160kHz (1/(2mRpCs)) regardless of
how fast the amplifier is. Moreover, output slewing rate will
be limited by how fast Cg can be charged which in turn is
related to signal level, e, and input 1mpedance, R;, by
deO/dt = -€5/R;C;s. For these reasons it is usually not
possible to obtain both fast response and high input
impedance for an inverting circuit since both R; and R¢ must
be large to obtain high input impedance.

Another advantage of the noninverting circuit (Figure 1B)

is that input impedance, being determined by potentiometric
feedback, does not depend on the impedance levels for Ry
and R;. Therefore, a low impedance can be used for Rj so
that stray capacitance of Cg will not limit the circuit’s band-
width. In this case the minimum value for R is constrained
only by the output current rating of the amplifier. Again the
trade-off between the frequency response and input
impedance of the inverting and noninverting circuits must
be evaluated in light of the common mode rqectxon error
introduced by the noninverter.

VOL. |, 4-8 OPERATIONAL AMPLIFIERS

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

A. Steady State Applications
Steady state applications involve amplifying or otherwise
manipulating continuous sinusoidal, complex or random
waveforms. In these applications the significant issues in
choosing an amplifier are as follows:
1. Is DC coupling required? If 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 DC offset. Your only concern here is that DC
offset at the output does not become so large, as might be
the case with a high gain stage, that the output is saturated
or the dynamic swing for AC signals is limited. One way to
circumvent the latter problem is to use feedback to limit
the gain at DC as shown in Figure 3. The gain of these circuits
can be small at DC but large at high frequencies.

" iR" -

& O—AAA— =

b0 ¢,
- _R3Ry
= Re= myvms
eolei R R2Rq
* R2+Raq
Ry [Ra+Rp |l
R R
1
Rz +Rg H
R 1 |
1 1
£ H
1 KN 0 et
WR3+RIC R3C

Figure 3. DC Feedback Minimizes Output Offset
for AC Applications

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

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



]

OPEN LOOP GAIN A
N
A _— LOOP GAIN-A8
AlG
CLOSED LOOP CLOSED LOOP
GAIN-G BANDWIDTH—fy
G
W —— fa f =i

Figure 4. Closed Loop Bandwidth and Loop Gain

a. Closed loop gain stability = AG/G
AG/G = (0A/A) [1/(1 + AB)] where AA/A is the
open loop gain stability, usually about 1%/°C.

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

c. Closed loop nonlinearity = Ly = Loi/(1 + Af), where Ly
is the open loop linearity, usually less than 5%.

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

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

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

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

{

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

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

Settling Time

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

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

is shown in Figure 6.

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

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

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

ERRORS DUE TO NOISE

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

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

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

K = Boltzman’s Constant (1.38 x 103 joules/°K)

T = absolute temperature of the resistance, °K

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

(1) Remember that a 100k§2 resistor generates 40nV rms in
a 1Hz bandwidth. The noise voltages generated by other values
of resistances in other bandwidths can be calculated by remem-
bering that the noise is proportional to the square root of the
resistance and the bandwidth; i.e.

en (rms) = (40nw\/sz)( /ﬂ)_o“k_n (BW))

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

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

er=vVe? +ep? +el + ... enl
If any noise source is less than a'third of another, it may be
neglected. The resulting error will be approximately 5%.

(4) Restricting the bandwidth of a 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.

e ing

ing Rs

COMPONENT CAUSE OUTPUT CONTRIBUTION
Rin . Johnson Noise VAKTBRIN (Re/Rin)

Rs Johnson Noise VAKTBRs (Rg/Riy + 1)
Re Johnson Noise AKTBRE

ing Amp. Current Noise ing RE

iny Amp. Current Noise (inyRs) (RE/Riy + 1)

en Amp. Voltage Noise e (RE/RyN + 1)

TOTAL NOISE =/(er,, G)’ +[epg (G +1)]? + @7 g, + (in, RE}’ +[(in, Rs) (G + 1 +[en (G + 1]?
Figure 7A. Noise Components

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

in addition to the AD504M input voltage noise of 0.6uV p-p,
are the Johnson noise (58uV p-p) and current noise (2.5uV

PP



AD741 is internally compensated; it does not require external
capacitance for frequency compensation. On the other hand,

Bipolar monolithic technology is used for all types. The n

gaN=100 the AD301A’s ability to be externally compensated, by either
Rs = 50ks2 lag or feedforward circuitry, permits circuits with a wide range
:;.'_‘,‘“:gln of dynamic performance characteristics to be handled. Extend-
ed-temperature-range equivalents are the AD101A, AD201A,
and AD741.
1) RESISTOR NOISE: R » 13nVA/Hz
2:‘:(;::3‘/:/@;?‘1 28uVA/FE 2. Low Bias~Current,.High Input-{mp.edance, FET-Input ICs.
Tﬂ;ﬁv%;mfé Lo These types use thé mhc;rent!y high 1mpedar?cc and low
leakage current of junction field-effect transistors (FET’s)
. IAMPLIFIER CURRENT NOISE: (SlnA pol (00 (100 254V to deal with configurations that either provide the mea-
3) AMPLIFIER VOLTAGE NOISE: (0.64V p-p) (101) = 60.64V pp surement of low currents or require the use of high-resist-
TOTAL OUTPUT NOISE = /(252" + (60.6)° + (68)” ~ 2654V pp ~ : ance circuitry.

Typical applicatioﬁs range from general-purpose high-im-
pedance circuitry to integrators, current-to-voltage converters,
and log-function generation, to measurements with high-im-
HOW THE OPERATIONAL AMPLIFIERS ARE CLASSIFIED pedance transducers, such as photomultipliers, flame detectors,
To assist the designer in distinguishing among the many types PH cells, and radiation detectors.

Figure 7B. Design Example

available from Analog Devices, we have provided a Selection The performance range is from the 75fA (75 x 10™'° A) maxi-
Guide, in which amplifiers are grouped in terms of common mum bias current of the AD515L ele;tromcter to the 100pA
properties which have been optimized in order to satisfy the max of the general purpose, lowest-cost AD611. The AD542
needs of specific classes of applications. Once the choice has is a low-cost, laser-wafer-trimmed (LWT) monolithic implanted
been narrowed to the mana_geable number of types in any FET input amplificr with low offset and drift. The AD544 is
group, distinctions can be drawn in terms of other require- similar, but has higher speed. Low bias current does not ne-
ments or considerations. cessarily imply large voltage offsets; the AD515K combines a

150fA (0.15pA) max bias current with 1.0mV max offset and
15uV/°C max voltage drift; comparable figures for the
ADS547L are 25pA, 0.25mV and 1uV/°C.

Temperature Range and Nomenclature. Analog Devices oper-
ational-amplifier nomenclature uses suffixes to permit ready
identification of the temperature range for which device

operation to meet critical specifications has been designed The types of amplifiers in this group cither are completely

or selected. The most popular range comprises the “‘com- mom‘)lfthnc or employ matched FET’s and a special bipolar
mercial” temperatures from O to 70°C; it is designated by amphfu:r chip designed to accommoc:latc the i‘}P“t FET’s
“suffixes such as J, K, L, M, in order of increasingly tighter electn.cally. In near!y all tl~1c IC’S} thf“'ﬁlm resistors are
specs (e.g., AD741L). Also popular is the “‘extended” range, deposited on the chip at critical circuit locations to ensure
-55°C ro +125°C, designated by S, T, U, (e.g., AD510S); not stability; low offsets and drift are achieved by laser-trimming
all families have types with specified performance in this of circuit balance. All FET-input op amps ff?m Analog
range. There are a few types dcsi%ned for operation in the Devx.ce.s are manufactured to meet their published bias-current
““industrial” range, ~25°C to +85°C, designated by A, B. s.p.ccllflcatlons after full warmup (some manufact}xrers specify
Wide-range types will generally meet the same or better initial current, which is lower than warmed-up bias current).
specs in a narrower temperature range. A few types are . Our published max bnas-current‘s‘pfecnflcauon':,apphes to either
second-sources for products originally introduced by other input (some manufacturers call “bias current” the average of
manufacturers. In those instances, the generic nomenclature is the two input currents). Bias current of junction FET’s ap-
used (AD741C) or enlarged upon, if superior selections are proximately doubles for every 10" C increase of temperature.
offered (e.g., AD301AL). 3. FET-Input Dual ICs. The AD642, AD644, and AD647 are
1. General-Purpose ICs. Amplifiers in this group include our a single-chip pair of trimmed implanted-FET-input (TRIFET)
lowest-cost devices. They are best-suited for general purpose op amps similar to the AD542, AD644, and AD547 with low
designs with moderate drift requirements, down to 5uV/°C warmed-up bias current (35pA max — K, L, S), low offset
max (AD301AL), and gain-bandwidth to 8MHz (AD301A). voltage (0.5mV max — L), low offset-voltage drift (2.5uV/°C
Typical applications include summing, inverting, impedance max — L), and excellent Vg matching (0.25mV max — L).
buffering (followers), and active filtering. They are also use- Besides applications calling for more than one FET-input op
ful for developing nonlinear transfer functions, with appro- amp at low cost per function, the AD647 is especially useful

priate external circuitry.
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in applications calling for matched duals, such as log-rato
amplifiers, FET-input instrumentation amplifiers, and buf-
fering of differential signals. The AD644, a wideband version,
was designed for fast DAC amplifiers, sample and hold, filters
and wideband instrument amplifiers.

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

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

Performance of internally compensated premium amplifiers in
this group ranges from the ADOP-07A’s 25uV max offset volt-
age and 0.6uV/°C drift, and the AD517L’s 504V max offset
voltage and 1.3uV/°C drift, combined with 1nA max bias cur-
rent (1.5nA max over the temperature range), and CMR of
110dB min, to the low-cost AD741L’s maximum offset of
0.5mV and max offset tempco of 5uV/°C, with 100nA max
bias current over the temperature range, and CMR of 90dB min.

The ADOP-07 is a superior second source to other OP-07
families; for example, ADOP-07AH has minimum gain of

3 x 10° V/V compared to 3 x 10° V/V.

Among uncompensated op amps, the premium range is from
the AD OP-27 with 254V maximum offset voltage, 0.6uV/°C
max drift, 40nA max bias current over the temperature
range, and 114dB CMR, to the low-cost AD301AL, with
max offset of 0.5mV, max drift of 5yV/°C, max bias cur-
rent of 45nA over the temperature range, and minimum
CMR of 90dB. For applications in which low noise is es-
sential, the AD OP-27 has 100%-tested guaranteed maxi-
mum voltage noise of 0.18uV p-p, for the frequency range
0.1 to 10Hz, and maximum spot noise of 5.5 and 3.8VA/Hz
and 4.0 and 0.6pA/A/Hz, at 10Hz, and 1000Hz, respectively.

The AD741J/K/L and the AD301AL are selected from
production lots of the generic AD741 and AD101A types.
The AD504, AD510, and AD517 are thermally balanced

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

Extended-temperature-range equivalents are AD504S, AD510S,
AD7148, and AD517S.

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

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

to sustain 500V/us in a 100pF load is I = C dV/dt= 50mA.

. AD380 is optimized for settling time: 250ns maximum to

0.01%, inverting or noninverting, with output of +50mA
at £10V.

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

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



DEFINITIONS OF SPECIFICATIONS -

Absolute Maximum Differential Voltage

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

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

The precise specification of CMR is complicated by the fact
that the common-mode voltage error can be a highly nonlinear
function of common-mode voltage and also varies with tem-
perature. As a consequence, CMR data published by Analog
"Devices are average figures, assuming an end-point measure-
ment over the common-mode range specified. The incremental
CMR about smail values of common-mode voitage may be
greater than the average CMR specified (on the other hand, the
incremental CMR may be less in the neightborhood of large
CMV). Published CMR specifications for op amps pertain to
very low-frequency voltages, unless specified otherwise; CMR
decreased with increasing frequency.

Common-Mode Voltage, Maximum

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

Drift vs. Supply

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

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

by far the most important source of error in most precision
applications. The temperature coefficients (tempcos) of those
parameters are all defined as the average slope over a specified
temperature range. Drift can be a nonlinear function of tem-
perature (though it is often quite linear over limited tempera-
ture ranges); the slopes generally are greater at the extremes of
temperature than around normal ambient (+25°C), which gen-
erally means that for small temperature excursions in the vi-
cinity of +25°C, the specification is conservative.
Analog Devices precision operational amplifiers are specified
by three- (or more-) point measurements, at 25°C and at the
high and low extremes of the range (TH, TL), with the ampli-
fier adjusted to zero at room temperature. The sum of the
magnitudes of the drifts in the two ranges must be less than
the specified drift rate (WV/°C or nA/°C) multiplied by the
total temperature range (modified “buttcrﬂy”), or, in some
cases, the magnitude of the drifts in both ranges must be less
True Butterfly Spec Modified Butterfly Spec
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‘than the specified drift rate multiplied by the respective tem-

perature ranges (“‘true butterfly”).

The lowest-cost second-source 1C amplifiers are specified only
in terms of the maximum value of the parameter (e.g., offset
voltage) over temperature in the specified range.

Drift vs. Time

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

Full-Power Response

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

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

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

Initial Bias Current

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

Analog Devices spec:fies initial bias current, Ip, as the bias
current at ejther input, specified at +25°C ambient with the
input junctions at normal operating temperature (some manu-
facturers specify initial bias current at power turn-on. Such
specifications may be mlsleadmg 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” spec used by some
manufacturers may be met only during a brief interval after
the power is burned on, and I, may be quadrupled under
ordinary operation conditions.)

Initial Difference Current

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

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

Input Offset Voltage

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

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

Input Noise

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

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

Open-Loop Gain

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

to produce the change. Gain is specified at dc. In many appli-
cations, the frequency dependence of gain is important; for
this reason, the typical open-loop gain as a function of fre-
quency is published for each amplifier type. See also unity gain.
small-signal response.



Overload Recovery

Overload recovery is defined as the time required for the out-
put voltage to recover to the rated output voltage from a satu-
rated condition caused by a 50% overdrive. Published specifi-
cations apply for low impedances and contain the assumption
that overload recovery is not degraded by stray capacitance in
the feedback network.

Rated Output

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

Settling Time

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

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

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

Slewing Rate

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

Unity-Gain Small-Signal Response

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

BOOKS (Not available from Analog Devices except where
noted)

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

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

Modern Operational Circuit Design, by J. 1. Smith, John Wiley
& Sons, Inc., 1971

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

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

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

T ransducef,lnterfacing Handbook, edited by D. H. Sheingold.
1980. $14.50. Analog Devices, Box 796, Norwood, MA
02062

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

HUAnalaey Qianal Handling for HHigh Cnaad and

Analog Signal Handling for High Speed and

A. P. Brokaw, ANALOG DIALOGUE 11-
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“Current Inverter with Wide Dynamic Range” by Barrie
Gilbert, ANALOG DIALOGUE 9-1, 1975

“How to Select Operational Amplifiers”, Application Note
Section 20 of Volume I :

“An IC-Amplifier User’s Guide to Decoupling, Grounding, and
Making Things Go Right for a Change,* by A. P. Brokaw,
Application Note Section 20 of Volume I

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

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

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

“How to Test Operational Amplifier Parameters”, Application
Note Section 20 of Volume I

USEFUL TUTORIAL MATERIAL IN DATA SHEETS

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

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



ANALOG General Purpose Low Cost
DEVICES IC Operational Amplifier

AD101A, AD201A, AD301A, AD301AL

AD101 SERIES FUNCTIONAL BLOCK DIAGRAMS n

FEATURES

Low Bias and Offset Current

Single Capacitor External Compensation
for Operating Flexibility

Nullable Offset Voltage COMPENSATION B
No Latch-Up BALANCE v’ com:NAslAAr':g: T LI |8 ] compensaTION
Fully Short Circuit Protected INVERTING INPUT (7] [F]v+ :
Wide Operating Voltage Range ' vt yonmvemming =7 outeur
NPT (Y oarance v- ] [ 5] saLANCE
TO-99 MINI DIP
TOP VIEW
GENERAL DESCRIPTION SCHEMATIC DIAGRAM ‘

The Analog Devices AD101A, AD201A, AD301A and

COMPENSATION ~ COMPENSATION
U U v+

O}

8

ouTPUT

AD301AL are high performance monolithic operational ampli-
fiers. All the circuits feature full short circuit protection, ex-
ternal offset voltage nulling, wide operating voltage range, and -® JJ
the total absence or “latch-up”. Because frequency compensa- " @
tion is performed externally with a single capacitor (30pF Ia l
maximum), the AD101A, AD201A, AD301A and AD301AL
provide greater flexibility than internally compensated ampli-
fiers since the degree of compensation can be fitted to the
specific system application.
N as
The AD101A and AD201A have identical specifications in the P
TO-99 package; the former guaranteed over the -3 5°C to -
+125°C temperature range, and the latter over -25°C to +85°C. v-
The AD201A is also available in the mini-DIP package for high B e - e ®
performance operation over the 0 to +70°C temperature range. %
The AD301A is specified for operation over the 0 to +70°C sam
temperature range in both the TO-99 and mini-DIP packages.
The AD301AL is the highest accuracy version of this series.
Improved processing and additional electrical testing allow the
user to achieve precision performance at low cost. The device
provides substantially increased accuracy by reducing errors
due to offset voltage (0.5mV max), offset voltage drift -
(5. OuV/ C max), bias current (30nA max), offset current .
(5nA max), voltage gain (80,000 min), PSRR (90dB min),
and CMRR (90dB min). The AD301AL is also specified
from 0 to +70°C and is available in the TO-99 can or 8-pin
mini-DIP.
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SPEC|FICATIONS (typical @ +25°C and +15V dc, unless otherwise specified)

ABSOLUTE MAXIMUM RATINGS AD101A, AD201A, AD301A, AD301AL
unless otherwise specified
Supply Voltage.
AD101A, AD201A *22v
AD301A, AD301AL +18V
Power Dissipation’
TO-99 (Metal Can) 500mW
Dual In-Line (Mini-DIP) 500mwW
Differential Input Voltage 30V
Input Voltage? 15V
Output Short Circuit Duration® Indefinite
Operating Temperature Range
AD101A -55°Cto +125°C
AD201A (TO-99) -25°Cto +85°C
AD201A (Mini-DIP) 0o +70°C
AD301A, AD301AL 0 to +70°C
Storage Temperature Range -65°Cto +150°C
Lead Temperature (Soldering, 60sec) 300°C

ELECTRICAL CHARACTERISTICS (T4 = +25°C unless otherwise specified)*

AD101A/AD201A AD301A AD301AL
Parameter | Conditions Min Typ Max Min Typ Max Min Typ Max Unit
Input Offset Voltage Rg< 50kQ2 . 0.7 2.0 2.0 7.5 0.3 0.5 mV
Input Offset Current ) 1.5 10 3 50 nA
Input Biz .
Input Bias Current 30 75 70 250 15 30 nA
Input Resistance 1.5 4 0.5 2 1.5 4. MQ
Supply Current Vg = 20V 1.8 3.0 ; mA
Vg = £15V 1.8 3.0 1.8 3 mA
Large Signal Voltage Gain Vg = %15V, Voup =10V, | 50 160 25 160 80 300° Vin
Ry > 2kQ
The Following Specifications Apply Over the Operating Temperature Ranges*
Input Offset Voltage Rg<10k2 3.0 10 0.5 1 mV
Input Offset Current 20 70 5 10 nA
Average Temp. Cocfficient Ta{min) <T, <T,{max) 3.0 15 6.0 30 2 5 uv/
of Input Offset Voltage
Average Temp. Coefficient +25°C<T, <T, (max) 001 01 001 03 001 01 nA/
of Input Offset Current Ta (min)<TA< +25°C : 0.02 0.2 0.02 0.6 0.01 0.1 nA/
Input Bias Current 100 300 30 45 nA
Large Signal Voltage Gain Vg = £15V, Vour = 210V,
Ry >2kQ 25 15 40 100 Vin
Input Voltage Range Vg = £20V 15 v
Vg = £15V +12 +12 v
Common Mode Rejection Ratio | Rg <50k$2 80 96 70 90 90 100 dB
Supply Voltage Rejection Ratio | Rg<50k$2 80 96 70 96 90 100 dB
Output Voltage Swing Vg =15V, R = 10kQ 12 . t14 +12 *14 12 +14 \4
Vg =+15V, R = 2kQ +10 +13 +10 +13 10 *13 v
= =% . . o
Supply Current Tp =Ty (max), Vg 20V 1.2 2.5 ) 1.8 3 mA
NOTES .
1 The i desirable j i P e of the AD101A is +150°C; that of the AD201A, AD301A and AD301AL is
+100°C. For operating at el d devices must be derated based upon a thermal resistance of +150°C/W,

junction to ambient, or +45°C/W, junc;ion to case. The thermal resistance of the Dual In-Line package is +160°C/W, junction
to ambient.

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

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

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

Specifications subject to change without notice.

VOL. I, 4-18 OPERATIONAL AMPLIFIERS



Applying the IC Operational Amplifier

ORDERING GUIDE

PACKAGE
MODEL TEMP RANGE ORDER NUMBER* OPTION**
AD301AL 010 +70°C AD301AL TO-99, N8A
AD201A —25°C to +85°C AD201A TO-99, N8A
AD301A 0t0 +70°C AD301A TO-99, N8A
ADI101A —-55°Cto +125°C  AD101AH TO-99
*Add package type leter: H = TO-99, N = Mini DIP.
**See Section 19 for package outline information.
FREQUENCY COMPENSATION CIRCUITS
Ca1r
LAY
i R 2 v R 2 Ry
Vout Vout
+vyy Rs 3 ~ N 3
— AN
R Cs - Rs C2 = prremy
cy > R.%Rs{ Re __l o Rz
(N Cs = 30pF Cg - 30pF 10kQ = C, fo = 3MHz
€, =10, = 1509F
Figure 1. Single Pole Compensation Figure 2. Two Pole Compensation Figure 3. Feedforward Compensation
GUARANTEED PERFORMANCE CURVES  (Curves apply over the Operating Temperature Ranges)
> 2
| e . ™
]
é 12 \“\dy ] ‘@9 2
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£ 3°® >
Al A 20 0 10 15 20 , 1 15 21
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TYPICAL PERFORMANCE CURVES*
[ ‘ . [ |
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e " K | LA Tat e
z 0 2 o @ 100
@ > < E < < ]
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5 1N g : gw
z2 2 OFFSET || z 4 — OFFSET
\ I . 1
’:75 -50 -25 25 50 75 100 125 % 2 40 60 80 1 15 2
TEMPERATURE --"C TEMPERATURE —"C SUPPLY VOLTAGE — :V
Input Current AD101A, AD201A Input Current — AD301A . Voltage Gain
w~ 10715 ~ 1024 2 :
E3 I |
>\ <| \ 20 Tp = -55°C
¢ E -
v & \\ 1 . —1 Ta = +25°C
Q 3 AD301A s
s [N § well NN 1
% ] \\'\.,‘N % § 1.0 Ta=+125°Cc [
1 - z ! z
2 2 5
8 3 N 2 o0s
E4 2
R 100 W 10k 100k & 10k 100k 5 10 5 20
FREQUENCY — Hz FREQUENCY - Hz SUPPLY VOLTAGE — 'V
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TYPICAL PERFORMANCE CURVES
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ANALOG
DEVICES

Wideband, FastQSettIing
FET-Input Op Amp

AD380

FEATURES

High Output Current: 50mA @ =10V

Fast Settling to 0.1%: 130ns

High Slew Rate: 330V/pus

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

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

PRODUCT DESCRIPTION

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

The AD380 has a slew rate of 330V/us and will output + 10V 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, J, K and L
specified from 0 to +70°C and one extended temperature version,
the S, specified from —55°C to + 125°C. All grades are packaged
in hermetically sealed TO-8 style cans.

AD380 FUNCTIONAL BLOCK DIAGRAM

NC
Ne @ FREQUENCY
(&) compensation
OFFSET
NOLL ® v

\
NONINVERTING o QFFSET

12-PIN TO-8 STYLE
TOP VIEW

PRODUCT HIGHLIGHTS

1.

The AD380’s high output current (S0mA (@ = 10V) makes it
suitable for driving terminated 2002 twisted pairs.

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

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

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

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

. The high gain-bandwidth product (300MHz) ensures low

distortion in high frequency applications. N

. Quick, symmetrical overdrive recovery time (250ns) is assured

by an internal antisaturation diode. This is useful in applications
where large transient signals may occur.

. The 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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S P Ec l F | c AT' 0 NS (typical @ +25°C and Vs = 15V dc unless \otherwise specified)

MODEL AD380JH " AD380KH AD380LH AD380SH
OPEN LOOP GAIN
Vour = =10V, no load 40,000 min *
Yout = £10V, Ry =200Q 25,000 min * * *
OUTPUT CHARACTERISTICS ‘
Voltage @ R = 200Q2, To = min to max +12V (= 10V min) * * *
Output Impedance (Open Loop) 10002 * * *
Short Circuit Current 100mA * * *
DYNAMICRESPONSE |
Unity Gain, Small Signal 40MH:z * * *
Gain-Bandwidth Product, f=100kHz,Cc=1pF  300MHz (200MHz min) * * *
Full Power Response 6MHz * * *
Slew Rate, Cc = 1pF, 20V Swing 330V/ps(200V/psmin) * * *
Settling Time: 10V Stepto 1% 90ns * * *
10V Step t00.1% 130ns * * ) *
10V Stept00.01% 250ns 250ns (400ns max)  ** *x
INPUT OFFSET VOLTAGE 2.0mV max 1.0mV max *x bl
vs. Temperature!, T4 = min to max 50 V/°C max 20.V/°C max 10p.V/°C max 50uV/°C max
vs. Supply 1mV/V max * b *
INPUT BIAS CURRENT
Either Input, Initial® 10pA (100pA max) * * *
Input Offset Current SpA * * *
INPUT IMPEDANCE
Differential 10''Q|j6pF * * *
Common Mode 10''Ql6pF * * *
INPUT VOLTAGE RANGE '
Differential? +20V * * *
Common Mode + 12V (£ 10V min) * * *
Common Mode Rejection, Viy = = 10V 60dB min * * *
POWER SUPPLY
Rated Performance +15V * *
Operating +(6t020)V * *
Quiescent Current 12mA (15mA max) * * *
VOLTAGE NOISE
0.1Hz to 100Hz 3.3uVp-p(0.5n.Vrms) * *
100Hz to 10kHz 66;,1,‘/ p-p(l;_l_\_/ rms) * * *
10kHz to IMHz 40V p-p (6p.V rms) * * *
TEMPERATURE RANGE
Operating, Rated Performance Oto +70°C * * —55°Cto +125°C
Storage —65°Cto +150°C * * *
Thermal Resistance 64 - 100°C/W * * *
05c 70°C/W * * *
PACKAGE* .
TO-8 Style H12A * * *
NOTES

"Input Offset Voltage Drift is specified with the offset voltage unnulled.
Nulling will induce an addmonnl BuV/"C/mV of offset nulled.

2Bias Current specifications are at either input at
Tcase = +25°C. For higher temperatures see Fxgure 16.

3Defined as the maximum safe voltage between inputs such that neither
exceeds + 10V from ground.

“See Section 19 for package outline information.

*Specifications same as AD380JH.

#**Specifications same as AD380KH.

Specifications subject to change without notice.
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Typical Characteristics
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Figure 1. Open Loop Frequency
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Figure 25a. Unity Gain Inverter
Settling Time Test Circuit

Figure 25b. Unity Gain Inverter
Large Signal Response

Figure 26b. Umty Gain Buffer
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Figure 24b. Overdrive Recovery’
Response (Symmetrial 20ns
Version Available)

Figure 25c. Unity Gain Inverter
Small Signal Response

Figure 26¢c. 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 5pF to 27pF capacitor between the
frequency compensation input (pin 11) and the output (pin 9)
will reduce the risk of oscillation by adding phase margin. A
compensation capacitor is especially needed when driving capaci-
tive loads. For gains greater than 30 a 1pF compensauon 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 20kQ)
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

J

3pF

—{ ————— o
- Rg 10kQ L o
AAA ‘
" 10k 3 —o
IN O—AAA— -
‘ Ry 9 | in ADS78 o
INPUT 10kQ* AD380 12-BIT [© \LoiGiTaL
AA 4 AD |—o [ourtpruTs
GROUND O—AAA~ +
1 —O
- o
10k02* 16pF o
AN o
AGND
—] |._J —o J
3pF*

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

Figure 27. Fast-Settling Buffer

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

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

DIGITAL

ADS6SA |
INPUTS

D/A

PRIFeTIt

Vour

10pF

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

The ADS565A 12-bit digital to analog converter with an AD380
output amplifier will give a voltage output that typically settles
to within 1/2LSB in less than 300ns. Total settling time is the

root mean square of the DAC current output settling time and
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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 1/2LSB, it will require an output
amplifier with less than 1/2LSB offset error to remain monotonic.
An LSB for a 12-bit DAC such as the AD7545 is 2.44mV (10
volts full scale/4096). Thus, the AD380KH, with only ImV
offset maximum, will contribute less than 1/2LSB to differential
linearity error.

