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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 1-18 (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, 1-16 and 1-17, 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 phMAC-
5000 single-board measurement-and-control system, programma-
ble in powerful hMACBASIC.

/
MODULES-SUBSYSTEMS
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 modular and board-level component,
subsystem, and instrument 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,
including Analog Dialogue, our technical magazine, which pro-
vides in-depth discussions of new developments in analog and
digital circuit technology as applied to data-acquisition and
control, and MCDigest for users of subsystems and systems. 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 1-15 at the back of the book.

SALES OFFICES

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

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 1-13, at the back of this

book, where you will find a list of older products for which data
sheets are available upon request. On page 1-14 you will find a
guide to substitutions for products no longer available.

PRICES

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

(this section continues at the back of the book)
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0_rderin’g Guide

/

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

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

For answers to further questions, call the nearest sales office (listed at the back of the book) or our main office in Norwood,
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. Part numbering systems for ICs and hybrids will be found in Volume I, Section 3. If
there is any question, call us.

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 Norwood. Orders and requests for quotations
may be telephoned, sent via TWX or TELEX, or mailed. Orders will be acknowledged when received; billing and delivery
information is included.

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

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

WARRANTY AND REPAIR CHARGE POLICIES

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

THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER
WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY
'OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
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Operational Amplifiers
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Orientation
Operational Amplifiers

The amplifiers listed in the two volumes of 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 in these books* cover the pro-
perties of some 36 op-amp families, comprising more than 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, degree of isolation, and in terms
of the many performance specifications. Some are high-perform-
ance modules, most are monolithic ICs (including precision
dual devices), some are hybrid ICs.

The technical data in this volume embrace exceptionally high-
performance (low-drift and high-speed) operational amplifiers,
in the form of small encapsulated modules. As the Selection
Guide indicates, there is also a universe of technical data, to
be found in Volume I, on a wide range of monolithic and
hybrid operational amplifiers—including devices screened to
the requirements of MIL-STD-883B and chips for hybrid
assembly.

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 need 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 thata
number of the references are to the applications sections of
data sheets included in Volume I or Volume II of 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

*In addition to the products listed in the Selection Guide, which are
recommended for new designs, 2 number of older products are still
available; data sheets are available upon request.

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.

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 interpret
these published specifications in terms meaningful to the
design requirements.

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

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

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

“behavior of the op-amp block (and its effect on the closed-

loop circuit) for large and small signals. It will be helpful to

" develop an application checklist, which includes such con-

siderations as the character of the input signals and their im-
pedance, the output load, the desired accuracy — static and
dynamic — and the environmental conditions.

3. The designer must then relate acceptable performance of
the op-amp building block to the specifications and prices of
available devices from preferred suppliers, bearing in mind a
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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 applicatien 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.

Chopper stabilized amplifiers, for example, have not often
been generally applicable where differential inputs are
required.

Accurate description of the input signal: It is
extremely important that the input signal be
thoroughly characterized. Is the input a voltage source
or a current source? Range of amplitude? Source im-
pedance? 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
reader is then returned to an expanded discussion of gain-
bandwidth considerations.

Gain Bandwidth Considerations, A Capsule View

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

A) If DC information is not of interest, a suitable
blocking capacitor can be connected at the ampli-
fier input and all of the “drift’’ specifications may’
usually be ignored, and
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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
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 earlier as follows. (It is
assumed that bandwidth requirements and temperature range
have been established at this point.)

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

is acceptable. Most amplifier circuits are designed around
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 Rer,.

2. How much drift error can be tolerated? The question is
related to the input signal level, ey, 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. These equations
relate offset voltage (eqs), bias current (i, ), difference current
(ig) and the external circuit impedances to the drift error,
V4, for both the inverting and the noninverting circuits.

From these equations it can be seen how the input impedance
requirements of the foregoing paragraphs are related to the
drift error.

For example, in the case of the inverting circuit, a referred

R.
offset error voltage, ihR; = egyue (1—5—) , is generated by the
f

bias current flowing through the feedback 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.

-4

R R ForRg = 0
03‘,=-R—_‘|:e,+e,_.u (R'R;R'> + Ibni]
i f and Ry << R;

Signal  Input Drift Error = Vy

For R¢c = Rj R¢/(R; + Ry)

R .
eg=- Rf [e' + ey R!; R
' i

+ ig Ri]
and R, << R;
Signal Input Drift Error = Vg4

Input Impedance Rjy ~ R;

% Drift Error =*—1°2A
: s

Figure 1A. Inverting Configuration

SOURCE -
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—_—
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Rz + R ‘ Ri R
e, = B2 * Ri + + i = ._iR2
o n [e; €os ig R,:I for R¢ R, R + R;

——
Signal  Drift Error = Vy
Input Impedance Riy =~ Rcm -

100v4

% Drift Error =

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

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

Current Amplifier Considerations

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

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

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

R¢ + R
eo = -Ry [i. + eos (—;' R‘ ') + i.,]

—~
Signal  Drifterror = le

R¢ R
Input AN =(R¢ '+ :‘u) <‘I +1AB>

- Rt (R, + Ryg)
where 1/8=1 + S

% Drift Error = &?'5
{]

Figure 2A. Current Amplifier
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Figure 2B, Voltage Amplifier with Sampling Resistor

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 Ryyy 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.

Ae Rf+R Ad
A le = os f s ), B AT
AT\ R¢Rq 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
2MHyz, 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/(2mRpCg)) regardless of
how fast the amplifier is. Moreover, output slewing rate will
be limited by how fast Cg can be charged which in turn is
related to signal level, e, and input impedance, R;, by
dey/dt = -e5/R;Cs. For these reasons it is usually not

possible to obtain both fast response and high input
impedance for an inverting circuit since both R; and R¢ must
be large to obrain high input impedance..
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Another advantage of the noninverting circuit (Figure 1B)

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

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.

2 O—AN—4
O e,
« _RaR2
= fo Ry +hs
eole; . __ RaRa
R~ Rz+Rs
Rz [Ei.*_“p_] _________
Ry R
7~
Rz + Re :
Ri 1 1
| '
H H
1 1 W s
R3+R,)C 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 (Af) is the determining factor
in performance. Some of the more notable examples of this
point are as follows: - :

OPEN tOOP GAIN A

_— LOOP GAIN-AZ

CLOSED LOOP CLOSED LOOP
GAIN-G BANDWIDTH—fy

- fa f——
Figure 4. Closed Loop Bandwidth and Loop Gain

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

b. Closed loop output impedance = Zyo = Zo/(1 + Af),
where Z,, is the open loop output impedance, often
200 to 5000 ohms. )

c. Ciosed loop nonlinearity = L = Lo/(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 a compensation terminal provided. Using
feedforward or phase lag compensation networks, gain-band-
width product and/or full power response may be shaped to
meet varying design requirements. Most internally compen-
sated op amps offer a stable 6dB per octave roll-off with -
specified unity gain-bandwidth and slew rate thereby limit-
ing 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 6f 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.

ERROR FINAL VALUE, Eo

BAND
F-omz 7_“j/- ....... AN

SLEW
RATE

DEAD —_—

TIME SLEWING RECOVERY | LINEAR SETTLING

| st SETTLING TIME TO * AE ————#|

or:2E x 100%
€

Figure 5. Typical Settling Time Characteristics

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

is shown in Figure 6.
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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.

FINAL VALUE7 = 1
e L wel

I

63% 90% 99% 99.9%
‘y + + + + u
T 23r 4.61 69r —» T

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 amplifier input noise, since this is usually the
limitirig 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 root-square sum of these (uncor-
related) noise sources will then be amplified along with the
desired signal, For this reason, selection of a particular ampli-
fier 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. A quiet power _
supply (nonswitching), adequate shielding, and low-pass

filters on all incoming leads will usually prevent noise

pick-up.
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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 e, = the rms value of the noise voltage

K = Boltzmann’s Constant (1.38 X 10-23 joules/kelvin)

T = absolute temperature of the resistance, kelvin

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.

Rules of Thumb

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

en (rms) = (40nV/A/Hz) ( /10(;19 (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

(3) The total rms noise contribution due to several uncor-
related random noise sources is determined by the square root
of the sum of the squares (RSS):

er=vVel +ep? tet + ... e?
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 RSS
fashion, ‘

Figure 7B illustrates how the Rules of Thumb may be applied
in a practical case to approximate the total output noise. In this
example, model 261], the lowest noise non-inverting chopper
type amplifier is being used with a 50k§2 source impedance. Thu
two major noise sources, in addition to the 261] input voltage
noise of 14V p-p, are the Johnson noise (58uV p-p) and current
noise (100uV p-p).



COMPONENT CAUSE OUTPUT CONTRIBUTION

Rin Johnson Naise AKTBR|y (Re/RiN)
Rs Johnson Noise @KTBRs (Re/Riny + 1)
Re Johnson Noise AKTBRE

ing Amp, Current Noise inyRE

ing Amp, Current Noise {inyRs) (RE/Riny + 1)

en Amp. Voltage Noisa ey (RE/Rin + 1)

TOTAL NOISE =\/(eg,, G)* +[erg (G+1)]* +o’q, +t(i,.‘ RePJ+[liny Rs) G+ 1T +[ea (G+1))?

'

Figure 7A. Noise Components

GAIN = 100
BW =0.01 TO 10Hz
Rg = 50k o 50k
RF = 10kQ =

Ryy = 1002

1) RESISTOR NOISE: Rf + 13nVA/FZ
Rin > {1.3nVA/FZ) 100
Rg * (28nVA/HZ) 101 = 2.8uVA/Hz
TOTAL RESISTOR NOISE IN 10Hz BW =
(2.8uVA/Fiz) §/10Rz) 6.6uV p-p/uV rms = 58V p-p

2) AMPLIFIER CURRENT NOISE: (20pA p-p) (50k) {101) = 1004V p-p
(20pA p-p) (10k)} =0.2uV p-p

3) AMPLIFIER VOLTAGE NOISE: (1uV p-p) (101) = 1004V p-p
TOTAL OUTPUT NOISE = /(100)7 + (100)* + (88)° =~ 1504V p-p

Figure 7B. Design Example

THE SELECTION GUIDE

To assist the designer in rapidly distinguishing among the
many types available from Analog Devices, and to narrow
the field of further study to just a few types, the Selection
Guide takes the form of a “bullet chart”. One axis comprises
a list of key op-amp characteristics—including manufacturing
technology—and specification ranges; the other is the com-
plete set of op-amp families catalogued in both volumes. For
any specification level that can be satisfied by members of a
given device family, a bullet (®) is placed at the appropriate
intersection.

Once the required performance has been established, the
Selection Guide is used to find the family, or families, coming
closest to the requirements—or to determine quickly whether
a particular family is suitable. The exact volume, section,

and page location of each type is included in the table, so

that the detailed technical and application data can be con-
sulted with a minimum of effort.

An effort has been made to group the amplifiers by their
most salient application areas, i.e., General Purpose (low
cost), High Accuracy, and Fast/Wideband, and by appro-
priate subclasses within those major classes.

THE AMPLIFIERS IN THIS SECTION IN BRIEF

High-Accuracy Low-Drift Differential-Input Modules. *‘Chop-
perless” low-drift designs with differential FET inputs, op-
timized for voltage offset and drift, bias current, dc open-
loop gain, and CMR, should be considered for high-accuracy
instrumentation, low-level transducer bridge circuits, pre-
cision voltage comparators, and for impedance buffer designs.
The best overall performer in this group in high-impedance
applications is the model 52K, which combines low offset -
and drift (0.5mV and 1uV/°C) with 3pA bias current.

High-Accuracy Modules Using Chopper Techniques. The
amplifiers in this class are widely accepted as the best choice
when it is essential to maintain low voltage offsets and bias
currents with time and temperature or whenever external off-
set adjustments are not practical in the application. Using carri-
er modulation techniques, these designs achieve drifts to
0.1uV/°C and long-term stability to %uV/mo. Typical appli-
cations include error-summing amplifiers for servo loops, pre-
cision regulators, and input amplifiers for laboratory-grade
metering instruments and test equipment.

Two forms of amplifier are available. The noninverting chop-
per-amplifier (261 family) is a high gain feedback amplifier,
containing a MOSFET chopper, optimized for follower-with-
gain applications. The chopper converts the difference between
the dc or low-frequency input voltage, at high impedance, and
the feedback voltage to a high-frequency square-wave, ampli-
fies it with no drift, and demodulates and filters the result to
produce an output waveform that is an amplified version of
the input. The closed-loop gain is determined by the attenua-
tion ratio of the feedback resistor-pair.

The initial offset is +25uV max (trimmable to zero), with aver-
age drift-vs.-temperature of 0.14V/°C max (model 261K). Bias
current is respectable, at 300pA max, with a tempgco of
10pA/°C max, to minimize errors with high-impedance
sources. )

Maximum noise voltage is 0.4uV peak-to-peak, from 0.01 to
1.0Hz, and 1.0uV, from 0.01 to 10Hz. Small-signal bandwidth,
established by an external compensating capacitor that is
chosen as a function of gain, is 100Hz. '

Inverting chopper-stabilized amplifiers (234/235 family) em-
ploy narrow-band chopper amplifiers to measure the summing-
point voltage of the main amplifier (which should be at a
null), chop, amplify, filter, and feed to the positive input of
the main amplifier an amplified correction signal. Thus, the
offset voltage and drift of the main amplifier (including the
effects of input bias current) are reduced by the gain of the
chopper amplifier, without a corresponding reduction of
bandwidth.
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Chopper and chopper-stabilized amplifiers should be considered
when long-term stability must be maintained with time and
temperature, and wherever maintenance-free operation of in-
struments and remote circuits is essential. Typical applications
include amplification of microvolt-level signals, precision in-
tegration, and analog computing, .

Wide Bandwidth, Fast-Settling Modules. High-speed op
amps are characterized by high slewing rates, fast settling
time, and wide bandwidth. Fast settling time is especially
important in applications with rapidly changing or switched
analog data, in buffers, d/a 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 50J/K and 48]/K. Model 50’s max slewing rate is
500V /us inverting, 400V/us noninverting, and small-signal
unity-gain bandwidth is 70MHz; full-power bandwidth is
8MHz, min, In addition, 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 ex-
ample, the current required to sustain 500V/us in a 100pF
load is I = C dV/dt = 50mA. Model 48]/K is optimized for
settling time: 500ns maximum to 0.01%, inverting or non-
inverting, with output of £20mA at 10V,

Differential FET-Input High-Out Modules, This beefy group
includes models 50, 51, and 171, Models 50 and 51 will fur-
nish up to £100mA at £10V out. In addition both are excel-
lent wideband amplifiers. Besides the applications suggested
for them in the wide-bandwidth category, they are useful for

_such applications as current booster/buffer for op amps deal-
ing with low-level signals—either outside the loop or inside
the loop. They are protected against short circuits.

For extended-temperature-range operation, model 51A/B
operates from -25°C to +85°C.

The model 171 has a large output voltage swing, 140V at
*+10mA, when used with £150V supplies. However, it need not
operate symmetrically; any combination of power-supply volt-
ages between the limits of 15 to +300V for the positive side and
~15 to -300V for the negative side is acceptable (including
single-supply operation), provided that the total voltage across
the amplifier is within the range of 30 to 300V. The output
will swing to within 10V of the Vs* and Vg~ supply rails. The
output and both inputs are protected against short circuits to
common or to either supply. Model 171K has an open-loop
gain of 10° min, offset of 1mV, drift of 15uV/°C max, bias
current of 20pA max, CMR of 100dB min, unitygain small-
signal bandwidth of 3MHz, and slewing rate of 10V/us. Typ-
ical applications include high compliance-voltage current
source, high-voltage follower-with-gain, high-voltage integrator,
differential amplifier for high-common-mode-voltage bridge ap-
plications, and high-voltage reference supply.
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Isolated Operational Amplifier Module. Model 277 (see
Section 5) combines a high-performance uncommitted opera-
tional-amplifier input stage with a precision, isolated output
stage, an isolated dual £15V power supply, and transformer-
coupled isolation circuitry, to form a versatile isolation ampli-
fier. Itis rated to withstand input/output common-mode volt-
age of 3500V rms max (60Hz, 1 minute), and peak continuous
ac or dc of 2500V max, and has input-output CMR of 160dB
min at dc and 120dB min at 60Hz, with leakage current of
1A @ CMV of 115V rms, 60Hz (Zy, = 10'2Q]|16pF).

The input-stage performance makes many op-amp applications
feasible: +1uV/°C max offset tempco (trimmed, model 277K),
bias current of *20nA max, open-loop gain of 106dB min. In
addition, isolated power output of £15mA max at 15V, re-
ferred to input common, is available for auxiliary front-end
circuitry. The output stage has gain of 1V/V, nonlinearity of
0.05% max, 1.5kHz full-power bandwidth, and SOuV/OC
offset tempco.

Typical applications for the 277 include general isolated op-
amp circuitry, programmable-gain isolated amplifier, isolated
power source and amplifier for bridge measurements, instru-
mentation amplifier, instrumentation-grade process-signal iso-
lator, and current-shunt measurements.

The extended-temperature-range equivalent of models 277)/K
is model 277A.

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* — 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 errqr voltage (CME) be-
tween the inputs. Common-mode rejection ratio (CMRR) is
defined as the ratio of common-mode voltage to the resulting
common-mode error voltage. Common-mode rejection is often
expressed logarithmically: CMR (in dB) = 20 log;o (CMRR).

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



ment over the common-mode range specified. The incremental
CMR about small values of common-mode voltage may be
greater than the average CMR specified (on the other hand, the
incremental CMR may be less in the neightborhood of large
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 (Ty, T1), with the ampli-
fier adjusted to zero at room temperature. The sum of the
magnitudes of the drifts in the two ranges must be less than
the specified drift rate (uV/°C or nA/°C) multiplied by the
total temperature range (modified “‘butterfly’’), or, in some
cases, the magnitude of the drifts in both ranges must be less

True Butterfly Spec Modified Butterfly Spec

Seos €osH €osL Seos _ leosH | +1eost |
AT TH-Tr TL-TR AT TH-TL
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Cost. { Tr A €5
(Th = TR) ~%zF
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Aegs . - .
AT S the max. drift coefficient permissible

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 4

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 1u4V/day, whereas
cumulative drift over 30 days might not exceed 5uV, or 15uV
in a year (e.g., model 235). A convenient rule of thumb for
extrapolation is to divide the drift for a stated interval by the
square root of its ratio to any other interval of interest.

Full-Power Response

The large-signal and small-signal response characteristics of
operational amplifiers differ substantially. An amplifier’s out-
put will not respond to large signal changes as fast as the small-
signal bandwidth characteristics would predict, primarily be-
cause of slew-rate limiting in the output stages. Full-power re-
sponse is specified in two ways: full linear response and full
peak response. Full linear response is specified in terms of the
maximum frequency, at unity closed-loop gain, for which a
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 of 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 specifies initial bias current, Iy, as the bias
current at either input, specified at +25°C ambient with the
input junctions at normal operating temperature (some manu-
facturers specify initial bias current at power turn-on. Such
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specifications may be mlsleadmg For example, in FET-input
ampllflers bias current is doubled for each 10° C increase;
since junction tcmperatures 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 Iy, 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 lmpedancc
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. '

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-
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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 3.3¢ uncertainty, signifying
that 99.9% of the observed peak-to-peak excursions will fall
within the specified limits. Wideband noise is specif ied as rms.
For some types, spectral-density plots or ‘spot noise”, at spe-
cific frequencies, in uVA/Hz 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

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

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

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

“Current Inverter with Wide Dynamic Range” by Barrie
Gilbert, ANALOG DIALOGUE 9-1, 1975
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“How to Select Operational Amplifiers’’, Application Note
Section 20 of Volume I

“An IC-Amplifier Us/»er’s Guide to Decoupling, Grounding, and
Making Things Go Right for a Change,” by A. P. Brokaw,
Application Note Section 20 of Volume 1

“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 1

USEFUL TUTORIAL MATERIAL IN DATA SHEETS

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

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

100mA Output, FET Amplifiers

MODELS 30 & 91

FEATURES
Fast Settling: 200ns max, 0.05% (50J/K)
100ns max, 0.1% (504/K)

100mA Output: dc to 8MHz (50J/K)

_ dc to 6MHz (51A/B)
All Hermetically Sealed Semiconductors (51A/B)
-55°C to +125°C Temperature Range (51A/B)
100MHz Gain Bandwidth (504/K)

APPLICATIONS

A to D Input Amplifier

D to A Current Converter
Video Pulse Amplifier
CRT Deflection Amplifier
Wideband Current Booster

GENERAL DESCRIPTION

Models 50 and 51 are ultra fast, wideband differential FET
amplifiers, designed for applications requiring fast settling time
with high output current in closed loop gain configurations of
2 or greater. Model 50 offers guaranteed settling time of 100ns
maximum to £0.1% accuracy and 200ns maximum to $0.05%
accuracy. Model 51 features all hermetically sealed semicon-
ductors for greater reliability and wide operating temperature
range (-55°C to +125°C) with guaranteed settling times of
140ns maximum to *0.1% and 250ns maximum to +0.05%.

Model 50 is available in two input voltage drift selections.
Model 50] is +50uV/°C max, model 50K is £15uV/°C max.
Other outstanding features of models 50]/K are 100MHz gain
bandwidth product, slew rate of 500V/us and output current
of £100mA from dc to 8MHz.

Model 51 is also available in two input voltage drift selections;
model 51A is +50uV/°C max, model 51B is +20uV/°C max.
Models 51A/B offer 80MHz gain bandwidth product, slew rate
of 400V/us and £100mA output current from dc to 6MHz.
Both models 50 and 51 offer significant improvement over
previous designs with lower input voltage noise (6uV rms,

5Hz to 2MHz bandwidth), particularly important in display
system D/A converter applications. '

FAST SETTLING APPLICATIONS

D/A converters require fast settling output amplifiers since
conversion speed is often dictated by the settling time of the
amplifier. Models 50 and 51 offer fast settling time perform-
ance at closed loop gains from 2 to 6. This characteristic is
extremely important for D/A applications requiring fast cur-
rent to voltage conversion from less than ideal current sources.

For detailed information, contact factory.

The circuit shown in Figure 1 is that of a typical current to
voltage converter. The output of the D/A converter is often
considered an ideal current source (Roye = ©°) which is con-
verted to a voltage by the amplifier’s feedback resistor. Al
though it may appear that in this application the amplifier is
being operated in a closed loop gain of 1, a closer look at the
D/A’s specifications may show an output impedance of 800 to
2500 ohms. For this condition, the amplifier is operated in a
closed loop gain of 2 to 6. This is then the range of gains over
which settling time is important.
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Figure 1. High Speed Current to Voltage Buffer

High speed amplifiers typically suffer significant degradation

in settling time when operated in closed loop gains greater

than unity. Model 50, with 100MHz gain bandwidth and model
51 with 80MHz gain bandwidth achieve fast settling time since
they are far from the point of bandwidth limitations. For
example, at a gain of 4, model 50 has a bandwidth of 20MHz,
which represents a time constant of 8ns. For 0.1% settling, the
bandwidth limitation is 6.9 time constants or approximately
55ns.
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SPEC'F'CATIONS (typical @ +25°C and 15V unless‘otherwise noted)

MOPEL 5 XE e 2 OUTLINE DIMENSIONS
OPEN LOOP GAIN . R . L.
DC, Load = 100 ohm 88dB min . 94dB min e Dimensions shown in inches and (mm).
DC, Load = 2k ohm 94dB min M 97dB min b
RATED OUTPUT' aam— (1 f;z';"“x —
Voltage, Ry, = 10092 +10V min . . . - I
Current 1£100mA min * . *
Impedance, Open Loop dc 2009 * * * ?ig?.,")“\x
Load Capacitance, max + '
Inverting 100pF max * * *
Noninverting 50pF max * * - u IJ u u
FREQUENCY RESPONSE T 02070025 e {lme- 004DIA
Small Signal, Unity Gain 70MHz . 56MHz A (5.08) TO (6.35) R’V
Small Signal, -3dB, Unity Gain 100 MHz . 80MHz . EXT.TRIMPOT  {1kQ2)
Full Power 8MHz min . 6MHz min - T am
Slew Rate, Noninverting 400V/ys, min . 300V/ps, min . HING w
Slew Rate, Inverting 500V/us, min . 400V /s, min . wyr Yo i
Overload Recovery 200ns M . . OHO T ""; ‘-, ouTIH l'g‘Z,MAX
SETTLING TIME Hegr eas
Inverting, Gain =2 —{T ?l. |‘| l
10.1%, $10 Volt Step 100ns max M 140ns max .. 11 1111
40.05%, 10 Volt Step 200ns max * 250ns max: ° . BOTTOM VIEW
Noninverting, Gain = 2 l | 0.10GRID
40.1%, £10 Volt Step 150ns max . 200ns max hdd =1~ (254
10.05%, £10 Volt Step 300ns max M 400ns max had
INPUT OFFSET VOLTAGE MATING SOCKET AC1034
Initial, @ +25°C Adjust to Zero . . .
Trim Potentiometer 1k . . . UNITY GAIN APPLICATIONS
With 4992 Fixed Resistor +3ImV . * * Models 50 CR
vs. Temperature £50uV/°C max +15uV/°C max +50uV/°C max +204V/°C max 5 and 5} hav.e been ().ptll.'l'llZCd
vs. Supply Voltage +15uV/% . . . for fast settling inverting applications,
W Tim[; e 20 Mi i;oo‘;,AV/momh . . : such as current to voltage conversion at
t, inutes m
lNPU‘;";;’:S c"URRENT““ . the output of D/A converters. In these
Initial, @ +25°C 0,02nA max . . M configurations the high speed amplifier is
. . . . H )
v :::‘pﬁ;‘;‘::age ’1’(‘)’:2'/::*10 c . N usually operating in 2 noise gain of about
INPUT DIFFERENCE CURRENT ~ 5. (Noise Gain=1 + Rf/'Rout of D/A).
Initial, @ +25°C xwoﬁm R . : : They have also been designed as fast non-
/+10°C . X . T
vs. Temperanure Doublef inverting amplifiers and offer excellent
INPUT IMPEDANCE . . .
Differential 10'°9213.5pF . . . performance at noise gains of 2 or higher.
Common Mode 101°Q113.5pF © * : : For unity gain applications the circuits
INPUT NOISE
Voltage, 0.1Hz to 10Hz SuV, p-p . . . . shown in Figure 2 and Figure 3 are
5Hz to 2MHz 6uV, rms . . . recommended.
Current, 0.1Hz to 10Hz 1pA, p-p * * -
INPUT VOLTAGE RANGE ®e
Common Mode Voltage +10V min . * . 0
Max Safe Differential Voltage Vg . . . aN —0
Common Mode Rejection, CMV = 210V 60dB, min M . A e
Common Mode Rejection, CMV = 15V 70dB, min . . . .
POWER SUPPLY AN
Voltage, Rated Performance? 15V dc . * . .
Voltage, Operating #1210 18)Vde  * * * 1 22pF
Current, Quiescent +40mA * * . 47pF
TEMPERATURE RANGE . . $
Rated Speuﬂcanons 0 o +70°C . —25°C to +85 s A N
Operating® -25°Cto+85°C ¢ -55°Cto +125°C  ** » Figure 2. Recommended
Storage 55°Co+125°C © . : Circuit for Unity Gain
MECHANICAL 3 .
Case Size, mm 1.8"x1.2"x0.6" * . . Noninverting Buffer
Weight, grams 31 * * *
Mating Socket AC1034 . * . (A
NOTES . %
*Specifications same as Model 50]. :N—'VW" L o
"Speciﬁcations same as Model 51A. [
! Short circuit protected to ground. .

? Recommended power supply ADI Model 920, 15V @ 200mA.
*Model 51A and 51B have an operating temperature range of ~55°C to +100°C when operating

in the differential mode.

Specifications subject to change without notice.
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Figure 3. Recommended
Circuit for Unity Gain
Inverter
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Low Noise, Low Drift
Precision FET Amplifier

MODEL 52

FEATURES

.Guaranteed Low Noise: 1.5uV p-p max (52K).
Low Voltage Drift: 1uV/°C max (52K)

Low Bias Current: 3pA, max

High CMR: 100dB, min

High Voltage Gain: 120dB, min

Wide Power Supply Range: £9V to 18V
Excellent Long Term Stability: 5u4V/month
Fast Thermal Response

APPLICATIONS

Low Level Instrumentation Preamp

High Impedance Precision Buffer

Long Term Integrator

Current to Voltage Converter

Precision Voltage Regulator

Preamp for 16-Bit Resolution V/F Converters

GENERAL DESCRIPTION

Model 52, a low noise, high accuracy FET input operational
amplifier was designed for handling microvolt signals from
high impedance (>100k82) sources. It features guaranteed low
voltage noise (1.5uV p-p max, 0.01 to 1Hz bandwidth 52K)
with low input offset voltage drift (3uV/°C max, 52]; 1uV/°C
max 52K). Unlike most available low drift amplifiers, model 52
voltage drift is unaffected by trimming the initial offset
voltage (0.5mV max). The low input bias current (3pA max)
is held constant over the entire £10V common mode voltage
range. High voltage gain (120dB, min) and high CMR (100dB,
min) complete the performance profile. Model 52 is an excel-
lent choice for high accuracy, high resolution linear signal
processing applications.

By incorporating a new low noise N-channel monolithic FET
input stage, thermal stability, voltage noise and differential sig-
nal performance are improved to a level previously obtainable
only in the best bipolar amplifier designs. Model 52 is an ex-
cellent choice to replace chopper stabilized amplifiers where
significant sources of error are introduced from zero beating,
‘“chopper spikes” and ground loop currents.

The guaranteed accuracy performance of model 52 suggests
critical applications such as low noise, low drift “front-end”
preamplifiers for A to D converters and DVM’s. For high im-
pedance buffering applications, model 52 offers low input
bias current, high linear common mode rejection, complete
protection from input transients (offset voltage and bias cur-
rent will not degrade due to reverse breakdown) and freedom
from latch up when the common mode voltage range is ex-
ceeded. Model 52 is supplied in a reliable, compact epoxy
module package. Output is protected from shorts to ground
and/or supply voltage and is capable of driving up to 0.01uF
load capacitance.

For detailed information, contact factory.

~ 1000 - T
) i :
M TRAPOLATE N
£ 2
e ]
3 < -
[ %
g ~ CRTe T & g
2 S N S| P L4 % :
e oo 8
g o @
g g o 8
t ™ ] vt
5 N
1 - 0001
6ot - 0.1 et 10 S 1) . 13 S0k

FREQUENCY « Hz .
VOLTAGE AND CURRENT NQISE PER ROOT Hz OF BANDWIDTH

IMPROVED OFFSET VOLTAGE STABILITY

Model 52 has been designed for the lowest possible input
voltage drift over the 0 to +70°C temperature range. In most
operational amplifier designs, trimming is accomplished by
unbalancing the current in the input stage. This trimming
technique introduces an additional 2 to 12uV/°C for each
millivolt of Egg that is nulled. To provide performance con-
sistent with low offset voltage drift, model 52 incorporatesa
three-point trim (see connection diagram) whereby a com-
pensating voltage is introduced without unbalancing the input
stage currents. By virtue of this trim scheme, there is no
degradation in T.C. when Eg is nulled and the specified per-
formance is achieved.

IMPROVED NOISE PERFORMANCE

Input noise limits signal resolution in low level signal processing
applications. The FET input stage of model 52 reduces noise
current significantly from that of bipolar amplifiers, permit-
ting high source impedance applications. Model 52 also offers
voltage noise levels appreciably below that of other FET am-
plifiers. To illustrate the excellent low noise performance of
model 52, Figure 1 shows typical input voltage noise in 2 0.01

" to 1Hz bandwidth. Noise is typically less than 14V p-p and is

free of noise spikes.
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Figure 1. Voltage Noise 0.01 to 1Hz Bandwidth
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SPECIFICATIONS (typical @ +25°C and +15V unless otherwise noted)

MODEL 52) 52K
OPEN LOOP GAIN ’
DC 2k{2 Load 120dB min (130dB typ) *
RATED OUTPUT!
Voltage, 2k$2 Load +10V min *
Current +5mA min *
Maximum Load Capacitance 0.01uF *
Impedance, Open Loop 750 *
FREQUENCY RESPONSE )
Unity Gain, Small Signal 500kHz .
Full Power 4kHz min *
Slew Rate '0.25V/us min .
Overload Recovery 130us o
Settling Time, 0.1%, 10V Step 100us *
Settling Time, £0.01%, 210V Step 150us .
INPUT OFFSET VOLTAGE
Initial?, @ +25°C $500uV max .
With External Trim Potentiometer Adjustable to Zero *
vs, Temperature (0 to +70°C) +3uV/°C max +1uV/°C max
vs. Supply Voltage 12uV/i% *
vs. Time 154 V/Month *
Warm-Up Drift, 5 Minutes 5V *
INPUT BIAS CURRENT
Initial, @ +25°C —3pA max (-1pA typ) *
vs. Temperature (0 to +70°C) x2/+10°C .
vs. Supply Voltage 10.01pA/% *
INPUT DIFFERENCE CURRENT
Initial, @ +25°C : t1pA *
vs. Temperature (0 to +70°C) x2/+10°C *
INPUT IMPEDANCE
Differential 10'2Q|i3.5pF .
Common Mode 10'2Q|13.5pF .
INPUT NOISE
Voltage, 0.01Hz to 1Hz 3.0uV p-p 1.5uV p-p max
10Hz to 10kHz 5.0uV rms 3.0uV rms max
f=1Hz 70nV/A/Hz rms *
f=10Hz 25nV/A/ Hz rms *
f = 100Hz 20nV/A/Hz rms *
f=1kHz 13nVA/Hz rms *
Current, 0.01Hz to 1Hz 0.1pA p- *
f=1Hz . 7fA/A/Hz rms *
f=10Hz 2.5fAA/Hz rms .
f = 100Hz 3.5fAA/Hz rms .
f=1kHz 6fAA/Hz rms d
INPUT VOLTAGE RANGE
Common Mode Voltage £10V min *
Common Mode Rejection, CMV =+10V  100dB min (106dB typ) *
Max Safe Differential Voltage Vs *
POWER SUPPLY?
Voltage, Rated Performance 15V *
Voltage, Operating (9 to 18)V *
Current, Quiescent +*5mA *
TEMPERATURE RANGE
Rated Performance 0 to +70°C *
Operating -25°C to +85°C *
Storage -55°C to +125°C .
MECHANICAL
Case Size 112" x1.12" x 04" *
Weight 16g *
Mating Socket AC1008 *
NOTES

*Specifications same as model 52J.

! Protected for short circuit to ground.

? With no external trim potentiometer connected.

3 Recommended power supply, ADI model 904, £15V @ 50mA output.

Specifications subject to change without notice,
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

}-—ua MAX (sz)»‘ _j_

0.41 MAX
{10.4)
0.2100.25
{6 t0 6.4)
-—ll‘o.u DIA
(1.02)
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TRIM! 1P 1
e | 'v'§-~ 1,13 MAX
r --4>|N" 4 (28.7)
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: e [37] ARM
L____Borromview | |

10ptional 1k external trim pot. Input
offset voltage may be adjusted to zero
with trim pot connected as shown, With
trim pins left open, Input offset voltage
will be £0.6mV, maximum.

*C Supply ion not requlred.
MATING SOCKET
AC1008
|e——1.40 (25.6) ——=]

— | o !
7 0,03 (23)
05 (12.7) 'E] T ‘ﬁ] 1}
1T T
[
+ 4 +VeOH1
OIS |
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HTOm + &M .
O Aot
0.16 DIA T ]I I % H
@n BOTTOM VIEW

*No connection required on Mbdel 52.

FREQUENCY RESPONSE

From the plot of Open Loop Voltage Gain
and Phase Shift (see Figure 2) versus Fre-
quency, it can be seen that model 52 is stable
for all closed loop gains. Even at the cross-
over frequency of SOOkHz model 52 hasa
phase margin of 75°.
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Figure 2. Open Loop Frequency Response
and CMR
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High Voltage
Differential FET Amplifier

MODEL 171

FEATURES

High Output Voltage: 140V

High CMR: 100dB min

Operates With a Wide Range of Power Supplies
High CMV: (|Vg]| - 10V)

APPLICATIONS

High Voltage Compliance Current Source
High Voltage Follower With Gain

High Voltage Integrator

Diff. Amp for High CMV Bridge Applications
Reference Power Supply

GENERAL DESCRIPTION

Model 171 is a high performance FET input op amp designed
for operation over a wide range of supply voltages. This module
features an output range of 15V to £140V at 10mA, a mini-
mum CMRR of 100dB and a high common mode voltage rating
of £(Vg - 10V) min, DC offset is less than £1mV, and maximum
drift of either +50 or *154V/°C is available in the J or K ver-
sions. Bias current is less than 50pA (171]) or 20pA (171K),
doubling per +10°C increase of temperature, The model 171
also features small signal bandwidth of 3MHz for unity gain,
full-power bandwidth of 15kHz, and slew rate of 10V/us.
These operating characteristics make model 171 an excellent
choice for high voltage buffer applications, followers with gain,
off-ground signal measurements and reference power supplies.

Excellent power supply rejection of 7uV/V enables model 171
to be powered by inexpensive, low regulation supplies, without
sacrificing any of the 171’s inherent high performance. The
supplies also need not be symmetrical. Any combination of
power supply voltages between the limits.of 15 to +300V for
the positive side and 15 to -300V for negative side is acceptable
provided the total voltage across the amplifier is within the
range of 30 to 300V.

Model 171’s output is completely short circuit protected by the
use of a current limit scheme. This type of protection provides
a short circuit output that is only slightly greater than the rated
output current for normal operation. With this design the
module and external circuitry are protected, internal heat dissi-
pation and the associated high temperature rise are limited, and
added reliability is built in.

For detailed information, contact factory.

POWER SUPPLY VOLTAGES

Model 171 offers the flexibility of operating with an extensive
range and combination of power supply voltages. Figure 1 shows
a chart of permissible combinations of supply voltages for the
171. The model 171 maintains its normal operating character-
istics when using asymmetrical power supply configurations.

POSITIVE SUPPLY VOLTAGE -Vg+
+100V +200V

T Tk

+300V

PERMISSIBLE COMBINATIONS \b\»"
OF SUPPLY VOLTAGES “&«‘*
&
—100V +¢
o
hAS

TSIGNAL
REF.

1

—200Vv

\3
Vg + 10V E EgTVg — 10V

| I

NEGATIVE SUPPLY VOLTAGE Vg~

-300V

Figure 1. Power Supply Voltage Combinations
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SPECIFICATIONS (typical @ +25°C and +125V unless otherwise notad)

MODEL 171) 171K OUTLINE DIMENSIONS
: Dimensions shown in inches and (mm).
OPEN LOOP GAIN 10° min *
RATED OUTPUT la———— 2.41 MAX (61.2) —————o=
Voltage 1(|Vg|-10V) min * T
Current *+10mA min * R
Maximum Load Capacitance .  1000pF * T U UTU
FREQUENCY RESPONSE L,
Unity Gain, Small Signal 3MHz * 020 MIN (5.1)
Slewing Rate 10V/us min .
Full Power 15kHz min * exT. i
Settling Time to £0.1%, 10V Step 25us * POT -
Overload Recovery 5us * I W susiuunsana il
Trn
INPUT OFFSET VOLTAGE HOR O
Initial Offset, +25°C" +1mv . o b o W T 2 Piaces
Avg. vs. Temp (0 to +70°C) £50uV/°C max +15uV/°C max 182 Max
vs. Supply Voltage *7uV/IV * [
vs. Time +250uV/mo * BOTTOM VIEW 01 GRID-&" F._
INPUT BIAS CURRENT e
Initial Bias, +25°C -50pA max -20pA max MATING SOCKET
vs. Temp (0 to +70°C) x 2/10°C * Dimensions shown in inches and (mm),
Difference Current +10pA +5pA
INPUT IMPEDANCE Lo ki
Differential 10" QI3.5pF . T ﬁj o
Common Mode 10" Q13.5pF * 1
0.141 D/A THRU CSK FAR
INPUT NOISE SR p— .
Voltage, 0.01 to 1.0H 4uv * | T SR
oltage, 0.01 to 1.0Hz uV p-p > s
10Hz to 10kHz 2.5uV rms * 032 @26 [ _(Q(_ '_g_,'—fnlmusw
5Hz to 50kHz 6uV rms * P N |
Ay
INPUT VOLTAGE RANGE rd |
Common Mode Voltage #(IVg1-10V) min * so | | Y easeaces
Common Mode Rejection 100dB min * m‘“‘m T o | 7™
Common Mode Rejection 114dB * 6os6) - B
Max Safe Differential Voltage Vg * v
POWER SUPPLY o {F;) Ny _L;%gc:srw (076
*

Voltage, Rated Specification
Voltage, Operating

+25 to £150V dc
+15 to £150V dc

Current, Quiescent +6mA typ *
TEMPERATURE RANGE -

Rated Specification 0.t0 +70°C *

Operating / -25°C 1o +85°C *

Storage -40°C to +100°C *
MECHANICAL

Case Size 241" x1.82" x0.61"

Weight 80g *
’ Mating Socket . AC1037 *
NOTES

*Specifications same as 171].
! No external trim connection required.
Specifications subject to change without notice.
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. + Vs = n vz =
15V L 15V

0.141 D/A THRU (2REQ'D)

et 0

0.600
ITLEY

- MATING SOCKET AC1037

SINGLE SUPPLY OPERATION

As shown in Figure 1, the model 171
requires at least 15 volts applied across
it in order to operate properly. The 171
may be operated from a single floating
supply voltage by using the power supply
offsetting scheme shown in Figure 2:
When this configuration is used, the 171
is capable of operating over its specified
input and output voltage range.

YV

+Vg =
O—AM—4¢ —- Veg -15! +1

Figure 2. Single Supply Operation
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Low Noise

Chopper Stabilized Amplifiers

MODELS 234, 235

FEATURES :
Ultra-Low Noise: 0.7uV p-p, 0.01Hz to 1Hz BW (234)
0.5uV p-p, 0.01Hz to 1Hz BW (235)
Very Low Offset Drift: 0.1uV/°C, 1pA/°C (234L)
0.1uV/°C, 0.5pA/°C (235L)
Excellent Long Term Stability: 5uV/year (235)
Fast Settling: 4us to 0.01%, 2.5MHz BW (235)

APPLICATIONS

Precision Integration

Servo/Null Detector Loops
Microvolt/Picoamp Measurements
Bridge Amplifier

Controlled Current Source

Balance Scales and Weighing Instruments

GENERAL DESCRIPTION

Analog Devices’ models 234, 235 are high performance,
economy chopper-stabilized op amps that meet the demands
of critical laboratory and industrial applications requiring
ultra-low noise, exceptional long term offset stability and
versatility. Both models feature compact plug-in modular
design, and are ideally suited for new design applications, or
upgrading of existing systems, where both improved per-
formance and cost savings can be realized.

Model 234: The model 234 is designed for wideband applica-
tions and features 107 V/V open loop gain, 2.5MHz unity gain
bandwidth, full power response to 500kHz and settling time
of 4us (to 0.01%, 10V step, 20kS2 load). The model 234 also
features low input voltage noise of 0.7uV p-p (0.01Hz to 1Hz
BW), low offset voltage drift of 1uV/°C (234]), 0.03uV/°C
(234K) or 0.1u4V/°C (234L) and long term stability of +2uV/
month.

Incorporating MOSFET choppers and discrete components
(vs. IC op amps) for the main and stabilizing amplifier chan-
nels, this inverting design is virtually free of input chopper
spikes and offers reduced modulation ripple for quieter wide-
band performance. These characteristics are especially de-
sirable when operating from high source impedances (above
100k$2) at wide bandwidths. To illustrate the improvements
in noise and bandwidth performance, over previous Analog
Devices’ designs, comparative data is set forth in the follow-
ing sections comparing models 232 and 233 with 234.

Model 235: The model 235 is recommended for applications
where lowest cost and lowest noise are required. The model
235 features low input voltage noise of 0.5uV p-p (0.01Hz to
1Hz BW), low offset voltage drift of 0.5uV/°C (235)),
0.25uV/°C (235K), 0.1uV/°C (235L) and a long term
stability of 5uV/year.

For detailed information, contact factory.

ANALOG
u DEVICES

230K

MADE 30 03 A

This combination of noise and drift performance makes
model 235 ideally suited for demanding applications such as
balance scales and weighing instruments requiring high ac-
curacy and excellent long-term stability without the use of
“front panel” balance pots or periodic internal adjustment.

Model 235 has been designed to virtually eliminate intermodu-
lation problems caused by ‘“‘beating” against power line fre-
quencies. The chopper’s ultra-stable oscillator is precisely set
at the factory to a frequency that minimizes ineractions with
harmonics of 50Hz, 60Hz and 400Hz power lines.

APPLICATIONS

In general, the models 234, 235 inverting amplifiers should
be considered where long term stability of offset voltage must
be maintained with time and temperature for precision designs,
or wherever maintenance-free operation of instruments and
remote circuits is essential. Typical applications include low
drift amplification of microvolt signals, integration of low
duty-cycle pulse trains and analog computing for general
purpose designs. Low input noise and stable offset voltages
also make 234, 235 an ideal preamp for precision low fre-
quency applications such as DVMs, 12- to 16-bit A to D
converters, and for error amplifiers in servo and null de-
tector systems.

250k 10k T T
ODEL 232
v M |
11 MV RTI 5m N
1
! VA Ry \
MODEL 234

Figure 1. Model 234 Comparative Input Noise (RTI)
Performance in a dc to 1kHz Bandwidth
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SPECIF|CAT|0NS (typical @ +25°C and +15V unless otherwise noted)

MODEL 234) 234K 234L 235) 235K 235L
OPEN LOOP GAIN
DC, 2k ohm load 107 V/V min . . 5$x 10°V/Vmin ** .
RATED OUTPUT . . . .
Voltage 10V min *
Current £5mA min * * * * .
Load Capacitance Range 0-1000pF min  * * 0.01uF b b
FREQUENCY' ‘ . -
Unity Gain, Small Signal 2.5MHz * 1MHz .
Full Power Response 500kHz min . * SkHz min e .
Slew Rate 30Vius * 0.3V/us min * .
SETTLING TIME to 0.01% .
20k load, 10V step 4us * N/A N/A N/A
INPUT OFFSET VOLTAGE
Initial Offset +50uV max +20uV max +20uV max MV max 1V max
itial Off; " " +20uV £25uV . £15uV
vs, Temp, 0 t0 +70°C $1.0uV/°Cmax  #0.3uV/°Cmax *0.1uV/°Cmax  20.5uV/°Cmax 10.25uV/°Cmax  $0.1uV/°C max
vs. Supply Voltage +0.2uV/% . * +0,14V/% b .
vs. Time +2uV/month * * +5uV/year .. .
vs. Turn On, 10 sec to 10 min +3uvV . * . . .
INPUT BIAS CURRENT . R
Initial, @ +25°C +100pA max * +50pA max +50pA max
vs. Temp, 0 to +70°C +4pA/°C max +2pA/°C max +1pA/°C max 1pA/°C max 0.5pA/°C'max 0.5pA/°C max
vs. Supply Voltage 20.5pA/% v * 0.2pA/% .. .
INPUT IMPEDANCE
Inverting Input to Signal Ground 300k ohms * * * * b
INPUT MOISE
Voltage, 0.01 to 1Hz 0.7uV p-p * * 0.5uV p-p - 24V p-p max 2uV p-p max
0.1t 10Hz 1.5uV p-p * * 3.5uV pp i .
10Hz to 10kHz 2uV rms * * 5uV rms .o ..
Current, 0.01 to 1Hz 2pA p-p . * 10pA pp * i
0.1 to 10Hz 4pA p-p * * 30pA p-p e e
INPUT VOLTAGE RANGE
(-) Input to Signal Ground £15V max . * * * *
POWER SUPPLY (V dc)? .
Rated Performance $15V @ SmA * * * * *
Operating +(12w018)V  * y * * *
~ TEMPERATURE RANGE . . .
Rated Specifications 0 to +70°C * * . .
Operating -25°Cto +85°C * : . :_
Storage -25°C to +100°C * -55°C 1o +125°C
NOTES
*Specifications same as model 234], 2 Externally adjustable to zero.

**Specifications same as model 235].
Model 235 overload récovery, 10 sec typ.

WV {

SpA{

M\A "0

Vi, MODEL 235
0.01 - 1Hz

Vn, MODEL 233
0.01 — 1Hz

MODEL 235
.01 — 1Hz

Figure 2. Model 235 Voltage and Current Noise.,
Model 233 Voltage Noise Shown for Comparison.
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® Recommended power supply: Analog Devices model 904, +15V dc @ 50mA.
Specifications subject to change without notice.

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

0.41 MAXT

10.4) 4

fe—1.51 MAX (38.1} —=]

151 MAX
(38.1)

*Connect Trim Terminal to Common
if Trim Pot is not used.

U U 0.04 DIA
~"i102)
0.20 MIN (5.0} 0.25 MAX (6.4)
T s
+Vgb 14+ x
:
COM 1 50k
N O ~
B - \ NOTES:
oty
'IRID:I e s
!
0.1 GRID
BOTTOMVIEW — 1 I* ' (254)

1. SG Tied to Common.

2. Mating Socket AC1010.
3. Weight: 27 grams,
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our
OFFSET TRIM

MODEL 277

Versatile Op Amp Front End: Inverting,
Noninverting, Differential Applications

Low Nonlinearity: 0.025% max, Model 277K

Low Input Offset Voltage Drift: 1uV/°C max,
Model 277K

Floating Power Supply: £15V dc @ :15mA

High CMR: 160dB min @ dc

High CMV: 3500V, s

MODEL 289

Low Nonlinearity: +0.012% max (289L)
Frequency Response: (—3dB) dc to 20kHz
(Full Power) dc to 5kHz

Gain Adjustable 1 to 100V/V, Single Resistor

3-Port Isolation: 2500V CMV Isolation
Input/Output

Low Gain Drift: +0.005%/°C max

Floating Power Output: =15V @ =5mA

120dB CMR at 60Hz: Fully Shielded Input Stage

Meets UL Std. 544 Leakage: 2pA rms max, @
115V ac, 60Hz

Page
Vol. 11
5-9

Vpl. I
5-17



MODEL 290A Page

Isolated Power Supply: =13V dc @ +5mA (290A) Vol. IT
Low Nonlinearity: 0.1% @ 10V pk-pk Qutput
High Gain Stability: 0.001%/1000 Hours; 0.01%/°C
Small Size: 1.5"x 1.5" x0.62"

Low Input Offset Voltage Drift: 10pV/°C (Gain =
OSCILLATOR 100V/V)

Wide Input/Output Dynamic Range: 20V pk-pk
High CMV lIsolation: 1500V d¢, Continuous

Wide Gain Range: 1 to 100V/V

MOD
DRIVE -
INPUT FLT.

com

L0 IN/
150 PWR COM

POWER
SUPPLY

BIPOLAR INPUT AMPLIFIER OC 70 1kHz MODEL 292A

HIINPUT!
7 DEMOD [) FILTER (4 o7 Multichannel Capability Using External Oscillator Vol. 11
o [l . (292A) 5-21
wif oo L e D osy . lsolated Power Supply: =15mA (292A)*
Loy D T DRIVE o Low Nonlinearity: 0.1% @ 10V pk-pk Output
'”"w“c“;r” com. Ne High Gain Stability: 0.001%/1000 Hours; 0.01%/°C
l | BUFFER ’ :‘3}%‘:", Small Size: 1.5"x 1.5” x 0.62"

T :ow: Low Input Offset Voltage Drift: 10nV/°C (Gain =
8

POWER com 100V/V)

suerLy Wide Input/Output Dynamic Range: 20V pk-pk
High CMV Isolation: 1500V dc, Continuous
Wide Gain Range: 1 to 100V/V
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'MODEL 284

High CMV Isolation: +£5000V pk, 10ms Pulse;
+2500V dc Continuous

High CMR: 110dB min with 5k{2 Imbalance

Low Nonlinearity: 0.05% @ 10V pk-pk Output

High Gain Stability: +0.0075%/°C, +0.001%/1000
hours .

Low Input Offset Voltage Drift: 10uV/°C, G =
100V/V

Resistor Programmed Gain: 1 to 10V/V (284J)

Isolated Power Supply: 8.5V dc @ + 5mA (284J)

Meets IEEE Std 472: Transient Protection (SWC)

Meets UL Std 544 Leakage @ 115V ac, 60Hz:
2.0pA max (284J)

MODEL 286

High CMV Isolation: 5000V pk, 10ms Pulse;
+2500V dc Continuous

High CMR: 110dB min with 5k Imbalance

Low Nonlinearity: 0.05% @ 10V pk-pk Output

High Gain Stability: +0.0075%/°C, +0.001%/1000
hours

Low Input Offset Voltage Drift: 10uV/°C, G =
100V/V

Resistor Programmed Gain: 1 to 100V/V (286J)

Isolated Power Supply: =15V dc @ = 15mA (286J)

Meets IEEE Std 472: Transient Protection (SWC)

Meets UL Std 544 Leakage @ 115V ac, 60Hz:
2.5pA max (284J)

Page

Vol. 11
5-11

Vol. 11
5-11
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Orientation
Isolation Amplifiers

The isolation amplifier (or isolator) has an input circuit that
is galvanically isolated from the power supply and the output
circuit. Isolators are intended for applications requiring safe,
accurate measurement of dc and low-frequency voltage or
current in the presence of high common-mode voltage (to
thousands of volts) with high CMR, line-receiving of signals
transmitted at high impedance in noisy environments, and for
safety in general-purpose measurements where dc and.line-fre-
quency leakage must be maintained at levels well below certain
mandated minima.* Principal applications are in electrical en-
vironments of the kind associated with medical equipment,
conventional and nuclear power plants, automatic test equip-
ment, and industrial process-control systems.

Analog Devices Isolators described in this section use electro-
magnetically coupled high-frequency carrier techniques for
communication of power to and signals from the input circuit.

CHOOSING AN ISOLATOR .

The choice of an isolator depends on the desired functional
characteristics and the required specifications. Functional
characteristics include such considerations as number of chan-
nels, range of output common-mode (output to power sup-
ply), nature of the front-end amplifier (amplification only or
general op-amp functioning), and the availability of isolated
power for additional external front-end circuitry. Key specifi-
cations include performance specs and ‘‘absolute max/min”
mandated safety specifications. Definitions of specifications
follow this section. In addition to the products listed here,
which are recommended for new designs, a number of older
products are still available; data sheets are available upon re-
quest. In addition to the useful applications information on
the data sheets published here, an applications guide!, avail-
able upon request, provides information useful to the circuit
designer.

The devices described in this section are all voltage-output
isolation amplifiers, useful in general-purpose circuit applica-
tions for instrumentation amplifiers or op amps where isola-
tion is a necessity. In addition to these devices, there are a
growing number of isolators available from Analog Devices
that perform dedicated functions, for use where isolation is
necessary or desirable. Some of their applications can be seen
in the Transducer Interfacing Handbook® .

Data for other products employing isolation techniques may

be found in these sections of this Volume: Transducers and
Signal Conditioners, Digital-to-Analog Converters, Synchro/
Resolver-Digital Converters, Digital Panel Instruments, -
Intelligent Measurement-and-Contro! Subsystems, Linear Test
Systems, and MACSYM. Power Supplies and DC-DC Converters,
being transformer-coupled, also provide isolation.

*Examples of such requirements may be found in UL STD 544 and
SWC (Surge Withstand Capability) in IEEE Standard for Transient
Voltage Protection 472-1974. )

! Analog Devices “Applications Guide to Isolation Amplifiers” (1984)

2 Sheingold, D. H., ed. Transducer Interfacing Handbook—A guide to
analog signal conditioning. Norwood MA 02062 (P.O. Box 796):
Analog Devices, Inc., 1980, $14.50

VOL. Il, 5-6 ISOLATION AMPLIFIERS

Examples of such products include the 2B54 Thermocouple/mV
4-Channel Multiplexer/Amplifier, the 2B22 Voltage-or-Current-
1o 4-t0-20mA Converter, the DAC1423 10-bit Digital-to-4-to-
20mA Converter, the AD2036, AD2037, and AD2038 Scan-
ning Panel Instruments, and the u/MAC-5000 Intelligent Mea-
surement-and-Control Subsystems.

Functional Characteristics The figure shows the circuit archi-
tecture of a self-contained isolator, Model 289. The various
models differ, but their properties can be discussed in terms of
the device shown. An isolator of this type requires power from
a two-terminal dc supply. An internal oscillator converts the
dc power to ac, which is transformer-coupled to the shielded

. input section, then converted to dc for the input stage and the

auxiliary power output. The ac carrier is also modulated by
the amplifier output, transformer-coupled to the output stage,
demodulated by a phase-sensitive demodulator (using the
carrier as the reference), filtered, and amplified, using isolated
dc power, derived from the carrier.

The amplifier in this example is a resistor-protected op amp
(actually, the protection works both ways — it protects the
amplifier against differential overloads (120V rms continuous)
and it protects sensitive input sources from supply voltage if
the amplifier malfunctions), connected for a programmable
gain from 1 to 100V/V, as determined by a single external
resistor. Since both input terminals are floating, the amplifier
functions effectively as an instrumentation amplifier. All but
one of the amplifiers in this series function in the instrumenta-
tion-amplifier mode, but with various gain ranges. The 277 is
an exception; its input stage is an uncommitted high-gain low-
drift, low-noise op amp, and the output terminal of the input
stage is available for feedback connections to perform a wide
range of single-ended or differential operations. Because of the
transformer coupling, the outputs of all these devices are
isolated from their input stages.

OUTPUT

ISOLATED

POWER
supPLY
#

INPUT SHIELD
RGO, S L

| K

In the figure, it can be seen that the demodulator drive is
magnetically coupled from the oscillator to the output stage.



This permits the output to operate at a dc common-mode
potential with respect to power common. An isolator of this
type is said to provide three-port isolation, because there are
three isolated ports: input, power supply, and output. The
AD293 and AD294 have 3 isolated sections, but the op amp
supply is tied to output common. The data sheets carry block
diagrams, which show the architecture of each device; 3-port
devices, in general, have an output common-mode voltage spec
in the “Rated Output” section. Two-port devices are those in
which there is a dc connection between the oscillator power
supply and the output stage. -

The 289, as can be scen, is a completely self-contained device.
There are applications for which a degree of “unbundling” can
lead to economy and improved performance. For example, it
there are many input channpels to be isolated, economies can be
realized by the use of a common oscillator. In addition,.the
common oscillator makes it possible to avoid the possibility of
small errors due to beat frequencies developed by small
amounts of crosstalk.

Several synchronized multichannel devices are available. Mod-

“el 292A is essentially a 290A with a power amplifier instead of

an oscillator. It requires a dc power input and a pair of leads
for a low-power oscillator input, which can be furnished by a
281 synchronizable oscillator. The 281 will drive from one to
16 292As, and it will also synchronize additional 281s for
increments of up to 16 292s per 281.

SPECIFICATIONS

The illustration on the next page shows a typical specification
block and defines the specifications of key interest.

ISOLATION AMPLIFIERS VOL. ll, 5-7



NONLINEARITY - This is the
peak deviation from a best

CMYV, INPUTS TO OUTPUTS —
Voltage that may be safely applied

straight line, expressed as a % of
peak-to-peak output. Should be
considered when signal fidelity
is of prime importance.

MAX SAFE DIFFERENTIAL
INPUT — Max voltage that can
be safely applied across input
terminals. Important to consider
for fail-safe designs in the pres-
ence of high voltages.

OVERLOAD RESISTANCE — —

This is the apparent input im-
pedance under conditions of am-
plifier saturation. It limits differ-
ential fault currents.

INPUT NOISE — Total noise,
referred to the input. Facilitates
comparison with expected sig-
nal input levels.

'

/

ISOLATED SUPPLY — Dual
supply voltages, completely iso-
lated from the input power supply
terminals, provide the capability
to excite floating input signal
conditioners, front-end amplifiers,
as well as remote transducers.

\

N
7

Model 289K
3
GAIN (NONINVERTING)
Range 1 to 100V/V
Formula G=1+ —_ﬁll{?;k(!z )
Deviation from Formula +1.5% max
vs. Temperature (0 to +70°C)" 15ppm/°C typ (50ppm/°C max)
Nonlinearity, (+5V Swing)** +0.025% max
INPUT VOLTAGE RATINGS ~ *
Lincar Differential Range (G=1V/V) +10V min
Max Safe Differential Input
Continuous 120V ms
1 Minute 240V rms
Max CMV (Inputs to Qutputs)
Continuous ac or dc 2500V peak max
ac, 60Hz, 1 Minute Duration 2500V rrn/
CMR, Inputs to Outputs 60Hz -
Rg < 1k, Balanced Source Impedance 120dB .
Rg <1k, HI IN Lead Only 104dB min
Max Leakage Current, Input to Output @
115V rms, 60Hz ac 2uA rms max
INPUT IMPEDANCE
Differential 33pFll10°Q
Overload 100k$2

Common Mode 20pFI|5 X 1009

INPUT DIFFERENCE CURRENT
Initial @ +25°C 10nA (75nA max)
vs. Temperature (0 to 70°C) 0.15nA/°C
INPUT NOISE (GAIN = 100V/V)
Voltage
0.05Hz to 100Hz 8uV pp
10Hz to 1kHz 3uV rms
Current
0.05Hz to 100Hz 3pA rms
FREQUENCY RESPONSE
Small Signal -3dB
G=1V/V 20kHz
G=100V/V 5kHz
Full Power, 10V p-p Output
G=1V/V 5kHz
G=100V/V 3.5kHz
Full Power, 20V p-p Output
G=1V/V 2.3kHz
G=100V/V. 2.3kHz
Slew Rate 0.14V/us
Settling Time® , £0.05%, +10V Step 400us

OFFSET VOLT/;\GE. REFERRED TO INPUT

Initial, ® +25°C 5 +2% v max

G
o 100 \
vs. Temperature (0 to +70° C) 15 t—c— max
vs. Supply Voltage (+15V to +20V change) 12 t—IGB;.N/V
RATED OUTPUT
Voltage, 2k€2 Load +10V min

Output Impedance <18dc to 100Hz)

Output Ripple, 0.1MHz Bandwidth

No Signal IN SmV p-p
+10ViN 50mV p-p
ISOLATED POWER SUPPLY
Voltage *15V de
Accuracy +10%
Current +SmA, min
Regulation No Load to Full Load 5%
Ripple, 0.1MHz Bandwidth, No Load 25mV pp
Full Load 75mV pp

POWER SUPPLY, SINGLE POLARITY®
Voltage, Rated Performance
Voltage, Operating

+14.4V to +25V
+8.5V 1o +25V

Current, Quiescent (@ Vg = +15V) +25mA
TEMPERATURE RANGE

Rated Performance 0 to +70°C

Operating -15°C to +75°C

Storage -55°C to +85°C
CASE DIMENSIONS 1.5"X2.0"X0.75"
NOTES:

! Gain temperature drift is specified as a percentage of output signal level.

? Gain nonlinearity is specified as a percentage of 10V pk-pk output span.

3When isolated power output is used, nonlinearity increases by £0.002%/mA of current drawn,
4G = 1V/V; with 2-pole, SkHz output filter,
*#Recommended power supply, ADI model 904, 15V @ 50mA output,
Specifications subject to change without notice.
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to both inputs with respect to

outputs or power common. Neces-

sary consideration in applications
with high CMV input or when
high voltage transients may occur
at the input.

CMR, INPUTS TO OUTPUTS —

Indicates ability to reject common

mode voltages between inputs
and outputs. Important when
processing small signals riding on
high common mode voltages.

LEAKAGE CURRENT — Maxi-
mum input leakage current
when power-line voltage is im-
pressed on inputs. Vital con-
sideration for patient safety in
medical applications. ‘

OFFSET VOLTAGE REFERRED

TO INPUT -- Total input drift is
composed of two scurces (input
and output stage drifts) and is
gain (G) dependent. Referring
offsets to the input allows them
to be compared to signal levels.



ANALOG

Precision Isolation Amplifier
® DEVICES ' High CMV/CMR, £15V Floating Power

FEATURES .

Versatile Op Amp Front End: Inverting, Non-Inverting,
Differential Applications

Low Nonlinearity: 0.025% max, Model 277K

Low Input Offset Voltage Drift: 1uV/°C max, Model 277K

Floating Power Supply: £15V dc @ £15mA

High CMR: 160dB min @ dc

High CMV: 3500V, ¢

APPLICATIONS

Programmable Gain Isolated Amplifier

Isolated Power Source and Amplifier for Bridge Measurements
Instrumentation Amplifier

Instrumentation Grade Process Signal Isolator

Current Shunt Measurements

GENERAL DESCRIPTION

Model 277 is a versatile isolation amplifier which combines a
high-performance, uncommitted operational amplifier front
end with a precision, isolated output stage and a floating power
supply section. This configuration, shown in Figure 1, makes
the 277 ideally suited to instrumentation applications where
the need for various forms of signal conditioning, high CMV
protection and isolated transducer power requirements are
encountered.

The input stage is a low drift (£1uV/°C max, model 277K)
differential op amp that may be connected for use in inverting,
non-inverting and differential configurations. The circuitry
employed around the operational amplifier input stage can be
designed by the user to suit each application’s particular signal
processing needs. A full 10V signal range is available at the
output of the front end amplifier.

MODEL 277 FLOATING
INPUT SHIELD

TRANSDUCER
CABLE

TRANSDUCER R
SiGNAL O A

Ve

S A
S (2xf1)

Loap
GROUND
FLoating § 'OV

POWER ) 15V

£2500 VDC MAX, CONTINUOUS

NOTES: v POWER COM

1. GAIN=1+ Ef (NON-INVERTING CONFIGURATION)

2, OPTIONAL INPUT OFFSET TRIM (R;) ANG OPTIONAL OUTPUT OFFSET TRIM (Ro)
ARE SHOWN: WHEN Rg AND Ry ARE NOT USED LEAVE PINS 8, 7, 8, 13 OPEN

Figure 1. Transducer, Power, Gain Resistors, and Shie/d/'ng
Interconnection

For detailed information, contact factory.

MODEL 277

The isolated output stage includes a special modulator/demodu-
lator technique which provides the 277 with 160dB minimum
dc common mode rejection between input and output com-
mon and an input-to-output CMV rating of 3500V ,,s. When
combined with the output stage’s low nonlinearity (0.05%,
models 277J/A and 0.025% model 277K), these high CMR and
CMV ratings facilitate accurate measurements in the presence
of noisy electrical equipment such as motors and relays. In
addition, model 277A offers a -25°C to +85°C rated operating
temperature range. All versions of model 277 have a £10 volt
output range.

The floating power supply section provides isolated 15 volt
outputs capable of delivering currents up to £15mA. This
feature permits model 277 to power transducers and auxiliary
isolated circuitry, thereby eliminating the need for a separate
isolated dc/dc converter.

All of the features of the model 277 isolation amplifier are
packaged in a compact (3" x 2.2" x 0.59") module. As an
assurance of high performance reliability, every model 277 is
factory tested for CMV rating by application of 3500V ¢
(24900V peak) between input and output common terminals
for one minute (meets NEMA and CSA requirements for
660V ¢ service.) In addition, the 277 has a calculated MTBF
of 133,000 hours.

IN FEEDBACK (2o
TRIM (8)

TRIM ARM (€)
TaiM ()

our .
OFFSET TRIM

|

]

) oy

| ouTPUT GAIN TRIM
100k

| e AMP

l[ DEMOD, FILTER out

| +

|

|

|

3

i

N e
N G 10P AN

v
T ouT coM

1 —
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Figure 2. Model 277 Functional Block Diagram
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SPECIF|CAT|0NS (typicél at +25°C and =15V unless otherwise not;d)

MODEL 277) LS 2774 OUTLINE DIMENSIONS
INPUT STAGE PERFORMANCE .2 . . S
OPENLOOPGAIN _° 106dB min . . Dimensions shown in inches and (mm)
INPUT OFFSET VOLTAGE
Initial, @ +25°C (Adjustable to Zero) £1.5mV max . . 0.595 MAX {15.1)
vs. Temperature N o
Offset Untrimmed £5uV/ C max . N 5uv/°C [ 27 J
Offset Trimmed to Zero 13uV/"C max 11uV/"C max . SO MIN ‘5":%
vs. Supply Voltage +30uV/IV . . ’“‘0.040(!.02) U 0.25 MAX (6.35)
i + . .
vs. Time £3.5uV/mo 304 MAX (77.2) ——————=
INPUT BIAS CURRENT T
Initial, @ +25°C +20nA max . . BRI -t
4 o1 Wiso H--H ouTPUT 10 0[]
vs. Temperature +50pA/°C M . SO a4
vs. Supply Voltage +100pA/V M . wcfz INPUT cu'r!c?m; "45
INPUT DIFFERENCE CURRENT °3 :IN 'OJ GAIIrf 2‘o~
Initial, @ +25°C $6nA . . RS "oUT 1AM 13 o
vs. Supply Voltage 150pA/V . * P~ -t 4
Hob' Viso Vs 14 0 223 mAx
INPUT IMPEDANCE i t+—++— (56.64)
Differential 4MQ . . 106 TRIM Vg 150
Common Mode? 100MQl4pF . M (o7 TRIM
INPUT NOISE Io'a’ YRIM ARM
Voluge, 0.01Hz to 10Hz 14V p-p . . +4-+ -+
10Hz to 1kHz 3uV rms . . [1°.2, INPUT COM
Current, 0.01Hz to 10Hz 35pA pp * d t1 } ILIUI } ¥ PWR COM 16 o
INPUT VOLTAGE RANGE LLIITTTL RESEEEE!
Common Mode Voltage® 10V min . . BOTTOM VIEW | [ o12s0cr
Common Mode Rejc(:{mn3 ,CMV = £10V,60Hz . 100dB . . WEIGHT: 85 grams
Max Safe Differential Voltage 13V * *
ISOLATED POWER SUPPLY* MATING SOCKET — AC1053
Voluge/Current? +15V @ £15mA max . .
Load Regulation (No Load ~ Full Load) +0, 6% . .
Line Regulation v . o
Ripple, Full Load 30mV p-p @ 70kHz . .
120
OUTPUT STAGE PERFORMANCE » Ny
GAIN v . . \ N
Gain Error 40.5% max * * . 100
vs. Temperature +50ppm/°C max . M [] \‘
Nonlinearity, 10V Qutput 20.05% max 0.025% max * :Iz
VOLTAGE RATINGS® B, 2 s
Max CMV, Qutput Com/Input Com 13 E / PHASE
ac, 60Hz, 1 Minute 3500V g max . * z )
Nonrecurring Spike (<1 Second) £5000V pk max . . I 60
Peak ac or dc, Continuous 2500V max . . al /
CMR, Output Com/Input Com® §ﬁ
de 160dB min . . 8
60Hz 120dB min M . &%
Leak. Cur., Input/output 115V, .., 60Hz 144A rms max M M 2
ISOLATION IMPEDANCE *
Input Com/Output Com 10'2Q2116pF * M
OUTPUT OFFSET VOLTAGE ] 1 10 100 1 10K 100k M
Initial, @ +25 C (Adjustable to Zero) ZIOvasz . * FREQUENCY — Hz
vs. Temperature £100pV/°C max +50uV/°Cmax  +100uV/° C max
vs. Supply Voltage t1mV/V . .
vs. Time +100uV/mo > * . .
FREQUENCY RESPONSE Figure 3. Input Stage Gain, CMR and Phase
Small Signal, -3dB 2.5kHz . . vs. Frequenc
Full Power, 20V p-p Output 1.5kHz * * 9 4
Settling Time 10V Step to 0.1% 1ms * *
RATED OUTPUT
Voltage/Current 210V min @ £5SmA min  * M
OUTPUT NOISE 4
Voltage, 0.01Hz to 10Hz 7uV p-p . . N "
10Hz to 1kHz 254V rms ¢ * ™ N
POWER SUPPLY® ‘ 20 CAIN 1200,
Voltage, Rated Performance *15Vdc . . n £
Voltage, Operating (14 to 16)V dc ¢ . b PHASE \ z
Current, Quiescent +35,-5mA . . z‘ 40 \ 240° w
TEMPERATURE RANGE S N E
Rated Performance 0to +70°C . -25°C to +85°C 60 360°
Operating -25°C to +85°C . . ‘ '
Storage -55°C to +85°C . * -80
q 0 0 " " 100 [ 10k 100k
CASE SIZE 3.0"x22"x0.59 FREQUENCY — Hz
NOTES:

! Current drawn from INPUT FEEDBACK terminal must be <SmA.
* Total current drawn from IN FEEDBACK and either +Vg(, of -Vjgq must be <15mA.
*Input common mode specifications are measured at +IN and -IN terminals with respect to INPUT COM.

“Protected formomentary shorts to IN COM.

*Isolation specifications are measured at INPUT COM with r
¢ Recommended power supply, ADI model 904, +15V @ 2 50mA

*Specifications same as model 277).
Specifications subject to change without notice.
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respect to OUT COM and PWR COM.

Figure 4. Output Stage Gain and Phase
vs. Frequency



ANALOG
DEVICES

High CMV,

High Performance Isolation Amplifiers

MODELS 284), 286), 281

FEATURES .
High CMV Isolation: £5000V pk, 10ms Pulse; +2500V dc
Continuous
High CMR: 110dB min with 5k§2 Imbalance
Low Nonlinearity: 0.05% @ 10V pk-pk Output
High Gain Stability: i0.0075%/°C, +0.001%/1000 hours
Low Input Offset Voltage Drift: 10uV/°C, G = 100V/V
(Model 286J)
Resistor Programmed Gain: 1 to 10V/V (284J)
. 1 to 100V/V (286J)
Isolated Power Supply: +8.5V dc @ +5mA (284J)
+15V dc @ £15mA (2864}
Meets IEEE Std 472: Transient Protection (SWC)
Meets UL Std 544 Leakage @ 115V ac, 60Hz:
2,0pA max (284J)
2.5uA max (286J)

APPLICATIONS

Fetal Heartbeat Monitoring

Multi-Channel ECG Recording

Ground Loop Elimination in Industrial and Process Control
High Voltage Protection in Data Acquisition Systems
4-20mA Isolated Current Loop Receiver

GENERAL DESCRIPTION

The models 284], 286] are low cost, high performance iso-
lation amplifiers designed for high CMV isolation and low
leakage in biomedical, industrial and data acquisition systems.
Using modulation techniques with reliable transformer iso-
lation, the models 284], 286] protect both patients and ultra-
sensitive equipment from high CMV transients up to £5000V
pk (10ms pulse) or 2500V dc continuous, high CMR of 110dB
(5kS2 imbalance) and feature maximum leakage current of less
than 3uA rms, @ 115V ac, 60Hz (inputs to power common).

The model 284] is a self-contained isolation amplifier for
single channel applications. For multi-channel applications,
the model 286] combined with an external synchronizing
oscillator such as the model 281 may be used; up to 16 model
286] amplifiers can be driven from 1 model 281 oscillator.
Additional channels may be obtained by configuring an un-
limited number of 284]s with several ganged 281 oscillators.

Both models also provide resistor-programmable gain of 1 to
10V/V (284]) or 1 to 100V/V (286]), high gain stability of
0.0075%/°C, low nonlinearity of 0.05% @ 10V pk-pk output
and isolated power supply outputs of 15V dc @ £15mA
(286]) or 8.5V dc @ +5mA (284])."

WHERE TO USE MODELS 284], 286]

Industrial Applications: In data acquisition systems, computer
interface systems, process signal isolators and high CMV instru-
mentation, models 284], 286] offer complete galvanic isola-
tion and protection against damage from transients and fault
voltages. High level transducer interface capability is afforded

0 ovan
wacw o100 2880

i

ODEL 2669

BROUNG St MODE
VOLTGE 3250095 MAX

4 CHANNEL, 1SOLATED DATA ACOUISITION SYSTEM

with model 286]’s 20V pk-pk or model 284]’s 10V pk-pk in-
put signal range at a gain of 1V/V operation. In portable field
designs, single supply, wide range operation (+8V to +16V)
offers simple battery operation.

Medical Applications: In biomedical and patient monitoring
equipment such as multi-channel VCG, ECG, and polygraph
recorders, models 284, 286] offer protection from lethal
ground fault currents as well as 5kV defibrillator pulse inputs.
Low level bioelectric signal recording is achieved with low
input noise (8uV pk-pk @ G = max gain) and high CMR
(110dB, min @ 60Hz).

DESIGN FEATURES AND USER BENEFITS

High Reliability: Models 284], 286] are conservatively de-
signed, compact modules, capable of reliable operation in
harsh environments. Models 284, 286] have calculated MTBF
of over 390,000 hours and are designed to meet MIL-STD-
202E environmental testing as well as the IEEE Standard for
Transient Voltage Protection (472-1974: Surge Withstand
Capability). As an additional assurance of reliability, every
model 284] and 286] is factory tested for CMV and input
ratings by application of 5kV pk, 10ms pulses, between input
terminals as well as input/output terminals.

Isolated Power Supply: Dual regulated supplies, completely
isolated from the input power terminals (¥2500V dc isolation),
provides the capability to excite floating signal conditioners,
front end buffer amplifiers as well as remote transducers such
as thermistors or bridges.

Adjustable Gain: A single external resistor enables gain adjust-
ment from 1V/V to 100V/V (286]) or 1V/V to 10V/V (284])
providing the flexibility of applying models 284], 286] in
both high-level transducer interfacing as well as low-level
Sensor measurements.
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SPECIFICATIONS

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

MODEL 284) 286)" OUTLINE DIMENSIONS

GAIN (NON-INVERTING) Dimensions shown in inches and (mm).
Range (50kS2 Load) 1to 10V/V 1to 100V/V

100k2 N 100kQ
Sl = oL |et————1.51 (38.1) MAX
Formula Gain=[1+ ——————-10.7“2 " Ri(kﬂ) Gain= [1+ "6 = Rk O 1
Deviation from Formula 3% +4% L
vs. Time - 10.001%/1000 Hours . MODEL 2844, 2864 el
vs. Temperature (0 to +70°C) 40.0075%/°C . MAX
Nonlinearity, 10V pk-pk Output? +0.05% *

INPUT VOLTAGE RATINGS ” U l n.(zsoTTé)lu‘z)S
Linear Differential Range, G = 1V/V *5V min +10V min —_ !
Max Safe Differential Input 0.04 (1.02) 014 —m] |-

Continuous 240V s .
Pulse, 10ms duration, 1 pulse/10 sec +6500Vp;, max . O N e FIGURE 3
Max CMV, Inputs to Outputs , T -1
AC, 60Hz, 1 minute duration 2500V *
Pulse, 10ms duration, 1 pulse/10 sec $2500Vpi max M
With 510k€2 in series with Guard £5000Vpy, max -
Continuous, AC or DC $2500Vpy max i
CMR, Inputs to Outputs, 60Hz, Rg < 5k§2

Balanced Source Impedance

5k Source Impedance Imbalance
CMR, Inputs to Guard, 60Hz

1kS§2 Source Impedance Imbalance

114dB
110dB min

78dB

Max Leakage Current, Inputs to Power Common

@ 115VAC, 60Hz

2.0pA rms max

2.51A rms max

INPUT IMPEDANCE
Differential
Overload
Common Mode

10°Qi70pF
300k$2
5x10'° 21120pF

10° QIl150pF
L]

INPUT DIFFERENCE CURRENT

Initial, ® +25°C £7nA max *
vs. Temperature (0 to +70°C) +0.1nA/°C .
INPUT NOISE
Voltage?
0.05Hz to 100Hz 8uV pk-pk *
10Hz to 1kHz 10V rms 3uVrms
Current
0.05Hz to 100Hz 5pA pk-pk M
FREQUENCY RESPONSE
Small Signal, ~3dB 1kHz *
Slew Rate 25mVius .
Full Power, 10V p-p Output 200Hz 900Hz
Full Power, 20V pp Output ’ N/A 400Hz
Recovery Time, to £100uV after Application
of 6500V, Differential Input Pulse 200ms *

' OFFSET VOLTAGE REFERRED TO INPUT
Initial, @ +25°C, Adjustable to Zero

(5 + 20/G)mV

(5 + 45/G)mV

vs. Temperature (0 to +70°C) #(1 + 150/G)uv/°C (7 + 250/GuV/°C
vs. Supply Voltage £1mV/% *
RATED OUTPUT
Voltage, 50k§2 Load +5V min +10V min
Output Impedance 1kQ *
Output Ripple, 1MHz Bandwidth SmV pk-pk 20mV pk-pk
ISOLATED POWER OUTPUTS
Voltage, £SmA Load $8.5V dc 15V dc
. Accuracy 5% 0,~6%
Current 15mA min £15mA min
Regulation, No Load to Full Load 40, -15% +0, ~10%
Ripple, 100kHz Bandwidth 100mV pk-pk 200mV pk-pk
POWER SUPPLY, SINGLE POLARITY*
Voltage, Rated Performance +15Vde *
Voltage Operating +8to 15.5)Vdc *
Current, Quiescent +10mA +13mA

TEMPERATURE RANGE

Rated Performance . 0to+70°C *

Operating . -25°C to +85°C *

Storage -55°C to +85°C *
CASE DIMENSIONS® 1.5"x 1.5" x 0.62" *
NOTES

*Specifications same s model 284] .

! Specifications for model 286] apply when driven by ADI model 281 oscillator.
i ineari pecified asa of

2Gain temperature drift and gain are

output signal level,

*Model 284): Gain = 10V/V; Model 286]: Gain = 100V/V.
4 Recommended power supply, ADI model 904, +15V @ 50mA.
$ Recommended mounting sockets — model 284]: ADI Part Number AC1049;

model 286): ADI Part Number AC1054.
Specifications subject to change without notice.
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BOTTOM VIEW . ] |- 01250 GRiD
Model 284J

FOR GUARDING
TECHNIQUES SEE FIGURE 4

SOTTOM viEW | | 01250 criD

Model 286J

DC to 1kHz

-

GAIN
{

LO IN/
w\(

(@) +vs
com
QUARD
Vuo(3
Vo roweR
com
MODEL 284J
10042
QAN = 1o R WV TO t0VV)

Figure 1, Block Diagram — Model 284J

0C 70 TkHz
HUNPUT (B ——
QAIN,
L} {: TAM
LOIN
0 w&n vy
coM
auaRD ' ] 100k
Vi (3 1 o) INFUT
“Viso POWER
com

MODEL 286J
Myt e

10002
it + By kil

Figure 2. Block Diagram — Model 286J

GAIN=14 (IV/V TO 100VIV)



Understanding the Isolation Amplifier Performance

INTERCONNECTION AND GUARDING TECHNIQUES

Models 284], 286] can be applied directly to achieve rated

performance as shown in Figures 3 and 4. To preserve the high
CABLE }-{M;:éfz{‘lss

MODEL 2844

FLOATING

UARD BANDWIDTH ROLLOFF
15V

11:3d8) =

TRANSDUCER
SIGNAL

2:CTikiD)

SHIELD'

TRANSDUCER
GROUND

-

( NOT )
REQUIRED) | oo o)

0 15V
10k

Rg 2
NOTEZ To F

NoTE4 -__I.- POWER COM

S
12500V de MAX

NOTE 1. GAIN RESISTOR, R;, 1%, 50ppm/"C METAL FILM TYPE IS RECOMMENDED.

FOR GAIN = 1v/V, LEAVE TERMINAL 2 OPEN.

FOR GAIN = 10V/V, SHORT TERMINAL 2 TO TERMINAL 1

100k
GAIN = 14 e

10.7k2 + Ri{xQ}
NOTE 2. GUARD RESISTOR, Rg, REQUIRED ONLY FOR CMV > +2500Vpy (¢5kVpx MAX).

Rg MAY BE MOUNTED ON AC1049 MOUNTING SOCKET USING STANDOFF PROVIDED.

(USE % WATT, 5%, CARBON COMPOSITION TYPE; ALLEN BRADLEY RECOMMENDED).
NOTE 3. OUTPUT FILTER CAPACITOR, C. SELECT TO ROLLOFF NOISE

AND OUTPUT RIPPLE: (e.9. SELECT C = 1.5uF FOR dc TO 100Hz BANDWIDTH).
NOTE 4. R2~200Q, G = 1; R2 ~ 2kf2, G>1

Figure 3. Model 284J Basic Isolator Interconnection

TRANSDUCER MODEL 286)
CABLE FLOATING

TRANSDUCER

A 281 OUT O
\ N SHIELD
TRANSDUCER e %9
GROUND
( NOT 6 i
REQUIRED, 510k
1+
Rg I
NOTE 2
Lo
./
2500V dc MAX POWER GROUND =

NOTE 1. GAIN HES!STOR . USE 50ppm/°C, METAL FILM TYPE.
1v/V, LEAVE TERMINAL 2 OPEN
FOR GAIN 100V/V, SHORT TERMINAL 2 TO TERMINAL 1
FOR GAINS FROM 1V/V TO 100V/V: 100k
GAIN = 1+ oo
1k + Ry (k)

NOTE 2. OPTIONAL GUARD RESISTOR, Rg, REQUIRED ONLY FOR CMV > 12500Vpy
MAY BE CONVENIENTLY MOUNTED ON AC1054 MOUNTING SOCKET USING
THE STANDOFF PROVIDED (Rg). USE 1/4 WATT, 5% CARBON COMPOSITION TYPE;
(ALLEN BRADLEY RECOMMENDED).
NOTE 3. QUTPUT FILTER CAPACITOR C. SELECT TO ROLL-OFF NOISE AND OUTPUT
RIPPLE: (e.g. SELECT &| 6uF FOR de¢ TO 100Hz BANDWIDTH).

|F amie 2acukm

Figure 4. Model 286J Basic Isolator Interconnection

BANDWIDTH ROLLOFF
1(-3dB) =

+15v 15V
o 0

1
2rC (1kQ)

+15v
20k [OFFSET VOLTAGE
™% Ro TRIM ADJUST
R2 :: -15V

10k

T POWERCOM  *R2~200Q,G = 1: R2 ~ 2k, G>1

Figure 5. Model 286 Optional Connection: Offset Voltage
Trim Adjust, Bandwidth (-3dB) Rolloff and Gain Adjust
(G>100V/V)

CMR performance, care must be taken to keep the capacitance
balanced about the input terminals. A shield should be pro-
vided on the printed circuit board under model 284] or 286]J.
The GUARD (Pin 6) should be connected to this shield. The
guard-shield is provided with the mounting socket. To reduce
effective cable capacitance, cable shield should be connected
to the common mode signal source by connecting the shield as
close as possible to the signal low.

Offset Voltage Trim Adjust: The trim adjust circuits shown in
Figures 3 and 5 can be used to zero the output offset voltage
over the specified gain range. The output terminals, HI OUT
and LO OUT, can be floated with respect to PWR COM up to

" #50V,, max, offering three-port isolation. A 0.1uF capacitor

is required from LO OUT to PWR COM whenever the output
terminals are floated with respect to PWR COM. LO OUT can
be connected directly to PWR COM when output offset trim-
ming is not required.

-INTERELECTRODE CAPACITANCE, TERMINAL RATINGS

AND LEAKAGE CURRENTS LIMITS

Capacitance: Interelectrode terminal capacitance arising from
stray coupling capacitance effects between the input terminals
and the signal output terminals are each shunted by leakage
resistance values exceeding 50kMS2. Figures 6 and 8 illustrate
the CMR ratings at 60Hz and 5k{2 source imbalance between
signal input/output terminals, along with their respective
capacitance,

[r[

llDdBMlN

PWR COM }

PWR

com

*WHEN GUARD TIED TO INPUT COMMON MODE SOURCE
Figure 6. Model 284J
Terminal Capacitance
and CMR Ratings

LEL R GUARD

Figure 7. Model 284J
Terminal Ratings

o TRIM

o PWR
com 0~ GUAR

*WHEN GUARD TIED TO INPUT COMMON MODE SOURCE

Figure 8. Model 286J
Terminal Capacitance
and CMR Ratings

Figure 9. Model 286J
Terminal Ratings

Terminal Ratings: CMV performance is given in both peak
pulse and continuous ac or dc peak ratings. Pulse ratings are
intended to support defibrillator and other transient voltages.
Continuous peak ratings apply from dc up to the normal full
power response frequencies. Figures 7 and 9 and Table I
illustrate models 284], 286] ratings between terminals.

SYMBOL RATING REMARKS

V1 (pulse) 16500Vpx (10ms) Withstand Voltage, Defibrillator
V1 (cont.) +240Vgms Withstand Voltage, Steady State
V2 (pulse) 12500Vpk (10ms) Rg =0 Transient

V2 (pulse) +5000Vpyk (10ms) Rg = 510k | Isolation, Defibrillator

V2 (cont.) +2500Vpg Isolation, Steady State

V3 (cont.) +50Vpg Isolation, dc

Z1 50kMS2|120pF Isolation Impedance

1(286)) 50uA rms Input Fault Limit, dc to 200kHz
1(284] 35uA rms Input Fault Limit, dc to 60kHz

Table 1. Isolation Ratings Between Terminals
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Leakage Current Limits: The low coupling capacitance between
inputs and output yields a ground leakage current of less than
2,0uA rms (284]) and 2.5uA rms (286]) at 115V ac, 60Hz
(or 0.02uA/V ac). As shown in Figures 10 and 11, the trans-
former coupled modulator signal, through stray coupling,

also creates an internally generated leakage current. Line
frequency leakage current levels are unaffected by the power
on or off condition of models 284, 286].

For medical applications, models 284Jand 286] are designed
to improve on patient safety current limits proposed by
F.D.A,, U.L., A.AM.L and other regulatory agencies (e.g.,
model 286] complies with leakage requirements for the Under-
writers Laboratory STANDARD FOR SAFETY, MEDICAL
AND DENTAL EQUIPMENT as established under UL544 for
type A and B patient connected equipment — reference Leak-
age Current, paragraph 27.5).

In patient monitoring equipment, such as ECG recorders,
models 284], 286] will provide adequate isolation without
exposing the patient to potentially lethal microshock hazards,
Using passive components for input protection, this design
limits input fault currents even under amplifier failure

conditions.

TEST CIRCUITS & MAX CURRENT LIMITS FOR
ANY SWITCH CLOSURE COMBINATION

+16V
SN— t: 100kHz
r——E 284, 286J [—o | ineuT {288y)

m IM‘: 5005 INTERNALLY
GENERATED
TEST (1)
-
p — =0 _+15V
S 2844, 2860 [0 }19%Hz (280
t—o [ INPUT
rms it} soon 1 y
$ ~ _-\ LINE INDUCED
TEST (1)
P Gjnsv,, 60Hz
10mA
6
a
2
1mA
¢ REJECT ACCEPT
o \(/ REGION REGION
2
Z
& 10044 b- UL & AAMI
é 6} PATIENT SAFETY 2849
af timrs INTERNALLY GENERATED
] 2} (TYPEAEQUIP) LEAKAGE CURRENT
< l
%  10uA
g st 2
- 4 2844 .
LINE INDUCED LEAKAGE
2 CURRENT
WA + +
‘e ] |
4 i L= 2.0uA rms M= BuA rms
2 € 60Hz, 117V, © 60kHz
| ax) ) el g
0.14A
10 100 W« 10k 100k ™

FREQUENCY - Hz .
Figure10. Model 284J Leakage Current Performance from
Line Induced and Internally Generated (Modulator) Operating
Conditions

10mA
[
4
2
mA
M REJECT ACCEPT
@ \/ REGION REGION
2
2
© 1004A - UL, & AAMI
s - : PATIENT SAFETY 2880
- LTS INTERNALLY GENERATED
§ 2 (TYPEAEQUIRI LEAKAGE CURRENT
2 10uA
3 ™ T
=] s 2864 R
LINE INDUCED LEAKAGE
2 CURRENT
1uA 4
8 It [
4 L= 26uA s iM=6uA rms
2 @ 80Hz, 115V, @ 100kHz
0.1uA X} (tvp)
o 100 I3 10k 100k ™

FREQUENCY ~ Hz
" Figure 11. Model 286J Leakage Current Performance from
Line Induced and Internally Generated (Modulator) Operating
Conditions
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GAIN AND OFFSET TRIM PROCEDURE, MODEL 284])

1. Apply epy = 0 volts and adjust R, for eq = O volts.

2. Apply ey = +1.000V dc and adjust Rg; for eg = +5.000V de.

3. Apply ey = -1.000V dc and measure the output error (see
curve a).

4. Adjust R until the output error is one half that measured
in step 3 (see curve b).

5. Apply e = +1.000V dc and adJuSt Rg until the output
error is one half that measured in step 4 (see curve c).

> % a b c
€20
&3 i1 /1 7
o J
€ 10 =
P
0“-' 5 Rt P A P
2 o -4 === -
5 =
3
-10

-6 -4 -3 -2 -1 0 +1 +2 +3 +4 +5
OUTPUT VOLTAGE — Volts
+15V
0

W o S50k
9 rvw—onsv
® s
*R2~2002,G =1 s 1 1 5V
R2 ~ 2k(2, G>1 R2* ¢ T 0.1uF W

Figure 12, Gain and Offset Adjustment

GAIN AND OFFSET TRIM PROCEDURE, MODEL 286]

In applying the isolation amplifier, highest accuracy is achieved

by adjustment of gain and offset voltage to minimize the peak

error encountered over the selected output voltage span. The

following procedure illustrates a calibration technique which

can be used to minimize output error. In this example, the

output span is +5V to -5V and operation at Gain = 10V/V

is desired.

1. Apply epy = 0 volts and adjust Ry for eg = O volts,

2. Apply ey = +0.500V dc and adjust R for e = +5.000V de.

3..Apply e;y = -0.500V dc and measure the output error’
(see curve a). '

4. Adjust Ry until the output error is one half that measured
in step 3 (see curve b).

5. Apply +0.500V dc and adjust Ry until the output error is
one half that measured in step 4 (see curve c).

25 T T
E a b c
| 20 ;
c 15 T
g 10
3 . < - =
= =
R S =
8 -5
-10

-6 -4 -3 -2 -1 [] + +2 43 +4 +5
OUTPUT VOLTAGE ~ Volts

100kHz OSC INPUT FROM MODEL 281 OSCILLATOR

%

g 50kS2

GAIN
ADJUST

*R2~2000,G =1
R2~2kQ, G>1

Figure 13. Gain and Offset Adjustment



COMMON MODE REJECTION — dB
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Applying the Multi-Channel Isolation Amplifier
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Figure 22, Model 286J Gain Nonlinearity vs. Output Voltage
REFERENCE EXCITATION OSCILLATOR*
When applying model 286], the user has the option of building
alow cost 100kHz excitation oscillator, as shown in Figure 23,
or purchasing a module from Analog Devices — model 281.

HEX SCHMITT TRIGGER

FREQ.
ADJUST —* 301k / #5. MM74C14N OR F40014PC
Sk ?
SYNC 1 % E———ousvuo
ouTt
—
= r<€HEH
3 2] 0 ¥ out
SYNC fo= D : =
IN iy E,_
1000pF =iz —
(SEE NOTE 3) —5} o }—
o e
71 m
o 7 8 0 0 ouT
POWER = —
com (TOP VIEW)

NOTES:

1. FREQ. ADJUST: ADJUST TRIM POT FOR OUTPUT FREQUENCY OF 100kHz $5%.

2. FOR SLAVE OPERATION, REMOVE JUMPER FROM SYNC OUT AND SYNC IN PINS.
3. USE CERAMIC CAPACITOR, “COG"” OR “NPQ” CHARACTERISTIC.

Figure 23. Model 281 100kHz Oscillator — Logic and
Interconnection Diagram

The block diagram of model 281 is shown in Figure 24, An
internal +12V dc regulator is provided to permit the user
the option of operating over two, pin selectable, power in-
put ranges; terminal 6 offers a range of +14V dc to +28V dc;
terminal 7 offers an input range of +8V dc to +14V dc.

+V,
pav Tosan (D)

Vet
14y 18 +28v)(8)

+12v
REGULATOR

syncin (4

100kHz
OSCILLATOR

syncout (&

PWR COM (1

*LEAVE TERMINAL 8 OPEN, WHEN POWER IS APPLIED TO TERMINAL 7.
Figure 24, Model 281 Block Diagram

Model 281 oscillator is capable of driving up to 16 model
286]s as shown in Figure 25. An additional model 281 may
be driven in a slave-mode, as shown in Figure 26 to expand
the total system channels from 16 to 32. By adding additional
model 281’s in this manner, systems of over 1000 channels
may be easily configured.

* *CAUTION:

S]syne
l : out
4]syne
N v

281

Figure 25. Model 281/286 C
1 to 16 Isolators

5{sync
utT

o
A]syNe
N

281

EXTERNAL OSCILLATOR INTERCONNECTION

'
HEACK]
ISOLATORS

onnection for Driving from

UPTO 18
_4]syne ISOLATORS

286J
T0 281

SYNCIN

Figure 26, Model 281/286 Connection for Driving > 16

Isolators
SPECIFICATIONS -
(typical @ +25°C and Vg = +15V dc unless otherwise noted)
MODEL 281*
OUTPUT
Frequency 100kHz £5%
Waveform Squarewave
Voltage $¢ and ¢ terminals) 0to +12V pk
Fan-Out 16 max’

POWER SUPPLY RANGE?
High Input, Pin 6-

+(14 to 28)V dc

Quiescent Current, N.L. +SmA
F.L. +16mA
Low Input, Pin 7 +(8 to 14)V dc
Quiescent Current, N.L. +12mA
F.L. +33mA
TEMPERATURE
Rated Performance 01to +70°C
- Storage -55°C to +85°C
MECHANICAL
Casc Size 1.4" x 0.6" x 0.49"
Weight 10 grams
NOTES

! Model 286] oscillator drive input represents unity oscillator load.
?For applications requiring more than 16 286Js, additional 281s may be used
in a master/slave mode. Refer to Figure 26.

*Full load consists of 16 model 286]s and 2

81 oscillator slave,

Specifications subject to change without notice,

OUTLINE DIMENSIONS

Dimensions shown in inches and {(mm).

|<—- 1.4(35.6) MAX ——‘

MODEL 281

vuuy

—
Lozt min

BOTTOM VIEW __J
WEIGHT: 10G

L-_O.I (2.54)
GRID

’“__0.02(5.2)
DIA
IEEERRNN '
ST 06 -
761543211 (152}
01 — MAX
LI T

049 ! 12.4)
. Mex

PIN TERMINAL IDENTIFICATION
POWER COMMON

FOUTPUT

¢ OUTPUT

SYNC INPUT

SYNC OUTPUT

+Vs: HIGH RANGE +{14 to 28)V,
+Vs: LOW RANGE +(8 to 14)Vg,

NonswNa

MATING SOCKET: Cinch #16 DIP or Equivalent

ESD(Electro-static-discharge) sensitive device. Permanent damage may occur on unconnected
devices subjected to high-energy electrostatic fields. Unused devices must be stored in con-
ductive foam or shunts. The protective foam should be discharged to the destination socket

before devices are removed.

WARNING!
4,@

ESD SENSITIVE DEVICE
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ANALOG
DEVICES

Precision, Wide Bandwidth,

Synchronized Isolation Amplifier

MODEL 289

FEATURES
Low Nonlinearity: +0.012% max (289L)
Frequency Response: (-3dB) dc to 20kHz
(Full Power) dc to 5kHz
Gain Adjustable 1 to 100V/V, Single Resistor
3-Port Isolation: 2500V CMV lsolation Input/Output
Low Gain Drift: £0.005%/°C max
Floating Power Output: 15V @ t5mA
120dB CMR at 60Hz: Fully Shielded Input Stage
Meets UL Std. 544 Leakage: 2uA rms max, @ 115V ac, 60Hz

APPLICATIONS

Multi-Channel Data Acquisition Systems
Current Shunt Measurements

Process Signal Isolator

High Voltage Instrumentation Amplifier
SCR Motor Control

GENERAL DESCRIPTION

Model 289 is a wideband, accurate, low cost isolation ampli-
fier designed for instrumentation and industrial applications.
Three accuracy selections are available offering guaranteed
gain nonlinearity error at 10V p-p output: £0,012% max
(289L), £0.025% max (289K), £0.05% max (289]). All ver-
sions of the 289 provide a small signal frequency response
from dc to 20kHz (-3dB) and a large signal response from dc
to 5kHz (full power) at a gain of 1V/V, This new design offers
true 3-port isolation, £2500V dc between inputs and outputs
(or power inputs), as well as 240V rms between power supply
inputs and signal outputs. Using carrier modulation tech-
niques with transformer isolation, model 289 interrupts
ground loops and leakage paths and minimizes the effect of
high voltage transients. It provides 120dB Common Mode
Rejection between input and output common. The high CMV
and CMR ratings of the model 289 facilitate accurate measure-
ments in the presence of noisy electrical equipment such as
motors and relays.

WHERE TO USE THE MODEL 289

The model 289 is designed to interface single and multichannel
data acquisition systems with dc sensors such as thermo-
couples, strain gauges and other low level signals in harsh in-
dustrial environments. Providing high accuracy with complete
galvanic isolation, and protection from line transients of fault
voltages, model 289's performance is suitable for applications.
such as process controllers, current loop receivers, weighing
systems, high CMV instrumentation and computer inter-

face systems.

Use the model 289 when data must be acquired from floating
transducers in computerized process control systems. The
photograph above shows a typical multichannel application
allowing potential differences or interrupting ground loops,
among transducers, or between transducers and local ground.

. - ”7 =
| TN 289
| | : é%: reey
L o I pres b
. o 0
: PR— =0 -
E comment sewss 288 N1
N0k mewon
| BRI g O

o treotn

i

4 CHANNEL ISOLATED OATA ACOUISITION SYSTEM ,

DESIGN FEATURES AND USER BENEFITS

Isolated Power: The floating power supply section provides
isolated £15V outputs @ £5mA. Isolated power is regulated to
within +5%. This feature permits model 289 to excite floating
signal conditioners, front-end buffer amplifiers and remote
transducers such as thermistors or bridges, eliminating the need
for a separate isolated dc/dc converter.

Adjustable Gain: A single external resistor adjusts the model
289’s gain from 1V/V to 100V/V for applications in high and
low level transducer interfacing.

Synchronized: The model 289 provides a synchronization
terminal for use in multichannel applications. Connecting the
synchronization terminals of model 289s synchronizes their
internal oscillators, thereby eliminating the problem of oscil-
lator ““beat frequency” interference that sometimes occurs
when isolation amplifiers are closely mounted.

Internal Voltage Regulator: Improves power supply rejection
and helps prevent carrier oscillator spikes from being broad-
cast via the isolator power terminal to the rest of the system.

Buffered Output: Prevents gain errors when an isolation ampli-
fier is followed by a resistive load of low impedance. Model
289 can drive a 2k§2 load.

Three-Port Isolation: Provides true galvanic isolation between
input, output and power supply ports. Eliminates need for
power supply and output ports being returned through a com-
mon terminal. )

Reliability: Model 289 is conservatively designed to be capable
of reliable operation in harsh environments. Model 289 has a
calculated MTBF of 271,835 hours, In addition, the model
289 meets UL Std, 544 leakage, 2uA rms @ 115V ac, 60Hz,
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| SPECIFICATIONS ' {typical @ +25°C and Vg = +14.4V to +25V dc unless otherwise noted)

Model 289) 289K 289L
GAIN (NONINVERTING)
Range 1 to 100V/V
Formula G=1+ ———hzk(? )
Deviation from Formula *1.5% max
vs. Temperature (0 to +70°C)! 15ppm/°C typ (50ppm/°C max)
Nonlinearity, (+5V Swing)>® 10.05% max 10.025% max +0.012% max
INPUT VOLTAGE RATINGS
Linear Differential Range (G=1V/V) +10V min
Max Safe Differential Input
Continuous 120V rms
1 Minute 240V rms
Max CMV (Inputs to Outputs)
Continuous ac or dc +2500V peak max
ac, 60Hz, 1 Minute Duration 2500V rms
CMR, Inputs to Outputs 60Hz
Rg < 1k$2, Balanced Source Impedance 120dB
Rg <1k, HI IN Lead Only 104dB min
Max Leakage Current, Input to Qutput @ *
115V rms, 60Hz ac 2uA rms max
INPUT IMPEDANCE
Differential 33pFll10*Q
Overload 100k2
Common Mode 20pFlis X 101°Q
INPUT DIFFERENCE CURRENT
Initial @ +25°C 10nA (75nA max)
vs. Temperature (0 to 70°C) 0.15nA/°C
INPUT NOISE (GAIN = 100V/V)
Voltage
0.05Hz to 100Hz 8uV p-p
10Hz 10 1kHz 3uV rms
Current
0.05Hz to 100Hz 3pA rms
FREQUENCY RESPONSE
Small Signal -3dB
G=1V/V 20kHz
G=100V/V 5kiz
Full Power, 10V p-p Output
G=1V/V SkHz
G=100V/V 3.5kHz
Full Power, 20V p-p OQutput
G=1V/IV 2.3kHz
G=100V/V 2.3kHz
Slew Rate 0.14V/us
Settling Time® *0.05%, £10V Step 400us
OFFSET VOLTAGE, REFERRED TO INPUT 10
Initial, @ +25°C +5 t—G- mV max
vs. Temperature (0 to +70°C) 20 % max 15+ lgo max 10 :SG—O;N/“C max
vs. Supply Voltage (+15V to +20V change) +2 *—opV/V
RATED OUTPUT
Voltage, 2k§2 Load *10V min

Output, Impedance
Output Ripple, 0.1MHz Bandwidth

<18Udc to 100Hz)

No Signal IN SmV p-p
+10Vy 50mV p-p
ISOLATED POWER SUPPLY
Voltage +15V de
Accuracy +10%
Current +5mA, min
Regulation No Load to Full Load +5%
Ripple, 0.1MHz Bandwidth, No Load 25mV pp
Full Load 75mV p-p

POWER SUPPLY, SINGLE POLARITY?®
Voltage, Rated Performance
Voltage, Operating

+14.4V to 425V
+8.5V to +25V

Current, Quiescent (@ Vg = +15V) +25mA
TEMPERATURE RANGE

Rated Performance 0 to +70°C

Operating -15°Cto +75°C

Storage -55°C to +85°C
CASE DIMENSIONS 1.5"X2.0"X0.75"
NOTES

' Gain temperature drift is specified as a percentage of output signal level.
? Gain nonlinearity is specified as a percentage of 10V pk-pk output span.

* When isolated power output is used, nonlinearity increases by +0.002%/mA of current drawn.

4G = 1V/V; with 2-pole, 5kHz output filter.
$Recommended power supply, ADI model 904, £15V @ 50mA output.
Specifications subject to change without notice.
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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INTERCONNECTIONS AND SHIELDING
TECHNIQUE

To preserve the high CMR performance of
model 289, care must be taken to keep the
capacitance balanced about the input terminals.
A shield should be provided on the printed cir-
cuit board under model 289 as illustrated in the
outline drawing above (screened area). The LO
IN/ISO PWR COM (pin 1) must be connected
to this shield. This shield is provided with the
mounting socket, model AC1214 (solder feed-
through wire to the socket pin 1 and copper
foil surface). A recommended shielding tech-
nique using model AC1214 is illustrated in
Figure 1. .

Best CMR performance will be achicved by
using twisted, shielded cable for the input signal
to reduce inductive and capacitive pickup. To
further reduce effective cable capacitance, the
cable shield should be connected to the com-
mon mode signal source as close to signal low
as possible (see Figure 1).



Understanding the Isolation Amplifier Performance

: '
TRANSDUCER
CABLE AC1214

MODEL 289
FLOATING
GUARD

SHIELD
TRANSDUCER
~~""GROUND

(NOT
REQUIRED)

LOIN

2500V dc MAX

NOTE:

GAIN RESISTOR Rg, 1% 50ppml°C METAL FILM TYPE IS RECOMMENDED.

FOR GAIN = 1V/V, LEAVE PIN

FOR GAIN > 1V/V, CONNECT GAIN RESISTOR (Rg) BETWEEN PIN 4 AND PIN 1

10k 2
GAIN=1+ Tolkal)

Figure 1. Basic Isolator Interconnection

THEORY OF OPERATION

The remarkable performance of the model 289 is derived from
the carrier isolation technique used to transfer both signal and
power between the amplifier’s input stage and the rest of the
circuitry. A block diagram is shown in Figure 2.

Vout
B

ISOLATED

'J QuTPUT
D
D
p

Figure 2. Model 289 Block Diagram

The input signal is filtered and appears at the input of the non-
inverting amplifier, A1. This signal is amplified by A1, with its
gain determined by the value of resistance connected exter-
nally between the gain terminal and the input common termi-
nal. The output of Al is modulated, carried across the isola-
tion barrier by signal transformer T1, and demodulated. The
demodulated voltage is filtered, amplified and buffered by
amplifier A2, and applied to the output terminal. The voltage
applied to the Vg terminal is set by the regulator to +12V
which powers the 100kHz symmetrical square wave power
oscillator. The oscillator drives the primary winding of trans-
former T2. The secondary windings of T2 energize both input
and output power supplies, and drives both the modulator
and demodulator.

INTERELECTRODE CAPACITANCE AND TERMINAL
RATINGS .

Capacitance: Interelectrode terminal capacitance, arising from
stray coupling capacitance effects between the input terminals
and the signal output terminals, are each shunted by leakage
resistance values exceeding 50GS2. Figure 3 illustrates model
/289’s capacitance, between terminals.

2500V rms 1 MINUTE
2500V pk or dc CONT

289
120V rms CONT ouTPy

240V rms 1 MIN
iNPUT W‘

240V rms
CONT

2500V rms 1 MINUTE
2500V pk or dc CONT

Figure 3. Model 289
Terminal Capacitance

Figure 4. Model 289
Terminal Ratings

Terminal Ratings: CMV performance is given in both peak
pulse and continuous ac, or dc peak ratings. Continuous peak
ratings apply from dc up to the normal full power response
frequencies. Figure 4 illustrates model 289 ratings between
terminals.

GAIN AND OFFSET TRIM PROCEDURE'

The'following procedure illustrates a calibration technique
which can be used to minimize output error. In this example,
the output span is +5V-to -5V and Gain = 10V/V,

1. Apply EjN = O volts and adjust Rg for Eg = 0 volts.

2. Apply Ejy = +0.500V dc and adjust Rg for Eq =
+5.000V dc.

3. Apply EjN = ~0.500V dc and measure the output error
(see curve a).

4. Adjust Rg until the output error is one-half that measured
in step 3 (see curve b).

5. Apply +0.500V dc and adjust Rg until the output error is
one-half that measured in step 4 (see curve c).

a b 'c
yAR

o ~ A -

QUTPUT ERROR — mV

-5 -4 -3 -2 -1 ] + +2 +3 +4 +5
OUTPUT VOLTAGE — Volts

Figure ba. Recommended Offset and Gain Adjustment
for Gains > 1

HI fo
SR
289 U ;: 28
10k
O W—9 +15V
out 20k § SERG
PWR ADJUST
COM $ 2000 1 _
$ T 0.14F -m'° 15V

Figure 5b. Recommended Offset Adjustment for G=1V/V
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PERFORMANCE CHARACTERISTICS
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PHASE SHIFT - DEGREES
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FREQUENCY - Kt

Figure 6. Typical 289 Phase vs. Frequency

140 T
PO T s
T 120 ‘h
z =
8 100 GAIN = 1V
g T~
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g 40
S
0 100 1.0k 0k
SOURCE IMBALANCE - 2
Figure 7. Typical 289 Common Mode Rejection vs.
Source Impedance
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Figure 8. Typical Input Voltage Noise vs. Bandwidth
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% NONLINEARITY
o
2

2 16 20
OUTPUT SWING P-P VOLTS

Figure 9. Typi’cal Gain Nonlinearity vs. Output Swing
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Figure 10, Typical Gain Nonlinearity vs. Gain

[

o —]

COMMON MODE REJECTION  dB

*TEST CIRCUIT _ 1kil EACH RESISTOR CMA VALUE
20 f— GIVEN FOR WORST CABE RESISTOR COMBINAT

1 10 100
FREQUENCY -+ Hz

Figure 11, Typical Common Mode Rejection vs. Frequency
at a Gain of 1V/V, CMR is typically 6dB Lower than at a
Gain of 100V/V

MULTICHANNEL APPLICATIONS

Isolation amplifiers containing internal oscillators may exhibit
a slowly varying offset voltage at the output when used in
multichannel applications, This offset voltage is the result of
adjacent internal oscillators beating together. For example, if
two adjacent isolation amplifiers have oscillator frequencies of
100.0kHz and 100.1kHz respectively, a portion of the dif-
ference frequency may appear as a slowly varying output
offset voltage error, Model 289 eliminates this problem by
offering a synchronization terminal (pin 8). When this terminal
is interconnected with other model 289 synchronization ter-
minals, the units are synchronized. Alternately, one or more
units may be synchronized to an external 100kHz £2% square-
wave generator by the connection of synchronization termi-
al(s) to that generator. The generator output should be
2,5V—5.0V p-p with 1k source impedance to each unit.

Use an external oscillator when you need to sync to an ex-
ternal 100kHz source, such as a sub-multiple of a micropro-
cessor clock. A differential line driver, such as SN75158, can
be used to drive large clusters of model 289, When using the
synchronization pin, keep leads as short as possible and do

not use shielded wire, These precautions are necessary to avoid
capacitance from the synchronization terminal to other points.
Itshould be noted thatunits synchronized must share the same
power common to ensure a return path,



ANALOG
DEVICES

Low Cost, Single and

Multichannel Isolation Amplifier

MODELS 290A, 292A

FEATURES

Low Cost

Multichannel Capability Using External Oscillator (292A)

Isolated Power Supply: £13V dc @ 25mA (290A) or £15mA
(292A)

Low Nonlinearity: 0.1% @ 10V pk-pk Output

High Gain Stability: 0.001%/1000 Hours; 0.01%/°C

Small Size: 1.5" X 1.5" X 0.62"

Low Input Offset Voltage Drift: 10uV/°C (Gain = 100V/V)

Wide Input/Output Dynamic Range: 20V pk-pk

High CMV Isolation: 1500V dc, Continuous

Wide Gain Range: 1 to 100V/V

APPLICATIONS

Ground Loop Elimination in Industrial and Process Control
High Voltage Protection in Data Acquisition Systems
Off-Ground Signal Measurements

GENERAL DESCRIPTION )

Models 290A and 292A are low cost, compact, isolation ampli-
fiers that are optimized for single and multichannel industrial
applications, respectively. The model 290A has a self-contained
oscillator and is intended for single channel applications. A
single external synchronizing oscillator can drive up to 16
model 292As or, a virtually limitless number of model 292As
can be configured using multiple oscillators. The user can sup-
ply the external oscillator circuit or specify model 281 oscil-
lator module, which includes a voltage regulator for operation
over a wide single supply voltage range of +8V to +28V.

Models 290A and 292A design featuresinclude: adjustable gain,
from 1 to 100V/V, dual isolated power, £13V dc, 1500V dc
off ground isolation, 100dB minimum CMR at 60Hz, 1kQ
source imbalance, in a compact 1.5" X 1.5" X 0.6” module.
Models 290A and 292A achieve low input noise of 1uV pk-pk
(10Hz bandwidth, G = 100V/V), nonlinearity of £0.1% @ 10V
pk-pk output, and an input/output dynamic range of 20V
pk-pk.

Using modulation techniques with reliable transformer isola-
tion, models 290A and 292A will interrupt ground loops,
leakage paths, and voltage transients, whlle providing dc to
2kHz (-3dB) response.

WHERE TO USE MODELS 290A AND 292A

Industrial Applications: In data acquisition systems, computer
interface systems, process signal isolators and high CMV instru-
mentation, models 290A and 292A offer complete galvanic iso-
lation and protection against damage from transients and fault

voltages. High level transducer interface capability is afforded

For detailed information, contact factory.

with 20V pk-pk input signal range at a gain of 1V/V operation.
In portable single or multichannel designs, single power supply
operation (+8V to +16V) enables battery operation. -

DESIGN FEATURES AND USER BENEFITS

Isolated Power: Dual 13V dc output, completely isolated from
the input power terminals (£1500V dc isolation), provides the
capability to excite floating signal conditioners, front end buf-
fer amplifiers and remote transducers such as thermistors or
bridges.

Adjustable Gain: Models 290A and 292A adjustable gain offers
compatibility with a wide class of input signals. A single ex-
ternal resistor enables gain adjustment from 1V/V to 100V/V
providing flexibility in both high level transducer interfacing

as well as low level sensor measurement apphcatlons

Floating, Guarded Front-End: The input stage of models 290A
and 292A can directly accept floating differential signals or it
may be configured as a high performance instrumentation
front-end to accept signals having CMV with respect to input
power common.

High Reliability: Models 290A and 292A are conservatively
designed, compact modules, capable of reliable operation in
harsh environments. They have a calculated MTBF of over
400,000 hours and are designed to meet MIL-STD-202E en-
vironmental testing as well as the IEEE Standard for Transient
Voltage Protection (472-1974: Surge Withstand Capability).
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SPEC|FICAT|0NS (typfca| @ +25°C; G = 100V/V and Vg = +.15V dc, unless otherwise noted)

MODEL 290A 292A
GAIN (NONINVERTING) OUTLINE DIMENSIONS
Range (50k§2 Load) 1to 100V/V . Dimensions shown in inches and (mm).
. Gain= 100k
Formula ain [l + _——!kﬂ + R, (56D { 151 (38.1) MAX i
Deviation from Formula 3%
vs. Time 0.001%/1000 Hours
vs. Temperature (-25°C 1o +85°C)" £0.0075%/°C 0.62
Nonlinearity, G = 1V/V to 100V/V? £0.1% (£0.25%)° 290A/292A (x&)
INPUT VOLTAGE RATINGS }
Linear Differential Range, G = 1V/V +5V min (£10V min)*
Max Safe Differential Input “ U (]?1?30425
Continuous, 1 min 110V rms 0.04 (1.02 4)
Max CMV, Inputs to Qutputs : (B,A'——i l—— ’
ac, 60Hz, 1 Minute Duration 1500V rms max ) imm —r
Continuous, ac 41000V pk max _{, 1 LO IN/ISO PWR COM - +Vs 5 o]
Continuous, dc 11500V pk max +-& 2 GaIN
CMR, Inputs to Outputs, 60Hz, Rg < 1k . 10 3 +Viey PWR COM sTJ—
Balanced Source Impedance 106dB .- } ‘4_ +
1kS2 Hi In Lead Only 100dB min 5 4~Vis 7 9
i P
Max Leakage Current, Inputs to Power Common I + ;85:
@115V ac, 60Hz 104A rms max 1 | 9 100+ o0
INPUT IMPEDANCE - L5 Him Lo ouT 110—H
Differential 10°QII70pF I 4+
Overload 100kS2 11 H1 OUT 12 04
Common Mode 5 X 10'°Q|100pF T 1
6 GUARD
INPUT DIFFERENCE CURRENT PLiiy 11
Initial, @ +25°C +3nA —
, BOTTOM VIEW
vs. Temperature (~25°C to +85°C) £0.1nA/°C WEIGHT: 40 Grams —®] |=#—GRiD 0.1 (264)
INPUT NOISE PINS 9 AND 10 NOT PRESENT ON 290A
Voltge, G = 100V/V
0.01Hz to 10Hz 1uV p-p ook BIPOLAR INPUT AMPLIFIER DCTO ThH:
10Hz to tkHz 1.5V rms HwpuT & oo
Current sam . =1
0.05Hz to 100Hz 5pA pp W5 s BoAN
Rij
FREQUENCY RESPONSE w ORVET
Small Signal, -3dB, G = 1V/V 2.5kHz 150 PR Gomag | it
Slew Rate 50mV/us GUARDY8) ScrLLATOR
Full Power, 10V p-p Output Vo ()—1 ¢ (2904 ONLY)
Gain - 1V/V thru 100V/V 2.0kHz(1.0kHz)? 3.0kHz(1.0kHz)? Vo (2
OFFSET VOLTAGE REFERRED TO INPUT rowen
Initial, @ +25°C, Adjustable to Zero (5 + 50/G)mV
vs. Temperature (~25°C to +85°C) 10+ 150/G)uv/°C (8 +250/G)uV/C -
vs. Supply Voltage +1mV/% AN =1+ GV TO 10V

RATED OUTPUT
Voltage, 50k Load

+5V min (£10V min)?

Output Impedance 1k§2

Output Ripple, IMHz Bandwidth 10mV pk-pk
OSCILLATOR DRIVE INPUT '

Input Voltage N/A 8 to 16V pk-pk

Input Frequency N/A 100kHz 5%, max
ISOLATED POWER OUTPUTS

Voltage Full Load +13Vdc -

Accurac: 5%

Current’ 15mA min +15mA min

Regulation, No Load to Full Load +0, ~15%

Ripple, 100kHz Bandwidth 200mV p-p 250mV p-p
POWER SUPPLY, SINGLE POLARITY

Voltage, Rated Performance +15V de

Voltage, Operating

- +8V dc to +15.5V dc

Rating

Figure 1. Block Diagram — Models 290A and 292A

Figure 2. Model 290A and 292A Terminal FRatings

Remarks

Current, Quiescent +20mA
TEMPERATURE RANGE o

Rated Performance -25°C to +85°C Symbol

Storage -55°C to +85°C v
CASE DIMENSIONS 15" X 1.5" X 0.62" .- vV,
NOTES ) ) Vv,
! Gain temperature drift is specified as a percentage of output signal level. Va
*Gain nonlinearity is specified as a percentage of 10V pk-pk output span. v
3These specs apply for a 20V pk-pk output span. 3
*Do not load Vg when operating at output spans greater than 10V pk-pk. Z

Specifications subject to change without notice.

CAUTION:

+110V rms (cont.)
+1000V pk (cont.)
1500V pk (cont.)
+1500V rms (1 min)
+50V pk (cont.)
50GS2||20pF

Withstand Voltage, Steady State
Isolation, Steady State, ac
Isolation, Steady State, dc
Isolation, ac, 60Hz

Isolation, dc

Isolation Impedance

Table 1. Isolation Ratings Between Terminals

ESD(Electro-static-discharge) sensitive device. Permanent damage may occur on unconnected
devices subjected to high-energy electrostatic fields. Unused devices must be stored in con-
ductive foam or shunts. The protective foam should be discharged to the destination socket

before devices are removed.
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) ESD SENSITIVE DEVICE
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P.C.CARD SHIELD

TRANSDUCER \ r—=
TRANSDUCER r————" |
TRANSDUCER . : e @ ouTt % .
4 | En) | o047 | 510K 510k 2
: @) cou i—uF T oo T! }:'MP‘ gm>mﬂ
! W ’ T — = PWR COM
1'® D > Ry O L -
| < NOTE: MOUNT FILTER AS CLOSE TO EXTERNAL
MEDIUM ~ J AMPLIFIER AS POSSIBLE
COMMON :
MODE . . . . .
voUTage treansoucen o) EafScommon 1oDE Figure 5. Selecting Bandwidth with a 3-Pole 5Hz Active
.&@*.] Filter for Improved 60Hz Noise Reduction (typ 150dB @
thanaucen  SROUND COMMON moDE o 60Hz and 1k} Imbalance)
GROUND GROUND .
PERFORMANCE CHARACTERISTICS
Figure 3. Transducer — Amplifier Interface 140
. - Pt~ lH! IN GUARANTEED CMR @ G = 100V/V
\’\ 100dB MIN @ 60Hz
| — B WITH 1k SOURCE IMBALANCE
GAIN AND OFFSET TRIM PROCEDURE a 12 ™~
In applying the isolation amplifier, highest accuracy is achieved 2100 M
by adjustment of gain and offset voltage to minimize the peak £ \\
error encountered over the selected output voltage span. The d w R
following procedure illustrates a calibration technique which w N \\
. . o
can be used to minimize output error. In this example, the = NG N
output span is +5V to -5V and operation at Gain = 10V/V £, N
is desired. s N
TN
1. Apply Epy = 0 volts and adjust Rg for Eg = 0 volts. ;L?Lfl%i“é*.&&“i’oi‘ﬁ.“.ﬁisé§5°A~u com a0
2. Apply En = +0.5V dc and adjust Rg for Eg = +5.0V dc. i m . ) Tok
3. Apply EN = -0.5V dc and measure the output error (see Facautey -
curve a). . ’ . S
. . . Figure 6. Typical Common Mode Rejection vs. Frequenc
4. Adjust Rg until the output error is one half that measured 9 o 4 9 v
in step 3 (see curve b). 140 ) GUARARTEED SR &G = 100VTV
5. Apply +0.5V dc and adjust Ro until the output error is . sounogglmvenAz%'zllnrAg;LANcE
one half that measured in step 4 (see curve c). F
2 10 n T
<]
N YR
2 a b ¢ u 80
s T/ 8 ™
g /17 €
Z 10 | — z |
Y A e v - g N
N =4 === g
3 RN
© -10 20 +
42 e s e e
OUTPUT VOLTAGE — Volts
10 100 1k 10k 00k

SOURCE IMPEDANCE IMBALANCE — 2

Figure 7. Typical Common Mode Rejection vs. Source
Impedance Imbalance

10k
4 —OEo 020
5k .
+15V 4 018
ZERO S0k 4 /
3 Ro | ADIUST § 016 L/
LMN—O 15V | 1uF 2 /
A% ¢ gou
o
0w % 012 //
r
' 0.10 A
v £ /
GAIN RESISTOR, R;, 1%, 50ppm/°C METAL FILM TYPE IS RECOMMENDED. g 008 v
FOR GAIN = 1V/V, LEAVE TERMINAL 2 OPEN. §
FOR GAIN = 100V/V, SHORT TERMINAL 2 TO TERMINAL 1 g 006 /r
- 100k$2 Z
CAIN=1* TRl 2 o0
OUTPUT FILTER, 10k2 RESISTOR AND CAPACITOR, C.
SELECT C TO ROLL-OFF NOISE AND OUTPUT RIPPLE: 002
= {- = hll
f=(-3d8) = e
0 2 4 6 8 10 12 14 16 18 20
OUTPUT VOLTAGE — Volts pp
Figure 4. Gain and Offset Adjustment Figure 8. Typical Gain Nonlinearity vs. Output Voltage
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Figure 9. Typical Input Voltage Noise vs. Bandwidth
Input Offset Voltage Drift: Total input drift is composed of
two sources, input and output stage drifts and is gain depend-
ent. The curve of Figure 10 illustrates total input drift over
the gain range of 1 to 100V/V.
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Figure 10. Typical Input Offset Voltage Drift vs. Gain

REFERENCE EXCITATION OSCILLATOR, MODEL 281
When applying model 292 A, the user has the option of building
a low cost 100kHz excitation oscillator, as shown in Figure 11,
or purchasing a module from Analog Devices—model 281,

FREQ. HEX SCHMITT TRIGGER
ADJUST 7 3.01k2 /:.q., MM74C14N OR F40014PC
ke 12
SYNC 1] t———0 +15V dc
out .
3 12 @ our
SYNC I‘L: —
N 1
oot o a eHH
(SEE NOTE 3) —{] 10
] s
71 15 1—o-
7 ) 9 out
POWER b 1
com (ToP ViEW)

:“.O.LERSCEO. ADJUST: ADJUST TRIM POT FOR QUTPUT FREQUENCY OF 100kHz 5%,
2. FOR SLAVE OPERATION, REMOVE JUMPER FROM SYNC OUT AND SYNC IN PINS.
3. USE CERAMIC CAPACITOR, “COG” OR “NPO" CHARACTERISTIC.

Figure 11. 100kHz Oscillator Interconnection Diagram
The block diagram of model 281 is shown in Figure 12, An
internal +12V dc regulator is provided to permit the user
the option of operating over two, pin selectable, power in-
put ranges; terminal 6 offers a range of +14V dc to +28V dc;

terminal 7 offers an input range of +8V dc to +14V dc.

+V
wav 10°+1av) (7

+Ve* +12V
+14v 1O +28v) REGULATOR
synein (& ) 2y
0
J00kHz 2)9 ouTePuT
sync out (5 OSCILLATOR
UL
[} .
PWR COM 3)d0UTPUT

*LEAVE TERMINAL 6 OPEN, WHEN POWER IS APPLIED TO TERMINAL 7.

Figure 12. Model 281 Block Diagram
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Model 281 oscillator is capable of driving up to 16 model -
292As. Asshownin Figure 13, an additional model 281 may be
driven in a slave-mode to expand the total system channels
from 16 to 32, By adding additional model 281s in this man-
ner, systems of over 1000 channels may be easily configured.

TO PINS 8 AND 10 OF ISOLATORS 18 THRU 32

TO 281
SYNCIN

Figure 13. External Oscillator Interconnection

SPECIFICATIONS
(typical @ +25°C and V§ = +15V dc unless otherwise noted)

MODEL 281
OUTPUT
Frequency 100kHz 5%
Waveform _ Squarewave
Voltage (¢ and ¢ terminals) 0to +12V pk
Fan-Out ! 16 max

POWER SUPPLY RANGE®

High Input, Pin 6

+(14 t0 28)V dc

Quiescent Current, N.L. +5SmA
F.L. +16mA .
Low Input, Pin 7 +(810 14)Vdc -
‘Quiescent Current, N.L. +12mA
, F.L. +33mA
TEMPERATURE .
Rated Performance 010 +70°C
Storage -55°C to +85°C
NOTES
TModel 292A oscill drive input unity oscill load,

2 For applications requiring more than 16 292As, additional 281s may
be used in a master/slave mode. Refer to Figure 13.
?Full load consists of 16 model 292As and 281 oscillator slave,

Specifications subject to change without noti
See Caution note on specifications table,

ce.

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

[} - 1.4 MAX
35.6}

281’

INRLLLN
Al omzsaon

0.20 (5.08) MIN
0.25 (6.35) MAX

|

0.6 MAX
(15.2)
T
!
BOTTOMVIEW
WEIGHT: 10 GRAM -——I Ic—-(u (254) GRID
PIN TERMINAL IDENTIFICATION
1 POWER COMMON 5 SYNCOUTPUT
2 goutpuT +Vs: HIGH RANGE +{14 to 28)V dc
3 gOUTPUT 7 +Vs: LOW RANGE +(8 10 141V de
4 SYNC INPUT
MATING SOCKET:
CINCH #16 DIP OR EQUIVALENT
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Selection Guide
Analog Multipliers/Dividers

; X1 O——4
Vx
X2 0———
. R R
X z
% 3 M + OUTPUT
Y
v2@ 10R
: Vos
Vouy = X1-X2) (Y1 -¥a) R
our 0V 1
(WITH 2 TIED TO OUTPUT) AD532

AD534

STABLE —0 +Vg
¢ Omam—————] REFERENCE
ANDBIAS . b o5 v

l TRANSFER FUNCTION

Al XXy - Ya) g ]
Vo A[ 3 (Z1-22)

: E TRANSLINEAR
MULTIPLIER
ve ELEMENT
>
A - ouT
“HIGH GAIN
l OUTPUT

075ATTEN AMPLIFIER

VOL. I, 6-2 ANALOG MULTIPLIERS/DIVIDERS"

AD532

Pretrimmed to +1.0% (AD532K)

No External Components Required

Guaranteed *1.0% max 4-Quadrant Error (AD532K)
Diff Inputs for (X, — X;)(Y1—Y,)/10 Transfer Function
Monolithic Construction

AD534

Pretrimmed to =0.25% max 4-Quadrant Error
(AD534L)

All Inputs {X, Y and 2Z) Differential, High Impedance
for [(Xq—X2)(Y1—Y2)/10V] +2Z, Transfer Function

Scale-Factor Adjustable to Provide up to X100 Gain

Low Noise Design: 90V rms, 10Hz-10kHz

Low Cost, Monolithic Construction

Excellent Long Term Stability

Page
Vol. 1
6-17

Vol. 1
6-27



SR S S AD539

\ ! . k Page
Vv - 1 _V\‘;‘"v= Two Quadrant Multiplication/Division : Vol. I
cH1 I muLt ¥ Two Independent Signal Channels 6-49
Vy EXTERNAL Signal Bandwidth of 60MHz (lgyy)
CH2 ¥ muLt OP AMPS . Linear Control-Bandwidth of 5MHz
v Vi = Full-Calibrated, Monolithic Circuit
: >,
|
22— AAN———AN—L— W2
STABLE . +Vg AD632
REFERENCE
ANDBIAS (0 0O v Pretrimmed to +£0.5% max 4-Quadrant Error Vol. 1
. All Inputs (X, Y and 2Z) Differential, High Impedance 6-67
| TRANSFER FUNCTION for [(Xq—X2)(Y1—Y2)/10V] +2Z, Transfer Function
X, ' i [(x' X YD)y, )] Scale-Factor Adjustable to Provide up to X10 Gain
Xz Vo=A M Bl Low Noise Design: 90V rms, 10Hz-10kHz
T NsLINEAR Low Cost, Monolithic Construction
' ELEMENT | Excellent Long Term Stability
\2 )
v >—o out
i ““HIGH GAIN

OUTPUT
AMPLIFIER

0.75 ATTEN
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Analog Multipliers/Dividers

O X

§¢ O

X2

Z1

Z2

STABLE
REFERENCE
AND BIAS

oY

O +Vs

O Vs

AD535

TRANSLINEAR
MULTIPLIER
ELEMENT

HIGH GAIN
OUTPUT
AMPLIFIER

VOL. I, 6-4 ANALOG MULTIPLIERS/DIVIDERS

Y1
Y2

ouTt

MODEL 429

1.0%/0.5% Accuracy Without Trimming (429A/B)
Low Drift to 1.0mV/°C max

Wideband - 10MHz

0.2% Nonlinearity max {429B)

External Amplifiers not Required

MTBF: 169, 268 Hours

ADb535

Pretrimmed to =0.5% max Error, 10:1 Denominator
Range (AD535K)

+2.0% max Error, 50:1 Denominator Range
(AD535K)

All Inputs (X, Y and Z) Differential

Monoalithic Construction

Page
Vol. II
6-9
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6-37



~ Orientation
Analog Multipliers/Dividers

The devices catalogued in this section are high-performance
modules that accept analog voltages and multiply, divide,
square, and/or square-root them, depending on device pro-
perties and connections. As the Selection Guide indicates,
a variety of additional devices performing comparable func-
tions using IC technologies may be found in Volume I.

Multiplication For two inputs, Vy and Vy, a multiplier will
provide the output, Eque = VxVy/Eref, where Epef is a dimen-
sional constant, usually of 10V nominal value. If Eef = 10V,
Eoue = 10V when Vy and Vy, are 10V. Multipliers are used for
modulation and demodulation, fixed and variable remote gain
adjustment, power measurement, and mathematical operations
in analog computing, curve fitting, and linearizing.

If the inputs may be of either positive or negative polarity, and
the output polarity is in a correct relationship for multiplica-
tion, the device is called a “four-quadrant’’ multiplier, reflect-
ing the 4 quadrants of the X-Y plane.

* Squaring If Vy = Vy = Vi, a multiplier’s output will be
Vin? /Eret. A four-quadrant multiplier, used as a squarer, will
have an output that is positive, whether Vj, is positive or nega-
tive. Squarers are useful in frequency doubling, power meas-
urement of constant loads, and mathematical operations.

Division For a numerator input, V,, and a denominator input,
Vy, an analog divider will provide the output,

Egut = Exef(V2/Vy). If Egef = 10V, Egye will be 10V or less

for V, <Vy. Vy is of a single polarity and will nct provide
meaningful results if it approaches zero too closely. If V, may
be of either positive or negative polarity, the device is de-
scribed as a “two-quadrant” divider, and the output will
reflect the polarity of V,. Analog dividers are used to compute
ratios—such as efficiency, attenuation, or gain; they are also
used for fixed and variable remote gain adjustment, ratiometric
measurements, and for mathematical operations in analog
computing.