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
SMHz. Note that a 1pF compensation capacitor is required in
this high gain application.
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High Speed, Low Drift
FET Operational Amplifier

FEATURES

High Slew Rate 30V/us

Fast Settling to 0.1%: 750ns

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

Low Drift (5uV/°C-L Grades)

Low Offset Voltage (0.25mV-L Grades)

Low Input Bias Currents

Low Noise (2pV p-p)

PRODUCT DESCRIPTION

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

The offset voltage (0.25mV maximum for. the L grades) and
offset voltage drift (S.V/°C maximum for the L grades) are
exceptionally low for high speed operational amplifiers.

In addition to superior low drift performance, the AD381 and
AD382 offer the lowest guaranteed input bias currents of any
wideband FET amplifier with 100pA max for the J grades of
each and 50pA max for the AD382L grade. Since Analog Devices,
uniike 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-
cations, such as precision high speed data acquisition systems
and signal conditioning circuits, that require excellent input
parameters and a fast, high power output.

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

AD381/AD382 |

AD381
PIN CONFIGURATION

TAB

OFFSET
NULL

oS
e } Goomr "TED @otrron
NONINVERTING o ®OFFSET
INPUT v_@ NULL
NONINVERTING{7) @
INPUT NC NC
®
W o T W o W
® ®
v- v-
TOP VIEW TOP VIEW
PRODUCT HIGHLIGHTS

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

2. Analog Devices FET processing provides 100pA max (20pA
typical) bias currents specified after 5 minutes of warm-up.

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

4. The fast settling output (750ns to 0.1%) makes the AD381
and AD382 ideal for D/A and A/D converter amplifier °
applications. )

5. The AD382’s high output current (SOmA minimum at + 10
volts) makes it suitable for driving terminated (200Q) twisted
pair outputs over the commercial temperature ranges.

6. The high slew rate (30V/ps) and high gain bandwidth product
(5MHz) make the AD381 and AD382 an ideal choice for
sample and holds and for high speed integrator circuits.
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SPECIFICATIONS s @ +25 i

ISee Section 19 for package outline information.

VOL. I, 4-28 OPERATIONAL AMPLIFIERS

= 15V dc unless otherwise specified)
AD381JH AD381KH AD381LH AD381SH
Model AD382JH AD382KH AD382LH AD382SH
‘OPEN LOOP GAIN 2
Vour = =10V, R =2k(}(AD381) 60,000 min 100,000 min hoic] **
" Vour = £10V,Ry = 20002 (AD382) 25,000 min 35,000 min ** had
Ry = 10k} (AD382) 100,000 150,000 o *x
OUTPUT CHARACTERISTICS (AD382)
Voltage @ Ry = 2000 *12V (£ 10V min) * * Notel
Voltage @ Ry = 10k(2 +13V (% 12V min) * *
Short Circuit Current, Continuous 80mA * * *
OUTPUT CHARACTERISTICS (AD381)
Voltage @R, = 1k}, T = min to max + 12V (+ 10V min) * L Note2
Voltage @ Ry = 2k, T = min tomax + 12V (+ 10V min) * * *
Voltage @Ry = 10k(), T, = mintomax  +13V(* 12V min) * * *
Short Circuit Current, Continuous 20mA * * *
DYNAMICRESPONSE ,
Unity Gain, Small Signal SMHz * * *
Full Power Response 500kHz * * *
Slew Rate, Unity Gain 30V/us(20V/usmin)  * * *
Settling Time: 10V Stept00.1% 700ns * * *
10V Stept00.01% 1.2us 1.2ps (2.0ps max) ] bd
INPUT OFFSET VOLTAGE 1.0mV max 0.5mV max 0.25mV max *
vs. Temperature, T, = min to max® 15V/°C max 10p.V/°C max SuV/°Cmax 10V/°C max
vs. Supply 200 V/V max 100.V/V max *x x
INPUT BIAS CURRENT*
Either Input 20pA (100pA max) 10pA (50pA max)(* for AD381)  **(*for AD381) **(*for AD381)
Input Offset Current 5pA * * *
INPUT IMPEDANCE
Differential 10'%Q)|7pF * * *
Common Mode 10'2Q)|7pF * * *
INPUT VOLTAGE RANGE
Differential® +20V * * *
Common Mode + 12V (% 10V min) * * *
Common-Mode Rejection, Viy = =10V 70dB min 80dB min boied ki
POWER SUPPLY
Rated Performance +15V * * *
Operating +(5t0 18)V * *
Quiescent Current AD382 3.4mA (6mA max) * * *
AD381 3.2mA (SmA max) * * *
VOLTAGENOISE
0.1H2-10Hz 2uVp-p * * *
10Hz 35nV/VHz * * *
100Hz 22nV/VHz * * *
1kHz 18nV/VHz * * *
. 10kHz 16nV/VHz * * *
TEMPERATURERANGE
Operating, Rated Performance 0to +70°C * * —55°Cto +125°C
Storage —65°Cto +150°C * * *
Thermal Resistance—0JA (AD382) 100°C/W * * *
Thermal Resistance- 0JC (AD382) 70°Crw * * *
NOTES - . -
“The AD381SH hasan output voltage of + 12V (+ 10V min) fora 1k Bias Current . ’ input
1oad from T i t0 + 70°C. From + 70°C to + 125°C the output current after S minutes of operationat T, = +25°C. For higher temperatures,
is7mA. ’:I‘l:cun‘tnnloublu_ev«y 1(1‘(:. i suchtha
2The AD382SH hasan output voltage of * 12V (+ 10V min) for i voltage between inputs, t
220002 Joad from Tin to +w$c.n +125°C the output ocither exceeds + 10V from ground.
. currentis 3SmA. *Specifications same as | grade.
nput Offset Voltage Drift is specified with the offset voltage lied ificati K grade
Nulling will induce an additional 3. V/°C for every mV of offset nulled. bj hangs
ORDERING GUIDE
Initial
Model Offset OffsetT.C. Output Package’
AD381JH 1ImV 15puVreC 10mA HO08B
AD381KH  0.5mV 10pV/°C 10mA HO08B
~AD381LH 0.25mV S5uV/reC 10mA HO08B
AD381SH ImV 10pV/PC 10mA HO08B
AD382JH 1ImV 15pV/eC ‘50mA HI2A
AD382KH  0.5mV 10pV/eC 50mA HI12A
AD382LH 0.25mV  5pV/C 50mA HI2A
AD382SH 1mV 10pV/°C 50mA HI2A
NOTE



Typical Characteristics

A-
4

INPUT VOLTAGE -tV

5 15 20
SUPPLY VOLTAGE — tV

Figure 1. Input Voltage Range vs.
Supply Voltage
15

]
125 /
2 10.0]
\ +Vour

] -Vour
g s
5 T
g Vg = +15V
'é 50 /
3 /

25

10 20 50 100 200 500 A3

LOAD RESISTANCE - 2

Figure 3b. Output Voltage Swing vs.

Load Resistor for AD382
1

\
AR
FREEAIR \ \

g
y.

°
3

POWER DISSIPATION — Watt

pd

§

oL L

25 50 7% 100 126
TEMPERATURE — °C

Figure 5. Permitted Dissipation vs.
Temperature for AD382

A

INPUT BIAS CURRENT
3
>

A l

-66 -25 o % 70 96 126
TEMPERATURE - °C

_Figure 8. InputBias Currentvs.
Temperature

20
¢

>

W v

g N Z4

H +Vour

H

&

20

2

2 %’ouv

>

e

2

3s

° / AD382
R, = 2000
AD381
R, =2k

i 5 0 (3 0

SUPPLY VOLTAGE - tV
Figure 2. Output Voltage Swing vs.
Supply Voltage
35

30
k
i
5 SOURCE CURRENT
i \\ L
g SN
° . SINK CURRENT
£ N
3 ~N
<
S \
-
o«
Q Vg = 15V ~N
) AViN =5mV
5
[} S— i NS—
%50 26 25 50 75 100 125

TEMPERATURE — °C
Figure 4a. Short Circuit Currentyvs.

Temperature for AD381
40
<
£
]
e
&35
& ‘AD382
8 /
z 1) AD381
g 30
2
o
g
325
z 25°C
205 5 20

* SUPPLY VOLTAGE -tV
Figure 6. QuiescentCurrent vs.
Supply Voltage

7%

%°C
Vs =$15V

“ _/

INPUT BIAS CURRENT — pA

0 +10
COMMON MODE VOLTAGE — V.

Figure 9. Input Bias Current vs.
cMV

» TTTT
FREQ = TkHz
+18V dc SUPPLIES ’,—1
//
20 A

L
1%

100 1k
LOAD RESISTANCE — Ohms.

Figure 3a. Output Voltage Swing vs.
Load Resistor for AD381

120

OUTPUT VOLTAGE SWING — Volts p-p

LA+

o

o 10k

\\

8
T
8
:
|

&

Vs = $15V
AVin = 5mV

SHORT CIRCUIT CURRENT —mA
e
z
x

o
-50 -25 o 25 50 % 100 125
CASE TEMPERATURE — °C

Figure 4b. Short Circuit Currentvs.

Temperature for AD382

20
% 15
1
A
3
£ —
2
@
: —
z
= 5

25°C
nﬂ 5 10 15 20

POWER SUPPLY VOLTAGE — tV
Figure 7. Input Bias Current vs.
Supply Voltage

AD382

AVos ~ uV

10 /
¢

s[
o

o 1 2 3 4 5 6
TIME — min

Figure 10. Input Offset Voltage Turn
On Driftvs. Time

OPERATIONAL AMPLIFIERS VOL. I, 4-29




k \\
1.26

Vg = £16V \
RL = 2kQ .

NORMALIZED OPEN LOOP GAIN

05

0.25 o
-850 -25 25 50 7% 100 125

TEMPERATURE - °C

Figure 11a. Open Loop Gain vs.
Temperature for AD381

120

110

VOLTAGE GAIN — d8
8

hL3 2k Sk 10k 20k 50k
LOAD RESISTANCE — Ohms

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

120
\ AD382
100 \
N
AD381 C. = OpF
.
z \
£ \
=z R,=10k)  C, = 200pF (AD381) Ly
w C, = 500pF (AD382) \
2w t
z
\
1
20 t
[}
[}
°
10 100 1 10k 100k ™ oM

FREQUENCY — Hz

Figure 15. Phase Margin vs.

Frequency
2
>
1
8
<
-
5
g
2 20
2
2
£
2 Bow,
™ 6 = =15/ Re = 2k
] (AD382) Vo = £75V
g oassr
e N
H
-
¢ e \
Ry 700K ] 7

FREQUENCY ~— Hz

Figure 18. Large Signal Frequency
Response

VOL. I, 4-30 OPERATIONAL AMPLIFIERS

7

§

NORMALIZED OPEN LOOP GAIN

Ry = 2000
L \\

3
/

N

% 2 0 2 8 7 100 125
CASE TEMPERATURE — °C

Figure 11b. Open Loop Gain vs.
Temperature for AD382

110

100 /
P /

! 90
2w
g

Mm 500 13 -3 5k 10k

LOAD RESISTANCE — Ohms
Figure 13b. Voltage Gain vs.
Load Resistance for AD382

120

\100
¥ Veu R
g \\
&
£ g N
. N\
5« A
i N

%6100 Tk 10k 100k M oM

FREQUENCY — Hz

Figure 16. Common-Mode Rejection vs.

Frequency
% \
1
>
= 30
2 \
8
-
<
£ \\
8 T
4
2
0
10 100 & 10k 100k ™
FREQUENCY — Hz

Figure 19. Noise vs. Frequency

10 T
Ry =20 AD381

//-—'
100 R =1k AS382—]
b
%0 ] = 2000 —
z / AL AD382
@
<]
< 80
5
2 %°c
70
60

0 15 20

5 10
SUPPLY VOLTAGE — Vv

Figure 12. Open Loop Voltage Gain

vs. Supply Voltage
120
™~
100 L - N Ry=10k02

N &t
sk N

\\

\

N

&

OPEN LOOP GAIN — d8
3

N

0 m_r—A—L
0 100 1k 1 100k ™ oM

FREQUENCY — Hz

Figure 14. Open Loop Gain vs.

Frequency
8
é \ +Vs
H N
i \
T g0
z ""\\
2 W N\
] Vg = 16V N
g 1Vpp SINEWAVE \
20 : NG
[ R — .
o 10 1 0k 100k M 10M

FREQUENCY — Hz

Figure 17. Power Supply Rejection vs.
Frequency

k

10mv t
/smv mV

N

c

4/

;Z//’ TN
/

OUTPUT VOLTAGE SWING FROM 0 TO VOLTS

0.6 [X] 12

o 02 04
SETTLING TIME — us

Figure 20a. AD381 Output Settling Time
vs. Output Voltage Swing and
Error (Circuit of Figure 22a)



Applications Information
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Figure 24c. AD382 Unity Gain

Figure 25a. AD382 Overdrive

Figure 25b. AD382 Overdrive
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Compensation Capacitor

The AD381 and AD382 have sufficient phase margin to insure
stability in most applications without compensation. However,
in applications with capacitive load, very high speed, low gain
or high resistor values (Rpy=5k(2) the high frequency noise
rejection will be improved by adding a compensation capacitor.
The AD381 and AD382 have an input capacitance of 7pF.
When soldered on a printed circuit board or inserted in a socket
the total input capacitance could be 10pF. This input capacitance
can lower the 0° phase margin crossover point from 8MHz, as
shown in Figure 14, to around 1MHz.

By adding a small compensation capacitor in the feedback loop
we can cancel the effects of the input capacitance and reduce
high frequency noise gain. 5 to 10pF will suffice in most appli-
cations. In some current output, digital-to-analog converter
applications the output capacitance of the DAC may be 200pF
which would require a large compensation capacitor in the amplifier
feedback loop.
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A scheme for compensating inverting and noninverting circuits

is shown in Figure 29. Choose Cr = Cin %

l l Cr
R2
O—AM—e \“
' 038108, 4o
e [ abses
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v 5- (INCLUDE HIGH FREQUENCY SOURCE

IMPEDANCE IN R1)

a. Inverting Amplifier
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R1

b. Noninverting Amplifier
Figure 29.



Offset Null

The AD381/AD382 should not have to be offset nulled for most
applications because of its low initial offset voltage. If nulling is
required for very high precision applications, such as an output
amplifier for 13-bit or better digital-to-analog converters, connect
a 10kQ) potentiometer between the offset null pins (pins 1 and 5
for the AD381 and pins 2 and 8 for the AD382). The wiper of
the potentiometer is tied to the negative supply. With the analog
input signal to the circuit grounded, adjust the potentiometer
for zero output.

AD?382 Heat Sinking

A heat sink for convection cooling is required if operating at full
power and at ambient temperatures greater than 70°C. As shown
in Figure 5 the free air power dissipation curve for the AD382
crosses the full power dissipation point (0.75W) at 70°C. The
power dissipation can be improved by using a heat sink up to
the case power dissipation curve (also referred to as the infinite
heat sink power dissipation curve). We recommend connecting
the heat sink to the AD382 case and keeping the combination
ungrounded.

TYPICAL CIRCUITS

In many digital-to-analog converter applications, including auto-
matic test equipment, the load may be large enough to require a
buffer amplifier. The AD382 can supply + 10V into a 200€)
load. The AD381 can supply up to =10V into a 1kQ load.

The AD381 and AD382 are also well suited for CMOS DAC
output amplifier applications due to their low initial offset
voltage.

Figure 30. Buffer Amplifier to a 12-Bit Voltage Output
" DAC

No external trims are required with 12-bit CMOS DACs. Since
the output impedance of CMOS DACs varies with input code,
the output voltage could appear nonmonotonic if the offset
voltage is greater than 1/2LSB. An LSB for a 12-bit DAC such
as the AD7545 is 2.44mV (10 volts full scale/4096). Thus the
AD381 and AD382, with only 1mV of offset maximum, assure
monotonic performance without external trims.
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*Optional Differential input Components Used to Reject
Noise Between Input Ground and the A/D Analog Ground.

Figure 32. Fast-Settling Buffer

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.

Its quick recovery from load variations makes the AD382 an
excellent buffer for fast successive approximation A/D
converters.
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Figure 33. High Q Notch Filter

The above notch filter will have a notch of — 55dB. To obtain a
Q of 100 the capacitors should be well matched. Polystyrene,
Teflon or NPO ceramic capacitors and metal-film resistors are
recommended. For low frequency filter applications resistor
values will be large. The AD381 is well suited for this application
due to its low input bias current. It is also good for high frequency
* filtering because of its wide gain bandwidth product. This filter
is capable of driving 1kQ) loads over a = 10V output range.

Figure 34 shows a fast sample and hold circuit that can acquire
a sample to 0.01% in 2us (20 volt swing). The AD381 is well
suited for fast 12-bit sample/hold amplifier circuits. R1 and R2
set the circuit gain. R3 is adjusted for minimum ac feedthrough.
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Potentiometer R4 is set for minimum sample/hold offset voltage.
R6 improves the settling time and circuit stability by adding
phase margin. Bias resistors R7 and R8 insure complete shut-off
of the D-MOS FET switches at TTL logic zero. Pull up resistors
R9 and R10 lower the on resistance of the D-MOS switches.
The SD5000 D-MOS switch is recommended for its fast transition
speed and low on resistance.
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Figure 34. Fast Sample/Hold Amplifier
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High Accuracy
Low Offset IC FET-Input Op Amps

AD303, ADS06

FEATURES

Low I,: 15pA max (AD503J, AD506J)
5pA max (AD506L)

Low Vgg: 1mV max (AD506L)

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

PRODUCT DESCRIPTION

The AD503J/AD506), AD503K/AD506K, AD506L and
AD503S/AD506S are IC FET input op amps that provide
the user with input currents of a few pA, high overall per-
formance, low cost, and accurately specified, predictable
operation. The devices achieve maximum bias currents as low
as SpA, minimum gain of 75,000, CMRR of 80dB, and a mini-
mum slew rate of 3V/us. They are free from latch-up and are
short circuit protected. No external compensation is required
as the internal 6dB/octave rolloff provides stability in closed
loop applications.

The AD503 is suggested for all general purpose FET input
amplifier requirements where low cost is of prime importance.
The AD506, with specifications otherwise similar to the
AD503, offers significant improvement in offset voltage and
nulled offset voltage drift by supplementing the AD503 con-
figuration with internal laser trimming of thin film resistors
to provide typical offset voltages below 1mV.

The AD503 and AD506 are especially designed for applica-
tions involving the measurement of low level currents or small
voltages from high impedance sources, in which bias current
can be a primary source of error. Input bias current con-
tributes to error in two ways: (1) in current measuring con-
figurations, the bias current limits the resolution of a current
signal; (2) the bias current produces a voltage offset which is
proportional to the value of input resistance (in the case of an
inverting configuration) or source impedance (when the non-
inverting “buffer’’ connection is used). The AD503 and
ADS506 IC FET input amplifiers, therefore, are of use where
small currents are to be measured or where relatively low

voltage drift is necessary despite large values of source resistance.

All the circuits are supplied in the TO-99 package; the AD503],
K and AD506], K and L are specified for 0 to +70°C tempera-
ture range operation; the AD503S and AD506S for operation

from -55°C to +125°C.

AD503, AD506 FUNCTIONAL BLOCK DIAGRAM

GUARD PIN
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TO-99
TOP VIEW

PRODUCT HIGHLIGHTS

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

- 2. The bias currents of the AD503 and AD506 are specified

as a maximum for either input. Conventional IC FET op
amps generally specify bias currents as the average of the
two input currents.

3. Offset voltage nulling of the AD503 and AD506 is ac-
complished without affecting the operating current of the
FET’s and results in relatively small changes in temperature
drift characteristics. The additional drift induced by nulling
is only +0.8uV/°C per millivolt of nulled offset for the
AD506 and +2.0uV/°C per millivolt of nulled offset for the
AD503, compared to several times this for other IC FET
op amps.

4. The gain of the AD503 and AD506 is measured with the
offset voltage nulled. Nulling a FET input op amp can cause
the gain to decrease below its specified limit. The gain of
the AD503 and AD506 is fully guaranteed with the offset
voltage both nulled and unnulled.

5. Bootstrapping of the input FET’s achieves a superior CMRR
of 80dB, while reducing bias currents and maintaining them
constant through the CMV range.
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SPECIFICAT'ONS (typical @ +25°C and £15V dc, unless otherwise noted)

PARAMETER AD503) AD503K AD503S
OPEN LOOP GAIN!
Vout=+10V, Ry >2kS 20,000 min (50,000 typ) 50,000 min (120,000 typ) e
TA = min to max 15,000 min 40,000 min 25,000 min
OUTPUT CHARACTERISTICS '
Voltage @ Ry, = 2k§2, To = min to max +10V min (¥13V typ) * *
‘ @Ry, =10k, Tp = minto max  *12V min (14V typ) * *
-Load Capacitance?® 750pF * *
Short Circuit Current 25mA * *
FREQUENCY RESPONSE
Unity Gain, Small Signal 1.0MHz * *
Full Power Response 100kHz * *
Slew Rate, Unity Gain 3.0V/us min (6.0V/us typ) * *
* *

Settling Time, Unity Gain (to 0.1%)

10us

INPUT OFFSET VOLTAGE?
vs. Temperature, Tp = min to max
vs. Supply, T = min to max

50mV max (20mV typ)
75uV/°C max (30uV/°C typ)
400uV/V max (200uV/V typ)

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

**

50uV/°C max (20uV/°C typ)

£

INPUT BIAS CURRENT

Either Input® 15pA max (5pA typ) 10pA max (2.5pA typ) **
INPUT IMPEDANCE
Differential 10" Qli2pF * *
Common Mode 102Qli2pF * *
INPUT NOISE
Voltage, 0.1Hz to 10Hz 15uV (p-p) * *
5Hz to S0kHz 5.0uV (rms) * *
f = 1kHz (spot noise) 30.0nV/A/Hz * *
INPUT VOLTAGE RANGE
Differential® 3.0V *

Common Mode, Tp = min to max

Common Mode Rejection, Vi = £10V

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

80dB min (90dB typ)

POWER SUPPLY
Rated Performance
Operating
Quiescent Current

*15v
*(5t0 18)V
7mA max (3mA typ)

*

*(5 to 22)V
»

TEMPERATURE
Operating, Rated Performance
- Storage

0to +70°C
-65°C to +150°C

-55°Cto +125°C
*

PACKAGE OPTIONS:® TO-99 Style (HO8B)

AD503JH

AD503KH

AD503SH

NOTES

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

4 Bias current specifications are g d after 5
*See cc ts in Input Considerations Section.
®See Section 19 for package outline information.

*Specifications same as for AD503).
**Specifications same as for AD503K.

Specifications subject to change without notice.
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of operation at TA = +25°C. For higher temperatures, the current doubles every 10°C.



AD506) AD506K ADSO6L AD506S
* i 75,000 min (100,000 typ) i

* e 50,000 min 25,000 min
- * * *

- * * *
1000pF * * *

* * * *

* * * *

* * * *

* * * *

. * * *

3.5mV max (1.0mV typ)
*

13

1.5mV max (0.5mV typ)
%

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

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

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

e

5pA max (2pA typ)

*%

*

*

40uV (p-p)

* * -
8uV (rms) * 6uV (rms) *
80nV/\/Hz * 25nV/A/Hz *
+4v . . .
* * * *
* % % %
* - * ?
. - . +(5 to 22)V
7mA max (SmA typ) * * *
* * * -55°Cto +125°C
* * * *
AD506]JH AD506KH AD506LH AD506SH

._Vs

Standard Offset Null Circuit
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APPLICATIONS CONSIDERATIONS

Bias Current

Most IC FET op amp manufacturers specify maximum bias
currents as the value immediately after turn-on. Since FET bias
currents double every 10°C and since most FET op amps have
case temperature increases of 15°C to 20°C above ambient,
initial “maximum’ readings may be only %. of the true warmed
up value. Furthermore, most IC FET op amp manufacturers
specify I, as the average of both input currents, sometimes
resulting in twice the “maximum” bias current appearing at
the input being used. The total result is that 8X the expected
bias current may appear at either input terminal in a warmed
up operating unit.

The AD503 and AD506 specify maximum bias currents at
either input after warmup, thus giving the user the values he
expected.

Improving Bias Current Beyond Guaranteed Values

Bias currents can be substantially reduced in the AD503 and
AD506 by decreasing the junction temperature of the device.
One technique to accomplish this is to reduce the operating
supply voltage. This procedure will decrease the power dissi-
pation of the device, which will in turn result in a lower
junction temperature and lower bias currents. The supply
voltage effect on bias current is shown in Figure 1.
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02,
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Figure i. Normailized Bias Current vs. Supply Voitage

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

A second technique is the use of a suitable heat sink. Wakefield
Engineering Series 200 heat sinks were selected to demonstrate
this effect. The characteristic bias current vs. case temperature
above ambient is shown in Figure 2. Bias current has been
normalized with unity representing the 25°C free air reading.
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| 09 204)
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® 2 //207 ,7 MODEL
87 os (207) NUMBERS |
55 /,/
.3
g 504 /(_zoe) »
2 03 ]
02 5 10 15 20 2% 30

CASE TEMPERATURE ABOVE 26°C — °C Vg +15V

Figure 2. Normalized Bias Current vs. Case Temperature
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Note that the use of the model 209 heat sink reduces warmed
up bias current by 60% to 1.0pA in the AD503/AD506K.

Both of these techniques may be used together for obtaining
lower bias currents. Remember that loading the output can
also affect the power dissipation.
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Vg = +16V

Figure 3. Input Bias Current vs. Temperature

Input Considerations

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

100

-
o

INPUT BIAS CURRENT — Ig - pA

0.1
-16 -12 -8 -4 [ +4 +8 +12

COMMON MODE INPUT VOLTAGE - Volts

Figure 4. Input Bias Current vs. Common Mode Voltage

Like most other FET input op amps, the AD503 and AD506

. display a degraded bias current specification when operated

at moderate differential input voltages. The AD503 maintains
its specified bias current up to a differential input voltage of
13V typically, while the AD506’s bias current performance is
not significantly degraded for Vg <4V typically. Above
Vaige = £3V in the AD503 and Vs = 4V in the AD506, the
bias current will increase to approximately 400uA. This is

not a failure mode. Above +10V differential input voltage, the
bias current will increase 100uA/Vgyg (in volts), and other
parameters may suffer degradation.



ANALOG
DEVICES

High Accuracy
IC Operational Amplifier

AD504

FEATURES

Low Vpg: 500V max (AD504M)
High Gain: 10° min (AD504L, M, S)
Low Drift: 0.5uV/°C max (AD504M)
Free of Popcorn Noise

PRODUCT DESCRIPTION

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

no compensation is required for gains above 500. The inputs
are fully protected, which permits differential input voltages
of up to +Vg without voltage gain or bias current degradation
due to reverse breakdown. The output is also protected from
short circuits to ground and/or either supply voltage, and is
capable of driving 1000pF of load capacitance. The AD504],
K, L and M are supplied in the hermetically sealed TO-99
package, and are specified for operation over the 0 to +7O C
temperature range. The AD504S is specified over the ~55°C
to +125°C temperature range and is also supplied in the TO-99
package.

AD504 FUNCTIONAL BLOCK DIAGRAM

OFFSET NULL

OFFSET
NULL

INVERTING
INPUT

FREQUENCY

NON-INVERTING o
INPUT COMPENSATION

TO-99
TOP VIEW

\

PRODUCT HIGHLIGHTS

1. Fully guaranteed and 100% tested 14V/°C maximum voltage
drift combined with voltage offset of 500uV (AD504L).

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

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

4. High gain is maintained independent of offset nulling,
power supply voltage and load resistance.

5. Bootstrapping of the critical input transistor quad produces
CMRR and PSRR compatible with the tight 1uV/°C drift.
CMRR and PSRR are both in the vicinity of 120dB.

6. Noise performance is closely monitored at Outgoing QC to
ensure compatibility with the low error budgets afforded by
the performance of all other parameters.