Square rooting For a numerator input, Vi, and 2 denominator
input, E, (the output fed back to the denominator input), the
output of a divider is E, = Exef(Vin/E,); hence Eq =+/Eref Vin-
A square-rooter works in one quadrant; some devices require
external diode circuitry to prevent latchup if the input polarity
changes, even momentarily. Square roots are used in vector
and rms computation, to linearize flowmeters, and for mathe-
matical operations in analog computing. ’

CHOOSING A MULTIPLIER, DIVIDER, etc.

A number of devices are listed here, differing in internal archi-
tecutre, external functional configuration, and performance
specifications. Most have essentially fixed references; the
model 433 is a multifunction device that performs the one-
quadrant operation, E, = Vz(Vy/Vx)m, where m is an ex-
ponent adjustable from 1/5 to 5. With one exception (model
436 precision 2-quadrant divider), all of the devices listed
here can be used for any of the functions defined above.

Considerable information on these functions, the nature of

devices to perform them, and extensive discussions of their
applications can be found in two publications available from
Analog Devices.!? A wealth of information is also to be
found in the data sheets for the individual devices, published
in this section. In addition to the products listed here, 2 num-
ber of popular earlier products are still available; data sheets
are available upon request.

Internal Architecture All of the devices in this section rely on
the logarithmic properties of silicon P-N junctions. With the
exception of models 433 and 436, the circuit employed is
basically like that of the “Gilbert cell” (its 4-quadrant-multi-
plying circuitry and performance are described in (1) and (2),
with further references to original sources). The input voltages
are converted to currents, the currents are multiplied together
and divided by a reference, and the net output current, LI, /If,
is converted to voltage by feedback around the output amplifier.
The feedback terminals are available as inputs for applications
involving division.

I +1g I +1g

l ouTPUT l

Basic 4-Quadrant Variable-Transconductance Multiplier Circuit

2V V,
In=(l1+1c)={la+1)=2Yx VY
0= (l3#1s)~(ls+1s) 1 Rx Ry

EXTERNAL RESISTORS ARE
CONNECTED HERE TO ADJUST m.

AQBQCO DIRECT CONNECTION YIELDS m = 1.

Pre——————

8| 7]
1 1
20146 . 1
LOG 2
R as, ANTILOq-—-{—-—ogo
b3
] 10 V
Eo= — by [ 2
: =  Vaer '[Vx
1 !
yo—l——' 10 LOG VREF -Pl—ol REF
H 9V(25%)
@imA

| S ———————————— R, Py

Functional Block Diagram of Model 433

In multifunction devices like Model 433, the feedback cur- ‘
rents of the input op amps are used to develop logarithmic

lMultiplier Application Guide, available upon request_
2 Nonlinear Circuits Handbook, D. H. Sheingold, ed., 1976, 536pp.,
$5.95, P.O. Box 796, Norwood MA 02062
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voltages across transistor base-emitter junctions; these voltages
are summed and differenced and produce an exponential cur-
rent proportional to VyV;/Vy via another transistor junction in
the input path of the output amplifier. Thus, the output volt-
age is proportional to V), V,/Vy; an internally generated refer-
ence voltage is available as a fixed reference for the odd input
in two-variable operations. In the 433, the internal emitter-
voltage difference proportional to log (V,/Vy) can be amplified
or attenuated by the appropriate connection of a resistive at-
tenuator with an attenuatlon ratio, m; since the antilog of
m(log V,/Vy) is (V, /Vx , the output of the 433 is propor-
tional to V, (VZIVX) .In thc model 436 divider, the inputs
are scaled and lmearly combined, before the log-antilog com-
putation takes place; the result is that the numerator (of -
V./Vy) may have positive or negative values. The 436 circuit

is optimized and trimmed for performance as a dedicated
divider; it has a fixed reference.

External functional configuration As noted earlier, with the
exception of the model 436 dedicated divider, all of the devices
listed here can be used for multiplication, division, squaring,
and/or square-rooting (MDSSR), by the appropriate connec-
tion of external jumpers. Performance of pretrimmed devices
is optimized in specified modes of operation. The data sheets
show how devices are connected for the various modes of
operation; where appropriate, the trim circuits and procedures
for optimizing performance are provided.

Technologies The devices described in these two volumes are
either monolithic integrated circuits or high-performance
modules. For any application, the user will evaluate a device
on the basis of its performance in the desired mode(s). The

+ modules in Volume II provide the highest performance: speed
(model 429), accuracy as a divider (436), and accuracy in
multifunction applications (433). On the other hand, the
ICs in Volume I provide economy of cost and space, and
the availability of “mil-temp” range (-55°C to +125°C) ver-
sions. The pretrimmed IC's (AD534, AD535 and AD532) use
laser trimming of thin-film-on-silicon chips at the wafer stage
and buried-Zener reference circuitry, as well as thermally
balanced input stages and ‘“‘core” circuitry, for overall maxi-
mum errors to 0.25%, and linearities as yet unmatched in the
industry.

Performance Multiplier performance, specifications and test
circuitry are described in great detail in the NONLINEAR
CIRCUITS HANDBOOK. Here is a brief digest of the factors
relating to low-frequency performance.

In theory, a multiplier has an output which is ideally the prod-
uct of two input variables, X and Y, divided by the 10V scaling
voltage. However, the practical multiplier is subject to various
offset errors and nonlinearities, which must be accounted for
in its application. This discussion is intended to assist the
designer in understanding and interpreting multiplier and
divider specifications and obtaining insight into device
performance. '

In practice (see the figure), the multiplier may be considered
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as having two parts, one (M) contains the input circuitry and

the multiplying cell; the other is the gain-conditioning
op amp, A

M = S+ FIXLY) |
__JW\,___o 2 (DIVIDE INPUT)

x

+XY
30 (MULTIPLY}

a0z
-2 ovioe)

Functional Block Diagram of Typical Multiplier/Divider

Also summed at the op-amp input is the feedback variable, Z
In multiplication, Z is connected to the output circuit. In di-
vision, Z and X are the inputs, and Y is connected to the output.
The figure shows a model used for considering errors. X,

and Y, are input offset voltages, Z, is the offset-referred -to-
the-input of the output amplifier, and F(X', Y') is the non-

linearity, viewed as the departure from the ideal multiplication,
XY

. The output equation, including the errorsis of the form

10R
Xy XoY XY
= AL 4 + Yo
=t *llos * 1o t Lo f(x’YJ
. Product  Xgffeer Yoffset Output  Nonlinearity
offset  and feedthrough
Linear Feedthrough
oy e

The errors are included in the bracketed term, except for gain
error, which is the departure of “B”, the gain-error term, from
its nominal value of unity. The effects of input offsets (called
“linear feedthrough”) can be set to zero by applying external
input biases, the output offset can be set to zero by biasing the
output amplifier, and the gain can be externally calibrated by
adjusting the reference or the feedback resistance. The remain-
ing departure from the ideal output for any combination of
input values is the irreducible linearity error, or nonlinearity,
a function of X and Y that differs from device to device and,
with temperature, within a given device. The component of
nonlinearity for X = 0 is called “Y feedthrough” and for

Y =0, it is called “X feedthrough”.

The “total error” specification includes the effects of all these
errors. Although a guide to performance, it may produce an
excessively conservative design in some applications. For ex-
ample, output offset is not important if the output is to be
capacitively coupled or the initial offset is nulled. Gain error
is not important if system gain is to be adjusted elsewhere in
the system or if gain is not a critical factor in system perform-
ance. If frequent calibration of offset and scale-factor errors
is available (e.g., in a “smart” instrument, via software) non-



linearity becomes the limiting parameter. In such cases, im-
provements in predicted error can be achieved by using the
approximate linearity equation:

fX,Y) = [Vile +IVy | gy

were €x and €y are the specified fractional linearity errors
(%/100) and Vy and Vy, are the input signals.

When multipliers are fed back for use in division applications,
it is important to recognize that maximum multiplication

errors are increased approximately in proportion to the inverse

of the denominator voltage (10V/Vy), and bandwidth is
decreased in proportion to denominator voltage. Pretrimmed
multipliers used in such applications, with wide dynamic range
of X (e.g., 10:1), will always benefit greatly by the trimming
of offsets, especially Z,, (affects offsets) and X, (affects gain),
for small values of X.

DEFINITIONS OF SPECIFICATIONS*

Accuracy is defined in terms of total error of the multiplier at
room temperature and constant nominal supply voltage. Total
error includes the sum of the effects of input and output dc
offsets, nonlinearity, and feedthrough. Temperature depend-
ence and supply-voltage effects are specified separately.

Scale Factor The scale-factor error (or gain error) is the dif-
ference between the average scale factor and the ideal scale
factor (e.g., (10V)~1). It is expressed in percent of the output
signal. Temperature dependence is specified.

Output Offset refers to the offset voltage at the output-ampli-
fier stage. This offset is usually minimized at manufacture and
can be trimmed where high accuracy is desired. Output offset
vs. temperature is also specified.

Linearity Error or Nonlinearity is the maximum difference
between actual and “best-straight-line” theoretical output, for
all pairs of input values, expressed as a percentage of full scale,
with all other dc errors nulled. It is the irreducible minimum
error. It is usually expressed in terms of X and Y nonlinearity,
with the named input swinging over its full-scale range and the
other input at (¥) 10V. Y nonlinearity is considerably less than
X nonlinearity in “Gilbert-cell”” multipliers. This specification
includes nonlinear feedthrough.

*These are general definitions. Further definitions are provided as foot-
notes to the specification tables; they should be read carefully.

X or Y Feedthrough is the signal at the output for any value of
X or Y input in the rated range, when the other input is zero.
It has two components, a linear one, corresponding to an input
offset at the zero input, which can be trimmed out (but can
drift and has a temperature specification), and a nonlinear one,
which is irreducible. Feedtbrough is usually specified at one
frequency (50Hz) for a 20V p-p sine wave input. It increases

with frequency, and plots of typical feedthrough vs. frequency m
are provided on multiplier data sheets.

Noise is specified and measured with both inputs at zero signal
and zero impedance (i.e., shorted). For low-frequency applica-
tions, filtering the output of the multiplier may improve small-
signal resolution significantly.

Dynamic Parameters include: small-signal bandwidth, full-
power response, slew(ing) rate, small-signal amplitude error,
and settling time.

Small-signal bandwidth is the frequency at which the outpht
is down 3dB from its low-frequency value (i.e., by about 30%)
for a nominal output amplitude of 10% of full scale.

Full-power response is the maximum frequency at which
the multiplier can produce full-scale voltage into its rated load
without noticeable distortion.

Slew(ing) rate is the maximum rate of change of output
voltage for the product of a full-scale dc voltage and a full-
scale step input.

Small-signal amplitude error is defined in relation to the fre-
quency at which the amplitude response, or scale factor, is in
error by 1%, measured with a small (10% of full-scale) signal.

Settling time, for the product of a 10V step and 10Vdc, is
the total length of time the output takes to respond to an input
change and stay within some specified error band of its final
value. Settling time cannot be accurately predicted from any
other dynamic specifications; it is specified in terms of a pre-
scribed measurement.

Vector error is the most-sensitive measure of dynamic
error. It is usually specified in terms of the frequency at which
a phase error of 0.01 radians (0.57") occurs.
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ANALOG
DEVICES

Accurate, Wideband,

Multiplier, Divider, Square Rooter

FEATURES:

1.0%/0.5% Accuracy without
Trimming (429A/B).

Low Drift to 1.0mV/°C max

Wideband — 10MHz

0.2% Nonlinearity max (429B)

External Amplifiers not Required

MTBF: 169, 268 Hours

APPLICATIONS:

Fast Divider

Modulation and Demodulation
Phase Detection
Instrumentation Calculations
Analog Computer Functions
Adaptive Process Control
Trigonometric Computations

GENERAL DESCRIPTION

The model 429, an extremely fast multiplier/divider, should be
considered if bandwidth, temperature coefficient, or accuracy
are critical parameters. Based on the transconductance princi-
ple to achieve high speed, the model 429 offers a unique com-
bination of features, those being %:% max error (429B) and
10MHz small signal bandwidth.

Both models 429A and 429B are internally trimmed achieving
max errors of 1.0% and 0.5% respectively. By fine trimming
the offset and feedthrough with external trim potentiometers
typical performance may be improved to 0.5% for the 429A
and 0.2% for the 429B.

In addition to high accuracy and high bandwidth, the model
429 offers exceptionally good stability for changes in ambient
temperature. Model 429B is 100% temperature tested in order
to guarantee an overall accuracy temperature coefficient of
only 0.04%/°C max. Additionally, offset drift is held to

only 1mV/°C max. To satisfy OEM requirements of low cost,
the 429 uses transconductance principles with the latest design
techniques and components to achieve guaranteed performance
at competitive prices.

MULTIPLICATION ACCURACY

Multiplication accuracy is generally specified as a percentage of
full scale output. This implies that error is independent of sig-
nal level. However, for signal levels less than 2/3 of full scale,
error tends to decrease roughly in proportion to the input
signal. A good approximation of error behavior is:

f(X,Y)=|X|ex +|Y| ey, where €4 and €y, are the fractional
nonlinearities specified for the X and Y inputs

EXAMPLE: For model 429A, e, = 0.5%, €y = 0.3%. What
maximum error can one expect forx = 5V,y = 1V, providing

inputs?
1. Nominal output is XY/10 = (5)(1)/10 = 500mV
2. Expected error is (5) (0.5%) + (1) (0.3%) =
28mV, 5.6% of output (0.28% of F.S.)
3. Interchanging inputs (1) (0.5%) + (5) (0.3%) =
20mV, 4.0% of output (0.20% of F.S.)
Compare this with the overly conservative error predicted by
the overall 1% of full scale specification: 100mV, or 20% of
output.

FREQUENCY RELATED SPECIFICATIONS

Accuracy, and its components, feedthrough, linearity, gain,
(and phase shift) are frequency dependent. Feedthrough is
constant up to 100kHz for the Y input, and up to 400kHz for
the X input. Beyond these frequencies it rises at approximately
a 6dB/octave rate due to distributed capacitive coupling. A
plot of typical feedthrough vs. frequency is shown in Figure 1.
For this measurement one input is driven with a 20V p-p sine
wave while the other input is grounded and the feedthrough is
measured at the output. This error will decrease roughly in
proportion to the input signal, and will also vary with tempera-
ture (about 0.01%/°C of the nonzero input), Low frequency
feedthrough error can be further reduced from the internally
trimmed limits by the use of optional external potentiometers.

Nonlinearity likewise increases with frequency at a 6dB/
octave rate above the break frequency. With the Y input driven
at 10V p-p, and the X input anywhere between £10V dc, the
break frequency is 25kHz. For corresponding X input condi-
tions, the break occurs at 60kHz. Figure 2 isa plot of the typi-
cal nonlinearity vs. frequency for the model 429.
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SPECIFICAT|0NS (typical @ +25°C and +15VDC unless otherwise noted)

MODEL 429A 429B
*MULTIPLICATION
CHARACTERISTICS
Output Function XY/10 b
Error, with Internal Trim, at +25°C +1% max +0.5% max
Error, with External Trim, at +25°C  $0.7% +0.3%
Avg. vs. Temp (-25°C to +85°C) +0.05%/°C +0.04%/°C max
Avg vs. Supply +0.05%/% .
SCALE FACTOR
Initial Error at +25°C 0.5% 0.25%
Avg vs. Temp (-25°Cto +85°C) 0.03%/°C 0.02%/°C
Avg vs. Supply 0.03%/% .
OUTPUT OFFSET
Initial at +25°C (Adjustable to Zero) ~ *20mV max +10mV max
Avg vs. Temp (-25°C to +85°C) +2mv/°C +1mV/°C max
Avg vs. Supply +1mV/% *
NONLINEARITY
X Input .
(X =20V p-p 50Hz, Y = +10V) 0.5% max 0.2% max
Y Input
(Y =20V p-p 50Hz, X = £10V) 0.3% max 0.2% max
FEEDTHROUGH
X =0, Y =20V p-p, 50Hz 50mV p-p, max 20mV p-p, max
With External Trim 16mV p-p 10mV p-p
Y =0, X =20V p-p, 50Hz 100mV p-p, max 30mV p-p, max
With External Trim 50mV p-p 20mV p-p
BANDWIDTH
-3dB 10MHz *
Full Power Response 2MHz min *
Slew Rate 120V/us min *
1% Amplitude Error 300kHz min *
1% Vector Error (0.57°) 50kHz min *
Differential Phase Shift (0, -0) 1° @ IMHz *
Small Signal Rise Time 10-90% 40ns *
Settling to 1% (£10V step) 500ns *
Overload Recovery 0.2us *
OUTPUT NOISE .
5Hz to 10kHz 0.6mV rms *
5Hz to 10MHz 3.0mV rms M
OUTPUT CHARACTERISTICS
Voltage, 1kS2 load +11V min *
Current +11mA min * .
Load Capacitance 0.01uF max *
INPUT RESISTANCE
X Input 10kQ2£5% *
Y Input 11k22% *
Z Input 27k2£10% *
INPUT BIAS CURRENT *
Input X, Y,Z +100nA *
Z +20uA *
MAXIMUM INPUT VOLTAGE
For Rated Accuracy *10.5Vv *
Maximum Safe +16V *
WARM UP
To Rated Specifications 1 second *
POWER SUPPLY' C
Rated Performance +(14.8 10 15.3)V dc *
Operating (14 10 16)V dc *

Quiescent Current

*12mA

TEMPERATURE RANGE
Rated Performance

-25°Cto +85°C

Operating’ ~25°Cto +85°C *

Storage _ -55°C to +125°C .
MECHANICAL |

Weight 2 o0z. *

Socket AC1023 *

Case Dimensions

1.5" x 1.5" x 0.62"

NOTES
*Specifications same as model 429A,

! Recommended power supply, ADI model 904, +15V @ 50mA output.
Specifications subject to change without notice.
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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Applying the Fast Multiplier

Gain and input to output phase shift for the model 429 are

shown in Figure 2. Naturally, no multiplier will maintain accu-

racy at frequencies approaching the small signal bandwidth,
For the model 429, the 1% amplitude error will occur at
500kHz. If input to output phase shift is a criterion, then the
1% “‘vector” error occurs at 50kHz.

1000
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] v=0X=20Vpp
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—
—
-
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10 104 10¢ 10° 107
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Figure 1. Feedthrough vs Frequency
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Figure 2. Typical Amplitude and Phase vs Frequency

OPTIONAL TRIM — MULTIPLY MODE
As shipped, the multiplier meets‘its listed specifications with-

out use of any external trim potentiometers. Terminals are pro-

vided for optional feedthrough and offset adjustments. Using

these adjustments overall static multiplication error may be re-
duced to only 0.2%. The 20k{2 trim potentiometers should be

connected across the * supply voltage terminals with the arm
of each potentiometer connected to the desired balance ter-
minal (see Specifications page).

ADJUSTMENT PROCEDURE FOR OFFSET
1. Jumper X input and Y input to ground.

2. Adjust R for an output of zero volts.

3. Remove jumper from X and Y inputs.

ADJUSTMENT PROCEDURE FOR FEEDTHROUGH

1. Jumper Y input to ground and apply 20V p-p at 1kHz to
X input. i

2. Adjust Ry for minimum output voltage.

3. Remove jumper from Y input. .

4. Jumper X input to ground and apply 20V p-p at 1kHz to

Y input.
. Adjust Ry for minimum output voltage.
6. Remove jumper from X terminal.

w

DIVISION

The high bandwidth and excellent linearity of model 429
allows it to be used in divider applications achieving high per-
formance in the dc to 8MHz region. Restrictions imposed on
divide operation, and the contribution of error terms are
illustrated in the error analysis below.

Figure 3. Divider Circuit

Shown in Figure 3 is a typical multiplier/divider which has
been connected for divide operation by inserting the multi-
plier cell, M, in the op amp’s feedback loop. Errors associated
with the op amp, A,, are incorporated in €, which represents
all errors. In order to insure negative feedback, the X input
range is restricted to negative values.

Summing currents at the op amp’s summing junction:

X,
Z _ 10
R R
Solving for Y, which is also € :
10(Z ~
Y = (Z-¢)
X
or,
10Z 10¢
eO B —
X X

And now breaking € into its constituents
10Z 10Eyy 10Egs 10Eps/°C 10Enpx 10ENLyY

0=——

X X X X X X
——— N Nt Nt et el e
ideal noise offset  offsetdrift X non- Y non-

divider error  error error linearity linearity
error error

These errors can be broken down into two categories, static
errors and signal dependent errors. All of the static errors
associated with the divide mode are inversely proportional
to the denominator signal level. The signal dependent
errors are the X and Y nonlinearities. For model 429B
nonlinearity errors are 0.2% for both the X and Y inputs.
Substituting these values in the error terms yields:

10 (0.2%) X 10 (0.2%) Y
X X
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The importance of using the terminal with largest nonlinearity
for the denominator is revealed by the above expression.
Effects of X nonlinearity are virtually independent of signal
level and may be trimimed out. Nonlinearities of Y typically
contribute 200mV for X =Z = 1V i.e,, (10 [0.2%] 10V) =
200mV. This error can be reduced if external trims are used to
optimize divider performance.

Bandwidth is also degraded with a decrease in denominator
level, due to the increase in system gain;

ie)forX=Z=1V,¢ep =10V

€o 10
d — = —
ez T
Since the gain bandwidth product is constant, a bandwidth
of 1/10 of that obtained for full scale denominator levels

will be obtained for division at 1V levels.

=10

For other denominator levels, bandwidth is determined by:

Denominator Level

B.W x (Multiplier BW.) x K

" Full Scale Denominator
where K is a constant having a value less than unity. It is intro-
duced due to a combination of stray capacitance paralleling
the multiplier cell and effects of feedthrough. For model 429

X
BW, = (——) 8MHz
10

Before selecting a multiplier/divider for divide applications,
errors resulting from the lowest anticipated denominator sig-
nal should be considered. After such considerations have been
made, one can further appreciate the importance of starting
with an accurate, high speed multiplier such as model 429.

It is also highly recommended that the optional trim pro-
cedure for division be performed.

OPTIONAL TRIMMING — DIVIDE MODE
Connections are made as shown on Specifications page.

The suggested trim procedure is (starting with centered adjust
adjustments):
*1.  With Z = 0, trim Ry to hold output constant, as
X is varied from -10V toward -1.0V.
2. With Z =0, trim Ry for zero at X = -10V.
3. With Z =X and/or Z = -X, trim Rx for mini-
mum worst-case variation as X is varied from
-10V to -1,0V,
4. Repeat 1 and 2 if step 3 required large initial
adjustment,
*For best accuracy X should be allowed to vary from -10V to lowest
expected denominator.
SQUARE ROOTING
When connected as shown on Specifications page, the model
429 will provide the square root of Zj\.

By summing currents at the op amp’s summing junction:
Z_XY e V' e
R 10R R 10R R
where € represents all errors associated with the multiplier.
Solving for the output voltage, Y.

€p = 4 VIO(Z-G)

There are two values of €, for every value of Z. However,

only negative values of €, will provide the negative feedback

necessary for circuit stability, To restrict the output from

going positive, a diode is connected as shown on Specifications
e. Th tis then:

page. The outpu et . XA

Errors, €, associated with the multiplier, are inside the square

root and consequently their effect, for large values of Z, is
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reduced. The reason for the improved performance can be seen
by inspecting the circuit. The output is fed back to both the X
and Z terminals, resulting in twice the feedback as would be
obtained for the divide mode. An alternative method of con-
sidering error performance is to consider errors as being at the
Z terminal. By differentiating the ideal transfer function with
respect to Z, errors for various values of Z may be determined:
deo d

10
az "az V0Z=nvV—-

The factor of % has the advantage of reducing errors by a
factor of 2 for Z = 10, but also introduces the potential
problem of instability. Since the feedback gain is the re-
ciprocal of the forward gain, the slope of the forward gain

is 2. Additional phase margin is required to support the in-
creased gain in the feedback path. Model 429 is optimized
for phase margin in the multiply and divide modes producing
minimum vector errors at high frequencies. To avoid the
potential problem of instability, the RC network shown previ-
ously is recommended. This network restricts the bandwidth
and guarantees stability for all positive values of Z.

OPTIONAL ADJUSTMENT PROCEDURE — SQUARE ROOT

1. Apply a voltage to the Z terminal equal to the lowest
anticipated input voltage. '

2. Adjust R such that eg =-+/10Z, where Z is the voltage
applied in step 1.

DIVISION SPECIFICATIONS
(TYPICAL)
OUTPUT FUNCTION.eeceeeescernsccsanes -10(Z)/X

Numerator Range,eesescessccsssssassacas 10V
Denominator Range, .

1% ACCUIACYeease sescesssesscsssssness —1t0-10V
Denominator Range,

5% ACCUTACYse0seansnrarcsnasassesssess: i0.2V 10 -10V
Bandwidth Formula,

(Hz,-3dB)sseeasescsscssssesscccesesss (8MHz)(X)/10

SQUARE ROOTING SPECIFICATIONS

(TYPICAL)
OUTPUT FUNCTION.essescanneess: "~ /10(Z)
Dynamic Rangesseeesscasreccsssees. 1000to 1
. (+0.010V <Z<+10V)
Accuracy (% of Full Scale)sseecssssee .0.5%

Bandwidth Formula,

(Hz, -3dB)yssvecsnssscssnessssnes (SMHz)V[X]|/10

Table 1. Division & Square Rooting Specifications

500

200 \\ ACCURACY AT 25°C 4—|
- SN Ly with EXTERNAL TR iMs|
€ NS 429A
! 50
-4 [~
=] 4298 \\
£ 2 P ~
& ~L S OFFSET
= 10 P DRIFT (°C)—1—
2 nt |
E s & 4298
o . A \
20 NOISE VOLTAGE e P
(RMS - 10kHz BW.) ~d O~
1.0 429A/8 N
T S

0.1 0.2 04 0608 10 20

DENOMINATOR — Volts

40 6.0 80 100

Figure 3. Typical Error Performance of Model 429 in Divide
Mode for Worst Case of |eq | = 10V
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Selection Guide

RMS-to-DC Converters
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(] L] B B 5] i) L=

CITTETE R E =

AD536A

True rms-to-dc Conversion

Laser-Trimmed to High Accuracy
0.2% max Error (AD536AK)

0.5% max Error {AD536AJ)

Wide Response Capability:
Computes rms of ac and dc Signals
300kHz Bandwidth: V,y,s>100mV
2MHz Bandwidth: V,,s>1V
Signal Crest Factor 7 for 1% Error

dB Output with 60dB Range

Low Power: TmA Quiescent Current

Single or Dual Supply Operation

Monolithic Integrated Circuit

—55°C to +125°C Operation (AD536AS)

ADG636

True rms-to-dc Conversion

200mV Full Scale

Laser-Trimmed to High Accuracy
0.5% max Error (AD636K)
1.0% max Error (AD636J)
Wide Response Capability: -
Computes rms of ac and dc Signals
1MHz —3dB Bandwidth: V,,,s>100mV
Signal Crest Factor of 6 for 0.5% Error
dB Output with 50dB Range
Low Power: 800pA Quiescent Current
Single or Dual Supply Operation
Monolithic Integrated Circuit

Page
Vol. 1
6-43

Vol. 1
6-71



BUFFER ~ ey AD637 Page

4

Mean Square
Absolute Value
dB Output (—60dB Range)
Chip Select-Power Down Feature Allows:
Analog “3-State’” Operation
Quiescent Current Reduction from 2.2mA to
350pA

°
E Z] High Accuracy Vol. I
E1 ABSOLUTE _E 0.02% Max Nonlinearity, 0 to 2V rms Input 6-77
VALUE - 0.10% Max Error to Crest Factor of 3
Wide Bandwidth
- 2
E BIAS 3 8MHz at 2V rms Input
E_ SECTION | squARER/DIVIDER E 600kHz at 100mV rms
Computes:
I 1 True rms
E 25k1) E] Square
25k
(<] B
:

H Furer [

o MODEL 442 R
éN O—8 : C\TM DC to 8MHz Response (—3dB) 7-7
0 -vs .
M 442 High Accuracy:
GAINO 2[—0——0 eour With No Ext. Trim: =2mV =0.15% of Rdg., max
SO—6 1—O0—O0¢: . With Ext. Trim: =1mV +0.05% of Rdg., max
Low Drift: ={35uV +0.01% of Reading)/°C
max, 442L

Fast Settling Time: 5ms to 1%
All Hermetically Sealed Semiconductors
No External Components Required

N to Meet Specifications’
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Orientation
RMS-to-DC Converters

The 442 is a high-accuracy wide-bandwidth true-rnis-to-de-
conversion module. As the Selection Guide indicates, addition-
al devices to perform rms-to-dc conversion, employing IC tech-
-nology, may be found in Volume I. Devices of this class
compute the instantaneous square of the input signal, average
it, and take the square root of the result, to provide a dc volt-
age that is proportional to the rms of the input (and, in the
case of the AD536A and AD636 ICs, an auxiliary dc voltage that
is proportional to the log of the rms, for dB measurements).

Excellent pre-trimmed performance, improvable by simple
optional trims, makes these devices ideal for all types of labo-
ratory and OEM rms instrumentation where amplitude meas-
urements must be made with high accuracy, indcpendently
of waveshape

v

An alternative to rms that has been widely used in the past,
principally for measurements on sine waves, is mean absolute-
deviation, or ‘““ac average.” It is performed by taking the ab-
solute value of (i.e., full-wave or half-wave rectifying) a
signal, filtering it, and scaling it by the ratio of rms to m.a.d.
for sine waves, 1.111, so that it reads correctly (for undis-
torted sine waves). Unfortunately, this ratio varies widely as
a function of the waveform and will give grossly incorrect
results in many cases. The table shows a few representative
examples comparing rms with m.a.d.

Examples of applications include noise measurement — for
example, thermal noise, transistor noise, and switch-contact
noise. True-rms measurement is a technique that provides
consistent theoretically valid measurements of noise ampli-
tude (standard deviation) from different sources having dif-
ferent properties.

True-rms devices are also useful for measuring electrical sig-
nals derived from mechanical phenomena, such as strain, stress,
vibration, shock, expansion, bearing noise, and acoustical
noise. The electrical signals produced by these mechanical
actions are often noisy, non-periodic, nonsinusoidal, and
superimposed on dc levels, and require true-rms for consistent,
valid, accurate measurements. RMS converters are also useful
for accurate measurements on low-repetition-rate pulse-trains
having high crest factors (ratio of peak to rms), and for meas-
urements of the energy content of SCR waveforms at differing
firing angles.

The basic approach used in these converters for computing

the rms is to take the absolute value, square it, and divide by
the fed-back output (using the logarithmic characteristics of
transistor junctions), and filter the result. The resulting
approximation

Avgl: ] V Avg. (Vip?)

is valid if the averaging time-constant is sufficiently long
compared with the periods of the lowest-frequency ac com-
ponents of the signal.

The simplest form of averaging involves a single-pole filter,
‘using an external filtering capacitance. Increased values of
capacitance for filtering will improve the accuracy for low
frequency rmsmeasurements and provide reduced ripple at
the output, but at the cost of increased settling time. For
fastest settling and minimum ripple, an additional stage of 2-
pole filtering isuseful. The additional filtering permitsimprove-
ment of settling time or reduction of ripple (or both) because
of substantial reduction of Cey;.

RMS

CREST
WAVEFORM RMS MAD WAD FACTOR
Vm 2
v, s =V,
[ - SINE WAVE vz C2 ;—ﬂ = 1| yZ =1414
" 0.707Va | 0637V,
Von SYMMETRICAL
| ] SQUARE WAVE Ve Ve ! 1
OR DC
.
Vo TRIANGULAR WAVE Ve v, 2
m
OR SAWTOOTH Vel 7. |gFees| Ve
GAUSSIAN NOISE cf | g
T ) RMS : , a2
v, CREST FACTOR IS /Z T
" THEORETICALLY - FMs ‘[; 2 4.6%
4 UNLIMITED. q IS -oz08rms| 1 3 o3
THE FRACTION OF g S 253 33 1%
S TIME DURING WHICH 2-9 g:?”‘
8 GREATER PEAKS CAN ppm
xQ BE EXPECTED TO e ::::'" .
OCCUR .
R T .|\ 6 2x10°
logq
PULSE TRAIN f '
I:l— | Tv"' 7 [markispace| v.vw Vo v N3
| fe-nt 1 L Vm Vi 1 [
) . 025 0.3333 05V, 0.25V,, 2 2
n: “DUTY CYCLE" 0.0625 |  0.0667 025V, 0.0625V,, 4 4
00156 |  0.0159 0125V, | 0.0156v, 8 8
0.01 0.0101 0v,, 0.01V,, 10 10
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PERFORMANCE SPECIFICATIONS

Considerable information regarding rms-to-dc converter cir-
cuit design, performance, selection, and applications is to be
found in the NONLINEAR CIRCUITS HANDBOOK.! In ad-
dition, useful applications information on auxiliary filtering
can be found in the article ‘““Measure RMS with Less Ripple

in Less Time.”?

The most-salient feature of a true rms-to-dc converter is that

it ideally has no error due to an indivect approximation to

the rms. Static errors are due only to scale-factor, linearity,
and offset errors; dynamic errors are due to insufficient av-
craging time at the low end and finite bandwidth and slewing
rate at the upper end. Linearity errors affect crest factor in
midband. Dynamic errors are also a function of signal ampli-
‘tude, due in part to the variation of bandwidth of the *“log”
transistors with signal level.

Total Error A specification for quick reference, this is the
maximum deviation of the dc component of the output volt-
age from the theoretical output value over a specified range
of signal amplitude and frequency. It is shown as the sum of
a fixed error and a component proportional to the theoreti-
cal output (“% of reading”). It is specified for a sinusoidal
input in a given frequency and amplitude range. The fixed
error-component includes all offset errors and irreducible
nonlinearities; the %-of-reading component includes the linear
scale-factor error.

Total Error, external adjustment is the amount by which
the output may differ from the theoretical value when

the output offset and scale factor have been trimmed. Note
that the fixed error-component cannot be reduced to zero,
even though the output offset can be nulled at zero input.
This is because of residual input offsets and inherent non-
linearities in the converter.

! Nonlinear Circuits Handbook, Analog Devices, Inc., 1974, 1976,
536pp, edited by D. H. Sheingold.
2 ANALOG DIALOGUE 9-3, 1975, pp 21-22

Total Error vs. Temperature is the average change of %-of-full-
scale error component plus the average change of percent of
reading error component per degree Celsius, over the rated
temperature range.

Frequency for 1%-of-Reading Error is the minimum value of
frequency (at the high end) at which the error increases from
the midband value by 1% of reading. It is a function of peak-
to-peak input amplitude.

Frequency for -3dB Reading Error is the minimum value of
frequency (at the high end) at which the error may equal
~30% of reading. It is a function of amplitude.

Crest Factor (a property of the signal) is the ratio of peak
signal voltage to the ideal value of rms; the specified value of
crest factor is that for which the error is maintained within
specified limits at a given rms level for a worst-case —
rectangular pulse — input signal.

Filter Time Constant and External Capacitor: The time con-
stant of the internal averaging filter, and the increase of time
constant per uF of added external capacitance.

Input: The voltage range over which specified operation is
obtained, the maximum voltage for which the unit operates,
the maximum safe input voltage, and the effective input
resistance.

Output: The maximum output range for rated performance,

the minimum current guaranteed available at full-scale output
voltage, and the source resistance of the output circuit.

Power Supply: Power-supply range for specified performance,
power-supply range for operation, and quiescent current drain.

Temperature Range: The range of temperature variation for
operation within specifications. Temperature coefficients are

"determined by three-point measurements (Tyy — 25°C),

25°C — Ty), when measured.

RMS-TO-DC CONVERTERS VOL. ll, 7-5
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ANALOG
DEVICES

Wideband, High Accuracy
True rms-to-dc Converter

MODEL 442

FEATURES

DC to 8MHz Response (-3dB)

High Accuracy:
With No Ext. Trim: £2mV 10.15% of Rdg., max
With Ext. Trim: £1mV 1£0.05% of Rdg., max -

Low Drift: +(35uV +0.01% of Reading)/°C max, 442L

Fast Settling Time: 5ms to 1%

Small Size: 1.5 x 1.5 x 0.4"”

All Hermetically Sealed Semiconductors

APPLICATIONS

Wideband rms Instrumentation

Telephone, Telegraph & Modem Test Equipment
Vibration Analysis

Sound & Noise Level Instrumentation

Mean Square Measurements A

GENERAL DESCRIPTION
Model 442 is a high performance true rms-to-dc converter
featurlng 8MHz bandwidth, low drift to #35uV/°C 0.01% of

reading/°C maximum, and 1% reading error to 800kHz. Unlike v

competing designs, model 442 achieves its high accuracy over a
very wide input signal range. With no external adjustment, accu-
racy is held to within #2mV #0.15% of reading for input signals
of 0 to 2V 6. If optional adjustments are performed, this accu-
racy can be improved to *1mV 0.05% of reading. Model 442
is designed to be used in high performance instrumentation
where response to low level, high speed signals, is of greatest
importance.

The compact, log-antilog circuit desxgn of model 442 results
in high accuracy measurements on sinewave signals and com-
plex waveforms such as pulse trains. Reading error increases
0.2% for signals with crest factors up to 7. In addition, true
rms measurement can be performed directly on signals contain-
ing both ac and dc components.

Model 442 is available in three low drift selcctlons offenng
maximum drift performance over 0 to +70°C range; model
442L: £(35uV 1£0.01% of rdg.)/°C max; model 442K: £(50uV
+0.01% of rdg.)/°C max; model 442]: £(100uV £0.01% of
rdg.)/°C max.

WHERE TO USE MODEL 442

Excellent untrimmed performance along with simple, optional
trims make model 442 the ideal component for all types of
laboratory and OEM rms instrumentation where wideband
measurements must be made with high accuracy. Model 442

is ideally suited for measuring thermal noise, transistor noise
and switch contact noise. True rms measurement is the only
technique to accurately measure system noise and thereby
assist the designer in reducing this noise. Model 442 is also use-
ful for measuring mechanical phenomena such as strain, stress,

For detailed information, contact factory.

[» [end
DEVCES

402K

R SR

TOTAL QUTPUT ERROR ~ mV

8
6 S
MODEL 442 WIDEBAND RMS TO DC CONVERTER
LR . ERROR VERSUS INPUT
) Wiy INPUT SIGNAL .
i I ——
H 1 i
% 2 I Ak Sk 10k 20K 30Kk 40k 50k 100k 200k 300k 400K BOOK - 1M

SINEWAVE INPUT FREQUENCY - Hz

vibration, shock, expansion and contraction. The electrical
signals produced by these mechanical actions are often noisy,
nonperiodic, nonsinusoidal and superimposed on dc levels,
therefore requiring true rms devices for accurate measurements.

Model 442 is also required for accurate measurements on low
repetition rate pulse trains. For pulse trains with crest factors
of 10, a 3dB bandwidth of 400 times the pulse rate is required
to achieve 1% accuracy and 4000 times the pulse rate is needed
for 0.1% accuracy.

Model 442 may also be connected (see Figure 3) to measure
the MEAN SQUARE of a signal (e, = ejn2 /VR). The Mean
Square of a random signal is equal to the variance (02).

TOTAL ACCURACY

Total output error is specified as the sum of two components;
a fixed term plus a percentage of output signal. Model 442 has
a rated sinewave accuracy of £1mV $0.05% max (externally
trimmed), which for a one volt rms sinewave, results in a
+1.5mV maximum error (+1mV fixed error plus £0.5mV
reading error). The fixed error component is comprised of out-
put offsets and linearity errors. Both of these error terms have
been minimized in the model 442 as a result of special output
circuit design and sophisticated factory offset trim procedures.
Output offset can be adjusted for minimum error by means of
an external adjustment (see Figure 2). The % of reading error
is attributed to nonlinearity and scale factor errors. Scale factor
error may also be reduced by external adjustment of an op-
tional 5k§2 potentiometer (see Figure 2).

RMS-TO-DC CONVERTERS VOL. Il, 7-7



SPECIFICATIONS* * (typical @ +25°C and Vg = £15V dc, unless otherwise noted)

MODEL 442) 442K 4421
TRANSFER EQUATION o = Vavg (e;)? . .
ACCURACY'

Total Error, Sinewave Input, f < 20kHz
No External Adjustment
Input Range: 0 to 2V
External Adjustment
Input Range: 0 to 2V ¢
10mV 16 10 2V g
Additional Error, Sinewave Input,
20kHz < f < 500kHz
With or Without External Adjustment
For Any Input Range

vs. Temperature (0 to +70°C), max

+2mV $0.15% of Rdg., max

+1mV $0.05% of Rdg., max
20.5mV *0.05% of Rdg., max

(£25uV £0.0025% of Rdg) x

(f(kHz) - zokm)
, max
1kHz

4100uV/°C plus

+50uV/°C plus

.

£35uV/°C plus

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

| 151 MAX (38.1). }
0.41 MAX
‘ '(w.z)
- 0.04DIA
| |-—
020700.25 oz
(5T06.4)
==: By ot

3
Il
1

T
it

+0.01% of Rdg./°C £0.01% of Rdg./°C  *0.01% of Rdg./°C ¢ .
vs. Supply Voltage +0.1mV/% * * I 4 ?‘_v ] wax
Warm-Up Time 5 minutes . . GAIN ¢-|7 ¢_i = 3.1
2-0-%0+—H
FREQUENCY RESPONSE, SINEWAVE INPUT 5O I
*1% Reading Error Q‘O‘ (-
Input: 7V ¢ 500kHz d * 1
2Vims . 700kHz . . I e
N . -
(l)\ir{/-ns ?ggt:; . . BOTTOM wsw_—l 0.1 GRID
-4 Vms (25)
0.1V 80kHz . . .
om\'fm,:,s 25kHz . . Weight: 40 grams
-3dB Reading E:ror
.
Input: ;xms ;;‘2:1 : . MATING SOCKET AC1016
ms 2
1Vems TMHz * *
.
0.2V ;M}:z : . 5—0 +vs
0.1Vme MHz )
001V, 300kHz . . ewO— 8 4r—Ocom
Internal Filter Time Constant 1.5ms . * w —0-Vs
External Filter Time Constant? 15ms/uF . * 2 eout
Total Averaging Time Constant? 1.5ms + 15ms/uF * * 6
CREST FACTOR
+0.2% Additional Reading Error * * |
£0.5% Additional Reading Error 10 * * o
o = N
INPUT SPECIFICATIONS v
V°IS‘?E°I N 1oV ) . . Figure 1. Wiring Connections for
st Tnpat. svg ™" . . - rms Measurements (No External
Impedance 2.5kS2 £10% . . Trim) )
OUTPUT SPECIFICATIONS® +vg
Rated Output
Voltage +10.0V min . . Ro 9 5 Vs
Curreint +5mA min . » no s 4—O0 com
Impedance 0.12 * . Vs w2 3—0 -vs
Offset Voltage, @ +25°C +2mV max . . 7 2 O s0uT
With External 20k§2 Trim Pot Adjustable to Zero . * |+
POWER SUPPLY* , o
Voltage, Rated Specifications 115V de * .
Voltage, Operating (6 to 18)V dc . . "‘f_l
Current, Quiescent +12mA * . sc;'LEAvFACTOR
TEMPERATURE RANGE Rs = 5k
Rated Performance 010 +70°C * . Ro = 20k}
Operating 2Co ‘8505 . X ELECT Cf FOR INCREASED AVERAGING TIME CONSTANT
o . 3
Storage -55°C to +125°C . . prissldy Mt andad
CASE SIZE 1.5"x 15" x 0.4" . . . .
Figure 2. Optional External
NOTES

*Specifications same as model 442).
**Contact sales office for complete 4 page data sheet.

" Error is specified as the sum of two components: a fixed term plus a percentage of output signal (reading). Refer to

TOTAL ACCURACY,

?Connect optional filter capacitor between pin 1 and pin 2 (see Figure 2). Pin 1 is protected for shorts to ground and
the positive supply voltage. Pin 1 is.not protected for negative voltage greater than 1 volt.
3 Protected for short circuit to ground and/or either supply voltage.

“Recommended power supply: Analog Devices’ mod:
Specifications subject to change without notice.

el 904.
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Adjustment for rms Measurements

+Vs.

—0 +vs
[—O com
—O -vs
—0 sour

en?
= AN
0% Uner

VReF ~+10 VOLTS

Ro s

Vs enO— 8

N oW s o

VRerO—1 6

Rg = 20kS2
Figure 3. Wiring Connections for

Mean Square Measurements with
Adjustable Scale Factor (Vgef)
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Selection Guide
Log-Antilog Amplifiers

755,759

ANTILOG
ELEMENT

10K

+ 1 FETOP
AMP

VOL. Il -2 LOG-ANTILOG AMPLIFIERS

' MODEL 755, MODEL 759

High Accuracy: Models 755N, 755P
Low Cost: Models 759N, 759P
Complete Log-Antilog Amplifiers: External
Components not Required

Temperature-Compensated Internal Reference
6 Decades Current Operation: 1nA to TmA
1% max Error: 1nA to 1TmA (755)

20nA to 200pA (759)
4 Decades Current Operation: TmV to 10V
1% max Error: 1mV to 10V {755)

1mV to 2V (759)

MODEL 757

6 Decade Operation — 1nA to TmA

1/2% Log Conformity - 10nA to 100pA

Symmetrical FET Inputs

Voltage or Current Operation

Temperature Compensated

Complete Log Ratio Amplifier: External
Components not Required

Page
Vol. 11
8-7
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8-11



Orientation
Log-Antilog Amplifiers

The devices catalogued in this section are complete, self-con-
tained modules that provide output voltage proportional to

the logarithm or the antilogarithm (exponential) of an input
quantity. These modules operate on the instantaneous values

of inputs from dc to an upper cutoff frequency below 1MHz.

LOGS AND LOG RATIOS
In the logaritbmic mode, the ideal output equation is

l‘
(ﬂ_)

Eo = -K Iog10 i

E, can be positive or negative; it is zero when the ratio is
unity, i.e., Ii = Ies. K is the output scale constant; it is
equal to the number of output volts corresponding to a de-
cade* change of the ratio. In the 755 and 759 log amplifiers,
K is pin-programmable to be either 1V, 2V, or 2/3V, or exter-
nally adjustable to any value 2 2/3V;in the model 757 log-
ratio amplifier, K may be either a preset value of 1V, or an
arbitrary value adjustable by an external resistance ratio.

Iin is a unipolar input current within a 6-decade range (1nA
to 1mA); it may be applied directly, as a current, or derived
from an input voltage via an input resistor (in which case,
the ratio becomes Ej/(Riplref) = Ein/Eref. In models 755 and
759, the magnitude of I ¢ is internally fixed at 10uA (Eef =
0.1V) or externally adjusted; but model 757 is a log-ratio
amplifier, in which both Ij; and Iief (or Ej, and Eqet, using
external scaling resistors) are input variables. ’

Each of the log amplifiers is available as a “P” or “N” op-
tion, depending on the polarity. of the input voltage. Loga-
rithms may be computed only for positive arguments, there-
fore the reference current must be of appropriate polarity to
make the ratio positive. “N”’ indicates that the input current
(or voltage) for the log mode is positive; “P” indicates that
only negative voltage or current may be applied in the log
mode. The polarity of K also differs: K is positive for “N”
versions and negative for ‘“P” versions. Thus, +10V applied
to model 759N, with K = +1V, would produce an output vol-
tage, Eo = -1V log (100) = -2V; on the other hand, -10V

* applied to model 759P, with K = 1V, would produce an out-
put voltage, Eq = ~(-1V) log (100) = +2V. The figure shows,
in condensed form, the outputs of P and N log-amps, with dif-
fering K values, for voltage and current inputs.

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

*A decade is a 10:1 ratio, two decades is 100:1, etc. For example,
if K = 2, and the ratio is 10, the magnitude of the output would be
2V, and its polarity would depend on whether the ratio were greater
or less than unity. If the input signal then changed by a factor of
1000 (3 decades), the output would change by 6V.

OUTPUT VOLTS

-10 A/

IREF

K=-2/3
K=-2\_g
MODEL 755P MODEL 755N
—INPUT CURRENT ~-10 +INPUT CURRENT
<— —_
Log of Current

»
5

K=-2 o

>

=

2

K=-1 £
K=-2/3 o

MODEL 755P MODEL 755N
—INPUT VOLTS -5 HNPUT VOLTS
—

Log of Voltage

Output vs. Input of Model 755N & 755P in Log Connection
(Log Input Scales), Showing Voltages, and Polarity Relationships

ANTILOGS
In the antilogaritbmic (exponcntlal) mode, the ideal output
equation is

Eq = Epef expro (- Ep/K)
Ej, can be positive or negative; when it is zero, Eq = Eper.
However, E, is always of single polarity, positive for “N”

versions, negative for “P”’ versions. Thus, for 759P, connect-
ed for K = -2V, if Ej; = +4V, and E¢ = -0.1V, then

Eo =-0.1V-10%2, or - 10V; if Ey, = -4V, then

Eo =-0.1V-10° /2 = -1mV. The figure on the next page
shows, in condensed form, the outputs of P and N log amps,
connected for antilogarithmic operation, with different K
values.

t

Antilog amplifiers are useful for applications requiring expan-
sion of compressed data, linearization of transducers having
logarithmic outputs, analog function fitting or function gener-
ation, to obtain relationships or generate curves having volt-
age-programmable rates of growth or decay, and in analog
computing, for such functions as compound mulnpllcatlon
and division of terms having differing exponents.

LOG-ANTILOG AMPLIFIERS VOL. Il, 8-3
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LOG-ANTILOG AMPLIFIER PERFORMANCE
.Considerable information regarding log- and antilog-amplifier
circuit design, performance, selection, and applications is'to
be found in the NONLINEAR CIRCUITS HANDBOOK!.
Several salient points will be covered here, and specifications
will be defined.

A log/antilog amplifier consists of an operational amplifier
and an element with antilogarithmic transconductance (i.e.,
the voltage into the element produces a current that is an
exponential function of the voltage). As the figure shows, for
logarithmic operations, the input current is applied at the op-
amp summing point, and the feedback circuit causes the am-
plifier output to produce whatever voltage is required to pro-
vide a feedback current that will exactly balance the input
current.

In antilog operation, the input voltage is applied directly to
the input of the antilog element, producing an exponential
input current to the op-amp circuit. The feedback resistance
transduces it to an output voltage.

755 2
Vir ot ANTILOG g
in® ELEMENT 1
e S
V4% & FET-INPUT
| 5 VAMP s
IN -
(SUMMING R our
FOINT) T
6] 7| s o

+15V  COM -15V TRIM Egq

a) Log/Antilog Amplifier Connected in the Log Mode (K = 1)

! Nonlinear Circuits Handbook, Analog Devices, Inc., 1974, 1976,
536pp, edited by D. H. Sheingold, $5.95; send check or complete
MasterCard data to P.O. Box 796, Norwood MA 02062
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5 SUMMING POINT
(EXTERNAL Ry}

K=2 ANTILOG
K=1o ELEMENT

Re = 10k$2, 1/4%

s

+15V  COM -15V TRIM Eqs

b) Log/Antilog Amplifier Connected in the Exponential Mode

The wide range of log/exponential behavior is made possible
by the exponential current-voltage relationship of transistor
base-emitter junctions,

I= [O(eqv/k’l‘ - 1) = [Oqu/kT

and V= (kT/q) In (I/1,)

where I is the collector current, I, is the extrapolated cur-
rent for V = 0, V is the base-emitter voltage, q/k (11605° K/V)
is the ratio of charge of an electron to Boltzmann’s constant,
and T is junction temperature kelvin. In log/antilog devices,
two matched transistors are connected so as to subtract the
junction voltages associated with the input and reference cur-
rents, making the ratio independent of Iy’s variation with
temperature.

AV

(kT/q) In (Ii5/15) — (KT/q) In (Ipef/1g)
(kT/q) (In Iin — In Iyef) + (kKT/q) (In Io — In Iy)
(kT/q) In (Ij /Iref)

The temperature-dependence of gain is compensated for by a
resistive attenuator that uses a temperature-sensitive resistor
for compensation. The attenuator also produces amplification
of K to the specified nominal values, e.g., from the basic
59mV/decade (kT/q) in10 at room temperature) to

1V/decade.

Errors are introduced by the offset current of the amplifier,
and the offset voltage, for voltage inputs; by inaccuracy of the
reference current (or the effective reference voltage, for volt-
age inputs) in fixed-reference devices; and by inaccuracy of
setting K. Additional errors are introduced by drift of these
parameéters with temperature. At any temperature, if these
parameters are nulled out, there remains a final irreducible dif- -
ference between the actual output and the theoretical output,
called log-conformity error, which is manifested as a “‘nonline-
arity” of the input-output plot on semilog paper. Best log con-
formity is realized away from the extremities of the rated signal
range. For example, log-conformity error of model 755 is +1%
maximum, referred to the input, over the entire 6-decade range
from 1nA to 1mA; but it is only £0.5% maximum over the 4-
decade range from 10nA to 100uA. A plot of log conformity
error for model 759 is shown here.

i

Errors occurring at the input, and log-conformity errors, can

. only be observed at the output, but it is useful to refer them to

the input (RTI). Equal percentage errors at the input, at what-
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Log Conformity Error for Models 759N and 759P

ever input level, produce equal incremental errors at the out-
put, for a given value of K. For example, if K = 1, and the RTI
log-conformity error is +1%, the magnitude of the output error
will be

Error = Actual output — ideal output
1V-log (1.01 I/lef) — 1V-log (1/keg)
= 1V-ogl.01=0.0043V =4.3mV

If, in this example, the input range happens to be 5 decades,
the corresponding output range will be 5 volts, and the 4.3mV
log-conformity error, as a percentage of total output range,
will be less than 0.1%. Because this ambiguity can prove con-
fusing to the user, it is important that a manufacturer specify
whether the error is referred to the input or the output. The
table below indicates the conversion between RTI percentage
and output error-magnitudes, for various percent errors, and
various values of K.

LOG OUTPUT ERROR (mV)

.

% ERROR RTI K=1V  K=2V K=(2/3)v

0.1 0.43 0.86 0.28
0.5 2.2 4.3 1.4
1.0 4.3 8.6 2.9
2.0 8.6 17. 5.7
3.0 13. 26. 8.6
4.0 17. 34. 11,
5.0 21. 42. 14,

10.0 41. 83. 28.

For antilog operations, input and output errors are interchanged.

To arrive at the total error, an error budget should be made up,
taking into account each of the error sources, and its contribu-
tion to the total error, over the temperature range of interest.

Dynamic response of log amps is a function of the inputlevel.
Small-signal bandwidths of ac input signals biased at currents
above 1uA tend to be roughly comparable. However, below
1uA, bandwidth tends to be in rough proportion to current
level. Similarly, rise time depends on step magnitude and
direction — step changes in the direction of increasing current
are responded to more quickly than step decreases of current.

DEFINITIONS OF SPECIFICATIONS

Log-Conformity Error When the parameters have been adjust-
ed to compensate for offset, scale-factor, and reference errors,
the log-conformity error is the deviation of the resulting func-
tion from a straight line on a semilog plot over the range of in-
terest.

Offset Current (Iys) is the bias current of the amplifier, plus
any stray leakage currents. This parameter can be a significant
source of error when processing signals in the nanoampere re-
gion. Its contribution in antilog operation is negligible.

Offset Voltage (Eqs) depends on the operational amplifier used
for the log operation. Its effect is that of a small voltage in se-
ries with the input resistor. For current-logging operations, with
high-impedance sources, its error contribution is negligible.
However, for voltage logging, it modifies the value of Vi,.
Though it can be adjusted to zero at room temperature, its
drift over the temperature range should be considered. In anti-
log operation, Eqg appears at the output as an essentially con-
stant voltage; its percentage effect on error is greatest for small
outputs.

Reference Current (lef) is the effective internally-generated
current-source output to which all values of input current are
compared. lf tolerance appears as a dc offset at the output;

it can be adjusted towards zero by adjusting the reference cur-
rent, adding a voltage to the output by injecting a current into
the scale-factor attenuator, or simply by adding a constant bias
at the output’s destination.

Reference Voltage (Eef) is the effective internally generated
voltage to which all input voltages are compared. It is related
to Ief by the equation: Epf = IefRyy, Where Ry, is the value of
input resistance. Typically, I is less stable than Ry, ; there-

‘fore, practically all the tolerance is due to If.

Scale Factor (K) is the voltage change at the output for a dec-
ade (i.e., 10:1) change at the input, when connected in the
log mode. Error in scale factor is equivalent to a change in gain,
or slope (on a semilog plot), and is specified in percent of the
nominal value.

' LOG-ANTILOG AMPLIFIERS VOL. ll, 8-5
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ANALOG 6-Decade, High Accuracy and
DEVICES Wideband Log, Antilog Amplifiers

MODELS 755N, 755P, 759N, 759P

FEATURES
High Accuracy: Models 755N, 755P
Wideband: Models 759N, 759P
Complete Log/Antilog Amplifiers: External Components Not
Required

Temperature-Compensated Internal Reference
6 Decades Current Operation: 1nA to TmA
1% max Error: 1nA to 1TmA (755)

20nA to 200uA (759)
4 Decades Voltage Operation: TmV to 10V
1% max Error: 1mV to 10V (755)

1mV to 2V (759)
Small Size: 1.1"X 1.1" X 04"

GENERAL DESCRIPTION
The models 755N, 755P and 759N, 759P are low cost dc ANTILOG
logarithmic amplifiers offering conformance to ideal log opera- : R ELEMENT
tion over 6 decades of current (1nA to 1mA) and 4 decades | -
of voltage (1ImV to 10V). For high accuracy requirements, g T
g'suc

755,759

models 755N, 755P offer maximum nonconformity of 0.5%, Esig
from 10nA to 1mA, and 1mV to 1V. For wideband applica-
tions, the models 759N, 759P provide fast response (300kHz

+15V  COM -15V TRIM

@ Igig = 10uA to 1mA) and feature maximum nonconformity *POSITIVE INPUT SIGNALS, AS SHOWN; USE MODEL 759N
of 1% from 20nA to 200¢A, and 1mV to 2V. The models NEGATIVE INPUT SIGNALS, USE MODEL 755
755N and 759N compute the log of positive (+) input signals, 10 —
while the models 755P, 759P compute the log of negative (-) Py L
signals. 6
T

Designed for ease of use, the models 755N/P and 759N/P are Py LA
complete, temperature compensated log/antilog amplifiers N

: ’ 5 MK = 23T~ w3
packaged in a compact epoxy-encapsulated module. External g | 0* 104 103
components are not required for logging currents over the 51 ] w0070 NG
complete 6 decade range of 1uA to 1mA. Both the scale factor al-
(K=2, 1, or 2/3 volt/decade) and log/antilog operation are -
selected by simple pin connection. In addition, both the in- T TmoneL 7558 750N
ternal 10pA reference current as well as the offset voltage may -8 +— i +—
be externally adjusted to improve overall accuracy. -10 ' f l l
The models 7 5? and 759 are ideally suited as an alternative + INPUT CURRENT (AMPS), LOG SCALE
to in-house designs of OEM applications. Advanced design
techniques and superior performance place the 755 and 759 Figure 1. Functional Block Diagram and Transfer Function
ahead of competitive designs in terms of price, performance \ :
and package design.
APPLICATIONS

When connected in the current or voltage logging configura-
tion, as shown in Figure 1, the models 755 and 759 may be
used in several key applications. A plot of input current
versus output voltage is also presented to illustrate the log
amplifier’s transfer characteristics.

LOG-ANTILOG AMPLIFIERS VOL. Il, 8-7



SPECIFICATIONS (typical @ +25°C and +15V dc unless otherwise noted)

MODEL 755N/P 739N/P
TRANSFER FUNCTIONS .
Current Mode ¢y = -Klog;o Sie.
IREF
i .
Voltage Mode o = -Kloggg 5-&
ERer
Antilog Mode ¢o = Eppr 10'(%(-'9) *
TRANSFER FUNCTION PARAMETERS
Scale Factor (K) Selections’ 2,1, 2/3 Volt/Decade .
Error @ +25°C £1% max .
vs. Temperature (0 to +70°C) $0.04%/°C max *
Reference Voltage (Egpp)’ 0.1V .
Error @ +25°C £3% max 4% max
vs. Temperature (0 to +70°C) £0.1%/°C max 10.05%/°C
Reference Current (Iggpy) 10pA .
Error @ +25°C 3% max ’
vs. Temperature (0 to +70°C) £0.1%/°C max £0.05%/°C
MAXIMUM LOG CONFORMITY ERROR
Isi RANGE Egig RANGE RT! RTO (K=1) RTL RTO (K=1)
1nA to 10nA - 1% 4.3mV +5% 121mV
10nA 1o 20nA - 10.5% 12.17mV 2% 18.64mV
20nA 1o 100uA ImVio 1V 10.5% 12.17mV 1% $4.3mV
100uA to 200uA 1Vt 2V 1% 4.3mV +1% +43mV
200uAto ImA 2V wo 10V 1% 14.3mV +2% 18.64mV

INPUT SPECIFICATIONS
Current Signal Range
Model 755N, 759N
Model 755P, 759P
Max Safe Input Current
Bias Current @ +25°C
vs. Temperature (0 to +70°C)
Voltage Signal Range (Log Mode)
Model 755N, 759N
Model 755P, 759P

+1nA to +1mA min
~1nA to ~1mA min
210mA max

(0, +) 10pA max
x2/+10°C

+1mV to +10V min
-1mV to -10V min

.
.
.

(0, +) 200pA max
.

Voltage Signal Range, Antilog Mode 2< Esic .
Model 755N, 755P W<
Offset Voltage @ +25°C (Adjustable to 0)  £400uV max 42mV max
vs. Temperature (0 to +70°C) £154V/°C max £10v/°C
vs. Supply Voltage *15uV/% .
FREQUENCY RESPONSE, Sinewave
Small Signal Bandwidth, -3dB
I = InA 80Hz 250Hz
I = WA 10kHz 100kHz
Igic = 104A 40kHz 200kHz
g = ImA 100kHz 200kHz
RISE TIME
Increasing Input Current
10nA to 100nA 100us 20ps
100nA to 1pA Tus 3us
1A to 1mA 4us 2.5us
Decreasing Input Current
1mA to 1A Tus 3us
11A to 100nA 30us 10us
100nA to 10nA 400us 80us
INPUT NOISE
Voltage, 10Hz to 10kHz 2uV rms 10uV rms
Current, 10Hz to 10kHz 2pA rms 10pA rms
OUTPUT SPECIFICATIONS?
Rated Output
Voltage +10V min .
Current
Log Mode $5mA *
Antilog Mode +4mA -
Resistance 0.5Q M
POWER SUPPLY*
Rated Performance +15Vde .
Operating (1210 18)Vde - .
* Current, Quiescent 17mA *4mA
TEMPERATURE RANGE
Rated Performance 010 +70°C

Operating
Storage

-25°C 10 +85°C
-55°C 1o +125°C

CASE SIZE® (W x L x H)

15" x 1.5" x 04"
(38 x 38 x 10.4)

1.125" x 1.125" x 0.4"
(29 x 29 x 10.4)

NOTES .
*Specifications same as 755N/P.

* Use terminal 1 for K = 1V/decade; terminal 2 for K = 2V/decade; terminals 1 or 2

(shorted together) for K = 2/3V/decade.

2Specification is + for models 755N, 759N; - for 755P, 759P.

3No damage duc 10 any pin being shorted to ground.

* Recommended power supply, model 904, 15V @ £50mA output.

*Case size in inches (mm).
Specifications subject to change without notice.
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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*Optional 100k external trim pot. Input offset voltage may be
adjusted to zero with trim pot connected as shown. With trim
terminal 9 left open, input offset voltage will be :0.4mV (755)
or £2mV (759) maximum.

MATING SOCKET AC1016
w, 10T
gl e
>
5] 64
E
3l 4

24
-10%g

(105 _10-7

-10-3A

MODEL 755P, 759P o MODEL 755N, 759N
-INPUT CURRENT -10+ +INPUT CURRENT
e ——e

LOG OF CURRENT
Plot of Output Voltage vs Input Current
for Model 755 Connected in the Log Mode

5
i<l
K=-2 51 .1 K=2
o
>
- 34 0
2 .
K=-1 Bl .1 k=2
2
K=-2/3 ° K=2/3
14
-101 -10-3 10-3 10-1 101

24
34
44
MODEL 755P, 759P : MODEL 755N, 759N
-INPUT VOLTS -5+ +INPUT VOLTS
B —
LOG OF VOLTAGE

Plbt of Output Volitage vs Input Voltage
for Models 755, 769 Connected in the Log Mode

Figure 2, Transfer Curves




Understanding the Log Amplifier Performance

PRINCIPLE OF OPERATION
Log operation is obtained by placing the antilog element in the
feedback loop of the op amp as shown in Figure 1. At the
summing junction, terminal 5, the input signal current to be
processed is summed with the output current of the antilog
element. To attain a balance of these two currents, the op amp
provides the required output voltage to the antilog feedback
element. Under these conditions the ideal transfer equation
(K=1)is:

Cout = 1V logio lsig/lReF

The log is a mathematical operator which is defined only for
numbers, which are dimensionless quantities. Since an input
current would have the dimensions of amperes it must be
referenced to another current, IpgE, the ratio being dimension-
less. For this purpose a temperature compensated reference of
10uA is generated internally.

The scale factor, K, is a multiplying constant. For a change in
input current of one decade (decade = ratio of 10:1), the out-
put changes by K volts. K may be selected as 1V or 2V by con-
necting the output to pin 1 or 2, respectively. If the output is
connected to both pins 1 and 2, K will be 2/3V.

REFERRING ERRORS TO INPUT -

A unique property of log amplifiers is that a dc error of any
given amount at the output corresponds to a constant percent
of the input, regardless Qf input level. To illustrate this, con-
sider the output effects due to changing the input by 1%.

The output would be:
eout = 1V logg (I5;q /Irgg)(1.01) which is equivalent to:
cour = 1V logyo (lgig/lgpr)  ¥1V loggg (1.01)

—

Initial Value

Change

The change in output, due to a 1% input change is a constant
value of £4.3mV. Conversely, a dc error at the output of
14.3mV is equivalent to a change at the input of 1%. An abbre-
viated table is presented below for converting between errors

referred to output (R.T.0.), and errors referred to input (R.T.L).

ERROR R.T.O.
ERRORR.TI. | K=1 K=2 K=2/3
0.1% 0.43mV  0.86mV  0.28mV
0.5 2.17 4.34 1.45
1.0 4.32 8.64 2.88
3.0 12.84 25.68 8.56
4.0 'l 17.03 34.06 11.35
5.0 21.19 42.38 14.13
10.0 41.39 82.78 27.59

Table I. Converting Output Error in mV to Input Error
in%

SOURCES OF ERROR

Log Conformity Error — Log conformity in logarithmic de-
vices is a specification similar to linearity in linear devices. Log
conformity error is the difference between the value of the
transfer equation and the actual value which occurs at the out-
put of the log module, after scale factor, reference and offset
errors are eliminated to taken into account. The best linearity
performance for the models 755, 759 are obtained in the 5
decades from 10nA to 1mA. To obtain optimum performance,
the input data should be scaled to this range.

Offset Voltage — The offset voltage, Eog, of models 755, 759
is the offset voltage of the internal FET amplifier. This voltage
appears as a small dc offset voltage in series with the input
terminals. For current logging applications, its error contribu-
tion is negligible. However, for log voltage applications, best
performance is obtained by an offset trim adjustment.

Bias Current — The bias current of models 755, 759 is the bias
current of the internal FET amplifier. This parameter can be a
significant source of error when processing signals in the nano-
amp region. For this reason, the bias current for model 755 is

10pA, maximum, and 200pA maximum for model 759.