7. Every AD504 receives a stabilization bake for 24 hours at
150°C to ensure reliability and long term stability.

8. The 100 piece price of the AD504 is 1/3 to 1/2 less than
that of modular low drift operational amplifiers, and is
competitive with the price of less accurate IC op amps.
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SP EC'FICAT'ONS (typical @ +25°C and +15V dc unless otherwise noted)

PARAMETER

AD504)

ADS504K

AD504L

OPEN LOOP GAIN
Vos = £10V, Ry >2kQ2

250,000 min (4 x 10° typ)

500,000 min (4 x 10° typ)

10 min (8 x 10% typ)

TrninSTA STmax 125,000 min (10° typ) 250,000 min (10° typ) 500,000 min (10° typ)
OUTPUT CHARACTERISTICS
Voltage at Rp >2k$2, Tinin<Ta <Tmax +10V min (£13V typ) * *
Load Capacitance 1000pF * *
Output Current 10mA min * *
Short Circuit Current 25mA * *
FREQUENCY RESPONSE
Unity Gain, Small Signal, C; = 390pF 300kHz * *
Full Power Response, C; = 390pF 1.5kHz * X
~ Slew Rate, Unity Gain, C. = 390pF 0.12V/us . *

INPUT OFFSET VOLTAGE
Initial Offset, Rg<10k
vs Temp, TiyinSTA <Tmax, Vos nulled
TminS<STA<Tmax, Vos unnulledt

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

1.5mV max (0.5mV ty/g
Ctyp)

3.0uV/°C max (0.5uV

5.0uV/°C max (1.5uV/°C typ)

0.5mV max (0.2mV ty/g
1.0uV/°C max (0.3uV/°C ty]
2.0uV/°C max (1.0uV/°C ty]

Common Mode Rejection, Vi = £10V

94dB min (120dB typ)

.100dB min (120dB typ)

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

110dB min (120dB typ)

POWER SUPPLY
Rated Performance
Operating
Current, Quiescent

15V
1(5 to 18)V
$4.0mA max (1.5mA typ)

*
»

+3.0mA max (+1.5mA typ)

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

TEMPERATURE RANGE
Operating, Rated Performance
(Tmin t© Tmax)
Storage

0to +70°C
-65°C to +150°C

*

*

L]

*

PACKAGE OPTION:' TO-99 Style (HO8B)

AD504JH

AD504KH

ADS504LH

NOTES
*Specifications same as for ADSMJ
! See Section 19 for packag £

Specifications sub)ect to change without notice.
NOTE

Amlog Devices 100% tests and guarantees all specified maximum and
minimum limits. Certain parameters, because of the relative difficulcy
and cost of 100% testing, have been specified as “typnul“ numbers. At

ADI, “typwnl" bers are

ling and

‘;' d to rigid

g quality 1

, resulting in typmls" that are

indicative of the performnnce that can be expected by the user.
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AD5SOAM

AD504S(AD5045/883)

10% min ( 8 x 10° typ)

10° min (8 x 10° typ)

500,000 min (10% typ) 250,000 min
* *

* *

* *

* *

* *

* *

* *

0.5mV max (0.2mV typ) 0.5mV max

0.5uV/°C max (0.2uV/°C typ)
1.04V/°C max (0.5uV/°C typ)
10uV/V max

1.0uV/°C max (0.3uV/°C typ)
2.0uV/°C max (1.0uV/°C typ)
10uV/V max

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

* *

0.6uV (p-p) max
lOnV/\/l_'l—z- max
9nV/A/Hz max
50pA p-p max
0.6pA/7/Hz max
0.3pA/A/Hz max

110dB min (120dB typ)

*

110dB min (120dB typ)

»
.
+3.0mA max (£1.5mA typ)

*
*
*3mA max (£1.5mA typ)

-55°Cto +125°C
-65°Cto +150°C

AD504MH

AD504SH
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OFFSET VOLTAGE DRIFT AND NULLING

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

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

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

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

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

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

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

a. AD504 op amp.
b. 725 typ op amp.
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Note that as a result of nulling 1.4mV of offset, the AD504
induces 30X less offset drift (only 0.05uV/°C) than the 725
type op amp with its actual diffused resistor values and the rec

- ommended 100k pot to trim the offset. Actual induced drifts

from this source for the AD504 may be even lower in the prac
tical case when metal film resistors or pots are used for nulling
since their TC’s tend to closely match the negative TC’s of the
thin film resistors on the AD504 chip.
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(RECOMMENDED Vos
NULL POT)

}1 7

1
=
o

L
-
w

1
e
©

INDUCED Vos DRIFT — uV/°C
1 1
.° -
~ -

L
e
2]

AD504 -1 0.3
(RECOMMENDED Vos NULL
POT)

0.1
+ J ¥ + N
3~ 2 -1 0.1 1 2 3

NULLED OFFSET
0.34 VOLTAGE - mV

0.5+

0.7

0.9

1.14

1.3+

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

NULLING THE AD504

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

R1 R2'

—AAA, ( 8 )

1

AA
VW
A
vV

RP

Figure 2a. High Resolution, High Stability Nulling Circuit



NULLING PROCEDURE

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

2. Measure pot halves R1 and R2.

3. Calculate:

+ Ry X50kQ _ , Ry X 50k

' T50kQ2-R,’ 7 50kQ —R,

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

Ry

5. Use an industrial quality 100kS2 pot (Rp) to fine tune
the trim.

For applications in which stringent nulling is not required, the
user may choose a simplified nulling scheme as shown in Fig-
ure 2b. For best results the wiper of the potentiometer should

be connected directly to pin 7 of the op amp. This is true for
both nulling schemes.

&)
N Okv
T o

Figure 2b. Simplified Nulling Circuit

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

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

1. Offset Nulling.
2. Load Resistance,
3. Supply Voltage.

Careful dcsi%n allows the AD504 to maintain gain well in'
excess of 10

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

, independent of nulling, load or supply voltage.

Vos UNNULLED +7.5mV Vos NULLED
i i
100uv 1004V
>
2 J
2
H GAIN = 800K < C
C"“
= 25V [ Pl 2oy [
-10 o 0 -10 0
OUTPUT —VOLTS ouTPUT -V

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

The gain of the AD504 is independent of nulling.

Vos UNNULLED

! i

suv suv

NULLED #1.2mV Vos

* GAJN = 4 x 10° ’ GAIN =6 X 10°

INPUT

| o

—] 25V [-— —= 2.5V f=-—

+10 -10 +10

o
OUTPUT -V OUTPUT — V

Figure 5. Gain Error Voltage Before and After Nulling
the AD504

Load Resistance — The gain of the AD504 is flat with load
resistance to 1k§2 loads and below.
100M

\

GAIN

100k

1k 10k 100k
LOAD RESISTANCE ~ Q

Figure 6. Gain vs. Load Resistance

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

oM

L—

T

GAIN

6 +9 112 +15 =0
SUPPLY VOLTAGE —~ Vv

Figure 7. Gain vs. Supply Voltage
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Figure 8, Normalized Open Loop Gain vs. Temperature

NOISE CHARACTERISTICS

An op amp with the precision of the AD504 must have cor-
respondingly low noise levels if the user is to take advantage
of its exceptional dc characteristics. Of primary importance
in this type of amplifier is the absence of popcorn noise and
minimum I/f or “flicker” noise in the 0.01Hz to 10Hz fre-
quency band. Sample noise testing is done on every lot to
guarantee that better than 90% of all devices will meet the
noise specifications. :

Separate voltage and current noise levels referred to the input
are specified to enable the designer to calculate or optimize
signal-to-noise ratio based on any desired source resistance.
The spot noise figures are useful in determining total wide-
band noise over any desired bandwidth (see Figure 9).

100

N

\\

En NOISE VOLTAGE — nVA/Tiz
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o1 6 700 W ok
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Figure 9. Spot Noise vs. Frequency

The key to success in using the AD504 in precision low noise
applications is ‘“‘attention to detail”.

Here are a few reminders to help the user achieve optimum

noise performance from the AD504.

1. Use metal film resistors in the source and feedback
networks. :

2. Use fixed resistors instead of potentiometers for nulling
or gain setting.

3. Take advantage of the excellent common-mode noise
rejection qualities of the AD504 by connecting the input
differentially.
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4. Limit the bandwidth of the system to the minimum pos-
sible consistent with the desired response time.

5. Use input guarding to reduce capacitive and leakage noise
pickup.

6. Avoid ground loops and proximity to strong magnetic or
electrostatic fields, etc.

£=0.01 TO 10kHz

1=0.01 TO 1kHz

—

1=0.01TO 10Hz !
0.1 >

#=0.01 TO 100Hz

RMS INPUT NOISE VOLTAGE — uV

0.01

1k 10k 100k ™
SOURCE RESISTANCE — Q

Figure 10. RMS Noise vs. Source Resistance

DYNAMIC PERFORMANCE

The dynamic performance of the AD504, although comparable
to most general purpose op amps, is superior to most low drift
op amps. Figure 11 shows the small signal frequency response
for both open and closed loop gains for a variety of compen-
sating values. Note that the circuit is completely stable for

Cc = 390pF with a -3dB bandwidth of 300kHz; with C¢ = 0,
the -3dB bandwidth is 50kHz at a gain of 2000.
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Figure 11. Small Signal Gain vs. Frequency



More important, at unity gain (390pF), full power bandwidth
is (Figure 12) 2kHz which corresponds to a 0.12V/us slew rate.
At a gain of 10 (39pF), it increases to 20kHz, corresponding
to 1.2V /us, a considerable improvement over ‘725 type”
amplifiers.
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Figure 12. Output Voltage Swing vs. Frequency

Figure 13 shows the voltage follower step response for
Vg = %15V, R, = 2k§2, C = 200pF and C¢ = 390pF.
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Figure 13. Voltage Follower Step Response

The common mode rejection of the AD504 is typically 120dB,
and is shown as a function of frequency in Figure 14.
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Figure 14, CMRR vs. Frequency

The power supply rejection ratio of the AD504 is shown in
Figure 15.
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Figure 15. PSRR vs. Frequency
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Figure 16. CMV Range vs. Supply Voltage
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Figure 17. Output Characteristics
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THERMAL PERFORMANCE

Temperature Gradients

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

1MIN —‘

20uV
i A
S— WY ——
THERMAL L~
TRANSIENT
FOR zq’é: .
70 50 50°C
SHOCK /

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

Warmup Drift

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

Ms‘

28uV =1.1uV/°C

25°C

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

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

Monolithic technology affords the AD504 significant improve-
ments in this area. Thermal transients in the AD504 are small
and over with quickly (see Figure 19).
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Figure 19. Response to Thermal Shock for AD504
In Figure 19, a 50°C step change in ambient temperature, ap-

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

TURN 10uV
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Figure 20. Warmup Voltage Drift for H/gh Performance
Modular Op Amp

Note that although warmup drift is low (20uV), it requires a
long time to settle (>20 minutes).

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

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



ANALOG

IC, Wideband, Fast Slewing,

DEVICES General Purpose Operational Amplifier

AD307

FEATURES .

Gain Bandwidth: 100MHz

Slew Rate: 20V/us min

Ig: 15nA max (AD507K)

Vos: 3mV max (AD507K)

Vos 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

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.

AD507 FUNCTIONAL BLOCK DIAGRAM n

FREQUENCY
COMPENSATION

OFFSET
ot (1 O
INVERTING \
INPUT oﬂ} (s) outeur
NON-INVERTING OFFSET
INveRTNG (3 Xt

V-

TO-99
TOP VIEW

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

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

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

4. To insure compliance with gain bandwidth and slew rate
specifications, all devices are tested for ac performance
characteristics.
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SPECIFICAT|0NS (typical at +25°C and 115V dc, unless otherwise noted)

PARAMETER

AD507]

AD507K

ADS507S

OPEN LOOP GAIN
RL = 2k, C, = 50pF
@ T min to T max

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

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

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

OUTPUT CHARACTERISTICS
Voltage @ Ry, = 2k§2, Cy, = SOpF, Tpin t0 Trax
Current @ V, = 10V
Short Circuit Current

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

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

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

35MHz

1MHz

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

*
*

400kHz min (600kHz typ)
+25V/us min (+35V/us typ)
*

*
*
400kHz min (600kHz typ)
20V/us min (+35V/us typ)
*

INPUT OFFSET VOLTAGE
Initial
Avg vs Temp, Tiiy t0 Trax

5.0mV max (3.0mV typ)
15uv/°C

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

4mV max (0.5mV typ)

© 20pV/°C max (8uV/°C typ)

vs Supply, Trin t0 Tmax 200uV/V max 100uV/V max 100uV/V max
INPUT BIAS CURRENT
Initial 25nA max 15nA max 15nA max
Tmin © Tmax 40nA max 25nA max 35nA max
INPUT OFFSET CURRENT )
Initial 25nA max 15nA max 15nA max
Tmin t0 Tmax 40nA max 25nA max 35nA max
Avg vs Temp, Trin to Trmax 0.5nA/°C 0.2nA/°C 0.2nA/°C
INPUT IMPEDANCE
Differential 40M$2 min (300MS2 typ) * 65MSQ min (500MS2 typ)
Common Mode 1000MQ2 * *
INPUT VOLTAGE NOISE
f=10Hz 100nV/y/Hz * *
f=100Hz 30nV/A/Hz * *
f = 100kHz 12nV/A/Hz * *
INPUT VOLTAGE RANGE
Differential, Max Safe +12.0V * *
Common Mode Voltage Range, Trin t0 Trax *11.0V * *
Common Mode Rejection @ £5V, Tryin t0 Tax 74dB min (100dB typ) 80dB min (100dB typ) 80dB min (100dB typ)

POWER SUPPLY
Rated Performance
Operating
Current, Quiescent

15V
£(5 to 20)V
4.0mA max (3.0mA typ)

*
*

*

TEMPERATURE RANGE
Rated Performance
Operating
Storage

0to0 +70°C
-25°Cto +85°C
-65°C to +150°C

-55°Cto +125°C
-65°Cto +150°C
.

PACKAGE OPTION:! TO-99 Style (HO8A)

ADS507JH

ADS507KH

ADS507SH

NOTES
*Specifications same as AD507]J.
! See Section 19 for package outline information.

Specifications subject to change without notice.
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Applying the ADS07

APPLICATION CONSIDERATIONS

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

GENERAL PURPOSE WIDEBAND COMPENSATION

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

High Gain Conditions

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

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

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

0.1uF (CERAMIC DISC)

TO SIGNAL
‘COMMON POINT

OFFSET NULL

INVERTING
INPUT

—O OUTPUT

NON-INVERTING
INPUT
© SR 0.0uF
(CERAMIC DISC)
OFFSET
MuLL 100k

OFFSET NULL *NOT REQUIRED FOR LOAD OR

CABLE CAPACITANCE >50pF
2%

+V

Figure 1. General Purpose Configuration to Closed Loop
Gain > 10
Low Gain Conditions
For low closed loop gain applications, the AD507 should be
compensated with a 20pF capacitor from pin 8 (frequency
compensation) to signal common or pin 7 (V+). This configur-
ation also requires a 30pF feedback capacitor from pin 6
(Output) to-pin 8 (see Figure 2). The 50pF minimum load
capacitance recommended for uncompensated applications is
not required when the AD507 is used in the compensated
mode. This compensation results in a unity gain frequency of
approximately 10 to 12MHz.

The excellent input characterisitcs of the AD507 make it
useful in low frequency applications where both dc and ac
performance superior to the 741 type of op amp is desired.
Some experimentation may be necessary to optimize the
AD507 for the specific requirement. The unity gain bandwidth
can be reduced by increasing the value of the compensation
capacitor in inverse proportion to the desired bandwidth n
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
awideband 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+.

Cr = 30pF

FREQ COMP

0.14F
OFFSET NULL

INVERTING
INPUT

TO SIGNAL
COMMON POINT

O OUTPUT

o 0.uF

Figure 2. Configuration for Unity Gain Applications

HIGH CAPACITIVE LOADING )
Like all wideband amplifiers, the AD507 is sensitive to capa-
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 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 dampmg, which will more than compensate for the shght
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.

Ry = 10k

CONSIDERATIONS OF FIGURE 1 APPLY EXCEPT FOR
LOAD CAPACITOR

Figure 3. Fast Settling Time Configuraytion
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ANALOG
DEVICES

High Speed,
Fast Settling IC Op Amp

AD509

FEATURES
Fast Settling Time
- 0.1% in 500ns max
0.01% in 2.5us max
High Slew Rate: 100V/us min
Low lgs: 25nA max
Guaranteed Vg Drift: 30uV/°C max
High CMRR: 80dB min
Drives 500pF

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 hlgh spccd 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.

AD509 FUNCTIONAL BLOCK DIAGRAM

FREQUENCY COMPENSATION

INVERTING
INPUT

o
N
NON INVERTING o OFFSET

INPUT NULL

TO-99
TOP VIEW

All devices are supplied in the TO-99 packagc The AD509]
and AD509K are specified for 0 to +70 C temperature range;
the AD509S for operation from -55°C to +125°C.

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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SPE(:":'CAT'UNS (@ +25°C and Vs = =15V de unless otherwise specified)

AD509) . AD509K AD509S
Model Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOP GAIN ,
Vo = =10V,R =2k 75,000 15,000 10,000 15,000 10,000 15,000 A%
Tomin t0 Tmax, RL = 2kQ 5,000 7,500 7,500 \A%
OUTPUT CHARACTERISTICS
Voltage @ Ry = 2kQ, T min t0 Trax +=10 *12 +=10 *12 *10 *12 v
FREQUENCY RESPONSE
Unity Gain Small Signal 20 20 20 MHz
Full Power Response 1.2 1.6 1.5 2.0 1.5 2.0 MHz
Slew Rate, Unity Gain 80 120 80 120 100 120 Vips .
Settling Time
100.1% 200 200 200 500 ms
100.01% 1.0 / 1.c . 1.0 2.5 L pus
INPUT OFFSET VOLTAGE
Initia.l‘Offsel S 10 4 8 4 8 mV
Input Offset Voltage Tomin 10 Trnax 14 11 11 mV
Input Offset Voltage vs. Supply, .
Tomin 10 Tax 200 100 100 pVV
INPUT BIAS CURRENT
Initial ' 125 250 . 100 200 100 200 nA
Tnin 10 Timax 500 400 400 nA
INPUT OFFSET CURRENT
Initial 20 50 10 25 10 25 nA
Ta = min to max 100 50 50 nA
INPUT IMPEDANCE
Differential 40 100 50 100 50 100 MQ
INPUT VOLTAGERANGE
Differential =15 +15 +15 v
Common Mode *10 *10 *10 A%
Common Mode Rejection 74 90 80 90 80 90 dB
INPUT NOISE VOLTAGE )
f = 10Hz 100 100 100 nV/VHz
f = 100Hz 30 30 30 ! nV/VHz
f = 100kHz 19 19 19 nV/VHz
POWER SUPPLY
Rated Performance *15 +15 +15 A
Operating x5 *20 *5 *20 *5 *20 \Y
Quiescent Current 4 6 4 6 4 6 mA
TEMPERATURE RANGE
Operating, Rated Performance 0 +70 0 +70 =55 +70 °C
Storage -65 +150 —-65 +150 —-65 +150 | °C
PACKAGE!'
TO-99 Style (H08A) . ADS509JH ADS09KH ADS509SH
NOTES

1See Section 19 for package outline information.

Specifications subject to change without notice.

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

_vs

Simplified Nulling Circuit
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Applying the AD509

APPLYING THE AD509

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

R Y W —
FINAL VALUE, Eo /
-E_D_-_—_A_E';_ - :/_ —_"_'__\__—) _____

=3

ERROR
BAND

N

SLEW|
RATE
1

DEADl I [r——
TIME| SLEWING |RECOVERY ILINEAR SETTLING

+— SETTLING TIME TO X AE —>
AE
+
OR Lo x100%

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

DIFFERENTIAL
AMPLIFIER

Figure 2. AD509 Settling Time Test Circuit

display. The resultant waveform of (Eg — Ejy) 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 []
' $.0 =Fns [
!
ERROR | |
SIGNAL fim'
[T —Tns~]

Figure 3. Settling Time of AD509

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

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

outeur | /| ]
5.0y ns [~
X
ERROR i
SIGNAL
my
) ns [

Figure 4. AD509 with 500pF Capacitive Load

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

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

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

CONNECTIONS. 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+]).

0.pF
CERAMIC DISC

15pF
INVERTING 2Y— TO SIGNAL
INPUT D COMMON POINT
6)—1—o0 outpPuT
NONINVERTING 3+
INPUT Sv-

0.1yl
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 C¢'s

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

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

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

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

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

k2 =
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=

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



ANALOG
DEVICES

Low Cost, Laser

Trimmed, Precision IC Op Amp

AD310

FEATURES

Low Vgs: 254V max (AD510L), 100uV max (AD510J)
Low Vs Drift: 0.5uV/°C max (AD510L)

Internally Compensated

High Open Loop Gain: 10° min

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

PRODUCT DESCRIPTION

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

A truly precision device, the AD510 achieves laser trimmed
offset voltages less than 25uV max and offset voltage drifts of
0.5uV/°C max (nulled). Bias currents and offset currents are
available at less than 10nA and 2.5nA respectively, while open
loop gain is maintained at over 1,000,000, even under loaded
affected by thermal gradients across the monolithic chip
caused by current loading.

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

The AD510 is specifically designed for applications requiring
high precision at the lowest possible cost, such as bridge instru-
ments, stable references, followers and analog computation.
Packaged in a hermetically-sealed TO-99 metal can, the AD510
is available in three versions of performance (J, K and L) over
the commercial temperature range, 0 to +70°C and one version
(S) over the extended temperature range, -55°C to +125°C.

AD510 FUNCTIONAL BLOCK DIAGRAM

OFFSET
NULL 8
1

-IN 2

7 +vg

6 OUTPUT

+IN 3 5
4
-Vs
TO-99
TOP VIEW

NC

PRODUCT HIGHLIGHTS

1.

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

. The AD510 offers fully protected input (to *Vs) and output

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

. Internal compensation eliminates the need for elaborate and

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

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

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

5. Bootstrapping of critical input transistors produces CMRR

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

MODEL ADS510JH ADS510KH ADS510LH AD510SH
OPEN LOOP GAIN
Vos 7 *10V, R > 2kQ 250,000 min 10° min v e
Tmin 10 Tmax 125,000 min 500,000 min A 250,000
OUTPUT CHARACTERISTICS
Voltage @ Ry = 2k, Tryin 10 Tmax +10V min * * *
Load Capacitance ) 1000pF * * *
Output Current 10mA min * * *
Short Circuit Current 25mA . . *
FREQUENCY RESPONSE
Unity Gain, Small Signal 300kHz * * *
Full Power Response 1.5kHz * *
Slew Rate, Unity Gain 0.10V/us * * i
INPUT OFFSET VOLTAGE
Initial Offset, Rg < 10k§2 1004V max 50V max 25uV max **
vs. Temp., Tmin t0 Tmax 3.0uV/°Cmax - 1.0uV/°C max 0.5uV/°C max **
vs. Supply 25uV/V max 104V/V max = b
Tmin t0 Trmax 40uV/V max 15uV/V max g 20uV/V max
INPUT OFFSET CURRENT
Initial 5nA max 4nA max 2.5nA max b
Tmin t0 Tmax 8nA max 6nA max 4nA max 10nA max
INPUT BIAS CURRENT
Initial 25nA max 13nA max 10nA max g
Tmin t0 Tmax 40nA max 20nA max - 15nA max 30nA max
vs. Temp, Tmin t0 Tmax +100pA/°C +50pA/°C +40pA/°C ‘s
INPUT IMPEDANCE
Differential 4MQ 6MQ b b
Common Mode 100MQ||4pF * * *
INPUT NOISE
Voltage, 0.1Hz to 10Hz 1uV p-p * * *
f = 10Hz 18nV//Hz * . *
= 100Hz 13nVAV/HzZ . . .
f = 1kHz 10nVA/Hz . . .
Current, f = 10Hz 0.5pAN/Hz * * *
f = 100Hz 0.3pAiiz * * *
f = 1kHz 0.3pAnHZ * * *
INPUT VOLTAGE RANGE
Differential or Common Mode
max safe Vg . . .
Common Mode Rejection, Vi, =
10V 94dB min 110dB min bk e
Common Mode Rejection, Tpin
10 Trnax 94dB 100dB min . .
POWER SUPPLY
Rated Performance 15V * * .
Operating (5 to 18)V * (5 to 22)V
Current, Quiescent 4mA max 3mA max hs .
TEMPERATURE RANGE
Operating Rated Performance 0t +70°C * * -55°Cto +125°C
Storage -65°Cto +150°C  * * *
PACKAGE OPTIONS:! TO-99 Style (HO8B) AD510JH ADS510KH ADS510LH AD510SH

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

! See Section 19 for package outline information.
Specification subject to change without notice.
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Applying the AD510

TYPICAL
NON-INVERTING AMPLIFIER CONFIGURATION

NULLING THE AD510
Nulling the AD510 can be achieved using the high resolution
circuit of Figure 1.

1. Null the offset to zero using a commercially available pot
(approximately 10kS2).

2.-Measure pot halves, R1 and R3.
¢ Ry x50k + _Rg x 50kQ2
" 50kQ - Ry " 50k - R,
4. Insert Ry " and Rzl (closest 1% fixed metal film resistors).

3. Calculate ... Ry

5. Use an industrial quality 100k$2 pot (rp) to fine tune the trim.

Nulling to within 1 microvolt can be achieved using this tech-
nique. For best results, the wiper of the potentiometer should
be connected directly to pin 7 of the op amp.

@
ry r'

D ¢

o

Figure 1. High Resolution, High Stability Nulling Circuit

THE AD510L IN A SIMPLE INSTRUMENTATION AMPLIFIER
The circuit of Figure 2 illustrates a simple instrumentation
amplifier suitable for use with strain gauges, thermocouples

and other transducers. It provides high input impedance to
ground at each of the differential input terminals and excellent
common mode rejection.

INPUT

fo} 3

+
A1 6
AD510L
R1 9% 001% ,
if -
.01
y: R2 1kvl) %
GAIN R3 1k 0.01%
SELECT A
RS [ A
7 R4 9 0.01%
A2
. b ouTPUT
INPUT ADS10L
+ O— +

Figure 2. Instrumentation Amplifier

The configuration shown is designed for a gain of 10, however
the gain can be varied upwards by adding a gain select
resistor Rs. In operation, amplifier A; provides a gain of 10/
for signals at the negative input terminal. This output feeds the
inverting amplifier Ay, which has a gain of 9, resulting in an
overall gain of 10. For signals at the positive input, the output
of Ay is at ground potential and the amplifier A provides a
gain of 10. Thus, the circuit has a gain of 10 for differential
signals and 0 for common mode signals; the very high CMRR
and open loop gain of the AD510L automatically produces
common mode rejection of at least 25,000 at dc at a gain of

10 and over 1,000,000 at a gain of 1000. The common mode
rejection, of course, depends upon the resistor ratios and their
specified tolerance. Less accurate resistors can be used if the
network is trimmed.

o
b

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

The common mode rejection at 60Hz is limited by the finite
gain bandwidth of Aj causing a phase lag on the negative input
signal. At 60Hz the CMRR measures 72dB at a gain of 1000
and 62dB at a gain of 10.
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Figure 7. Voltage Noise vs. Frequency
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ANALOG
DEVICES

Precision, Low-Power

FET-Input Electrometer Op Amp

FEATURES

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

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

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

Low Cost

Low Power:

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

put bias currents available in any standard operational amplifier.

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

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

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

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

The AD515 is available in three versions of bias current and
offset voltage, the “J”, “K”, and “L"’; all are specified for
rated performance from 0 to +70°C and supplied in a hermetic-
ally sealed TO-99 package.

AD515

AD515 FUNCTIONAL BLOCK DIAGRAM

GUARD PIN (CONNECTED TO CASE)
TAB

OFFSET
NuULL

'lb

NON-INVERTING(3)
INPUT

INVERTING
INPUT

TO-99
TOP VIEW

PRODUCT HIGHLIGHTS
1. The AD515 provides the lowest bias currents available in an
integrated circuit amplifier.
® The ultra low input bias currents are specified as the max-
imum measured at either input with the device fully
warmed up on £15 volt supplies at +25°C ambient with
no heat sink. This parameter is 100% tested.
® By using *5 volt supplies, input bias current can typically
be brought below 50fA.

2. The input offset voltage on all grades is laser. trimmed to a
level typically less than 500uV.
® The offset voltage drift is the lowest available in an FET
electrometer amplifier.
® If additional nulling is desired, the amount required will
have a minimal effect on offset drift (approximately
3uV/°C per millivolt nulled).

3. The low quiescent current drain of 0.8mA typical and

1.5mA maximum, which is among the lowest available in opera-
tional amplifier designs of any type, keeps self-heating effects
to a2 minimum and renders the AD515 suitable for a wide range
of remote probe situations.

4. The combination of low input noise.voltage and very low in-
put noise current is such that for source impedances from much
over one Megohm up to 10 11 5hm, the Johnson noise of the
source will easily dominate the noise characteristic.
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SPECIFICATIONS @ +zv i,

+ 15V dc unless otherwise specified)

ADS515) ADSISK ADSI5L
Model Min ~  Typ Max Min Typ Max Min Typ Max Units
OPEN LOOP GAIN!
Vo = =10V,Rp =2k 20,000 40,000 25,000 Vv
Vo = =10V, Ry = 10kQ 40,000 100,000 50,000 Vv
Tmin 10 Trmaxs R = 2kQ 15,000 40,000 25,000 VIV
OUTPUT CHARACTERISTICS
Voltage @ Ry = 2Kk, Tomin t0 Trnax +10 12 +10 =12 10 *12 v
Voltage @ Ry, = 10k, Trmin t0 Trax *12 +13 +12 +13 +12 +13 v
Load Capacitance? 1000 1000 1000 pA
Short Circuit Current 10 25 50 10 25 50 10 25 50 mA
FREQUENCY RESPONSE )
Unity Gain Small Signal 350 350 350 MHz
Full Power Response 5 16 5 16 5 MHz
Slew Rate, Unity Gain 0.3 1.0 0.3 1.0 0.3 1.0 Vips
Overload Recover, Inverting Unity Gain 16 100 16 100 16 100 us
INPUT OFFSET VOLTAGE?
Initial Offset 0.4 3.0 0.4 1.0 0.4 1.0 mV
Input Offset Voltage vs. Temperature 50 15 25 nv/reC
Input Offset Voltage vs. Supply, .
Tmin 10 Tax 50 400 100 200 pv/v
INPUT BIAS CURRENT
Either Input* 300 150 75 FA
INPUT IMPEDANCE
Differential 1091.6 1031.6 109)1.6 MQ|pA
Common Mode 10'j0.8 10')0.8 .10'90.8 MQ|pA
INPUT VOLTAGE RANGE
Differential +20 +20 +20 \%
Common Mode *10 +12 +10 +12 +10 +12 \%
Common Mode Rejection 66 9% 80 70 dB
INPUT NOISE
Voltage, 0.1Hz to 10Hz 4.0 4.0 4.0 wVp-p
f = 10Hz 75 75 75 nV/VHz
f = 100Hz 55 55 55 nV/VHz
f=1Hz 50 50 50 nV/VHz
Current, 0.1Hz to 10Hz 0.003 0.003 0.003 PA (p-p)
10Hz to 10kHz 0.01 0.01 0.01 pA (rms)
POWER SUPPLY
Rated Performance =15 *15 =15 A%
Operating *5 *18 +5 +=18 +5 *18 v
Quiescent Current 0.8 1.5 0.8 1.5 0.8 5 mA
TEMPERATURE RANGE
Operating, Rated Performance 0 +70 0 +70 0 +70 °C
Storage —65 +150 -65 +150 -65 +150 | °C
PACKAGE®
TO-99 Style (HO8B) ADS15JH ADS15KH ADS15LH
NOTES

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

2A conservative design would not exceed 750pF of load capacitance. .

3Input Offset Voltage specifications are guaranteed after 5 minutes of operation at Ty = +25°C.
4Bias Current specifications are guaranteed after 5 minutes of operation at T, = +25°C. For
higher temperatures, the current doubles every +10°C.

SIf it is possible for the input voltage to exceed the supply voltage, a series

protection resistor should be added to limit input current to 0.SmA. The

input devices can handle overload currents of 0.3mA indefinitely without

damage. See next page.

6See Section 19 for package outline information.

Specifications subject to change without notice.

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

Standard Offset Null Circuit

VOL. I, 4-60 OPERATIONAL AMPLIFIERS



Applying the AD515

LAYOUT AND CONNECTION CONSIDERATIONS

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

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

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

to the guard potential. This technique virtually eliminates poten-

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

INPUTS

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

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

w

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

4. Another important concern for achieving and maintaining
low leakage currents is complete 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 n
-except Kel-F or teflon will show rapid degradation of surface
leakage at high humidities.

OPTIONAL PROTECTION

(SEE TEXT) 10pF
GUARD [ AN 1
9
\5 _-.;._-\ ) 10°0
i
ouT
’,‘ { AD515 B
: [N Eo = 1mV/picoamp
T 8
e A CASE

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

Re
= 1+ F
Eo=Vs ! Rs)

[ ZiN = 10'5 2]|0.2pF

<
>
’RF

OPTIONAL CONNECTION FOR
GUARDING CABLE (SEE TEXT)

HAAa

Figure 3. Very High Impedance Non-Inverting Amplifier
INPUT PROTECTION

The AD515 is guaranteed for a maximum safe input potential
equal to the power supply potential. The unique bootstrapped
input stage design also allows differential input voltages of up
to +20 volts (or within 10 volts of the sum of the supplies)
while maintaining the full differential input resistance of
10Q, as shown in Figure 10. This makes the AD515 suitable
for low speed comparator situations employing a direct connec-
tion to a 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 AD515 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 0.5mA (for example, 200kS2 for a 100 volt
overload). This simple scheme will cause no significant reduc-
tion 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 AD515 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 coax-
ial 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 will reduce the noise, but
short rigid lines are better. Cable movements will also make
small changes in the internal cable capacitance and capaci-
tance to other subjects. Since the total charge on these
capacitances cannot be changed instantly, a noise voltage
results as predicted from: AV = Q/AC. Noise voltage is also
generated by the motion of a conductor in a magnetic field.

The conductor-to-shield capacitance of coaxial cable is nor-
mally about 30pF/foot. Charging this capacitance can cause
considerable stretching of high impedance signal rise-time, thus -
cancelling the low input capacitance feature of the AD515.
There.are two ways to circumvent this problem. For inverting
signals or low-level current measurements, the signal is carried
on the line connected to the inverting input and shielded (guar-
ded) 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
de-stabilize the circuit; if so, capacitance from output to invert-
ing input will stabilize the circuit.

Non-inverting and buffer situations are more critical since the
signal line voltage and therefore charge will change, causing sig-
nal delay. This effect can be reduced considerably by connect-
ing the cable shield to 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 destabilize and
oscillate. If so, capacitance from positive input to ground must
be added to make the net capacitance at pin 3 positive. This
technique can considerably reduce the effective capacitance
which must be charged.

~ Typical Performance Curves
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Figure 4. PSRR and CMRR Versus Frequency
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Figure 5. Open Loop Frequency Response
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ELECTROMETER APPLICATION NOTES
The AD515 offers the lowest input bias currents available in an ,‘ _’J;c
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 AD515 and perhaps extending its ' Mme
performance limits.

INPUT CURRENT

T 15

|

k-

&
SUPPLY CURRENT — mA

INPUT BIAS CURRENT
FEMTOAMPERES (107 A)

+5 . *10 +15 +18
1. As with all junction FET input devices, the temperature POWER SUPPLY — Vol

of the FET’s themselves is all-important in determining Figure 8. Input Bias Current and Supply Current Versus
the input bias currents. Over the operating temperature Supply Voltage

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. - T T _r (

| _ REFERENCE: 1.0= 65fA (TYP)
'out =0, loyt =0
UNITS WARMED UP
WITH 15V SUPPLY

N
o

2. The heat dissipation can be reduced initially by careful
investigation of the application. First, if it is possible to re-
duce the required power supplies, this should be done since
internal power consumption contributes the largest compo-
nent of self-heating. To minimize this effect, the quiescent
current of the AD515 has been reduced to a level much
lower than that of any other electrometer-grade device, but
additional performance improvement can be gained by low-
ering the supply voltages, to +5 volts if possible. The effects //
of this are shown in Figure 8, which shows typical input bias we—r
current and quiescent current versus supply voltage. ADDITIONAL INTERNAL POWER DISSIPATION — Milliwats
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3. Output loading effects, which are normally ignored, can Figure 9. Input Bias Current Versus Additional Power
cause a significant increase in chip temperature and there- Dissipation
fore bias current. For example, a 2k{2 load driven at 10
volts at the output will cause at least an additional 25 milli- ’ 10001 (1pA)
watts dissipation in the output stage (and some in other
stages) over the typical 24 milliwatts, thereby at least dou-
bling 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 2kS2 load, to reduce this
additional dissipation, we recommend restricting the load
impedance to be at least 10kS2.

Vs = 16 VOLTS
Vem =0
Ta = +26°C

y
\

INPUT BIAS CURFIENT (EITHER INPUT) — fA

25 20 15 0 5 0 +5 +10 +15 +20 +25
Voirs ~ Volts

Figure 10. Input Bias Current Versus Differential Input Voltage
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AD515 CIRCUIT APPLICATION NOTES

The AD515 is quite simple to apply to a wide variety of appli-
cations because of the pre-trimmed offset voltage and internal
compensation, which minimize required external components
and eliminate the need for adjustments to the device itself. The
major considerations in applying this device are the external
problems of layout and heat control which have already been
discussed. In circuit situations employing the use of very high
value resistors, such as low level current to voltage converters,
electrometer operational amplifiers can be destabilized by a
pole created by the small capacitance at the negative input. If
this occurs, a capacitor of 2 to 5pF in parallel with the resistor
will stabilize the loop. A much larger capacitor may be used if
desired to limit bandwidth and thereby reduce wideband noise.

Selection of passive components employed in high impedance
situations is critical. High-megohm 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-megohm 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 AD515 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 AD515 are significant only
above 10" Q.

- (73 3]\ AD515
° C__S./ Y
: toil < R4
AD510 r1 | t- WL
AL A A =
6 + W A
2 -l R3 AD510
% AA——2
SR1 S GAIN ouTPUT
i o
2 R2 83
R4
8 .
H Zin-cm = 10" $2110.2pF

1

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

(BUFFER A1 BOOSTS COMMON MODE Z;yy 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 conver-
ter. To obtain higher sensitivity, it is obvious to simply use a
higher value feedback resistor. However, high value resistors
above 102 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 AD515 makes
the tradeoff easier.

Re Ry
A — A
* .%.Rz
-+ =
\
_ N
b 1| aoss —
I
1 i + -8 Eo=-imvipax1+8Y)
= (974} R2

Figure 13. Picoampere to Voltage Converter with Gain

One of the problems with low-level leakage current testing or
low-level current transducers (such as Clark oxygen sensors) is
finding a way to apply voltage bias to the device while still
grounding the device and the bias source. Figure 14 shows a
technique in which the desired bias is applied at the non-invert-
ing terminal thus forcing that voltage at the inverting terminal.
The current is sensed by Rg, and the AD521 instrumentation
amplifier converts the floating differential signal to a single-
ended output.
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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

~ AD17

FEATURES :

Low Input Bias Current: 1nA max (AD517L)

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

Internal Compensation

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 'voltaagcs less than 504V 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 IG
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.

The circuit is packaged in a hermetically sealed TO-99 metal

' can, and is available in three performance versions (J, K, and
L) specified over the commercial 0 to +70°C range; and one
version (AD5178S) specified over the extended temperature
range, -55°C to +125°C.

AD517 FUNCTIONAL BLOCK DIAGRAM

OFFSET
NULL 8
1 7 +Vs
-IN 2 6 OUTPUT
+IN 3 5 NC
4
-Vg
TO-99
TOP VIEW
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 IC
op amps).

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

6. Thermally-balanced layout insures high open-loop gain inde-
pendent of thermal gradients induced by output loading,
offset nulling, and power supply variations.
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SPENHCA"ONS (@ +25°C and V= £ 15V do)

Model ADS17) AD5S17K ADSI7L AD517S
Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOP GAIN
Vo = =10V,Ry =2k 106 108 106 108 A4
T min 10 Tinax, R = 2kQ 500,000 500,000 500,000 250,000 Vv
OUTPUT CHARACTERISTICS
Voltage @ Ry, = 2k, Tpyin t0 Trax =10 +10 *10 *10 v
Load Capacitance 1000 1000 1000 1000 pF
Output Current 10 10 10 10 mA
Short Circuit Current 25 25 25 25 mA
FREQUENCY RESPONSE
Unity Gain Small Signal 250 250 250 250 kHz
Full Power Response 1.5 1.5 1.5 1.5 kHz
Slew Rate, Unity Gain 0.10 0.10 0.10 . 0.10 Vips
INPUT OFFSET VOLTAGE
Initial Offset 150 75 50 75 nv
Input Offset vs. Temp. 3.0 18 13 1.8 nvrC
Input Offset vs. Supply 25 10 10 10 wv
Tnin 10 Trnax 40 15 15 20 VNV
INPUT BIAS CURRENT
Initial 5 2 1.0 2.0 nA
Trnin 10 Trnax 8 35 1.5 10 nA
vs. Temp, Trmin 10 Trnax *20 +10 +4 =10 pArC
INPUT OFFSET CURRENT
Initial 1.0 0.75 0.25 2.0 nA
T min 10 Trnax. 15 1.25 0.4 10 nA
INPUT IMPEDANCE
Differential 15]1.5 2015 2015 2015 MQ|pF
Common Mode 2.0x10" 2.0x10" 2.0x10" 2.0x10" Q
INPUT VOLTAGE RANGE
Differential *Vg +Vs R +Vs EA'A \Y%
Common Mode Rejection 110 110 110 dB
Common quc Rejection
Timin 10 Trax 110 100 100 dB
INPUT NOISE
Voltage, 0.1Hz to 10Hz 2 2 2 2 uVp-p
f=10Hz 35 35 35 35 aV/VHz
f=100Hz 25 25 25 25 aV/VHz
f=1kHz 20 20 20 20 nVVHz
Current, f= 10kHz 0.05 0.05 0.05 0.05 pA/VHz
f=100Hz 0.03 0.03 0.03 0.03 pA/VHz
f=1kHz 0.03 0.03 0.03 0.03 pA/NVHz
POWER SUPPLY
Rated Performance +15 =15 =15 *15 v
Operating +5 +18 *5 *18 +5 *18 *5 *18 v
Quiescent Current. 4 3 3 3 mA
TEMPERATURE RANGE i
Operating, Rated Performance (1] +70 0 +70 0 +70 -55 +125 °C
Storage -65 +150 —-65 +150 -65 +150 -65 +150 °C
PACKAGE!'
TO-99 Style (HO8B) ADS17JH ADS517KH ADS17LH ADS17SH

NOTES

1See Section 19 for package outline information.
Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final

electrical test. Results from those. tests are used to calc

levels. All min and max

ulate outgoing quality

shown in boldface are tested on all production units.

h only those
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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 10k£2, ten-turn poten-
tiometer. This circuit allows nulling to within several microvolts.
The circuit of Figure 1B is reccommended in applications where
nulling to within 1uV 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 R; and R,.
3. Calculate:
r_ Ryx 50kS2, ,

Ry =—1——— Ry =
! 50kQ—-R, 2

R, x 50k
50kQ-R,

4. Replace the pot with Ry’ and R’ using the closest value
1% metal film resistors. ‘

5. Use a 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.

+15V

R2
10k 1%
INPUT

R1
10MQ
1%

Figure 2. Stable Instrument Input Amplifier

Input impedance of this amplifier is 10 megohms, determined
by resistor Ry . The offset nulling network comprised of Rj,
R, 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, R4 and R;.

Gain switching is accomplished in the feedback network. The
divider consisting of Ry, Ryy, Ryp and Ry; 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
Ry, 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 input offset currents will
produce an insignificant offset voltage on the order of 1 micro-
volt. If this offset is nulled out at the highest gain selected, it
will be nulled on all ranges.

The AD517 offers excellent temperature stability in this cir-
cuit. Once the offset has been zeroed, the error produced by
offset current drift will remain quite low due to the extremely
low offset current drift of the AD517. A FET-input op amp
would not work well in this application, since the input offset
currents would double for each 10°C increase in temperature,
soon exceeding the input offset currents of the AD517.
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ANALOG

, Low Cost,
High Speed, IC Operational Amplifier

DEVICES

AD518

FEATURES
High Slew Rate: 70V/us
Wide Bandwidth: 12MHz
60° Phase Margin (At Unity Gain Crossover)
Drives 300pF Load
Guaranteed Low Offset Drift:
15uV/°C Max (AD518K)
Pin Compatible With 118-Type
Op Amp Series

PRODUCT DESCRIPTION

The AD518], AD518K, and AD518S are high speed precision
monolithic operational amplifiers designed for applications
where slew rate and wide bandwidth are required, but low
cost and ease of use are essential. The devices are internally
compensated for unity gain applications with a 60° phase
margin to insure stability, a minimum unity gain slew rate of
50V/us, and a typical bandwidth of 12MHz. In addition, in
inverting applications external feedforward compensation
may be added to increase the slew rate to over 100V/us,

and nearly double the bandwidth. If desired, settling time to
0.1% can be reduced to under 1us with a single external

canacitor
<apacitior.

The AD518’s dc performance is consistent with its precision
dynamic characteristics. The devices feature offset voltages
below 2mV, maximum offset drifts of 15uV/°C, and offset

currents below 50nA max.

The high slew rate, fast settling time, ease of use, and low cost
of the AD518 make it ideal for use with D/A and A/D
converters, as well as active filters, sample-and-hold circuits,
and as a general purpose, fast, wideband amplifier. The
ADS518 is supplied in the TO-99 package. The AD518] and
ADS518K are specified for operation over the 0 to +70°C
temperature range; the AD518S for operation from -55°Cto
+125°C. ;

AD518 FUNCTIONAL BLOCK DIAGRAM

BALANCE
COMPENSATION 2

BALANCE
COMPENSATION 1

BALANCE
COMPENSATION -3

V-
TO-99
TOP VIEW

PRODUCT HIGHLIGHTS
1. The AD518 offers the user high speed performance and
flexibility previously unavailable at low cost . ... .....

® Internal compensation for unity gain applications

® Capability to increase slew rate to over 100V /us and
double the bandwidth by an external feedforward
technique

® Capability to reduce settling time to under 1us to
0.1% with a single external capacitor

® Differential input capability

2. The phase margin of the AD518, uncompensated at the

unity gain crossover frequency, is 60°, providing

unconditional stability for all conditions. This conservative

phase margin represents a clear improvement over that of

the 118 series IC op amps currently available.

3. The static performance of the AD518 is consistent with its
excellent dynamic performance, providing offset voltage
drift under 15uV/°C, CMRR of 80dB, and offset current
below 50nA.
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SPECIFICATIONS

(@ +25°C and Vg = =15V dc unless otherwise specified)

AD518] ADS18K ADS18S

Model ; Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOP GAIN

Vo = £10V,Ry =2kQ 25,000 100,000 50,000 100,000 50,000 100,000 v

Tmin t0 Trnaxs RL = 2kQ 20,000 25,000 25,000 Vv
OUTPUT CHARACTERISTICS

Voltage @ RL, = 2kQ, T in t0 Trnax *12 *13 +12 13 *12 13 v

Output Current *10 *=10 +10 mA

Short Circuit Current 25 25 25 mA
FREQUENCY RESPONSE

Unity Gain Small Signal 12 12 12 MHz

Slew Rate, Unity Gain 50 70 50 70 50 70 Vius

Settling Time t0 0.1% 800 800 800 ns

Phase Margin, Uncompensated at Unity '

Gain Crossover Frequency 60 60 60 Degrees

INPUT OFFSET VOLTAGE

Initial Offset 4 10 2 4 2 4 mV

Input Offset Voltage or T piq t0 Trmax 15 6 6 mV

Input Offset Voltage vs. Supply or

Tomin 10 Trnax 65 80 80 90 80 90 dB

INPUT BIAS CURRENT

Initial 120 500 120 250 120 250 nA

Tomin 10 Trax 750 400 400 nA
INPUT OFFSET CURRENT

Initial 30 200 6 50 6 S0

Tomin 10 Trax 300 100 100
INPUT IMPEDANCE 0.5 3.0 0.5 3.0 0.5 3.0 MQ
INPUT VOLTAGE RANGE!'

Differential *11.5 +11.5 *11.5 \'

Common Mode +Vs +Vs +Vs \'

Common Mode Rejection 70 100 80 100 80 100 dB
POWER SUPPLY

Rated Performance =15 =15 +15 +18 A

Operating =5 +20 E3) +20 +5 +20 A

Quiescent Current 5 10 5 7 b 7 rA
TEMPERATURE RANGE

Operating, Rated Performance 0 +70 0 +70 - +125 °C

Storage -65 +150 -85 +150 65 +150 § °C
PACKAGE?

TO-99 Style (HO8A) ADS518JH ADS18KH ADS18SH

Plastic MINI DIP (N8A) ADS518JN ADSISKN
NOTES

!The inputs are shunted with back-to-back diodes; if the
differential input may exceed =+ 1 volt, a resistor should

be used to limit the input current to 10mA

2See Section 19 for package outline information.
Specifications subject to change without notice.

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

boldface are tested on all production units.
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STABILITY & PHASE MARGIN

Perhaps one of the most meaningful ways to express the
relative stability of a closed loop amplifier is in terms of phase
margin. Phase margin is measured at that frequency where the
open loop gain of the amplifier becomes unity or 0dB. It is
the additional amount of phase shift that, if introduced in the
loop, would make the loop unstable.

At very low frequencies the gain of most operational
amplifiers is generally large. Moreover, the amplifier output
signal is very nearly in phase with the differential input signal.
This output is, therefore, nearly 180° out of phase with the
feedback signal applied to the inverting input. At sufficiently
high frequencies the gain of the amplifier begins to decrease as
a function of frequency, with the resulting consequence of a
lagging phase characteristic. That is, as the gain falls with
increasing frequency, the phase of the output signal at a given
frequency will lag the phase of the input signal. The phase
shift depends most critically on the slope of the gain curve
with respect to the logarithm of the frequency at the
frequency where the phase is measured. If the gain changes
more rapidly than 12dB/octave over a substantial frequency
range, the minimum resulting phase shift may exceed 180°.

To insure amplifier stability, it is necessary that the phase
shift near the unity gain frequency (12MHz in the AD518) is
less than 180°. Moreover, it is generally required that the
phase shift be substantially below the critical stability point
to insure proper system performance. If the unity gain phase
shift approaches 180°, the system will be on the verge of
oscillation. As a result, there will be a large peak in the closed
loop response near the unity loop gain frequency. This
sharply peaked frequency response generally causes an
undesirable small signal transient response with a poorly
damped overshoot.

The term phase margin refers to the difference between 180°
and the actual frequency-dependent phase shift at the system
unity gain frequency. It is the margin between the actual
system phase shift and the critical phase shift at which
oscillation will occur. Not only does it indicate the relative
immunity to oscillation, but it also gives some indication

about the peaking and overshoot that can be expected.

The simple pole or frequency response of a single R-C network
has a gain slope of 6dB/octave. This response has an
associated phase shift which is asymptotic to —90°. Linear
systems which are dominated by this characteristic in their
open loop response are stable. They show no overshoot or
ringing in their small signal transient response. Additional
poles, either above or below the unity loop gain frequency,
will add phase shift. As phase shift increases up to a lagging
phase of about 120°, representing a 60° phase margin, little
or no peaking will result. As the unity gain phase shift
increases, peaking becomes more and more evident. For
example, as the phase shift reaches 160° (20° of phase
margin), between 9 and 10dB of peaking will occur.

The AD518 has been designed for a 60° phase margin at the
unity gain crossover frequency, for absolute stability and
absence of ringing and overshoot. (Note the transient response
of the AD518 in Figure 1.) Note also in Figure 2 that the
phase shift at 12MHz, the unity gain crossover frequency, is
120°, representing 60° of phase margin.

100pF

Figure 1. Transient Response of the AD518
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Figure 2. Amplitude and Phase Response of the AD518

THE FLEXIBILITY OF THE AD518

MINIMUM SETTLING TIME APPLICATIONS

For applications where a minimum settling time is desired, the
settling time of the AD518 may be reduced significantly by
employing the compensation schemé suggested in Figure 3.

"0k
INPUT O—AAA—

Figure 3. Minimum Settling Time Compensation

Using the 0.1uF capacitor from Pin 5 to V+ (Pin 7), the
settling time to 0.1% is reduced from 2us to 800ns.
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HIGHER BANDWIDTH OR

HIGHER SLEW RATE APPLICATIONS

For applications where higher bandwidth is desired, the
bandwidth of the AD518 may be increased to nearly
25MHz by using the feedforward technique shown in
Figure 4.

Figure 4. High Bandwidth Configuration

For applications where higher slew rate is desired, the slew
rate of the AD518 may be nearly doubled using the technique
shown in Figure 5.

5k
INPUT O—AAA—4

R

2.5k BALANCE

Figure 5. High Slew Rate Configuration

Note that the techniques of Figures 4 and 5 may be used in
conjunction with each other to both double the bandwidth
to 25MHz a_nd increase the slew rate to 100—140V /us.

USING THE AD518 '

The connection scheme employed when using the AD518 is
considerably more important than for low frequency, general
purpose amplifiers. The primary purpose of the 0.1uF bypass
capacitors shown in Figure 6 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,
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while the 0.1uF capacitor from V+ to signal ground should be
returned to signal common. This 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.

When using the AD518, this decoupling configuration should
be used in conjunction with the configuration of Figures 3,
4 and 5, depending on the specific application.

. Note that the diagram shows each individual capacitor directly
connected to the appropriate terminal. 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.

FEEDFORWARD
COMP.

T 0.14F (CERAMICDISC)
INVERTING O * TO SIGNAL COMMON

—0 OUTPUT

NON-INVERTING O L 0.WwF

i
T (CERAMIC DISC)

Figure 6. General Purpose Connection Diagram

NULLING THE AD518

. 200k .

; 200k

.

OTHER IC HIGH SPEED AMPLIFIERS AVAILABLE

ADS507 35MHz Gain Bandwidth
Slew Rate of 25V/us min
Bias Current of 15nA max
Offset Voltage Drift of 15uV/°C max
- AD509 Settles to 0.01% in 1us

Settles to 0.1% in 200ns
Slew Rate of 100V/us min



ANALOG
DEVICES

Precision Low Cost BIFET Op Amp

AD542

FEATURES

Low Bias Current: 25pA max, warmed-up
(AD542K,L), 50pA max (AD542J)

Low Offset Voltage: 0.5mV max (AD542L),
1.0mV max (AD542K)

Low Offset Voltage Drift: 5uV/°C max
(AD542L), 10uV/°C max (AD542K)
20uV/°C max (AD542J)

Low Quiescent Current: 1.5mA max

Low Price

PRODUCT DESCRIPTION

The AD542 is a precision, monolithic FET-input operauonal
amplifier fabricated with the most advanced BIFET and

laser trimming technologies. The AD542 offers bias currents.
significantly lower than currently available BIFET devices:
25pA max, warmed-up for the AD542K and L, 50pA max for
the AD542]. In addition, the offset voltage is laser trimmed to
less than 0.5mV on the AD542L and 1.0mV on the AD542K
utilizing Analog’s exclusive laser-wafer-trimming (LWT) proc-
ess. When combined with the AD542’s low offset voltage
drift (54V/°C max for “L”, 10uV/°C max for “K’"), these
features offer the user IC performance truly superior to exist-
n-\g RIFET np amneg — and at lsw RIRET nricing

Laixriia amps andG at:ow, oaixr'o: phniing.

The key to BI-FET technology is the ion-implanted JFET.
Ion-implantation (as opposed to diffusion) permits the fab-
rication of precision, matched JFETSs on a monolithic bipolar
chip. Analog Devices optimizes the BIFET process to produce
bias currents lowér than other popular BIFET op amps and
specifies each device for the maximum value at either input in
the fully warmed-up condition. Additional benefits of this op-
timization include low voltage noise (2uV p-p, 0.1 — 10Hz),
and low quiescent current.

The AD542 is recommended for any operational amplifier
application requiring excellent dc performance at low and
moderate costs. Precision instrument front ends requiring
accurate amplification of millivolt level signals from megohm
source impedances will benefit from the device’s excellent
combination 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. Additionally, band-

AD542 FUNCTIONAL BLOCK DIAGRAM

TAB

TO-99
TOP VIEW

width and slew rate are much increased over presently avail-
able precision, bipolar op amps.

The AD542 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 extended oper-
ating temperature range. All devices are packaged in the
hermetically-sealed, TO-99 metal can.

PRODUCT HIGHLIGHTS
1. Improved BIFET processing on the AD542 results in the
lowest bias current available in a BIFET 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
AD542 will meet its published specifications in actual use.

3. Laser-wafer-trimming reduces offset voltage to as low as
0.5mV max (AD542L), thus eliminating the need for ex-
ternal nulling in many situations.

4. If offset nulling is required, the additional offset voltage
drift induced will be mmxmal (Offset voltage drift can
increase an additional 3uV/°C per mV of offset nulled.)

5. Low voltage noise (2uV, p-p), and low offset voltage drift
enhance the AD542’s performance as a precision op amp.

6. The 1.5mA max quiescent current enables the device to be
used in numerous portable applications where low battery
drain is essential. This is achieved without sacrificing open
loop gain or the ability to drive up to a 10mA load.
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SPECIFICATIONS @ + v i v= 150 0

Model ADS542] AD542K AD542L ADS428
Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOPGAIN! .
Vo = '*10V,R =2kQ 100,000 250,000 250,000 250,000 v
Trmin 10 Trmax, RL = 2kQ 100,000 250,000 250,000 100,000 v
OUTPUT CHARACTERISTICS \
Voltage @ Ry =2k, Trin 10 Tryax *10 *12 =10 *12 +10 =1 +10 *12 \'%
Voltage @ Ry = 10k, Tpmin t0 Trnax *12 *13 +12 +13 +12 *1 +12 =13 \4
Short Circuit Current 25 25 25 25 mA
FREQUENCY RESPONSE
Unity Gain Small Signal 1.0 1.0 1.0 1.0 MHz
Full Power Response 50 50 50 50 kHz
Slew Rate, Unity Gain 3.0 3.0 3.0 3.0 Vius
INPUT OFFSET VOLTAGE?
Initial Offset 2.0 1.0 0.5 1.0 mV
Input Offset Voltage vs. Temp. 20 10 5 15 wvrC
Input Offset Voltage vs. Supply,
Trmin 10 Trnax 200 100 100 100 nvv
TNPUT BIAS CURRENT
Either Input® 50 25 25 ) 25 pA
Offset Current 5 2 2 2 PA
INPUT IMPEDANCE
Differential 106 1026 1076 10126 MQJpF .
Common Mode 10'36 10'36 10'%l6 106 MQ|pF
INPUT VOLTAGE RANGE
Differential +20 20 20 20 v
Common Mode +10 *12 =10 *12 *10 +12 *10 =12 v
Common Mode Rejection 76 80 80 80 dB
INPUT NOISE
Voltage 0.1Hz to 10Hz 2 2 2 2 pVp-p
f=10Hz 70 70 70 70 nV/VHz
f=100Hz 45 45 45 45 nV/VHz
f=1kHz 30 30 30 30 nV/VHz
f=10kHz 25 25 25 25 nV/VHz
POWER SUPPLY
Rated Performance =15 *15 =15 =15 A%
Operating +5 *18 *5 +18 *5 *18 *5 *18 v
Quiescent Current 1.5 15 1.5 1.5 mA
TEMPERATURE RANGE
Operating, Rated Performance 0 +70 (] +70 0 +70 -55 +125 °C
Storage ~65 +150 -65 +150 -65 +150 -65 +150 °C
PACKAGE®
TO-99 Style (H08B) ADS542JH AD542KH ADS42LH AD542SH
NOTES
'Open Loop Gain is specified with Vog both nulled and unnulled. “Defined as voltage between inputs, such that neither exceeds
2Input Offset Voltage specifications are guaranteed after 5 minutes +10V from ground.
of operation at T, = +25°C. 3See Section 19 for package outline information.
3Bias Current ecifications are at i at either subject to change without notice.
ix!put after 5 minutes of operation at T, = +25°C. For Specifications shown in boldface are tested on all production units at final
higher temperatures, the current doubles every 10°C. electrical test. Results from those tests are used to calculate outgoing quality

levels. All min and max

are

h only those

shown in boldface are tested on all production units.
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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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ANALOG
DEVICES

| High Speed
Implanted FET-Input Op Amp

AD544

FEATURES

Low Bias Current: 25pA max, warmed-up

Low Offset Voltage: 500uV max

Low Offset Voltage Drift: 5uV/°C max

Low Input Voltage Noise: 2uV p-p

Low Quiescent Current: 2.5mA max

High Slew Rate: 13V/us

Fast Settling to £0.01%: 3us

Low Total Harmonic Distortion: 0.0015% at 1kHz

PRODUCT DESCRIPTION

The AD544 is a high speed monolithic FET-input operational
amplifier fabricated with the most advanced bipolar, JFET and
laser trimming technologies. The AD544 offers bias currents
significantly lower than currently available monolithic FET-
input devices: 25pA max, warmed-up for the AD544K and L,
50pA max for the AD544]. In addition, the offset voltage is
laser trimmed to less than 0.5mV on the AD544L and 1.0mV
on the AD544K utilizing Analog’s laser-wafer-trimming (LWT)
process. When combined with the AD544’s low offset voltage
drift (5u4V/°C max for “L”, 10uV/°C max for “K”), these
features offer the user IC performance truly superior to exist-
ing FET-input op amps—and at low, monolithic pricing.