Reference Current — Iy is the internally generated current
source to which all input currents are compared. Izgp toler-
ance errors appear as a dc offset at the output. The specified
value of Iggg is £3% referred to the input, and, from Table I,
corresponds to a dc offset of £12.84mV for K = 1. This offset
is independent of input signal and may be removed by in-
jecting a current into terminal 1 or 2.

Reference Voltage — Eppr is the effective internally generated
voltage to which all input voltages are compared. It is related
to Iggp through the equation:

EpgF = IRgF X Ry, where Ry is an internal 10k$2, precision
resistor. Virtually all tolerance in Eggp is due to Igpg. Conse-
quently, variations in Ippp cause a shift in Eggp. ’

Scale Factor — Scale factor is the voltage change at the output
for a decade (i.e., 10:1) change at the input, when connected
in the log mode. Error in scale factor is equivalent to a change’
in gain, or slope, and is specified in per cent of the nominal
value. An external adjustment may be performed if fine trim-
ming is desired for improved accuracy.
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OPTIONAL EXTERNAL ADJUSTMENTS FOR LOG
OPERATION

Trimming Eqgg — The amplifier’s offset voltage, Eqg, may be
trimmed for improved accuracy with the models 755, 759
connected in its log circuit. To accomplish this, a 100kS2, 10
turn potis connected asshown in Figure 3. The input terminal,
Pin 4, is connected to ground. Under these conditions the out-
put volrage is:

eout = “K logyg Egs/ERgp

To obtain an offset voltage of 100uV or less, for K =1, the
trim pot should be adjusted until the output voltage is be-

tween +3 and +4 volts for models 755N, 759N, and -3V to
—4V for models 755P, 759P.

For other values of K, the trim pot should be adjusted for an
output of gyt = 3 x K to 4 x K where K is the scale factor.

765,759

ANTILOG
ELEMENT

3
+ FET OP
AMP

6 7 8 9
+15V COM -15V| TRIM

i

Figure 3. Trimming Epg in Log Mode

Reference Current or Reference Voltage — The reference cur-
rent or voltage of models 755, 759 may be shifted by injecting
a constant current into the unused scale factor terminal (Pin 1
or Pin 2). The current injected will shift the reference one
decade, in accordance with the expression: I} = 66uA log
10uA/Iggr (755), I} = 330uA log 10uA/IREF (759), where

I} = current to be injected and Iggg = the desired reference
current.

By changing Ipgp, there is a corresponding change in Eggp
since, Eppp = Iggr X Ry An alternate method for rescaling
ERgF is to connect an external Ry, at the Iy terminal (Pin 5)
to supplant the 10k supplied internally (leaving it uncon-
nected). The exbression for EREF is then, Egper = RN IREF:
Care must be taken to choose Ry such that (eg; max)/Rpy
<1mA.

Scale Factor (K) Adjustment — Scale factor may be increased

from its nominal value by inserting a series resistor Rg between -

the output terminal, Pin 3, and either terminal 1 or 2. The
table below should be consulted when making these scale
factor changes.

CONNECT .
RANGEOFK  SERIES  VAJUEOFRg NOTE

R TO PIN
2/3V t0 1.01V 1 Rx(K-2/3) usepinsl,2
1.01V 10 2.02V 1 Rx(K-1)  usepinl
>2.02V 2 Rx(K-2) use pin 2

R = 15kQ (755); 3kQ (759)
Table 2. Resistor Selection Chart for Shifting Scale Factor

ANTILOG OPERATION

The models 755 and 759 may be used to develop the antilog
" of the input voltage when connected as shown in Figure 4.

The antilog transfer function (an exponential), is:

eout = EREF 10N/K [-2<ep /K<2}
.VOL. Il, 8-10 LOG-ANTILOG AMPLIFIERS

755,759

ANTILOG
ELEMENT

+15V -15V COM TRIM
Figure 4. Functional Block Diagram

Principle of Operation — The antilog element converts the -~
voltage input, appearing at terminal 1, to a current which is
proportional to the antilog of the applied voltage. The current-
to-voltage conversion is then completed by the feedback re-
sistor in a closed-loop op amp circuit.

A more complete expression for the antilog function is:

-¢

eout = Ergr 10 ™K + Egg
The terms K, Eqg, and Egg are those described previously in
the LOG section.
Offset Voltage (Eqgg) Adjustment — Although offset voltage
of the antilog circuit may be balanced by connecting it in the
log mode, and using the technique described previously, it may
be more advantageous to use the circuit of Figure 5. In this
configuration, offset voltage is equal to eqg;1/100. Adjust for -
the desired null, using the 100k trim pot. After adjusting, turn
power off, remove the external 10082 resistor, and the jumper |
from Pin 1 to +15V. For 755P, 759P use the same procedure
but connect Pin 1 to -15V.

10082 755N,759N 10K
5 4
FET OP
2 AMP
ANTILOG

. ELEMENT 3 -
r 2 ©
! = i-

JUMPER: =

6 2 7)o
| +5V 215V TRIM
L ———— |10k =

Figure 5. Trimming Egg in Antilog Mode

Reference Voltage (Eg gr) Adjustment — In antilog operation,
the voltage reference appears as a multiplying constant. Eggp’
adjustment may be accomplished by connecting a resistor, R,
from Pin 5 to Pin 3, in place of the internal 10k2. The value
of R is determined by:

R = Epgp desired/105 A

Scale Factor (K) Adjustment — The scale factor may be ad-
justed for all values of K greater than 2/3V by the techniques
described in the log section. If a value of K less than 2/3V is
desired for a given application, an external op amp would be
required as shown in Figure 6. The ratio of the two resistors is
approximately:

R1/Rg; = (1/K — 1) where K = desired scale factor

755,759

ANTILOG
ELEMENT

+15V -15V  COM TRIM

Figure 6. Method for Adjusting K<2/3V



ANALOG

6-Decade, High Accuracy
Log Ratio Amplifiers

DEVICES

MODEL 757N, 757P

FEATURES

6 Decade Operation — 1nA to TmA
1/2% Log Conformity — 10nA to 100uA
Symmetrical FET Inputs

Voltage or Current Operation
Temperature Compensated

APPLICATIONS

Absorbence Measurements

Log Ratios of Voltages or Currents
Data Compression

Transducer Linearization

GENERAL DESCRIPTION

Model 757 is a complete, temperature compensated, dc-coupled
log ratio amplifier. Itis comprised of two input channels for
processing signals spanning up to 6 decades in dynamic range
(1nA to 1mA). By virtue of its symmetrical FET input stages,
the 757 can accommodate this 6 decade signal range at either
channel. Log conformity is maintained to within 1/2% over 4
decades of input (10nA to 100A) and to within 1% over the
full input range. Unlike other log ratio designs, model 757
does not restrict the relative magnitude of the two signal inputs
to achieve rated performance. Either input can be operated
within the specified range regardless of the signal level at the
other channel.

The model 757 log-ratio amplifier design makes available both
input amplifier summing junctions. Asa result, it can directly
interface with photo.diodes operating in the short-circuit cur-
rent mode without the need of additional input circuitry.

The excellent performance of model 757 can be further im-
proved by means of external scale factor and output offset
adjustments. A significant feature of model 757 not found

on competing devices is that, when the offset adjustment is
used to establish a fixed bias at the output, the output offset
level does not vary as a function of input signal magnitude. On
other designs, the sensitivity of output offset to input levels
results in output effects resembling log conformity errors.

Model 757 can operate with either current or voltage inputs.
Its excellent performance makes it ideally suited for log ratio
applications such as blood analysis, chromatography, chemical
analysis of liquids and absorbence measurements.

CURRENT LOG RATIO :

Current log ratio is accomplished by model 757 when two cur-
rents, Igjg and IRgF, are applied directly to the input terminals
(see Figure 1). The two log amps process these signals providing

et et A
Ry "sm: :
" ! N I ipec
o = oo LOG ,, log IsiG 1320 |
56 = —g— | AMP
1 | +
1 +
1
Ry I°Ref! -
e2 -
|
LOG
Inee = 22500 : amp A2 log IREF
T TR | + OFFSET
| - J.
|
U ) G UG

*POSITIVE INPUT CURRENTS (AS SHOWN), USE
MODEL 757N. NEGATIVE INPUT CURRENTS,
USE MODEL 757P.

(8) SCALE FACTOR
ADJUST

com ()

Figure 1. Functional Block Diagram of Model 757

voltages which are proportional to the log of their respective
inputs. These voltages are then subtracted and applied to an
output amplifier. The scale factor, when connected as shown,
is 1V/dec. However, higher scale factors may be achieved by
connecting external scale factor adjusting resistors. (See section
on optional adjustments and trims.)

VOLTAGE LOG RATIO
The principle of operation for voltage log ratio is identical to
that of current log ratio after the voltage signal has been con-
verted to a current. To accomplish this conversion, an external
resistor is attached from the voltage signal to the appropriate
input current terminal of the 757. Input currents are then
determined by: : .

- €1 ~Cps,

€2 ~Cos,
Isig = &

,IREF=—R'2'——

€os; = Input Offset Voltage (Igjg Channel)
€osy = Input Offset Voltage (Irgr Channel)

LOG-ANTILOG AMPLIFIERS VOL. Il, 8-11



SPECIFICATIONS

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

MODEL

7SIN/P

TRANSFER FUNCTION !
Current Mode

Voltage Mode

eon= K [ogm.lili
IREF

(e1 -€0s,)
eo=-x1°gm[i’l

€2 ~€os,)

Ry

532'

ACCURACY
Log Conformity?
Isig, IREF = 10nA to 100uA
Isic, IREF = 1nAto ImA
Scale Factor (1V/Dec)
vs. Temperature (0 to +70°C)

+0.5%, max
*1%, max

(+0, -2%) max
10.04%/°C max

INPUT SPECIFICATIONS — Both Input Channels

Current

Signal Range, Rated Performance

Model 757N
Model 757P
Max Safe
Bias Current, @ +25°C
vs. Temperature (0 to +70°C)
Offset Voltage, @ +25°C
vs. Temperature (0 to +70°C)
Isig Channel

+1nA to +1mA min
-1nA to -1mA min
$10mA max

(0, +) 10pA max
x2/+10°C

*imV max

+25uV/°C max

Iger Channel +25uV/°C max
vs. Supply Voltage *5uVi%
FREQUENCY RESPONSE, Sinewave
Small Signal Response (-3dB)
Signal Channel
Isic = 1nA 250Hz
Isic = 1MA 25kHz
Isig = 1004A 40kHz
Reference Channel
IReF = 1nA 100H:z
IREF = 1HA 25kHz
IREF = 100pA 40kHz
RISE TIME Signal Channel Reference Channel
Increasing Input Current (IRgF = 10uA) (Isic = 10uA)
1nA to 10nA 250us 80us
10nA to 100nA 50us 40us
100nA to 1A 30us 30us
14A to 100uA 25us 25us
Decreasing Input Current
100uA to 14A 25us 25us
1¢A to 100nA 30us 30us
100nA to 10nA 100us 40us
10nA to InA 600us 70us
INPUT NOISE
Voltage (10Hz to 10kHz) 3uV rms
Current (10Hz to 10kHz) 0.1pA rms
OUTPUT SPECIFICATIONS
Rated Output
Voltage %10V min
Current +5mA min
Resistance 018
Offset Voltage® (K = 1V/Decade) +15mV max
vs. Temperature (0 to +70°C) £0.3mV/°C
" vs. Supply +5uV/V
POWER SUPPLY*
Rated Performance 15V dc
Operating #(12to 18)V dc
Current, Quiescent +8mA
TEMPERATURE RANGE
Rated Performance 0to +70°C
Operating -25°Cto +85°§:
Storage -55Cto+125°C
MECHANICAL
Case Size 15" x1.5"x04"
Weight 21 grams
NOTES

! For model 757N, K = +1V/Decade and input currents must be positive. For
model 757P, K = -1V/Decade and input currents must be negative. (Input cur-
rents are defined as positive when flowing into the input terminals, 4 and 5.

Refer to TRANSFER CURVES.)

? The log conformity error is referred to input (RTI). 1% error RTI is equivalent

to 4.3mV of error at the output for K = 1V/Dec.

3 Externally adjustable to zero.

* Recommended power supply: Analog Devices model 904, 15V @ 50mA.

Specifications subject to change without notice.

VOL. Il, 8-12 LOG-ANTILOG AMPLIFIERS

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

f-————1.51(38.1) MAX ——d i

1

041
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——I |-— 0.04 (1)
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1
Il
T
50 tsicT]
K
(TR Y 2 1
T 1 4 lrer T
T -V.¢'|8 11T 151
1+ N#-Pu‘r— e
'CP"'.“{’F OFF | :
qu}l_ ¢ Apg
H1—+
P ,¢ v/ 1
DEC ||
on
%
BOTTOM VIEW
0.1{2.5) cmn—-l I-— '
TRANSFER CURVES
w10
=t K =2V/DEC
lree = -10uA 5 84 21
> Irgr = 10uA
5 8
% 4 - K = 1V/DEC
s}

-3
-10 A

K = -1v/DEC =~

e
K =-2V/DECN g |

MODEL 757P

Isig INPUT -10-

10°A

MODEL 757N
Isig INPUT

Log mode output voltage vs. input current for

IRer = 10uA.

5

4
Rz 757

3 (eg)
=R
V

" +FOR 757N
- FOR 757P

Figure 2. Scale Factor Adjustment

**SEE SCALE FACTOR-OPTIONAL

ADJUSTMENT AND TRIMS (p.3)

9

i (=) ()
2

\/ \/
Rs = 150k * +FOR 767N
- FOR 757P
18V —MA—— +15V
20k

Figure 3. Output Voltage Offset Adjustments



OPTIONAL ADJUSTMENTS AND TRIMS

Scale Factor — A one volt per decade scale factor is available
when pin 1 is tied to 3 and pin 7 is connected to 9. Higher
scale factors are possible by using a potentiometer, Ry, be-
tween pins 1 and 3 and a resistor, R, between pins 7 to 9 as
shown in Figure 2. The value of the required resistor is (13.2kQ2)
(K-1) where K is the desired scale factor. The approximate
potentiometer value is also (13.2k€2) (K-1). The scale factor
adjustment procedure is as follows:

1. Connect the appropriate value of resistor between pins
7and9.

2. Set IRgf = 11A, Igig = 10UA. Measure eq.

3. Set Iggp = 1A, Igig = 100uA. Adjust Ry until the
difference in eq corresponding to steps 2 and 3 is K volts.

4. Repeat steps 2 and 3 until the change in eg = K volts.
Output Voltage Offset — Output voltage offset must be adjusted
after the desired scale factor is established as indicated above.
To adjust the offset, inject equal dc input currents into the
reference and signal channels. The value of the input currents
should approximate the average input current levels expected
to be encountered in normal operation. Adjust the potentio-
meter shown in Figure 3 until the output voltage is zero.

LOG CONFORMITY

Log conformity in logarithmic devices is a specification similar
to linearity in linear devices. Log conformity error is the differ-
ence between the theoretical value of the log of a ratio and the
actual value that appears at the output of the log-ratio module
after scale factor errors have been eliminated. Measurement of
this error is made after initially zeroing the module at unity-
ratio and adjusting the desired scale factor.

Figure 4 shows the log conformity performance of model 757
over a 6 decade input range. Log conformity for each channel
does not vary noticeably as the current is varied in the other
channel.

LOG CONFORMITY ERROR —
% of Reading, RTI
o
a

1nA 10nA 100nA A 104A 1004A 1mA
INPUT CURRENT .

Figure 4. Log Conformity Error for Model 757. Curve is for
Either Input Channel with Current Held Constant at 10uA
On Other Channel.

FREQUENCY CHARACTERISTICS

Figure 5 shows a plot of small signal response (-3dB) as a func-
tion of input signal current. The graph demonstrates the fre-
quency response performance for each input channel over the
range of 1nA to 1mA, independent of current on the other
channel.

As shown in the graph, the reference channel is faster than the
signal channel at low input levels. If an application requires
higher speed in the input signal channel than in the reference
channel, then the channels can be interchanged with a resulting
polarity reversal of the output signal

log SIG log Igig - log IrgF = -log —— REF
IREF Isic
i: 10K 2=
E SIGNAL // -
§ CHANNEL /
: .l
Z
#REFERENCECHANNEL
47a /
iy 10nA 100nA WA 104A 1004A mA

m
INPUT CURRENT

Figure 5. Small Signal Bandwidth (-3dB) vs. Input Signal Level
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APPLICATIONS

Data Compression — Processing signals with wide dynamic
range is a common problem in instrumentation and data trans-
mission. For example, digitizing an analog signal with a range
of 10nA to 100uA with 1% accuracy requires a 20 bit A/D con-
verter. (Required resolution = 1/100 x 1/10,000 = 1/ 108 =
1/2%0),

By using the 757 with IrgF adjusted to 10nA and K set for
5/4 V/decade, the input data can be compressed into a 5 volt
output range. For a 1% resolution of any signal, the allowable
output error is 4.32mV x K. Log conformity contributes
2.17mV x K (0.5%) over this range. The remaining error with
K = 5/4 is 2.69mV and should correspond to less than the LSB
of the converter. With a 5 volt output range 2.69mV corres-
ponds just over the LSB of an 11-bit converter. Thus the 757
module can compress the data for use with a 12 bit A/D (such
as Analog Devices AD574]JD) to obtain the desired 1%
resolution. )

Absorbence Measurements — Critical properties of materials
which are of particular interest in the fields of chemistry,
medicine, spectrometry and pollution control are characterized
by absorbence. The relationship between absorbence, A, and
light intensity, 1, is: A = log Io/IT where I = intensity of inci-
dent light, and It = intensity of transmitted light.

Figure 6 shows the 757 log-ratio module used in such a photo-

meter application. Two inputs represent the intensities-of light

transmitted through space and through a medium that absorbs
light. The absorbence of the medium is given by the formula

ISIGNAL

IREFERENCE
where IsignaL 2nd IREFERENCE are the currents representing
the light intensities.
The transducers used in this application are photodiodes, which
provide a short-circuit current proportional to the intensity of
applied light. The lowest value of absorbence is determined by
the value of IRgF, since when Igig = IRgF, A = 0. The out-
put of the log-ratio module is externally trimmed to 1V/decade
and applied to the input of a 3%-digit DPM through the scaling
network R1 and R2.

A =log

Model 757 was chosen for this design because it makes avail-
able both amplifier summing junctions. When the photodiodes
are connected to the summing junctions, they are operated in

the short-circuit mode, that is, with zero volts across the diodes.

VOL. Il, 8-14 LOG-ANTILOG AMPLIFIERS

-Short-circuit loading is necessary, because accuracy of the -
photodiodes can be degraded several percent when operated
with as little as 100mV across the diode junction.

ATTENUATOR TO

SGnAL DPM LEVEL
PHOTODIODE o= -log B8 /(eg., 200mV FS.)
» IREF .
‘ A
751N I Ry MODEL
\ ) LOG RATIO |1 Re| o 1‘/\2[2)?&?1_
N\ § REF_ 4| MODULE 201
yd I | =
/ RS
“REFERENCE" =

PHOTODIODE

Figure 6. Model 757N Applied to Absorbence Measurements

INTERCONNECTION GUIDELINES
Model 757 is a complete log ratio amplifier that requires no

additional frequency compensation for proper operation.

Input Capacitance — Model 757 is able to operate with 1000pF
at both input terminals. Therefore, the 757 can be used in ap-
plications requiring long cable lengths between the module
and the signal transducers.

Input-to-Output Capacitance — When using a log ratio module
the user should take care in system configurations to avoid
excessive stray capacitance between input and output terminals.
Such precautions include avoiding running input and output
signal lines close together. If long cable runs are required where
inputs and output are closely bundled together, it is advisable
to enclose the inputs and/or output in separate, grounded elec-
trostatic shields. By observing simple rules of good circuit
layout, problems with oscillations that may result from exces-
sive input-to-output capacitance can easily be avoided. Model
757 can accommodate up to 33pF of input-to-output capaci-
tance without oscillation,

Leakage Resistance — Since model 757 can operate at extr&mely
low input current levels, precautions must be taken to prevent
current leakage into the input terminals. Such leakage can
cause errors when small input or reference currents are used.
This problem may arise on printed circuit layouts if the inputs
are run too close to the power supply busses. Providing an
etched guard around the input lines, connected to analog sig-
nal ground will also reduce unwanted current leakage.
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Selection Guide
Temperature Transducers

AD590

Linear Current Output: 1pA/K

Wide Range: —55°C to +150°C

Probe Compatible Ceramic Sensor Package

Two-Terminal Device: Voltage In/Current Out

Laser Trimmed to *0.5°C Calibration Accuracy
(AD590M)

Excellent Linearity: +0.3°C Over Full Range
{AD590M)

Wide Power Supply Range: +4V to +30V

Sensor Isolation from Case

O+

ADb592

High Precalibrated Accuracy: 0.5°C max @ 25°C

Excellent Linearity: 0.2°C max (0 to +70°C)

Wide Operating Temperature Range: —25°C to
+105°C

Single Supply Operation: +4V to +30V

Excellent Repeatability and Stability

AD590 High Level Output Signal: 1pA/°C .
: Two Terminal Monolithic IC: Temperature In/Current

Out

Minimal Self-Heating Errors

Low Cost Plastic Package

10

AC2626

Linear Current Output: 1pA/K
Wide Range: —55°C to +150°C
Laser Trimmed Sensor (AD590) to +0.5°C
Calibration
Accuracy (AC2626M)
Excellent Linearity: +0.3°C Over Full Range
(AC2626M)
6 Inch or 4 Inch Standard, Stainless Steel Sheath
3/16 Inch in Outside Diameter
M 3 Feet Teflon Coated Lead Wire
Wide Power Supply Range +4V to +30V
Fast Response: 2 Seconds (In Stirred Water)
Sensor Isolated from Sheath
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Signal Conditioners
Temperature Transducer Signal Conditioners

-IN -ALM  +ALM V+ COMP Y FB

e P B B AD594/AD595

Page

! et Pretrimmed for Type J (AD594) or Type K (AD595) Vol. 1

Thermocouples ) 8-31

AD594/AD535 4 Can Be Used with Type T Thermocouple Inputs

Low Impedance Voltage Output: 10mV/°C

Built-In Ice Point Compensation

Wide Power Supply Range: +5V to =15V -

- iy W \cE Low Power: <1mW typical '

+ + AAA POINT Thermocouple Failure Alarm
N ] sc | cowe. e Laser Wafer Trimmed to 1°C Calibration Accuracy

] Set-Point Mode Operation
I ' Self-Contained Celsius Thermometer Operation

LT o] CeJ 2] High Impedance Differential Input
COM -T -C V-

H
H
£

-ALM

g AD596
-INe7 3) *ALM
Monolithic Temperature Set-Point Controller Vol. 1
T Built-In Ice Point Compensation for Type J 8-39
Thermocouples .
8) V+ Self-Contained Temperature Sensor for Stand-Alone
Operation
P(‘:ﬁlEJT MW Programmable Dead Band
COMP [MAA-9-1—1+ Wide Power Supply Range +5V to +15V
4°C Calibration Accuracy
Low Power: £ 1mW typ

1
N o

+IN (2

o
+
+
>

oGnp (3 AD596 7) Vo

TEMPERATURE TRANSDUCERS & SIGNAL CONDITIONERS VOL. I, 9-3



Selection Guide
Signal Conditioners

Voltage-to-Current Converters

+10V TO +32V

?

+ Vin

2B20

+Vs

470 20mA

+14V TO +32V

lour|
R,

2B22

vin ~ +Vs lour

4 TO 20mA

jf

A (N

}

V

T\ =1500v pk

+14V TO +28V

£

4 TO 20mA

Vin +Vg

2B23

lour

4mA/0
SELECT

OR 0 TO 20mA

| S\

%m

— ™/ 1500V pk

2B20

Complete, No External Components Needed

Small Size: 1.1"x 1.1”x 0.4” Module

Input: 0 to +10V; Output: 4 to 20mA

Low Drift: 0.005%/°C max; Nonlinearity: 0.005% max
(2B20B) ' :

Wide Temperature Range: —25°C to. +85°C

Single Supply: +10V to +32V

Meets ISA Std. 50.1 for Type 3, Class L and U,
Nonisolated Current Loop Transmitters

2B22

Wide Input Range: 0to +1V to 0 to +10V

Standard Output Range: 4 to 20mA

High CMV Input/Output Isolation: 1500V dc
Continuous

Low Nonlinearity: 0.05% max, 2B22L

Low Span Drift: 0.005%/°C max, 2B22L

Single Supply: +14V to +32V

Meets IEEE Std. 472: Transient Protection (SWC)

Meets ISA Std. 50.1: Isolated Current Loop
Transmitters

2B23

Wide Input Range, Resistor Programmable

Pin Programmable Output: 4 to 20mA or 0 to 20mA

High CMV Input/Output Isolation: +1500V pk
Continuous ’

Low Nonlinearity: +0.05% max (2B23K)

Low Span Drift: +0.005%/°C max {2B23K)

Single Supply Operation: +14V to +28V

Small Size: 1.8"x2.4"x0.6"

Meets IEEE Std. 472: Transient Protection (SWC)

Meets ISA ST. 50.1: Isolated Current Loop
Transmitters
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Strain Gage/RTD Conditioners

=15V R
? 2B30 Page
Complete Signal Conditioning Function Vol. 11
Low Drift: 0.5u1V/°C max (“L"); Low Noise: 9-29
11V p-p max
OUTPUT Wide Gair} Range: 1 to 2000V/V
+10V Low Nonlinearity: 0.0025% max (L")
" High CMR: 140dB min (60Hz, G = 1000V/V)
R Input Protected to 130V rms
INAMP BUFFER  FILTER L Adjustable Low Pass Filter: 60dB/Decade Roll-Off
STRAIN GAGE . (from 2Hz)
OR 2831
RTD
"fv 2B31
Complete Signal Conditioning Function Vol. 11
ADJUSTABLE Low Drift: 0.5uV/°C max {”L"”); Low Noise: 9-29
i EXCITATION | . 11V p-p max
Wide Gain Range: 1 to 2000V/V
OUTPUT Low Nonlinearity: 0.0025% max (“L")
ziov High CMR: 140dB min (60Hz, G = 1000V/V)
Input Protected to 130V rms
R, Adjustable Low Pass Filter: 60dB/Decade Roll-Off
IN AMP  BUFFER FILTER t (from 2Hz)
STRAIgRGAGE ' 2831 Programmable Transducer Excitation: Voltage (4V
RTD . to 15V.@ 100mA) or Current (100nA to 10mA)
*15V
A1 b 2B34

] .

! Low Input Offset Drift: +1.0nV/°C Vol. 11
crana :_ Low Gain Drift: +=25ppm/°C 9-35
Low Nonlinearity: +0.01% max (£0.005% typ} -
Differential Input Protection: =130V rms

Channel Multiplexing: 3000 chan/sec

omir;yr . Scanning Speed
Solid State Reliability
R Internal RTD Excitation/Lead Wire Compensation

CHAND +—

t 2834
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Selection Guide
Signal Conditioners

v

Isolated Transducer Signal Gonditioners

15V

PROT pwr | outpuT
T™© AND' =5V
FLT.
R
coLp
c JUNCT.
TYPE COMP.
SELECT] 2850
{ ) )
\_/ =1500V pk

CHAN B

CHANC

ANAN
I XXXXXIXX)

[

15V

OUTPUT

CHAN D
TEMP 1
1 SENSOR /v;,.\
+ 1000V pk U

2B54 8 2B56

COLD
JUNCTION
CORRECTION

H g -

TYPE
SELECT

2B56

+50mV to +5V

+15V

OUTPUT
+5V

2B50

Accepts J, K, T, E, R, S or B Thermocouple Types
Internally Provided Cold Junction Compensation
High CMV lIsolation: +1500V pk

High CMR: 160dB min @ 60Hz

Low Drift: +1uV/°C max (2B50B)

High Linearity: +0.01% max (2B50B)

Input Protection and Filtering

Screw Terminal Input Connections

2B54

Low Cost

Wide Input Span Range: =5mV to +100mV

12-Bit Systems Compatible

High CMV Isolation: +1000V dc; CMR = 156dB min
@ 60Hz

Low Input Offset Voltage Drift: +1V/°C max
(2B54B)

Low Gain Drift: +25ppm/°C max (2B54B)

Low Nonlinearity: +0.02% max {£0.012% typ)

Normal Mode Input Protection (130V rms) and
Filtering

Channel Multiplexing: 400 chan/sec Scanning Speed

Solid State Reliability

2B56

Universal Thermocouple Compensation
Internally Provided: Types J, K, T
User Configurable: Types E, R, S, B

Digitally Programmable

High Accuracy: +0.8°C max over +5°C to +45°C

High Ambient Rejection: 50 to 1 min

Low Cost

Small Size: 1.5"x2"x0.4”

2B55

Low Cost

Wide Input Span Range: +50mV to +5V

12-Bit Systems Compatible

High CMV Isolation: +1000V dc; CMR = 145dB min
@ 60Hz .

Low Input Offset Voltage Drift: £5,V/°C max

Low Gain Drift: +25ppm/°C max

Low Nonlinearity: +0.02% max (G = 1 to 100)

Normal Mode Input Protection (130V rms) and
Filtering

Ch I-Multiplexing: 400 chan/sec Scanning Speed

Solid State Reliability
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Two-Wire Transmitters

SPAN
2824

~INPUT  ~OUTPUT,
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2B24

Self-Powered

Wide Input Range: 1-50mA {2B24B)

High CMV lIsolation: +1500V pk; CMR: 120dB
High Accuracy: £0.1%

RFVEMI Immunity

Low Cost

2B52

Accepts Type J, K or T Thermocouple Inputs
Compatible with Standard 4-20mA Loops
High Accuracy: £0.1%

High CMV Isolation: 600V rms; CMR = 160dB
High Noise Rejection and RFI Imnmunity
Internal Cold Junction Compensation

Open Thermocouple Detection

Millivolt Signal Transmission

Low Cost

FM Approved

2B53

Accepts Type J, K or T Thermocouple Inputs
Compatible with Standard 4-20mA Loops
High Accuracy: £0.1%

High Noise Rejection and RFl Immunity
Internal Cold Junction Compensation

Open Thermocouple Detection

Millivolt Signal Transmission

Low Cost
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Selection Guide
Signal Conditioners

Two-Wire Transmitters

ZERO SPAN
2B57-1

INPUT ouTPUT
- 4 4 -

[clelelelelefelel

OR
AC2626

.

Rioao
AD590,
AD592 VsuppLy
4-20mA +12V TO +50V de
4

7

2Bs8

. Iﬁmnn I

¥ -
4-20mA" " 6 VsuppLy
BRE 2 4| +16v 1O 60V de
—4f
(BLK) (RED) | 420mA
¢
2WIRE VsuppLy
RTD Q!’ (ORG) 28594 RN I“”’"’T _| #oviotasv
§ A

v

2B57

Page
Low Cost : Vol. 11
Compatible with Standard 4-20mA Loops 9-57
Low Span Drift: +0.005%/°C max
Low Nonlinearity: +0.05% max
RFI Immunity
Small Size: 1.5"x1.5”"x0.4"
2B58
Platinum RTD Input : Vol 11
Linearized 4-20mA Output ' 9-61
High Accuracy: £0.1%
Low Drift: +0.01°C/°C max
RFI Immunity
Low Cost
FM Approved .
2B59
Low Cost Vol. II
Standard RTD Input 9-63

Linearized 4-20mA Output
High Accuracy: +0.1%
Small Size

Ease of Installation
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3B Series 1/0 Subsystems

Ir———__ N -= 0TO +10V
TCORmV | INPUT AND 4-20mA
— : MODULE |
|
SENSORS : ORI E =
REAL ! . apapa PN computeror
ROGRAMMABLE
WORLD I H { SUBSYSTEM | — 1 PR e
| OUTPUT
ACTUATORS | PODULE :
' |
- 1 OUTPUT |
420mA | MODULE || "9 10 +10v
L - -
Input Module Selection
Voltage Current Nonisolated Isolated
Input Type/Span Output Output Modules Modules
de, =10mV, =50mV, = 100mV * 10V © 4-20mA/0-20mA 3B10 3B30
dc, +1V, =5V . +=10V 4-20mA/0-20mA 3B10 3B31
dc, =10V =10V 4-20mA/0-20mA 3B11 . 3B31
dc,4-20mA, 0-20mA Oto +10V 4-20mA/0-20mA 3B12 3B32
Thermocouple Types
J,K,T,E,R,S,B Oto + 10V 4-20mA/0-20mA 3B37
100} Platinum RTD,
2-,3-,4-Wire : .
a = 0.00385 (linearized) . Oto + 10V 4-20mA/0-20mA 3B14 3B34
100Q Platinum RTD,
Kelvin 4-Wire i }
o = 0.00385 (linearized) 0to + 10V 4-20mA/0-20mA 3BIS
Strain Gage +30mV,
+100mV + 10V 4-20mA/0-20mA 3B16
ADS590/AD592/AC2626 Solid State
Temperature Transducer Oto + 10V 4-20mA/0-20mA ©~  3BI13
Wideband Strain Gage +*10V 4-20mA/0-20mA 3B18
Wideband mV, V +10V 4-20mA/0-20mA 3B40/1
ACInput : Oto + 10V 4-20mA/0-20mA 3B42/3/4
Frequency Input ' Oto + 10V 4-20mA/0-20mA [ 3B45/6
Output Module Selection
Nonisolated
Input Type/Span Current Output Modules Isolated Modules
Oto +10V, 10V 4-20mA/0-20mA 3B19 3B39
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~ Selection Guide
- Signal Conditioners

3B Series 1/0 Subsystems
w.
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4B Series Alarm Limit Subsystem

OVERRIDE  READBACK
L¢ Hl LO HI

COMPARATOR LoGIC
INPUT o
PROTECTION b @ Lo
RANGE I
SELECTION
0
LM :
% TOR A J: & & Lo
RELAY ACTION
(NO QR NC)

Input Modules

Wide Variety of Sensor Inputs: Thermocouples,
RTD’s, Strain Gages, AD590/AD592/AC2626
Dual High Level Outputs
Voltage: 0 to +10V or =10V
Current: 4-20mA/0-20mA
Mix and Match Input Capability
Sensor Signals, mV, V, 4-20mA, 0-20mA
High Accuracy: +0.1%
High Noise Rejection and RFI/EMI Immunity
Reliable Transformer Isolation: =1500V CMV
Meets IEEE-STD 472: Transient Protection (SWC)
Input Protection: 130V or 220V rms Continuous

Output Modules

High Level Voltage Input: (0 to + 10V, +10V)

Process Current Output: (4-20mA/0-20mA)

High Accuracy: +£0.1%

Reliable Transformer Isolation: 1500V CMV,
CMR = 90dB '

Meets IEEE-STD 472: Transient Protection (SWC) .

Output Protection: 130V or 220V rms Continuous

Features/Benefits

Low Cost, Completely Integrated 12-Channel
Modular Alarm Limit Subsystem
Selection of Alarm Limit Modules
Rugged Industrial Chassis, Rack or
Surface Mounted
On-Board Power Supplies Available
Alarm Modules Accept High Level Voltage
and Process Current Inputs
Complete Alarm Function per Module
High Accuracy of +0.1%
Two Set Points, Adjustable Over 100% Span
Dead Band Adjustment per Set Point, Adjustable
Over 0.5%—-10.0% Span
Alarm Types are Configurable for Hl or
LO Operation
Two Relay Outputs
Display Indicates Set Points and Process Variable
LED per Set Point Provides Local Alarm Indication
Input Protection
High RFI/EMI Immunity
Specifications Valid Over the 0 to +70°C
Temperature Range
Easy to Install Calibrate and Service
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Orientation

Temperature Transducers & Slgnal Conditioners

In this section are listed a wide variety of cost-effective analog-
to-analog signal conditioners for laboratory and industrial ap-
plications, and a set of linear high-output-level semiconductor
temperature transducers, manufactured by Analog Devices.

The signal conditioners are intended to provide a variety of
system interfaces for signals originating from input transducers
or destined for output transducers.

They accept low or high-level signal inputs from millivolts to
volts, low- or high-level current inputs from microamperes to
4-10-20mA loops, and direct inputs from transducers, such as
strain gages and other bridge devices, RTDs, thermocouples,
thermistors, and semiconductor temperature sensors. One of
these modules (2B35) is a triple-output power supply that
~ accepts ac line voltage and provides voltage and programmable

current excitation for transducers and signal conditioners.

Outputs from these devices include 0-to-20mA, 4-to-20mA
and 10-to-50mA transmitter loop current, and normalized
voltage at 5V or £10V levels for inputs to analog and digital
data-acquisition systems. Most of the devices that operate
with current loops derive their power directly from the loop
supply.

The many useful functions of these devices include—and often
combine—voltage-to-current conversion; input-to-output and
channel-to-channel isolation; current-to-current conversion;
amplification, offsetting, and filtering; transducer voltage and
current excitation; all-solid-state isolation, gain, filtering,
protection, and multiplexing; thermocouple open-input de-
tection and cold-junction compensation; RTD linearizing.

SELECTION GUIDE |

These many functions are sorted out and arranged for easy
access in the Selection Guide so that a device having the
desired combination of performance characteristics can be
readily found. Device types are classified in broad categories,
and the key attributes of each device are listed next to a
functional block diagram. A quick glance at the Selection
Guide allows you to choose the product(s) with your desired
functionality. At this point, you may turn to the appropriate
data sheet(s) to compare performance, starting the process
of considering the specific device(s) for your application.

! Many of these issues are discussed in Transducer Interfacing Hand-
book, a guide to analog signal conditioning, published by Analog
Devices, Inc,, 1980, $14.50, available from P,O. Box 796, Norwood
MA 02062,

THAT'S NOT ALL
Besides the signal conditioners in this section, this databook
has technical data on many other products that perform signal-

conditioning functions. They are to be found in these sections '

of this Volume:

Isolation Amplifiers.

D/A Converters (DACs having 4-to-20mA output current,
isolation, and other useful features).

Data-Acquisition Subsystems (including programmable-gain
amplifiers, differential inputs, etc.).

Digital Panel Instruments (with isolation, low-level signal-
handling capability, digital readout and BCD system out-
put: scanning multi-channel voltmeters, intelligent thermo-
couple thermometers, low-cost digital thermometers,

etc.).

Microcomputer Interface Boards (with input multiplexing
and programmable gain, 4-to-20mA output options, etc.).

UMAC-4000 Single-Board Intelligent Measurement-and-
Control Subsystems (with direct sensor inputs, isolation,
signal conditioning, microcomputer-based linearization,
ASCII 20mA/RS-232C communications, on-board power
supply, and digital 1/0).

MACSYM Complete BASIC-Programmable Minicomputer-
Based Measurement-And-Control SYsteMs (with a wide
selection of input signal conditioning cards and direct
connection to sensor field wiring).

TEMPERATURE TRANSDUCERS & SIGNAL CONDITIONERS VOL. Il, 9-11
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ANALOG
DEVICES

General Purpose Temperature Probe

AC2626

FEATURES

Linear Current Output: 1uA/K

Wide Range: -55°C to +150°C

Laser Trimmed Sensor (AD590) to +1.0°C Calibration
Accuracy, (AC2626L)

Excellent Linearity: £0.4°C Over Full Range (AC2626L)

6 Inch or 4 Inch Standard, Stainless Steel Sheath

3/16 Inch in Outside Diameter

3 Feet Teflon Coated Lead Wire

Wide Power Supply Range +4V to +30V

Low Cost

Fast Response: 2 Seconds (In Stirred Water)

Sensor Isolated From Sheath

PRODUCT DESCRIPTION

The AC2626 is a stainless steel tubular probe measuring 3/16
inch (4.76mm) in outside diameter and is available in 6 inch -’
(152.4mm or 4 inch (101, 6mm) lcngths The grobc is avail-
able in linearity grades of 0 4 C,0.8°Cor 1.5°C.

The probe is designed for both liquid and gaseous immersion
applications as well as temperature measurements in refrigera-
tion or any general temperature monitoring application.

For taking measurements in pipes or other closed vessels, the
AC2629 compression fitting is available. The AC2629 may be
applied anywhere along the probe and is supplied in two ma-
terials. The low cost AC2629B is constructed of brass and the
higher priced AC2629SS is made of stainless steel.

PRODUCT HIGHLIGHTS

The AC2626 is based on the AD590 temperature transducer,
a two terminal integrated circuit which produces an output
current linearly proportional to absolute temperature.

Costly linearization circuitry, precision voltage amplifiers,
resistance measuring circuitry and cold junction compensation
are not needed in applying the AC2626.

Due to the high impedance current output of the AD590, the
AC2626 is particularly useful in remote sensing applications,
because of its insensitivity to voltage drops over lines. The out-
put characteristics also make the AC2626 easy to multiplex.

1In addition to temperature measurement, applications include
temperature compensation, biasing proportional to absolute
temperature, flow rate measurement, level detection of fluids
and anemometry.

DIRECT INTERFACE PRODUCTS
For.display and/or control applications, two companion prod-
ucts are available. The AD2038, 6 channel digital thermometer,

and the AD2040, low cost temperature indicator, were designed
to be used in conjunction with the AC2626.

1. The AD2038 is a low cost, ac line powered 6 channel digital
scanning thermometer designed to interface to printers,
computers, serial data transmitters, etc., for display, con-
trol, logging or transmission of multi-point temperature
data. Channel selection is made via three methods: manual,
using the switch provided on the front; auto/scan, where
the AD2038 cycling on an internal clock can continually
scan the six input channels or external selection, where con-
trol inputs provided on the rear connector enable channel
selection via external BCD coding.

2. The AD2040 is a low cost, 3 digit temperature indicator.
An internal precision voltage reference, resistor network
and span and zero adjusts allow the AD2040 to read out
directly in °C, °F, K or R. User selectable readout as well
as all other connections, i.e., +5V dc power and AC2626
interface are all made via the terminal block on the rear.

APPLICATION HINTS
. Under all operating conditions, a minimum 4V dc must be
present across the AC2626.

2. Use of twisted pair wiring is recommended, particularly
for remote applications or in high noise environments.
Shielded wire is desirable in severe noise environments.

3. For the lowest cost, the J and K grades are recommended.
Where probe interchangeability is desired, grade L is
recommended.
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SPECIFICATIONS (typical @ +25°C and +5V unless otherwise specified)

MODEL . AC2626) AC2626K  AC2626L
ABSOLUTE MAXIMUM RATINGS' .
Forwird Voltage (Vg) +44V * .
Reverse Voltage (Vs) -20V . *
Breakdown Voltage (Case to Leads) 200V d .
Rated Performance Temp. Range -55°Cto +150°C  * *
Storage Temperature Range -60°Cto +160°C  * *
POWER SUPPLY
Operating Voltage Range +4V to +30V ¢ .
OUTPUT
Nominal Current Qutput @ +25°C
(298.2°K) 298.2uA . .
Nominal Temperature Coeffmem 1MA/°C * *
Calibration Error @ +25°C +5.0°C max #2.5°Cmax  £1.0°C max
Absolute Error (over rated performance
temperature range)
Without External Calibration
Adjustment +10.0°C max +5.5°Cmax  +3.0°C max
With +25°C Calibration Error
Set to Zero +3.0°C max +2.0°Cmax  +1.6°C max
Nonlinearity +1.5°C max +0.8°Cmax  $0.4°C max
Repeatability? 0. 1°C > .
Long Term Drift? 0.1°C max/mond:l * .
Time Constant® (in stirred water) 2 sec. M *
Current Noise 40pAVHZ . *
Power Supply Rejection
+4VSVs <45V 0.5uA/V * *
+SVSVg<+15V s 0.2uA/V . .
+15VSVg<+30V 0.1uA/V * .
Electrical Turn-On Time . 20us * *
+ Lead Color yellow orange blue

ORDERING GUIDE

AC2626
GRADE )
K¢ -— ENTER
L
‘
LENGTH 2}  ENTER

AC2629
BRASS B
TYPE 316 SS} ENTER
STAINLESS
NOTES

! Maximum safe recommended pressure: 7500psi (5.17 X 10* Kpa).
3 Maximum deviation between +25°C readings after temperature cycling between ~55°C and +150°C: guaranteed,
not tested,
3 Conditions: constant +5V, constant +125°C; guaranteed, not tested,
*The time constant is defined as the time required to reach 63.2% of an instantaneous temperature change.
*Specifications same as AC2626],
Specifications subject to change without notice,

CALIBRATION

S

AC2626

BLACK Vo
RT = 10052 FOR °C

= 3
RT = 200Q FOR °F Eos °C = 273.2mV

°F = 459.8mV
R =95352 FOR °C
R = 17408 FOR °F

For most applications, a single point calibration is
sufficient. With the probe at a known temperature,
adjust Rt so that Vo corresponds to the known
temperature.

If more detailed information is desired, see the
AD590 data sheet and application note.
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MECHANICAL OUTLINE

Dimensions shown in inches and (mm).

AC2626

3/16 STAINLESS STEEL TUBING
FILLED WITH THERMALLY CONDUCTIVE EPOXY

3/16
3FT.(914.4)21 (264}
(4.76) #24 STRANDED WIRE “NNE,D

i TEFLON INSULATED  See Nots 2:
} BLACK -
See Note 1 N

10.06(1.58)

AC2629

STAINLESS STEEL TYPE 316
COMPRESSION FITTING {See Note 3)

PIPE THREAD 1/8

imr Nt 316 16

{4.76) mn

1/2 3/16
(12n] (a7e)

"m:i,

L_ 12 ne

NOTE 1 Probes are available in 4-inch or 6-inch lengths.

NOTE 2+ lead wire is color coded: J, yellow; K, orange; L, blue,

NOTE 3 When assembling compression fitting (AC2629) to probe,
tighten the 1/2" nut 3/4's of 2 turn from finger tight.



ANALOG
DEVICES

High Performance, 4-20mA Output

Voltage-to-Current Converter

MODEL 2B20

FEATURES

Complete, No External Components Needed

Small Size: 1.1” x 1.1" x 0.4” Module

Input: 0 to +10V; Output: 4 to 20mA

Low Drift: 0.005%/°C max; Nonlinearity: 0.005% max
(2B20B)

Wide Temperature Range: -25°C to +85°C

Single Supply: +10V to +32V

Meets ISA Std 50.1 for Type 3, Class L and U, Nonisolated
Current Loop Transmitters

Economical

APPLICATIONS

Industrial Instrumentation and Control Systems

D/A Converter — Current Loop Interface

Analog Transmitters and Controllers

Remote Data Acquisition Systems

GENERAL DESCRIPTION

Model 2B20 is a complete, modular voltage-to-current con-
verter providing the user with a convenient way to produce

a current output signal which is proportional to the voltage
input. The nominal input voltage range is 0 to +10V. The out-
put current range is 4 to 20mA into a grounded load.

Featurmg low drift (0.005%/°C max, 2B20B) over the -25°C
to +85°C temperature range and single supply operation (+10V
to +32V), model 2B20 is available in two accuracy grades. The
2B20B offers precision performance with nonlinearity error

" of 0.005% (max) and guaranteed low offset error of 0.1%
max and span error of $0.2% max, without external trims. The
2B20A is an economical solution for applications with lesser
accuracy requirements, featuring nonlinearity error of 0.025%
(max), offset error of +£0.4% (max), span error of 0.6% (max),
and span stability of 0.01%/°C max.

The 2B20 is contained in a small (1.1" x 1.1" x 0.4"), rugged,
epoxy encapsulated package. For maximum versatility, two
signal input (Ving and ViN2) and two reference input (REFyN;
and REFjN3) terminals are provided. Utilizing terminals Vg
and REF|N eliminates the need for any external components,
since offset and span are internally calibrated. If higher accu-
racy (up to +0.01%) is required, inputs VN2 and REFN with
series trim potentiometers may be utilized.

APPLICATIONS

Model 2B20 has been designed for applications in process con-
trol and monitoring systems to transmit information between

subsystems or separated system elements. The 2B20 can serve
as a transmission link between such elements of process con-

TEMPERATURE TRANSDUCERS & SIGNAL CONDITIONERS

& POWER
D410V TO 432V
2B20
O/A oYo | VOLTAGE TO CURRENT COMPUTER
CONVERTER +10v CONVERTER QJSA CONTROLLER
AMPLIFIER Vi our RECORDER
CONDITIONER ACTUATOR
+
LOAD
con (RECEWER)

Vsig

trol system as transmitters, indicators, controllers, recorders,
computers, actuators and signal conditioners.

In a typical application, model 2B20 may act'as an interface
between the D/A converter output of a microcomputer based
system and a process control device such as a variable position
valve. Another typical application of the 2B20 may be asa
current output stage of a proportional controller to interface
devices such as current-to-position converters and current-to-
pneumatic transducers.

DESIGN FEATURES AND USER BENEFITS

Process Signal Compatibility: To provide output signal com-
patibility, the 2B20 meets the requirements of the Instrument
Society of America Standard $50.1, “Compatibility of Analog
Signals for Electronic Industrial Process Instruments” for Type
3, Class L and U, nonisolated current loop transmitters.

External Reference Use: For increased flexibility, when ratio-
metric operation is desired, the 2B20 offers a capability of
connecting an external reference (i.e., from multiplying D/A
converter) to the REFyN2 terminal.

Wide Power Supply Range: A wide power supply range (+10V
to +32V dc) allows for operation with either a +12V battery,
a +15V powered data acquisition system, or a +24V powered
process control instrumentation.

VOL. I, 9-15
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SPECIFICATIONS

(typical @ +25°C and Vg = +15V, unless otherwise noted)

Model 2B20A 2B20B OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).
INPUT SPECIFICATIONS '
Voltage Signal Range 0 to +10V * [ 113028 'MX"‘_L
Input Impedance 10kQ *
OUTPUT SPECIFICATIONS 1 MODEL 2820 | 04404
Current Output Range' 410 20mA . .
Load Resistance Range? Tozto0zs 0.04 (1.02)
Vs = +12V 0 to 3508 max * (570841 ___ DIA
Vg=+15V 0 to 50082 max hd 1 REF IN208
Vs= +24V 0 to 9508 max * . ¢'v“ M ved
NONLINEARITY (% of Span) +0.025% max +0.005% max b "“g"g?‘ R
ACCURACY? Vv, LT
Warm-Up Time to Rated S ecs, 1 minute * ??E
Total Qutput Error @ +25°G>* 0.1625 0.1625
Offset l(’vm =0 volts) £0.4% max 0.1% max it —| |'_'_l I___'l Sax
Span (ViNy=+10 volts) 10.6% max %0.2% max 0.1(2.5) GRID
vs. Temperature (~-25°C to +85°C) BOTTOM VIEW
Offset (Vy= 0 volts) +0.01%/°C max " $0.005%/°C max WEIGHT: 106 Grame
Span (Viy = +10 volts) +0.01%/°C max - #0.005%/°C max MATING SOCKET: AC1016
DYNAMIC RESPONSE
Settling Time — to 0.1% of F.S.
for 10V Step 250 . LOAD RESISTANCE RANGE
Slew Rate 2.5mA/us * The load resistance is the sum of the resistances
REFERENCE INPUT?® of all connected receivers and the connection
Voltage +2.5V de * lines. The 2B20 operating load resistance is
Input Impedance 10k * power supply dependent and will decrease by
POWER SUPPLY 50 ohms for each 1 volt reduction in the power
-Voltage, Rated Performance +15V dc . supply. Similarly, it will increase by 50 ohms
Voltage, Operating +10V to +32Vdcmax  * per volt increase in the power supply, but must
Supply Change Effect (% of Span)® not exceed the safe voltage capability of the unit.
on Offset 10.005%/V *
on Span 10.005%/V - 15
Supply Current . 6mA +IL0AD * v Lo L
TEMPERATURE RANGE 125k
Rated Performance -25°Cto +85°C * .
Storage -55°C to +125°C . £ ™
CASE SIZE 1.125" X 1.125" % 70
X 04" . ]
) N
NOTES 3 Q O;E:aw

*Specifications same as 2B20A,

! Current output sourced into a grounded load over a supply voltage range of +10V to +32V.
2See Figure 1 for the maximum load resistance value over the power supply range.

3 Accuracy is guaranteed with no external trim adjustments when REF[y is connected to REFQUT. 0

4 All accuracy is specified as % of output span where output span is 16mA (£0.1%=$0.016mA

output error).

$ Reference input is normally connected to the reference output (+2.5V dc).
¢ Optional trim pots may be used for calibration at each supply voltage.

Specifications subject to change without notice.

bl M >\
zso] \\\\§

haE

L

N
10 25 3032 3
MIN MAX
POWER SUPPLY (+Vg) — Volts
L vs-5v)
RUMAX = 2ooT ()

Figure 1. Maximum Load Resistance vs
Power Supply
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Applying the 2B20

PRINCIPLE OF OPERATION

The design of the 2B20 is comprised of high performance op
amps, precision resistors and a high stability voltage reference
to develop biasing and output drive capability. The 2B20 is
designed to operate from a single positive power supply over a
wide range of +10V to +32V dc and accepts a single ended, 0
to +10V voltage input. The internal reference has nominal out-
putvoltage of +2.5V (REFgyT) and is used to develop 4mA out-
put current for a zero volts input when REFyy is connected

to REFgyur.

The output stage of the 2B20 utilizes a sensing resistor in the
feedback loop, so the output current is linearly related to the
voltage input and independent of the load resistance. There is
no minimum resistance for the loads driven by the 2B20; it
can drive even a short circuit with no damage to the unit. The
maximum resistance of the load as seen by the unit (resistance
of the load plus the resistance of the connecting wire) is lim-
ited. The maximum external loop resistance, Ry, is given by:

_[+vs -5V
Rp (2) max = (——ZOmA )

Figure 1 shows the operating region of the 2B20. The load
must be returned to power supply common. The voltage
appearing between Igyt (pin 5) and COM (pin 2) should not
exceed Vax = +Vs - 5V. Exceeding this value (up to +32V
dc) will not damage the unit, but it will result in a loss of
linearity.

The basic connections of the 2B20 are shown in Figure 2.

Figure 2. Basic Connections Diagram

OPTIONAL CALIBRATION AND TRIM PROCEDURE
Model 2B20’s factory trimmed offset error is £0.1% max and
span error is +0.2% max (2B20B). In most applications, further
trimming will not be required. If it is necessary to obtain cali-
brated accuracy of up to £0.01%, or, if a high signal source
resistance (with respect to 10k€2) introduces calibration error,
inputs VN2 and REF|N2 and optional trim pots should be
used with Vpn; and REF|N; open. To perform external trims,
connect 50052 potentiometers in series with VN2 (span trim)
and REFN; (offset trim) as shown in Figure 3. Adjust span
pot, monitoring voltage drop across R; oap, to obtain an out-
put voltage of 5.000V (IopyT=20mA) for a +10V input. Next,
with 0 volts input, adjust offset pot to obtain 1.000V output

(Iour=4mA). Check both offset and span and retrim if neces-

sary after each adjustment.

[OFFSET TRIM,

+Vs

Figure 3. Model 2B20 Connections Using Optional Offset
and Span Trims

CONNECTING THE 2B20 FOR 0 TO 10mA OUTPUT

The 2B20 may be utilized in applications requiring 0 to 10mA

current output for a 0 to 10V input voltage range. To obtain

OmA output for 0V input, REFN (pin 6) and REFy; (pin 8)
terminals should be left open. A typical output current error

for a zero volts input (without trimming) is 0.1mA. The 2B20

span calibration may be adjusted by a 1k§2 potentiometer in

series with the Vjn2 input. Basic connections of the 2B20 used “
to obtain a 0 to 10mA output are shown in Figure 4a.

Figure 4a. Model 2B20 Connected for O to 10mA Output
Range
CONNECTING THE 2B20 FOR 0 TO 20mA OUTPUT
The 2B20 may also be configured for use in applications re-
quiring O to 20mA output for a 0 to +10 volt input range.
REFN; (pin 6) is left open, and REFy2 (pin 8) is con-
nected to VN, (pin 1) through a 32.4kS2 resistor. The typi-
cal output current error for OV input (without trimming)
is 0.1mA. The 2B20 span may be adjusted by a 2kQ2 po-
tentiometer in series with the ViN2 input to provide 9%
FSR adjustment range. Basic connections for 0-20mA oper-
ation are shown in Figure 4b, '

Figure 4b. Model 2B20 Connected for 0 to 20mA Output
Range
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OUTPUT PROTECTION )

In many industrial applications, it may be necessary to protect
the 4 to 20mA output from accidental shorts to ac line volt-
ages. The circuit shown in Figure 5 can be used for this pur-
pose. The maximum permissible load resistance will be lowered
by a fuse resistance value when protection circuitry is utilized.

G.E.
VARISTOR
va27zA1

Figure 5. Output Protection Circuitry Connections

APPLICATIONS

Interfacing Voltage Output D/A Converters: The 2B20 is well
suited in applications requiring 4 to 20mA output from

D/A converters. The voltage necessary to power the current
loop can be derived from the same +15V supply that is used
to power the converter. The D/A converter, such as the 12-bit
AD DAC80, should be connected for operation on the uni-
polar 0 to +10V output range. This is shown in Figure 6. After
the load resistor connection has been made, the current
loop can be calibrated using the offset and span adjustment
potentiometers associated with the 2B20 (or the AD DACB80).
First, a digital input code of all ones is loaded into the D/A,
and the offset adjustment potentiometer is adjusted for a
current output of exactly 4mA. Then, a digital code of all Os
is loaded into the D/A, and the span adjustment potentiometer
is adjusted for a voltage across the load that corresponds to a
current of 20mA -1LSB =19.9961mA.

ADI 823 PWVA COM
POWER SUPPLY
+5V
+15v. 10k |G ADY.
WF WF WF Toma otf  |asv
v Lowe V71
. 1 22 1 fre {20 |23 oo 7 |65 g
BIT 1 (MSB) ¢ 5
o—-

2 AD DACBO 18
lslomowv ; 1 5 2oon
nPUT

5009

oiGitac ! Vaur ouTePyT
INPUT I
) .
12
o1 .
BIT 12 (LSB)
7] !z' q,

Figure 6. AD DAC80 — 4 to 20mA Current Loop Interface

2820 T
R

Interfacing Current Output D/A Converters: To interface cur-
rent output D/A converters, such as the AD562, a circuit con-
figuration illustrated in Figure 7 should be used. Since the -
AD562 is designed to operate with an external +10V reference,
the same external reference may be utilized by the 2B20 for
ratiometric operation. The output of the AD562 is used.to
drive the summing junction of an operational amplifier to pro-
duce an output voltage. Using the internal feedback resistor of
the AD562 provides a 0 to +10V output voltage range suitable
to drive the 2B20.

OFFSET ADJ.
-15v +5V ADSSY
N v 3.
0.1uF 0.1uF :mn sa
6‘ 5‘ H 10001234 403 (0PT) v
e 13- 3 1s
[hg] 428V
m“r6 7 8
2B20
\ ADS62 L 470 20mA
DIGITAL R +15v outPuT
npuT | "2 s 5
~ { I 1 R
AD30Y NPUT
BT 12 + 5001
)
. ) v '[SPaN ADy]

472
Figure 7. 12-Bit — 4 to 20mA Current Loop Interface

Microcomputer — Current Loop Interface: Figure 8 shows a
typical application of the 2B20 in a multichannel microcom-
puter analog output system. When a microcomputer is to con-
trol a final control element, such as a valve positioner, servo-
mechanism or motor, an analog output board with 4 to 20mA
outputs is often necessary. The output boards typically have
from one to-eight channels, each with its own D/A converter.
The 2B20, in a compact package, allows for an easy installation
without any additional components and offers a 12-bit system
compatible performance.

VOLTAGE
ouTPUT
BUFFERED D/A 2820 — — ] actuator
REGISTER [~ JCONVERTER T OmA DRIVE
r . ouTePuT

[}
1
[}
1
]
|

BUFFERED o/a — — | mremote
REGISTER 20mA_ | RECORDER
ouTPUT

Figure 8. Microcomputer Analog Output Subsystem

DATA BUS
MICRO-
COMPUTER

ADDRESS
DECODER

CONTROL
LoGIC

Pressure Control System: In Figure 9, model 2B20 is used in a-
proportional pressure control system. The 3-15psi working
pressure of a system is monitored with a pressure transducer
interfaced by the model 2B31 signal conditioner. The high level
voltage output of the 2B31 is converted to a2 4 to 20mA to
provide signal to the limit alarm and proportional control cir-
cuitry. A current-to-position converter controlling a motorized
valve completes the pressure-control loop.

v ADI 2B35
b POWER SUPPLY

CONDITIONER

o-10v 2820
V/1 CON-
VERTER

4:20mA LIMIT
ALARM

PRESSURE
TRANSDUCER

PROPORTIONAL

HIGH
PRESSURE
CHAMBER

CONTROLLER

PRESSURE
4-20mA

X
MOTORIZED | ,
VALVE I CURRENT-TO'
M POSITION
I CONVERTER l

- Figure 9. Proportional Pressure Control System

Isolated 4 to 20mA Output: For applications requiring up to
+1500V dc input to output isolation, consider using Analog
Devices’ model 2B22 isolated voltage-to-current converter.

)
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High Performance, Isolated
Voltage-to-Current Converter

MODEL 2B22

FEATURES

Wide Input Range: 0 to +1V to 0 to +10V

Standard Output Range: 4 to 20mA

High CMV Input/Output Isolation: 1500V dc Continuous
Low Nonlinearity: 0.05% max, 2B22L

Low Span Drift: 0.005%/°C max, 2B22L

Single Supply: +14V to +32V

Meets IEEE Std 472: Transient Protection (SWC)

Meets ISA Std 50.1: Isolated Current Loop Transmitters

APPLICATIONS
Industrial Instrumentation and Process Control
Ground Loop Elimination
High Voltage Transient Protection
D/A Converter — Current Loop Interface
Analog Transmitters and Controlliers
Remote Data Acquisition Systems

GENERAL DESCRIPTION

Model 2B22 is a high performance, compact voltage-to-cur-
rent converter offering 1500V dc input to output isolation in
interfacing standard process signals. The input stage of the
model 2B22 is single resistor programmable to accept voltage
ranges from O to +1V to 0 to +10V. The isolated output cur-
rent range is 4 to 20mA, and the 2B22 can be operated with
0 to 1000{2 grounded or floating loads.

Using modulation techniques with transformer isolation for
reliable performance, the 2B22 is available in three accuracy
selections offering guaranteed nonlinearity error (2B22L.:
+0.05% max, 2B22K: £0.1% max, and 2B22]: £0.2% max)
and guaranteed low span drift: £0.005%/°C max, £0.01%/°C
max, and £0.015%/°C max, respectively. The internally trim-
med span and offset errors are £0.1% max for the 2B22L and
10.25% max for the 2B22J/2B22K. Both span and offset are
adjustable by the optional external potentiometers.

Featuring a wide range, single supply operation (+14V to
+32V), the 2B22 provides isolated +28V loop power and is
capable of delivering rated current into an external 0 to 100082
load resistance. The unique output stage configuration also al-
lows the user to utilize an optional external loop power supply
to interface systems designed for a two-wire operation.
APPLICATIONS

Model 2B22 has been specifically designed for high accuracy
applications in process control and monitoring systems to offer
complete galvanic isolation and protection against damage
from transients and fault voltages in transn.itting information
between subsystems or separated system elements. The 2B22

PORER
. 14V Y0 432V .
Wy on
| gaconventes evosov] * /[ . i
4 N :
CONDITIONER *+ ! 2822 o SONTADE ReR
Vo ISOLATED VOLTAGE RECEVER) RECGRDER
TO CURRENT CONVERTER ACT(ATOR
) com L0AD :
16 GROUND
GROLND
P }

GROUND COMMON MODE
VALTAGE + 1500V de MAX

meets the requirements of the Instrument Society of America
Std. 50.1 “‘Compatibility of Analog Signals for Electronic
Industrial Process Instruments”’ for Type 4, Class U isolated
current loop transmitters.

In the industrial environment, model 2B22 can serve as a
transmission link between such system elements as transmit-
ters, indicators, controllers, recorders, computers, actuators
and signal conditioners. In data acquisition and control sys-
tems, the 2B22 may act as an isolated interface between the
D/A converter output of a microcomputer and standard 4 to
20mA analog loops.

DESIGN FEATURES AND USER BENEFITS

High Reliability: Model 2B22 is a conservatively designed,
compact, epoxy encapsulated module capable of reliable oper-
ation in harsh environments. To assure high reliability, the 2B22
has a calculated MTBF of over 270,000 hours and has been
designed to meet the IEEE Standard for Transient Voltage
Protection (472-1974: Surge Withstand Capability).

Process Signal Compatibility: The versatile input stage design
with a single resistor gain adjustment enables the 2B22 to ac-
cept any one of the standard inputs—0-1V, 0-10V, 1-5V; or
1-5mA, 4-20mA, 10-50mA; and provide standard, isolated
4-20mA output. ’

Isolated Loop Power: Internal 28V dc loop supply, completely
isolated from the input power terminals (¥1500V dc isolation),
provides the capability to drive 0 to 1000£2 loads and elimi-
nates the need for an external dc/dc converter.
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SPECIFICATIONS (typical @ +25°C and Vg=+15V unless otherwise noted)

Model 2B22J 2B22K 2B22L OUTLINE DIMENSIONS
INPUT SPECIFICATIONS Dimensions shown in inches and (mm).

Voltage Signal Range, G = 1.6mA/V 0to +10V * * ,
G=16mA/V Oto+1V * * i
Gain Range 1.6 to 16mA/V . . 304 MAX (77 =1
Maximum Safe Input +15V . *
Input Impedance 10M2 * * MODEL 2822 o
OUTPUT SPECIFICATIONS ) 1
Current Output Range 4 to 20mA . Lt 1 0040 (1,02} —-{
Load Resistance Range, Vg = +14V to +32V, . ‘ T ozomn 508
Internal Loop Power 0 to 100082 max * * L T -
Maximum Qutput Current, H& 1 rer out out 119
@ Input Overload 25mA * . H&2 Rer N
Output Ripple, 100Hz Bandwidth 13 gan |
G=1.6mA/V 60uA pk-pk * * 104 Gam |
NONLINEARITY (% of Span) $0.2% max +0.1% max +0.05% max [0 5 inpuT 223max
CMV, INPUT TO OUTPUT s oS RNy e
ac, 60Hz, 1 Minute Duration 1500V rms . . el MRICIOT I":L;"’l' “]' kid's
Continuous, ac or d¢ +1500V pk max * * P8 NN EEE
CMR, INPUT TO OUTPUT {adindi HHHHH
! Hotosvncou ~Vioop oyt 140+
60Hz, 1k Source Imbalance 90dB M . -ttt Enauanuna il
ACCURACY? ﬁr;ﬂ:‘:':u':m —{ |=—0.1(254) GRID
Warm Up Time to Rated Performance § Minutes '
Total Qutput Error @ +25°C' 2 .
Offset (Viy = 0V) 10.25% max +0.25% max +0.1% max MATING SOCKET: ACIS’]?
Span (ViN = +10V) +0.25% max . %0.25% max +0.1% max
vs. Temperature (0 to +70°C, G = 1.6mA/V) A
Offset (Viy = OV) £0.01%/°C max +0.005%/°C max £0.0025%/°C max
Span (Viy = +10V) $0.015%/°Cmax  $0.01%/°Cmax  #0.005%/°C max INTERCONNECTION DIAGRAM
vs. Temperature (0 to +70°C) . .
Offset (Vi = 0V, G = 1L6mA/V to ) . Mot}el 2B22 can be applied directly to
16mA/V) £0.01%/°C £0.005%/°C 20.0025%/°C achieve rated performance as shown in
Span (G = 1.6mA/V to 16mA/V)? £0.015%/°C £0.01%/°C 0.005%/°C Figure 1 below. The input stage gain of
DszArlc ;}Esmst %of FS. for 10V Sten 300 . . 1.6mA/V, to convert a 0 to +10V signal
ettling Time — to 0.1% of F.S. for tep us . .
Slew Rate 0.06mA/s . . into a 4 to 20mA output current, is ob-
REFERENCE INPUT tamcc.i with the values shown. A single
Voltage +2.5V de . . polarity power supply (+14V to +32V dc)
. . . ..
Input Impedance 6kS2 should be connected to pin 8. To elimi-
OSCILLATOR ) . . nate ground loops, the user should ensure
Frequency, Internal Oscillator 100kHz * 10% h he si 1 lead d
External Sync Input that the signal return (common) lea oes
Frequency 100kHz £ 10% max * * not carry the power supply current. Pow-
Waveform Square wave, * . er common (pin 7) and signal common
50% duty cycle : :

Volage 20V pp B ) . ; (pin 6) should.be tied at the power supply
POWER SUPPLY common t?rmma]. The voltage difference
Voltage, Rated Performance +15V de * oo between pins 6 and 7 should not exceed
Voltage, Operating ] , Vo +32Vde  * ' 0.2V, An internal dc-dc converter pro-

Supply Current (at Full Scale Qutput . . .
Using Internal Loop Power 100mA . . vides 1solatef1 output loop power (pins 13
Using External Loop Power 50mA * * - and 14), which is connected externally to
Supply (f:fhan%; Effcctv()% of Span) £0.00055%/Y . . the current output terminals (pins 11 and
on Offset (VN =0 0. - .
on Span (Vi = +10V) 0.0005%/V . . 12) and a load res:s;ancc..Thti ftan;:!ard 4
TEMPERATURE RANGE to 20mA current output signal is delivered
Rated Pertormance 010 +70°C . . into any external load between zero and
Operating -25°Ct0 +75°C * * 1000£2.
Storage ~-55°C to +85°C s *
CASE SIZE 2.2"X3"X06" * *

NOTES

! Accuracy is guaranteed at G = 1.6mA/V with no external trim
adjustments when connected as shown in Figure 1.

2 All accuracy is % of span where span is 16mA (£0.1% = :0,016mA error).

3Span T.C. for gains higher than 1.6mA/V is RG dependent — a low T.C.

REF PWR +V5 SYNC SYNC
IN ouT

+Vioor ouT
IN  coMm Loor

(+10ppm/°C) R is ded for best p
. -
Specifications same as 2B22J. . ) . 470 20mA
Specifications subject to change without notice. N
+ 0 {3
VIN 0TO +10V ':g{;cu
77
{ ey I
/S
1500V de MAX

NOTE:  Resistors Rg and Rg are 1%, 50ppm/°C Metal Film Type. Values
shown are for G = 1.6mA/V. For G = 16mA/V, use 10ppm/°C Rg
and 50ppm/°C Ro.

Figure 1. Basic Connections
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Applying the Isolated Voltage-to-Current Converter

FUNCTIONAL DESCRIPTION

The high performance of model 2B22 is derived from the
carrier isolation technique which is used to transfer both signal
and power between the V/I converter’s input circuitry and the
output stage. High CMV isolation is achieved by the transform-
er coupling between the input amplifier, modulator section
and the current output circuitry. The block diagram for model
2B22 is shown in Figure 2 below.

The 2B22 produces an isolated 4 to 20mA output current
which is proportional to the voltage input and independent of
the load resistance. The input amplifier operates single-ended
and accepts a positive voltage within 0 to +10V range. Gain
can be set from 1.6mA/V to 16mA/V by changing the gain
resistor Rg to accommodate input ranges from 0 to +1V (G =
16mA/V) to 0 to +10V (G = 1.6mA/V). The transfer function
is IopyT = (4mA + G X VIN).

An internal, high stabilit)'f reference has nominal output volt-
age of +2.5V (REF OUT) and is used to develop a 4mA output
current for a O volts input. The terminals REF OUT (pin 1)
and REF IN (pin 2) should be connected via the offset setting
‘resistor Rg. For ratiometric operation, an external reference
voltage can be connected to the REF IN terminal. ’

The 2B22 is designed to operate from a single positive power
supply over a wide range of +14V to +32V dc. An internal
dc-dc converter provides isolated +28V loop power which is
independent of +Vg. The maximum resistance of the ioad Ry,
(resistance of the receivers plus the resistance of the connec-
ting wire) is 1000£2. Since the loop power is derived from the
input side, the current capability of the power supply (+Vg)
must be 100mA min to supply full output signal current.

MODEL 2822

SYNC OUT

Figure 2. Block Diagram — Model 2822

OPTIONAL TRIM ADJUSTMENTS
Model 2B22 is factory calibrated for a 0 to +10V input range
(G =1.6mA/V). As shipped, the 2B22 meets its listed specifica-
tions without use of any external trim potentiometers. Addi-
tional trim adjustment capability, to reduce span and offset
errors to £0.05% max, is easily provided as shown in Figure 3.
The span and offset trim pots are adjusted while monitoring

* the voltage drop across a precision (or known) load resistor.
The following trim procedure is recommended:
1. Connect model 2B22 as shown in Figure 3.
2. Apply VN = 0 volts and adjust Rg (Offset Adjust) for

" Vout =+2V £4mV.

3. Apply Viy = +10.00V and adjust Rg (Span Adjust) for
VouTt =+10V £4mV.

“+Vioop out
+CURRENT
ouT

4T020mA

-CURRENT
oot (2 +

50082
RLg.ooy Vour

~Vioor out (14) p————0-

7

Figure 3. Optional Span and Offset Adjustment

GAIN AND OFFSET SETTING

The gain of the 2B22 is a scale factor setting that establishes
the nominal conversion relationship to accommodate +1V to
+10V full scale inputs (Vyy). The value of the gain setting re-
sistor Rg is determined by: Rg(k§2) = 6.314SF/(10.1 ~ SF)
where SF is a scale factor equal to the value of Vpy F.S. Ex-
ample: to convert a 0 to +1V input to the 4 to 20mA output,
SF =1 and Rg = 69352, Due to device tolerances, allowance
should be made to vary Rg by £5% using the potentiometer.

The value of the offset resistor Rg is independent from the
gain setting and given by the relationship: Rg (k2)=2.5

(VREF - 2.4) where VREF is the reference voltage applied. For
example, the reference provided by the 2B22 is +2.5V and
therefore R = 25082, The accuracy of the RQ calculation from
from the above formula is £5%. When an external reference
operation is desired (i.e. for ratiometric operation), connect
the reference voltage via Ro to pin 2 and leave pin 1 open.

EXTERNAL LOOP POWER OPERATION
For maximum versatility, the 2B22’s output stage is designed

- to operate from the optional, isolated external loop power sup-

ply. This feature allows the user to interface systems wired for
a two-wire operation. As shown in Figure 4, the same wiring is
used for loop power and output. The load resistance is con-
nected in series with an external dc power supply (+6V to
+32V), and the current drawn from the supply is the 4 to
20mA output signal. The input stage of the 2B22 still requires
+Vg power, but the current drain from +Vg is limited to 50mA.
Use of an external loop power may require gain and offset
trimming to obtain specified accuracy. The maximum series
load resistance depends on the loop supply voltage as shown

in Figure 4.
+ EXLERNAL
+ 1250 N
(+6v TOSHv de) RUMAX (0) » SYe=2Y

Rioao

Ry MAX — Ohms

LoaD /77
GROUND

ol
+1500V de MAX 0 5 10 15 20 25 30 35

EXTERNAL +VL00p — Volts

Figure 4. Optional External Loop Power Operation
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SYNCHRONIZING MULTIPLE 2B22’S

In applications where multiple 2B22’s are used in close prox-
imity, radiated individual oscillator frequencies may cause
“beat frequency”’ related output errors. These errors can be
eliminated by synchronizing multiple units by connecting the
SYNC OUT (pin 10) terminal to the SYNC IN (pin 9) terminal
of the adjacent 2B22. The SYNC OUT terminal of this
“slaved” unit can be used to drive another adjacent 2B22
(Figure 5). For best accuracy, each 2B22 should be retrim-
med when synchronizing connections are used.

TO ADDITIONAL
2822

Figure 5. Multiple 2B22°s Synchronization

OUTPUT PROTECTION

The current output terminals (pins 11 and 12) are protected
from shorts up to +32V dc but in many industrial applications,
it may be necessary to protect the 4 to 20mA output from
accidental shorts to ac line voltages. The circuit shown in Fig-
ure 6 can be used for this purpose. The maximum permissible
load resistance will be lowered by a fuse resistance value when
protection circuitry is utilized.

FUSE
1/16A (S.B.)
Y-
lout G.E.
¥ XEXvaristorS B
() INao0z v27ZA1

Figure 6. Output Protection Circuitry Connections

APPLICATIONS IN INDUSTRIAL MEASUREMENT AND
CONTROL SYSTEMS

Process Signal Isolator: In process control applications, model
2B22 can be applied to interface standard process signals (e.g.
1to 5mA, 4 to 20mA, 10 to 50mA, 1 to 5V) and convert
them to isolated 4 to 20mA output. A typical hook-up of
model 2B22 is illustrated in Figure 7, showing input resistor

- VnES. +Vs
Rg TI_F's‘m 5 s

.
Ra - S

SF=Viy FS.

MEASURING ‘L
RESISTOR SR
~Vioor our (14) y
i
LOAD
GROUND

*Rg EQUATION ACCURACY IS 5%

Figure 7. Process Signal Current Isolator

R¢ converting the current from a remote loop to a voltage in-
put, and a span adjustment resistor Rg. A value of R¢ should
be selected to develop a minimum of +1V signal with full scale
input current applied. For example, a 5082 resistor converts
the 4 to 20mA current input to a 200mV to 1V voltage input,
which the 2B22 isolates and converts to 2 4 to 20mA output.
The reference input (pin 2) is not connected since the process
signal provides a desired offset.

Isolated D/A Converter: Model 2B22 offers total ground isola-
tion and protection from high voltage transients in interfacing
D/A converters to standard 4 to 20mA current loops. This
requirement is common in a microcomputer-based control
system. The voltage necessary to power the current loop can
be derived from the same +15V supply that is used to power
the D/A converter. The D/A converter, such as the 12-bit AD
DAC80, should be connected for operation on the unipolar

0 to +10V output range. This is shown in Figure 8. After the
load resistor connection has been made, the current loop can
be calibrated using the offset and span adjustment potentio-
meters associated with the 2B22. First, a digital input code of
all one’s is loaded into the D/A, and the offset adjustment
potentiometer is adjusted for a current output of exactly 4mA.
Then, a digital code of all zero’s is loaded into the D/A, and the
span adjustment potentiometer is adjusted for a voltage across
the load that corresponds to a current of 20mA less 1LSB
(19.9961mA).

REFIN  REF <
GAIN M

AD'DACBO

Figure 8. D/A Converter — Isolated 4 to 20mA Interface

Pressure Transmitter: In Figure 9, model 2B22 is used in a
pressure transmitter application to provide complete input-
output isolation and avoid signal errors due to ground loop
currents. The process pressure is monitored with a strain gage
type pressure transducer interfaced by the Analog Devices’
model 2B30 transducer conditioner. The bridge excitation and
system power is provided by the model 2B35 triple output
power supply. The high level voltage output of the 2B30 is
converted to the isolated 4 to 20mA current for transmission
to a remote recorder or indicator.

PRESSURE

ADI 2835
POWER SUPPLY
TRANSDUCER

ADI 2B30
t—i SIGNAL
CONDITIONER

v

4T020mA

0TO+10V

2822 IND|22TDH

+1500V dc MAX

Figure 9. Isolated Pressure Transmitter
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Programmable Output,
Isolated Voltage-to-Current Converter

MODEL 2B23

FEATURES

Wide Input Range, Resistor Programmable

Pin Programmable Output: 4 to 20mA or 0 to 20mA

High CMV Input/Output isolation: 1500V pk
Continuous

Low Nonlinearity: +0.05% max (2B23K)

Low Span Drift: +0.005%/°C max {2B23K)

Single Supply Operation: +14V to +28V

Small Size: 1.8” x 2.4” x 0.6”

Meets IEEE Std. 472: Transient Protection (SWC)

Meets ISA Std. 50.1: Isolated Current Loop
Transmitters

APPLICATIONS .
Industrial Instrumentation and Process Control
Ground Loop Elimination
Transient Voltage Protection
Analog Transmitters and Controllers
Remote Data Acquisition Systems

GENERAL DESCRIPTION

The model 2B23 is a high performance, low cost voltage to
current converter featuring * 1500V pk input to output isolation
for interfacing with standard process signals. The input stage of
the 2B23 may be single resistor programmed to accept voltages
within a 0 to + 10V range (+0.1V to + 10V full scale). The
isolated output is pin programmable to provide current in the
range of 4 to 20mA or 0 to 20mA and can be operated with 0 to
80002 grounded or floating loads.

The 2B23 uses reliable transformer isolation techniques and is
available in two accuracy selections offering guaranteed non-
linearity error (2B23K: +0.05% max, 2B23]: +0.1% max) and
guaranteed low span drift (2B23K: =0.005%/°C max, 2B23]:
+0.01%/°C max). The internally trimmed span and offset errors
are =0.1% for the 2B23K and +0.25% for the 2B23]J. Both
span and offset may be adjusted using optional external
potentiometers.

Featuring wide range, single supply operation (+ 14V to +28V

dc), the 2B23 provides isolated loop power, thus eliminating the
need for an external dc/dc converter.

APPLICATIONS

Model 2B23 has been designed to provide high accuracy, versatility
and low cost in industrial and laboratory system applications
requiring isolated current transmission. The 2B23 meets the
requirements of the Instrument Society of America Std. 50.1
“Compatibility of Analog Signals for Electronic Industrial Process
Instruments” and may serve as a transmission link between
such system elements as computers, controllers, actuators, re-
corders and-indicators.

4 Y0 20mA
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Vin ISOLATED VOLTAGE
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In data acquisition and control systems, the 2B23 may act as an
isolated interface between the D/A converter output of a micro-
computer analog I/0 and standard 4 to 20mA or 0 to 20mA
analog loops. In process control systems, the 2B23 may be used
as a current output stage of a proportional controller to interface
devices such as current-to-position converters and current-to-
pneumatic transducers.

DESIGN FEATURES AND USER BENEFITS

High CMYV Isolation: The 2B23 features high input to output
galvanic isolation to eliminate ground loops and offer protection
against damage from transients and fault voltages. Its isolation
barrier will withstand continuous CMV of * 1500V pk and
1500V rms @ 60Hz for 60 seconds.

High Reliability: To assure high reliability in harsh industrial
environments, reliable magnetic isolation is used. The 2B23
meets the IEEE Standard for Transient Voltage Protection (472-
1974: Surge Withstand Capability) and offers reliable operation
over —25°C to + 85°C temperature range.

Versatility: The 2B23 can be easily tailored to the user’s appli-
cation, accommodating a wide range of input voltages, providing
pin programmable, standard current outputs and offering wide
range, single supply operation. ‘

Small Size: To conserve board space, the 2B23 is packaged in a
compact, 1.8” x 2.4” x 0.6" module.
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SPEC I FI CATI 0 N S (typical @ +25°C and Vg = + 15V unless ﬁtherwise noted)

Model 2B23] 2B23K
INPUT SPECIFICATIONS
Input Voltage Range
Factory Calibrated Oto + 10V *
Full Scale Input +0.1Vminto + 10V max *
Transfer Function (TF)
Factory Calibrated 1.6mA/V *
User Programmable 1.6mA/V to 200mA/V *
Maximum Safe Input +15V *
Input Impedance 10MQ *
OQUTPUT SPECIFICATIONS
Current Output Range
User Selectable 4t020mA,0to20mA *
Load Resistance Range
Internal Loop Power 0 to 80002 max *
Maximum Output Current
@ Input Overload 22mA typ *
Qutput Noise
100Hz Bandwidth 1.51A pk-pk *
NONLINEARITY +0.1% max +0.05% max ( +0.02% typ)
ISOLATION
CMV, Input to Qutput
ac,60Hz, 1 min 1500V rms *
Continuous, acordc + 1500V pk ) *
Transient Protection - IEEE Std. 472 (SWC) *
CMR '
. @ 60Hz, 1kQ Source Imbalance 86dB *
ACCURACY! ~ .
Warm Up Time to Rated Performance 5 Minutes *
Total Output Error @ +25°C%?
Offset (Viy = 0V) +0.25% max +0.1% max
Span(Viy = +10V) +0.25% max +0.1% max

vs. Temperature (0 to +70°C)

Offset, 4-20mA Mode +0.01%/°C max +0.005%/°C max
0-20mA Mode +0.01%/°Ctyp +0.005%/°Ctyp
Span, Both Modes +0.01%/°C max +0.005%/°C max
DYNAMICRESPONSE .
Settling Time to 0.1% of F'S for 10V Step Sms *
Small Signal Bandwidth 400Hz *
POWER SUPPLY
Voltage, Rated Performance ( + Vs) +15Vdc *
Voltage, Operating + 14V minto + 28V max *
Supply Current (@ 20mA Output) 75mA *
Supply Change Effect
on Offsetand Span +0.0015%/V *
ENVIRONMENTAL
Temperature Range
Rated Performance 0to +70°C *
Operating —-25°Cto +85°C *
Relative Humidity )
per MIL-STD 202, Method 103B +0.2% Error *
RFIImmunity
27MHz @ 5W @ 3ft +0.1% Error *
CASESIZE 1.8" x 2.4" x 0.6" *
NOTES

!Accuracy is guaranteed @ TF = 1.6mA/V with no external trim adjustments when connected in the basic configuration.
« 2Allaccuracy is % of span where span is 16mA (i.e., = 0.1% = 0.016mA error).
3Span T.C. for transfer functions higher than 1.6mA/V is R dependent —low T.C. ( + 10ppm/°C)

Rg recommended for best performance.

*Specifications same as 2B23].

Specifications subject to change without notice.
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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Applying the Isolated Voltage-to;current Converter

FUNCTIONAL DESCRIPTION

The high performance of model 2B23 is derived from the carrier
isolation technique which is used to transfer both signal and
power between the V/I converter’s input circuitry and the output
stage. High CMYV isolation is achieved by the transformer coupling
between the input amplifier stage, modulator, and current output
circuitry. A block diagram of the 2B23 is shown in Figure 1.

g e [}lé;].mum

MODEL 2823

Figure 1. 2B23 Functional Block Diagram

The model 2B23 produces an isolated 4 to 20mA or 0 to 20mA
output current which is proportional to the input voltage and
independent of the output load resistance. The input amplifier
accepts a positive voltage within the range of 0 to +10V. The
transfer function of the input stage may be set from 1.6mA/V to
200mA/V (dependent upon the output current range desired) by
changing the gain resistor Rg connected between pins 5 and 7.

An internal, high stability reference having a nominal output
voltage of +5V (REF OUT) is used to develop a 4mA output
current for a 0 volts input. REF OUT (Pin 3) and REF IN (Pin
4) should be connected via the offset scaling resistor Ro. An
output current bypass section allows scaling of the nominal 4 to
20mA output current to a range of 0 to 20mA. This is accomplished
by connecting the output range select pin (Pin 12) to the Ioyr
pin (Pin 10) thercby providing a bypass for the 4mA. For 4-20mA
operation, the bypass pin is connected to Ioyr COMMON

(Pin 11). ‘

The 2B23 is designed to operate from a single positive power
supply (+ Vs) over a range of +14V to +28V dc. The power
supply section consists of an input voltage regulator, a dc/dc
converter, plus associated rectifying and filtering circuitry. The
dc/dc converter generates isolated loop power which is independent
of Vg and capable of driving the maximum load resistance (re-
sistance of receivers plus the resistance of connecting wire) of
800Q2. The current capability of the power supply (+ Vs) must
be 75SmA minimum to supply full output signal current.

BASIC INTERCONNECTIONS

The 2B23 may be applied to achieve rated performance as shown
in Figure 2. The transfer function of 1.6mA/V, for conversion
of the 0 to + 10V input signal into a 4 to 20mA output current,
is obtained using the values shown (Ro =10k}, Rsc=301Q,

Rg open). For best performance, Rgc should be a metal film,
+0.1% tolerance, 25ppm/°C resistor and Rg should be + 1%,
100ppm/°C.

Vsuppiy
(+14V dc to +28V de)

0 TO +10V INPUT/4-20mA OUTPUT
+1500V pk MAX

Figure 2. Basic Interconnections

A power supply (+ V) is connected to Pin 1. To avoid ground
loops, the user should ensure that the input signal return (SIG
COM) does not carry the power supply return current. Power
common (Pin 2) and signal common (Pin 5) should be tied at
the power supply common terminal.

OPTIONAL TRIM ADJUSTMENTS

Model 2B23 is factory calibrated for a 0 to + 10V input range
and an output of 4 to 20mA, meeting its listed specifications
without use of any external trim potentiometers. If desired,
optional span and zero trim adjustments may be easily accom-
plished as described in the following sections.

Input Gain Adjustment: The input gain of the 2B23 is a scale
factor setting that establishes the nominal conversion relationship
to accommodate + 1V to + 10V full scale inputs (V). In addition,
full scale inputs as low as 100mV may be accommodated.

The value of the gain setting resistor Rg is determined by: Rg
(k) = 10kQ/(G—1) where G represents a ratio of 10V/Vn(V)
F.S. For example, to convert a 0 to +1V input to 4 to 20mA
output, Vixy F.S. = +1Vand G = 10V/1V = 10, therefore Rg
=10kQ/9 = 1.1kQ. Due to resistor tolerances, allowance should
be made to vary Rg by using a series cermet type potentiometer
(Figure 3). For best performance, Rg should be a metal film,
1% tolerance, 25ppm/°C resistor.

0 TO +1V dc INPUT/4-20mA OUTPUT

Figure 3. Input Gain Adjustment
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Offset and Output Scaling Adjustments: After selecting the
required input stage gain, the 2B23 must then be configured for
either 4 to 20mA or 0 to 20mA output current range. Figures 4a
and 4b illustrate the respective methods for each. The value of
the offset resistor Rq is independent from the gain setting and
may be adjusted by a series cermet pot.

For fine adjustment of the output current, Rsc value should be
trimmed as shown in Figure 3.

4 } REF IN
Ro
9.01k§1
245 2823
OFFSET
ADJUST
3) REF OUT
4a. 4-20mA Output Connections
4) REF IN
R
200k61 2823
OFFSET
ADJUST Le((3) ReF ouT

4b. 0-20mA Output Connections
Figure 4. 4-20mA/0-20mA Scaling Connections

USING MULTIPLE 2B23s

Unlike other transformer-based isolators, the 2B23 does not
require any synchronizing circuits to eliminate beat frequency
related output errors in multichannel applications. This is due
to the use of pulse-width modulation technique in the 2B23.
Radiated individual oscillator frequencies will have no effect
upon performance, even in situations requiring multiple 2B23s
to be located in close proximity to one another. For this reason,
no provisions for external synchronization are necessary.

OUTPUT PROTECTION

The current output terminals (Pins 10 and 11) are protected for
reverse voltage and shorts up to + 32V dc but in many industrial
applications it may be necessary to protect the 4 to 20mA from
accidental shorts to ac line voltages. The circuit shown in Figure
5 may be employed for this purpose. The maximum permissible
load resistance will be lowered by a fuse resistance value when
protection circuitry is utilized.

FUSE 1/16 A. (S.B.}

GE.
varisToR SR
v272A1

T
IN 4002

Figure 5. Output Protection Circuitry

APPLICATIONS

In Figure 6, model 2B23 is used in multiloop application of the
data acquisition and control system to provide isolated current
interface to a recorder, indicator and a valve positioner.

EXCITATION

l i
STRAIN
SIGNAL
cAeE C:::b | | conomonen
\ l
t
[
Low : 2830
LEVEL ( Mu SIGNAL
- SIGNAL || conoiTioner
H .
I
WCOMPUTER : W
DIGITAL o
INPUTS 11| convemTer |
—+1

Figure 6. Multiloop Isolation

[}
[}
| T 28m
RECORDER

CURRENT

POSITION
CONVERTER

420mA

CONTROL
21500V VALVE

In applications requiring current to voltage conversion, the
2B23 may be used as shown in Figure 7. An external —10V
reference is used to provide necessary input offset. This circuit
will provide + 1500V isolation in converting 4-20mA into a 0 to
+ 10V output. The output measurement device must have a
high input impedance to avoid loading errors.

+15V

4-20mA IN

0TO +10v
soone  OUT

om
249k1} <
%) 2 '

) com ® 750 501

com

S00k() 'D

g 1.2ke1, 5%
*1/4W MIN

-5V

Figure 7. 4-20mA to 0 to + 10V Isolated Converter
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ANALOG
DEVICES

Loop Powered Isolator

MODEL 2B24

FEATURES

Self-Powered °

Wide Input Range: 1-50mA (2B24B)

High CMV lIsolation: £1500V pk; CMR: 120dB
High Accuracy: $0.1% '

RFI/EMI Immunity

Low Cost

APPLICATIONS
Ground Loop Elimination
Transient Voltage Protection

GENERAL DESCRIPTION

The model 2B24 is a low cost, loop-powered isolator designed
to accept input current in the range of 1-50mA and provide an
isolated output current proportional to the input. The 2B24
is powered by the input signal and does not require an ex-
ternal power supply.

Two basic models are available for signal ranges of 4-20mA
(2B24A) and 4-20mA or 10-50mA (2B24B). Both feature
high accuracy (£0.1%), high input to output isolation
(£1500V pk, continuous), and high CMR (120dB). Other
features include low input signal loop burden, low sensitivity
to variations in load, as well as excellent stability (£0,01%/
°C) over a wide ambient temperature range (-30°C to

+85°C).

A rugged metal enclosure, suitable for field mounting, offers
environmental protection and screw terminal input and out-
put connections. This enclosure may be either surface or
relay track mounted.

APPLICATIONS

The 2B24 is designed to eliminate ground loop problems and
high common mode noise interference in process control,
monitoring and factory automation systems. It is especially
useful for providing individual isolation of many current
loop outputs operating from a common source of dc power.

SENSOR

TWO-WIRE
A

OPERATION
The 2B24 is factory calibrated to accuracy of £0.1% of span.
A user accessible span trim potentiometer providing £3% ad-
justment range permits precise field calibration. This may be
accomplished by connecting normal operating load resistance
and adjusting SPAN for a 20,00mA output when an input is
20.00mA. :

A wide range of load resistance (up to 600§2 @ 20mA and
24002 @ 50mA) may be accommodated by the 2B24, The
transmitter supplying power to the 2B24 must be capable of
furnishing the necessary input voltage for the given load and
desired maximum output current.

DESIGN FEATURES AND USER BENEFITS

High Isolation: Input to output isolation eliminates ground
loops and allows £1500V potential difference between the
input and the output.

Loop Powered: All power required for the 2B24 is derived
from the process loop, eliminating the need for an external
supply and therefore reducing installation cost.

High Noise Rejection: The 2B24 features internal filtering to
eliminate errors caused by EMI/RFI and line noise pickup.
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SPECIFICATIONS {typical @ +25°C and Ijy = 20mA unless otherwise noted)

Model 2B24A 2B24B

INPUT SPECIFICATIONS
Input Signal 4-20mA 4-20mA, 10-50mA
Maximum Input Range 1-30mA 1-50mA

Input Voltage Requirement’

3.5V+Igyt RL

*

OUTPUT SPECIFICATIONS
Output Signal
Maximum Output Range
Span Adjustment Range
Load Resistance Range
Load Resistance Change Effect
per 10€2 Change

4-20mA

1-30mA

+3% of Span

0 to 60082 @ 20mA

40.15% of Span

4-20mA, 10-50mA
1-50mA
*

0 to 24052 @ 50mA

OUTLINE DIMENSIONS (MAX)

Dimensions shown in inches and (mm).

|

4015 |
(101.9) |

00 ° |
et

2B24

=8

INPUTS  -OUTPUT,
+ -

ACCURACY ) e —
Total Output Error? $0.1% @ Ry, = 30082 $0,1% @ R = 12082 -“
Linearity $0,05% @ Ry = 3002  %0.05% @ Ry = 1200 *i33:55 | A
Span Stability vs. Temperature £0.01%/°C *
ISOLATION N |
CMV, Input to Output, Continuous  +1500V pk d o2
Common Modec Rejection @ 60Hz 120dB @ Ry, = 3009 120dB @ Ry, = 12082 1
ENVIRONMENTAL = onas
Temperature Range, Operating -30°C to +85°C *
Storage Temperature Range -55°Cto +125°C *
Humidity Effect, Span Error® +0.2% of Span * 6001 ==1===== A=
RFI Effect (SW @ 470MHz @ 3 ft.) / 60002 @ 20mA
Error 10.5% of Span * 500 /
PHYSICAL 400 /
Case Size 4" X 3.25" X 1.25" . S
Weight 8.5 oz (240g) * H]
5 300 24001 @ 50mA
NOTES : 3
! Includes 3.5V plus voltage drop across output load. & Fe1T T/ 1" —7
2 Accuracy is specified as a percent of output span and includes 20 ”
bined effects of repeatibility, hy is, and linearity. / /
3Per MIL-STD-202, Method 103, 100 A
*Specifications same as 2B24A. k/
Specifications subject to change without notice.

0

3 6 9 1z 15
V INPUT — Volts

Figure 2. Required ViNpUT vs.
RLOAD (max) - 2B24A & B

BASIC APPLICATIONS
SENSOR 4.20mA 4.20mA oc
INPUT wowre 1% SUPPLY
© TRANSMITTER INPUT \\OUTPUT| Rioap + -
t - 2824 | ]
SENSOR 420mA 4.20mA
INPUT i il I
+Dc_ ZD TRANSMITTER INPUT \\OUTPUT| R, 0ap
SUPPLY + + 2824

Figure 1a. Two-Wire Transmitter Application

Figure 1b. Four-Wire Transmitter Application
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ANALOG
DEVICES

High Performance, Economy

Strain Gage /RTD Conditioners

MODELS 2B30 AND 2B31

FEATURES
Low Cost
Complete Signal Conditioning Function
Low Drift: 0.5uV/°C max (“L"); Low Noise: 1uV p-p max
Wide Gain Range: 1 to 2000V/V
Low Nonlinearity: 0.0025% max (L")
High CMR: 140dB min (60Hz, G = 1000V/V)
Input Protected to 130V rms
Adjustable Low Pass Filter: 60dB/Decade Roll-Off {(from 2Hz)
Programmable Transducer Excitation: Voltage (4V to 15V @
100mA) or Current (100uA to 10mA)
APPLICATIONS
Measurement and Control of:
Pressure, Temperature, Strain/Stress, Force, Torque
Instrumentation: Indicators, Recorders, Controllers
Data Acquisition Systems
Microcomputer Analog I/0

GENERAL DESCRIPTION

Models 2B30 and 2B31 are high performance, low cost, com-
pact signal conditioning modules designed specifically for high
accuracy interface to strain gage-type transducers and RTD’s
(resistance temperature detectors). The 2B31 consists of three
basic sections: a high quality instrumentation amplifier; a
three-pole low pass filter, and an adjustable transducer excita-
tion. The 2B30 has the same amplifier and filter as the 2B31,
but no excitation capability.

Available with low offset drift of 0.5uV/°C max (RTI, G =
1000V/V) and excellent linearity of 0.0025% max, both
models feature guaranteed low noise performance 14V p-p
max, and outstanding 140dB common mode rejection (60Hz,
CMV =10V, G = 1000V/V) enabling the 2B30/2B31 to main-
tain total amplifier errors below 0.1% over a 20°C temperature
range. The low pass filter offers 60dB/decade roll-off from
2Hz to reduce normal-mode noise bandwidth and improve
system signal-to-noise ratio. The 2B31’s regulated transducer
excitation stage features a low output drift (0.015%/°C max)
and a capability of either constant voltage or constant cur-
rent operation.

Gain, filter cutoff frequency, output offset level and bridge
excitation (2B31) are all adjustable, making the 2B30/2B31
the industry’s most versatile high-accuracy transducer-interface
modules. Both models are offered in three accuracy selections,
J/K/L, differing only in maximum nonlinearity and offset drift
specifications.

APPLICATIONS

The 2B30/2B31 may be easily and directly interfaced to a wide
variety of transducers for precise measurement and control of
pressure, temperature, stress, force and torque. For ap-
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TRANSDUCER SIGNAL CONDITIONING USING 2831

plications in harsh industrial environments, such characteristics
as high CMR, input protection, low noise, and excellent tem-
perature stability make 2B30/2B31 ideally suited for use in
indicators, recorders, and controllers.

The combination of low cost, small size and high performance
of the 2B30/2B31 offers also exceptional quality and value to
the data acquisition system designer, allowing him to assign a

conditioner to each transducer channel. The advantages of this

. approach over low level multiplexers include significant im-

provements in system noise and resolution, and elimination of
crosstalk and aliasing errors.

DESIGN FEATURES AND USER BENEFITS

High Noise Rejection: The true differential input circuitry
with high CMR (140dB) eliminating common-mode noise
pickup errors, input filtering minimizing RFI/EMI effects, out-
put low pass fxltermg (fc=2Hz) rejecting 50/60Hz line frequen-
cy pickup and series-mode noise.

Input and Output Protection: Input protected for shorts to
power lines (130V rms), output protected for shorts to ground
and either supply.

Ease of Use: Direct transducer interface with minimum exter-
nal parts required, convenient offset and span adjustment
capability.

Programmable Transducer Excitation: User-programmable
adjustable excitation source-constant voltage (4V to 15V @
100mA) or constant current (1004A to 10mA) to optimize
transducer performance.

Adjustable Low Pass Filter: The three-pole active filter
(f.=2Hz) reducing noise bandwidth and aliasing errors with
provisions for external adjustment of cutoff frequency.
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SPECIFICATIONS (typical @ +25°C and Vg = +15V unless otherwise noted)

2B30) 2B30K 2B30L y
MODEL 2B31) 2B31K 2B31L OUTLINE DIMENSIONS
GAIN! Dimensions shown in inches and (mm).
Gain Range 1 to 2000V/V . . r‘———z.ﬂl (50.8) MAX ————I
Gain Equation G=(1+94kQ/Rg) [20kQ/(Rp + _O!_'
16.2k)] ol . MODELS 2B30/31 (1041
Gain Equation Accuracy 12% . . { MAX
Fine Gain (Span) Adjust. Range +20% . . 502105 01A =] <7
Gain Temperature Coefficient +25ppm/°C max (£10ppm/°Ctyp) * . Uyﬂ (5.08) MIN
Gain Nonlinearity 40.01% max £0.005% max £0.0025% max 0.25 (8.35) MAX
OFFSET VOLTAGES' ] t
Total Offset Voltage, Referred to 118 1501
Input T T
Initial, @ +25°C Adjustable to Zero (£0.5mV typ) * B 1 1
Warm-Up Drift, 10 Min,, G = 1000 #5uV RTI . * L 1
vs. Temperature . o2 N ég;}
G=1V/V +150uV/°C max +75uV/°C max +50uV/°C max 804 max
G =1000V/V +3uV/°C max +1uV/°C max 40.5uV/°C max T
At Other Gains #(3 £ 150/G)uV/°C max #(1 £ 75/G)uV/C max (0.5 + 50/G)uV/°C max 1
vs. Supply, G = 1000V/V 225uVIV . . N !
vs. Time, G = 1000V/V +3uV/month . . [ 13]
Output Offset Adjust. Range 10V . . ] I
INPUT BIAS CURRENT BOTTOM ViEw 01
3 .1 (2,54} GRI
Initial @ +25°C +200nA max (100nA typ) . . marme = b '

vs. Temperature (0 to +70°C) -0.6nA/°C

INPUT DIFFERENCE CURRENT
Initial @ +25°C +SnA

PIN DESIGNATIONS

PIN FUNCTION PIN]__FUNCTION
vs. Temperature (0 to +70°C) 240pA/°C . . 1 | OUTPUT 1 (UNFILTERED} 16 | EXCSEL 1
2 | FINE GAIN (SPAN) ADJ. 17 | 1sEL
INPUT IMPEDANCE : E::‘:;:l::g::’?:'ad :g :/txc out ,
9 - . . EXC OUT
gnffmnn;li J lOOMgllﬂpF . . 6 | FILTER OFFSET TRIM 20 | SENSE HIGH [+)
ommon Mode 100MQI[47pF ¢ | BANDWIDTH ADJ. 3 21 | EXCBEL2
7 | OUTPUT 2 (FILTERED) 22 | REF OUT
INPUT VOLTAGE RANGE 8 | BANDWIDTH ADJ. 2 23 | SENSE LOW (-)
Linear Differential Input 10V . . 9 | BANDWIDTH ADY. 1 24 | REGULATOR +Va 1y
Maximum Differential or CMV Input :? R::: ﬁ TVE: w
Without Damage 130V mms . . 12 | N 27 |svg
Common Mode Voltage t10v * * T T T 28 | COMMON
CMR, 1k Source Imbalance :5 Iommn' ™ 29 | OUTPUT OFFSETTRIN
1 . .
G = 1V/V, dc to 60Hz i’sggn . . . Nota: Pins 16 thr 25 are not connected n Model 2830
min

G = 100V/V 10 2000V/V, 602Hz'
de

90dB min (112 typ.)

MOUNTING CARDS

' Specifications referred to output at pin 7 with 3.75k, 1%, 25ppm/°C

fine span resistor installed and internally set 2Hz filter cutoff
frequency.
*Specifications referred to the unfiltered output at pin 1.
?Protected for shorts to ground and/or either supply voltage,
4 Recommended power supply ADI mode} 902-2 or model 2835
transducer power supply (for 2830).
Specifications subject to change without notice.

INI:ZT[:?IZE 1000VIV AC1211; AC1213
0.01Hz 1o 2Hz 1§V p-p max . M BN,
10Kz to 100H2? 11V p-p . .
Current, G = 1000
0.01Hz to 2Hz 70pA p-p * N
10Hz to 100Hz? 30pA tms * *
RATED OUTPUT' o
Voltage, 2k Load® £10V min * * &
Current £5mA min . . H
Impedance, dc to 2Hz, G = 100V/V 0.1 . . 3
Load Capacitance 0.01uF max . . %
H
DYNAMIC RESPONSE (Unfiltered)? “EE
Small Signal Bandwidth !
-3dB Gain Accuracy, G = 100V/V  30kHz . .
G = 1000V/V SkHz . .
. .
Ispl:lvlv Pl;:::r i;’(‘:l . . = 3.675 (90.81) =~0.462(11.73)
Settling Time, G = 100, +10V Output
Step to £0.1% ‘ 30us ¢ . AC1211/AC1213
LOW PASS FILTER (Bessel) . CONNECTOR DESIGNATIONS
Number of Poles 3 .
Gain (Pass Band) +1 * * PIN FUNCTION PIN FUNCTION
Cutoff Frequency (-3dB Point) 2Hz * M A | REGULATOR +Vp 1y 1 [ EXCSEL1
Roll-Off 60dB/decade . . o e 3 [
Offset(at 25°C) £5mv . . o | REF N + Jiexeoor
Settling Time, G = 100V/V, 10V : : ziréssssﬂsn +)
Output Step to £0.1% 600ms * N H 7 | OUTPUT OFFSET TRIM
BRIDGE EXCITATION (See Table 1) — Page 4 :( -V : Vg
"POWER SUPPLY” e o
Voltage, Rated Performance 15V dc . * N | common 12 | common
Voltage, Operating (12 1o 18)V dc . * 4 3
Current, Quiescent $15mA . * & | FiNE GAm ABy: b
T | FILTER OFFSET TRIM 16
TEMPERATURE RANGE . . U | FILTER OFFSET TRIM 17 | Roam
Rated Performance 0to+70°C . V | OUTPUT 2 (FILTERED) 18 | Raam
Operating -25°C to +85°C . - w | -ineut 19 | OUTPUT 1 (UNFILTERED)
x | wPuT OFFSET TRIM 20 | BANDWIDTH ADJ. 1
Storage -55°Cto +125°C * " ¥ | INPUT OFFSET TRIM 21 | BANDWIDTH ADJ, 3
CASE SIZE 2" x2 x04" (51x51x10.2mm)_* : s 2 |emmmor et
NOTES The AC1211/AC1213 mounting card is available for
*Specifications same as 2B30)/2B31). 2B30/2B31. The AC1211/AC1213 is an edge connect

card with pin receptacles for plugging in the 2B30/2B
In addition, it has provisions for installing the gain re-
sistors and the bridge excitation, offset adjustment ar
filter cutoff programming components. The AC1211,
AC1213 is provided with a Cinch 251-22-30-160 (or
equivalent) edge connector, The AC1213 includes th
adjustment pots; no pots are provided with the
AC1211. :
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Understanding the 2B30/2B31

FUNCTIONAL DESCRIPTION

Models 2B30 and 2B31 accept inputs from a variety of full
bridge strain gage-type transducers or RTD sensors and con-
vert the inputs to conditioned high level analog outputs. The
primary transducers providing direct inputs may be 608 to
100082 strain gage bridges, four-wire RTD’s or two- or three-
wire RTD’s in the bridge configuration.

The 2B30 and 2B31 employ a multi-stage design, shown in
Figure 1, to provide excellent performance and maximum
versatility. The input stage is a high input impedance (10%8),
low offset and drift, low noise differential instrumentation
amplifier. The design is optimized to accurately amplify low
level (mV) transducer signals riding on high common mode
voltages (£10V), with wide (1-2000V/V), single resistor (Rg),
programmable gain to accommodate 0.5mV/V to 36mV/V
transducer spans and 5§2 to 20002 RTD spans. The input
stage contains protection circuitry for accidental shorts to
power line voltage (130V rms) and RFI filtering circuitry.

The inverting buffer amplifier stage provides a convenient
means of fine gain trim (0.8 to 1.2) by using a 10k poten-
tiometer (Rf); the buffer also allows the output to be offset
by up to £10V by applying a voltage to the noninverting input
(pin 29). For dynamic, high bandwidth measurements—the
buffer output (pin 1) should be used.

The three-pole active filter uses a unity-gain configuration and
provides low-pass Bessel-type characteristics-minimum over-
shoot response to step inputs and a fast rise time. The cutoff
frequency (-3dB) is factory set at 2Hz, but may be increased
up to 5kHz by addition of three external resistors (RgEL -
RsgL3)

INTERCONNECTION DIAGRAM AND SHIELDING
TECHNIQUES '

Figure 1 illustrates the 2B3 1 wiring configuration when used
in a typical bridge transducer signal conditioning application.
A recommended shielding and grounding technique for pre-
serving the excellent performance characteristics of the 2B30/
2B31 is shown.

Because models 2B30/2B31 are direct coupled, a ground return
path for amplifier bias currents'must be provided either by di-
rect connection (as shown) or by an implicit ground path
having up to 1M$2 resistance between signal ground and condi-
tioner common (pin 28). The sensitive input and gain setting

terminals should be shielded from noise sources for best per-
formance, especially at high gains. To avoid ground loops, sig-
nal return or cable shield should never be grounded at more
than one point.

The power supplies should be decoupled with 1uF tantalum
and 1000pF ceramic capacitors as close to the amplifier as
possible.

TYPICAL APPLICATION AND ERROR BUDGET
ANALYSIS

Models 2B30/2B31 have been conservatively specified using
min-max values as well as typicals to allow the designer to
develop accurate error budgets for predictable performance.
The error calculations for a typical transducer application,
shown in Figure 1 (35082 bridge, 1mV/V F.S., 10V excitation),
are illustrated below.

Assumptions: 2B31L is used, G = 1000, AT = +10°C, source
imbalance is 100£2, common mode noise is 0.25V (60Hz) on
the ground return.

Absolute gain and offset errors can be trimmed to zero. The

. remaining error sources and their effect on system accuracy

(worst case) as a % of Full Scale (10V) are listed:

Effect on Effect on
‘Al\ lute A R. Tar 3,
Error Source % of F.S. % of F.S.
Gain Nonlinearity +0.0025 +0.0025
Gain Drift 10.025
Voltage Offset Drift 10.05
Offset Current Drift 10.004
CMR +0.00025 10.00025
Noise (0.01 to 2Hz) 0.01 +0.01

Total Amplifier Error

+0.09175 max

+0.01275 max

0.15 (0.03 typ)
10.24175 max
(£0.1 typ)

The total worst case effect on absolute accuracy over 10°C is
less than $0.25% and the 2B31 is capable of 1/2 LSB resolu-
tion in a 12 bit, low input level system. Since the 2B31 is con-
servatively specified, a typical overall accuracy error would be
lower than %0.1% of F.S.

In a computer or microprocessor based system, automatic
recalibration can nullify gain and offset drifts leaving noise,
nonlinearity and CMR as the only error sources. A transducer
excitation drift error is frequently eliminated by a ratiometric
operation with the system’s A/D converter.

Excitation Drift

Total Queput Error 40,0127 max

(Worst Case)

9022 POWER SUPPLY

-15V

+15V

WF | 10000F
CABLE SHIELD
b ‘t‘ Vexc ADS
u 20K82
SIGNAL 1000pF
RETURN 1}
28 26 27 24 22 25 16 21 170 19
COM, +ven| REF| REF| Exc| EXC| tsec| texc
. out] IN | SELy| SELy out
Vs +Vs
- SENSE

ADJUSTABLE
BRIDG!
EXCITATION

070 #10v
L
.

7
LOAD
BW.
DJ1]ADJ2| ADJ3I

%9 8 60 40 6
_.ésom Rsey Rsey  Rsey  20%8 :
ouTPuT FILTER

Vs OFFSET V5 oFFseT
ADJ. TRIM

>

NOTE. ALL TRIM POTS SHOULD BE
100 PPM/°C OR BETTER (79 PR TYPE
15 TURN CERMET RECOMMENDED).

Figure 1. Typical Bridge Transducer Application Using 2B31
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BRIDGE EXCITATION (2B31)

The bridge excitation stage of the model 2B31 is an adjustable
output, short circuit protected, regulated supply with internally
provided reference voltage (+7.15V). The remote sensing in-
puts are used in the voltage output mode to compensate for
the voltage drop variations in long leads to the transducer. The
regulator circuitry input (pin 24) may be connected to +Vg or
some other positive dc voltage (pin 28 referenced) within
specified voltage level and load current range. User-program-
mable constant voltage or constant current excitation mode
may be used. Specifications are listed below in Table 1.

MODEL 2B31) 2B31K 2B31L
Constnt Voltage Output Mode

Regulator Input Voltage Range +9.5V to +28V . .
Output Voltage Range +4V to +15V * *
Regulator Input/Output Voltage

Differential 3V1o 24V * *
Output Current' 010 100mA max  * *
Regulation, Qutput Voltage

vs. Supply 0.05%/V * .
Load Regulation, Iy = 1mA to

Ip = SOmA 0.1% .
Ourput Voltage vs. Temperature  0.015%/°Cmax  * .

(010 +70°C) 0.003%/ Ctyp  * .
Output Noise 1mV rms * *
Reference Voltage (Internal) 7.15V $3% . *

Constant Current Output Mode

Regulator Input Voltage Range  +9.5V 1o +28V . M
Output Current Range 100¢A 10 10mA . .
Compliance Voltage 0to 10V * *
Load Regulation 0.1% . .
Temperature Cocfficient '

(010 +70°C) 0.003%/°C * N
Output Noise 1uA tms . .
! Output Current derated to 33mA max for 24V regulator input/output

voltage differential.
Table |. Bridge Excitation Specifications
OPERATING INSTRUCTIONS '

Gain Setting: The differential gain, G, is determined according
to the equation:
G = (1 +94kQ/Rg) [20kQ/(RF + 16.2k2)] '

where Rg is the input stage resistor shown in Figure 1 and Rp:
is the variable 10k(2 resistor in the output stage. For best
performance, the input stage gain should be made as large as
possible, using a low temperature coefficient (10ppm/°C) Rg,
and the output stage gain can then be used to make a +20%
linear gain adjustment by varying Rg.

Input Offset Adjustment: To null input offset voltage, an op-
tional 100k§2 potentiometer connected between pins 13 and
14 (Figure 1) can be used. With gain set at the desired value,
connect both inputs (pins 12 and 15) to the system common
(pin 28), and adjust the 100k{2 potentiometer for zero volts
at pin 3. The purpose of this adjustment is to null the internal
amplifier offset and it is not intended to compensate for the
‘transducer bridge unbalance.

Output Offset Adjustment: The output of the 2B30/2B31 can

be intentionally offset from zero over the £10V range by apply- -

ing a voltage to pin 29, e.g., by using an external potentiometer
or a fixed resistor. Pin 29 is normally grounded if output off-
setting is not desired. The optional filter amplifier offset null
capability is also provided as illustrated in Figure 1.

Filter Cutoff Frequency Programming: The low pass filter cut-
off frequency may be increased from the internally set 2Hz by
the addition of three external resistors connected as shown in
Figure 1. The values of resistors required for a desired cutoff
frequency, f¢, above 5Hz are obtained by the equation below:

RsEL; = 11.6 X 10%/(2.67f, - 4.34);-

RSEL, = 27.6 X 10°/(4.12f, - 7)

RsgL 3 = 1.05 X 10°/(0.806f - 1.3) -

where Rggp. is in ohms and f in Hz. Table 11 gives the nearest
1% Rggy, for several common filter cutoff (-3dB) frequencies.

Rsera (k§2)  Rsgrz (kQ)  Rggpps (k)

fc(Hz) . (Pin1t09) (Pin9to8) (Pin 8to6)

2 Open Open Open

5 1270.000 2050.00 383.000
10 523.000 806.00 154.000
50 90.000 137.00 26.700
100 44.200 68.10 13.300
500 8.660 13.30 2.610
1000 4.320 6.65 1.300
5000 0.866 133 0.261

Table Il. Filter Cutoff Frequency vs. RSE|

Voltage Excitation Programming: Pin connections for a con-
stant voltage output operation are shown in Figure 2. The

bridge excitation voltage, Vgxc, is adjusted between +4V to
+15V by the 20k§2 (50ppm/°C) RyggL potentiometer. For

. ratiometric operation, the bridge excitation can be adjusted
by applying an external positive reference to pin 25 of the

2B31. The output voltage is given by: Vgxc ouT = 3.265VREF
IN- The remote sensing leads should be externally connected
to the excitation leads at the transducer or jumpered as shown
in Figure 2 if sensing is not required.

Vercaos , peesper ovpes EXT0

(49,5 70 +28V) S !
2057 | J
RN L R A O

“Veiow  VReroUr  [VREFW EXC  EXC | el lexcour
(+4V TO #15V) 18 SELY SEL2
+Vexe our

)

“sense "
(HIGH) “SENSE

MODEL 2831

-SENSE
tLow)

commMon
3V Vaeg m - Vexcout S 24V
VExc out = 3.265Vmer N

VREF out ™ #7.15V 3%

VExc our = +4V TC #15V.

‘Vexc TEMPERATURE DRIFT MAY BE IMPROVED BY USE
OF A LOW T.C. EXTERNAL REFERENCE .

Figure 2. Constant Voltage Excitation Connections

Current Excitation Prdgramming: The constant current cxcita-
tion output can be adjusted between 100uA to 10mA by two
methods with the 2B31. Figure 3 shows circuit configuration
for a current output with the maximum voltage developed
across the sensor (compliance voltage) constrained to +5V. The
value of programming resistor Riggg, may be calculated from
the relationship: Riggr, = (VREG IN - VREF IN)/IEXC OUT-

Texc ADJ.
+9.5V TO +28V)

24 17 2 22 |2 20 18

+Vagaw  keL  EXCgelz  VRerour | VRern  +SENSE +VexcouT
(10044 TO 10mA) g
lexc out x0

"D t OUTPUT -SENSE

MODEL 2831

23
[—0— ~SENSE
z COMMON
Ruser * (Vaga w - Vaer whlexc our
VREG v = +9.5V TO 428V

Jexc out ® 1004A to 10mA

VREF W = VREF OUT = +7.15V
Figure 3. Constant Current Excitation
Connections (VcompL = 0 to +5V)

A compliance voltage range of 0 to +10V can be obtained by
connecting the 2B31 as shown in Figure 4. The 2k potenti-
ometer Ryggy, is adjusted for desired constant current excita-
tion output.

R,
mEL w3 1840
(49570 +28v)
e

24 17 20 2 |5

*VRean  kEL +SENSE  VREF OUT EXC EXC
(10044 TO 10mA) 19 SECY  SEL2
fexcour 2a

MODEL 283t ~**°

RTOZF " outeut

l——oi SENSE
v

COMMON

Figure 4. Constant Current Excitation
Connections (Voompr = 0 to +10V)
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Applying the 2B30/2B31

APPLICATIONS

Strain Measurement: The 2B30 is shown in Figure 5 in a strain
measurement system. A single active gage (12082, GF=2) is
used in a bridge configuration to detect small changes in gage
resistance caused by strain. The temperature compensation is
provided by an equivalent dummy gage and two high precision -
1209 resistors complete the bridge. The 2B35 adjustable
power supply is set to a low +3V excitation voltage to avoid
the self-heating error effects of the gage and bridge elements.
System calibration produces a 1V output for an input of 1000
microstrains. The filter cutoff frequency is set at 100Hz.

6
Vi
s :"‘( MODEL 2835 \
BRIDGE +SENS P { H
BALANCE 5 'OWER SUPPLY 2 ACIN
ADJ. SENSE (—o
20402 7 -
v COMMON REF “REF  REF
2@ " _15V 415V OUT IN (HU IN (LOW) Vst
ACTIVE 2 +: }‘ 1 o
13

GAG
070 12001,
1000u¢ 1,15k
Vexc seT

12000 '
DUMMY 0.1% \Y%
GAGE
CAL $RcaL
CHECK
19 7
OUTPUT =0
1310 Roam MODEL 2B30 oTOMV
SPAN 11
28] ouTPUT
5—0‘ OFFSET
2
L gy P sevens
ILTER B.W.
ADI. | ADJ.
1 B 8 ®

44.2k2 68.1k02 13.3k0
Figure 5. Interfacing Half-Bridge Strain Gage Circuit

Pressure Transducer Interface: A strain gage type pressure
transducer (BLH Electronics, DHF Series) is interfaced by the
2B31 in Figure 6. The 2B31 supplies regulated excitation
(+10V) to the transducer and operates at a gain of 333.3 to
achieve 0-10V output for 0-10,000 p.s.i. at the pressure trans-
ducer. Bridge Balance potentiometer is used to cancel out any
offset which may be present and the Fine Span potentiometer
adjustment accurately sets the full scale output. Depressing
the calibration check pushbutton switch shunts a system cali-
bration resistor (Rcay ) across the transducer bridge to give an
instant check on system calibration.

COM  -15V  +15V
WwF

CABLE SHIELD
WF

26 27 24
Vs Vs +VRegin

20 2 v
O o—] +sense REF OUT 5,
ELECTRONICS 18 20k
DHF SERIES BRIGE | O | ‘Vexe z
BALANCE R
AN EF (N

20k EXC SEL1 :]
24%0 MODEL 2B31  exc sevz |2

t : 2] sense .
rl Inq ouTePuT 070 +10v
] o L1 VY
! ! Q CHECK 2]
U OUTPUT
Raain OFFSET Rg
L] 3
26750
V
SPAN .
FIRE
SPAN

ADJ.

Figure 6. Pressure Transducer Interface Application

Platinum RTD Temperature Measurement: In Figure 7 model
2B31 provides complete convenient signal conditioning in a
wide range (-100°C to +600°C) RTD temperature measure-
ment system. YSI - Sostman four-wire, 100£2 platinum RTD
(PT139AX) is used. The four wire sensor configuration, com-
bined with a constant current excitation and a high input im-
pedance offered by the 2B31, eliminates measurement errors
resulting from voltage drops in the lead wires. Offsetting may
be provided via the 2B31’s offset terminal. The gain is set by
the gain resistor for a +10V output at +600°C.

COM -15v 416V

el Vexc ser
— 11“1F 78K

Vie s G0 fe b i

com “Vs  +V3 *Veam keL EXCggy,
. mA 19 2
fexc out . REF OUT
Y51 15 %
PT 133aX ™ Rerm

MODEL 2B31

. +SENSE :;)]
18
12 +Vexc out

10000 d
- PLATINUM\ /2

ouTPUT ——07 0TO +10V

6 ouTPUT
Rgan OFFSET R
10 1 29 2 3
10k a0k
24962 OSET
SPAN FINE
SPAN
15V ADJ,

Figure 7. Platinum RTD Temperature Measurement

Interfacing Three-Wire Sensors: A bridge configuration is par-
ticularly useful to provide offset in interfacing to a platinum
RTD and to detect small, fractional sensor resistance changes.
Lead compensation is employed, as shown in Figure 8, to
maintain high measurement accuracy when the lead lengths are
so long that thermal gradients along the RTD leg may cause
changes in line resistance. The two completion resistors (R1,
R2) in the bridge should have a good ratio tracking (5ppm/°C)
to eliminate bridge error due to drift. The single resistor (R3)
in series with the platinum sensor must, however, be of very
high absolute stability. The adjustable excitation in the 2B31
controls the power dissipated by the RTD itself to avoid
self-heating errors.

COM  -15V  +18V
Vexc ADJ

1uF 20k
23 ] |8 27 J 22 2
SENSE COM  -Vs  +Vs +Vaggin  REF  REFIN|
out
20| ense 16
+SENS EXC SEL1 F:]
+Vexe ) 21
EXC SEL2
MODEL 2B31
+IN
N 7
OUTPUT 00 TO +10V
ouTPUT
Roaiv OFFSET Re

THREE WIRE
RTD

10 n

sy ) ® 2 3
SEL sonqt £Ine L1oke
SPAN OFFSE! SPAN
ADJ. ADJ.

-15v

Figure 8. Three-Wire RTD Interface

Linearizing Transducer Output: To maximize overall system
linearity and accuracy, some strain gage-type and RTD trans-
ducer analog outputs may require linearization. A simple cir-
cuit may be used with the 2B31 to correct for the curvature
in the input signal. Consult factory for the application
assistance.
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Data Acquisition System: Figure 9 shows a typical applica-
tion of the 2B30/2B31 in a low level, high speed microcom-
puter based data acquisition system. The advantages of this
configuration. are improvement in CMR enhanced by a low
pass filter/channel provided by the 2B31, elimination of ali-
asing errors and crosstalk noise between input channels, im-
provement in system noise and resolution, and optimized,
individual bridge excitation source for each channel.

DATA BUS

N—

ADDRESS BUS 'ADDRESS
PO!;EN DECODER

PRESSURE i:l
TRANSDUCER 2831 Uﬁ

DIGITAL 1/0
ANALW
AR
RTD _j

--m PLEXER » » CONVERTER

1

i
I mv H 2830 I—.

Figure 9. Use of the 2B30/2B31 in Data Acquisition System

PERFORMANCE CHARACTERISTICS

Input Offset Voltage Drift: Models 2B30/2B31 are available

in three drift selections: 0.5, £1 and #3uV/°C (max, RTI, G =
1000V/V). Total input drift is composed of two sources (input
and output stage drifts) and is gain dependent. Figure 10 is a
graph of the worst case total voltage offset drift vs. gain for

all versions.

MAX INPUT DRIFT LIMIT
eGewN |

T T rT—t—T
'§\zm/zam (1504V/°C)
™ "

\zmx/mm {75uV/°C]

R 2830L/2B31L (504V/°C)
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<

>

3

'

-
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o

=

: NS
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2 @G = 1000V/V

=

o

s, MODEL 28302831 28304/2831) {3:V/°C) \
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A L1y B

2 MODEL 2B30¢/2831L = | 2830K/2831K (1avrC)
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[TT T

T
TOTAL INPUT DRIFT = ZBSDLIZMIL (0.t 5uVl'C
02— 4| OUTPUTDRIFT@G=1K + OUTPUTDRIFT@G= |.11

el 1 1 TTL 11|l°l llJr[ ||

1 10 1000 2000 10,000
cAm vN

Figure 10. Total Input Offset Drift (Worst Case) vs. Gain

Gain Nonlinearity and Noise: Nonlinearity is specified as a per-
cent of full scale (10V), e.g. 0.25mV RTO for 0.0025%. Three
maximum nonlinearity selections offered are: £0.0025%,
+0.005% and £0.01% (G = 1 to 2000V/V). Models 2B30/2B31
offer also an excellent voltage noise performance by guaran-
teeing maximum RTI noise of 14V p-p (G = 1000V/V, Rg <
5k§2) with noise bandwidth reduced to 2Hz by the low pass
filter.

Low Pass Filter: The three pole Bessel-type active filter attenu-
ates unwanted high-frequency components of the input sig-
nal above its cutoff frequency (-3dB) with 60dB/decade roll-
off. With a 2Hz filter, attenuation of 70dB at 60Hz is obtained,
settling time is 600ms to 0.1% of final value with less than 1%
overshoot response to step inputs. Fi 1gure 11 shows the filter
response.

o [
fo=2Hz
10
20
2 -30 N
; 40 \\
£ N
- AN
20 N
-80
[x] 0 100

FREQUENCY ~ Hz

Figure 11. Filter Amplitude Response vs. Frequency

Common Mode Rejection: CMR is rated at £10V CMV and
1k€2 source imbalance. The CMR improves with increasing
gain. As a function of frequency, the CMR performance is en-
hanced by the incorporation of low pass filtering, adding to
the 90dB minimum rejection ratio of the instrumentation am-
plifier. The effective CMR at 60Hz at the output of the filter
(f. = 2Hz) is 140dB min. Figure 12 illustrates a typical CMR
vs. Frequency and Gain,

180

G = 10070 2000,
our»uy/

14
o

" =100 TO 2000,

e OUTPUT 1
100 M
. “Gev, N

OUTPUT 1 \
T~
‘] ~

[ ~\
LA
owa - A2

Ecu - oV
Py

COMMON MODE REJECTION — d8

“CMA SPECIFIED FOR Elwuswﬂtnﬂosuif N

) 0 ) : e 10k
FREQUENCY — Nl

Figure 12. Common Mode Rejection vs. Frequency and Gain

Bridge Excitation (2B31): The adjustable bridge excitation is
specified to operate over a wide regulator input voltage range
(+9.5V to +28V). However, the maximum load currentis a
function of the regulator circuit inputooutput differential volt-
age, as shown in Figure 13. Voltage output is short circuit
protected and its temperature coefficient is £0.015% Vour/°C
max (+0.003%/°C typ). Output temperature stability is directly
dependent on a temperature coefficient of a reference and for
higher stability requirements, a precision external reference
may be used. |

100 ]

°CLTA<70°C

~.

LOAD CURRENT —mA

o 5 10 15 20 25
INPUT-QUTPUT VOLTAGE DIFFERENTIAL — V

Figure 13. Maximum Load Current vs. Regulator
Input-Output Voltage Differential
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ANALOG
DEVICES

Four Channel
RTD/Strain Gage Conditioner

MODEL 2B34

FEATURES

Low Input Offset Drift: +1.0uV/°C

Low Gain Drift: +25ppm/°C

Low Nonlinearity: £0.01% max (+0.005% typ)
Differential Input Protection: 130V rms .
Channel Multiplexing: 3000 chan/sec Scanning Speed
Solid State Reliability

Internal RTD Excitation/Lead Wire Compensation

APPLICATIONS

Multichannel Signal Conditioning
Data Acquisition

Industrial Process Monitoring

GENERAL DESCRIPTION

The model 2B34 is a four channel signal conditioner providing
input protection, multiplexing, and amplification in a single,
low cost package. A multi-purpose device, the 2B34 is design-
ed to effectively condition low level signals (£30mV to
+100mV) such as those produced by RTD and strain gage
sensors. The superior design of the 2B34 provides low input
drift (+1. 0uV/°C), high common mode re]cctlon (94dB @
60Hz), and extremely stable gain (+25ppm/°C). Other fea-
tures include low nonlmearlty (£0.01% max), excitation and
lead wire compensauon for RTD mputs, and a wide operating
temperature range (- 25°C to +85°C).

APPLICATIONS

The 2B34 is a superior alternative to the relay multiplexing
technique used in multichannel data acquisition systems,
computer interface systems, and measurement and control
instrumentation. Advantages over relay circuits include func-
_ tional versatility, superior signal conditioning, and solid state
speed and reliability.

DESIGN FEATURES AND USER BENEFITS
Solid State Design: Complete solid state construction offers
both high performance and reliability.

Ease of Use: The muluchannel functionally complete design

in a compact 2" X 4" X 0.4") module, conserves board space

and eliminates the need for a number of discrete comporients
. that would otherwise be required.

Low Cost: The 2B34 offers the lowest cost per channel for
solid state, low level sensor signal conditioning.

Wide Operating Temperature Range: The 2B34 has been
designed to operate over -25°C to +85°C ambient tempera-
ture range.

xocarss
Dedotan

; wigter svnmams

CONDITIONE

MQDEL 2834

AYD/STRAIN GAGE MEASUREMENT SYSTEM

FUNCTIONAL DESCRIPTION
The internal structure of the 2B34 is shown in Figure 1. Four
individual input channels are multiplexed into a single, low

RTD EXCITATION

& FILTERING

swout
(3) EnABLE

SWITCH
OUTPUT

SWITCH
INPUT

CHANNEL C
DIRECT
ouTPUT

CHANNEL B

CHD CHC CHB CHA
TO GAIN & OFS RESISTORS

@ ‘*D’“} CHANNEL

@ ApRo [ SELECT

INTERNAL
JUMPER

CHANNEL A

NOTE: NPUT IS TRANSPARENT LATCH TYPE. WHEN NOT USING
OUTPUT SWITCH, ENABLE (PIN 3) MUST BE TIED TO COMMON (LOW).

Figure 1. 2B34 Functional Diagram
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SPECIFICATIONS

(typical @ +25°C, Vg = £15V, unless otherwise noted)

Model ) 2B34) OUTLINE DIMENSIONS
Strain Gage Mode RTD Mode Dimensions shown in inches and (mm).
ANALOG INPUT
Number of Channels 4 * '———— 2.01(51.1) MAX ———=={
Input Range +30mV & £100mV 25-175Q & 0-350Q __L
Gain Range (Rg =9452) 166.6V/V & 50V/V . ! 1?64:)
Expanded’ SOV/V to 1000V/V . 4 1 MAX
Transfer Function N/A Vour = [0.4 X 107 X
(Rgp) -0.04} G _L_“ 0.02 (0:5) MAX — [ §
i = 0.2 (5.1) MAX
Gain Error +0.6% max (G = 50) . _
+0.8% max (G = 166.6) * T 7]
Gain Temperature Coefficient? +25ppm/°C * 33 A
Gain Nonlinearity %0.01% of Span, max .
Offset Voltage
Input Offset, Initial® (Adj. to Zero) +150uV .
vs. Temperature +1uv/°C +0.015 deg/deg
Channel to Channel Offset *25uvV . °
Total Offset Drift (RTI) £1uv/°C * -
Input Noise Voltage
0.01Hz-100Hz, Rg = 1k 1.5uV pp .
Common Mode Voltage 6V N/A
Common Mode Rejection [-o-19 54 o1 (:6221)
Rs = 1008, f = 60Hz 94dB (@ G = 166.6) N/A [$ s 550 MAX
Rs = 1k, f = 60Hz . 86dB (@ G = 166.6)
Maximum Safe Differential Input (10 min) 130V rms .
Normal Mode Rejection @ 60Hz 24dB *
Input Resistance 20MQ *
Input Bias Current 10nA max *
Lead Resistance Effect N/A $0.03 deg/Q
ANALOG OUTPUT
Output Voltage Swing 15V @ ImA .
Qutput Resistance
Direct Output 0.1Q * 3 72 4]
Switched Output 350, +0.5%/°C * t 1 A
Maximum Switched Voltage 19V, no load . BOTTOM VIEW _4 |__
SENSOR EXCITATION o1 (2541 GRID
Excitation Level (per channel) NA 0.4mA *1% NoTE: ;‘s‘:»gltrg:‘.g::stggaléﬁsn oLy
' (£1.7% max)
vs Temperature NA +10ppm/°C 2B34 PIN DESIGNATIONS
CHANNEL SELECTION .
Channel Selection Time to +0.01% F.S. 300us .
Channel Scanning Speed >3000 chan/sec d P:N _;gm:&v' :;ﬁ*%o—"
DYNAMIC RESPONSE . 2 - ] 3
Input Settling Time to £0.01% F.S. 0.4 sec * : g.g gg;:g; ENABLE ig sglOFs }HANNEL A
Bandwidth 4Hz * 41 | 0
POWER SUPPLY IS)\IV'S:?::;;WUT :§ 3::; (+10V),
Voltage, Vg, Rated Performance +15V dc 5% M 24 ?
Current +35mA, -15mA, max . OUTPUT OFFSET 45
Supply Effect on Offset +0.003%/% +0,02%/% L 5 :g o
ENVIRONMENTAL 12| Atacom 1. ) oFs
Temperature G
Rated Performance 010 +70°C * :; :3 fg CHANNEL B
Operating -25°C 1o +85°C * 1 52 | com
Storage -55°C 10 +85°C * v 53_{ Vors (+10v)
CASE SIZE 2" X 4" X 04" 19 55
20 56 | HI
NOTES . 21 57
* Gain range may be expanded by use of external amplifier as shown in Figure 3. 22 | ADR1Y CHANNEL 58 | Rg/OFS ]
2 Does not include effects of sensor excitation drift, 23 | aproJ SELECT 59 | Ra CHANNEL C
?with noinduced offset, using circuit shown in Figure 2 (pots centered). 24 | GAINSELECT 60 | Lo
*Specifications same as Strain Gage Mode. 5 RTD ENABLE 61 COM .
Specifications subject to change without notice. ;’6 :32 Vors (+10V)
28 64
29 65
30 6 | HI
31_]| DIGCOM 67
32 | SYNCIN 68 | Rg/OFS
| 33 | syncour } ° e | Rg }CMANNEL o
u 70 | L0
35 7 | com '
72| vors (+10v)
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drift differential instrumentation amplifier, with the desired
channel specified by the two digital channel select inputs.
This signal is then fed to 2 digitally controlled programmable
gain amplifier (PGA). The appropriate gain for a particular
sensor type is selected by the gain select input.