The key technology required for monolithic JFET-input op
amps is the ion-implanted JFET. Ion-implantation (as opposed
to diffusion) permits the fabrication of precision, matched
JFET’s on a monolithic bipolar ¢hip. Analog Devices optimizes
the process to produce bias currents lower than other popular
FET-input op amps and specifies each device for the maximum
value at either input in the fully warmed-up condition. Addi-
tional benefits of this optimization include low voltage noise
(2uV p-p, 0.1-10Hz), and low quiescent current.

The AD544 is recommended for any operational amplifier
application requiring excellent ac and dc performance at low
cost. The 2MHz bandwidth and low offset of the AD544 make
it an excellent choice as an output amplifier for current out-
put D/A Converters such as the AD7541, 12-Bit CMOS DAC.
High common mode rejection (80dB, min on the “K”

and “L” versions) and open-loop gain ensures better than
*“12-bit”’ linearity in high impedance buffer applications.

The AD544 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.

AD544 FUNCTIONAL BLOCK DIAGRAM

NONINVERTING,
INPUT o

VZ(CASE)
TO-99
TOP VIEW

PRODUCT HIGHLIGHTS

1. Improved bipolar and JFET processing on the AD544
results in the lowest bias current available in a high speed
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
AD544 will meet its published specifications in actual use.

3. Laser-wafer-trimming reduces offset voltage to as low as
0.5mV max (AD544L), thus eliminating the need for ex-
ternal nulling in many situations.

4. If offset nulling is required, the additional offset voltage
drift induced will be minimal. (In some devices, offset
voltage drift can increase an additional 3uV/°C per mV
of offset nulled.)

5. Low voltage noise (2uV, p-p), and low offset voltage drift
(5uV/°C) enhance the AD544’s performance as a precision
op amp.

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

7. Low harmonic distortion (0.0015%) makes the AD544 an
ideal choice for audio applications.
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SPECIFICATIONS (@ + ¢ st v= 151 0

ADS44L ~ AD544S
Min Typ. Max Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOPGAIN! )
Vo = £10V,Ry = 2kQ 30,000 50,000 50,000 50,000 A%
_ Trmin 10 Trmax, RE = 2k02 20,000 40,000 40,000 20,000 4%
OUTPUT CHARACTERISTICS 4
Voltage @ R = 2kQ, Tiyin t0 Trnax =10 *12 =10 =12 *10 *12 *10 +12 v
Voltage @ R = 10k, Tpnin 10 Trnax *12 =13 +12 =13 +12 =13 +12 =13 v
Short Circuit Current . 25 25 25 25 mA
FREQUENCY RESPONSE
Unity Gain Small Signal 2.0 2.0 2.0 2.0 MHz
Full Power Responsé 200 200 200 200 kHz
Slew Rate, Unity Gain 8.0 13.0 8.0 13.0 8.0 13.0 8.0 13.0 Vips
Settling Time t00.01% 3.0 3.0 3.0 3.0 ps
Total Harmonic Distortion 0.0025 0.0025 0.0025 0.0025 %
INPUT OFFSET VOLTAGE?
Initial Offset 20 1.0 0.5 10 mV
Input Offset Voltage vs. Temp.
OF Tnin t0 Trnax 10 5 15 pV/r°C
Input Offset Voltage vs. Supply,
Tnin 10 Trnax 200 100 100 100 pVvV
INPUT BIAS CURRENT?
Either Input 10 10 25 10 25 10 25 PA
Offset Current 5 2 2 2 PA
INPUT IMPEDANCE
Differential® 10'%6 10'%6 10'%j6 10'%l6 MQ|pF
Common Mode 10'33 10'93 10'3 10'%3 MQ|pF
INPUT VOLTAGE RANGE
Differential +20 *20 *20 *20 v
Common Mode =10 *12 +10 *12 %10 =12 *10 =12 v
Common Mode Rejection 74 80 80 80 dB
INPUT NOISE
Voltage 0.1Hz to 10Hz 2 2 2 2 nVp-p
f=10Hz 35 35 35 35 nV/VHz
f=100Hz 22 22 22 22 nV/VHz
f=1kHz 18 18 18 18 nV/VHz
f=10kHz 16 16 16 16 nV/VHz
POWER SUPPLY
Rated Performance =15 =15 =15 =15 v
Operating *5 +18 +5 =18 %5 *18 %5 *18 v
Quiescent Current 1.8 1.8 .5 1.8 2.5 1.8 25 mA
TEMPERATURE RANGE
Operating, Rated Performance 1) 70 [ +70 (1] +70 -55 +125 °C
Storage — 65 150 - 65 +150 - 65 +150 - 6% +150 °C
PACKAGE?®
TO-99 Style (HO8B) ADS544JH AD544KH ADS4LH ADS544SH
NOTES

'Open Loop Gain is specified with Vos both nulled and unnulled.
2Input Offset Voltage specifications are guaranteed after S minutes
of operation at T, = +25°C

3Bias Current specil are d at at cither
input after 5 minutes of operation at T, = +25°C. For

lngher temperatures, the current doubles every 10°C.

“Defined as voltage between inputs, such that neither exceeds + 10V
from ground.
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5See Section 19 for package outline information.
Specifications subitc( to change without notice.

Specifications shown in boldface are tested on all production units at final

electrical test. Results from those tests are used to calculate outgoing quality

levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.
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ANALOG

o DEVICES

Precision, Low Drift
FET-Input Op Amp

AD545

FEATURES

Low Offset Voltage: 0.5mV max (AD545L),
0.25mV max (AD545M)

Low Offset Voltage Drift: 5uV/°C max (AD545L),
3uV/°C max (AD545M)

Low Power: 1.5mA max

Low Bias Current: 1pA max (AD545K, L, M)

Low Noise: 3uV p-p, 0.1 to 10Hz

PRODUCT DESCRIPTION

The AD545 is a precision FET-input operational amplifier with
overall performance far superior to the general purpose IC
FET-input op amp. The device is fabricated using a low leakage
FET paired with a low power op amp. Bias current is specified
as 2pA max for the AD545] and 1pA max for the AD545K,

L and M. Offset voltage is laser trimmed to 0.5mV max for the
AD545L, 0.25mV max for the AD545M. All devices also
feature low voltage noise and power consumption. The AD545
is internally compensated, short circuit protected and free of
latch-up. :

The AD545 series offers a broad combination of performance
features previously unavailable from a single device. For pre-

cision apphcanons the AD545M specifies a 0.25mV max offset,

voltage, 3uV/°C max drift and 1pA max bias current. The
AD545], with a 1mV max offset voltage, 25uV/°C max drift
and ZpA max bias current, is the best price performance choice.

These devices are recommended for a variety of general
purpose and precision applications requiring low bias currents
and high input impedance such as pH/plon sensitive electrodes,
photo-current detectors, biological microprobes, long term
precision integrators and vacuum iongauge measurements. The
versatility of the AD545 is further enhanced by its excellent
low frequency noise (3uV p-p, 0.1 to 10Hz) and low power
consumption (1.5mA max) for portable applications.

As with previous electrometer amplifier designs from Analog
Devices, the case is guarded thus minimizing stray leakage.
This feature will also shield the input circuitry from external
noise and supply transients, as well as reducing common mode
input capacitance from 0.8pF to 0.2pF.

The AD545 is available in four versions of bias current and
offset voltage, the “J”, “K”, “L”, and “M”. All are specified
from 0 to +70°C and supplied in a hermetlcally sealed TO-99
package.

AD545 FUNCTIONAL BLOCK DIAGRAM

GUARD PIN (CONNECTED TO CASE)
TAB

OFFSET
§O,
INVERTING
INPUT r} (6) outeut
OFFSET
NONINVERTING! NULL
INPUT O ©

TO-99
TOP VIEW

PRODUCT HIGHLIGHTS

1. The offset voltage on the AD545 is laser trimmed to a level
typically less than 250uV. Offset voltage drift is signifi-
cantly lower than previously ‘available FET-input devices
(3uV/°C max for the AD545M). If additional external
nulling is dcsnrcd the effect on drift is minimal (approxi-
mately 3uV/°C per millivolt, nulled).

2. Bias current is specified as the maximum measured at either
input w1th the device fully warmed up on £15V supplies
at +25°C ambient.

3. The low quiescent current drain of 0.8mA typical, and
1.5mA max, is among the lowest of any IC op amp and

keeps self heating to a minimum.

4. The combination of low input noise voltage and very low
input noise current is such that for source impedances from
much over one megohm up to 10!! ohm, the Johnson noise
of the source will easily dominate the noise characteristics.
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SPECIFICATIONS (typical @ +25°C with Vg = +15V dc, unless otherwise specified)

MODEL" AD545] AD545K ADS545L ADS545M

OPEN LOOP GAIN! !

Vour = 10V, Ry, = 2kQ2 20,000V/V min 40,000V/V min 40,000V/V min 40,000V/V min
R >10kQ 40,000V/V min 50,000V/V min 50,000V/V min 50,000V/V min
Ta = min to max Ry, 2 2kQ 15,000V/V min 25,000V/V min 40,000V/V min 40,000V/V min

OUTPUT CHARACTERISTICS

Voltage @ Ry = 2k, T = min to max +10V min (£12V typ) * * *

@Ry = 10k, Tp = min tomax  *12V min (+13V typ) * * *
Load Capacitance? 500pF * * *
Short Circuit Current 10mA min (25mA typ) * * *

FREQUENCY RESPONSE
Unity Gain, Small Signal 700kHz * * *

Full Power Response 5kHz min (16kHz typ) * * *
Slew Rate Inverting Unity Gain 0.3V/us min (1.0V/us typ) * * *
Overload Recovery Inverting Unity Gain 100us max (16us typ) * * *

INPUT OFFSET VOLTAGE? 1.0mV max 1.0mV max 0.5mV max 0.25mV max
vs. Temperature, T4 = min to max 25uV/°C max 15uV/°C max 5uV/°C max 3uV/°C max
vs. Supply, Ta = min to max 400uV/V max (50uV/V typ)  200uV/V max 200uV/V max 200uV/V max

INPUT BIAS CURRENT
Either Input® 2pA max 1pA max 1pA max 1pA max

INPUT IMPEDANCE
Differential 1.6pF|| 1013Q * * *

Common Mode 0.8pF||10'°Q * . *
INPUT NOISE
Voltage, 0.1Hz to 10Hz 3.0uV (p-p) * * 5uV (p-p) max
f=10Hz 55nVA/Hz * * *
f=100Hz 45nV/A/Hz * * *
f=1kHz 35nVA/Hz * * *
Current, 0.1 to 10Hz 0.01pA (p-p) . * *
10Hz to 10kHz 0.03pA rms * * *

INPUT VOLTAGE RANGE

Differential +20V min * * .
Common Mode, T4 = min to max +10V min (£12V typ) * * *
Common Mode Rejection, Viy = +10V 66dB min (80dB typ) 70dB min 76dB min 76dB min

Maximum Safe Input Voltages® +Vg * * *

POWER SUPPLY
Rated Performance +15V typ * * *

Operating +5V min (£18V max) * * *
Quiescent Current 1.5mA max (0.8mA typ) . . *

TEMPERATURE
Operating, Rated Performance 0 to +70°C * A *

Storage -65°C to +150°C * * *

PACKAGE OPTION®

TO-99 Style (HO8B) AD545JH ADS545KH AD545LH AD545MH

*Specifications same as AD545].
NOTES

! Open Loop Gain is specified with or without nulling of Vos.

* A conservative design would not exceed 500pF of load capacitance.
* Input Offset Voltage specifications are guaranteed after 5 minutes of operation at Tp = +25°C.

* Bias Current specifications are guaranteed after 5 minutes of operation at T = +25°C. For higher

temperatures, the current doubles every +10°C.

*If it is possible for the input voltage to exceed the supply voltage, a series protection resistor should

be added to limit input current to 0.5mA. The input devices can handle ove

indefinitely without damage. .
¢See Section 19 for package outline information.
Specifications subject to change without notice.

Standard Offset Null Circuit
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LAYOUT AND CONNECTION CONSIDERATIONS

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

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

2. The use of guarding techniques is essential to realizing the
capability of the low input currents of the AD545. Guarding
is achieved by applying a low impedance bootstrap poten-
tial 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; there-
fore, 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 the additional function of
reducing the effective capacitance to the input line. The
case of the AD545 is brought out separately to pin 8 so
that it can also be connected to the guard potential. This
technique virtually eliminates potential leakage paths across
the package insulation, provides a noise shield for the sensi-
tive circuitry, and reduces common-mode input capacitance
to about 0.2pF. Figure 10 shows a proper printed circuit
board layout for input guarding and connecting the case
guard. Figures 2 and 3 show guarding connections for typi-
cal inverting and non-inverting applications. If pin 8 is not
used for guarding, it should be connected to ground ar one
of the amplifier’s power supplies to reduce noise.

3. Printed circuit board layout and construction is critical in
achieving low leakage performance. The best performance
will be realized by using a teflon-IC socket for the AD545
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 10 will minimize leakage as much
as possible and should be applied to both sides of the board.
The guard ring is connected to a low impedance potential at

10pF

o

GUARD "
9
\i ..... ~ 2 10
-2
— out
’.‘ | AD545 LD W)
Eo = ImV/picoamp
{ He T8 ’
S , CASE

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

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

APPLICATION NOTES

The AD545 offers one of the lowest input bias currents availa-
ble in an integrated circuit package. Performing accurate
measurements with this device requires careful atteftion to
detail ; the notes given here will aid the user in realizing the full
measurement potential of the AD545 and extending its per-
formance limits.

1. As with all junction FET input devices, the temperature of
the FET’s themselves is all-important in determining the in-
put 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 mini-
mize device operating temperature

2. The heat dissipation can be reduced initially by careful in-
vestigation of the application. First, if possible, reduce the
required power supplies, since internal power consumption
contributes the largest component of self-heating. The ef-
fects of this are shown in Figure 7, which shows typical in-
put 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 there-
fore bias current. For example, a 2k{2 load driven at 10 volts
at the output will cause at least an additional 25 milliwatts
dissipation in the output stage (and some in other stages)
over the typical 24 milliwatts, thereby at least doubling the
effects of self-heating. The results of this form of additional
power dissipation are demonstrated in Figure 9, which
shows normalized input bias current versus additional power
dissipated (it doubles every 10°C); we recommend restricting
the load impedance to be at least 10k£2.

GUARD

i av, (14 RE
H Eo=Vs(1+ R‘)
]

OPTIONAL CONNECTION FOR
GUARDING CABLE (SEE TEXT)

————

—O
> ZiN = 10 Q10.2pF
R

1hAAA

Figure 2. Very High Impedance Non-Inverting Amplifier
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Typical Performance Curves
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ANALOG
DEVICES

Ultra Low Drift
BIFET Operational Amplifier

FEATURES

Ultra Low Drift (1uV/°C—ADS547L)

Low Offset Voltage (0.25mV-—-AD547L)

Low Input Bias Currents (25pA—AD547L, K)
Low Quiescent Current (1.5mA)

Low Noise (2uV p-p)

High Open Loop Gain (110dB—AD547K, L, S)

N

PRODUCT DESCRIPTION

The AD547 is a monolithic, FET input operational amplifier
combining the very low input bias current advantages of a
BIFET op amp with offset and drift performance previous-
ly available only from high quality bipolar amplifiers.

The exclusive Analog Devices laser wafer trim process trims
both the input offset voltage and offset voltage drift to levels
far lower than.any competmg BIFET amplifier (1mV, 5uV/°C-
AD547]H, 0.25mV, 1uV/°C-AD547LH).

In addition to superior low drift performance, the AD547
offers the lowest guaranteed input bias currents of any BIFET

nmnhﬁnr with <nnA max for the I g"de and ZSpA max for

the L grade. Smce Analog Dev:ces unlike most other manu-
facturers, specifies input bias current with the amplifiers
warmed-up, our BIFET amplifiers are specified under actual
operating conditions.

The AD547 is especially designed for use in applications,
such as instrumentation signal conditioning and analog
computation, that require a high degree of precision at low
cost.

The AD547 is offered in three commercial versions, J, K and
L are specxﬁed from 0 to +70°C and the S is specified from
-55°C to +125°C. All grades are packaged in hermetically
sealed TO-99 cans.

ADS47 |
B

AD547 FUNCTIONAL BLOCK DIAGRAM

TO-99
TOP VIEW

PRODUCT HIGHLIGHTS

1.

3.

4.

Advanced laser wafer trimming techniques reduce offset
voltage drift to 1uV/°C max and reduce offset voltage to
only 0.25mV max on the AD547L.

. Analog Devices BIFET processing provides 25pA max

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

Low voltage noise, high open loop gain and outstanding
offset performance make the AD547 a true precision
BIFET amplifier.

The low quiescent supply current, typxcally 1.1mA, en-
ables the AD547 to bring a new level of precision to appli-
cations where low power consumption is essential.

- A further benefit on the AD547’s low power consumption

and low offset voltage drift is 2 minimal warm-up drift after
power is applied (typically 7uV shift for the AD547L).
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SPECIFICATIONS (@ 2 aw v= 2150 0

Model AD547) ADS47K ADS47L ADS47S
Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOP GAIN'
Vo = =10V,RL =2kQ 100,000 250,000 250,000 250,000 vV
Tmin 10 Trnaxs RL=2kQ 100,000 250,000 250,000 100,000 A%
OUTPUT CHARACTERISTICS
Voltage @ Ry = 2k, Tryin 10 Trnax +10 *12 +10 +12 *10 *12 +10 *12 v
Voltage @ Rp. = 10kQ, Tmiq 10 Trmax =12 *=13 +12 +13 *12 *13 +12 =13 v
Short Circuit Current 25 25 25 25 mA
FREQUENCY RESPONSE
Unity Gain Small Signal 1.0 1.0 1.0 1.0 MHz
Full Power Response 50 50 50 50 kHz
Slew Rate, Unity Gain 3.0 3.0 3.0 3.0 Vius
INPUT OFFSET VOLTAGE?
Initial Offset 10 0.5 0.25 0.5 mV
Input Offset Voltage vs. Temp.? 2 1.0 5.0 nvrC
Input Offset Voltage vs. Supply,
Tnin 1 Trnax 200 100 100 100 rVV
INPUT BIAS CURRENT
Either Input* 10 50 10 25 10 25 10 25 PA
Offset Current 5 2 2 2 PA
INPUT IMPEDANCE
Differential® 10'6 1036 10'%6 1036 MQ|pF
Common Mode 1026 10'%6 10'6 10'l6 MQ|pF
INPUT VOLTAGE RANGE
Differential =20 *20 *20 =20 \4
Common Mode %10 %12 %10 =12 =10 *12 *10 =12 v
Common Mode Rejection 76 80 80 80 dB
INPUT NOISE
Voltage 0.1Hz to 10Hz 2 4 4 4 wVp-p
f=10Hz 70 70 70 70 nV/VHz
f=100Hz 45 45 45 45 nV/VHz
f=1kHz 30 30 30 30 nV/VHz
f=10kHz 25 25 25 25 nV/VHz
POWER SUPPLY
Rated Performance =15 =15 =15 =15 \4
Operating =5 =18 =5 *18 *5 =18 =5 +18 v
Quiescent Current 1.1 . 1.1 1 1.1 1.5 1.1 mA
TEMPERATURE RANGE
Operating, Rated Performance 0 +70 0 +70 0 +70 ~55 +125 °C
Storage - 65 +150 — 65 +150 - 65 +150 -65 +150 °C
PACKAGE®
T0-99 Style (HO8B) AD547]H ADS47KH ADS47LH ADS47SH
NOTES

'Open Loop Gain is specified with Vo both nulled and unnulled.
2Input Offset Voltage specifications are guaranteed after 5 minutes

of operation at To = +25°C.

3Input Offset Voltage Drift is specified with the offset voltage
unnulled. Nulling will induce an additional 3p.V/°C/mV of

nulled offset.

“Bias Current ifications are
input after 5 minutes of operation at T,

+25°C. Fo

higher temperatures, the current doubles every 10°C.
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at either
T

3Defined as the maximum safe voltagé between inputs, such that

neither exceed * 10V from ground.
See Section 19 for package outline information.
Specifications subject to change without notice.

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

Tz
-Vg

Standard Null Circuit



Typical Characteristics
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ANALOG
DEVICES

Low Cost
Implanted FET-Input Op Amp

AD611

FEATURES

Low Offset Voltage: 0.5mV max (AD611K)

Low Offset Voltage Drift: 10.V/°C max (AD611K)
Low Bias Current: 50pA max (AD611K)

High Slew Rate: 8V/ps min

Low Supply Current: 2.5mA max

Fast Settling Time: 3us

PRODUCT DESCRIPTION

The AD611 is a precision monolithic BIFET operational amplifier
designed and manufactured to offer offset voltages of 0.5SmV
max and offset voltage drifts of 10n.V/°C max, yet is priced in
the same range as lower performance devices. Analog Devices
precision BIFET fabrication technology and proprietary laser
wafer drift trimming process are combined with years of experience
in manufacturing precision analog integrated circuits to insure
consistently high performance at low cost. The offset voltage
specifications mentioned above, coupled with the lowest input
bias current of any general purpose BIFET amplifier, 100pA
max guaranteed after five minutes of operation, make the AD611
the most precise BIFET amplifier in its price range.

In addition to the excellent dc specifications, the design of the
ADé611 is optimized to deliver 13V/us slew rate, 2MHz unity
gain bandwidth and a 0.01% settling time of 3p.s. This combination
of performance makes the AD611 ideal for any FET application
where excellent performance at low cost is required. Its wide
bandwidth, low offset voltage and fast settling time make this
device ideal as an output amplifier for current output D/A con-
verters of all types. 80dB of CMRR and 94dB of open loop gain
ensure “12-bit” performance in high speed buffer circuits. The
devices’ excellent low frequency noise performance and low
supply current requirements will benefit any general purpose
BIFET application.

AD611 FUNCTIONAL BLOCK DIAGRAM n
NC
G,

OFFSET NuULL (1) (7) v+

INVERTING INPUT (2) } ouTPUT
NON-INVERTING INPUT OFFSET NULL
vV—
NOTE: PIN 4 CONNECTED TO CASE
TO-99
TOP VIEW

The AD611 is available in two grades rated over the 0 to +70°C
temperature range; the general purpose AD611] and the high
precision AD611K. Both grades are available in hermetically
sealed TO-99 packages. The AD611 is pinned out in standard
operational amplifier configuration to facilitate low cost upgrading
of existing designs using older, less accurate amplifiers.

PRODUCT HIGHLIGHTS

1. The AD611 is laser wafer drift trimmed to offer offset voltages
of 0.5mV max and offset voltage drifts of 10uV/°C.

2. Analog Devices BIFET processing results in maximum in-
put bias currents of SOpA, guaranteed after 5 minutes of
operation.

3. The high slew rate (8V/us min.) and fast settling time (3ps
to 0.01%) make the AD611 ideal for use in D/A, A/D, sample-
hold circuits and precision high speed integrators.

4. Monolithic construction, along with advanced processing and
manufacturing technologies result in extremely high perform-
ance at very low cost.
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SPEC|FICATIONS (lyplca| @+25°C and 15V dc, unless otherwise noted)

AD611) AD611K

Model Min Typ Max Min Typ Max Units
OPEN LOOP GAIN!
Vour= +10VR; =2kQ) 30,000 80,000 50,000 80,000 Vv
T =min to max Ry =2k 20,000 50,000 40,000 50,000 Vv
FREQUENCY RESPONSE
Unity Gain, Small Signal 2 ) 2 MH:z
Full Power Response 200 200 kHz
Slew Rate, Unity Gain 8 13 8 13 Vips
Total Harmonic Distortion f= 1kHz 0.0025 0.0025 %
INPUT OFFSET VOLTAGE? 0.25 2.0 0.25 0.5 mV
vs. Temperature 5 20 5 10 wv/rc
vs. Supply 50 200 50 100 nv/v
T A =min to max 70 200 70- 100 nV/v
INPUT BIAS CURRENT ‘
Either Input? 25 100 10 50 PA
Input Offset Current 10 50 5 25 PA
INPUT IMPEDANCE
Differential 10'20)/6pF 10'2Q)|6pF
Common Mode 10'2Q))3pF 10'2Q))3pF
INPUT VOLTAGE RANGE
Differential* ) +20 +20 \'%
Common Mode +10 +12 +10 +12 \%
Common-Mode Rejection, Vin= =10V | 74 80 dB
POWER SUPPLY
Operating Range +5 +18 +5 +18 v
Quiescent Current 1.8 2.5 1.8 2.5 mA
VOLTAGE NOISE .
0.1-10Hz 2.0 2.0 wVp-p
10Hz 35 35 nV/VHz
100Hz 22 22 nV/VHz
1kHz 18 18 nV/VHz
10kHz 16 . 16 nVVHz
TEMPERATURE RANGE
Operating, Rated Performance 0 +70 0 +70 °C
Storage -65 +150 -65 +150 °C
PACKAGE OPTIONS® AD611JH AD611KH
TO-99
NOTES
!Open Loop Gain is specified wnth Vos both nulled and unnulled.
2Input Offset Voltage specification: are d after 5 mi of operation at T, = +25°C.
3Bias Current specifications are guaranteed maximum at either input after S minutes of operation at T, = +25°C. For higher the current doubl
every 10°C.

“Defined as voltage between inputs, such that neither exceeds * lOV from ground.
5See Section 19 for package outline information.
Specifications subject to change without notice.

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

~Vg
Standard Offset Null Circuit
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BIPOLAR
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OFFSET R7 1M

> R6
10k NOTES:
1. R3/R4 MATCH 0.05% OR BETTER.
2. R1, R2 USED ONLY IF GAIN

ADJUSTMENT IS REQUIRED

v-
Figure 15a. AD611 Used as DAC Output Amplifiers

Figure 15a illustrates the 10-bit digital-to-analog converter,
AD7533, connected for bipolar operation. Since the digital
input can accept bipolar numbers and Vgrgr 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
Vrer. Figure 15b is the large signal response and Figure 15¢c 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 AD611 with trimmed
offset will minimize the effect. The Schottky protection diodes
recommended for use with many CMOS DACs are not required
when using the ADé611.
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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 Voitage 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 matched high speed monolithic BI-
FET operational amplifier fabricated with the most advanced
bipolar, JFET and laser trimming technologies. The AD642
offersmatched 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 trimmed 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-
brication of precision, matched JFETs on a monolithic bipolar
chip. This optimizes the process to produce 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 dc performance is required. The matched ampli-
fiers provide a low cost solution for true instrumentation
amplifiers, log ratio amplifiers, and output amplifiers for four
quadrant multiplying D/A converters such as the AD7541.

The AD642 is available in 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.

AD642 FUNCTIONAL BLOCK DIAGRAM

TO-99
TOP VIEW

PRODUCT HIGHLIGHTS

1.

-

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

. 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.

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

hioch gnen loon zain
J, angG nign open iCCp gain

enhance the'AD642's performance as a precision op amp.