User selectable direct or switched output permits direct out-
put connection of several modules, should more than four
channels be required.

An internally selectable constant current excitation source
provides direct connection of 2 or 3 wire RTDs, thus eliminat-
ing the need for external excitation sources. Each channel
contains an input protection and filtering network to preserve
signal integrity in the presence of series mode 50/60Hz noise.

OPERATING INSTRUCTIONS

Connection of the 2B 34 with three wire RTD inputs is shown
in.Figure 2 and will be all that is needed in most cases. The
following sections describe the basic application, as well as
detail some optional connections that enhance the module’s
performance in more complex applications. All unused inputs
should be shorted to common.

2062

CHANNEL
SELECT

GAIN @9—«:"_ fXNGE

% SELECT

CHANNEL A

Figure 2. Basic RTD Application

Channel Selection: Each channnel of the 2B34 is turned on
and off by applying the proper binary code to channel select
inputs (ADRO, ADR1). Channels may be selected in any order
and there are no restrictions on rate other than the 300us
settling time for access to a channel (Table I, channel select
truth table).

Gain Selection: The 2B34 is designed to provide signal con-
ditioning of both RTD and strain gage sensor inputs, To ac-
commodate both of these sensor types, the 2B34 is precali-
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AD1 ADO Channel
0 0 A
0 1 B
1 0 C
1 1 D

Table I. Channel Selection
brated to provide gains of 50 and 166.6, with gain components
shown in Figure 2. This provides proper amplification of input
signals over the span of £30mV to $100mV. Selection of the
desired gain and sensor input mode is achieved by applying the
appropriate binary codes shown in Table I1. A 2002 pot
provides +3% full scale span adjustment.

(Pin 24)
Gain Select Input Selected Gain
0 166.6
1 50
(Pin 25) .
RTD ENABLE Selected Mode
0 RTD
1 Strain Gage

Table I1. Gain and Mode Selection

Zero Suppression & Gain: In most instances, the gain capa-
bility of the 2B34 will be sufficient. However, in the case of
input signals that may require gains greater than 166, the

FOR MV/STRAIN GAGE MODE CALIBRATION

//ron RTD MODE CALIBRATION
L 66) Hi
14
I $ 000
[ 7o) Lo
| CHANNEL D
L. J1) com
10k A
500k DIRECT (6, - 10k R2
72 Vors 10k WA
412m
AD741K +
68) RG/OFS A% AD741K
S a7
69) R SWITCH (5
8450 INPUT
SWITCH OUTPUT (4 )————a
" OUTPUT
OUTPUT COM (12)——————m
ATD ENABLE (25
v+{13, T +15v
WF .
PWR coM (31 o3 PWR COM
W
2B34 v-(Q1 -18v
+15V
outpuT OFFseT (@ 2062
-15v
ADR1 (22 .
CHANNEL
ADRO (23 SELECT
GAIN (24 +BV
ENABLE (3 OUTPUT ENABLE
A

Vo= [ [(04x 102 (Rrro) -0.04) s0] - %]%

Figure 3. Zero Suppressed Switched Output RTD
Application S



gain range of the 2B34 may be supplemented by use of an
external amplifier (Figure 3). A low drift, operational ampli-
fier (such as the AD741K) should be used to maintain signal
integrity.

Optional Offset Adjustment: All channels of the 2B34 are
typically within' £150uV (RTI) offset. For use in more de-
manding applications, the module has provisions for fine
adjustment of the input offset (RTI) of each input as well
as the output offset (RTO) of the entire module. None of
the offset adjustments will affect drift performance.

In some applications, where 251V channel-to-channel offsct
voltage can be tolerated, adjustment of only the output offset
will be sufficient. The offset circuit shown in Figure 2 (for
channel “A”) is required when a potentiometer is not used to
adjust input offset. The output offset adjustment may then be
used to null the 150uV (RTI) offset, leaving an offset differ-
ence between channels of +25uV. If input offset adjustment
is desired, the input offset circuitry shown in Figure 3 should
be used. This provides approximately #140mV (RTO) of ad-
justment, and should be adequate, in most cases, for elimi-
nation of sensor offset errors.

To calibrate in the mV (strain gage) mode, (Figure 3), short
the signal inputs (for example, pins 66, 70 for channel “D”)
to common and center the input offset adjustment potentio-
meter, Adjust the output offset potentiometer until the out-
put is nulled for that channel at the appropriate gain. The
input offset pots on each channel may then be used to elimi-
nate any errors on subsequent channels that are selected.

To calibrate in the RTD mode, follow the same procedure; but
-replace the short with a 1002 resistance standard.

Channel Expansion: The 2B 34 has provisions for directly inter-
connecting several modules when more than four channels are
required. The series switched outputs of the modules are con-
nected together, the channel select inputs are driven in paral-
lel, and the switched output of the desired module is selected
using the ENABLE pin. This technique is shown in Figure 4.
Channel address and ENABLE (active low) inputs are CMOS/
TTL compatible with an input current of 100¢A each,

ANALOG B
(TO ADDITIONAL MODULES’

SWITCHED OUTPUT
SWITCH INPUT
DIRECT OUTPUT 6.
ENABLE (3)
2B34 ADRO (2

.ADR1 6

swiTcHED ouTPuT (4
SWITCH INPUT o'
DIRECT OUTPUT

ENABLE (3)

2834 ADRO (22

ADRO CHANNEL
SELECT
ADR1

ADR1

MODULE SELECT

Figure 4, Channel Expansion

2B34 Strain Gage Application: Figure 5 shows a four channel
strain gage input system utilizing the multiplexing feature of
the 2B34. Input offset and gain adjustments.are used to elimi-
nate inherent sensor errors. The model 2B35 triple output
supply may be used to provide power for the 2B34 as well as
excitation for the strain gage sensors.

RTD ENABLE

) CHANNEL D
ADR1 (22)

CHANNEL
SELECT

SIGNAL
)CHANNEL C ouTPUT
P COM

. 2B34

JCHANNEL B 20682

POWER

=t

+10V
EXCITATION

7.5k81

EXCITATION
:] ADJUSTMENT

EXCITATION
RTN

LOGIC
COMMON

Figure 5. 2B34 Strain Gage Application
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ANALOG
DEVICES

Precision, Triple Output
- Transducer Power Supply

MODEL 2B35

FEATURES
Resistor Programmable Voltage or Current Output
Voltage: +1V dc to +15V dc @ 125mA max
Current: 1004A to 10mA (Veompr =+10V)
Dual Fixed Output: +15V dc @ £65mA max )
Excellent Regulation: Line £0.01% max; Load £0.02% max
Low Drift: 0.006%/°C max (2B35K)
No Derating Over -25°C to +71°C Operating Range

APPLICATIONS
Measurement and Control Instruments and Systems
Excitation Source For:
Strain Gages, Pressure Transducers, Load Cells,
Torque Transducers, RTD’s

GENERAL DESCRIPTION

The 2B35 is a triple output modular power supply designed to
provide regulated excitation to a wide variety of transducers
as well as 15V power for amplifiers and other analog circuits
of an instrumentation system. The single-resistor programmable
transducer excitation output may be operated in two modes:
constant voltage, providing a +1V to +15V output or a con-
stant current, adjustable from 100uA to 10mA. '

The programmable output in the voltage mode features cur--
rent rating of 0 to 125mA, suitable to excite four 35082 trans-
ducers at 10V. Current limiting protects the output against ac-
cidental overload and remote sensing corrects for the trans-
ducer cable resistance variations. In the constant current mode,
externally set 100A to 10mA output offers 2 0 to +10V com-

pliance voltage range. The £15V outputs feature 0.5% tracking.

accuracy and current rating of 0'to £65mA max.

Two accuracy selections are available offering guaranteed low
temperature coefficient; 2B35K: 0.006%/°C max and 2B35]:
0.05%/°C max. Line and load regulation are also guaranteed;

2B35K: 0.01% and 0.02%, and 2B35]: 0.08% and 0.1%, max,
respectively. )

APPLICATIONS

The 2B35 is designed for ac powered signal conditioning in-
strumentation applications used for data acquisition, control,
indication or recording. This compact module may be applied
as a power source for the model 2B30 strain gage transducer/
RTD signal conditioner in a high accuracy transducer interface
application. Some typical applications involve strain gages for
stress/strain measurements, pressure transducers, load cells,
torque transducers and RTD’s.

Vout ADIUST]

1 ) 1048,
Ssense B3s
JSENSE U POWER SURPLY
fout. e 8
ey eo sy

CORGER .
DATR ACQUISITION
S SVSTEM

P

QTO 210V

. SIGNAL
~— -\ CONDITIONER,

W 4 2|

BAIN L
: “ FINE QAN

. BRIDGE TRANSDUCER SIGNAL CONDITIONING -~

OPERATION

Figure 1 illustrates operation of the 2B35K providing an ad-
justable voltage output and dual 15V dc outputs. The resistor
programmable output (+Voyr) is set between +1V to +15V
by the Rrrv. RTRiM may be determined by using either the
table shown in Figure 1 or the graph shown in Figure 2. For
example, to provide an adjustable range from +1V to +6V,
Rrrm should be a 5k pot.

The remote sensing inputs (pins 5 and 8) are connected at the
transducer (load) to the voltage output (SENSE HIGH to
+VouTt and SENSE LOW to COMMON).

3 *Vour | Rrrm*
REF OUT " Wreaw | (k)
REF IN (HIGH) /Rmm 1 034
" :
VSET ‘0'” Vout ADJUST H ;j;z
REF IN (LOW) 75 442
1 12 10 8.08
MODEL +15V -
Ot
vacTs|  2B3sK " 2 | a0
o— -15v -15v 15 54.9
[
SENSE HIGH s *25ppm/°C OR BETTER

Rioapt
(TRANS.
DUCER)

RLoaD3

PWR
€7c0MM0N

Figure 1. Model 2B35K Connection Diagram for Dual 15V dc
and Adjustable +1V to +15V Output’

Rioap2z

s o
SENSE LOW

7

COM.

For optional input voltage ranges, see note 1, next page.
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SPECIFICATIONS

(typical @ +25°C and 115V ac 60Hz unless otherwise noted)

* Model 2B35) 2B35K
INPUT
Input Voltage Range' 105V ac to 125V ac
Input Frequency Range 50Hz to 400Hz
" ADJUSTABLE OUTPUT
Voltage Mode
Output Voltage Range +1V to +15V dc .
Output Voltage Stability
vs. Temperature — % Vourt/°C max 10.05 10.006 -
vs. Time — % Voyrt/month 10.01 d
Output Current (-25°C to +71°C)? 0 to 125mA max *
Output Impedance — @ dc, max 0.1Q .
Noise and Ripple (dc to 1IMHz) — mV p-p max 1 .
~ mV rms max 0.25 *
Regulation
Line (full range) — % VoyTt max 10.08 10.01
Load (no load to full load) — % Voy max 10.1 10.02
Remote Sensing Impedance 30k .
Short Circuit Current Limit® (-25°C to +71°C) 200mA *
Current Mode
Output Current Range 100pA to 10mA *
Output Current Stability
vs. Temperature — % loyt/°C max +0.05 $0.006
vs. Time — % lpyt/month $0.01 .
Compliance Voltage Range 0to +10V *
Noise and Ripple (dc to 1IMHz) —pA p-p 0.1 *
Line Regulation (full range) — % Ioy max +0.08 10.01
DUAL FIXED OUTPUTS
Output Voltage £15V dc *
Voltage Error — mV max -0, +300 .
Accuracy Tracking (-15V Ref to +15V) — % max  20.5 *
Stability vs. Temperature — %/°C max +0.02 +0.006
Output Current? 0 to +65mA max *
Output Impedance — @ dc, max 0.1Q »
Noise and Ripple (dc to IMHz) —mV p-p 1 *
—mV rms 0.25 *
Regulation
Line (full range) — % max +0.08 10.01
Load (no load to full load) — % max 0.1 +0.02
Short Circuit Current Limit® (-25°C to +71°C) +180mA *
INPUT TO OUTPUT ISOLATION
Breakdown Voltage — Continuous, ac or dc $500V pk max *
Isolation Resistance . 50MQ *

TEMPERATURE RANGE
Operating, Rated Performance

-25°Cto +71°C

Storage -25°Cto +85°C
MECHANICAL ’ ]

Case Dimensions — Inches 2.5x3.5x1.25 .

Weight — Grams 550 b

Mating Socket AC1212 *
NOTES

*Specifications same as model 2B35].

! Optional input voltage ranges: “E" Option; 205-240V ac, 50 to 400Hz
. “F" Option; 90-110V ac, 50 to 400Hz
“H" Option; 220-260V ac, 50 to 400Hz

Order option desired as a suffix to model number.

3 Maximum output current available over the entire output voltage and

temperature range without derating.

. *Output protected for continuous short circuit over the temperature range,

L

4 Unbalanced load operation is permissible for any

g1 which does not exceed a total of 130mA.

Specifications subject to change without notice.

ion of +1g and
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

|-————- 3.5 (88.9) MAX -"——'-'I

MODEL 2B35 125 (31.75)
MAX

|

0.04(1.02) DIA -u—-

(6.35) MAX

1
'L_'.il‘! (5.08) MIN

1 ACIN {reFour 3
NG 4
o6

o) Hvour ¢
1 S

25(83.5)
MAX

[1]] THREAOED ms:'ms SENSE Hi 8
.16 (3.
m b 77 Hvser 9

DEE:
IN(LO) 10

T

ASBEREASASRSAEAE

lour 134
AcH! {-16v 144

’»I I-(M {2.5) GRID
MATING SOCKET: AC1212

BOTTOM VIEW

15 /

Vour - volits
©

6 AL see rigune 1
74 FOR CONNECTIONS

10 100 1k 10k 100k 1

RrRm — Ohms
Figure 2. Voltage Output vs. RTRIM

ADJUSTABLE CURRENT OUTPUT
WITH DUAL 15V dc OUTPUTS
Pin connections to provide dual 15V dc
and a constant current output are shown in
Figure 3. The current output is adjusted
from 100uA to 10mA via RTrp. The

- value of programming resistor RRimM
may be calculated from the relationship:
RTRM = 2.46/IgyuT where RTRpy is in
k€2 and IgyT in mA.

REF IN (LOW)
SENSE HIGH

MODEL  15eT [Fo-
2835 BT

REF IN (HIGH) [ lout ADJUST
12
15y |12
- REY
n
lour out

5 4
RLoap1 S RLoapz $RLOADI

%700’}?@0.«
Figure 3. Model 2B35 Connection
Diagram to Provide Dual 15V dc and
Adjustable 100uA to 10mA Current
Output

5
SENSE LOW —j,

coM




ANALOG
DEVICES

Isolated, Thermocouple
Signal Conditioner

MODEL 2B50

FEATURES

Accepts J, K, T, E, R, S or B Thermocouple Types
Internally Provided Cold Junction Compensation
High CMV fisolation: +1500V pk

High CMR: 160dB min @ 60Hz

Low Drift: +1uV/°C max (2B50B)

High Linearity: £0.01% max (2B50B)

Input Protection and Filtering

Screw Terminal Input Connections

APPLICATIONS
Precision Thermocouple Signal Conditioning For:
Process Control and Monitoring
Industrial Automation
Energy Management
Data Acquisition Systems

GENERAL DESCRIPTION

The model 2B50 is a high performance thermocouple signal

conditioner providing input protection, isolation and common

mode rejection, amplification, filtering and integral cold junc-
. tion compensation in a single, compact package.

The 2B50 has been designed to condition low level analog
signals, such as those produced by thermocouples, in the pres-
ence of high common mode voltages. Featuring direct thermo-
couple connection via screw terminals and internally provided
reference junction temperature sensor, the 2B50 may be jump-
er programmed to provide cold junction compensation for
thermocouple types J, K, T, and B, or resistor programmed for
types E, R, and S.

The high performance of the 2B50 is accomplished by the use
of reliable transformer isolation techniques. This assures com-
plete input to output galvanic isolation (£1500V pk) and
excellent common mode rejection (160dB @ 60Hz).

Other key features include: input protection (220V rms),
filtering (NMR of 70dB @ 60Hz), low drift amplification
(+1pV/°C max - 2B50B), and high linearity (+0.01% max -
2B50B). '

APPLICATIONS

The 2B50 has been designed to provide thermocouple signal
conditioning in data acquisition systems, computer interface
systems, and temperature measurement and control instrumen-
tation.

4 1 ELTER

o

THERMOCUIPLE

COLD JUNCTION
COMPERSATOR

(32 poene(3 V(30 3
XY X

eie
RROGRAMMING

In thermocouple temperature measurement applications, out-
standing features such as low drift, high noise rejection, and
1500V isolation make the 2B50 an ideal choice for systems
used in harsh industrial environments.

DESIGN FEATURES AND USER BENEFITS

High Reliability: To assure high reliability and provide isola-
tion protection to electronic instrumentation, the 2B50 has
been conservatively designed to meet the IEEE Standard for
transient voltage protection (472-1974: SWC) and provide
220V rms differential input protection.

High Noise Rejection: The 2B50 features internal filtering
circuitry for elimination of errors caused by RFI/EMI, series
mode noise, and 50Hz/60Hz pickup.

Ease of Use: Internal compensation enables the 2B50 to be
used with seven different thermocouple types. Unique circuit-
ry offers a choice of internal or remote reference junction
temperature sensing. Thermocouple connections may be
made either by screw terminals or, in applications requiring
PC Board connections, by terminal pins.

Small Packagé: 1.5" X 2.5" X 0.6" size conserves board space.
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SPEC'F'CATIONS (typical @ +25°C and Vg =+15V unless otherwise noted)

MODEL 2B50A 2B50B
INPUT SPECIFICATIONS
Thermocouple Types '
Jumper Configurable Compensation J,K, T,orB *
Resistor Configurable Compensation R, S,orE *
Input Span Range +5mV to £100mV -
Gain Range 50V/V to 1000V/V *
Gain Equation 1+ (200kQ/Rg) *
Gain Error 0.25% *
Gain Temperature Coefficient +35ppm/°C max +25ppm/°C max
Gain Nonlinearity' $0.025% max +0.01% max
Offset Voltage
Input Offset (Adjustable to Zero) *50uV -
vs. Temperature +2.54V/°C max +1uV/°C max
vs. Time *1.5uV/month .
Output Offset (Adjustable to Zero) +10mV .
vs. Temperature +30uv/°C *

Total Offset Drift

Input Noise Voltage

0.01Hz to 100Hz, Rg = 1k§2
Maximum Safe Differential Input Voltage
CMYV, Input to Qutput

Continuous, ac or dc
Common Mode Rejection

:(z.s + %) uv/i,c

1uV p-p
220V rms, Continuous

+1500V pk max

1(1 +-3GQ) uvrc

-

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

ANALOG
DEVICES

sed 18500

+ ISOLATED THERMOCOUPLE
CONDITIONER

WADE W USA

|
I .51(63. 1

0.20 (5.08}
TYP

—
S
SCREWS
e 0.020 (0.508)
! DIA

|-z ]

@ 60Hz, 1k Source Unbalance 160dB min * Py pY
Normal Mode Rejection ® 60Hz 70dB min * 1 2
Bandwidth dc to 2.5Hz (-3dB) * et
Input Impedance 100MQ2 *

Input Bias Current? *5nA * 1o
Open Input Detection Downscale . INPUT

Response Time®, G = 250 1.4sec * " 2
Cold Junction Compensation 4

Initial Accuracy +0.5°C . RoTTom view ~| b-gamizs0 a0

vs. Temperature® (+5°C to +45°C) $0.01°C/°C * NOTE: TERMINAL PINS INSTALLED ONLY IN
OUTPUT SPECIFICATIONS
Output Voltage Range® 15V @ £2mA * PIN DESIGNATIONS
Output Resistance 0.1Q *
Output Protection Continuous Short to Ground ~ * PIN_FUNCTION PZI: FUNCTION
POWER SUPPLY ::-li_ﬁ&-"ﬂ? i
VOIIage ' Rg/COM %g
Output Vg (Rated Performance) £15V dc #10% @ $0.5mA . £ 78 [rvosc
(Operating) +12V to +18V dc max * BT 43 {0SC COM
Oscillator +Vgsc (Rated Performance) +13V to +18V @ 15mA * VIS0 OUT 37
ENVIRONMENTAL 5
Temperature Range, Rated Performance 0to +70°C * %
Operating -25°C to +85°C . S s
Storage Temperature Range -55°C to +85°C * (o OUTEUTSCALE }’—51‘;’&“—'?”1""!?';“-—
RF1 Effect (SW @ 470MHz @ 3ft) [ E—— [AE
Error 10.5% of Span * ZHae oA N —
PHYSICAL ‘ . z
Case Size 1.5"X2.5"X0.6" . MATING SOCKET:
NOTES AC1218

*Specifications same as 2B50A.

! Gain nonlinearity is specified as a percentage of output signal span representing peak deviation from the

best straight line; e.g., nonlinearity at an output span of 10V pk-pk (:5V) is £0.01% or +1mV.
?Does not include open circuit detection current of 20nA (opti

3 Open input response time is dependent upon gain,
“When used with internally provided CJC sensor.

5 Compensation error contributed by ambient temperature changes at the module.
¢ Qutput swing of +10V may be obtained through output scaling (Figure 5).

Specifications subject to change without notice.

1 by jumper ion).
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Applying the 2B50

FUNCTIONAL DESCRIPTION

The internal structure of the 2B50 is shown in Figure 1. An
input filtering and protection network precedes a low drift,
high performance amplifier whose gain is set by a user supplied
resistor (Rg) for gains of 50 to 1000V /V., Isolated power is
brought out to permit convenient adjustment of the mput off-
set voltage, if desired.

ISOLATED
POWER QUTPUT OFFSET
ADJUST

15,

ISOI.AYED
| SUP"LV

FILTER

OSCILLATOR

ISOLATION
BARRIER

SENSOR SENSOR _J KT X
out IN

OPEN INPUT osc hod
DETECTION CcoM  OsC

TTYPE
CJC SENSOR PROGRAMMING OSCILLATOR
POWER
Figure 1. 2B50 Functional Block Diagram

Internal circuitry provides reference junction compensation.
An integral reference junction sensor is provided for direct
thermocouple connections, or an external reference sensor
(2N2222 transistor) may be used in applications having remote
thermocouple termination. Compensating networks for
thermocouple types J, K, and T are built into the 2B50. A
fourth compensation (X) may be programmed with a single
resistor for any other thermocouple type. The 2B50 can be
programmed for uncompensated output when used with
inputs other than thermocouples.

Transformer coupling is used to achieve stable, reliable input
to output galvanic isolation, as well as elimination of ground
loop error effects.

Normally, the full scale output of the 2B50 is £5V. However,
with the addition of an external resistive divider, the output
buffer amplifier may be scaled for a gain of up to 2, providing
a full scale output swing of 10V,

OPERATING INSTRUCTIONS

The connections shown in Figure 2 are common to most appli-
cations using the 2B50, and, in many cases, will be all that is
required.

e L)
= 1uF
+

= uF
+

v

]

*
i

com (29) & — = COM

OSCILLATOR
POWER
W

413V T0
418V

ouTPUT

SIGNAL

*DISCONNECT IF SEPARATE
OSCILLATOR SUPPLY IS USED

Figure 2. Basic 2B50 Application

Two sets of parallel thermocouple input connections are pro-
vided. The thermocouple input may be connected by screw
terminals (Input +, Input -) or to terminal pins 1 (<) and

2 (+) in cases where thermocouples are to be remotely termi-
nated. The following sections describe a basic thermocouple
application, as well as detail some optional connections to en-
hance performance in more demanding applications. Jumper A
(Figure 2) is used to disconnect cold junction compensation
circuitry during offset adjustments.

INTERCONNECTION GUIDELINES

All power supply inputs should be decoupled with 1uF ca-
pacitors as close to the unit as possible. Any jumpers installed
for programming purposes should also be installed as close as
possible to minimize noise pickup effects.

Since the oscillator section of the 2B50 accounts for most

of the power consumption but can accept a wide range of

voltages (+13V to +18V), it may be desirable to power this
section from a convenient source of unregulated power.

If the same supply is to be used for both amplifier and oscil-
lator circuitry, the power supply returns should be brought
out separately so that oscillator power supply currents do not
flow in the low lead of the signal output. In either case, a
1uF capacitor must be connected from +Vogc (Pin 28) to
Oscillator COM (Pin 29).

The oscillator and amplifier sections are completely isolated;
therefore, a dc power return path is not requlred between the
two power supply commons.

GAIN SETTING

The gain of the 2B50 is set by a user-supplied resistor (Rg)
connected as shown in Figure 2. Gain will normally be selected
so that the maximum output of the signal source will result in
a plus full scale output swing. The resistor value required

is determined by the equation: Rg = 200kQ/(G-1).

A series trim on the gain setting resistor can be used to trim
out the resistor tolerance and module gain error (Figure 3).
Since addition of a series resistance will always decrease gain,
the value of the gain-setting resistor should be selected to pro-
vide a gain somewhat higher than the desired trimmed gain. A
good quality (e.g., 10ppm/°C), metal-film resistor should be
used for Rg, since drift of Rg will add to the overall gain
drift of the 2B50. A cermet pot is suitable for the trim. Note
that a minimum gain of 50 is required for guaranteed operation.

GAIN
ADJUST

Figure 3. Gain Adjustment

INPUT AND OUTPUT OFFSET ADJUSTMENTS

The 2B50 has provisions for adjusting input and output offset
errors of the module. None of the offset adjustments will af-
fect drift performance, and adjustments need not be used
unless the particular application calls for lower offsets than
those specified.

Connections for offset adjustments are shown in Figure 4.
Isolated supply voltages are brought out for input trimming
convenience only and are not for use as a power supply for
external components.
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Type B thermocouples are umque, in that they have almost

no output in the +5°Cto +45°C range, and, therefore, do not
require cold junction compcnsauon at all. To accommodate a
type B thcrmocouple, resistor, Rx must be left open. Error due
to cold junction temperature will be less than +1°C for any
measurement above 260°C. In the measurement range above
1000°C (where type B Lhermocouples are normally used) the
error will be less than +0.3°C.

INPUT OFFSET f
ADJUST

500K §

—f s

T Type
S ouTPUT .
paoker | OFFSET E 1.87
R,S 19.6
e B Open

Figure 4. (A) Input and (B) Output Offset Adjustment ) /7?-6[.79/2 /{yd gompensat/on Values for» Thermocouple Types E,

OFFSET CALIBRATION ' REMOTE REFERENCE SENSING

1. Short Input + and Input - together. ~ In applications requiring termination of thermocouple leads

“2. Disconnect cold junction compensation circuitry by at a point located remotely from the 2B50, with connections
removing Jumper “A” (Figure 2). brought to the 2B50 (PINS 1,2) by copper wires, reference

3. Adjust input offset trim pot (£250uV range, RTI) to temperature sensing at the remote location will be necessary,
zero output while operating at the desired gain. In most The 2B50 has provisions for connection of a 2N2222 tran-
applications, adjustment of the input offset alone will be - sistor (metal can version) for use as a reference junction
sufficient. Output offset adjustment (£30mV range) may be sensor. The connections are shown in Figure 6. The remote
performed if it is desired to adjust output offset on the sensing transistor is calibrated by adjusting Rcay to obtain
nonisolated side. ‘ the value of Vcay as specified in Table II.

OPEN INPUT DETECTION (Example: Vcap =570.0mV @ 25°C)

Connecting the open input detection pin (PIN 39) to input . )

high (PIN 2) creates 2 20nA bias current which will provide a . r=--n

negative overscale response if the input is opened, or in case ‘e -!.

of thermocouple “burn out”. The speed at gvhich this occurs P : .'.

is dependent on gain, with a typical response time of 1.4sec | H

o Qx
T ]
OUTPUT SCALING pefiors 1 3

With the output scale (PIN 16) connected to the output (PIN Wncron —— 77
17), the full scale output range is 5V and the total gain is ‘ )
equal to the gain set by Rg. For applications tequiring a full Figure 6. Remote Reference Junction Sensing

scale output of 10V, a resistive divider may be connected
to provide a gain of 2 at the output amplifier (see Figure 5).

o
In this configuration, total gain will be twice the gain set by Sensor Temp ( C) Veaw (mV)
Rg. Output gains greater than 2 cannot be used. 5 616.5
10 604.9
15 593.3
+10VouT 20 581.6
: 25 570.0
30 558.4
35 '546.8
40 - 535.1
45 523.5

Figure 5. Output Scaling Connections (Values may be interpolated)

COLD JUNCTION COMPENSATION Table Il. Calibration Voltages vs. Sensor Temperature

The 2B50 may be programmed to provide cold Juncuon Proper sensor placement is important. Close thermal contact
compensation.for types J, K and T thermocouples by con- of the sensor and thermocouple termination point (reference
necting a jumper from input low (PIN 1) to the appropriate junction) is essential for accurate operation of the 2B50. The
programming points (PIN 42 for J, PIN 41 for K or T). To sensor may be placed any distance from the 2B50. When the
compensate other thermocouple types, a resistor (Rx) is con- sensor leads are more than ten feet long, or in the presence of
nected from the “X"" programming point (PIN 40) to Input strong noise signal sources, shielded cable should be used.

Low (PIN 1). Table I shows the appropnate Rx values for
types E, R, and S. Rx should be a 50ppm/°C, 1% tolerance
resistor.
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Two—Wire; Thermocouple
Temperature Transmitters

FEATURES

Accept Type J, K or T Thermocouple Inputs
Compatible with Standard 4-20mA Loops
High Accuracy: ¥0.1%

High CMV Isolation: 600V rms; CMR = 160dB (2B52)
High Noise Rejection and RFl Immunity
Internal Cold Junction Compensation

Open Thermocouple Detection

Millivolt Signal Transmission

Low Cost,

FM Approved (2B52)

APPLICATIONS

Thermocouple Temperature Monitoring and Control In:
Process Control
Factory Automation
Energy Management -

GENERAL DESCRIPTION

Models 2B52 and 2B53 are high performance, low cost temper-
ature transmitters designed to accept a thermocouple input
from types J, K or T and produce a standard 4-20mA output
current proportional to the measured temperature.

Two basic models are available. The 2B52 features high input
to output isolation (600V rms) and high CMR (160dB @
60Hz). The 2B53 offers a functionally equivalent design with-
out input to output isolation. Both models were designed to
operate as two-wire transmitters and are compatible with
standard 4—20mA loops. The 2B52 is approved by Factory
Mutual for intrinsically safe use in hazardous locations.

-The 2B52 and 2B53 offer high noise rejection, RFI immunity
and automatic cold junction compénsation to assure accurate
operation in noisy industrial environments over a wide ambi-
ent temperature range. Other features include open thermo-
couple detection, fast response time and a low bias current
to minimize errors induced by thermocouple extension wires.

A rugged metal enclosure, suitable for field mounting, offers
environmental protection and screw terminal input and output
connections. This enclosure may be either surface or standard
relay track mounted.

APPLICATIONS

The 2B52 and 2B53 have been'specifically designed to provide
low cost, reliable and accurate thermocouple temperature mea-
surement and transmission in a wide array of industries, in-
cluding chemical, petrochemical, power generation and food
processing. : :

These models are especially useful in process control and moni-
toring applications where the process sensor is located remotely

MODELS 2B52 and 2B53

420mA
Bl )

FrELD

from the receiver. The 2B52 and 2B53 may then be used to
provide signal conditioning near the point of temperature mea- .
surement and to transmit an accurate, noise immune, high level
current signal over conventional copper wires, resulting in
improved performance and reduced cost.

DESIGN FEATURES AND USER BENEFITS

Low Cost: Low transmitter cost, two-wire operation and the
use of inexpensive copper wire for transmission result in
lower total installation cost.

High Isolation (2B52): Input to output isolation eliminates
ground loop errors in installations requiring grounded sensors
and permits direct transmission of signal to a receiver where
common mode voltages up to 600V rms may exist.

High Noise Rejection: The 2B52 and 2B53 feature internal
filtering circuitry to eliminate errors caused by RFI/EMI

and line frequency pickup.

Environmental Protection: High quality electronic components,
protective coating and mechanical packaging combine to pro-
vide a high degree of reliability and protection against tempera-
ture, humidity and noise interference.

Millivolt Transmission: Unique circuitry of the 2B52 and 2B53

-allows both models to be used as mV signal transmitters.

Ease of Calibration: Both models can be quickly, easily and
accurately calibrated in the field to operate over any input
span between 5 and 100 millivolts.
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(typical @ +25°C and Vg = +24V dc
unless otherwise noted)

SPECIFICATION

Model 2B52A 2BS3A OUTLINE DIMENSIONS (MAX)
INPUT SPECIFICATIONS Dimensions shown in inches and {(mm).
Thermocouple Types LKT . 4015
Input Span Range 5mV min, 100mV max . (101.9)
Input Impedance SMQ .
Input Bias Current’ 85nA 30nA
Zero and Span Adj. Range +5% of Span * ® ®
Open Input Detection Upscale . 024 OO 164
OUTPUT SPECIFICATIONS 61| ZERO SPAN wa
Output Span 4-20mA . 1] 2B52/2B53 l oo
Minimum Qutput Current 3.3mA, typ 2mA, typ T (82.8)
' Maximum Output Current 42mA, typ 28maA, typ
Load Resistance Range Equation Ry, max = (+Vg~12V)/20mA . \
_@+24V Supply 0 to 600§2 max *
Output Protection? +60V .
ACCURACY 5 I L#6-32 screws |
Total Output Erro $0.1% * . '
Stability vs. Ambient Temperature et I 553 100 ™1
Zero, for Ambient 0 to +50°C*  £0.015°C/°C .
010 +85°C*  10.025°C/°C .
-30°Ct0 0°C* $0.06°C/°C . f
Span, for Ambient -30°C to +85°C £0.005%/°C . === 128
Warm-up Time to Rated Performance 5 min 3 min ” " " " ” ” " f * !
ISOLATION ¢
CMV, Input to Output, Continuous 600V rms NA I '._0'31 79
Common Mode Rejection, ® 60Hz  160dB NA
Normal Mode Rejection, @ 60Hz 60dB NA ORDERING INFORMATION
RESPONSE TIME Example: MODEL 2B52A- 1 - J - 03
to 90% of Span 0.3 sec 0.1 sec A A A
M
INTRINSICALLY SAFE OPERATION Sel;cgszzd(e[l lated)
Use in Class I, Division 1, solate —
Groups A,B,C, and D Hazardous 2B53A (Nonisolated)
Locations FM Approved NA Select Housing
POWER SUPPLY 1 — Standard Enclosure }
Voltage, Operating Range +12V to +60V dc * )
Supply Change Effect, % of Span Select Thermocouple Type
on Zero 0.005%/V * J,Kor T}
L]
on Span 0.001%/v Select Temperature Range }
ENVIRONMENTAL 01 through 06
Temperature Range, Rated . 0,0
Performance -30°C t0 +85°C * Rangein C('F) TC Type No.
Storage Temperature Range -55°C o +125°C * -
Relative Humidity, Noncondensing® 0 to 90% * 10(0 ;2;300572 K. T o1
RFI Effect (SW @ 470MHz @ 3 ft.) ~148 to +572) LK,
Error, % of Span +0.5% * 0 to +200
PHYSICAL (+32 1o +392) T 02
Case Size 4" X 3.25" X 1.25" d 0 to +500
Weight 8.5 oz. (240g) 8 0z.(227g) (+32 to +932) ] 03
NOTES 0 to +600
! Includes thermocouple burnout detection current, (+32 1o +1112) K 04
2Protected for reverse polarity and for any combination of input and output pins. 0to +750 '
® Accuracy is specified as a percent of output span (16mA). Accuracy spec includes (+32 to +1382) J 05
combined effects of transmitter repeatability, hysteresis and linearity. Does not 0 to +1000
include sensor error. ' (+32 to +1832 K 06
*Includes combined effects of cold junction compensation and amplifier offset drift. to )

$Per MIL-STD-202E method 103,
*Specifications same as 2B52A.

Specifications subject to change without notice.

STANDARD RELAY TRACK MOUNTING

3TK2,

o 33/8"

[ e}
3/16" X 3/4" HOLES 2"0.C.

o S—

[ s

| ——for}=
Both 2B52 and 2B53 may be conveniently
mounted in a standard relay mounting channel
(3.25" wide) such as Reed Devices Inc. (RDI)
model 3TK2-6 or equivalent.
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Four-Channel, Isolated

Thermocouple/mV Conditioners

MODELS 2B54 AND 2B55

FEATURES

Low Cost Per Channel

Wide Input Span Range: +5mV to +100mV (2B54)
+50mV to 5V (2B55)

12-Bit Systems Compatible )

High CMV I[solation: £1000V dc; CMR = 156dB min @ 60Hz

Low Input Offset Voltage Drift: +1uV/°C max (2B54B)

Low Gain Drift: +25ppm/°C max (2B548B)

Low Nonlinearity: +0.02% max (+0.012% typ)

Normal Mode Input Protection (130V rms) and Filtering

Channel Multiplexing: 400 chan/sec Scanning Speed

Solid State Reliability

APPLICATIONS

Multichannel Thermocouple Temperature Measurements
Low and High Level Data Acquisition Systems
Industrial Measurement and Control Systems

GENERAL DESCRIPTION

Models 2B54 and 2B55 are low cost, high performance, four-
channel signal conditioners. Both models are functionally
complete, providing input protection, isolation and common
mode rejection, multiplexing, filtering and amplification.

The 2B54 has been designed to condition low level signals
(¥5mV to £100mV), like those generated by thermocouples
or strain gages, in the presence of high common mode voltages.
The 2B55 is optimized to condition #50mV to +5V or 4 to
20mA transmitter signals as inputs. The four-channel structure
of both models results in significant cost and size reduction.

The high performance of the 2B54 and 2B55 is accomplished
by the use of reliable transformer isolation techniques and an
amplifier-per-channel architecture. Each of the input channels
is galvanically isolated (£1000V dc) from the other input
channels and from output ground. The amplifier-per-channel
structure is used to obtain low input drift (iluV/°C max,
2B54B), high common mode rejection (156dB @ 60Hz), and
very stable gain (+25ppm/°C max). Other key features include
low input noise (1u4V p-p), low nonlinearity (+0.02% max)
and open-thermocouple detection (2B54).

APPLICATIONS

Models 2B54 and 2B55 were designed to serve as a superior
alternative to the relay multiplexing circuits used in multi-
channel data acquisition systems, computer interface systems,
process signal isolators, and temperature measurement and
control instrumentation. Advantages over relay circuits include
functional versatility, superior performance, and solid state
reliability.

> e 14
T RMAL nER

50100 BmaL,
Py

G
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ANALOG
DEVICES

CTEMPERATURE MEASUR

In thermocouple temperature measurement applications, out-
standing low drift, high noise rejection, high throughput and
1000V isolation make the 2B54 a natural choice over flying
capacitor multiplexers in conditioning any thermocouple type.
When cold junction compensation is required in measurement
of temperature with thermocouples, the 2B54 may be used
directly with the model 2B56 Universal Cold Junction Com-
pensator.

DESIGN FEATURES AND USER BENEFITS

High Reliability: To assure high reliability and provide isola-
tion protection to electronic instrumentation, reliable trans-
former isolation and solid state switching are used. Both
models have been conservatively designed to meet the IEEE
standard for Transient Voltage Protection (472-1974:SWC)
and offer 130V rms normal mode input protection.

High Noise Rejection: To preserve high system accuracy in
electrically noisy industrial environments, the 2B54 and 2B55
provide excellent common mode noise rejection, RFI/EMI
immunity, and low pass filtering for rejection of series mode
noise and 50Hz/60Hz pickup.

Ease of Use: The multichannel, functionally complete design

. " n n

in a compact (2" X4~ X 0.4") module, assures ease of use, con-
serves board space and eliminates the need for a number of
discrete components necessary in relay multiplexing circuits.

Low Cost: The 2B54 and 2B55 offer the lowest cost per chan-
nel for isolated, solid state, low level signal conditioners.
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SPECIFICATIONS (typical @ +25°C, Vg=+15V and VQSc =+15V, unless otherwise noted)

Model 2B54A 2B54B 2B5S5A
ANALOG INPUTS
Number of Channels 4 . .
Input Span Range 15mV to £100mV * $50mV to 5V
Gain Equation G=1+10kQ2/Rg * d
Gain Error 40.2% max (G =50to0 300) * £0.2% max (G =1 to 100)
. £1% max (G =1000) * NA
Gain Temperarure Coefficient +35ppm/°C max +25ppm/°C max +25ppm/°C max
Gain Nonlinearity! +0.03% max (G = 50 to 300) 10.02% max(+0.012% typ)  0.02% max (G =1 to 100}
$0.03% (G = 1000) * NA
Offset Voltage
Input Offset, Initial (Adj. to Zero) +20uV max * N ‘e tSOuVomax
vs. Temperature £2.5uV/°C max +1uV/"C max(0.5uV/ C typ) *5uV/ C max
vs. Time +1,5uV/month * .
Output Offset (Adjustable to Zero)  *12mV max * i
vs. Temperature +50uV/°C max * ’ .
Total Offset Drit (RTD, max  +(2.5+32)uvrc #(1+32)uvic t(uviDuvrc
Input Noise Voltage
0.01Hz -100Hz, Rg = 1kQ 1V pp . *
CMV, Channel-to-Channel or
Channel-to-Ground
Continuous, ac, 60Hz 750V rms d .
Continuous, ac or dc +1000V pk max . .
Common Mode Rejection ’
Rg<100%2, f > SOHz 156dB min (G = 1000) 4 145dB min (G = 100)
Rg <1008, f > 50Hz 128dB min (G = 50) . 110dB min (G =1)
Normal Mode Input, Without Damage 130V rms, 60Hz . .
Normal Mode Rejection, @ 60Hz 55dB min (G = 1000) . 55dB min (G = 100)
Input Resistance, Power On 100MQ . .
Power Off 35k§2 min . 74k$2 min
Input Bias Current . +8nA max . .
ANALOG OUPUT ] .
Output Voltage Swing? +5V @ +5mA . .
Output Noise, dc - 100kHz 0.8mV p-p A .
Output Resistance
Direct Qutput 019 . .
Switched Output 35Q0 * *
CHANNEL SELECTION
Channel Selection Time to +0.01% FS  2.5ms max * .
Channel Scanning Speed 400 chan/sec min * *
Channel Select Input Reverse Voltage
Rating 3V max . .
POWER SUPPLY
Voltage
Output +Vg (Rated Performance) . 15V dc £10% . .o
(Operating) 112V to 18V dc max . .
Oscillator +Vpsc .
{(Rated Performance) +13.5V 1o +24V .. .
Absolute max +Vgsc +26V . .
Current
Output +Vg = +15V +4mA max * N
Oscillator +Vggg = +15V 40mA max * *
Supply Effect on Offset
Output +Vg 100uV/V RTO * *
Oscillator +Vogc 1uV/V RTI . M
ENVIRONMENTAL
Temperature
Rated Performance 010 +70°C N *
Operating -25°C to +85°C * .
Storage ~§5°C to +85°C . .
Relative Humidity .
Non-Condensing to +40°C 010 85% . .
CASE SIZE 2"X4"X04" . .
NOTES -

*Specifications scme as 2BS4A. .
! Gain nonlinearity is specified s a percentage of output signal span representing pesk deviation
from the best straight line; e g. nonlinearity at an output span of 10V pk-pk (15V) is £0.02% or :2mV.
3 Protected for shorts to ground and/or cither supply voltage.
Specifications subject to change without notice.

MOUNTING CARDS )
AC1215, AC1216 .

The AC1215 and AC1216 mounting cards are available to assist in evaluation of the
2B54 and 2B55. These 4 1/2" X 6" printed circuit edge connector cards have sockets
that allow a 2B54/2B55 and 2B56 to be plugged directly onto them, as well as offset
adjustment pots, and address decoding circuitry, The AC1215 and AC1216 differ only
in input signal connections: the AC1215 includes a screw terminal block and AC1216
has an edge connector.
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OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).
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. 2B54/2B55 PIN DESIGNATIONS
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Understanding the 2B54 and 2B55 Isolated Conditioners

FUNCTIONAL DESCRIPTION

The internal structure of the 2B54/2B55 is shown in Figure 1.
Four individually isolated input channels are multiplexed into
a single output buffer, with the desired channel selected by
control inputs SELECT A through SELECT D. Isolated power
and timing signals for the input channels are provided by an
internal oscillator. '

Each channel contains an input protection and filcering net-
work and a low-drift amplifier whose gain is set by a user-
supplied resistor (Rg). Additional filtering is provided in the
amplifier circuit. This structure preserves signal integrity by
taking all signal gain ahead of the isolation and multiplexing
circuits. The isolated power supply for each channel is brought
out to permit convenient fine adjustment of the input offset .
voltage if desired.

Transformer coupling is used to achieve stable, reliable galvanic
isolation of each channel from all other channels and from out-
put ground. Although the bandwidth of the input channels is
small (<2Hz at high gains) to provide immunity to normal-
mode noise, the multiplexing technique allows the channels

to be scanned at a high rate (400 channels/sec). Thus a high
revisitation rate is maintained even in systems with a large
number of input channels.

The output buffer amplifier operates at unity gain with feed-
back provided by an external connection from the DIRECT
output to the SENSE input. The DIRECT output provides a
+5V swing with low source resistance to permit error-free
operation with heavy loads. In addition, a separate series-
switched output with an active-low enable control is provided
so that multiple modules may be combined without the use of
external analog multiplexers. An offset trim point which does
not affect drift is also provided on the output channel.

f
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Figure 1. 2B54/2B55 Functional Diagram

The internal oscillator has its own power supply pins for en-
hanced application flexibility, and a sync mechanism is pro-
vided to eliminate beat-frequency errors when multiple 2B54/

2B55’s are used or when a system clock is present.

The 2B54 and 2B55 share the same design, differing only in
input specifications and filter characteristics.

OPERATING INSTRUCTIONS

The connections shown in Figure 2 are common to most
applications of the 2B54/2B55, and in many cases will be all
that is required. The following sections describe this basic
application and also detail some optional connections which
enhance the module’s utility in more complex applications.
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Figure 2. Basic 2B54/2B55 Application

Interconnection Guidelines

In any high accuracy isolator application it is important to
minimize coupling between input and output, and the 2B54/
2B55 pinout has been designed to make this easy to do. For
best results, keep all leads associated with signals on the input
edge as far as possible from signals on the output edge. This

_ will minimize the effects of board leakage and capacitance.

The use of a guard track on both sides of the board (Figure 2)
can also be helpful. '

The power supplies should be decoupled with tantalum capac-
itors as close to the unit as possible. For lowest noise, the out-
put grounding scheme should be as shown in Figure 2. The
output signal common is connected directly to pin 12, with

* power supply returns brought separately to that pin so that

power supply currents do not flow in the low lead of the signal
output.

Since most of the power taken by the 2B54/2B55 is supplied
to the internal oscillator which requires only a positive supply
and can accommodate a wide range of supply voltages, it is
sometimes desirable to power the oscillator from a convenient
source of unregulated power (such as +24V — Figure 2). A
0.1pF capacitor should be then connected directly from

pin 12 to pin 31. Since the output and oscillator circuits

are not fully isolated, a dc path must exist between the two
power supply commons. A small (one or two volts) potential
difference between OUT COM and OSC COM will not affect
operation,
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Gain Setting -

The gain of each channel is independently set by a user-
supplied resistor (Rg) connected as shown in Figure 2. Chan-
nel gain will normally be selected so that the maximum output
of the signal source will result in a plus or minus full scale
(£5V) output swing. The resistor value required is Rg =
10k£2/ (G - 1). Thus if Rg = 1018, the gain will be. 100, and
an input signal swing of £50mV will yield an output span of
*5V. '

A parallel trim on the gain-setting resistor can be used to trim

out the resistor’s tolerance and the module’s gain error (Fig-
ure 3). Since a parallel trim will always increase the gain, the
value of the gain-setting resistor should be chosen to give an
untrimmed gain somewhat lower than the desired trimmed
gain. Good quality metal-film resistors should be used for Rg
since gain accuracy and drift are a direct function of Rg’s
characteristics. Cermet pots are suitable for the trim.

2B54/2B55

H
Rg

Rg/COM
LOJOFS

CHANNEL

ryp)
v

%3
% s
101 v

Figure 3. Input Offset and Gain Adjustments

OF FSET|

Optional Offset Adjustment

The 2B54/2B55 has provision for fine adjustment of the input
offset of each channel and the output offset of the entire
module. None of the offset adjustments affect offset drift, and
there is no need to make any adjustment unless the application
calls for tighter offsets than those specified for the module type.

Connections for input offset adjustment are shown in Figure
3. This is a fine trim with a limited range (£250uV — 2B54
and £1mV — 2B55, RTI), used to adjust each channel for
zero offset while operating at the desired gain. Since the
range of the'input offset trim is small, it will usually be neces-
sary to adjust output offset first. This can be conveniently
done by operating one channel with zero input at unity gain
(by disconnecting the gain resistor) and adjusting the output
offset control for zero output. Connections for output offset
adjustment are shown in Figure 4,

2B54/2855
E )

ourecr |-
MASTER| ¥
, Gain
ADJUST

50012
101
outeuT SENSE 12
F————————=

+15V .
5 1K GUTPUT
20k52 | OFFSET
10T |ADJUST
-15v

% YO PRESERVE GAIN STABILITY THE OUTPUT GAIN ADJUSTMENT
RANGE SHOULD NOT BE MORE THAN 10%.
\

Figure 4. Output Offset and Master Gain Adjustments

An alternative offset adjustment procedure is appropriate in
applications where the channel gains are field-selected by
switching the gain-setting resistor. Here it is desirable to set
the input offset so that there is no zero shift at the output -
when the gain is changed. To make the adjustment, switch
back and forth from low to high gain with zero input and ad-
just the input offset control until no shift occurs at the output
when changing gains. Then adjust the output offset control for
zero output at the lower gain.

Stable components (a metal film resistor and a cermet pot)
should be used for the input offset adjustment to avoid com-
promising drift. Output offset adjustment components are not
critical and may be omitted altogether when a single 2B54/
2B55 is followed by an A to D Converter that has a zero
adjustment.

Channel Selection

Each channel in the 2B54/2B55 is turned on and off by a
SELECT input. As indicated in Figure 1, each SELECT input
consists of an LED in series with a resistor, and is not con-
nected to any other circuits in the module. Turning the LED
on (I>>2.5mA) turns the channel on, and turning the LED off

" (IS50uA) turns the channel off. This allows considerable

flexibility of connection, but the easiest way to use the SELECT
inputs is to tie all four SELECT + pins to +5V and drive the
SELECT—inputs from TTL logic (either open-collector or
totem-pole outputs can be used), as shown in Figure 2.

It is also possible to use CMOS logic to drive the SELECT
inputs (Figure 5). With a +15V logic supply a standard CMOS
decoder or gate can supply enough current to drive the SE-
LECT inputs directly, but at lower supply voltages it is advisa-
ble to use a buffer such as that shown in Figure 5b. The power
taken by the SELECT inputs is small, since only oneisonata '
time, but at the higher CMOS supply voltages more current
than the required 2.5mA will flow. This does not affect opera-
tion, but if desired the current can be brought back to the min-
imum value with series resistors as shown in Figure 5. Use 2k}
for 10V operation, and 3.9k at 15V.

The maximum reverse voltage applied to any SELECT input
must be limited to 3V to avoid damage to the LED. Maximum
forward current should be kept below 25mA. Each SELECT
input is isolated from all other circuits in the module and may
be operated up to 50V away from output and power ground.

Channels may be selected in any order, and there are no
restrictions on rate or duty cycle except the 2.5ms settling
time for access to a channel. It should be noted, however, that
selecting two or more channels simultaneously for more than

a few microseconds will result in a very long settling time when
the conflict is resolved. Timing overlaps should therefore be
avoided. '

+15V LOGIC POWER

= 112 CD45568

SELECT 1
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1 1 o
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Figure 5a.
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Figure 5b.
Figure 5. CMOS Channel Selection
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Channel Expansion )

The 2B54/2B55 has provision for directly interconnecting
several modules when more than four channels are needed.
The series-switched outputs of a group of modules are con-
nected together, the SELECT inputs are driven in parallel,
and the output of the desired module is selected using the
Output Enable pin. This is shown in Figure 6. A single
74LS139 decoder is used to drive the SELECT inputs of up
to four modules, and aiso provides address expansion so that
the binary coded channel address word selects the appropriate
module output via the Output Enable pins. The overall opera-
tion of the series-switched outputs is analogous to three-state
logic, and the output rail is thus an analog bus.

It is possible to operate up to sixteen modules in parallel, for
a total of 64 input channels. Note that it will be necessary to
break up the SELECT inputs into several groups to avoid over-
loading the decoder when many modules are used. The set-
tling time of the output switches is <50us to £0.01% and is
thus negligible in comparison to the channel selection times.

The Output Enable signal is active low, and is compatible with
both TTL and CMOS logic. The switching threshold is +1.8V;
input current at 0V is typically ~0.4mA.

The output resistance of the Switched Output (typically 35
+0.5%/°C) is low enough to provide fast switching times but
will cause gain errors when driving a heavy load. A single buf-
fet isolating the Switched Outputs from the load will solve
this problem in an “analog bus” application (Figure 6). In
single-module applications the DIRECT (low impedance) out-
put should be used. Note that in all cases the SENSE pin must
be connected to the DIRECT output to provide feedback for
the output amplifier.

TO ADDITIONAL MODULES

ANALOG CHANNEL MODULE
BUS SELECT SELECT
T TN

2B54/2855 OPTIONAL

. BUFFER
SWITCHED *
DIRECT il _
SENSE ’ m T0AD
outeut 12 CONVERTER

<

COMMON =4

3
ENABLE

o b
e bs
sn:m{ . |2
Al

2B54/2B55

switcneo |4 7418139
6
DIRECY Ld2vs 28 |=— wmse
sense |
ouTPUT —q 2v2 2A ha— BINARY
common P2 CHANNEL
1 18 o ADDRESS
3
ENABLE 2vo 18 fa— 158
- 13
seect{ & = "2
oy i w 6
Py £ vo 16 q

NOTE: ALL “SELECT +" PINS TIED TO +5V.
Figure 6. Expansion to More than Four Channels

Synchronization

In applications where multiple 2B54/2B55's are used in close
proximity or when system clock signals are present near the
isolator, differences in individual oscillator frequencies may
cause “beat frequency” related output errors. To eliminate
these errors, multiple units may be synchronized by con-
necting the SYNC OUT (pin 33) terminal to the SYNC IN (pin

32) terminal of the adjacent 2B54/2B55 (Figure 7). The first
of a group of modules may be synchronized to an external
source via the SYNC IN pin. To minimize noise pickup, sync
wiring should be separated from analog signal runs.

The frequency of the external sync source, when used, will

have a small effect on the gain and output offset of the 2B54/
2B55. Thus any adjustments should be made with the module
synchronized.

2B54/2B55 2B54/2B55 2B54/2B55
From '3V SYNC SYNC
TTL

INA1AD

IN4148 FROM EXTERNAL ~ NOTE: MAKE NO CONNECTIONS TO SYNC IN OR SYNC OUT
12 SYNC SOURCE FOR UNSYNCHRONIZED OPERATION
(IF USED)
400k Hz £10%, 1V -15V PP,
30% TO 70% DUTY CYCLE

Figure 7. Synchronization
Open Input Detection
The 2B54 can be programmed to respond to an open-circuit
condition on a channel input with either an upscale or down-
scale response when the affected channel is selected. The
response time to detect an open input can be in the tens of
seconds, since only a few nA of input bias current are avail-
able to charge the input filter. The circuits in Figure 8
indicate the selection of either downscale or upscale response
and can be used to provide shorter open-circuit response
times. Either circuit will produce a bias current of approxi-
mately 20nA which can be used to aid or oppose the 3nA
typically supplied by the module, as shown. The circuit of
Figure 8A has the advantage of simplicity, but the high-
value resistor may not be readily available. Figure 8B shows
how to solve the problem at the expense of complexity. The
values shown may be modified to give an optimum trade of
bias current for response time in a given application. A 2 to
5 second response is typical for the values shown.

If a downscale response is desired, a resistor divider circuit
like Figure 8B may be desired to prevent a negative over-
scale. If a negative overscale condition occurs (typically
~7V), the output will saturate on all channels.

2B54/2B55 2B54/2B55

(@ GIVES DOWNSCALE RESPONSE

(@ cives upscaLe ResponsE
8A

Figure 8. High Speed or Reversed Open Input Detection
Output Filtering
In most applications, no output filtering will be required since
the effect of the small carrier-related noise spikes on the out-
put (<1mV p-p, 100kHz B.W.) drops off rapidly as bandwidth
decreases and in many cases will be negligible. In some applica-
tions (e.g., when driving a successive-approximation A to D)
the effective system bandwidth may be large enough to pass
the noise. To eliminate the carrier noise (without any effect
on switching times), a simple R-C filter may be used at the
output (Figure 9A). Only one filter is needed even when mul-
tiple modules are used, as shown in Figure 9B. If the load to
be driven has an'input resistance of less than 10MS2, a buffer
will be needed..

(@) GIVES DOWNSCALE RESPONSE

(2) GIVES UPSCALE RESPONSE
88
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Figure 9. Output Filtering

CMR AND NMR PERFORMANCE

Common mode rejection is a result of both isolation and
filtering and indicates ability to reject common mode inputs
while amplifying differential signal inputs. CMR is dependent
on source impedance imbalance, signal frequency and condi-
tioner gain.

Normal mode rejection is also a function of the 2B54/2B55
gain. Figures 10 and 11 illustrate typical CMR and NMR
performance. Note that any additional low pass filtering (e.g.,
an integrating A to D converter) at the output of the 2B54/
2B55 will further improve both CMR and NMR performance.
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Figure 10. Common Mode and Normal Mode Response —
Model 2B54 : :
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Figure 11. Common Mode and Normal Mode Response —
Model 2B55

APPLICATIONS

Thermocouple Temperature Measurement: Figure 12 shows a

four-channel thermocouple input system with isolation, amp-

lification, and multiplexing provided by the 2B54. Several
 different thermocouple types are used, and the gain-setting

resistors on each channél have been chosen to take the stand-

ard ANSI range for each type to a 5V output span. Since

thermocouples must be compensated for the temperature of
the reference junction which is formed where the thermo-
couple leads are terminated, the 2B56 Universal Cold Junction
Compensator is used. The 2B56 monitors the temperature of
the reference junction (terminal block) via an external sensor
and corrects the signal at the output of the 2B54 for reference
temperature. Compensation for several thermocouple types is
selectable via digital control inputs. Thermocouple lineariza-
tion, if needed, would be typically performed in system’s
software. ‘
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Figure 12. Four-Channel Thermocouple Temperature Measure-
ment with Cold Junction Compensation

Process Signals Interface: In Figure 13, the 2B55 is used to
provide floating inputs for four 4-20mA process signal loops.
The use of floating inputs in this type of application gives
protection from common-mode voltages and greatly simplifies
system configuration, since additional loads in series with the
loop can be connected on either side of the isolator input.

Each current input is converted into a 1 to 5 volt signal by

a 25082 resistor. The 2B55 is operated at unity gain (no gain-
setting resistors) so that a 1 to 5 volt signal appears at the out-
put. Since no gain-setting resistors are used, gain adjustment,
if required, is done by connecting trims directly across the
input resistors. Other current ranges can be accommodated
by changing the value of the input resistors.

When there are several loads on the loop, compliance voltage
at the transmitter may be at a premium. In this case it will
be advantageous to reduce the voltage swing at the isolator
inputs by using smaller resistors (perhaps 25£2) and scaling
the output back to a 5V span by taking an appropriate gain
in the isolator.
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Figure 13. Isolated 4-20mA Loop Signals Interface
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ANALOG
DEVICES

High Accuracy, Thermocouple

Cold Junction Compensator

MODEL 2B56

FEATURES

Universal Thermocouple Compensation:
Internally Provided: Types J, K, T
User Configurable: Types E, R, S, B

Digitally Programmable Type Select

- High Accuracy: +0.8°C max over +5°C to +45°C

High Ambient Rejectnon' 50 to 1 min

Low Cost:

Small Size: 1.5" X 2" X 04"

APPLICATIONS

Thermocouple Signal Conditioning
Temperature Measurement and Control Systems
Temperature Data Acquisition and Logging
Temperature Controllers

GENERAL DESCRIPTION .

Model 2B56 is a high accuracy, universal thermocouple cold
junction compensator. Designed to operate with an external
temperature sensor in thermal contact with the cold junc-
tion, the 2B56 provides an automatic compensation for ampli-
fied thermocouple signals over wide ambient temperature
variations. The 2B56 is calibrated to compensate the cold junc-
tion to a referencc temperature of o°Cc. The total compensa-
tion error is +0,8°C max over +5°C to +45°C.

Designed to compensate seven different thermocouple types,
the 2B56 may be digitally programmed to select compensa-
tion for types J, K and T, and one user programmed type (E,
R, S, B or none). This feature makes the 2B56 especially suit-
able for multichannel applications involving several thermo-
couple types.

COLD JUNCTION COMPENSATION PRINCIPLES

In thermocouple measurements, temperature is determined by
measuring the potential difference between the measurement
(hot) junction of two dissimilar metals and the reference (cold)
junction which is formed when thermocouple leads are con-
nected to a measuring circuit. Since this potential difference is
proportional to the temperature difference between the mea-
surement temperature and the temperature at the reference
junction, the reference junction temperature must be known,
Changes in reference junction temperature influence the out-
put voltage and, therefore, cold junction compensation is
required to eliminate measurement errors. :

Two methods may be used to reduce errors introduced at the
thermocouple connections: keep the reference junction ata
known constant temperature, or measure the reference junc-
tion temperature and cancel the changes by the appropriate
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correction to the thermocouple output signal. The first
method, accomplished by i 1mmersmg the reference junction
in an ice bath maintained at 0°C is not very practical. The
2B56 employs the second method and has been specifically
designed to eliminate the need for ice baths by electronically
simulating the desired reference point. Digital program-
mability, high accuracy and low cost make the 2B56 ideal
for single or multichannel thermocouple temperature meas-
urement, indication or control systems.

FUNCTIONAL DESCRIPTION

The 2B56 compensates for cold junction temperature by
adding a correction signal at the output of the user’s thermo-
couple amplifier, as shown in Figure 1. The value of the cor-
rection signal is determined by the cold junction temperature,
as measured by a sensor, and the thermocouple type in use, as
specified by two digital TYPE SELECT inputs. Since compen-
sation is done at the output of the thermocouple amplifier it
is also necessary to scale the correction signal for the gain of
the amplifier. This is done by a scaling circuit which has pro-
vision for a user-supphed gain-setting resistor for each thermo-
couple type in use.

Compensating networks for thermocouple types J, K, and T
are built into the 2B56. A fourth compensation (X) can be
programmed with two external resistors for any other thermo-
couple type. The X compensation can also be used without
programming resistors to obtain an uncompensated output
when sensors other than thermocouples are in use.
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SPECIFICATIONS (typical @ +25°C, Vg = 15V unless otherwise noted)

MODEL 2B56A OUTLINE DIMENSIONS
COLD JUNCTION COMPENSATION Dimensions shown in inches and (mm).
Thermocouple Types:
Internally Compensated LKT
Externally Programmable B,E, R, S, None T T '—r
Reference Temperature o°c . 4
Compensation Accuracy | 1615 (38.1) MAX ! ko !
Total Output Error @ +25°C* #0.2°C
vs. Ambient Temperature (+5°C to +45°C)!  £0.8°C max (10.4)
Compensation Error MAX
vs. Sensor Temperature (+5°C to +45°C)? #0.4°C max (£0.15°C typ) _T 20
vs. Compensator Module Temperature H °'°1g|'x~‘3’ + {51.1)
(0 to +70°C)° +0.02°C/°C max (0.01°C/°C typ) [ MaX
Cold Junction Temperature Sensing Element ADS590 or 2N2222 02 (5.1 MIN
INPUT SPECIFICATIONS ‘ NOTE:
Voltage Signal Range 10V TERMINAL PINS INSTALLED ONLY
Input Impedance 100k$2 N SHADED HOLE LOCATION
Signal Gain#4 +1V/IV
vs. Temperature +10ppm/°C . BOTTOM VIEW -
Input Offset Voltage +1mV max WEIGHT: 20G -—I I‘ 0.1(2.54)
vs. Temperature +15uV/°C max GRID
OUTPUT SPECIFICATIONS $
Output Voltage 10V @15mA PIN DESIGNATIONS
Qutput Impedance 0.1 SN FORGT
UNCTION PIN FUNCTION
DYNAMIC RESPONSE 1] SIGNAL INPUT 18 | ANALOG COMMON
Selection Seutling Time 0.5ms 2 | SENSOR SELECT 19 | # TYPE SELECT
Signal Settling Time, 10 $0.01% 50us 3 | SENSOR SELECT 20 | T TYPE SELECT
DIGITAL INPUTS 4 | SENSOR INPUT 21 | +vpp
Select Inputs A & B TTL, CMOS Compatible o | SNsomsErear | o | SuormaL common
POWER SUPPLY 4 2
Analog, Rated Performance $15V dc £10% @ *5SmA ; Veer 2
Operating $12V to $18V dc |10 27 | v
Digital, Vpp +5V to +15V dc @ 2mA max 11 | “X” COMPENSATION | 28
TEMPERATURE RANGE a2 lveex lean |12
Rated Performance 010 +70°C 14 | TYPET SELECT | 3t
Operating -25°C 10 +85°C 15 | TYPE "X 32
Storage -55°Cto +125°C 1 33 [ ouTPUT
CASE SIZE X Rod 17 | ANALOG COMMON 34 | SCALE
NOTES \
1 Total compensation error composed of errors of temp sensor and module at MATING SOCKET: AC1217
the same ambient temperature. .
2Comp ion error ibuted by ambient temp changes at temp sensor.
2 Compensation error i by ambient temp changes at the module.
*Signal gain of 2 is also available by jumper selection. . .
* Protected for shorts to ground or either supply voltage. : A buffer amplifier is provided at the output of the 2B56 to
Specifications subject to change without notice. preserve accuracy when driving heavy loads. The gain from
’ ViN to Voyr will be +1 when SCALE is connected to Voyt
) (see Figure 1). Input and output signal swings of up to +10V
T Max Gain for Sensor Temp can be accommodated with this connection. When the SCALE
Type | o5 Cl w+0C pin is left open, the gain from Vi to Vour is +2. This is use-
J 1000 650 ful when interfacing a thermocouple amplifier with a £5V out-
K, T 1300 820 . .
E 870 550 put swing (such as the 2B54) to an A to D converter with a
R, S 9000 5500 +10V input range.
B Any Any

THERMOCOUPLE
AMPLIFIER

Table I. Maximum Gain vs. Sensor Temperature and
Thermocouple Type

T Type RX1 RX2 s v @v) R 3 (19) Anaros
cnsor CAL (m
i s ::;l':g :’24139“9 Temp (°C)| 2N2222| AD590
: 5 616.5 | 634.5
. 10 604.9 | 645.9 °
Table l’I. Resistor for Com- 15 5933 | 657.3 @) via com
pensating Types E, R and S 20 581.6 | 668.7
25 570.0 { 680.1 (s's'&ﬁ)
30 558.4 | 691.5
T{g;g"' Compensation 35 546.8 | 702.9 g o
BLA P 40 535.1 | 714.3 ue
45 523.5 | 725.7
ofo )] - ’
ol 1 K Values may be interpolated i . .
M I T Figure 1. 2B56 Functional Block Diagram
1] 1 X PR
Tabée Iv. g”’b’ ation Voltage 1 should be noted that the 2B56 is designed for use with
_Table I11. Digital Selection V- Sensor Iemperature noninverting thermocouple amplifiers. Thus a positive volt-
of Compensation Type age change at the input of the 2B56 must indicate increasing

temperature.