Low voltage noise (2uV, p-p), and
v voltage noise (2uV, pp

. The standard dual amplifier pin out allows the AD642 to

replace lower performance duals without redesign.
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SPECIFICATIONS (@ +t s -0

Model . AD642K AD642L AD642S
Min Typ Max Min Typ - Max Min Typ Max Min Typ Max Units
OPEN LOOP GAIN ‘
Vo = =10V,Ry =2k 100,000 250,000 250,000 250,000 v
Tomin 0 Tmax, RL = 2kQ 100,000 250,000 250,000 100,000 v
OUTPUT CHARACTERISTICS
Voltage @ Ry =2k, Tin t0 Trax =10 * +10 * *10 *12 =10 12 v
Voltage @ Ry = 10K, Tonin 0 Trmax +12 =1 12 =1 *12 =13 *12 *13 v
Short Circuit Current 25 25 25 25 mA
FREQUENCY RESPONSE
Unity Gain Small Signal 1.0 1.0 1.0 1.0 MHz
Full Power Response 50 50 50 50 kHz
Slew Rate, Unity Gain 3.0 3.0 3.0 3.0 Vips
INPUT OFFSET VOLTAGE!
Initial Offset 2.0 1.0 0.5 1.0 mV
Input Offset Voltage Tmin t0 Trmax 35 2.0 1.0 3.5 mV
Input Offset Voltage vs. Supply,
Trmin t0 Trmax . 200 100 100 100 W
INPUT BIAS CURRENT?
Either Input 10 75 10 35 10 35 10 35 PA
Offset Current 5 2 2 PA
MATCHING CHARACTERISTICS?
Input Offset Voltage 1.0 0.5 0.25 0.5 mV
Input Offset Voltage Tmin t0 Tmax 35 2.0 1.0 35 mV
Input Bias Current 35 25 25 35 PA
Crosstalk -124 -124 -124 -124 dB
INPUT IMPEDANCE
Differential 10'%6 026 10'3l6 10'36 MQ|pF
Common Mode 10'2j6 10'3j6 10'36 10'l6 MQ||pF
INPUT VOLTAGE RANGE
Differential* 20 20 20 *20 ! v
Common Mode +10 =12 *10 =12 *10 =12 +10 *12 v
Common Mode Rejection 76 80 80 80 dB
INPUT NOISE
Voltage 0.1Hz to 10Hz 2 2 2 2 wVp-p
f=10Hz 70 70 70 70 nV/VHz
f=100Hz 45 45 45 45 nV/VHz
f=1kHz 30 30 30 30 nV/VHz
f=10kHz 25 25 25 25 nV/VHz
POWER SUPPLY
Rated Performance =15 =15 =15 =15 \4
Operating +5 *18 =5 =15 E] =15 =5 =15 v
Quiescent Current 28 .8 8 2.8 mA
TEMPERATURERANGE
Operating, Rated Performance 0 +70 ] +70 0 +70 —-55 +125 °C
Storage ~65 +150 -65 +150 -65 +150 -65 +150 °C
PACKAGE®
TO-99 Style (HO8B) AD642JH AD642KH AD642LH AD642SH
NOTES

'Input Offset Voltage specifications are guaranteed after 5 minutes

of operation at Tao = +25°C,

?Bias Current ifications are at

input after 5 minutes of operation at T, =

higher temperatures, the current doubles every 10°C.
3Matching is defined as the difference between parameters of

the two amplifiers.

at either
+25°C. For

“Defined as the maximum safe voltage between inputs, such that
nicither exceeds * 10V from ground.

*See Section 19 for package outline information.
Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final
electrical test. Results from zhou tests are used to calculate wtgmng quality

levels. All min and max

Ith,

are g
shown in boldface are tested on all pmducuon units.
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Typical Characteri\stics
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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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ANALOG
DEVICES

Dual High Speed
Implanted BIFET Op Amp

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%: 3us

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. Ion-implantation permits the fabri-
cation of precision, matched JFETs on a monolithic bipolar
chip. This process optimizes the ability to produce matched
amplifiers which have lower initial bias currents than other
popular BIFET op amps. Laser-wafer trimming each ampli-
fier’s input offset voltage assures tight initial match and super-
ior 1C 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 versxons 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 FUNCTIONAL BLOCK DIAGRAM

ADB44
a

TO-99
TOP VIEW

PRODUCT HIGHLIGHTS

1.

S

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

. 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.

. 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.

nnnnnn fims ~ sl AMVZ

ag AA
. uuynuvud uAyuAaA and JI FET processing on tne AuUdGSYY result

in the lowest matched bias current available in a high speed
monolithic FET op amp.

. Low voltage noise (2uV p-p) and high open loop gain en-

hance the: AD644’s performance as a precision op amp.

. 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.

. Low harmonic distortion (0.0015%) and low crosstalk

(-124dB) make the AD644 an ideal choice for stereo audio
applications.

. The standard dual amplifier pin out allows the AD644 to

replace lower performance duals without redesign.
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SPECIFICATIONS (@ +25 aa vo= =15 w0

Model AD644] AD644K AD644L AD644S
Min: Typ Max Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOPGAIN
Vo = =10V,RL =2k} 30,000 50,000 50,000 50,000 A%
Tomin t0 Trnaxs RL = 2kQ 20,000 40,000 40,000 20,000 A%
OUTPUT CHARACTERISTICS
Voltage @ Ry = 2kQ, Tin 10 Trnax +10 *12 - *10 *12 =10 *12 *10 *12 v
Voltage @ Ry = 10k, Trmis; 10 Tonay +12 *13 12 = 12 =13 12 =13 v
Short Circuit Current 25 25 25 25 mA
FREQUENCY RESPONSE
Unity Gain Small Signal 2.0 2.0 20 2.0 MHz
Full Power Response 200 . 200 200 200 kHz
Slew Rate, Unity Gain 8.0 13.0 8.0 13.0 8.0 13.0 8.0 13.0 Vius
Total Harmonic Distortion 0.0015 0.0015 0.0015 0.0015 %
INPUT OFFSET VOLTAGE!
Initial Offset 20 1.0 0.5 1.0 mV
Input Offset Voltage Tin t0 Tinax 3.5 2.0 1.0 35 mV
Input Offset Voltage vs. Supply,
Trnin 10 Trnax 200 100 100 100 VvV
INPUT BIAS CURRENT?
Either Input 10 -5 10 35 10 35 10 35 PA
Offset Current 10 5 5 5 PA
MATCHING CHARACTERISTICS?
Input Offset Voltage 1.0 0.5 0.25 0.5 mV
Input Offset Voltage Tmin 10 Trnax 35 2.0 1.0 35 mV
Input Bias Current 35 25 25 35 PA
Crosstalk -124 -124 -124 -124 dB
INPUT IMPEDANCE
Differential 10'36 10'36 10'6 106 MQ|pF
Common Mode 10'33 10'43 10'43 10'33 MQ|pF
INPUT VOLTAGE RANGE
Differential® =20 =20 =20 =20 v
Common Mode +10 *12 %10 *12 +10 =12 *10 =12 v
Common Mode Rejection . 76 80 . 80 80 dB
INPUT NOISE
Voltage 0.1Hz to 10Hz 2 2 2 2 wVp-p
f=10Hz 35 35 35 35 nV/VHz
f=100Hz R 22 22 22 22 nV/VHz
f=1kHz 18 18 18 18 nV/VHz
f=10kHz e 16 16 16 nV/VHz
POWER SUPPLY
Rated Performance =15 =15 =15 =15 v
Operating =5 *18 =5 =18 ES) =18 =5 =18 v
Quiescent Current 35 4.5 35 4.5 35 35 5 mA
TEMPERATURE RANGE
Operating, Rated Performance 0 +70 0 . +70 0 +70 —55 +125 °C
Storage - 65 +150 -65 +150 —65 +150 —~65 +150 °C
PACKAGE?®
TO-99 Style (HO8B) AD644JH AD644KH AD644LH AD644SH
NOTES

'Input Offset Voltage specifications are guaranteed after S minutes
of operation at Ty = +25°C.

?Bias Current ifications are at at cither
input after 5 minutes of operation at To = +25°C. For

higher temperatures, the current doubles every 10°C.

3Matching is defined as the difference between parameters of the two amplifiers.

“Defined as voltage between inputs, such that neither exceeds + 10V
from ground.
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*See Section 19 for package outline information.

Specifications subject to change without notice.

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

Ultra-Low Drift
Dual BIFET Op Amp

"ADGAT

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 ultra low 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 JFETSs 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 100V (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 J, K, and L) and one extended (the S). All
are supplied in hermetically sealed 8-pin TO-99 packages.

AD647 FUNCTIONAL BLOCK DIAGRAM

TO-99
TOP VIEW

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.

. Laser wafer drift trimming reduces offset voltage and off-

set voltage drifts to 250uV and 2.5uV/°C max.

. Voltage noise is guaranteed at 4uV p-p max (0.1 to

10Hz) on K, L and S grades.

. Bias current (35pA K, L, S; 75pA J) is specified after

five minutes of operation.

. Total supply current is a low 2.8mA max.

. High open loop gain ensures high linearity in precision

instrumentation amplifier applications.

. The standard dual amplifier pin out permits the direct sub-

stitution of the AD647 for lower performance devices.
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SPECIFICATIONS @ + 25t a v= 2150 a0

Model AD647) AD647K AD647L AD647S
Min Typ Max Min Typ - Max Min Typ Max Min Typ Max Units
OPEN LOOPGAIN
Vo = =10V, Ry = 2kQ 100,000 250,000 250,000 250,000 v
. Trnint0 Tynag, Ry = 2kQ 100,000 250,000 250,000 100,000 \44
OUTPUT CHARACTERISTICS
Voltage @ Ry =2k, Tpnin 10 Trnax =10 *12 +10 *12 %10 *12 +10 +12 v
Voltage @ Ry = 10k, Tyin t0 Tonax +12 =13 +12 *13 12 +13 12 . v
Short Circuit Current 25 25 25 25 mA
FREQUENCY RESPONSE |
Unity Gain Small Signal 1.0 1.0 1.0 1.0 MHz
Full Power Response 50 50 50 50 kHz
Slew Rate, Unity Gain 3.0 3.0 3.0 3.0 Vius
INPUT OFFSET VOLTAGE! -
Initial Offset 1.0 0.5 0.25 0.5 mV
Input Offset Voltage vs. Temp. 10 5 25 5.0 rvreC
Input Offset Voltage vs. Supply,
Tmin t0 Trax 200 100 100 100 nvwv
INPUT BIAS CURRENT?
Either Input 10 75 10 35 10 35 10 35 PA
Offset Current 5 2 2 2 PA
MATCHING CHARACTERISTICS? .
Input Offset Voltage 1.0 0.5 0.25 0.5 mV
Input Offset Voltage Tmin 10 Trax 10 5 25 10.0 nvrc
Input Bias Current . 35 25 25 25 PA
Crosstalk -124 - 124 -124 -124 dB
INPUT IMPEDANCE
Differential 10126 10'%6 10126 10126 MQ|pF
Common Mode 10'%6 10'l6 1026 10'Y6 MQ|pF
INPUT VOLTAGE RANGE
Differential* =20 =20 +20 =20 v
Common Mode *10 =12 +10 =12 =10 +12 *10 +12 v
Common Mode Rejection 76 80 80 80 dB
INPUT NOISE
Voltage 0.1Hzto 10Hz 2 4 4 4 rVp-p
f=10Hz 70 70 70 70 nV/VHz
f=100Hz 45 45 45 45 nV/VHz
f=1kHz 30 30 30 30 nV/VHz
f=10kHz 25 25 25 25 nV/VHz
POWER SUPPLY.
Rated Performance =15 =15 =15 +15 v
Operating =5 =18 ES] =18 *5 =18 =5 =18 v
Quiescent Current 8 8 28 28 mA
TEMPERATURE RANGE - - B -
Operating, Rated Performance 0 +70 0 +70 (] +70 -55 +125 °C
Storage -65 +150 - 65 +150 -65 +150 -65 +150 °C
PACKAGE®
TO-99 Style (HO8B) AD647JH AD647KH AD647LH AD647SH
NOTES

'Input Offset Voltage specifications are guaranteed after 5 minutes
of operation at T, = +25°C.
2Bias Current ifications are d at maxi at either
input after 5 minutes of operation at Ty = +25°C. For

higher temperatures, the current doubles every 10°C.
3Matching is defined as the difference between parameters of
the two amplifiers.

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

3See Section 19 for package outline information.
Specifications subject to change without notice.

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

Low Cost
High Accuracy IC Op Amps

AD741 SERIES

FEATURES
Precision Input Characteristics
Low Vgs: 0.5mV max (L)
Low Vg Drift: 5uV/°C max (L)
Low lp: 50nA max (L)
Low lgg: 5nA max (L)
High CMRR: 90dB min (K, L)
High Output Capability
Agl = 25,000 min, 1kS2 load (J, S)
Tmin t0 Tmax
Vo = 210V min, 1k 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]J, 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, voitage 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 guaranteed 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

oreser nuw 7] U [5] ne
INvERTING INPUT [Z] [7] v+
NON.nveRTING INPuT [3] 6] oureur

v- [ [5] oreser o

NON-INVERTING INPUT (3) (8) OFFSET NULL

v—

TO-99 8-PIN MINI DIP
TOP VIEW 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 1k2 load
from 0 to +70°C. The AD741S guarantees 2 minimum gain
of 255000 swinging +10V into a 1k load from -55°C to
+125°C.

All devices feature full short circuit protection, high gain, high
common mode range, and internal compensation. The
AD741] K and L are specified for operation from 0 to
+70°C, and are available in both the TO-99 and mini-DIP
packagcs The AD74IS is specified for operation from

—55°C to +125°C, and is available in the TO-99 package.
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SPEC'F'CATIONS (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, = 1k§2, Vg = 10V 50,000 200,000 A%
Ry = 2k, Vg = £10V 20,000 200,000 50,000 200,000 vV
TA = min to max R, = 2kQ2 15,000 25,000 25,000 ViV
OUTPUT CHARACTERISTICS
Voltage @ Ry, = 1k§2, T4 = min to max 110 113 v
Voltage @ R, = 2kQ2, T4 =min to max |+10 +13 10 13 \4
Short Circuit 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 . Vips
Transient Response (Unity Gain)
Rise Time Cp, < 10V p-p 0.3 0.3 0.3 us
Overshoot 5.0 5.0 5.0 %
INPUT OFFSET VOLTAGE
Initial, Rg < 10k, Adj. to Zero 1.0 6.0 1.0 5.0 1.0 3.0 mV
Ta = min to max 1.0 7.5 1.0 6.0 4.0 mV
Average vs. Temperature (Untrimmed) 20 pv/°c
vs. Supply, T = min to max 30 100 uv/IvV
INPUT OFFSET CURRENT
Initial 20 200 20 200 5 50 nA
Ta = min to max 40 300 85 500 100 nA
Average vs. Temperature 0.1 nA/°C
INPUT BIAS CURRENT
Initial 80 500 80 500 40 200 nA
TA = min to max 120 800 300 1,500 400 nA
Average vs, Temperature 0.6 nA/°C
INPUT IMPEDANCE DIFFERENTIAL 0.3 2.0 0.3 2.0 1.0 MQ
INPUT VOLTAGE RANGE'
Differential, max Safe +30 v
Common Mode, max Safe +12 +13 +12 113 +15 v
Common Mode Rejection,
Rg = < 10k§2, To = min to max,
VN = £12V 70. 90 70 90 80 90 dB
POWER SUPPLY
Rated Performance 115 115 +15 \%
Operating 15 18 \'4
Power Supply Rejection Ratio 30 150 30 150 uv/v
Quiescent Current 1.7 2.8 1.7 2.8 2.2 3.3 mA
Power Consumption 50 85 50 85 50 85 mw
Ta = min 60 106 mw
TaA = max 45 75 mW
TEMPERATURE RANGE
Operating Rated Performance 0 +70 -55 +125 0 +70 . °C
Storage -65 +150 -65 +150 -65 +150 °c

NOTES

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

Specifications subject to change without notice.
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AD741K AD741L AD7418
Model Min Typ Max Min Typ Max Min Typ Max Units
OPEN LOOP GAIN
Ry, = 1k§2, Vg = £10V 50,000 200,000 ViV
Ry, = 2k}, Vo = £10V 50,000 200,000 50,000 200,000 v/vV
Ta = min to max Ry = 2k 25,000 25,000 25,000 - A4
OUTPUT CHARACTERISTICS
Voltage @ Ry, = 1k$2, T4 = min to max v
Voltage @ R = 2k§2, To = min to max | +10 +13 10 *13 . 10 *13 v
Short Circuit 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 V/us
Transient Respone (Unity Gain)
Rise Time 0.3 0.3 0.3 Hs
Overshoot 5.0 5.0 5.0 %
INPUT OFFSET VOLTAGE
Initial, Rg < 10k$2, Adj. to Zero 0.5 2.0 0.2 0.5 1.0 2 mV
Ta = min to max 3.0 1.0 4 mV
Average vs. Temperature (Untrimmed) 6.0 15.0 2.0 5.0 6.0 15.0 uv/ec
vs. Supply, To = min to max 5 15.0 N 15.0 30 100 RVIV
INPUT OFFSET CURRENT )
Initial 2 10 2 5 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 nA/°C
INPUT BIAS CURRENT .
Initial 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/°C
INPUT IMPEDANCE DIFFERENTIAL 2 2 2 MQ
INPUT VOLTAGE RANGE'
Differential, max Safe +30 +30 +30 v
Common Mode max Safe *15 15 *15 \%
Common Mode Rejection,
Rg < 10k€2, T4 = min to max
VN = 212V 90 100 90 100 920 100 dB
POWER SUPPLY
Rated Performance +15 +15 *15 \'4
Operating 15 122 15 22 15 +22 v
Power Supply Rejection Ratio uV/V
Quiescent Current 1.7 2.8 1.7 2.8 2.0 2.8 mA
Power Consumption 50 85 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 °c
Storage -65 +150 -65 +150 -65 +150 °c
NOTES : !
! For supply voltages less than £ 15V, the absolute maximum input voltage is equal to the supply voltage.  Specifications shown in boldface are tested on all production units at
Specifications subject to change without notice. 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.
ORDERING GUIDE ABSOLUTE MAXIMUM RATINGS
Temperature Initial Off-
Model Range Package' Set Voltage Absolute Maximum Ratings AD741,),K,L,S AD741C
AD741CN 0t0 +70°C MINI-DIP (N8A)  6.0mV Supply Voltage £22V +18V
AD741CH 01t0+70°C TO-99 6.0mV Internal Power Dissipation 500mw! 500mW
AD741JN 0to+70°C MINI-DIP (N8A)  3.0mV Differential Input Voltage +30V +30V
AD741JH 0 to +70°C TO-99 3.0mV Input Voltage +15V 15V
AD741KN Oto "‘70:(: MINI-DIP (N8A)  2.0mV Storage Temperature Range -65°C to +150°C  -65°C to +150°C
AD741KH 0to+70 C TO-99 2.0mV Lead Temperature 300°C - 300°C
AD741LN 0to+70°C MINI-DIP (N8A)  0.5mV (soldering, 60 seconds)
O
AD741LH 0to+70°C = TO-99 0.5mV Output Short Circuit Duration  Indefinite? Indefinite
AD741H —55°C to +125°C TO-99 5.0mV NOTES
o .
AD741SH -55°Cto +125°C TO-99 2.0mv ! Rating applies for case temperature to +125°C. Derate TO-99 linearity
NOTE NI, at 6.5SmW/°C for ambient temperatures above +70°C.
See Section 19 for package outline inf

*Rating ?plics 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

Fast-Settling, Wideband,
FET-Input Op Amp

AD3554

FEATURES

Very High Slew Rate: 1000V/us

Fast Settling: 150ns max to £0.05%

Gain Bandwidth Product: 1.7GHz typical

High Output Current: 100mA min @ Voyt = 10V
Full Differential Input '

PRODUCT DESCRIPTION

The AD3554 is a FET-input, hybrid operational amplifier
that features an excellent combination of high slew rate, fast
settling time and large gain-bandwidth product. The AD3554
has a full differential input with matched input FETs for low
offset voltage.

The AD3554 can supply £100mA at 10 volts. The slew rate

is 1000V/us minimum; 1200V/us is typical. Settling time

to £0.05% of final value is only 150ns when configured as an
inverting amplifier. The user can optimize the combination of
bandwidth, slew rate, and settling time for a particular applica-
tion by selecting the external compensation capacitor.

The AD3554 is recommended for any operational ampli-

fier application where speed and bandwidth are important
considerations, The high slew rate and fast settling time make
the AD3554 an excellent choice for use in fast D/A con-
verters, fast current amplifiers, integrators, waveform gener-
ators and multiplexer buffers.

The AD3554 is available in three vérsions: the “A” and “B”
are specified over the -25°C to +85°C temperature range and
“S” over the -55°C to +125°C operating temperature range.
All devices are packaged in the hermetically-sealed TO-3 style
metal can.

The AD3554 is a pin-compatible replacement for 3554 devices
from other manufacturers.

AD3554 FUNCTIONAL BLOCK DIAGRAM

INPUT

FREQUENCY(3)
COMPENSATION

TO-3 STYLE
BOTTOM VIEW

PRODUCT HIGHLIGHTS ’

1.

The high slew rate (1000V/us min) and fast settling time
to 0.01% (250ns max) make the AD3554 ideal for D/A,
A/D, sample-hold, and video instrumentation circuits.

. Laser trimming techniques reduce initial offset voltage to

as low as 1ImV max (AD3554B), thus eliminating the need
for external nulling in many applications.

. Very high gain-bandwidth product (1.7GHz typical at

A = 1000) makes the AD3554 an ideal choice for high
frequency amplifier applications.

. FET inputs result in a low bias current (S0pA max, 10pA

typ) in a high gain-bandwidth product operational amplifier.

. Full differential input makes the AD3554 ideal for all.

standard operational amplifier applications such as high
speed integrators, differentiators, and high gain amplifiers.

. The 100mA at 10V output makes the AD3554 suitable

for many applications that require high output power,
such as cable drivers. The capacitance of coaxial cable
(e.g., 29pF/foot for RG-58) does not load the AD3554
when the coaxial cable or transmission line is terminated
in its characteristic impedance.
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SPECIFICATIONS (typical @ TCASE = +25°C and V§ = +15V dc unless otherwise specified)

MODEL AD3554AM AD3554BM AD3554SM
OPEN LOOP GAIN
No Load 106dB (100dB min) * *
Ry, =100Q 96dB (90dB min) * .
OUTPUT CHARACTERISTICS
Voltage @ Ig = +100mA +11V (£10V min) * *
Output Resistance, Open Loop @ f = 10MHz 2002
Current @ Vg = 10V +125mA (+100mA min) * *
FREQUENCY RESPONSE
Bandwidth (0dB, Small Signal, Cg = 0)! 90MHz (70MHz min) * *
Gain-Bandwidth Product, Cg = 0
G=10V/V 225MHz (150MHz min) * *
G = 100V/V 725MHz (425MHz min) * *
G = 1000V/V 1700MHz (1000MHz min) * *
Full Power Bandwidth, Cg = 0, Vg = 20V p-p,
Ry, = 1009 19MHz (16MHz min) * .
Slew Rate, Cg = 0, Vg = 20V p-p,
Ry = 1002 1200V /us (1000V/us min) * *
Settling Time, A = -1, to £1% 60ns * .
to £0.1% 120ns * *
to £0.05% 140ns (150ns max) * *
to $0.01% 200ns (250ns max) * *
INPUT OFFSET VOLTAGE
Initial Offset 0.5mV (2.0mV max) 0.2mV (1.0mV max) i
vs. Temperature 20uV/°C (504V/°C max) 8uV/°C (15uV/°C max) 12uV/°C (25uV/°C max)
vs. Supply, To = min to max 80uV/V (300uV/V max) . . .
INPUT BIAS CURRENT*
Either Input? 10pA (50pA max) * .
Initial Difference 2pA (10pA max) hd .
vs. Supply Voltage 1pA/V * *
INPUT IMPEDANCE
Differential 10 Q|I2pF . *
Common Mode 10" Q| 2pF . *
INPUT VOLTAGE RANGE
Max Safe Input Voltage, Diff (Ve l-8) N .
Common Mode (Ve -4 . .
Common Mode Rejection, Vep = +7V, =10V 78dB (60dB min) . .
POWER SUPPLY
Rated Performance 15V . .
Operating 7 to 18)V . .
Quiescent Current 28mA (45mA max) . .
INPUT NOISE!
Voltage, f, = 1Hz 125nV/A/Hz (450nV/y/Hz max) * *
fo = 10Hz 50nVA/Hz (160nvﬁnu) hd .
fo = 100Hz 25nVA/Hz (90nVA/Hz max) * *
fo = 1kHz 15nVA/Hz (50nVA/Hz max) * *
fo = 10kHz 10nV/A/Hz (35nV/A/Hz max) . .
fo = 100kHz 8nVA/Hz (25nVA/Hz max) . .
fo = IMHz 7nVA/Hz (25nVA/Hz max) . .
fg = 0.3Hz to 10Hz 2uV p-p (7uV p-p max) . *
fg = 10Hz to 1IMHz 8uV rms (25uV rms max) hd hd
Current, fg = 3Hz to 10Hz 45fA p-p * *
fg = 10Hz to 1IMHz 2pA rms . .
TEMPERATURE RANGE
Operating, Rated Performance -25°C to +85°C » -55°C 1o +125°C
Storage -65°C to +150°C * *
PACKAGE® — TO-3 Style (HO8C) AD3554AM AD3554BM AD3554SM
NOTES
! These p are d and not g; d. This specifica- 3See S 19 for package outline inf
Iti&’l'l is established to a 90% confid. level. . *Specifications same as AD3554AM.
Bias Current specifi are g d at either input **Specifications same as AD3554BM.

the current d

bl

at TCAgp = +25°C. For higher temp
every 10°C.

Specifi

P
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LAYOUT CONSIDERATIONS The selected compensation capacitor may be a trimmer, a

As is the case with any high-speed design, proper layout is fixed capacitor or a planned PC board capacitance. The

critical to avoid the introduction of unnecessary errors due to capacitance value is strongly dependent on circuit layout
high-frequency coupling and stray capacitance. and closed loop gain.

Large ground planes should be used whenever possible to SHORT CIRCUIT PROTECTION

provide a low resistance, low inductance circuit path, as well The AD3554 is short circuit protected for continuous output

as shielding the effects of high-frequency coupling. Sockets shorts to ground. Output shorts to either supply will destroy n
should be avoided, as the increased inter-lead capacitance can the device.

degrade bandwidth. Input and output connections should be
kept as short as practical, particularly to the inverting input,
which is especially sensitive to stray capacitances.

HEAT SINKING
The AD3554 does not require heat sinking for most applica-
tions. However, at extreme temperature and full load

Low value resistors should be used to assure that the time conditions a heat sink will be necessary as indicated in the
constants formed with the circuit capacitances will not limit maximum power dissipation curve. We recommend connecting
the amplifier performance. Resistor values less than 5.6k2 - the heat sink to the amplifier case and keeping the combina-
are recommended. tion ungrounded.

Each power supply lead should be bypassed to ground as close TYPICAL CIRCUITS
as possible to the amplifier pins. A 10uF electrolytic or tan-

talum capacitor in parallel with a 0.01uF ceramic capacitor 5.6k
is recommended. VWA~

2pF
GROUNDING —
Grounding the case will add a slight capacitance to each pin. 10pF
Therefore, we recommend leaving the case ungrounded. 5.6k —e
In inverting applications we recommend grounding the non- Vino—AA—4
inverting input rather than connecting it to a bias current 27q~

ANV —o Vout

compensating resistor. FET input amplifiers do not require
compensating resistors because of .their low input bias cur-

1000pF*
rents, —
GUARDING . v
In high input impedance applications the input terminals may 20k2
be surrounded by a conductive path to divert leakage currents.

This guard ring should be connected to a low impedance point . *Vs

at the input signal potential. ; *THESE COMPONENTS MAY BE ELIMINATED WHEN NOT
. - . . DRIVING LARGE CAPACITIVE LOADS.

In high frequency applications guarding may not be desirable

as it increases the risk of oscillation due to increased printed

circuit board capacitance. Figure 19. Unity Gain Inverter

COMPENSATION

The user can optimize the bandwidth, slew rate, or settling
time by selecting the external frequency compensation ca-
pacitor, No compensation capacitor is required for closed loop
gains above 50 and when the load capacitance is less than
100pF. When driving capacitive loads greater than 470pF, in
low closed loop gain configurations, connect a 1000pF ca-
pacitor between pin 8 and the positive supply. The perform-
ance may be improved by connecting a small resistor in series
with the output and a small capacitor from pin 1 to 5. See
Typical Circuits.

27Q*
AAA

VA, O VouTt

The flat high frequency response of the AD3554 may be pre-
served and any high frequency peaking avoided by connecting
a small capacitor in parallel with the feedback resistor. This
capacitor will compensate for the closed loop, high frequency, *B%fst%Oy:€g§g£§r3¥lsee ELIMINATED WHEN NOT
transfer function zero that results from the time constant

formed by the input capacitance of the amplifier, typically
2pF, and the input and feedback resistors. Using small resistor
values will keep the break frequency of this zero sufficiently
high, avoiding peaking and preserving the phase margin.

+Vs

Figure 20. Follower
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o Vout

+Vg

+Vg Figure 22. Inverting Gain of 100 Amplifier

*THESE COMPONENTS MAY BE ELIMINATED WHEN NOT -
DRIVING LARGE CAPACITIVE LOADS.

. Figure 21. Inverting Gain of 10 Amplifier
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ANALOG
DEVICES

Ultra-Fast Comparators

AD9685/AD9687

FEATURES

2.2ns Propagation Delay - AD9685BD/BH
2.7ns Propagation Delay - AD9687BD
0.5ns Latch Set-Up Time

Pin-Compatible to Am685/687 but FASTER
+5V, —5.2V Supply Voltages

APPLICATIONS
Ultra-High-Speed A/D Converters
Ulitra-High-Speed Line Receivers
Peak Detectors

Threshold Detectors

GENERAL DESCRIPTION

The AD9685BD/BH and AD9687BD are ultra-fast comparators
manufactured with a high performance bipolar process which
makes it possible to obtain incredibly short propagation delays
and latch set-up times.

The AD9685BD/BH is a single comparator which is pin-compatible
with the Am685, but has speed capabilities that far outstrip the

earlier unit. The AD9687BD is pin-for-pin compatible with the

Am687 and, like its predecessor, is a dual comparator; its speed
capabilities are far superior to the Am687.

Both Analog Devices units have differential inputs and- com-
plementary outputs fully compatible with ECL logic levels.
Their output current levels are capable of driving S0} terminated
transmission lines, and their high resolution make them ideally
suited for a variety of analog-to-digital signal processing applica-
tions.

ADY9685BD/BH Single Comparator

A latch function aiiows the AD9685BD/BH to be operated in a
sample-hold mode. When the Latch Enable (LE) is ECL HIGH,
the comparator functions normally. When the Latch Enable is
driven LOW, its outputs are locked in the logic state dictated
by the inpuit conditions at the time of the latch input transition.
If the latch function is not used, the Latch Enable input should
be connected to ground.

In addition to its speed advantages over the earlier Am685, the
AD9685BD/BH also dissipates less power because it operates on
a positive 5 volt supply instead of the 6 volts required by the
AMD device.

AD9685BD/BH FUNCTIONAL BLOCK DIAGRAM

T + Qouteut

QOuUTPUT

INPUT

LATCHENABLE V;

‘THE QUTPUTS ARE OPEN EMITTERS, REQUIRING EXTERNAL
PULL-DOWN RESISTORS. THESE RESISTORS MAY BE IN THE
RANGE OF 50(1-200¢) CONNECTED TO —2.0V; OR 20002-200002
CONNECTEDTO -5.2V.

ADY687BD FUNCTIONAL BLOCK DIAGRAM

QOUTPUT @ OUTPUT NONINVERTING
T + - + INPUT

QOUTPUT  QOUTPUT INVERTING
INPUT p ¢ INPUT

R
RS Rig RS R
LE € Vi CLE LE
LATCHENABLE LATCHENABLE

TME OUTPUYS ARE OPEN EMITTERS, R.EGUIRING EX{ERNAL

BEIN THI
RANGE OF sqn—mncomsmn TO —2.0V; OR 20012200012
CONNECTEDTO —

AD9687BD Dual Comparator

The latch function of the AD9687BD provides an ability to
operate the unit in either a track-hold or sample-hold mode.
The latch function inputs are separated on the two comparators
and are designed to be driven from the complementary outputs
of a standard ECL logic gate. When LE is High and LE is
LOW, the normal comparator function is in operation. When
LE is forced LOW and LE is driven HIGH, the outputs of the
comparator bemg exercised are locked in their existing loglcal
states, as deiermined by the input conditions present at the time
of arrival of the latch signal. If the latch function is not used on
cither one of the two comparators in the AD9687BD, the appro-
priate Latch Enable input should be connected to ground; the
companion Latch Enable input can be left open.

The AD9687BD is basically two AD9685BD/BH units in a
single package and operates in a similar fashion to a pair of the
single comparators.
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s P Ec I FI CATI 0 Ns (typical @ +25°C with nominal supply voltages unless otherwise noted)

ABSOLUTE MAXIMUM RATINGS AD9%685BD/BH AD9687BD
Supply Voltages (Vocand Veg) +6V *
Power Dissipation 336mW 500mW
Input Voltage *5V *
Differential Input Voltage 3.5V *
Output Current 30mA *
Operating Temperature Range —30°Cto +85°C *
Storage Temperature Range —55°Cto +150°C *
Lead Temperature (soldering, 10 seconds) 300°C *
ELECTRICAL CHARACTERISTICS | Symbol Min Typ Max Min Typ Max Units
Input Offset Voltage' Vos -5 +5 * * mV
Temperature Coefficient AVog/AT 20 * pV/rC
Input Offset Current Ios 5 * pA
Input Bias Current Ip 10 20 * * pA
Input Voltage Range Vem =25 +2.5 * * \"
Common Mode Rejection Ratio CMRR 80 * dB
Input Resistance . Rin 60 * kQ
Input Capacitance Cin 3 * pF
Input/Output Logic Levels
Output HIGH Voltage Vou -0.96 —0.81 * * v
Output LOW Voltage VoL -1.85 —1.65 * * v
Positive Supply Voltage Vee +4.75 +5 +5.25 * * * v
Negative Supply Voltage VeE —4.95 -5.2 —5.45 * * * A\
Positive Supply Current Icc 19 23 30 mA
Negative Supply Current Ige 23 34 54 mA
Supply Voltage Rejection Ratio SVRR 60 * dB
Power Dissipation Ppiss 210 300 430 mW
SWITCHING CHARACTERISTICS
Propagation Delays? -
Input to Output HIGH tpat 2.2 3 2.7 4 ns
Input to Output LOW tpa— 2.2 3 2.7 4 ns
Latch Enable to Output HIGH tpa + (E) 2.5 3 2.7. 4 ns
Latch Enable to Output LOW tpa — (E) 2.5 3 2.7 4 ns
Latch Enable
Pulse Width tow(E) 3 2 * * ns
Minimum Set-Up Time ts 0.5 1 * * ns
Minimum Hold Time th 1 * ns
NOTES
'Rs = 100 ochms
2Propagation delays measured with 100mV pulse; SmV overdrive.
*Specifications same as AD968SBD/BH.
Specifications subject to change without notice.
DEFINITION OF TERMS
Vos INPUT OFFSET VOLTAGE - The potential difference toa+ INPUT TOOUTPUT HIGH DELAY - The
required between the input terminals to obtain zero propagation delay measured trom the time the input
potential difference between the outputs. signal crosses the input offset voltage to the 50% point
Ios INPUT OFFSET CURRENT - The difference between of an output LOW to HIGH transition.
the currents into the inputs when there is zero potential tpa— INPUT TOOUTPUTLOW DELAY -The
difference between the outputs. | propagation delay measured from the time the input
I INPUT BIAS CURRENT - The average of the two signal crosses the input offset voltage to the 50% point
input currents. This is a chip design trade-off parameter. of an output HIGH to LOW transition.
Internally, it is desirable to have high values of I for ta+(E) LATCHENABLE TOOUTPUT HIGH DELAY —-The
circuit performance requirements; externally, it is desir- propagation delay measured from the 50% point of the
able to have Ig as low as possible. Latch Enable (LE) signal LOW to HIGH transition to the
Vem INPUT VOLTAGE RANGE - The range of input 50% point of an output LOW to HIGH transition.
voltages for which offset and propagation delay toa-(E) LATCHENABLE TOOUTPUT LOW DELAY -The
specifications are valid. propagation delay measured from the 50% point of the
CMRR COMMON MODE REJECTION RATIO - The ratio of Latch Enable signal LOW to HIGH transition to the 50%
input voltage range to the peak-to-peak change in point of an output HIGH to LOW transition.
input offset voltage over that range. t,w(E) MINIMUM LATCH ENABLE PULSE WIDTH-The
Rin INPUT RESISTANCE - The resistance looking into minimum time the Latch Enable signal must be HIGH to
either terminal with the other grounded. acquire and hold an input signal.
Cin INPUT CAPACITANCE - The capacitance looking into tg MINIMUM SET-UP TIME - The minimum time be-
either input pin with the other grounded. fore the negative transition of the Latch Enable pulse
Vou OUTPUT HIGH VOLTAGE - The logic HIGH output that an input signal must be present to be
voltage with an external pull-down resistor acquired and held at the outputs.
returned to a negative supply. th MINIMUM HOLD TIME —-The minimum time after
VoL QUTPUT LOW VOLTAGE - The logic LOW output the negative transition of the Latch Enable signal
voltage with an external pull-down resistor returned that an input signal must remain unchanged to be ac-
to anegative supply. quired and held at the outputs.
Icc POSITIVE SUPPLY CURRENT - The current required
from the positive supply to operate the comparator.
Iee NEGATIVE SUPPLY CURRENT - The current
required from the negative supply to operate the OTHER SYMBOLS
comparator. inati
Svar  SUPPLY VOLTAGEREJECTION RATIO - The Te  CaseTemperature Vr ?;i:f:: load terminating
ratio of the change in input offset voltage to the Rs Inputsourceresistance Ry Output load resistance
change in power supply voltage producing it. Vs Supply voltages Vin  Input pulse amplitude
Ppiss POWER DISSIPATION - The power dissipated by Vcc  Positive supply voltage  Vop  Input overdrive
the comparator with both outputs terminated in Vee  Negative supply voltage Frequency

50 ohmsto —2V.
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The Timing Diagram illustrates a series of events in the
AD9685BD/BH; the terms and their relationships are also valid
for the AD9687BD. The relationships which are shown should
not be interpreted as “typical”, since several parameters have
multiple values; and the worst case conditions are shown in the
Timing Diagram.

The top line of the diagram shows two Latch Enable (LE) pulses;
each is high for “compare” and low for “latch”. The first pulse
illustrates the compare function in which part of the input action
takes place during the “compare’ mode. The second one illustrates
a compare function interval during which there is no change in
input.

The leading edge of the input signal, shown here as a large
amplitude, small overdrive pulse, switches the comparator after
a time interval tpq. Output Q and Q transitions are essentially
similar in timing. The input signal must occur at a time tg before
the latch trailing (falling) edge and, to be acquired, must be

TIMING DIAGRAM

DIFFERENTIAL
INPUT .
VOLTAGE

maintained for a time ty, after that edge. After ty, the output is
no longer affected by the input status until the latch is again
strobed. A minimum latch pulse width of tpw(E) is required for
the strobe operation, and the output transitions occur after a
time tpq(E).

PIN CONFIGURATIONS
TO-100 DIP DIP
PIN 1 MARKED
arouno 1 1 16 |GROUND 2
ne aoutrut(1 [16]acuteur
+v]2 15 -
JTE ) 7 Ine aoutprut| 2 15 JQOUTPUT
14] GROUND
inverTivG NPT (4 ] - 3N crouno(s | [
we[5] = lgouteut iaTcHEnABLE( 4] LATCHENABLE
wrcnenasie[ e ] 7] aouteur TATCRENABLE( S | SN [12] CATCH ENABLE
(3] o v e
LATCH Ne =Y 3 Ine INVERTING INPUT E 10) INVERTING INPUT
ENABLE Ve Vg TOP VIEW J e 5
PIN5 CONNECTED TO CASE { ToP VIEW
TOP VIEW PIN8CONNECTED TOCASE

ADY9685BH Pin Configuration
Package Option' — TO-100

NOTE

AD9685BD Pin Configuration
Package Option' — Q16C

AD9687BD Pin Configuration
Package Option' — D16A

! See Section 19 for package outline information.

OPERATIONAL AMPLIFIERS VOL. |, 4-119



VOL. I, 4-120 OPERATIONAL AMPLIFIERS



ANALOG
DEVICES

Uitra Fast FET
Operational Amplifier

ADLH0032G /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 10'2Q

2mV Input Offset Voltage

APPLICATIONS

High Speed DAC Comparators
ADC and SHA Input Buffers
High Speed Integrators

Video Amplifiers

GENERAL DESCRIPTION

The ADLH0032G and ADLHO0032CG 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 LH0032G/LH0032CG amplifiers, and thus are
particularly suited for comparator applications due to their
high allowable differential input capabilities (£15V), ease of
output clamping, and high output drive capabilities.

Featuring a wide 70MHz bandwidth, high input impedance
(10'2Q), and high output drive capacity, the ADLH0032G
and ADLH0032CG 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.

ADLH0032G/ADLH0032CG
PIN DESIGNATIONS

NC

NONINVERTED
INPUT

INVERTED
INPUT

OUTPUT
COMPENSATION
TO-8 PACKAGE
BOTTOM VIEW

Figure 2. Output Short Circuit Protection
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SPECIFICATIONS

Model ADLH0032G, ADLH0032CG
ABSOLUTE MAXIMUM RATINGS
Supply Voltage *+18V
Power Dissipation See Characteristic Curves
Differential Input Voltage 30V
Input Voltage Vg
Operating Temperature Range ADLHO0032G -55°C to +125°C
, ADLHO0032CG -25°Cto +85°C
Storage Temperature Range -65°C to +150°C
Lead Temperature (soldering, 10sec) 300°C
ADLHO0032G ADLHO0032CG
Parameter Conditions min typ max min typ max Units
"DC ELECTRICAL CHARACTERISTICS! )
Input Offset Voltage? Ty = +25°C 2 5 5 15 - | mV
10 20
Input Offset Current? T = +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/°C
Large Signal Voltage Gain Vour =110V, F = 1kHz,
Ry =1k, Tc = +25°C | 60 70 60 70 dB
VOUT = ilOV, RL = le,
F = 1kHz 57 57 dB
Input Voltage Range *10 *12 +10 +12 v
Output Voltage Swing Rp = 1kQ +10 +13.5 *10 +13 \4
Power Supply Rejection Ratio AVg = £10V 50 60 50 60 dB
Common Mode Rejection Ratio  AVyy = 10V 50 60 50 60 dB
Supply Current Tc = +25°C 18 20 20 22 mA
AC ELECTRICAL CHARACTERISTICS?
Slew Rate Ay = +1, AV = 20V 350 500 350 500 V/us
Settling Time .
to 1% of Final Value Ay =-1,AvVpy = 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,AVy =1V 10 25 10 25 ns
MTBF
Meantime Between Failures 1.0608 X 107 Hours
PACKAGE OPTION? H12A ‘ H12A
NOTES

! These specifications apply for Vg = +15V and ~-55°C to +125°C
for the ADLH0032G and -25°C to +85°C for the ADLH0032CG.
2 Due to high speed ic test techniques employed these parameters
are correlated to junction temperature.
®These specifications apply for Vg = £15V, R = 1kQ, T¢ = +25°C.
4See Section 19 for package outline information.
Specifications subject to change without notice.

ORDERING INFORMATION

Model Temperature Range
ADLHO0032CG -25°C to +85°C
ADLHO0032G -55°Cto +125°C
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Applying the ADLH0032G /ADLH0032CG

POWER SUPPLY DECOUPLING

The ADLH0032G/ADLHO0032CG, 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 0.01uF 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/ADLHO0032CG 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
ADLH0032G/ADLHO0032CG has no internal connection, it
may be electrically connected to the heat sink. This, however,

Figure 3. High Impedance, High Speed Comparator

- 8pF
J )',359
TO ADDITIONAL | * Ry 10k
SWITCHES poes
v P
1 AM1000
ANALOG 10k -
INPUT ® ® e
v
Na148 o
i t r’ ouTPUT
+10V 10V
r——x/TDTmm_—‘
| Ll' T
4 {eo-10v T
) | 1N4148
S S|
Vour = 7

Figure 4. 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 input
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——O OUTPUT

Figure 5. Unity Gain Follower

——oO
ouTPUT

*USE POLYSTYRENE DIELECTRIC
FOR MINIMUM DRIFT

LOGIC
CONTROL

V-

Figure 6. High Speed Sample and Hold
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Typical Performance Curves

POWER DISSIPATION - W

OUTPUT VOLTAGE - V

INPUT VOLTAGE - *V.

GAIN —dB
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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/us

Operates on Single or Dual Power Supplies

Operation Guaranteed -55°C to +125°C (ADLH0033G)
High 10" Q 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 /s slew rate) and high input impedance (10" Q)
buffer amplifiers, designed to replace all LHO033 series
amplifiers in applications such as high-speed line drivers or as
high impedance buffers for fast A/D converters and com-
parators. )

The ADLH0033G and ADLHO0033CG are rated for operation
over the voltage range of 5V to +20V. The ADLH0033G is
guaranteed over the temperature range of -55°C to +125°C,
while the commercial grade ADLHO033CG is guaranteed over
the range of -25°C to +85°C.

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/ADLH0033CG as a current
booster or isolation buffer with op amps such as LH0032,
118, 741, etc., anisolation resistor of at least 47$2 must be

INPUT O
OFFSET 6
OFFSET 581 ADLH0033G
(OPEN) 7

10092

Figure 1. Offset Adjustment

ADLHO0033G/ADLH0033CG
PIN DESIGNATIONS

OFFSET NC

OFFSET v-
PRESET

NC v+

NC +V¢
BOTTOM VIEW

TO-8 PACKAGE

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.

OUTPUT

C=0.01uF

Figure 2. Short Circuit Protection Using Current
Limiting Resistors (R |pm)

OPERATIONAL AMPLIFIERS VOL. I, 4-125



SPECIFICATIONS

ADLH0033G 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 Output Current +100mA

Peak Output Current +250mA

Operating Temperature

" ADLHO0033G

ADLHO0033CG

Storage Temperature Range

-55°C to +125°C

. -25°Cto +85°C

-65°C to +150°C

Lead Temperature (Soldering, 10 sec.) 300°C
ADLHO0033G ADLH0033CG
Parameter | Conditions min | typ max | min | typ max | Units
DC ELECTRICAL CHARACTERISTICS'»?
Input Bias Current Tc = 25°C 0.1 0.15 0.15 nA
10 5 nA
Input Impedance Ry = 1kQ 10 | 10" 10 | 10'! Q
Voltage Gain ViN = 1V rms, f = 1kHz, 0.96 | 0.98 1.0 0.96 | 0.98 1.0 7%
Ry = 1k, Rg = 100k
Output Offset Voltage Rg =100kS2, Tc =25 C 5 10 12 20 mV
Rg = 100k 15 25 mV
Output Offset Voltage TC | Rg = 100kS2 50 100 50 100 | wuv/’c
Output Impedance VIN =1V ms, f=1kHz 6 10 6 10 Q
Rg = 100k§2, Ry = 1kQ
Output Voltage Swing Ry = 1k +12 +13 +12 +13 v
Ry =100, T¢ = 25°C +9 +9 \%
Vs =15V, Ry = 1kQ 6 6 V p-p
Supply Current VN = 0V, Vg =115V 20 25 21 25 mA
Vg = 5V 18 18 mA
Power Consumption VN = 0V, Vg = £15V 600 660 630 720 mW
Vg =5V 180 180 mW
AC ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vs =15V, Rg = 509, R = 1kQ)
Slew Rate ' ViN = 210V 1000 1500 1000 1400 Vius
Bandwidth VN =1V rms 100 100 MHz
Phase Nonlinearity BW = 1 to 20MHz 2 2 Degrees
Rise Time AViN = 0.5V 29 3.2 ns
Propagation Delay AV = 0.5V 1.2 1.5 ns
Harmonic Distortion f>1kHz <0.1 <0.1 %
MTBF
Meantime Between Failure| 1.962X10” hours
PACKAGE OPTION® H12A HI2A
NOTES ) ORDERING INFORMATION
! Unless otherwise specified, these specifications apply for +15V applied to pins 1 and 12, -15V
applied to pins 9 and 10, and pin 6 connected to pin 7. Model Temperature Range
2 Unless otherwise noted, specifications apply over a temperature range, -55°C<Tc<+125°C ADLH0033CG 25°C o
o 4 . - to +85°C
LHO0033G, and -2
for the AD. 33G, an 5°C<Tc<+85°C for the ADLH0033CG. Typical values shown ADLH0033G -55°C to +125°C

are for Tc = 25°C.

3See Section 19 for package outline information.
Specifications subject to change without notice.
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Applying the ADLH0033G/ADLHO033CG

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 | 100Q 1W  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 ADJ USTMENT SELECT C1 FOR OPTIMUM
The ADLH0033G/ADLHO0033CG are factory trimmed for V- PULSE RESPONSE

output voltage offsets well within the guaranteed limits,
thereby eliminating the need to calibrate each device in-
dividually. To use this feature, simply connect Pin 6 (OFFSET 195
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 to zero. 100pF

INPUT O— |—4

OUTPUT

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 pv is determined by the following:

V+ V- \ Figure 6. Wideband Two Pole High Pass Filter
Rim = e Tw : v

Where Ig. = Output Current under short circuit condi-

L 1uF
tions <100mA. H

ALY +16V

.||-1 °

Note that output voltage swing will also be somewhat limited
in this configuration; however, decoupling of Pins 1 and 9 5
through disc type capacitors to ground as shown in Figure 2
will restore full output swing for transient pulses.

200 g

INPUT

. 10
OPERATION WITH ASYMMETRICAL SUPPLIES i o.ntsj,- 8y
Since Symmetrical Power Supplies may not always be desirable
or available, the ADLH0033G/ADLHO0033CG is designed to : 'DHO034
operate on Asymmetrical Supplies. This causes an apparent ?oT?g—E’:D_Do_
output offset; however, this is because of the amplifier’s gain 2
of less than unity. To accurately predict the output voltage
shift due to Asymmetrical Supplies, use the following formula:

12

RESETq

: 7 10
Avo =(1-Ay) Y=V | 6.005 (Ve-v-) =
2 -15v
Where Ay = No Load Voltage Gain, typically 0.99 Figure 7. High Speed Peak Detector
V+ = Positive Supply Voltage
V- = Negative Supply Voltage
. v+
Of course, these apparent offsets may be adjusted to zero by s conr T MINATED)
14 w00 O

using the circuit shown in Figure 1, OFFSET ADJUSTMENT.

CAPACITIVE LOADING
The ADLH0033G/ADLH0033CG have been designed to drive ol 5
capacitive loads of several thousand picofarads (such as 51 -
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. _L—o—iw

Also, power dissipation due to driving capacitive loads plus
standby power should be kept below the total power rating
of 1.5W. Figure 8. High Speed Shie/d/Line Driver
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Typical? Performance Curves
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ANALOG
DEVICES

Ultra-Low Offset
Voltage Op Amp

AD OP-07

FEATURES

Ten Times More Gain Than Other OP-07 Devices
(3.0M min)

Ultra-Low Offset Voltage: 10uV

Ultra-Low Offset Voltage Drift: 0.2;,N/° C

Ultra-Stable vs. Time: 0.2uV/month

Ultra-Low Noise: 0.35uV 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

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. Input offset voltages as low as 10uV, bias currents of
0.7nA, internal compensation and device protection eliminate
the need for external components and adjustments. An input
offset voltage temperature coefficient of 0.2uV/°C and long-
term stability of 0.2uV/month eliminate recalibration or loss
of initial accuracy.

A true differential operational amplifier, the AD OP-07 has a
high common mode input voltage range (+14V) high common
mode rejection ratio (up to 126dB) and high differential input
impedance (50MQ2); these features combine to assure high ac-
curacy in noninverting configurations. Such applications in-
clude 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. The devices are packaged in either TO-99 hermeti-
cally-sealed metal cans or plastic 8-pin mini DIPS.

AD OP-07 FUNCTIONAL BLOCK DIAGRAM

OFFSET
NULL

o] " S
AN () outeut " 7]
HN E (& ] our
Vs E (5 | nie
Vg
H-PACKAGE N-PACKAGE

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. Ultra-low 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, ultra-low 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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SPECIF'CAT'ONS (TA=+25°C, Vg=+15V, unless otherwise specified)

MODEL AD OP-07E AD OP-07C AD OP-07D
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 Vom +12.5 +13.0 +12.0 +13.0 +12.0 +13.0
+12.0 +12.8 +11.5 +12.8 +11.5 *12.8
+10.5 +12.0 *12.0
+12.0 +12.6 +11.0 *12.6 +11.0 *12.6
Open-Loop Output Resistance Rg 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
Initial Vos 30 75 60 150 60 150
45 130 85 250 85 250
Adjustment Range 4 +4 4
Average Drift "(Note 2) (Note 2)
No External Trim TCVops 0.3 13 0.5 1.8 0.7 25
With External Trim TCVosN 0.3 1.3 0.4 1.6 0.7 2.5
- R (Note 2) (Note 2)
Long Term Stability Vos/Time 0.3 1.5 0.4 20 0.5 20
INPUT OFFSET CURRENT . R
Initial los 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 Drift TClpg 8, 35 12 50 12 50
(Note 2) (Note 2) (Note 2)
INPUT BIAS CURRENT
Initial Ig 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
(Note 2) (Note 2) (Note 2)
INPUT RESISTANCE
Differential RIN 15 50 8 33 7 31
Common Mode RNy CM 160 120 120
INPUT NOISE
Voltage en pp 0.35 0.6 0.38 0.65 0.38 0.65
Voltage Density €n 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 11.0 9.8 11.5 9.8 115
Current in PP 14 k1 15 35 15 35
Current Density in 0.32 0.80 0.35 0.90 0.35 0.90
0.i4 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 +14.0 *13.0 +14.0 +13.0 +14.0
113.0 *13.5 +13.0 +13.5 +13.0 +13.5
Common Mode Rejection Ratio CMRR 106 123 100 120 94 110
103 123 97 120 94 106
POWER SUPPLY
Current, Quiescent Iq 3.0 4.0 3.5 5.0 3.5 5.0
Power Consumption Pp 90 120 105 150 105 150
6.0 8.4 6.0 8.4 6.0 8.4
Rejection Ratio PSRR 94 107 920 104 90 104
920 104 86 100 86 100
OPERATING TEMPERATURE
RANGE Tmin> Tmax | 0 +70 0 +70 0 +70
PACKAGE OPTION*
“N” Package
8-Pin MINI DIP — (N8A) AD OP-07EN AD OP-07CN AD OP-07DN
“H” Package
TO-99 — (HO8B) AD OP-07EH AD OP-07CH AD OP-07DH
NOTES

! Input offset voltage

d by

d test

ly 0.5

ds after appli

i of
power. Additionally, AD OP-07A offset voltage is measured five minutes after power supply spplication at 25°C, ~55°C and +125°C.
3Parameter is not 100% tested; 90% of units meet this specification.
® Long Term Input Offset Voltage Stability refers to the averaged trend line of V(g vs. Time over extended periods of time

and is extrapolated from high

test data. E

udi

30 operating days are typically 2.5¢V — Parameter is not 100% tested: 90% of units meet this specification.
4See Section 19 for package outline information.
Specifications subject to change without notice.
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AD OP-07AH AD OP-07H
MIN TYP MAX MIN TYP MAX TEST CONDITIONS UNITS
3,000 5,000 2,000 5,000 RL>2kS, Vg = £10V V/mV
2,000 4,000 1,500 4,000 R 22k, Vg = £10V, Trin to Tax | V/mV
300 1,000 300 1,000 R >500%, Vg =20.5V, Vg = +3V V/mV
$12.5 +13.0 +12.5 +13.0 Ry >10k$2 \
£12,0 +12.8 +12.0 +12.8 Ry >2kQ A
£10.5 +12.0 +10.5 +12.0 RL>1k v
£12.0 +12.6 +12.0 +12.6 Ry 22k, Tmin t0 Trmax v
60 . 60 Vo=0,10=0 Q
0.6 0.6 AycL = +1.0 MHz
0.17 0.17 Ry >2k Vius
10 25 30 75 Note 1 uv
25 60 60 200 Note 1, Tin to Tm uv
+4 14 Rp =20k mV
0.2 0.6 0.3 1.3 Trnin 10 Trmax uv/°c
0.2 0.6 0.3 1.3 Rp = 20k, Tpin t0 Tmax uv/°c
0.2 1.0 0.2 1.0 Note 3 MV/Month
0.3 2.0 0.4 2.8 nA
0.8 4.0 1.2 5.6 Trmin t0 Tmax nA
5 25 8 50 Tmin t© Tmax - ’ pA/°C
+0.7 £2.0 +1.0 £3.0 nA
+1.0 4.0 +2.0 6.0 Tmin t© Tmax nA
8 25 13 50 Trmin t0 Tmax pA/°C
30 80 20 60 MQ
200 200 GQ
0.35 0.6 0.35 0.6 0.1Hz to 10Hz, Note 2 KV p-
10.3 18.0 10.3 18.0 fo = 10Hz, Note 2 nVA/Hz
10.0 13.0 10.0 13.0 fo = 100Hz, Note 2 nVA/Hz
9.6 11.0 9.6 11.0 fo = 1kHz, Note 2 nVA/Hz
14 30 14 30 0.1Hz to 10Hz, Note 2 PA p
0.32 0.80 0.32 0.80 fo = 10Hz, Note 2 pA/
0.14 0.23 0.14 0.23 fo = 100Hz, Note 2 pA/\/ z
0.12 0.17 0.12 0.17 fo = 1kHz, Note 2 pAA/Hz
+13.0 +14.0 +13.0 +14.0 . \
+13.0 $13.5 +13.0 £13.5 Tiin t© Tmax \Y%
110 126 110 126 Vcum = #*CMVR dB
106 123 106 123 Vcu = 2CMVR, Tiin t0 Tmax dB
3.0 4.0 3.0 4.0 Vg = £15V, mA
90 120 90 120 Vg = £15V mwW
6.0 8.4 6.0 8.4 Vg = 3V mwW
100 110 100 110 v5=:3v to 18V dB
94 106 94 106 = %3V to 18V, Tpin to Tyax dB
-55 +125 -55 +125 °c
AD OP-07AH AD OP-07H

Specifications shown in boldface are tested on all production units 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.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage. . .. ........ ... ... ... ... 22V . Storage Temperature Range. . . ... ...... -65°C to +150°C
Internal Power Dissipation (Note 1) . . .. ........ 500mW Operating Temperature Range
Differential Input Voltage. . . . . ................ +30V OP-07A, 0P-07. . . ... venn. . -55°Cto +125°C
Input Voltage (Note 2). . . ................. ... 22V OP-07E, OP-07C,OP-07D. . . .. .......... 0to +70°C
Output Short Circuit Duration. . . ... ......... Indefinite Lead Temperature Range (Soldering, 60sec). . ... ... 300°C
NOTES: : v
Note 1: Maximum package power dissipation vs. ambient temperature.
Maximum Ambient Derate Above Maximum
Package Type Temperature for Rating Ambient Temperature
TO-99 (H) 80°c 7.1mw/°C

Note 2: For supply voltages less than #22V, the absolute maximum input voltage is equal to the supply voltage.