VOL. Il 9-54 TEMPERATURE TRANSDUCERS & SIGNAL CONDITIONERS




———————— - = = w—— =

Applying the 2B56

OPERATING INSTRUCTIONS }
Temperature Sensors: The temperature sensor used with the
2B56 can be either the Analog Devices AD590 temperature
transducer or the popular 2N2222 transistor. Either sensor type
can be used without loss of accuracy, but each has advantages
in different applications. The 2N2222 (the metal can version
must be used) is widely available at very low cost. However,
an adjustment must be made whenever the sensor is replaced.
The AD590 is available in several precalibrated accuracy grades,
but at somewhat higher cost. .

Connections are shown for both sensor types in Figure 2.
Resistor Rcay is the calibration adjustment point. It is used
only to adjust for unit-to-unit variations in the sensors. All
other adjustments have been made internal to the 2B56.

25ppm/°C
ORBETTER

50092
CERMET
Reau

(b

Figure 2. Sensor Connections and Calibration

With either sensor type, proper placement of the sensor is
important. Close thermal contact of the sensor and the thermo-
couple termination point (reference junction) is necessary,
particularly when nearby heat sources are present, since these
could cause the sensor temperature to differ from the refer-
ence junction temperature. In multichannel applications, care
should be taken to keep all input terntinals at the same tem-
perature to avoid channel-to-channel errors. The sensor may
be placed at any distance from the 2B56. When the sensor
leads are more than ten feet long, or where strong noise sources
are present, shielded cable should be used with the 2N2222
sensor. The AD590 will operate properly with twisted-pair
leads at distances up to a few hundred feet.

Gain Selection: Since the 2B56 performs cold junction com-
pensation at the output of the user’s thermocouple amplifier,
it must take the gain of that amplifier into account. For this
purpose, four gain-programming pins are provided: one each
for the J, K, and T compensations and one for the X (user-
selected) compensation. Thus the user’s thermocouple ampli-
fiers can have different gains for each thermocouple type in
use, and the 2B56 gain will be selected automatically when
the thermocouple type is selected at the digital TYPE SELECT
inputs. Gain-programming resistors are connected as shown in
Figure 1. The value of each resistor is R = 10k§2/(G-1) where
G is the gain of the user’s thermocouple amplifier from the
thermocouple terminals to the input of the 2B56. As an ex-
ample, if the thermocouple amplifiers in use have a gain of
110 fortype J, 90 for type K, and 220 for type T, then Rj =
91.78, R = 112, and R = 45.752. Gain resistor pins for
unused thermocouple types must be grounded. The resistors
used to set gain should have a tolerance of 1% or better. A
1% error in setting gain will result in 2 0.01°C/°C slope error..

The gain of the thermocouple amplifier will normally be
determined by the thermocouple type, temperature measure-
ment range, and A to D converter input range, but there are
some practical limits imposed by the 2B56. The minimum

allowable gain for proper opcraltion is 40. The maximum gain
which can be used is limited by the dynamic range of the com-
pensation circuits in the 2B56, and is a function of thermo-
couple type and the temperature range (at the sensor) over
which compensation is to be effective. Table I lists the maxi-
mum gain for each thermocouple type both for the specified
+5°C to +45°C sensor temperature range and for a wider
(reduced accuracy) 0 to +70°C range.
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Figure 3, Error Due to Thermocouple Nonlinearity

Compensation of Other Thermocouple Types: Compensation
for type J, K, and T thermocouples is built into the 2B56. A
fourth compensation can be added by installing two resistors
(Rx1 and Ryx3) as shown in Figure 1. Table II gives the values
needed for proper compensation of type E, R, and S thermo-
couples. Type B thermocouples area spec:al case, in that they
have almost no output in the +5°C to +45°C range, and there-
fore, do not need cold junction compensation at all. To
accommodate a type B thermocouple, select No Compensa-
tion (described in the next section). Errors due to cold junc-
tion temperature will be less than £1°C for any measurement
temperature above 260°C. In the measurement range beyond
1000°C (where type B thermocouples are normally used) the
error will be less than +0.3°C.

No Compensation Operation: In some instances it may be
desirable to disable the compensation function of the 2B56,
so that it functions as a straight-through amplifier with a gain

_of one (or two, if the output scaling feature is used). This

might be done, for example, in a multichannel system with a
mixture of thermocouples and strain gage signals or other
sources requiring no compensation. It is also necessary when
using the type B thermocouple, as described above. The X
compensation can be programmed to provide no compensation
by grounding pin 11 (X COMP), Figure 1. A 20082 resistor
should be used for Rx (at any gain). Selecting X compensa-
tion with this connection will give an uncompensated output.

Digital Inputs: The TYPE SELECT inputs are compatible
with TTL or CMOS logic, or may be used with jumpers or
switches, Table III shows the truth table for these inputs,
Each input has an internal 22k$2 pullup resistor to Vpp and
drives a single CMOS gate. For use with TTL signals, Vpp
should be connected to the +5V logic supply. When CMOS
logic is used, connect Vpp_to the CMOS logic power supply
(which must be in the +5V to +15V range). If jumpers or
switches are used, connect Vpp to the +15V analog power
supply. Grounding a SELECT input will give a logic “0”’;
an open input will be at logic ““1” due to the action of the
internal pullups,
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A separate pin is provided for logic ground to minimize ground
loop problems. However, for proper operation logic ground at
the module must be within 0.3V of analog common. Failure
to observe this restriction may resultin damage to the module.

Calibration: Only one adjustment is necessary to get proper
operation of the 2B56. This is shown in Figure 2 for both
sensor types. Rcal is adjusted to obtain the correct voltage
at Veay for the appropriate sensor type and temperature, as
listed in Table IV. Use a high-impedance voltmeter to meas-
ure VcalL to prevent loading errors,

The tolerance to which the calibration adjustment must be
made depends on the requirements of the application. For
either serisor type, and for all thermocouple types, each milli-
volt.of calibration error will result in a temperature offset
error at the 2B56 output of 0.44°C, accompanied by a slope
error of 0,0015°C/°C.

Curvature Error: The voltage output of thermocouples is a
nonlinear function of temperature, so the reference junction
output which is compensated by the 2B56 is also nonlinear.
The correction signal generated by the 2B56, however, is ap-
proximately linear. The 2B56 is adjusted internally to give the
best fit of its linear correction to the nonlinear reference junc-
tion output over the +5°C to +45°C range. The remaining error,
which is included in the specifications given on page 2, is
shown for each thermocouple type in Figure 3. Note that as

a result of thermocouple nonlinearity the error at +25°C will
notbe zero after calibration is done. The error for a particular
thermocouple type could be adjusted to zero at +25°C by ap-
propriate adjustment of the thermocouple amplifier offset,
but the improvement will be at the expense of increased
errors over the +5°C to +45°C range.

APPLICATIONS

The application of the 2B56 to a single-channel system is

shown in Figure 1. Because the 2B56 compensates at the out-
. put of the thermocouple amplifier, it is also very attractive

for use in multiplexed multichannel systems. Three typical

applications are shown in Figure 4, The amplifier-per-channel

structure shown in Figure 4a is one example of a system which

could have a different gain for each thermocouple type in use,

with channels preassigned or switchable for thermocouple type.

The model 2B30 may be used as an amplifier for applications
. notrequiring isolation.

In systems of this type, it is important that the ON resistance
of the multiplex switches be less than 100 ohms, since larger
values can create slope errors in the 2B56. If switches with
higher resistance are used, a unity-gain buffer should be placed
between the multiplexer and the 2B56. An AD741 or AD301-
type amplifier will suffice unless the system is very fast,

Figure 4b shows an input-multiplexed system. Different gains
for different channels in this type of system are sometimes
provided by software control of the amplifier gain. The 2B56
‘can also accommodate this situation, since it can accept a dif-
ferent gain for each thermocouple type. !

Figure 4c shows a somewhat different application of the 2B56.
Here the signal input is grounded, so that the output is simply
the correction signal rather than a corrected version of the
input. In this case the actual summation is done elsewhere,
usually in the processor following the A to D converter. The
advantage of such a structure is that it allows somewhat
simpler calibration of the individual channels because the com-
pensator can be bypassed. ‘

There is no electrical limit to the number of channels that
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Figure 4. Model 2B56 in Various Multichannel Applications

many others that are possible, There is, however, a thermal
limit in that a single temperature sensor must accurately moni-
tor the temperature of a number of sets of input terminals.
The actual channel limit will thus be determined by the allow-
able error and the degree to which all the inputs ¢an be held

at the same temperature, '

Figure 5 shows the application of the 2B56 to the output of
the 2B54 Four-Channel Isolator, More than one 2B54 can be
served by the same 2B56 by using the built-in output switches
of the 2B54 to connect several isolators to one output line.
Note that the values of the gain-setting resistors for the

2B54 and 2B56 are the same, since both have the same gain
formula, This permits very simple reconfiguration when the
system must be tailored for new applications.
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Figure 5. Four-Channel Thermocouple Temperature Measure-

can be served by a single 2B56 in these applications or the ment with Cold Junction Compensation
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ANALOG
DEVICES

Low Cost, Two-Wire
Temperature Transmitter

MODEL 2B37

FEATURES

Low Cost

Compatible with Standard 4-20mA Loops
- Low Span Drift: 0.005%/°C max

Low Nonlinearity: £0.05% max

RFI Immunity .

Small Size: 16" X 1.5" X 0.4"

APPLICATIONS

Temperature Monitoring and Control
Remote Temperature Sensing
Process Control Systems

Energy Management Systems

GENERAL DESCRIPTION

The model 2B57 is a low cost, two-wire temperature trans-
mitter designed to interface with Analog Devices’ AD590
temperature transducer and produce a standard 4 to 20mA
output current proportional to the measured temperature.
The 2B57 can also be interfaced with Analog Devices’ AD592
temperature transducer when user calibrated. The 2B57
features a low span drift of £0,005%/°C max, a high linearity
(£0.05% max) and high noise immunity to assure measure-
ment accuracy in harsh industrial environments.

The transmitter accommodates the AD590 temperature meas-
urement range of -55°C to +150°C. Both zero and span ad-
justments are provided to trim the range for input measure-
ment spans between 20°C and 205°C. The transmitter out-
put of 4 to 20mA and a wide range of power supply voltages
make the 2B57 compatible with standard two-wire control
loops.

The basic package is a small (1.5" X 1.5" X 0.4"), rugged,
epoxy encapsulated module. For applications requiring pro-
tective housing, the 2B57 is available in a versatile metal case,
APPLICATIONS '

The 2B57 has been specifically designed to provide low cost,

accurate and reliable temperature measurement in any applica-

tions below +150°C in which conventional electrical tempera-
ture sensors and transmitters are currently employed.

Industrial applications in process control and monitoring sys-
tems include chemical, petroleum, food processing, power
generation and a wide variety of other industries.

4.20mA Reoao -

-
POWER
BUPPLY
¥ [ I -
S5 vour &

CONTROL ROOM e

In multipoint energy management applications, low cost and
small size combine to make the AD590 and 2B57 ideal for
mounting in standard utility or thermostat boxes for remote
temperature sensing.

DESIGN FEATURES AND USER BENEFITS

RFI Noise Immunity: The transmitter incorporates RFI fil-
tering circuitry to assure protection against radio frequency
interference.

Low Cost: The low cost of the 2B57 transmitter and two-wire
operation reduce total system installation cost.

Linear Output: The transmitter output is linear with tempera-
ture, thus eliminating the need for linearizing circuitry.
Standard Loop Compatibility: The two-wire output structure
conforms to the Instrument Society of America Standard
ISA-550.1 “Compatibility of Analog Signals for Electronic
Industrial Process Instruments.”’
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SPECIFI CAT|0N S (typical @ +25°C and V§ = +24V dc, unless otherwise noted)

MODEL 2B57A OUTLINE DIMENSIONS
INPUT SPECIFICATIONS Dimensions shown in inches and (mm).
Sensor Type! - , AD590 a1
Maximum Temperature Measurement Range -55°C to +150°C MAX
Minimum Input Span (for a 4-20mA Output) 20°C J_ 2857 t (1041
Zero Adjustment Range -55°C to +60°C MAX
Input Protection? +50V dc | _,qF_o.oglg o
Open Input Detection Upscale Egﬁg {635 MAX
OUTPUT SPECIFICATIONS ' 1 §raena -
Output Span 410 20mA R e
Minimum Output Current 2.5mA I 20 Rzenol 15y
Maximum Output Current 26mA f { 1' I 138.3) MAX
Load Resistance Range . * HT 39 Rspan 1T
Equation Rimax = (VsuppLy — 12V)/20mA HHL e H
@ +24V Supply 0 to 60082 max [14QRsean 11T
Qutput Protection? 4 +50V de oy Al | 0.1 (250 6RID
NONLINEARITY (% of Span) 10.02% typ (£0.05% max)
MOUNTING CARD

ACCURACY
Warm-Up Time to Rated Performance
Total Output Error, without External Trims®
Zero
vs. Ambient Temperature (-30°C to +85°C)
Span
vs. Ambient Temperature (-30°C to +85°C)

1 min

+0.2% typ.(£0.5% max)
$0.005%/°C typ (0.01%/°C max)
10.2% typ (£0.5% max)
+0.001%/°C typ (20.005%/°C max)

RESPONSE TIME, to 90% of Span

0.15 sec

- POWER SUPPLY
Voltage, Rated Performance
Voltage, Operating
Supply Change Effect, % of Span

+24V dc
+12V to +50V dc

on Zero %0.005%/V
on Span +0.001%/V
ENVIRONMENTAL .

Temperature Range, Rated Performance -30°C to +85°C
Storage Temperature Range -55°C to +100°C
Relative Humidity, to +40°C 0 to 90%
RFI Effect (SW @ 420MHz @ 3 ft) ’

Error, % of Span +0.5% max

CASE SIZE

1.5" X 1.5" X 0.4"

NOTES . .

! AD590 produces an output current proportional to absolute temperature (14A/°K).

2Protected for any combination of input and output pins.

’Accuracy is specified as a percent of output span (16mA) for an input range of -55°C
. to +150°C. Accuracy spec includes combined effects of transmitter repeatability,

hysteresis, and linearity. Does not include sensor error.

Specifications subject to change without notice.

VOL. Il, 9-58 TEMPERATURE TRANSDUCERS & SIGNAL CONDITIONERS

AC1583 OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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EXTENSION

NUT
The AC1583 mounting card is avail-
able to assist in applying the 2B57.
The AC1583 is suitable for mounting
in a standard 2" X 4" thermostat
or electrical boxes. It includes screw
terminals for field wiring, provisions
for plugging in the 2B57 and AD590,
and 5k€ span and zero adjustment
pots.



Applying the 2B57

FUNCTIONAL DESCRIPTION

The 2B57 transmitter converts the output of an AD590 tem-
perature transducer to a current output within a span of 4 to
20mA. The transmitter includes input protection and filtering
circuitry, an amplifier, voltage regulator, precision voltage
reference and an output current generator.

A precision voltage reference, resistor network, and span and
zero adjusts are used in conjunction with a low current drain
amplifier to scale output signal of the AD590. The amplifier
drives a current generator which controls output current (Fig-
ure 1).

Rspan ADJ
3)—(4
SENSOR
INPUT G V)
FILTERING OuTPUT Loop
& OFFSET AMP CURRENT 4.20mA
SCALING . GENERATOR S
AD590 o
—
VOLTAGE VOLTAGE
Rzero REFERENCE REGULATOR
ADJUST 2857

Figure 1. Model 2B57 Functional Block Diagram

Input power and output signal are transmitted over the same
two leads. The load resistance is connected in series with a dc
power supply, and the current drawn from the supply is the
4 to 20mA output signal. The maximum series load resistance
depends on the supply voltage and is given by Rymax = (+Vs
-12V)/20mA. A wide range of power supply voltages may be
used (see Figure 2).

2500

2000

1500

OPERATING
REGION

MAXIMUM LOAD RESISTANCE — 2

0 10 20 30 40 50 60
POWER SUPPLY — V dc

Figure 2. Maximum Load Resistance vs. Power Supply

THE SENSOR
The AD590 is a calibrated two terminal temperature sensor
producing a current in microamperes (14A/°K) that is linearly
) progortional to absolute temperature for temperatures from
-55°C t0 +150°C. The AD590 sensor is available in a hermet-
ically sealed TO-52 transistor package, a miniature flat-pack,
chip form and stainless steel probes (AC2626). The sensor
construction assures reliable isolation from ground.

The AD590 is available in several accuracy grades, as shown in
Table I. The grade selection will depend on whether the device
is used uncalibrated or with calibration at a single value. For
greater accuracy (in any grade), the device may be calibrated
at two points.

TABLE I. AD590 ACCURACY SPECIFICATIONS
(MAX ERROR)

Conditions Max Error (2°C)

Grade - I J K L M
Error at 25°C, as delivered o 10.0 5.0 2.5 1.0 0.5 -
Errors over the ~55°C to +150°C range:

Without external calibration 20.0 10.0 5.5 3.0 1.7

With error nulled at 25°C only 5.8 3.0 2.0 1.6 1.0

Nonlinearity 3.0 1.5 08 04 0.3
OPERATING INSTRUCTIONS

Model 2B57 is factory calibrated to £0.5% accuracy for a
maximum sensor measurement range of -55°C to +150°C
(205°C span) with RgpaN and RzgRro resistor values as shown
in Figure 3. For this input range 4mA output corrcsgonds to
an AD590 temperature of =55 C and 20mA to +150 C. The
span and zero adjustments can be used to accommodate other
input ranges.

* oc

POWER
SUPPLY

Figure 3. Model 2B57 Basic Application

Span Adjustment: The value of the span setting resistor
RspaN is determined by:

1.2V
R Q) =(—22Y ) _sg10Q
spaN () (10-°Ax SPAN)

where SPAN is a desired measurement span in °C. For ex-
ample, for a measurement span of 100°C RgpaN =

1.2V
107 A X 100
of £0.5% if desired, the value of the RgppN resistor should be
accurate to £0.1%.

) -58108 = 6.19kS2. If a span accuracy

Zero Adjustment: Zero adjustment must be performed after
installation of the Rgpan resistor. To select Rzgro an AD590
or a calibrated current source may be used as an input to the
2B57. If an AD590 is used, it must be maintained at the de-
sired reference temperature. A resistance decade box is
inserted between pins 1 and 2 of the 2B57. The decade box

is adjusted to produce an output corresponding to the selected
reference temperature. For example, for a sensor measure-
ment range of 0 to 100°C and an AD590 at 0°C, the Rzgro
is adjusted for an output current of 4mA. If a current source
is used, its output must equal the AD590 output at the se-
lected reference temperature. For example, at 0°C the current
source output must equal 273.2uA.

Sensor Calibration Trim: The sensor calibration error is the
major contributor to maximum total error in all AD590
grades, To trim this error the temperature of the AD590 is
measured by a reference temperature sensor and RzgRro is
trimmed to the calculated value of the 2B57 output current at
that temperature. A reference temperature at the midpoint

in the span should be selected.
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For best measurement accuracy over temperature, Rzgro and
RgpaN should be trimmed with the AD590 at two known tem-
peratures. For example, with the Rgpan selected for a 100°C
span and with the AD590 at 0°C RzgRo is adjusted for a 4mA
output. RSPAN is then trimmed for a 20mA output with the
sensor at 100°C. Figure 4 illustrates a typical two-trim system
accuracy.

+2°C L
g
< A
H .
e — \
) . N L
-55°C [} +100°C +150°C

TEMPERATURE

Figure 4. Typical Two-Trim Accuracy (AD590 and 2B57)

OPTIONAL PACKAGING CONFIGURATION (2B57A-1)
The 2B57 is available mounted in an aluminum case including
screw terminals for connecting an external sensor and power.

- This versatile housing may be surface mounted in racks, cabi-
nets, NEMA enclosures, etc., or snapped onto standard relay
tracks. The 2B57 in a metal housing is calibrated for a -55°C
to +150°C measurement range and may be ordered by speci-
fying model 2B57A-1. Price: 2B57A-1 — $95 (1-9), $68 (100s).

TRANSMITTER HOUSING OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).
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INTERNAL VIEW

Refer to operating instructions section for suggested method
of calibration.

AC2626 PROBE (AD590 PACKAGING OPTION)

The AC2626 is a stainless steel tubular probe measuring 3/16
inch (4.76mm) in outside diameter and is available in 6 inch
(152.4mm) or 4 inch (101.6mm) lengths. Based on the
AD590F the probe is available in linearity grades of 0.3°C,
0.4°C, 0.8°C or 1.5°C and is compatible with the 2B57
transmitter, The mechamcal outline of the AC2626 is shown
below.

The probe is designed for both liquid and gaseous immersion
applications as well as temperature measurements in refrig-
eration or any general temperature monitoring applications.

AC2626 MECHANICAL OUTLINE
Dimensions shown in inches and (mm).

3/16 STAINLESS STEEL TUBING
FILLED WITH THERMALLY CONDUCTIVE EPOXY

3/16
(4.76) 3FT.(914.0)11 (25.4) TINNED
#24 STRANDED WIRE
TEFLON INSULATED SeeNote2 - +
} BLACK -
See Note 1

+0.06(1.58)

AC2629 STAINLESS STEEL TYPE 316
COMPRESSION FITTING (See Note 3) |

PIPE THREAD 1/8

1/21 ‘3/16)"- - - “‘"(3/16) (?|/116)

(12.2){ (4.76] - — 4.76] A
] T
L— 1.23 REF ———l {
31.2)
NOTE 1 Probes are available in 4-inch or 6-inch lengths. Other
lengths are avaitable; consult factory for rrice and delivery.

NOTE 2 +lead wire is color coded: J, yellow; K, orange; L, blue; M, green.
NOTE 3 When assembling compression fitting (AC2629) to probe,

tighten the 1/2" nut 3/4's of a turn from finger tight.
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ANALOG
DEVICES

Two-Wire, Linearized RTD
Temperature Transmitter

MODEL 2B58

FEATURES .

Platinum RTD Input -
Linearized 4-20mA Output

High Accuracy: +0.1%

Low Drift: 0.01°C/°C Max

RFI Immunity

Low Cost

FM Approved

APPLICATIONS

RTD Temperature Transmission in:
Process Control
Factory Automation
Energy Management

GENERAL DESCRIPTION

The model 2B58 is a high accuracy, two-wire temperature
transmitter designed to accept a platinum RTD (Resistance
Temperature Detector) input and produce a proportional
standard 4-20mA output. The RTD signal is internally line-
arized to provide an output which is linear with temperature.
Four precahbrated ranges are available for RTD measurements
from -100°C to +400°C,

The 2358 features hlgh accuracy of 0.1%, low drift of
+0,01°C/°C, high noise rejection and RFI immunity. Both
two-wire and three-wire 100§ sensors may be used. Lead wire
compensation is provided for three-wire RTDs. The 2B58 is
approved by Factory Mutual for intrinsically safe use in\
hazardous locations.

A rugged metal enclosure, suitable for field mounting, offers
environmental protection and screw terminal input and output
connections. This enclosure may be either surface or standard
relay track mounted.

APPLICATIONS

The 2B58 has been specifically designed to provide high-
performance two-wire transmission of measured temperatures
using RTD sensors.

Two-wire current transmission permits remote mounting of
the transmitter near the sensor to minimize the effects of
noise and signal degradation to which low level sensor outputs
are susceptible. Transmission of the proportional current out-
put may be accomplished by means of inexpensive copper
wires. These factors make the 2B58 ideally suited for applica-
tions where accuracy, stability, and low cost installation are
desired.

a20ma
g

CALRTD
“TRANSMITTER,

CONTROL ROOM |

DESIGN FEATURES AND USER BENEFITS

High Accuracy: The 2B58 offers high calibration accuracy,
linearized output and conformity with the standard DIN
43760 (o = 0.00385) RTD sensors.

Low Cost: The 2B58 combines low price with a two-wire
transmission, lowering total installation cost,

High Noise Rejection: The transmitter features internal
filtering circuitry to assure protection against RFI and line
frequency pickup.

Standard Loop Compatibility: The two-wire output structure
conforms to the ISA Standard $50.1 “Compatibility of Ana-
log Signals for Electronic Industrial Process Instruments”’,

Wide Operating Temperamre Range: The 2B58 has been
designed to operate over -30°C to +85°C ambient tempera-
ture range.
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SPEC'F'CAT'ONS (typical @ +25°C and Vg = +24V dc unless otherwise noted)

Model 2B58A
INPUT SPECIFICATIONS ’
Sensor Type Platinum, 10082 @ 0°C, a = 0.00385

Normal Mode Rejection
Sensor Excitation Current
Zero and Span Adjustment Range

OUTLINE DIMENSIONS (MAX)

Dimensions shown in inches and (mm).

2 or 3 Wire
56dB @ 60Hz
0.5mA

+5% of Span

OUTPUT SPECIFICATIONS
Output Span
Minimum Qutput Current
Maximum Output Current
Load Resistance Range Equation
@ +24V Supply
Output Protection’

4-20mA
3.5mA, typ
40mA, typ

Ry max = (+Vg -16V)/20mA

0 to 400
160V

ACCURACY

Total Output Error?

Stability vs. Ambient Temperature
Zero, Measurement Rangc 01 through 03%

Measurement Range 04°

Span

Stability vs. Time?

Lead Resistance Effect, to 40€2 per Lead
Span Error

Warm-Up Time to Rated Performance

10.1%

+0,01°C/°C max (20.005°C/°C typ)

+0.01°C/°C
$0.005%/°C
+50ppm/Month

10.5%
3 Minutes

0.125 £0.010 I
3.2:0.3) ™[

INTRINSICALLY SAFE OPERATION
Use in Class 1, Division 1,
Groups A,B,C, and D Hazardous Locations

FM Approved

RESPONSE TIME
To 90% of Span

0.4 sec

POWER SUPPLY
Voltage, Operating Range
Supply Change Effect, % of Span
on Zero
on Span

+16V to +60V dc

$0.005%/V
10.01%/V

ENVIRONMENTAL
Temperature Range, Rated Performance
Storage Temperamrc Range
Humidity, Effect?
Error
RFI Effect (SW @ 470MHz @ 3 ft.)
Error

-30°C to +85°C
-55°C to +125°C

10.6% of Span

10.5% of Span

PHYSICAL
Casc Size
Weight

4" X 3.25" X 1.25"

NOTES

! Protected for reverse polarity and for any input/output connection combination.
‘Accuncy is specified as a percent of output span (16mA). Accuracy spec includes

d effects of peatability, hy
confomu(y Does not mclude sensor error.
S

ion for t
4 Per MIL-STD-202E Method 103B,
Specifications subject to change without notice.

P
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Example:

ORDERING INFORMATION

Model 2B58A -

Enter Model ———J

2B58A

Enter Housing

1-Standard Enclosure

Enter Sensor Type
1-100£2 Platinum, &= 0.00385

e }

3/16" X 3/4" HOLES 2"0.C.

[ ommen | e

1-1-01
'y

80z (227g) Enter Temperature Range —4mM8Mm8m ™ ———
01 Through 04 )
Range in °C (°F) No.
is and sensor linearization -100 to +100 01
ranges 01 through 04, (-148 to +2 12)
0 to +100 02
(+32 1o +212)
0 to +200 03
(+32 to +392)
0 to +400 04
(+32 to +752)

STANDARD RELAY TRACK MOUNTING

3TK2,
33/8"

1

—jort=

Model 2B58 may be conveniently
mounted in a standard relay mounting
channel (3.25" wide) such as Reed
Devices Inc. (RDI) model 3TK2-6 or
equivalent.



ANALOG : Low Cost, Two-Wire
DEVICES RTD Temperature Transmitter

MODEL 2B39

FEATURES

Low Cost

Standard RTD Input
Linearized 4-20mA Output
High Accuracy: $0.1%
Small Size

Ease of Installation

APPLICATIONS .
Temperature Monitoring and Transmission
Energy Management Systems

Tire) | A2MA
§ g

o § Vaugry
(RN} Aroad +I0V YO 435V Ge
]

GENERAL DESCRIPTION ‘ CALIBRATION

The model 2B59 is a low cost temperature transmitter de- The 2B59 is factory calibrated to provide zero and span ac-
signed to accept an RTD sensor input and produce a 4-20mA curacy of £0.1% of span, Should field calibration of the 2B59
output proportional to the measured temperature. The RTD to the specified range be desired, the following procedure is
signal is internally linearized to provide an output which is recommended:

linear with temperature. The 2B59 is a true two-wire trans- 1. Connect the transmitter as shown in Figure 2. Substitute

mitter, with the same wiring used for power and output. The
load resistance is connected in series with a dc power supply
(+Vg) and the current drawn from the supply is the 4-20mA
output signal.

a resistance standard for the RTD and use a load resistor
for the appropriate power supply voltage, as specified by
the graph of RLoAD max vs. VsyppLy (Figure 1).

2, Determine minimum and maximum resistance values of
sensor being used from standard resistance/temperature
tables. (For example, for a 100 Pt sensor, a measurement
range of 0 to +100°C corresponds to the resistance range
of 100,092 to 138,5082.)

' The transmitter features high calibration accuracy of £0.1%.
Several factory-calibrated temperature measurement ranges
are available for standard platinum and nickel-iron RTD
sensors. Both zero and span user-accessible screwdriver ad-.
justments are provided for fine calibration after installation,

if needed. - 3. Connect required minimum input resistance standard.

. . " " " Adjust ZERO potentiometer, if necessary, to obtain an
The 2B59 is packaged in a small (1.2" X L5 X 0,57), rugged, - output of 4 £0,016mA,
epoxy encapsulated module and may be easily mounted by » . . .
using a single screw. Connections to the transmitter are made 4. Connect required maximum input resistance standard.,
via four color-coded leads using standard wire nuts. Adjust SPAN potentiometer, if necessary, to obtain an

output of 20 £0.016mA.

APPLICATIONS o
The 2B59 has been specifically designed to provide low cost, 5. Repeat steps 3 and 4 until readings converge.
small size, ease of installation, and reliability in multipoint An alternate method of calibration utilizing an RTD sensor
temperature monitoring applications. would be to adjust the ZERO and SPAN potentiometers
In energy management and control systems, the 2B59 may be while alternatively maintaining the probe at the specified
mounted in standard 2" X 4" utility or thermostat boxes in minimum and maximum measured temperatures. A precision
conjunction with a sensor and used for duct or room tem- thermometer, located at the temperature probe, should be
perature sensing and transmission. used to provide an accurate point of reference.

.

TEMPERATURE TRANSDUCERS & SIGNAL CONDITIONERS VOL. 1, 9-63



SPECI FICATION S {typical @ +25°C and V§ = +24V unless otherwise noted)

MODEL 2B59A
INPUT SPECIFICATIONS
Sensor Type
Platinum 100§2 ®0C, a = 0,00385
Nickel-Iron 100082, 200082 @ +21.1°C (+70°F)
a=0,00527
Zero and Span Adjustment Range +3% of Span min
Open Input Detection Upscale
OUTPUT SPECIFICATIONS
Output Span 4-20mA
Minimum Output Current 3.4mA
Maximum Output Current 35mA
Load Resistance Equation RL max = (+Vg - 10V)/20mA
@ +24V Supply 0 to 70082
ACCURACY
Total Qutput Error’ +0,1%
Stability vs. Ambient Temperature
Zero +0.015%/°C
Span +0,005%/°C
Warm-Up Time to Rated Performance 1 min
RESPONSE TIME
To 90% of Span 0.125ms
POWER SUPPLY

Voltage, Operating Range?
Supply Change Effect, % of Span

ENVIRONMENTAL
Temperature Range, Rated Performance
Storage Temperature Range
Humidity Effect
Error, 90% RH @ +40°C

PHYSICAL
Case Size

NOTES

! Accuracy is specified as a percent of output span (16mA). Accuracy spec
includes combined effects of transmitter linearity, repeatability and
hysteresis. Does not include sensor error.

3Protected for reverse polarity.

+10V to +35V dc
+0,001%/V

-25°C to +85°C
-55°C to +125°C

-£0,2% of Span

1.2" X 1.5" X 0.5"

‘Specifications subject to change without notice.

ORDERING INFORMATION

MODEL 0

1

2B59A -~ 01

ENTER MODEL f
2B59A

ENTER ENCLOSURE
0-MODULE
ENTER SENSOR TYPE
1- 100%2 Pt, o= 0.00385
2- 10002 NiFe, a = 0.00527
3- 200092 NiFe, a = 0.00527
ENTER TEMPERATURE RANGE
01 through 06 ————= AVAILABLE TEMPERATURE RANGES IN °F (°C)

2WIRE
RTD

01 Oto+100 (-18 to +38) — Sensors 1 and 2

02 +20to +120 (-7 to +49) — Sensors 1, 2 and 3
03  +50t0 +150 (+10 to +66) — Sensors 1 and 2
04 +32to+212 (0 to +100) — Sensors 1, 2 and 3
05 -30to +130 (-34 to +54) — Sensor 3

06  +200to +400 (+93 to +204) — Sensor 3

(Consult factory for additional ranges.)
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OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).
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Figure 2. Basic Application



ANALOG
DEVICES

The Complete

Signal Conditioning 1/0 Subsystem

3B Series

FEATURES
Low Cost, Completely Integrated 16-Channel Modular
Signal Conditioning Subsystem
Wide Selection of Functionally Complete Input and
Output Plug-In Modules,
Rugged Industrial Chassis, Rack or Surface Mounted
On-Board Power Supplies Available
Analog Input Modules Available for Direct Interface to a
Wide Variety of Signal Sources
Thermocouples, RTDs, Strain Gages,
Millivolt and Voltage Sources,
4-20mA/0-20mA Process Current Inputs
Current Output Modules
4-20mA/0-20mA Outputs
Complete Signal Conditioning Function
Input Protection, Filtering, Amplification,
Galvanic Isolation to +1500V,
Wide-Range Zero Suppression,
High Noise Rejection and RFVEMI Immunity,
Simultaneous Voltage and Current Outputs

GENERAL DESCRIPTION

The 3B Series Signal Conditioning I/O Subsystem provides a
low cost, versatile method of interconnecting real world analog
signals to a data acquisition, monitoring or control system. It is
designed to interface directly to analog signals such as ther-
mocouple, RTD, Strain Gage, or AD590/AC2626 solid state
temperature sensor outputs or millivolt or process current signals
and convert the inputs to standardized analog outputs compatible
with high level analog I/O subsystems. )

The 3B Series Subsystem consists of a 19” relay rack compatible
universal mounting backplane and a family of plug in (up to 16
per rack) input and output signal conditioning modules. Eight
and four channel backplanes are also available. Each backplane
incorporates screw terminals for sensor inputs and current outputs
and a connector for high level single ended outputs to the user’s
equipment.

The input and output modules are offcred in both isolated
(£1500V peak) and nonisolated versions. The input modules
feature complete signal conditioning circuitry optimized for
specific sensors or analog signals and provide high level analog
outputs. Each input module provides two simultaneous outputs:
0 to 10V (or +10V) and 4-20mA (or 0-20mA). Output modules
accept high level single ended signals and provide an isolated or
nonisolated 4-20mA (or 0-20mA) process signal. All modules
feature a universal pin-out and may be readily “mixed and
matched” and interchanged without disrupting field wiring.

Each backplane contains the provision for a subsystem power
supply. The 3B Series Subsystem can operate from a dc/dc
converter or ac power supply mounted on each backplane or
from externally provided dc power. Two LEDs are used to
indicate that power is being applied.

APPLICATIONS .
The Analog Devices 3B Series Signal Conditioning Subsystem is
designed to provide an easy and convenient solution to signal

Some typical uses are in mini- and microcomputer based systems,
standard data acquisition systems, programmable controllers,
analog recorders, dedicated control systems, and any other ap-
plications where monitoring and control of temperature, pressure,
flow, and analog signals are required. Since each input module
features two simultaneous outputs, the voltage output can be
used to provide an input to a microprocessor based data acquisition
or control system while the current output can be used for
analog transmission, operator interface, or an analog backup
system.

DESIGN FEATURES AND USER BENEFITS

Ease of Use: Direct sensor interface via screw terminals, stan-
dardized high level outputs, factory precalibration of each unit
and the modular design make the 3B Series Subsystem extremely
easy to use. The subsystem features rugged packaging for the
industrial environment and can be easily installed and
maintained.

High Protection and Reliability: All field wired terminations
offer 130V or 220V rms normal mode protection. To assure
connection reliability, gold plated pin and socket connections
are used throughout the system. The isolated modules offer
protection against high common mode \"oltages and are designed
to meet the IEEE Standard for Transient Voltage Protection
(472-1974: SWC).

High Performance: The high quality signal conditioning features
+0.1% calibration accuracy and chopper-based amplification
which assures low drift (% 1nV/°C) and excellent long term
stability. For thermocouple applications, high accuracy cold
junction sensing is provided in the backplane on each channel.
Low drift sensor excitation is provided for RTD and strain gage
models. For RTD models, the input signal is linearized to provide
an output which is linear with temperature.

to speed your selec-

This four-page data y key specifi
dd on this

tion of the proper solution for your application. Additional infor

product can be obtainéd from your local sales office.

TEMPERATURE TRANSDUCERS & SIGNAL CONDITIONERS VOL. Il, 9-65

conditioning problems in measurement and control applications. n



 —— —pr—— —— -——

FEATURES
Wide Variety of Sensor Inputs

Thermocouples, RTDs, Strain Gages, AD530/AC2626
Dual High Level Outputs

Voltage: 0 to +10V or =10V

Current: 4-20mA/0-20mA
Mix and Match Input Capability

Sensor Signals, mV, V, 4-20mA, 0-20mA
High Accuracy: +£0.1%
Low Drift: =1uV/°C
Reliable Transformer Isolation:

+1500V CMV, CMR =160dB

Meets IEEE-STD 472: Transient Protection (SWC)
Input Protection: 130V or 220V rms Continuous
Low Cost Per Channel

GENERAL DESCRIPTION-

Each input module is a single channel signal conditioner that
plugs into sockets on the backplane and accepts its signal from
the input screw terminals. All input modules provide input
protection, amplification and filtering of the input signal, accuracy
of +0.1%, low drift of 1uV/°C (low level input modules), and
feature two high level analog outputs that are compatible with
most process instrumentation. The isolated input modules also
provide =+ 1500V isolation.

The choice of a specific 3B module depends on the type of
input signal and also whether an isolated or nonisolated interface
is required. Input modules are available to accept millivolt, volt,
process current, thermocouple, RTD, strain gage, and AD590

" inputs. The voltage output of each module is available from the
voltage I/O connector while the current output is available on
the output screw terminals.

THERMOCOUPLE INPUT MODEL 3B37

The isolated thermocouple models incorporate cold junction
compensation circuitry which provides an accuracy of +0.5°C
over the +5°C to +45°C ambient temperature range. Open
thermocouple detection (upscale) is also provided with the ther-
mocouple models. Standard models are available with factory
calibration for thermocouple types J, K, T, E, R, S and B.
However, if another thermocouple type or a special range is
desired, the 3B37-X-00 and ranging card, AC1310, can be used
to satisfy the requirement. All screw terminal connections have
at least 130V rms protection.

RTD INPUT MODELS 3B14, 3B15, 3B34

Each RTD model provides a sensor excitation current of 0.25mA
and produces an output signal that is linear with temperature
with a conformity error of +0.05% of span and accuracy of
+0.1% span.. The lead resistance effect for the three models is
+0.02°C/Q for the 3B14 and the 3B34, and +.00001°C/() for
the 3B15. All excitation input and output screw terminal con-
nections have at least 130V rms protection.

STRAIN GAGE INPUT MODEL 3B16

Model 3B16 is designed to accept inputs from full four arm
bridge strain gage-type transducers. The 3B16 provides a constant
+ 10V bridge excitation and can be used with a bridge resistance
of 3004} or greater. All excitation input and output screw terminal
connections have 130V rms protection.

WIDEBAND STRAIN GAGE MODEL 3B18

Model 3B18 is designed to accept inputs from full four arm
bridge strain gage-type transducers. The 3B18 provides a switch
selectable excitation of +3.3V or +10.0V and can be used with
100€2 to 10001 strain gage bridges. The module has a 20kHz
bandwidth to interface to dynamic signals.

MILLIVOLT AND VOLTAGE INPUT MODELS 3B10,
3B11, 3B30, 3B31
Models 3B10 and 3B11 are nonisolated modules thal accept

millivolt and voltage signals respectively: Models 3B30 and
3B31 are isolated modules that accept millivolt and voltage
signals respectively. All screw terminal connections have at least

' 130V rms protection.

WIDEBAND MILLIVOLT AND VOLT INPUT

MODELS 3B40, 3B41

Models 3B40 and 3B41 are isolated modules that accept millivolt
and voltage signals respectively. The modules have a 10kHz
bandwidth to interface to dynamic signals. All screw terminal
connections have at least 130V rms protection.

CURRENT INPUT MODELS 3B12, 3B32

Models 3B12 and 3B32 are nonisolated and isolated modules
respectively that accept process current signals. Both models use
a 10012 sensing resistor that is mounted on backplane terminals
2 and 3. All screw terminal connections have at least 130V rms
protection.

ADS590 INPUT MODEL 3B13 '

Model 3B13 accepts an AD590 as its input signal. Sensor excitation
is provided and a 2k(} sensing resistor is mounted on backplane
terminals 2 and 3. All excitation input and output screw terminal
connections have 130V rms protection.

AC INPUT MODELS 3B42, 3B43, 3B44

Models 3B42, 3B43 and 3B44 are designed to accept ac signals
from 20mV to 450V rms. The modules are rms calibrated for
sinusoidal inputs,.such as ac power lines. All screw terminal
connections have at least 130V rms protection.

FREQUENCY INPUT MODELS 3B45, 3B46

Preliminary models 3B45 and 3B46 are designed to accept fre-
quency input signals from 25Hz to 25kHz. User selectable
thresholds of 1.6V and 0V (for zero crossing) are available. All
screw terminal connections have at least 130V rms protection.
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Output Modules

FEATURES

High Level Voltage Input (0 to +10V, *10V)

Process Current Output (4-20mA/0-20mA)

High Accuracy: =0.1%

Reliable Transformer Isolation: *=1500V CMV, CMR =
90dB

Meets IEEE-STD 472: Transient Protection (SWC)

Output Protection: 130V or 220V rms Continuous

Reliable Pin and Socket Connections

Low Cost Per Channel

GENERAL DESCRIPTION

Each output module accepts a high level analog signal from the
system connector and provides a current output on the output
screw terminals. When a 424V loop supply is used, loads up to
8502 can be driven. If desired, + 15V can be used to power the
output modules with a smaller load (up to 400). Each output
module features high accuracy of +0.1%. If isolation is required,
the 3B39 provides =+ 1500V peak common mode voltage isolation
protection.

NONISOLATED OUTPUT MODEL 3B19
The 3B19 output module accepts a 0 to + 10V or =10V input
signal and converts it to a proportional current output. Qutput

ranges aré jumper selectable for either 0 to 20mA or 4 to 20mA.
The current output is protected to 130V rms continuous.

ISOLATED OUTPUT MODEL 3B39

Model 3B39 is an isolated module that accepts a 0 to +10V or
+ 10V input signal and converts it to a proportional current
output. Qutput ranges are jumper selectable for either 0 to
20mA or 4 to 20mA. Input to output isolation is rated to 1500V
pk continuous.

Backplanes

FEATURE )
4, 8, or 16-Channel Versions Available
ac or dc Power Supply Options

GENERAL DESCRIPTION

The three backplane models, 3B01, 3B02 and 3B03 are designed
for 16, 8 and 4 channels, respectively, to give users the flexibility
to match the size of a system to specific applications. The sixteen
channel backplane can be mounted in a 19”7 x 5.25" panel space.
The backplanes can be surface mounted, mounted on a rack or
mounted in a NEMA enclosure.

POWER SUPPLY

The 3B Series Subsystem can operate from a common ac power
supply or dc/dc (+ 24V input) power supply mounted on the
backplane or an externally provided +15V and + 24V supply.
The power supply is bussed to all signal conditioners in the
system.. The current consumption is a function of the modules
that are actually used.

TEMPERATURE TRANSDUCERS & SIGNAL CONDITIONERS
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3B Series Subsystem Specifications

INPUT MODULES

Input Types

Thermocouples: J, K, T, E, R, S, B

RTDs: 100Q Platinum (linearized)

Strain Gage Transducers:
+30mV and = 100mV spans

Solid State Temperature Transducers:
ADS590 or AC2626

DC Voltage: =10mV, *=50mV, *100mV
*1V, £5V,+10V

DC Current: 4 to 20mA, 0 to 20mA

Outputs (Simultaneous)
0 to +10V or =10V and
4 to 20mA or 0 to 20mA

Performance

" Accuracy: *=0.1% of span
Nonlinearity: +0.01% of span
Bandwidth: 3Hz (—3dB)

Isolated Modules
Common Mode Voltage,
Input to Output: 1500V pk continuous
Transient Protection: Meets IEEE-Std 472 (SWC)
Normal Mode Input Protection: 220V rms
continuous
Current Output Protection: 130V rms
continuous

Common Mode Rejection @ S0Hz or 60Hz '
160dB

Normal Mode Rejection @ 50Hz or 60Hz:
60dB

Nonisolated Modules

Common Mode Voltage: +6.5V

Normal Mode Input Protection: 130V rms
continuous

Current Output Protection: 130V rms
continuous

Common Mode Rejection @ 50Hz or 60Hz:
90dB

Normal Mode Rejection @ 50Hz or 60Hz:

' 60dB

.OUTPUT MODULES

Input
0to +10V or =10V

Output
4 to 20mA or 0 to 20mA

Specifications subject to change without notice..

Performance
Accuracy: +0.1% of span
Nonlinearity: =0.01% of span

Isolated Module
Common Mode Voltage,
Input to Qutput: + 1500V pk continuous
Current Output Protection
Transient: Meets IEEE-Std 472 (SWC)
Continuous: 220V rms

Nonisolated Module )
Current Output Protection: 130V rms
continuous

BACKPLANES

Channel Capacity
3B01: 16 channels
3B02: 8 channels
3B03: 4 channels :

POWER SUPPLIES ' .

Backplane Mounted:
100, 115, 220, 240V ac, 50/60Hz
or +24V dc

External Power Option
+15V dc and +24V dc

MECHANICAL

Input or Output Modules:
3.150" x 0.775" x3.395"
(80.0mm X 19.7mm X 86.2mm)
Backplanes:
3B01: 17.40" x 5.20” x 4.37"
(442.0mm X 132.1mm X 111.1mm)
3B02: 11.00” x 5.20” x 4.37"
(279.4mm X 132.1mm x 111.1mm)
3B03: 7.80” x 5.20" x 4.37"
(198.1mm X 132.1mm X 111.1mm)

ENVIRONMENTAL

Temperature Range, Rated Performance:
—25°C 1o +85°C
Storage Temperature Range:
—55°C to +85°C
Relative Humidity: Conforms to MIL-STD 202,
Method 103
RFI Susceptibility: =0.5% span error,
5W @ 400MHz @ 3 ft.
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DEVICES

Alarm Limit Subsystem

4B Series

FEATURES/BENEFITS
® Low Cost, Completely Integrated 12-Channel Modular
Alarm Limit Subsystem

Selection of Alarm Limit Modules
Rugged Industrial Chassis, Rack or Surface Mounted
On-Board Power Supplies Available

® Alarm Modules Accept High Level Voltage and Process

Current Inputs

o Complete Alarm Function per Module
High Accuracy of +0.1%
Two Set Points, Adjustable Over 100% Span
Dead Band Adjustment per Set Point, Adjustable
Over 0.5%-10.0% Span
Alarm Types are Configurable for Hl or LO Operation
Two Relay Outputs
Three Digit Display Indicates Set Points and Process
Variable as a Percent of the Input Span
LED per Set Point Provides Local Alarm Indication
Input Protection
High RFI/EMI Immunity

e Specifications Valid Over the 0 to +70°C Temperature
Range

e Easy to Install, Calibrate and Service
Direct Connections to Industrial Screw Terminals
Modules Removable without Disturbing Field Wiring
or Power
Front Panel Set Point and Dead Band Adjustments

® Convenient Connection to User's Equipment
Interfaces Directly to Analog Output Subsystems
Used for Single Board Computer Interfaces
Universal Adapter Board Allows Easy Interface
to Any Equipment

This two-page data Yy key speclf cauons to speed your selec-
tion of the proper solution for your appli 1infor on this

product can be obtained from your local sales office.

RELIABLE GOLD PLATED
AN OCKETCON ECT

GENERAL DESCRIPTION

The 4B Series Alarm Limit Subsystem is a low cost method of
providing adjustable alarm limits to a variety of process sensors
and transducers. It has been designed as a companion product
to the 3B Series Signal Conditioning Subsystem, which interfaces
directly to a variety of process sensors and transducers and
converts the inputs to standardized high level analog outputs.
The Alarm Limit Subsystem accepts the high level output from
the 3B Series Subsystem or any other transmitter and provides
fully independent HI and LO relay outputs.

The subsystem consists of a 19” rélay rack compatible universal
mounting backplane and a family of plug-in (up to 12 per rack)
alarm limit modules. A four channel backplane is also available.

* The modules, designed for voltage or current inputs, can be

readily mixed and matched and interchanged without disturbing
field wiring. Each backplane incorporates screw terminals for
field wiring and a connector for high level single ended inputs
from the user’s equipment.

Each alarm module has two set points which are fully adjustable
over the 100% span. It will accept a standardized high level
analog input and will provide one or two ON/OFF outputs. The
allowable input ranges are =10V, 0 to + 10V, 4-20mA and 0-
20mA. All input types can be connected to either the voltage
input connector or the input screw terminals.

The two set points within each module can be user configured
with push-on jumpers for HI-LO, HI-HI or LO-LO use. If
only one limit per channel is desired, the module can be used in
a HI or LO state. The value of each set point and the process
variable can be viewed with a 3 digit display which is controlled
with a rotary switch. Each set point has an adjustable dead band
(hysteresis) which can be adjusted up to 10% of span and can be
used to eliminate nuisance alarms.
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DESIGN FEATURES AND USER BENEFITS

Direct interface via screw-terminals or ribbon cable, two screw-
driver adjustable set points per module, adjustable dead band
per set point, a three digit display that indicates the value of the
process variable and set points, and the modular design make
the 4B Series Subsystem extremely easy to use. The subsystem
features rugged packaging for the industrial environment and
can be easily installed and maintained.

All input screw terminals offer 130V rms normal mode protection.
Connection reliability is assured by gold plated pin and socket
connectors. The high quality alarm modules feature +0.1%
accuracy and a low drift with temperature (% 0.005%/°C).

APPLICATIONS

The Analog Devices’ 4B Series Alarm Limit Subsystem is designed
to provide an easy and convenient solution to alarm/annunciation
problems in measurement and control applications. In a typical
application, the 4B Series Alarm Subsystem provides alarm
indication for any sensor input when used with the 3B Series
Signal Conditioning Subsystem. The 3B Series interfaces directly
to sensors and converts the inputs to the standardized high level
analog signal that the 4B Series alarms. This modular approach
provides a very flexible means to alarm indication since the
same 4B module can be used to alarm a variety of sensors when
used with the appropriate 3B module. The 4B Series can also
provide alarm indication or ON/OFF control when used with
field transmitters or any other device that provides a process
current or high level voltage output.

FUNCTIONAL DESCRIPTION

Each alarm module is a single channel unit that plugs into sockets
on the backplane and accepits its signal from either the input
screw terminals or the voltage input connector. All alarm modules
provide input protection, filtering of the input signal, accuracy .
of +0.1% and feature two relay outputs that are capable of
driving loads up to 3A.

The choice of a specific 4B module depends on whether the
input signal is a high level voltage or a process current. The
voltage inputs can be connected to a 4B module by either the
input screw terminals or the voltage input connectors. Process
currents can also be connected through either the screw terminals
or the voltage input connector, but must use a sensing resistor.
The current input models are shipped with the required sense
resistor, which is to be installed on the input screw terminals.

The transfer function provided by each alarm module is:
Inputs: High level voltage or process current

Outputs: Two independent ON/OFF Relay Outputs

Figure 1 shows a functional diagram for the model 4B10 alarm
limit module which has been configured for HI-LO operation.
The high level voltage input signal is filtered and compared
against both set points. If the process variable is above the HI
limit or below the LO limit, the appropriate relay is turned on.

Each set point has an adjustable dead band (0.5%-10.0% span),
which is used to eliminate nuisance alarms. Dead band is the
amount of signal change necessary, after an alarm has occurred,
to return an alarm to its original condition. As an example, if
the HI limit is set at 75% of span and the dead band is 2%, the
alarm will turn on when the process variable is at 75% and will
not turn off until the process variable falls to 73%. For a LO
limit configuration, the dead-band relationship is reversed and
the alarm would not turn off until the process variable has risen
above the sum of the LO set point value and the dead-band
value.

Each set point has an LED which turns on when an alarm
condition occurs and provides local alarm indication.

OvERmIDE  AEADBACK
W W 10

Figure 1. 4B10 Functional Block Diagram

The alarm status of both limits can be read externally from the
digital I/O connector. When an alarm state exists which is TTL
active high on the readback pins, the relay can be turned off
with an external override signal (TTL active low) that connects
to the digital I/O connector. The readback/override feature
allows for external monitoring of the alarm states as well as for
external control or alarm acknowledgement. When an override
signal is used, the readback feature reads the alarm state and
not the relay input signal so that the state of the process variable
can still be monitored.

For the modules with a display, positive overload is_indicated
by and negative overload is indicated by a L in the left
most position.

The 4B modules have five user programmable jumper options.
Each unit can be configured for unipolar or bipolar inputs, both
set points can be configured for HI or LO limit operation, and
both relays can be configured for Normally Open (NO) or Normally
Closed (NC) operation. These options allow the user to readily
tailor the 4B units to his specific needs. For instance; if HI-HI
operation were required, it is available by changing the appropriate
jumpers. All modules are shipped from the factory configured
for unipolar input, NO relay action, and HI-LO operation.

4B MODULE SPECIFICATIONS

(typical @ +25°C and 15V, + 5V dc power)

Model 4B10, 4B20 4B11,4B21 4B12,4B22
Inputs® Oto +10V, = 10V 0-20mA  4-20mA
Outputs (2 SPST Relays) Resistive Rating: 3A @
120V acor 24V dc * *
Performance
Accuracy? +0.1% span * *
Temperature Stability +0.005% span/’C * *
Bandwidth® SHz(-3dB) * *
Normal Mode Input Protection 130Vrms * *
Normal Mode Rejection @ SOHzor 60Hz 20dB * *
Input Resistance* 100MQ2 * *
‘Warm-Up Time to Rated
Performance 3 Minutes * *
Features
Two Set Points per Module Adjustable over 100% span
by 25 turn potentiometers * *
Dead band per Set Point 0.5%-10.0% span, adjustable
by 1 turn potentiometer * *
Relay Action Field reversible by jumper change * *
Three Digit Display® 0-99.9% of input span * *
Alarm Status Readback TTL Level * *
External Override Signal TTL Level * *
Power Supply
Voltage, Rated Performance *15V, +5V * *
Voltage, Operating *12Vio £ 18V, +4.5V105.5V  * *
Current® *12mA, +150mA * *
Size? 4.020" x 1.050” x 4.020" * *
Environmentat
‘Temperature Range, Rated Performance 0to +70°C * *
Storage Temperature Range —25°Cto +85°C *
Relative Humidity, Conforms to MIL
§1d 202, Method 103B 01095% @ 60°C, noncondensing * *
RFI Susceptibility +0.5% span error,
SW @ 400MHz @ 3 f1. * *

NOTES

Woltage input range is jumper slectable.

2Accuracy includes setability, repeatability, linearity, and hysteresis. Models 4B10, 4B11, and 4B12 have a quantization
error of =1 digit.

*Unipolar inputs only. Bipolar inputs have a bandwidth of 10Hz (- 3dB).

*Unipolar inputs only. Bipolar inputs have an input resistance of 400k,

Only models 4B10, 4B11 and 4B12 have & three digit display.

“Only models 4B10, 4B11 and 4B12. Models 4B20, 4B21 and 4B22 require =12mA for 15V and +125mA
from +5V. .

"Only applies 1o models 4B10, 4B11 and 4B12. Models 4B20, 4B21 and 4B22 measure 4.020" x 1.050" x 3.530".
*Specifications same as 4B10, 4B20. .

Specifications subject to change without notice.
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Digital-to-Analog Converters

General Purpose 8-Bit D/A Converters

MSB Lss
+Vs B1 B2 B3 B4 B6 87 B8

T13 Ts Ts T7 Ta Te ?w Tﬂ Tu

LOGIC BUFFERS AND LEVEL SHIFTERS

NETWORK L

_] 4 ——loyr
0
cunnzml | 1 LI,
o sitoues | & STLETE TS I s s zg,s
3
15
REF
AMP
16 AD1408/AD1508
comp Vs
msB LsB
+Vs  Vic Bl B2 B3I B4 BS B6 B7 B8
P 1 Ts Te Tv Ts Tg Tm T e
| I 1
BIAS
N LOGIC BUFFERS AND LEVEL SHIFTERS
4 5 lour
CURRENTlTTTTTTT 25
w sutones | by S TS A e T B I Bl | - o
VReF (+) |) R j
+ .
o I EL
Vrer ) REF SR 32 $2R $2r $2R $2r SR 2R,
AMP
R R R R R R AD DAC-08!
6 3

AD1408/AD1508

tmproved Replacement for Industry Standard
1408/1508

Improved Settling Time: 250ns typ

Improved Linearity: +0.1% Accuracy Guaranteed
Over Temperature Range (-9 Grade)

High Output Voltage Compliance: +0.5V to 5.0V

Low Power Consumption: 157mW typ

High Speed 2-Quadrant Multiplying Input: 4.0mA/ps
Slew Rate

Single Chip Monolithic Construction

Hermetic 16-Pin Ceramic DIP

Page
Vol. 1
9-265

AD DAC-08

Exact Replacement for Industry Standard DAC-08

Fast (85ns typical) Settling Time

Linearity Error = 1/4LSB (*0.1%) Guaranteed Over
Full Temperature Range

Wide Output Voltage Compliance: — 10V to + 18V

Single Chip Monolithic Construction

16-Pin Ceramic DIP Packaging

Vol. 1
9-89

DIGITAL-TO-ANALOG CONVERTERS VOL. I, 10-3



Selection Guide

Digital-to-Analog Converters

General Purpose 10-Bit D/A Converters

DIGITAL LOGIC INPUTS
X

Msat1 BT2 @73 BT4 BIS BTE BT7 B8 BT LS8 10

AD DAC100

Ra
BIPOLAR REF

VOL. I, 10-4 DIGITAL-TO-ANALOG CONVERTERS

- - - - -

ANALOG
outPuT

AD DAC-100

Complete Current Output Converter

High Stability Buried Zener Reference

Single Chip Monolithic Construction

Wide Supply Range =6V to =18V

Trimmed Output Application Resistors

Fast Settling - 225ns (8 Bits), 375ns (10 Bits)

Guaranteed Monotonicity Over Full Operating
Temperature Range '

TTL and DTL Compatible Logic Inputs

Hermeticaly-Sealed 16-Pin Ceramic DIP (All Grades)

AD561

Complete Current Output Converter

High Stability Buried Zener Reference

Laser Trimmed to High Accuracy (1/4 LSB Max Error,
AD561K, T)

Trimmed Output Application Resistors for 0 to +10,
+5 Volt Ranges

Fast Settling — 250ns to 1/2LSB

_ Guaranteed Monotonicity Over Full Operating

Temperature Range
TTL/DDT and CMOS Compatible {Positive True Logic)
Single Chip Monolithic Construction
Hermetically-Sealed Ceramic DIP (All Grades)

Page
Vol. 1
9-287

Vol. 1
9-43



General Purpose 12-Bit D/A Converters
HEF?O‘UY VTC‘; BIPOLAROFF © . AD565A Page

+ M 20v AN Single Chip Construction Vol. 1
tov 9.95k Very High Speed: Settles to 1/2LSB in 250ns max 9-57
- AD5E5A gk Full Scale Switching Time: 30ns
10 10v sPAN . e R .
N 19,95k asma ! —o High Stability Buried Zener Reference On Chip
MY = ™ DAC Monotonicity Guaranteed Over Temperature
REFIN Flree DAC » 20T Linearity Guaranteed Over Temperature: 1/2LSB max
nero® - our = o Su (AD565AK, T)
= 4 x Ingr x CODE . Guaranteed for Operation with =12V Supplies
I— CODE INPUT l_']’ Low Power: 225mW Including Reference
2,7 POWERL1Z | 24 —— —m = m e = “%‘ Pin-Out Compatible with AD563, AD565
-Vee e MSB e 1LSB N

AD566A

Single Chip Construction Vol. 1
Very High Speed: Settles to 1/2LSB in 350ns max 9-65
Full Scale Switching Time: 30ns
Guaranteed for Operation with —12V Supply
Monotonicity Guaranteed Over Temperature
Linearity Guaranteed Over Temperature:
1/2LSB max (AD566AK, T}
Low Power: 180mW
Pin-Out Compatible with AD562, AD566

o L AD DAC80 SERIES

ora[2h— | é—l |w,'}$;°|_|—n GAIN ADJUST Single Chip Construction Vol. 1
wrs GH CIRCUTY (2] e On-Board Output Amplifier ‘ 9-277
e H 7] common Low Power Dissipation: 300mW

E_ e Lo = E‘ OMAING SONCTON Monotonicity Guaranteed Over Temperature
srele Reoen | [sag | sa Guaranteed for Operation with =12V Supplies
are (o nemon [1o] zov manc Improved Repl t for Standard DAC80
w7 [7 ] Soaaeet (18] 1ov Rance High Stability, High Current Output Buried Zenér ¢
ars E—‘ A 17] epocan orrser Reference
= L 116] rer npur Laser Trimmed to High Accuracy: *1/2LSB max
ar1o [ 7] vour Nonlinearity
orn [ I L [ v Low Cost Plastic Packaging
ez E E] - ' Current Out Models and Voltage Output Models

AD DACE0 Available

+Vec | GND  -Vge
o

AD6012

1/2LSB max Differential Linearity Error Over Vol. I

Ve (+) e lour Temperature 9-97
oAc =—(s)—olo 250ns Typical Settling Time

tour = 4 X lnes X CODE Full Scale Current 4mA \

Tour = 4mA = lour High Speed Multiplying Capability

CODE INPUT TTL/CMOS/ECL/HTL Compatible

—————— High Output Compliance: —5V to +10V
' Complementary Current Outputs

Low Power Consumption: 230mW

ADE6012
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Digital-to-Analog Converters

High Resolution D/A Converters

BIT1 Q1

82 [ZT— l

s
’;1(

eir3 3
BT 4 21
s 5 |
eire (51—
a7 (T
orrs [}
s 31

BIT10

o=

I

Q

a2
=

33

o

14

24| 6.3V REF OUT

23] +15v

2] GAIN ADJUST
1] SUMMING JUNCTION

16-BIT
LADDER
RESISTOR

SWITCHES

26] common

[15] -15v
8] +5v

7] Vour

e 1 [ —7 | I

6] BIT 16

[75] BT 35

4] BIT 14

BiT 12 [32]

AD DAC71 AND AD DAC?7:

2

3] BIT13

22M ZERO
MsB 3 [ o—a] = PRECISION @A ———=a—0 [ 71 ADIUST
BIT2 2| o—ud l=! CURRENT 70 Sk SENSE
BIT3 3| o—uf |et DIVIDER 4 69 CURRENT OUT
BIT4 4| O—ani I~ 2220 | ¢ 68 10k SENSE
I L 5k
BIT5 9| O—mf Fo 9
BIT6 10( O—e] =
BIT7 11| o—=f =~
BITS 12| O—= [ ooenr [
STEERING 6 Ve
BIT9 16| O——={ CIRCUIT |y HEFERENCE
BIT 10 17) 0ot -
PRECISION
BIT 11 18] O— [+ CURRENT ©.| 53 REF IN
DIVIDER -
12 19| oar] . -0 | 52 REF OUT
a8k
BIT13 23| O— - 6k
BIT14 24| O—m= = Lo 49 GAIN
BIT15 25| O——w= =
pir 16 20| 0—u] . |- 48 GAIN
*BIT17 27| O—== -t :5"’, 47 AMP OUT
45V 28 — 46 BIPOLAR
81718 29 OFFSET OUT
+15V 30 45V 44 AMP IN
hg I
-5V 32| O—sm-15V
. DAC1136
COMMON 34 DAC1138 OUTPUT
W AMPLIFIER
*DAC1138 ONLY
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AD DAC71/AD DAC72

16-Bit Resolution

+0.003% Maximum Nonlinearity

Low Gain Drift +7ppm/°C

0 to +70°C Operation {AD DAC71, AD DAC71H,
AD DAC72C)

—25°C to +85°C Operatlon (AD DAC72)

Current and Voltage Models Available

Improved Second-Source

Page ’
Vol. 1
9-271

DAC1136

16-Bit Resolution and Accuracy
Low Cost

Nonlinearity 1/2LSB 4
Settling to 1/2LSB (0.0008%) in éps

Vol. 11
10-27

DAC1138

18-Bit Resolution and Accuracy (38pV, 1 Part in
62,144)

Integral Nonlinearity 1/2LSB

Differential Nonlinearity 1/2LSB

Settling to 1/2LSB (0.002%) in 10ps

Hermetically-Sealed Semiconductors

Vol. Il
10-27



‘ ~ DAC1146 Page

DAC1146
’ Low Cost, High Accuracy 18-Bit D/A Converter Vol. 11

Integral Nonlinearity: +0.00076% FSR max 10-35
Differential Nonlinearity: +0.00076% FSR max

Low Differential Nonlinearity T.C.: *1ppm/°€ max

Wide Power Supply Operation: =11.5V to =16V

Fast Settling: 6ps to +0.00076% FSR

Small Size 2" x 2" x 0.4"

18-BIT
CMOS DAC
(CURRENT
OUTPUT)

TPUT

oy
AMPLIFIER

+10V
REFERENCE ’

HDD-1409

14-Bit Resolution
200kHz Word Rates
RZ Gated Output
32-Pin DIP

HDD-1409

INPUT
REGISTER

St
oureut | 1 o | " APPLICATIONS Vol. 1
CONVERTERS g"’ LV ~G3) anatocouteur FDM/TDM Transmultiplexers 9-305

Digital Signal Processing
PCM Systems:
Digital Audio

INPUT
REGISTER

— 1 I

— AD569

st o +
R255 [—4 - Guaranteed 16-Bit Monotonicity
- e Voltage Output, 6us Settling Time
- As11 | Monolithic BIMOS Construction
R253 3 as10 +0.02% Nonlinearity
|}—I- e | s 8- and 16-Bit Bus Compatible Vol. 1
1 1 | seecrion H SELECTION 6us Settling Time 9-81
! 1 Ve Low Drift '
- 1 R2s7 ] Low Power: 150mW
- — Low Cost '
R2 R256
!——.
Vg _L_'[>—
SENSE

sae—I .7 T

16-BIT LATCH ]

8-BIT LATCH I

DB1S D88 DbB? DBO
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Digital-to-Analog Converters

CMOS Multiplying D/A Converters

10K
20k 20k
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[¢] o} :
BIT1(MSB) BIT2 BIT3 BIT 10 (LSB) AD7533
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ODIGITO e e e [
o mom T T ol
i Y Rw~R ‘
vif R V2 g V3 R V& DACH
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00101617 ¢ & T g o o
- o+ =t (Same as Above) ouTl
o1 uTl 4
R4=15R3 vy
R5=0.2R GND
' Ring=R i
[ -
GND|—¢
00010iGIT{ &= . backs
. O — = (Same as Above) out
o -
AD7525 v
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AD7523

8 Bits of Resolution

Fast Settling: 100ns

Low Power Dissipation

Low Feedthrough: 1/2LSB @ 200kHz
Full Four-Quadrant Multiplying

AD7533

Lowest Cost 10-Bit DAC

Low Cost AD7520 Replacement

Linearity: 1/2, 1 or 2LSB

Low Power Dissipation

Full Four-Quadrant Multiplying DAC
CMOS/TTL Direct Interface

Latch-Free (Protection Schottky Not Required)
End-Point Linearity

\

AD7525

Resolution: 3 1/2 Digit BCD (1999 Counts)
Nonlinearity: +1/2LSB Tyn t0 Tmax

Gain Error: £0.05% FS

Excellent Repeatability Accuracy

Low Power Dissipation

Page

Vol. 1
9-167

Vol. 1
9-177 .