200k$2
A
500
Do
AD 0P-07 ——O0 Vo
V
L Vos = 700

Offset Voltage Test Circuit

ALL OTHER PINS
ARE NOT CONNECTED
= -18V

Burn-In Circuit
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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-

+Vs
o—-=2
- 0.01uF
INPUT
+ 3 >R
O

|
0.01uF

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 502 resistor.

Stray thermoelectric voltages generated by dissimilar metals n
(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 features high power supply rejection,
the effects of noise on the power supplies may be minimized
by bypassing the power supplies as close to pins 4 and 7 of the
AD OP-07 as possible, to load ground with a good-quality
0.01uF ceramic capacitor as shown in Figure 1.

Performance Curves (typical @ Tp = +256°C, Vg = +15V, AD OP-07 Grade Device unless otherwise noted)

Vin, 10uV/DIV

VourT, 5V/DIV

AD OP-07 Open Loop Gain Curve

6000

>
£
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z
<
[
o
Q
o
3 2000
> 200
]
o
o
oL
© =50 +50 +100 +150

TEMPERATURE — °C

Open Loop Gain vs. Temperature

VouTt 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

Ultra-Low Noise
Precision Op Amp

AD OP-27

FEATURES

Ultra-Low Noise: 80nV p-p (0.1Hz to 10Hz),
3nV/VHz at 1kHz

Ultra-Low Offset Voltage Drift: 0.2nV/°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

PRODUCT DESCRIPTION

The AD OP-27 offers the combined features of high precision,
ultra-low 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; input
offset voltages of 10nV and input offset voltage temperature
coefficients of 0.2p.V/°C. The super low input voltage noise
performance of the AD OP-27 is characterized by an e, p-p of
80nV (0.1Hz to 10Hz), an e, of 3.0nV/VHz (at 1kHz) and a 1/f
noise corner frequency of 2.7Hz. AC specifications including a
2.8V/ps slew rate and an 8MHz gain bandwidth product are
possible without sacrificing dc accuracy. Long term stability is
assured by an input offset voltage drift specification of 0.2uV/
month.

Source resistance related errors with the AD OP-27 are minimized
by a low input bias current at ambient of +10nA and an input
offset current of 7nA. An input bias current cancellation circuit
limits bias and offset currents over the extented temperature
range to +=20nA and 15nA, 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 TO-99 her-
metically sealed metal cans, while the E; F and G grades are
also packaged in plastic mini-DIPs.

®
OFFSET NULL O

INVERTING INPUT [Z] [7] ve
INVERTING INPUT (2) OUTPUT won.inveRTING inpuT [3 ] (6] oureur
NON-INVERTING INPUT (3) (® ne
®
vo

AD OP-27 FUNCTIONAL BLOCK DIAGRAM

OFFSET NULL

orFser NuLL [1] [8] orrser nuu

v

5] ne

TO-99
TOP VIEW

8-PIN MINI DIP
TOP VIEW

PRODUCT HIGHLIGHTS

1. Precision amplification of very low level, low frequency voltage
inputs is enhanced by ultra-low 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. Input referred errors are greatly reduced by superior common
mode and power supply rejection characteristics.

6. Monolithic construction along with advanced circuit design
and processing techniques result in low cost.
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SPECIFICATIONS =+ 25, v.= < 51, uies thrvis puiton

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
- 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 =+13.8 +12.0 =+13.8
+*10.0 =115 +10.0 =115 *10.0 =115
+11.0 *133 +11.4 =135 *11.7 =136
Open-Loop Output Resistance  Ro 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 50
Average Drift TCVos 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 BIAS CURRENT
Initial Ig +15 +80 12 +55 1 +40
+25 +150 18 +95 +60
INPUT OFFSET CURRENT
Inital 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 en 3.8 8.0 3.5 5.5 35 5.5
33 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 3 *11.0 12 +11.0 =123
+10.5 8 +i0.5 =1i.8 +10.5 =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
Common Mode Rinem ! 2 2.5 3
POWER SUPPLY
Rated Performance *15 *15 +15
Operating +(4-18) +(4-18) +(4-18)
Current, Quiescent Io 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 P4 100 170 90 140 9 140
OPERATING TEMPERATURE RANGE
Tmmn, Tmax =25 +85 -25 +85 -25 +85
NOTES

'Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of
power. A and E grades are guaranteed fully warmed up.
2The TCVos performance is within the specifications unnulled or when nulled with R, =8k to 20kQ.
3Long Term Input Offset Voltage Stability refers to the average trend line of Vg vs. time after the first 30 days.

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 Rp=2kQ, Voyr= =10V V/mV
- 1,500 800 1,500 800 1,500 Ry =1kQ, Voyr= =10V V/mV
200 500 250 700 250 700 Ry =600Q, Voyr= =1V, Vg= £4V V/mV
300 800 500 1,000 600 1,200 Ry =2kQ, Voyr= * 10V, T, =min to max|V/mV
+11.5 +13.5 *12.0 =138 =120 =138 Rp=2kQ v
+£10.0 =115 +10.0 =115 +10.0 =115 R =600 \'
+£10.5 =13.0 +11.0 =132 +11.5 =135 Ry =2kQ,T, = min to max \'
70 70 70 Iour=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 Ry =2kQ V/ps
30 100 20 60 10 25 (Note 1) Vv
70 300 50 200 30 60 T.=min to max Vv
0.4 1.8 0.3 1.3 0.2 0.6 T, =min tomax (Note 2) rV/eC
0.4 2.0 0.3 1.5 0.2 1.0 (Note 3) rV/month
+4.0 +4.0 +4.0 R,=10kQ mV
+15 +80 12 +55 +10 +40 nA
+35 +150 + 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 wVp-
3.8 8.0 3.5 5.5 3.5 5.5 f,=10Hz nV/VHz
3.3 5.6 3.1 4.5 3.1 4.5 f,=30Hz nV/VHz
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 f,=10Hz pA/VHz
1.0 - 1.0 23 1.0 2.3 f,=30Hz pA/VHz
04 . 06 0.4 0.6 0.4 0.6 f,=1000Hz pA/VHz
+11.0 =123 +11.0 2.3 +*11.0 =123 A%
+10.2 =115 +10.3 11.5 +10.3 11.5 T,=min to max v
100 120 106 123 114 126 Vem= =11V dB
94 116 100 119 108 122 Vcem= =10V, T, = min to max dB
0.8 4 1.2 5 1.5 6 MQ
2 2.5 3 GQ
+15 +15 +15 \Y
+(4-18) +(4-18) +(4-18) : A%
33 5.6 3.0 4.6 3.0 4.6 Vs= =15V mA
2 20 1 10 1 10 Vs=+4Vto =18V nv/wv
4 51 2 20 2 16 Vs= *+4.5Vto =18V, T,=min to max Vv
100 170 90 140 90 140 Vour=0V mW
-55 +125 —-55 +125 -55 +125 °C

Specifications shown in boldface are tested on all production units at final

electrical test. Results from those tests are used to calculate outgoing quality

levels. All min and max specifications are guaranteed, although only those
shown in boldface are tested on all production units.
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ABSOLUTE MAXIMUM RATINGS Differential Input Current (Note 3) . . . .
Supply Voltage . . . .. ... . ... +18V  Storage Temperature Range . . . . . . ..
Internal Power Dissipation Note 1) . . .. ... .. 500mW  Operating Temperature Range
Input Voltage (Note 2) . . . . ... ... ....... +18V AD OP-27A, AD OP-27B, AD OP-27C
Output Short Circuit Duration . . . ... ..... Indefinite AD OP-27E, AD OP-27F, AD OP-27G
Differential Input Voltage Note 3) . . . . . . e +0.7V  Lead Temperature Range (Soldering 60sec)
NOTES: . :
Note 1: Maximum package power dissipation vs. ambient temperature.
- . Maximum Ambient Derate Above Maximum

Package Type Temperature for Rating ~ Ambient Temperature

TO-99(H) - 80°C . 7.1mW/°C

MINI-DIP(N) 36°C 5.6mW/°C

Note 2: For supply voltages less than + 18V, the absolute maximum input voltage is equal to the supply voltage.
Note 3: 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.

AD OP-27 ORDERING GUIDE
Package Temperature MaxInitial  Max Offset
Model Option! Range (°C) Offset V)  Drift(nV/°C)
AD OP-27-GH TO-99 —25t0 +85 100 1.8
ADOP-27-GN MINI-DIP(N8A) —25to +85 100 1.8
ADOP-27-FH TO-99 —25t0 +85 60 1.3
AD OP-27-FN MINI-DIP (N8A) —25t0 +85 60 1.3
ADOP-27-EH TO-99 —25t0 +85 25 0.6
ADOP-27-EN MINI-DIP(N8A) —25to +85 25 0.6
AD OP-27-CH TO-99 —55to0 +125 100 1.8
ADOP-27-BH TO-99 —55t0 +125 60 1.3

ADOP-27-AH TO-99 —55t0 +125 25 0.6
NOTE )
!See Section 19 for package outline 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 a 10k} potentiometer
will be =4mV. If a smaller adjustment range is required, the
sensitivity of the nulling can be increased by using a sialler
potentiometer in series with fixed resistor(s). For example, a
1kQ pot in series with two 4.7k(} resistors will yield a =280V
range.

Figure 1. Optional Offset Nulling Circuit

Zeroing the initial offset with potentiometers other than 10k(),
but between 1k and 1MQ, 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 wV/
°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 50Q 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.

ALL OTHER PINS
ARE NOT
-18V CONNECTED

Figure 2. Burn-In Circuit

SLEW RATE DISCUSSION

In unity gain buffer applications with feedback resistances of
less than 100Q) where the input is driven with a fast, large (greater
than 1V) pulse, the output waveform will appear as in Figure 3.

<1002

AA
V-

2.8Vips

v

OUTPUT \
+
= M
ov INPUT

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 500Q 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 SOpF) 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 4uV. 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 /f and white noise performance
over the rated frequency spectrum.
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ANALOG | Ultra-Low Noise,
DEVICES High Speed Precision Op Amp

AD OP-37

FEATURES AD OP-37 FUNCTIONAL BLOCK DIAGRAM
Ultra-Low Noise: 80nV p-p (0.1Hz to 10Hz), ’
3nV/VHz at 1kHz

OFFSET NULL
High Speed: 17V/ps
High Gain Bandwidth Product: 63MHz OFFSET
Ultra-Low Offset Voltage Drift: 0.2pV/°C NULL +Vs
High Offset Stability Over Time: 0.2pV/month
Low Offset Voltage: 10pV ~IN OUTPUT
High CMRR: 126dB Over +11V Input Voltage Range
Fits OP-07, OP-05, OP-06, 5534, LH0044, (5)
5130, 3510, 725, 714 and 741 Sockets +IN e
in Gains > 5 -Vs '
TO-99
TOP VIEW
PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS .
The AD OP-37 offers the combined features of high precision, 1. High speed accurate amplification (gains > 5) of very low
ultra-low noise and high speed in a monolithic bipolar operational level low uency voltage inputs is enhanced by a high gain

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 i : n ture range due to ultra-low offset voltage, offset
greater than five. This instrumenation grade op amp features , voltage drift and input bias current.

duct and ultra-low input voltage noise.

“
industry standard dc performance; input offset voltages of 19{V:
and input offset voltage temperature coefficients of 0.
The super low input voltage noise performance of the
is characterized by an e, p-p of 80nV (0.1H:
3.0nV/VHz (at 1kHz) and a 1/f noise

device protection eliminate the need for

@l components. Circuit size and complexity are reduced
¢reliability is increased.

‘ong-term stability and accuracy is assured with low offset
voltageé:drift over time. .

pred errors are greatly reduced by superior common-
and power supply rejection characteristics.

onolithic construction along with advanced circuit design
and processing techniques result in low cost.

63MHz gain bandwidth product.
by an input offset voltage drift sp

minimized by a low input bias current of * 10n#
offset current of 7nA. An input bias current cancellation circ
restricts bias and offset currents over the extended temperature
range to +20nA and 15nA, 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-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 TO-99 her-
metically sealed metal cans, while the industrial grades are also
packaged in plastic mini-DIPs.
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SPECIFICATIONS = +25t. .= <151, wiss v spoctea

power. A and E grades are guaranteed fully warmed up.
2The TCVos performance is within the specifications unnulled or when nulled with R, =8k to 20kQ). ,,
3Long Term Input Offset Voltage Stability refers to the average trend line of Vg vs. time after the first 30 days.

4See Section 19 for package outline information.
Specifications subject to change without notice.

VOL. I, 4-144 OPERATIONAL AMPLIFIERS

quip PP

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 115 =135 +12.0 =+13.8 +12.0 =13.8
+100 =115 +10.0 =11.5 +10.0 =115
+11.0 =x133 +11.4 +13.5 +11.7 =136
Open-Loop Output Resistance  Ro 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 50
Average Drift TCVos 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 +40 *4.0
INPUT BIAS CURRENT
Initial Ip +15 +80 +12 +55 +10 +40
+25 +150 +18 +95 +14 +60
INPUT OFFSET CURRENT
Initial Ios 12 75 9 50 7 35
20 135 14 85 10 50
INPUT NOISE .
Voltage €L p-p 0.09 0.25 0.08 0.18 0.08 0.18
Voltage Density €n 3.8 8.0 3.5 5.5 3.5 5.5
33 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 =11.0 =123 *11.0 =123
+10.5 =*=11.8 +10.5 =118 +10.5 ==11.8
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
Common Mode RINCM 2 2.5 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
Tmins Tmax -25 +85 -25 +85 -25 +85
PACKAGE®
TO-99 AD OP-37GH ADOP-37FH ADOP-37EH
MINI-DIP (N8A) AD OP-37GN ADOP-37FN ADOP-37EN
NOTES
'Input Offset Voltage measurements are performed by d test ly 0.5 ds after appli of



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 V/mV
- 1,500 800 1,500 800 1,500 Ry=1kQ, Voyr= £ 10V V/mV
200 500 250 700 250 700 RL=600Q, Voyr= *1V,Vg= 4V V/mV
300 800 500 1,000 600 1,200 Rp=2kQ, Voyr = + 10V, T, = min to max | V/mV
+11.5 =+13.5 +12.0 =*13.8 +12.0 =138 Rp=2kO v
+10.0 =11.5 +10.0 =115 +100 =115 Rp.=600Q2 \"
+10.5 =*13.0 +11.0 +13.2 *11.5 =*135 Ry =2k, T, =min to max v
70 70 70 IOUT‘—‘OA, VOUT= ov Q
45 63 45 63 45 63 f,=10kHz MHz
- 63 - 40 - 40 f,=1MHz MHz
11 17 11 17 11 17 Ry =2kQ V/us
30 100 20 60 10 25 (Note 1) rv
70 300 50 200 30 60 T, =min to max [TAYA
0.4 1.8 0.3 13 0.2 0.6 T,=mintomax (Note2) nVv/eC
0.4 2.0 0.3 1.5 0.2 1.0 (Note 3) pV/month
+4.0 +4.0 +4.0 Ry =10k mV
£15 80 £12 %55 £10 x40 nA
+35 +150 +28 x95 +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 rVp-
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 nV/VHz
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 f,=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 f,=1000Hz PA/VHz
+=11. +12.3 x=11. +12.3 *=11. *1
+10.2 =115 +10.3 =115 +103  *11.5 T, = min to max \"
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 GQ
+15 +15 +15 v
+(4-18) +(4-18) +(4-18) 1v
33 5.6 3.0 4.6 3.0 4.6 Vs=+15V mA
2 20 1 10 1 10 Vs=*4Vio =18V rV/V
4 51 2 20 2 16 Vs= *+4.5Vto + 18V, T, =min tomax wV/v
100 170 90 140 90 140 Vour=0V mW
—55 +125 -55 +125 -55 +125 °C
ADOP-37CH AD OP-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.

OPERATIONAL AMPLIFIERS VOL. I, 4-145




ABSOLUTE MAXIMUM RATINGS Differential Input Current Note 3) . . . .. ... .. +25mA
Supply Voltage . . .. ................. +18V  Storage Temperature Range . . . . . .. .. —65°C to +150°C
Internal Power Dissipation (Note 1) . . . .. .. .. 500mW  Operating Temperature Range
Input Voltage Wote 2) . . ............... =18V AD OP-37A, AD OP-37B, AD OP-37C . —55°C to +125°C
Output Short Circuit Duration . . .. ... .... Indefinite AD OP-37E, AD OP-37F, AD OP-37G —25°C to +85°C
Differential Input Voltage Note 3) . . . ... ... .. +0.7V  Lead Temperature Range (Soldering 60sec) . . . . . . . 300°C
NOTES:
Note 1: Maxi pack: power dissipation vs. bi p
Maximum Ambient Derate Above Maximum

Package Type Temperature for Rating ~~ Ambient Temperature

TO-99 (H) 80°C 7.1mW/°C

MINI-DIP (N) 36°C 5.6mW/°C

Note2: For supply voltages less than + 18V, the absolute maximum input voltage is equal to the supply voltage.

Note 3: The AD OP-37’s inputs are protected by back-to-back diodes. To achieve low noise current limiting resistors could
not be used. If the differential input voltage exceeds + 0.7V, the input current should be limited to 25mA.

Optional Offset Nulling Circuit

ALL OTHER PINS
ARE NOT
CONNECTED

-18vV

Burn-in Circuit

AD OP-37 ORDERING GUIDE
Temperature Max Initial Max Offset
Model Package Range (°C) Offset(nV)  Drift(uV/°C)
AD OP-37-GH TO-99 —25t0 +85 100 1.8
AD OP-37-GN MINI-DIP —25to0 +85 100 1.8
AD OP-37-FH TO-99 —25to0 + 85 60 1.3
ADOP-37-FN MINI-DIP —25to0 +85 60 1.3
AD OP-37-EH TO-99 —25t0 +85 25 0.6
AD OP-37-EN MINI-DIP —25to0 +85 25 0.6
AD OP-37-CH TO-99 —55t0 +125 100 1.8
AD OP-37-BH TO-99 —-55t0 +125 60 1.3
AD OP-37-AH TO-99 —55to0 +125 25 0.6
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ANALOG
DEVICES

Fast Settling

Video Operational Amplifier

HOS-050, 050A, 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/us; and settling time of 80ns to =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 7wV rms, dc to 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 D/A 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.

HOS-050/A/C PIN DESIGNATIONS
GRouND

NC

OFFSET
ADJUST*

V+

FSE’
ADJUST* GROUND

*PINS FOR CONNECTING OPTIONAL
OFFSET POTENTIOMETER. RECOMMENDED
VALUE IS 10k OHMS, WITH CENTER ARM
CONNECTED TO +15V.

TO-8
BOTTOM VIEW
23 GAIN (10042 LOAD)
&
§§ 180
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Figure i. HOS-050 Frequency Response
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Figure 2. Power Dissipation vs. Temperature
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SPEG‘F'CAT'ONS (typical @ <+ 25°C and = 15V unless otherwise specified)

Model HOS-050 HOS-050A HOS-050C
ABSOLUTE MAXIMUM RATINGS
Supply Voltages (V) +18V * *
Power Dissipation See Figure 2 * *
Input Voltage +Vg * *
Differential Input Voltage +Vg * *
Operating Temperature Range (case) —55°Cto +125°C * —25°Cto +85°C
Junction Temperature 175°C * *
Storage Temperature Range —65°Cto +150°C * *
Lead Temperature (soldering, 10 sec.) 300°C * *
DCELECTRICAL CHARACTERISTICS
Parameter Conditions Min Typ Max | Min Typ Max Min Typ Max Units
Open Loop Gain Ry = 10002 100 * * dB
Rated Output
Current
(notshortcircuit protected) Ry = >1000 +100 * * mA
Voltage Ry = >200Q *10 * * v
Input Offset Voltage Adjustable to Zero
Initial @ +25°C 25 35 10 15 45 65 mV
vs. Temperature 50 150 20 35 75 200 pv/rC
vs. Power Supply Voltage 0.5 * * mV/V
Input Bias Current
Initial @ +25°C 1 2 * * * * nA
vs. Temperature Doubles * * /10°C
Input Offset Current
Initial @ +25°C +100 * * PA
Input Impedance
Differential . 10'° * * Q
Common Mode }n parallel with SpF 101 . . a
Input Voltage Range
Common Mode +10 18 * * * * \%
Differential 18 * * v
Common Mode Rejection 70 * * dB
Input Noise Rer = 100Q; Rep = 1kQ
dcto 100kHz 5 * * wVrms
dcto2MHz 7 * * wVrms
AC ELECTRICAL CHARACTERISTICS!
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max Units
Slew Rate A = —1;Rgr = Rgg = 500Q);
Load = 10002 300 * * V/ps
Noninverting Slew Rate A = 2;Rgr = Rgp = 10000 -
Load = 10002 320 * * Vips
Overload Recovery 50% Overdrive 400 * * ns
Gain Bandwidth Product Rgr = Rgp = 5000 100 * * MHz
Small Signal Bandwidth, —3dB A = —1;Rgr = Rgg = 5002 45 * * MHz
A = = 1;Rgr = Rgg = 100002 35 * * MHz
A = —2;Rgr = Rgg = 5000
Rgp = 10002 35 * * MHz
A = —4;Rgr = Rgp = 250Q;
R = 1000Q 30 * * MHz
Output Impedance <1 * * (1]
Noninverting Bandwidth, —3dB A = 2; Rgr = Rpp = 1000Q);
10042 load; 10pF capacitance :
5-volt p-p output 25 * * MHz
4-volt p-p output 30 * * MHz
2-volt p-p output 55 * * MHz
A = 3;Rgg = 500025
Rgz = 1000Q; 10002, 1000 02;
or 2000(2 load; 10pF
capacitance
10-volt p-p output 17 * * MHz
5-volt p-p output 25 * * MHz
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ACELECTRICAL CHARACTERISTICS' (Continued) HOS-050 ___HOS-050A HOS-050C
Parameter Conditi Min Typ Max Min Typ Max Min Typ Max Units
Noninverting Bandwidth, —3dB A = 5; Rgr = 500Q;
(continued) Rgp = 200002; 10002, 100002,
or 2000Q2load/10pF
capacitance
S-volt p-p output 15 * * MH:z
4-volt p-p output 30 * * MHz
2-volt p-p output 40 * * MH:z
1-volt p-p output 40 * * MHz
Full Power Bandwidth Output = +5V;A = —1;
(-3dB) " RL = 100Q 20 * * MH:z
Settling Time t00.1% A = — 1;Rgr = Rgp = 5000
Inverting Vour = =5V 100 * * ns.
(See Figure 5) Vour = £2.5V 80 * * ns
Noninverting A = 2;Rpp = Rgp = 500Q
Max Load capacitance = 75pF
Vour = =5V 200 * * ns
Vour = £2.5V 135 * * ns
Harmonic Distortion A = —1;Load = 10000
(See Figure 9) Signal = 4MHz; 2V output —-63 ® * dB
Noninverting Harmonic A= 2; Rgr = Rgp = 1000Q);
Distortion (See Figure 10) Load = 1000Q;
Signal = 4MHz; 2V output -59 * * dB
Power Supply
Voltage Rated performance =15 * * Vdc
Voltage Operating range +12 +18 * * * * Vdc
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 L +125) * * -25 +85 °C
Storage Derating Information) —-65 +150f * * * * °C
Meantime Between Failures MIL-HNBK 217; Ground; 6.27 Hours
(MTBF) Fixed; Case = 70°C x 10
Notes:
18 pecification for Mode unl divi K i perpl ilable from AMP as part number 6-330808-0.
*Specification same as HOS-050 S hy ithout notice.

CENANBWN -

10
1
12

SEE SECTION 19 (H12A) FOR
PACKAGE OUTLINE INFORMATION.

*PINS FOR CONNECTING OPTIONAL
OFFSET POTENTIOMETER. RECOMMENDED
VALUE IS 10k OHMS, WITH CENTER ARM

CONNECTED TO +15V.
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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.

—15V +15V

0.1uF 0.1uF

HOS
D/A
ODIGITAL CONVERTER
INPUTS OFFSET %

Figure 3. Inverting Unipolar or Bipolar Voltage Output

R1

TAGE
OUTPUT

HOS-050

(UNIPOLAR = R, x -10.24mA)
(BIPOLAR = R, x -5.12mA)

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 Io.

An approximation of the total settling time for the D/A op amp
combination is calculated by:

Ts = \/TD2+ T02
where Tp is D/A settling time and To 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, to 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 500€2. If output voltage of
the HOS-050 is 10 volts, and output current is 100mA, minimum
_load would be:

Eo max 10V "10v
Iomax — Iggpg  100mA — 20mA  80mA

= 1250 minimum load
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where: Ep max = peak voltage needed
Io max = maximum continuous current HOS-050 can
produce )
Irrs = current in feedback resistor at peak voltage

Assume the feedback resistor value is 5,000Q. Minimum load
would be:

Eo max B 10V 10V
Iomax — Igpg 100mA — 2mA ~ 98mA

102Q minimum load

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,
0.1uF 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 1 can be achieved with Rgg
= Rgg = 5000; or Rgg = Rgg = 1,000Q2. Small-signal bandwidth
for the first combination is typically 45MHz; bandwidth for the
second is typically 35SMHz.

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.

OFFSET
ADJUST
20k
= Vg OmmmA———0 + Ve
0.1uF

KEEP LEADS rd GAIN

NODE SHORT Roa
ASPOSSIBLE Vv n
o —
Res
Rer

Vin
p—O Vour
R

GAIN = - (:s) V
Figure 4. HOS-050 Offsetand Gain Adjust

As shown, the gain of the circuit is established by the equation:

o - (i)

where Rgg is the total of Rgapn and Gain Adjust.

Once the user has established the desired gain for the illustrated
circuit, the value of Rgg can be used to determine the correct
value of Ropgsgr With the equation:

Voe X Rpg )

Roppser = — ( AE,

where AEg is the desired amount of offset on the output.



Assume *Veec = £15V; Rgamn = 900Q; Gain Adjust = 100);
the desired change on the output = =1 volt.

Under these conditions, Roggpser will be 15k():

15V x [900 + 100]

Rorrser = - (“ v )
15KV

Rorpser = - (—I-V—)

Roprsgr = 15,0000

Figure 4 shows bipolar output operation. If unipolar output is
desired, the appropriate V¢ should be removed from the Offset
Adjust potentiometer.

The 0.1pF 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.

Crg can be any value between 0 and 20pF, depending on the
value of Rgamn; 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: Rgr, Rgamvs Crs and Roppser 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.

325

300

275 GAIN OF -1
Rer = Ris = 5000

250

225 - :

200 I
175k
150 }
125 v

° oures

NANOSECONDS

100

W
75 A0
4 oUTP"T

50 AR

25

1% 0.1%
PERCENTAGE OF FULL SCALE. . .

0.05% 0.01%

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

i

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 n
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.

. .
+15v
= 200000 R
36002

HP2811

0.1pF
2N2363A
50012

~ CONNECTION
—OH—4 3

= FALSE-SUMMING
NODE 475
SCOPE

SUMMING NODE ERROR =
27004 DIRECT 1 MEG
20pF

R
OUTPUT ERROR [nﬁ] 15V

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.

+15v

FROM FALSE
SUMMING
NODE

33042 TRIM FOR
GAIN OF 5

m)
SENSITIVITY
OF 475 SCOPE

0.10F $ 470002
390002 I

SET TO BALANCE
390042 DIFFERENTIAL
PAIR CURRENT

-15v -15v -15v - 15V

100ks}

o.wFI

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.

Cra

—iF—

Vour
HOS-050 p————0 LOW Z OUTPUT
]
'
1 son
et
! 5000
]
! 750 Vi
~— B Vour
! 0
1
|

9312
——
9302

 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.

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 mismatch 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.
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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.

(Ree = Reg = 50002; A = —1)

r
Q- -~ -0 2V P-P; R, = 1500
_a0 @ --~--@ 4VP-P; R, = 1500

2VP-P; R, = 1k
4V P-P; R = 1k
—45

dB BELOW FULL SCALE

OUTPUT FREQUENCY - MHz

Figure 9. Harmonic Distortion - Inverting

(Rer = Reg = 1k; A = 2}

0-4 == =0 2VPP; R, = 1500
@ o = = =@ 4V P-P; R, = 15002
Q@ 2V P-P; Ry = 1k

v | @=ef———@ 4VP-P;R, = 1k

=
-
-

= -

dB BELOW FULL SCALE’

OUTPUT 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.
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