VRer

& $

J.

O 0UT2

o—-—--4+-=

|
|

|

|
T
|
|
o]

[e]
BIT 1 (MSB) BIT 2 BIT 3 BIT 12 (LSB) AD7541A
Voo
‘D)

AD7534

Vnzr (1 14-BIT R-2R LADDER

] r LG aanor
- l;wsn' DAC REGISTER ‘
1r 170

8-BIT MS 8-BIT LS
REGISTER REGISTER o
[ 9 0GIC (D) &

]
1
)] :
: : +——Ooum
e mend | 10K
| 4 | Reeepsack

AD7240

12 Bits of Resolution

Fast Voltage Settling Time: 550ns to 0.01%

Total Unadjusted Error: 1LSB max

Single Supply Operation

Latch-Up Proof {No Protection Schottky Required)

Superb Differential Nonlinearity: 1/2LSB max °
Over Temperature

Low Power Dissipation: 30mW

AD7541A

12 Bits of Resolution

Improved Version of AD7541

Full Four Quadrant Multiplication
12-Bit Linearity (End-Point)
+1LSB Gain Error .
All Parts Guaranteed Monotonic
TTL/CMOS Compatible
Protection Schottky not Required
Low Logic Input Leakage

AD7534

14 Bits of Resolution

Full 4-Quadrnat Multiplication

Microprocessor Compatible with Double Buffered
Inputs

Exceptionally Low Gain Temperature Coefficient,
Oppm/°C typ .

Small 20-Pin Package

Low Output Leakage (<20nA) over the Full
Temperature Range

All Grades 14-Bit Monotonic over the Full
Temperature Range

Page

Vol. 1
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Vol. 1

9-209

Vol. 1
9-201
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Digital-to-Analog Converters

CMOS Multiplying D/A Converters
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>SEG
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b—0 01—

SEG 16.BIT DATA LATCH
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AD7546

16 Bits of Resolution

Monotonic to 16 Bits Over Temperature
On-Chip Deglitch Switch

Unipolar and Bipolar Operation
Microprocessor Compatible

TTL/CMOS Compatible Latched Inputs
Voltage Output (Constant Qutput Impedance)
Low Cost

Low Power Consumption: 50mW typ

Page

Vol. 1
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Log D/A Converters

AD7TIM

17-BIT CMOS
D/A CONVERTER

— v T

DECODE LOGIC

=

DATA INPUT
LATCHES

D7 Dé D5 D4 D3 D2 D1 DO

(MSB)

DATA INPUTS (LsSB}

@ Rep
(1) tour

2) AGND

vin (17)

AD7115

12-BIT CMOS
D/A

z =

12-BIT DAC
REGISTER

a_r

&
DECODER

0!

z =

9-BIT LATCH

o lour

2 )AGND

AD7118
17.8IT CMOS
Vin (12 D/A CONVERTER
{17}
Voo (11
DECODE LOGIC
oano (B

2 3 4 5 6

D5 D4 D3 D2 D1 DO
{LSB

(MsB)

7

SB)

AD7111

Dynamic Range: 88.5dB

Resolution: 0.375dB

On-Chip Data Latches

Full £25V Input Range Multiplying DAC

Low Distortion

Single +5V Supply

Latch-Up Free (No Protection Schottky Required)

APPLICATIONS

Digitally Controlled AGC Systems
Audio Attenuators

Wide Dynamic Range A/D Converters
Sonar Systems

Function Generators

AD7115

Dynamic Range: 0 to 19.9dB Plus Full Muting
Resolution: 0.1dB

2 1/2 Digit BCD Input Coding

On-Chip Data Latches

Full £25V Input Range

Low Distortion and Noise

Latch-Up Free (No Protection Schottky Required)
TTL Compatible .

'AD7118

Dynamic Range 85.5dB

Resolution 1.5dB

Full £25V Input Range Multiplying DAC

Extended Temperature Range —55°C to +125°C

Low Distortion

Low Power Consumption

Latch-Proof Operation {Schottky Diodes Not
Required)

Page
Vol. 1
9-109

Vol. 1
9-115
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Digital-to-Analog Converters

8-Bit ywP-Compatible D/A Converters
— AD558

18 Nour Complete 8-Bit DAC
Voltage Output - 2 Calibrated Ranges

15 f Your sense Internal Precision Band-Gap Reference

1se)

sra|1
e

5:77E
w2

L]

g —
g Bl p— =
.:Ls E LATCHES |

070288V

PN Single-Supply Operation: +5V to +15V
el Laoor, = i Full Microprocessor Interface
7] yoitaa —1 daLoc sonor Fast: 1us Voltage Settling to +1/2LSB
[ CoMMoN Low Power: 75mW
No User Trims
BIT4 DIGITAL
tan 2] common ! Guaranteed Monotonic Over Temperature
K All Errors Specified Tmin to T
"l 1] trrorean Small 16.Pin DIP Package
w2 5] ] ety @ Single Laser-Wafer-Trimmed Chip for Hybrids
g?'s"a') ) 3 ENaBLe B!

AD7224

8-Bit DAC with Output Amplifier
Full Double Buffering
Microprocessor Compatible
Single Supply Operation
Multiplying Capability

No User Trims :

Low Power

0.3” Wide 18-Pin DIP

& ® AD7226

Four 8-Bit DACs with Output Amplifiers

M 0.3 Wide, 20-Pin DIP
Microprocessor Compatible
Vours TTL/CMOS Compatible

No User Trims
Single Supply Operation Possible

mss
DATA I(E_——
@8IT) G

s D_

Vi AGND  DGND
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T,. AD7524 ' Page
Vaer o8 Mok ok Wk Microprocessor Compatible (6800, 8085, 280, Etc.) Vol. I
20: 20;' 2;; " 0 S TTL/CMOS Compatible Inputs 9-171
> 18 On-Chip Data Latches
Res Lo .
o g fa| B
! ,I 'I 'I 3 wer Consumpti
1 .l 4+ 1 _ooumt Monotonicity Guaranteed (Full Temperature Range)
{ \ : : Latch-Free (No Protection Schottky Required)
! + $4 0 0UT2
1 1 1 1o, |
CHIP SELECT o~ T . 3
13 DATA LATCHES . O GND
WRITE O
’ . ‘ 45 { AD7524
n

;L”"““ AD7528

Dual D/A Converter Vol. 1
On-Chip Latches for Both DACs 9-183
+5V to +15V Operation

DACs Matched to 1%

Four Quadrant Multiplication

TTL/CMOS Compatible

Latch-Free (Protection Schottkys Not Required)

INPUT

BUFFER LATCH DAC A

AD7528

S
CONTROL, i

LOGIC '
LATCH ’ DAC B
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Digital-

to-Analog Converters

12-Bit pP-Compatible D/A Converters
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AD567

Single Chip Construction

Double-Buffered Latch for 8-Bit pP Compatibility

Fast Settling Time: 500ns max to +1/2LSB

High Stability Buried Zener Reference on Chip

Monotonicity Guaranteed Over Temperature

Linearity Guaranteed Over Temperature: 1/2LSB
max (AD567K, T)

Guaranteed for Operation with =12V or =15V
Supplies

Low Power: 300mW Including Heference

TTL/5V CMOS Compatible Logic Inputs

AD667

Voltage Output

Single Chip Construction

Double-Buffered Latch for 8-Bit pP-Compatlblhty
Fast Settling Time: 5ns max to +1/2LSB

~ High Stability Buried Zener Reference On Chip

Monotonicity Guaranteed Over Temperature

Linearity Guaranteed Over Temperature: 1/2LSB
max (AD667K, T)

Guaranteed for Operation with =12V or =15V
Supplies

Low Power: 300mW Including Reference

TTL/5V CMOS Compatible Logic Inputs

AD3860

Nonlinearity: = 1/2LSB Tpin t0 Tmax
12-Bit Input Register

Small Size: 24-Pin DIP

Fast Settling: 5ps to +0.01%
Internal Reference

Internal Output Amplifier

AD390

Four Complete 12-Bit DACs in One IC Package

Linearity Error £1/2LSB Tmin = Tmax (AD3%0K, T)

Factory-Trimmed Gain and Offset

Buffered Voltage Output

Monotonicity Guaranteed Over Full Temperature
Range

Double-Buffered Data Latches

Includes Reference and Buffer

Fast Settling: 8xs max to +1/2LSB
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—Y - AD7542 Page

. Nonlinearity: +1/2LSB Tyin to Trax Vol. 1
AD7542 1281T MULTIPLYING DAC Qoun Low Gain Drift: 2ppm/°C typ, 5ppm/°C max 9-215
2joutz Microprocessor Compatible
(} 3) AGND Full 4-Quadrant Multiplication
TR (13 Low Multiplying Feedthrough
128IT DAC REGISTER DV Low Power Dissipation: 40mW max
IO IERE) IREN) 111 o Small Size: 16-Pin DIP
H-BYTE M-BYTE LBYTE , (02)paro
ot pem e |-| EACES
A0 (30 LOGIC
e 7. DO (LSB)
6 )01
5)D2
4 ) D3 (MSB)
AD7543 (9)~re AD7543
’ . Nonlinearity: +1/2LSB Ty t0 Trmax i Vol. 1
12.BIT D/A CONVERTER oun Low Gain T.C.: 2ppm/°C typ, 5ppm/°C max . 9-223
(2) our2 Serial Load on Positive or Negative Strobe
{} (3) AcnD Asynchronous CLEAR Input for Initialization
Full 4-Quadrant Multiplication
DAC REGISTER B Low Muitiplying Feedthrough: 1LSB max @ 10kHz
LOAD Requires no Schottky Diode Output Protection
. Low Power Dissipation: 40mW max
G +5V Supply .
REGISTER A Small Size: 16-Pin DIP
D 12.B1T SHIFT REGISTER OFRl '
(19) Voo

(12) benp
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12-Bit wP-Compatible D/A Converters

Page
R
> AD7545 Vol. 1
AD7545 R Low Gain T.C.: 2ppm/°C typ 9-231
Doum Fast TTL Compatible Data Latches
VRer 12BIT Single +5V to +15V Supply
© MULTIPLYING DAG 2) AGND Small 20-Pin 0.3" DIP
42} Latch Free (Schottky Protection Diode Not Required)
wR(17) Ideal for Battery Operated Equipment
‘. INPUT DATA LATCHES P ‘
— o PUT DATA LATCHE
& (9 3) DGND
<o p
- J
DB11-DBO
{PINS 4-15)
Vv,
v AD7548
N\ "
AD7548 20) Rra 8-Bit Bus Compatible 12-Bit DAC Vol. 1
) lour All Grades 12-Bit Monotonic Over Full Temperature 9-247
Vrer @ R-2R LADDER < acND Ranges

Operation Specified at +5V, +12V or +15V '
Power Supply

DATA OVERRIDE 5) DFIDOR Low Gain Drift of 5ppm/°C Maximum
LoGic 6) CTRL Full 4-Quadrant Multiplication
Small 20-Pin Package
DAC REGISTER .
15) IDAC
17) WR
INPUT REGISTERS CONTROL
LOGIC
16) CSLSB
DATA STEERING 4) CsmsB
LOGIC
) (e 3 . ’
DB7-DBO DGND
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Video Display D/A Converters

ADJUST
10% BRIGHT
10% BRIGHT
CURRENT
SWITCH

F
whiTe (23) —‘
DIGITAL - .
INPUT - |
- o~
ect  ={current }={ A f:2R ouTPUT
57R08E (D] nc &2 eRs |ou] SHTEHES o] LADDER ({18}
NETWORK
- L
- -
- -
COMPOSITE pxvrens I
SYNC CURRENT
SWITCH

COMPOSITE
BLANKING

SETUP
CURRENT
SWITCH

HDG SERIES

GLITCH ADJUST

COMPENSATION

CURRENT SET

~-8.2v

P = o 220%

Vour = 4 %:"L) Rioas

HDG SERIES

Ultra Fast 7ns Settling Time to 0.4% (8ns max)
Low 50 pV-s max Glitch Energy
Operates from Single —5.2V Power Supply
Complete Composite Inputs
Designed for General Output Compatibility with EIA
Standard RS-170 and RS-343, Including
10% Brightness
HDG-0805
Resolution: 8 Bits
% of Gray: 0.4%
Settling Time: 8ns
HDG-0605
Resolution: 6 Bits
% of Gray: 1.6%
Settling Time: 6ns
HDG-0405
Resolution: 4 Bits
% of Gray: 6.4%
Settling Time: 4ns

AD9700

Update Rates to 125MHz
2ns Rise Time .
On-Chip Reference Voltage
Single —5.2V Power Supply
Complete Composite Inputs

APPLICATIONS

Raster Scan Displays

Color Graphics

Automated Test Equipment
TV Video Reconstruction

Page
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Video Display D/A Converters

REFERENCE  REFERENCE
45V out
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a0 (—| T

STROBE RESET {— |

REFERENCE
BLCK

COMPOSITE ©
BLANKING 0,1.9,0R
3.8mA
SETUP (26,

CURRENT SWITCH

1.9mA

o
c
3
o
x
>
g
g
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HDD-0810C
HDD-1015C

CURRENT. SWITCH
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AD9768

8 Bits of Resolution

Sns Settling Time
100MHz Update Rate
20mA Output Current
ECL-Compatible

40MHz Multiplying Mode

HDD SERIES

HDD-0810 ~ 8 Bits of Resolution
HDD-1015 - 10 Bits of Resolution

Ultra Fast 10ns Settling Time to 0.2% (HDD-0810)
15ns Settling Time to 0.1% (HDD-1015)

Internal Monolithic Reference
Low 200pV-s Glitch Energy
Single —5.2V Power Supply

Designed for General Output Compatibility with EIA
Standards RS-170 and RS-343, Including

10% Brightness

Complete Composite Inputs (HDD-0810C,

HDD-1015C)

Page
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Video Speed Current Output D/A Converters

e psamer HDS-0810E/HDS-1015E Page
BIT1 O—1— —1 -
mr2 o2 — - 2o SomY HDS-0810E: 8 Bits Vol. 1
ot %E - = HDS-1015E: 10 Bits 9-321
e eam b s m o) ECL Inputs
BTz o et -t Settling Time to 10ns
oo 3 - || MonoLTHIC Low Glitch Energy - 200pV-s
BT 10 n = REFERENCE 100MHz Update Rates
LR Low Power <1 Watt
Lt, 12 13-20,23, 24 22
-5.2v GROUND GI.’TCH
ADJUST
uso 2 HDS-0820/HDS-1025
BIT1 [ ; — 1 & 3 GROUND .
ey S u Lo v |z HDS-0820: 8 Bits Vol.1
| =3H e B o BB HDS-1025: 10 Bits 9-317
— | o_rE surren [ ecee [ FRE sizma [, OUTRVT 25ns Current Settling to 0.1% ' .
INPUTS I o-—:- DILTL | SWITCHES [ e on —o Sroser 10mA Current Out
[ n SINK uarantee: onotonicity Over Temperature
| o Rt G teed Monotonicity Over T t
oo o2 n - H—0 +15v No External Parts Required
Ls8 ] vourae | 12e o, Reliable Hybrid Construction
SOURCE
HDS-0820, 1025
HDS-1240E
s o - || PRECISION
or2 ol u | | ateeacnce 12 Bits of Resolution Vol. I
BiT3 08 ] 2 _ BIPOLAR 12-Bit Settling Time to 40ns 9-323
aiTe 022 t - © CRRENT Low Glitch Energy
Birs oL — | 8 BIPOLAR ECL Compatible
BIT6 02 ecL | paecision ) OFFSET Replacement for ADH-030, DA-4000, DAC397
INPUT ELECTRONIC RESISTOR 9 -
BIT7 02 BUFFER t—{ SWITCHES L] Nerwomrk —0 SURRENT .
BIT8 :: ——1 B o p— a2
—
Cibem B ®om,
a1 o2 - — $ana
BIT 12 24 i 1 FB2
© {LSB)
HDS-1240E
1 12 3,45
+15v -15V GROUND
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Video Speed Voltage Output D/A Converters

MSB
BI

T

|

|
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INPUTS I
|
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INPUT
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12‘

+18V

BT 1 (ms) (3
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CURRENT OUTPUT
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UTPUT
D/ACONVERTER|

5
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HDH SERIES

200ns Voltage Settling to 0.1%

10mA Current Out :
G eed M icity Over Temperature

No External Parts Required
Reliable Hybrid Construction
HDH-0802

Resolution: 8 Bits

Settling Time: 200ns to 0.4%
HDH-1003

Resolution: 10 Bits

Settling Time: 300ns to 0.1%
HDH-1205 .

Resolution: 12 Bits

Settling Time: 500ns to 0.125%

HDD-1206

12 Bits of Resolution

Registers, D/A, Amplifier in Single Hybrid
Deglitched Volitage Output

6MHz Update Rate '

HDM-1210

Small Size: 24-Pin DIP
12-Bit Multiplying Accuracy '
Good Drive: 10.24mA
Highest Speed Available

Page
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Orientation
Digital-to-Analog Converters

FACTORS IN CHOOSING A D/A CONVERTER

In the current issue of this two-volume catalog, there are listed
some 62 different families of digital-to-analog converters
(DACs). If one were to consider all the variations, there would
be more than 260 types to choose among. The reason for so
many different types is the number of degrees of freedom in
selection—technological, functional, and performance. Com-
plete information on converters may be found in the 250-
page book, ANALOG-DIGITAL CONVERSION NOTES,
published by Analog Devices and available for $5.95 from
P.O. Box 796, Norwood MA 02062,

TECHNOLOGICAL FACTORS
The technologies represented in these two volumes include
modules (cards and potted circuits) and integrated circuits—
. monolithic and hybrid. Modules historically have provided
the extremes of performance and arbitrary levels of func-
tional completeness (e.g., the 18-bit DAC1138, the 10-bit
20MHz-word-rate deglitched MDD-1020, and the isolated
10-bit DAC1423 loop DAC), although ICs are catching up
rapidly.
The technical data in this volume embrace exceptionally
high performance (high-resolution and high-speed) d/a con-
verters, in the form of encapsulated modules. As the Selection
Guide indicates, there is also a universe of technical data, to
be found in Volume I, on a wide range of monolithic and
hybrid d/a converters, including microprocessor-compatible
types with resolution through 16 bits, and chips for hybrid
assembly.

FUNCTIONAL CHARACTERISTICS

The basic structure of all conventional D/A converters involves
a network of precision resistors, a set of switches, and some
form of level-shifting to adapt the switch drives to the speci-
fied logic levels. In addition, the device may contain output-
conditioning circuitry, an output amplifier, a reference ampli-
fier, an on-board reference, on-board buffer-registers (single-
or dual-rank), configuration conditioning, and even high-
voltage isolation.

Basic DAC

This form, which supplies a current, and consequently a small

voltage across its internal impedance or an external low-imped-

ance load, is used principally for high speed. Basic current-

output DACs are inherently fast, but additional elements

(such as an output op amp), furnished by the user to meet
_overall system specs, slow down the conversion.

While the basic DAC function is almost always linear, there
are exceptions. For example, the AD7111 LOGDAC, which
has linear two-quadrant analog response, has a digitally con-
trolled cxponentml gain function, i.e., 0.375dB per bit, a
useful function in digital audio systems.

Output Conditioning

The analog quantity that is the “output” of a DAC, represent-
ing the input digital data, may be a “gain” (multiplying DAC),
a current, and/or a voltage. In order to obtain a substantial

voltage output at low impedance, an op amp is required. It is
generally provided on-board in modular and hybrid DACs.

Almost all types of DACs provide one or more feedback resis-
tors; they are matched to, and thermally track, resistances in
the network, so that an external op amp, if used, will not
require an external feedback resistor that mlght introduce
tracking errors. If more than one feedback resistor is provided,
achoice of analog output voltage ranges becomes available, e.g.,
0-5V full-scale or 0-10V full-scale. If bipolar output-voltage
ranges are specified, a bipolar-offset output is provided to sub-
tract a half-scale value from the current flowing through the
op amp summing point; it is usually derived from the DAC’s
reference (or analog) input to avoid additional tracking error.
Multiplying DACs use an internal or external op amp for bi-
polar offset.

In addition to the usual zero-based current and voltage out-
puts, DACs are available with 4-to-20mA ISA-standard loop-
current outputs, both direct-coupled (DAC1420/22) and high-
voltage-isolated (DAC1423), with some additional features
that are specifically useful in digital control of analog processes.

In order to avoid difficulties, the user must pay especial atten-
tion to the specified output polarity, its relationship to the
reference (if external) and to the input digital code. This can
be especially tricky if the output is bipolar and the input re-
quires a complementary (negative-true) digital coding. Another
such case is where a current-output DAC, specified for a par-
ticular output-voltage polarity when used with an inverting op
amp, is used in a mode that develops an output voltage passive-
ly (without the op amp) across an external resistive load. In
addition to polarity, in this case, the user should be aware of
the output-compliance constraint and the specified resistive
component of output impedance.

Reference Input

The reference may be specified as external or internal, fixed or
variable, single-polarity or bipolar. If internal, it may be per-
manently connected (as in the DAC1106/1108) or optionally
connectible (as in the DAC1136/1138). If the DAC is a 4-
quadrant multiplying type, the reference (or “‘analog input’’)
is external, variable, and bipolar. The user should check a
converter’s specifications to determine whether the full-

scale accuracy specifications are overall or subdivided into

a converter-gain spec and a reference spec.

Digital Data

There are a number of ways in which converters dlffcr in re-
gard to the input data: First, the coding must be appropriate
(binary, offset-binary, two’s-complement, BCD, arbitrary,
etc.), and its sense should be understood (positive-true,
negative-true). The resolution (number of bits) must be suf-
ficient; in addition, the specifications must be checked to
ascertain that the 20 distinct binary input codes will not only
be accepted, but that also they will (if necessary) correspond
to 21 output values in amonotonic progression at any temper-
ature in the operating range, with sufficient accuracy.
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The data levels accepted by the converter must be checked
(TTL, ECL, low-voltage CMOS, high voltage CMOS), as

must the input loading imposed by the converter, and the
supply conditions under which the converter will respond

to the data. Check the data notation (is the MSB Bit 1 or

Bit (n-1)?)—misinterpretation can lead to connecting the

data bits in backward order. If buffer registers are desired,

the converter should have an appropriate buffer configuration.
The data can be clocked in, while the DAC output remains
unchanged.

Controls

If the DAC has external digital controls—for example, register
strobes— their drive levels, digital sense (true or false), loading,
and timing must be considered. The function and use of con-
figuration controls (where present), such as serial/parallel,
short-cycle, or chip-select decoding should be understood, and
the appropriate ways of disabling them when not needed
should be employed.

Power Supplies

Appropriate power supplies should be made available, consid-
ering the logic levels and analog output signals to be employed
in the system. The appropriate degree of power-supply stabil-
ity to meet the accuracy specs should be employed. Any rec-
ommended external protection circuitry (e.g., Schottky diodes,
to ensure that Vg is never more than 0.4V above Vpp in the
AD7522) should be planned for. In many cases separate analog
and digital grounds are required; ground wiring should follow
best practice to minimize digital interference with high-accu-
racy analog signals, while ensuring that a connection between
the grounds can always exist at one point, even if the “mecca”
point is inadvertently unplugged from the system.

For video converters, use massive, low impedance ground
systems. The analog and digital grounds are connected to-
gether inside converters of these types, so bus bars are es-
sential for system grounding and power distribution; use
lots of ground plane on PC boards.

SPECIFICATIONS AND TERMS

Definitions of the performance specifications, and related
information, are provided on the next few pages, in alpha-
betical order.

Accuracy, Absolute

Error of 2 D/A converter is the difference between the actual
analog output and the output that is expected when a given
digital code is applied to the converter. Sources of error in-
clude gain (calibration) error, zero error, linearity errors, and
noise. Error is usually commensurate with resolution, i.e., less
than 2-(n + 1), or “4% LSB” of full scale. However, accuracy
may be much better than resolution in some applications; for
example, a 4-bit reference supply having only 16 discrete digi-
tally chosen levels would have a resolution of 1/16, but it
might have an accuracy to within 0.01% of each ideal value.

Absolute-accuracy measurements should be made under a set
of standard conditions with sources and meters traceable to an
internationally accepted standard.
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Accuracy, Relative

Relative accuracy error, expressed in %, ppm, or fractions of
1 LSB, is the deviation of the analog value at any code (rela-
tive to the full analog range of the device transfer character-
istics) from its theoretical value (relative to the same range),
after the full-scale range (FSR) has been calibrated. Since the
discrete analog output values corresponding to the digital in-
put values ideally lie on a straight line, the relative-accuracy
error of a linear DAC can be interpreted as a measure of non-
linearity (see Linearity).

Compliance-Voltage Range

For a current-output DAC, the maximum range of (output)
terminal voltage for which the device will provide the speci-
fied current-output characteristics.

Common-Mode Rejection (CMR)

The ability of an amplifier to reject the effect of voltage
applied to both input terminals simultaneously. Usually a
logarithmic expression representing a ‘‘common-mode rejec-
tion ratio” g 1,000,000:1 (CMRR) or 120dB (CMR). A
CMRR of 10°:1 means that 2 1V common-mode voltage
passes through the device as though it were a differential input
signal of 1 microvolt. ’ :

Common-Mode Voltage

An undesirable signal picked up in a circuit by both wires
making up the circuit, with reference to an arbitrary “ground.”
Amplifiers differ in their ability to amplify a desired signal
accurately in the presence of a common-mode voltage.

Deglitcher

As the input code to a DAC is increased or decreased by small
changes, it passes through what is known as major and minor
transitions. The most major transition is at half-scale, when the
DAC switches around the MSB, and all switches change state,
ie., 01111111 to 10000000. If, at major transitions, the
switches are faster (or slower) to switch off than on, this
means that, for a short time, the D/A will give a zero (or full-
scale) output, and then return to the required 1 LSB above the
previous reading. Such large transient spikes which differ
widely in amplitude and are extremely difficult to filter out,
are commonly known as “glitches”, hence, a deglitcher is a
device which removes these glitches or reduces them to a set of
small, uniform pulses. It normally consists of a fast sample-
hold circuit, which holds the output constant until the switches
reach equilibrium. Glitch energy is smallest in fast-switching
DACs driven by fast logic gates that have little time-skew be-
tween 0-1 and 1-0 transitions.

10000000

[ARRRRRR]

WITH IDEAL DEGLITCHER



Feedthrough

Undesirable signal coupling around switches or other devices
that are supposed to be turned off or provide isolation, e,g,.
feedthrough error in a multiplying DAC. It is variously speci-
fied in %, ppm, fractions of 1 LSB, or fractions of 1 volt, with
a given sct of inputs, at a specified frequency.

Four-Quadrant

In a multiplying DAC, “four quadrant” refers to the fact that
both the reference signal and the number represented by the
digital input may be of either positive or negative polarity. A
_four-quadrant multiplier is expected to obey the rules of multi-
plication for algebraic sign. :

Gain

The *‘gain” of a converter is that analog scale-factor setting
that provides the nominal conversion relationship, e.g., 10V
span for a full-scale code change, in a fixed-reference converter.
For fixed-reference converters where the use of the internal
reference is optional, the converter gain and the reference

may be specified separately. Gain- and zero-adjustment are
discussed under Zero. .

Least-Significant Bit (LSB)

In a system in which a numerical magnitude is represented by
a series of binary (i.e., two-valued) digits, the LSB is that bit
that carries the smallest value, or weight. For example, in the
natural-binary number 1101 (decimal 13, or 234+224+04+2° )
the rightmost digit is the LSB. Its analog weight, relative to
full scale, is 27, where n is the number of binary digits. It rep-
resents the smallest analog change that can be resolved by an
n-bit converter.

Linearity

Linearity error of a converter (also, integral nonlinearity, see
Linearity, Differential), expressed in % or ppm of full-scale
range, or (sub)multiples of 1 LSB, is a deviation of the analog
values, in a plot of the measured conversion relationship, from
a straight line. The straight line can be either a “best straight

“F.S. %

e Wl
I— LINEAR ENVELOPE
/8 | STRAIGHT LINE Z | NEART
NONLINEARITY 1-2-MVeg
6/8 | 1158 / T NONLINEARITY >1/2 LSB FuLL-
LESS THAN
5/8 4 L "z s SCALE
12 tse [CALIBRATION
4/8 7y
/8 TT 2
OFFSEL/

2/8

1/8(
o

000 001 010 011 100 101 10 M

NO
OFFSET,

000 001 010 011 100 10t 110 M

a. %LSB Nonlinearity Achieved
By Arbitrary Location of “’Best
Straight Line”,

b. Nonlinearity Reference is
Straight Line Through End
Points. Nonlinearity >%LSB
for Curve of a.

.Comparison of Linearity Criteria for 3Bit D/A Converter,

Straight Line Through End Points is Easier to Measure, Gives More-
Conservative Specification.

line”, determined empirically by manipulation of the gain
and/or offset to equalize maximum positive and negative devi-
ations of the actual transfer characteristics from this straight
line; or it can be a straight line passing through the end points

of the transfer characteristic after they have been calibrated
(sometimes referred to as “end-point” linearity). End-point
linearity error is similar to relative-accuracy error.

For multiplying D/A converters, the analog linearity error, at

a specified digital code, is defined in the same way as for multi- -

pliers, i.c., by deviation from a “best straight line”’ through the
plot of the analog output-input response.

Linearity, Differential -

Any two adjacent digital codes should result.in measured out-
put values that are exactly 1 LSB apart (2 of full scale for an
n-bit converter). Any deviation of the measured “step” from
the ideal difference is called differential nonlinearity, expressed
in (sub)multiples of 1 LSB. It is an important specification,
because a differential linearity error greater than 1 LSB can
lead to non-monotonic response in a D/A converter and
missed codes in an A/D converter (see Differential Linearity
in the A/D converter section for an illustration).

Monotonic

A DAC is said to be monotonic if the output either increases
or remains constant as the digital input increases, with the
result that the output will always be a single-valued function
of the input. The specification “monotonic” (over a given
temperature range) is sometimes substituted for a differential
nonlinearity specification, since differential nonlinearity less
than 1 LSB is a sufficient condition for monotonic behavior.

Most-Significant Bit (MSB)

In a system in which a numerical magnitude is represented

by a series of binary (i.e., two-valued) digits, the MSB is that
digit (or bit) that carries the largest value of weight. For
example, in the natural-binary number 1101 (decimal 13, or
23 +22 + 0 + 2°), the leftmost “1"" is the MSB, with a weight
of 2n- 1, or 8 LSBs. Its analog weight, relative to a DAC’s full-
scale span, is %. In bipolar DACs, the MSB indicates the polar-
ity of the number represented by the rest of the bits.

Multiplying DAC

A multiplying DAC differs from a fixed-reference DAC in
being designed to operate with varying (or ac) reference
signals. The output signal of such a DAC is proportional to
the product of the “reference” (i.e., analog input) voltage
and the fractional equivalent of the digital input number
(see also four-quadrant).

Noise, Peak and rms

Internally generated random noise is not a major factor in
D/A converters, except at extreme resolutions (e.g., DAC1138)
and dynamic ranges (AD7111). Random noise is characterized
by rms specifications for a given bandwidth, or as a spectral
density (current or voltage per root hertz); if the distribution
is Gaussian, the probability of peak-to-peak values exceeding
7x the rms value is less than 0.1% (see the waveform table in
Section 7).
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Of much greater importance in DACs is interference in the
form of high-amplitude low-energy (hence low-rms) spikes ap-
pearing at the DAC’s output, caused by coupling of digital
signals in a surprising variety of ways; they include coupling
via stray capacitance, via power supplies, via inadequate ground
systems, via feedthrough, and by glitch-generation. Their pres-
ence underscores the necessity for maximum application of the
designer’s art, including layout, shielding, guarding, grounding,
bypassing, and deglitching.

Offset )

For almost all bipolar converters (e.g., +10-volt output),
instead of actually generating negative currents to corre-
spond to negative numbers, a unipolar DAC is used, and the
output is offset by half full scale (1 MSB). For best results,
this offset voltage or current is derived from the same ref-
erence supply that determines the gain of the converter.

This makes the zero point of the converter independent of
thermal drift of the reference, because the % scale offset
cancels the weight of the MSB at zero, independently of the
amplitude of both.

Power-Supply Sensitivity

The sensitivity of a converter to changes in'the power-supply
voltages is normally expressed in terms of percent-of-full-scale
change in analog output value (or fractions of 1 LSB) fora 1%
dc change in the power supply, e.g., 0.05%/%AVg). Power
supply sensitivity may also be expressed in relation to a speci-
fied dc shift of supply voltage. A converter may be considered
“good” if the change in reading at full scale does not exceed
+% LSB for a 3% change in power supply. Even better specs
are necessary for converters designed for battery operation.

Quantizing Uncertainty (or “Error”)
The analog continuum is partitioned into 2P discrete ranges
for n-bit processing. All analog values within a given range of
. output (of a DAC) are represented by the same digital code,
usually assigned to the nominal midrange value. For applica-
tions in which an analog continuum is to be restored, there is
an inherent quantization uncertainty of +% LSB, due to lim-
ited resolution, in addition to the actual conversion errors. For
applications in which discrete output levels are desired (e.g.,
digitally controlled power supplies or digitally controlled
gains), this consideration is not relevant.
Resolution
An n-bit binary converter should be able to provide 27 distinct
and different analog output values corresponding to the set
of n-bit binary words. A converter that satisfies this criterion
is said to have a resolution of n bits. The smallest output
change that can be resolved by a linear DAC is 2™ of the full- |
scale span. However, a nonlinear device, such as the AD7111
LOGDAC has a logarithmic gain resolution of 0.375/88.5dB=
1:256dB, which corresponds to a gain increment of 4.25/step,
or 26,600:1.

Settling Time
The time required, following a prescribed data change, for the
output of a DAC to reach and remain within a given fraction

VOL. lI, 10-24 DIGITAL-TO-ANALOG CONVERTERS

(usually % LSB) of the final value. Typical prescribed changes
are full-scale, 1 MSB, and 1 LSB at a major carry. Settling time
of current-output DACs is quite fast. The major share of set-
tling time of a voltage-output DAC is usually contributed by
the settling time of the output op-amp circuit.

Slew Rate (or Slewing Rate)

Slew rate of a device or circuit is a limitation in the rate of
change of output voltage, usually imposed by some basic cir-
cuit consideration, such as limited current to charge a capac-

Jitor. Amplifiers with'slew rate of a few V/us are common, and

moderate in cost. Slew rates greater than about 75 volts/us are
usually seen only in more sophisticated (and expensive) devices.
The output slewing speed of a voltage-output D/A converter
is usually limited by the slew rate of the amphfler used at its
output (if one is used).

Stability

Stability of a converter usually applies to the insensitivity of
its characteristics to time, temperature, etc. All measurements
of stability are difficult and time consuming, but stability vs.
temperature is sufficiently critical in most applications to
warrant universal inclusion of temperature coefficients in
tables of specifications (see “Temperature Coefficient”).

Staircase

_A voltage or current, increasing in equal increments as a func-

tion of time and having the appearance of a staircase (in a time
plot), generated by applying a pulse train to a counter, and the
output of the counter to the input of a DAC.

A very simple A/D converter can be built by comparing a stair-
case from a DAC with the unknown analog input. When the
DAC output exceeds the analog input by a fraction of 1 LSB,
the count is stopped, and the code corresponding to the count
is the digital output.

Switching Time

In a DAC, the switching time is the time it takes for the switch
to change from one state to the other (‘““delay time” plus ‘rise
time” from 10%-90%), but does not include settling time, e, g
to <% LSB.

Temperature Coefficients

In gencral temperature mstablhtles are expressed as %/°C,
ppm/°C, as fractions of 1 LSB/°C, o as a change in a para-
meter.over a specified temperature range. Measurements are usu-
ally made at room temperature and at the extremes of the
specified range, and the temperature coefficient (tempco, T.C.),
is defined as the change in the parameter, divided by the cor-
responding temperature change. Parameters of interest include
gain, linearity, offset (bipolar), and zero.

Gain Tempco: Two factors principally affect converter gain
stability with temperature.
a) In fixed-reference converters the reference source will
vary with temperature. For example, the tempco of an
ADS58IL is generally less than 5ppm/°C.
b) The reference circuitry and switches may add another
3ppm/°C in good 12-bit converters (e.g. AD566K/T).



High-resolution converters require much better tempcos

for accuracy commensurate with the resolution.
Linearity Tempco: Sensitivity of linearity (“integral” and/
or differential linearity) to temperature (in % FSR/°C or
ppm FSR/°C) over the specified range, Monotonic behavior
is achieved if the differential nonlinearity is less than 1 LSB
at any temperature in the range of interest. The differential
nonlinearity temperature coefficient may be expressed as
a ratio, as a maximum change over a temperature range,
and/or implied by a statement that the device is monotonic
over the specified temperature range.

Offset Tempco: The temperature coefficient of the all-
DAC-switches-off (minus full scale) point of a bipolar con-
verter (in % FSR/°C or ppm FSR/°C) depends on three
major factors:

a) The tempco of the reference source

b) The voltage zero-stability of the output amplifier

¢) The tracking capability of the bipolar-offset resis-
tors and the gain resistors

Unipolar Zero Tempco (in % FSR/°C or ppm FSR/°C): The
temperature stability of a unipolar fixed-reference DAC is
principally affected by current leakage (current-output
DAC), and offset voltage and bias current of the output
op-amp (voltage-output DAC).

Zero- and Gain-Adjustment Principles

The output of a unipolar DAC is set to zero volts in the all-
bits‘off condition. The gain is set for F.S. (1 - 2°1) with all
bits on. The ‘“‘zero” of an offset-binary bipolar DAC is set to
-F.S. with all bits off, and the gain is set for +F.S, (1 - 2{n - 1))
with all bits on. The data sheet instructions should be followed.
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ANALOG High Resolution 16- and 18-Bit
DEVICES Digital-to-Analog Converters

DAC1136/1138

FEATURES

DAC1138

18-Bit Resolution and Accuracy (38uV, 1 Part in 262,144)
Nonlinearity 1/2LSB max (DAC1138K)

Excellent Stability

Settling to 1/2LSB (0.0002%) in 10us

Hermetically-Sealed Semiconductors

DAC1136 -

16-Bit Resolution and Accuracy (152uV, 1 Part in 65,536)
Low Cost

Nonlinearity 1/2LSB max (DAC1136K, L)

Settling to 1/2LSB max (0.0008%) in 6us

DEGLITCHER IV
Eliminates DAC Glitches
Available on DAC1136/1138 Card-Mounted Assembly

GENERAL DESCRIPTION CERTIFICATE OF CALIBRATION |

The DAC1136/1138 are complete self-contained current or Each DAC1138 has been calibrated with equipment and Y
voltage output modular digital-to-analog converters with methods that are traceable to the National Bureau of Stand- 1 :
" resolutions and accuracies of 16 and 18 bits. ards (NBS). A Certificate of Performance is sent with each

unit, which includes 1000 hour stability data for the reference

The DAC1136/1138 combine precision current sources ' e
zener and linearity test data.

with state-of-the-art steering switches to produce a very linear
output. Inputs to these converters are compatible with TTL

levels. The converters have a current output of -2mA full scale, [ 2 2eR0

A voltage output can be obtained by connecting the internal aray| o] e B G4 A

amplifier to the current output by means of jumpers. By using BIT3 3| o—w [={ DIVIOER ﬁ 69 CURRENT OUT
e . BIT4 4| o—=f 29222 1 68 10k SENSE

additional jumpers, the user can select any one of the fol- T % sk

lowing output ranges: 0 to +5V, 0 to +10V, *5V, or +10V. srs ol o sl gé:g

The DAC1136/1138 are available on Card-Mounted Assemblies, ora hle— o

In this configuration, selectable options include: input codes, STEERING

output amplifiers, and a high speed transient-suppressing el R I PRECISION m

Deglitcher Module, Deglitcher IV, BIT 11,18 O—= ™) CuBRenT [ to | Reen

WHERE TO USE HIGH RESOLUTION DACS 712 19| o—er ] o

The DAC1136/1138 deliver exceptional accuracy for a broad BT 13 23| O—»f = oo |,

range of display, test and instrumentation applications. The air 18 28| o—n] I < R

DAC1136, with a resolution of 16 bits or 1 part in 65,536, RS bama . REF, 47 AMPOUT

and the DAC1138 with a resolution of 18 bits or 1 part in 5V 28 [ [ame wuroun

262,144 are ideally suited for applications requiring wide ey 30 gji.sv 4 AMPIN )

dynamic range measurement and control. Applications include [ :E:*::\‘:

data acquisition systems, high resolution CRT displays, auto- pACIZs P

matjc semiconductor testing, photo-typesetting, frequency commen 4 o3, AMPLIFIER

synthesis and nuclear reactor control. *DAC1138 ONLY

Figure 1. Block Diagram and Pin Designations .
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SPEC I Flc ATIU N (typical @ + 25°C, rated power supplies unless otherwise noted; specifications for mounting card with

amglifier/deglitcher options same as module unless otherwise noted)

DACI1136 on Mounting Card with
Amplifier/Deglitcher Options.
DAC1136 Module Deglitcher IV LowDrift 234L. | High Speed 44K
I l K I L (Internal AD542K) | w/wo Deglitcher | w/wo Deglitcher
RESOLUTION, BITS 16
ACCURACY
Integral Nonlinearity + 1LSBmax +1/2LSBmax | *1/2LSBmax
Differential Nonlinearity + ]LSB max +1/2LSB max | +1/2LSB max
Gainand Offset Error (Externally Adjustable) Gain, offset and glitch-nulling adjustments
provided on the mounting card.
ANALOGOUTPUT
Unipolar Mode —2mAto0mA
Bipolar Mode —1mAto +1mA
Voltage Output Range (Pin Selectable) 0to +5V,0t0 + 10V, =5V, 10V
DIGITALINPUTS TTL/CMOS; Sec Figure 2
INPUTCODES
Unipolar Mode Complementary Binary (COMP BIN) BIN, COMPBIN, 2's COMP,COMP 2’s COMP
Bipolar Mode Complementary Offset Binary (COMP OBIN) OBIN, COMP OBIN
SIGN PLUS MAG BIN, COMP SIGN PLUS MAG BIN
STROBEINPUT None One standard series 74LS load, leading-cdge
triggered, pulse width 100ns minimum.
DYNAMICCHARACTERISTICS
Settling Time to 1/2L.SB
Current
Full Scale Step 8us Voltage Qutput, Only
LSB Step 6us Voltage Output, Only
Voltage
Unipolar (10V Step) ps 80ps 45us 25ps
Bipolar (20V Step) 250ps ps 60ps 30ps
L.SB Step 8us 8us 8us 8us
Slew Rate 1Vips 2V/ps 6Vips 20V/ps
TEMPERATURE COEFFICIENTS
(ppm of FSR°C)"
Integral Nonlinearity *1 *1 #+1.5max
Differential Nonlinearity E3 | x1 *1.5max -
Gain(Excluding Vgrgr) +5 %5 +8max
Offset
Unipolar Mode +0.5 +0.5 +0.1 *2
Bipolar Mode *5
STABILITY, LONG TERM
(ppm of FSR/1,000 hrs.)?
Gain(Excluding Vrgr) *5
Offset +6 +1 | *0.5 | +25
NOISE (Include Vgx; Double for
Bipolar Mode)
Output Current (BW = 100kHz) 0.5nArms Voltage Output, Only
Output Voltage (BW = 0.1-10Hz)
@ OV (A11 1’s Code; “ZERO™) 4V pk-pk
@ SV(MSB = 0Code; “Half Scale™) 6pV pk-pk
@ 10V (A11 0’s Code; “Full Scale™) 9.V pk-pk .
Output Voltage (BW = 100kHz) - 30pVrms 20pV rms I 40V rms I 35uVrms
VOLTAGE COMPLIANCE (Amplifier
Offset, Egs) -
MaxEqs Allowed for Rated Accuracy +2mV max
Initial Egs (Factory Adj.) +100pV +50pV +20pV +100pV
Eos Drift *10pVrC +5uVFrC £0.1pVFC *15.VrC
Current Output (pin 69)
Voltage Protection . via Internal Schottky Diodes
Source Resistance
Unipolar Mode >33k
Bipolar Mode >5kQd
Source Capacitance 150pF
REFERENCE VOLTAGE (Vgrer) ] ,
Voltage (Zouyr ~2000) +6.000V (Maximum Error, +0.024V)
Noise (BW = 0.1-10Hz) 3uVpk-pk
Tempco Sppm/°C
POWER SUPPLY REQUIREMENTS®
+5Vdc, £5% 9mA | 95SmA l
+15Vdc, £5% +30mA +38mA *37mA +40mA
POWER SUPPLY REJECTION (£ 15V dc)
Gainor Offset vs. FSR 80dB 100dB I 100dB I 75dB
Differential Nonlinearity *1/4LSB per VoltAVg
ENVIRONMENTAL
Operating Temperature 0to +70°C .
Storage Temperature ~55°Cto +85°C ~55°Cto +80°C I —55°Cto +85°C I -55°Cto +85°C
Humidity 5% t0 95%, Noncondensing .
NOTES N .
WMaxi p i d from 15°C to 35°C, typical from O to +70°C. 'Recommended Power Supply: Analog Devices Model 923.
2Recommended DNL calibration check: 6 months. Specifications subject to change without notice.
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SPECIFICATIONS

(typical @ +25°C, rated power supplies unless otherwise noted; specifications for mounting card with
amplifier/deglitcher options same as module unless otherwise noted)

DACI1138 on Mounting Card with
Amplifier/Deglitcher Options.
DAC1138 Module Deglitcher IV Low Drift 234L
J K (Internal AD542K) w/wo Deglitcher
RESOLUTION, BITS 18
ACCURACY
Integral Nonlinearity + 1LSB max +1/2LSB max .
Differential Nonlinearity + 1LSB max +1/2LSB max
Gain and Offset Error (Externally Adjustable) +=1LSB Gain, offset and glitch-nulling adjustments
provided on the mounting card.
ANALOGOUTPUT
Unipolar Mode —2mAtoO0mA
Bipolar Mode —1mAw +1mA
Voltage Output Range (Pin Selectable) 0to +5V,0t0 + 10V, £5V, =10V
DIGITAL INPUTS TTL/CMOS; See Figure 2
INPUT CODES
Unipolar Mode Complementary Binary (COMP BIN) BIN, COMP BIN, 2’s COMP, COMP2’s COMP
Bipolar Mode Complementary Offset Binary (COMP OBIN) OBIN, COMP OBIN
SIGN PLUS MAG BIN, COMP SIGN PLUS MAG BIN
STROBE INPUT None One standard series 74LS load, leading-edge
triggered, pulse width 100ns minimum.
DYNAMICCHARACTERISTICS
Settling Time to 1/21.SB
Current
Full Scale Step 10us Voltage Output, Only
LSB Step . 8us Voltage Output, Only
Voltage
Unipolar (10V Step) 175us 80ps 45pus
Bipolar (20V Step) 140ps 90us 60us
LSBStep 18ps 18us 18us
Slew Rate 2Vius 2Vius 6Vips
TEMPERATURE COEFFICIENTS
(ppm of FSR/°C)" .
Integral Nonlinearity +0.3
Differential Nonlinearity 0.4
Gain (Excluding Vggr) +0.8
Offset
Unipolar Mode +0.5 *0.5 +0.1
Bipolar Mode +1
STABILITY,LONG TERM
(ppm of FSR/1,000 hrs.)?
Gain (Excluding Vrgr) *2 .
Offset 22 +1 | £0.5
NOISE (Include Vggr; Double for
Bipolar Mode)
Output Current (BW = 100kHz) 0.5nArms Voltage Output, Only
Output Voltage (BW = 0.1-10Hz)
@OV (A1l 1’sCode; “ZERO™) 4V pk-pk
(@ 5V (MSB = 0Code; “Half Scale™) 6p.V pk-pk
@10V (A110’s Code; “Full Scale”) 9pV pk-pk
Output Voltage (BW = 100kHz) 30pVrms 20pV rms I 40pV rms
VOLTAGE COMPLIANCE (Amplifier
Offset, Eos)
Max Egs Allowed for
Rated Accuracy *200LV max
Initial Egg (Factory Adj.) +100pV =50pV +20pV
Eos Drift *£10pVrC £5uVIC £0.1uVFC
Current Qutput (pin 69) .
Voltage Protection via Internal Schottky Diodes
Source Resistance
Unipolar Mode >33kQ
Bipolar Mode >5k0
Source Capacitance 150pF
REFERENCE VOLTAGE (Vggr) v
Voltage (Zoyr =~200Q) . ) +6.000V (Maximum Error, +0.024V)
Noise (BW = 0.1-10Hz) 3uV pk-pk
Tempco Sppm/°C
POWER SUPPLY REQUIREMENTS?
+5Vdc, 5% 9mA 95mA
+15Vdc, +5% +30mA +38mA I +37mA
POWER SUPPLY REJECTION (= 15V dc)
Gain or Offset vs. FSR 80dB 100dB 75dB
Differential Nonlinearity + 1/41.SB per Volt AV
ENVIRONMENTAL
Operating Temperature Oto +70°C .
Storage Temperature —55°Cto + 85° ~55°Cto +80°C I —55°Cto +85°C
Humidity 5% 1095%, Ni d:

NOTES
e

from 15°C to 35°C, typical from 0 to +70°C.

i JRecommended Power Supply Analog Devices: Model 923.
*Recommended DNL calibration check: 6 months.

Specifications subject to change without notice.

DIGITAL-TO-ANALOG CONVERTERS VOL. I, 10-29



Characteristic Curves*
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Fast as the Typical LSB Step, Following the 11us Hold
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®*NOTE: All curves typical at rated supply voltage.
F.S. = Full Scale
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INPUT CONSIDERATIONS

The DAC1136/1138 may be driven by TTL or CMOS as
shown in Figure 2. Note that the TTL input is shown with
inputs for both a direct “totem pole” TTL gate and open

collector (or “pull-up’) configurations.
5V

1
8IT L& BIT
[ nput 19 inpuT

n%
DAC DAC

2a. TTL Totem Pole*

2b. Switch or Relay Input*

BIT

+5V [ InPUT
il 5 DbAac

2c. CMOS Input

1. FOR TTL WITH OPEN COLLECTOR, DO NOT USE EXTERNAL PULL-UP.
CONVERTERS MAVE INTERNAL 10k$2 PULL-UP ON EACH INPUT TO 3.8V.

2. USE SPST SWITCH OR RELAY TO GROUND, WHEN SWITCH IS OPEN, THE
INTERNAL 10k2 WILL PULL INPUT UP TO 3.8V.

Figure 2. Input Connections

OUTPUT CONNECTIONS AND GUARDING
The DAC1136/1138 output connections for various voltage
ranges are shown in Figure 3.

Since an LSB is only 38uV (at 10 volts full scale for the
DAC1138), care must be exercised to properly guard the
current output of the converter from leakage current. Any
connection made to the DAC'’s current output (pin 69)
should be guarded. Suggested printed circuit board guarding
is shown in Figure 3, The optional Card-Mounted Assemblies
of the DAC1136/1138 have been carefully designed for
optimum guarding and performance.

VoLTAGE QUTPUT
—1 r-=-=-a
K- - )

° 1 T
kA 70 | |69 |68l s3 52 49 43 a7 las aat
| o i &= T0
' | PIN34
1
e e e e e e e —
GUARD FOIL / %
DAC CONNECTED FOR OV to +5V
- VOLTAGE OUTPUT
l r—a 1 r—="
o S 1o 10 & L) ? !
n 70 69| 68 53 52 49 a4
bleLs s B 8 8 Y% |MemTo
| | PIN34
Lo F———m—m—m—
GUARD FOIL -$
DAC CONNECTED FOR OV TO +10V
- VOLTAGE OUTPUT
| r=a I | T [————
o &1 e [ ! !
71 70 | [eslea 6 52 49 48 47 4 [al_ 1o
| T e = = r’ﬁu )
|
iinieiiuts” cndaieiniabeb il $
GUARD FOIL
DAC CONNECTED FOR 5V
. VOLTAGE OUTPUT
r=a| — o [ eemma
o o fg 16 &8 &4 [ [
7t 70 ) Jesjes 53 52 49 a8 47 | [as Jaal o
i 4
| | PIN
e e e 1
GUARD FOIL ~ -%

DAC CONNECTED FOR $10V

Figure 3. Output Voltage Connections and Suggested PC8
Guarding (Unipolar and Bipolar)



GAIN AND OFFSET ADJUSTMENTS

The gain and offset adjustments are made with external
potentiometers which the user supplies. With the appropriate
digital inputs applied, these potentiometers are adjusted until
the desired output voltage is obtained. The proper connec-
tions for offset and gain are shown in Figure 4. The volt-
meter used to measure the output should be capable of stable
resolution of 1/4LSB in the region of zero and full scale.
Because of the interaction between offset and gain adjust-
ments, the adjustment procedure described below should be
carefully followed. Offset adjustment affects gain, but gain
adjustment does not affect offset.

cw | 1138= SHORT 1136 - OPEN 1136 = 560k
1138=330k 1138 = 150k 1138=2M
100k 100k
100k % 20T
20T 3 v v GAIN
OFFSET cw] ADJUST
ADJUST
32’&;’}“ IN753A | IN753A
™M ™M
TO PIN 34 4
OR PIN 69 '—fQ—‘
* 3.01k 3.01k,
1% 1%
) [ IK:) 50mW 50mW
69 46 49 48
DAC1136
DAC1138
30 324 34 0—
+15Vdc  -16Vdc COMMON
NOTES:

1. ALL FIXED RESISTORS ARE 5% CARBON C’OMP, UNLESS OTHERWISE NOTED.
2. ALL POTENTIOMETERS ARE 20-TURN INFINITE RESOLUTION TYPE.

Figure 4. Gain and Offset Adjustments

For unipolar mode, apply a digital input of all ““1’s” (com-
plementary binary code for zero output) and adjust the offset
potentiometer until a 0.00000V outpur is obtained (see
Table I). Once the appropriate offset adjustment has been

" made, apply a digital input of all “0’s”. Adjust the gain
potentiometer until the plus full scale output is obtained
(see Table I).

For bipolar mode, apply a digital input of all “1’s” (comple-
mentary offset binary code for minus full scale) and adjust the
offset potentiometer for the proper minus full scale output
voltage (see Table 1). Once the appropriate minus full scale
adjustment has been made, apply a digital input of all “0’s”.
Adjust the gain potentiometer until the plus full scale output
shown below is obtained.

RANGE IDEAL OUTPUT

< HE

DAC1138 ! DAC1136

Unipolar: All 11...1 All 00...0 .
OV—>+10V 0.00000V +9.999962V  +9.999848V
OV +5V 0.00000V +4,999981V  +4.999924V
Bipolar: )
-10V->+10V -10.00000V  [+9.999934V  +9.999695V
-5V > +5V -5.00000V +4.999962V  +4.999848V
To adjust: Adjust ZERO pot Adjust GAIN pot

Table I. Full Scale Output

DIFFERENTIAL LINEARITY ADJUSTMENT

Each DAC1136/1138 has been factory calibrated and

tested to achieve the performance indicated in the electrical
specifications. Before attempting recalibration, it is imperative
that the circuit be checked to confirm that all previously de-
scribed precautions have been taken to insure proper applica-
tion at the 16- or 18-bit level. Basically, the DAC is trimmed
by comparing a bit to the sum of all lower bits, and adjusting,
if necessary, for a one LSB positive difference. The top 4
major carries, i.e., MSB minus the sum of bits 2-through-the-
LSB, down through bit 4 minus the sum of bits 5-through-the-
LSB, can be trimmed using the procedure outlined below. A
differential voltmeter capable of 100uV Full Scale should be
connected to Vgyr of the DAC. This will resolve an LSB
which at 18 bits is 38uV (10V range). A Fluke 895A or equiv-
alent is recommended.

1. Bit 4 Trim
a. Set bit inputs to 11110....0.
b. Read the output voltage by nulling the voltmeter.
c. Set bit inputs to 11101 ....1.
d. Read voltage by nulling voltmeter. This reading should
be equal to that of step 1b plus 1LSB. Adjust bit 4 if
required (see B4, Figure 6).

2. Bit 3 Trim
a. Set bitinputsto 1110....0.
b. Read output voltage by nulling the voltmeter.
c. Setinputsto 1101 ....1.
d. Read voltage by nulling the voltmeter. This reading
should be equal to that of step 2b plus 1LSB. Adjust
bit 3 if required (see B3, Figure 6).

3. Bit 2 Trim
a. Set bit inputs to 110....0.
b. Read output voltage by nulling the voltmeter.
c. Setbitinputsto 101....1.
d. Read voltage by nulling voltmeter. This reading should
be equal to that of step 3b plus 1LSB. Adjust bit 2
if required (see B2, Figure 6),

4. Bit 1 (MSB) Trim

. Set bit switches t0 100 ... .0. .

. Read output voltage by nulling the voltmeter.

. Set bit switchesto 011 ... . 1.

- Read voltage by nulling voltmeter. This reading should
be equal to that of step 4b plus 1LSB. Adjust bit 1
(MSB) if required (see MSB, Figure 6).

an o

If insufficient range exists on any adjustment, then a separate
adjustment for the weight of bits 5-through-the-LSB (see

Sum B5 = LSB, Figure 6) should be performed. This condition
will probably not occur on bit 2, 3 and 4 but might occur on
the MSB. If adjustment of the sum of bits 5-through-the-LSB is
made, the trim procedure for all bits should be repeated. Ob-
viously, since the procedure affects the weight of individual
bits, it affects the overall gain of the DAC. The final step
should be adjustment of gain (user supplied adjustment ex-
ternal to module, or pot at edge of mounting card).
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OUTLINE DIMENSIONS AND
PIN DESIGNATIONS

Dimensions shown in inches and (mm).

0.410 MAX
(10.41)
Koo
2015
” (51.18) U——°'25
MAX
T1 1717}
36 37
2

4015
919 27 (01.98)
P 559-] MAX
41 72

1171
|« 0.1 GRID
(2.5)
BOTTOM VIEW SEE NOTE 2

0.500

(12.7)
0.230 (5.84)

X BITS6n BIT3

7]

0.150
@381)
0.16DIA
14.06)
DETAIL
A
BOTTOM OF CASE i
0.16 (4.08)
V loww |
{7.62)
DETAIL A (2/1)

NOTES:

1. PINS: 0.01910.001 DIA.

2. GRID AND MARKINGS NEXT TO PINS ARE FOR REFERENCE ONLY AND DO
NOT APPEAR ON UNIT.

3. PINS 27 AND 29 ARE NOT PRESENT ON DAC1136.

USING AN EXTERNAL 6V REFERENCE

The DAC1136/1138 can be operated with an external
reference connected to pin 53 of the module. The current
drain on the external reference will be 1.125mA in bipolar
mode or 0.125mA in unipolar mode (pin 46 should be left
open and not grounded when using an external reference

in the unipolar mode). When an external reference is used, pin
52, (the output of the internal reference) is left open.
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Codi Semiconductor manufactures a reference module called
Certavolt! with a 10 volt output accurate to 0.001%. This out-
put is temperature compensated to within 1ppm/°C from
+15°C to +55°C. The Certavolt requires a power supply of
+28V dc @ 20mA. To convert the +10 volt output of the Cert-
avolt to the +6 volt reguired by the DAC, the circuit shown

in Figure 5 is recommended.

! Certavolt is a registered trade name by Codi Semiconductor.

Vout
CERTAVOLT 4k 001%
vsv0c | PYSTO
s
com 2003
Pt
To oK 001 T
DAC pac !
PIN3A = PIN53
237k 1% ANSSD

Figure 5. DAC1136/1138 with External Precision Reference

OPTIONAL CARD-MOUNTED ASSEMBLY

Analog Devices offers an optional Card-Mounted Assembly
designed to provide optimum performance at the 18-bit level.
As shown in Figure 6, this 4 1/2" X 6" printed circuit card
includes the appropriate DAC GAIN and OFFSET adjustment
potentiometers, power supply bypass capacitors and input
registers. The Card-Mounted Assembly can be ordered with
custom code-setting logic, external output amplifiers, and a
Deglitcher IV,

4500 (114.3)
1.785 (45.3)
11
2[5 \2
c17 " 3|5
) Z; R20 5 ©
4 oDoeo
DEG IV Eos @)
EXTERNAL
@ pecLiTchER MODULAR  |of3,
T IV (Optional) AMPLIFIER O=e=0 W1
B (Optional) ol
] * o wo
sl tx &= Syag wio
W Wh Mg P99
wie B oweg by 412
60 C6 W8
1524) o ®
83 3
B2 M
vss DAC H
2
K
4
[ 1% INPUT LOGIC
= ATCHING REGISTERS (74Ls)
CODE-SETTING LOGIC AND
DEGLITCHER CONTROL CIRCUITRY _(74LS)
_L 1 22
0,384
(5.25) W
{ 0.462 _|
—e X117} 3,575 (90.8) d

W'S INDICATE JUMPER POSITIONS.

TO ISOLATE ANALOG AND DIGITAL GRQUND
W7 IS OMITTED.

W6 AND W11 ARE NOT INSTALLED WHEN USER
DESIRES 4-WIRE CONNECTION TO J2 WHEN
EITHER A 44K OR 234L AMPLIFIER IS USED.
Figure 6. Card-Mounted Assembly. Dimensions shown in

inches and (mm).
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CARD-MOUNTED ASSEMBLY JUMPER DESIGNATIONS
The output voltage range, reference source, amplifier and de-
glitcher configurations are programmed at the factory by
means of jumpers, resistors, and capacitors (see ordering
guide for details). The mounting card can be programmed by
the user, if necessary, as shown below.

Output Voltage Range Install Jumpers

+10V w10, W5
5V W12, W5
+10V wi2, w3
Reference Install Jumpers
Internal w2
External w1

Amplifier Install Jumpers

Internal W4, W9

External® w8, w13

Deglitcher 1V W8, W15;W17, W18
Deg. IV with Ext Amp® | W8, W14, W16

NOTES:

! With a 234L amoplifier install C7 (0.01uF, 10%, ceramic capacitor).
With a 44K amplifier use a variable resistor (typ value =~ 4998,
0.1W, 1%) to adjust the output voltage for a +100uV reading as
measured between pins 69 and 34 of the DAC (this step sets voltage
compliance); install this value resistor (R13 position).

2With Deglitcher IV remove R20 (100£2) and replace the resistor with
a jumper.,

3With Deglitcher IV and a 234L amplifier remove C6 (6.8pF Capacitor)
and install: C7 (0.01uF, 10%, ceramic capacitor), C18 (100pF, 10%,
ceramic capacitor), C17 (1000pF, 10%, polystyrene capacitor) and
replace R20 (100£2) with a jumper, With Deglitcher IV and a 44K
amplifier perform the operation described in Note 1, remove C6
(6.8pF capacitor) and install: C18 (100pF, 10%, ceramic capacitor),
C17 (1000pF, 10% polystyrene capacitor) and replace R20 (10092)
with a jumper.

CONNECTOR J1 CONNECTOR 42

PIN | FUNCTION | PIN_ [FUNCTION PIN | FUNCTION
A | B U__[STROBE 7| ANALOG SENSE LOW
B_| BI v__[BIT18 2 | ANALOG SOURCE LOW
c_[BI W [+5v 3 [ NC
D | BITA X__[+15V 4| ANALOG SOURCE HIGH
E | BITS Y [-5v 5| ANALOG SENSE HIGH
F 176 Z _|DIGITAL GND 6 | ANALOG REF. IN/OU
H IT7 14_[NC A__|_ANALOG REF. IN/OUT
J T8 INTERLOCK B | ANALOG SENSE HIGH
K ITo INTERLOCK C_| ANALOG SOURCE HIGH
L[ BIT10 16 |NC D | NC
M| BI 7_[BiIma7’ E | ANALOG SOURCE LOW
N g! :g F ANALOG SENSE LOW
P )
"Bl 20 ] J2MATES WITH CINCH P.N.
S _[BIT15 21 251-06-30-160 (SUPPLIED).
T [ BIT16 22
J1 MATES WITH CINCH P.N, 251-22-30-160
(SUPPLIED).
1DAC1138 ONLY

Mounting Card Connector Designations

DEGLITCHER IV

The Deglitcher IV is a precision high-speed, high-isolation
sample-and-hold circuit which eliminates the glitches that
occur whenever a DAC is dithered through a major carry. Such
momentary transients can be of concern in applications such
as high-resolution CRT beam positioning, where glitch-free
code transitions are often required for optimum display qual-
ity and legibility. Oscilloscope photographs in Figures 7a and
7b below show the output of a DAC1136 being dithered

up and down through the major carry, between codes
1000000000000000 and 0111111111111111. In Figure 7b,
the Deglitcher IV is turned on virtually elminating the
glitches and allowing the 152uV LSB step to be clearly seen.

Figure 7a. DAC1136; Major-Carry Dither without Deglitcher
1V (BW = 1MHz), Vertical Scale 0.2V/Division

Figure 7b. Same Major-Carry Dither with Deglitcher 1V
(BW = 1MHz), Vertical Scale, 200uV/Division

The Deglitcher IV utilizes a proprietary sampling technique
which isolates the output amplifier during the critical 10us
period immediately following a code change. The only dis-
cernible difference in DAC performance when used with
Deglitcher IV is a delay of approximately 11us after the
strobe goes HI before the (deglitched) DAC output voltage
starts slewing toward the new value. -

GLITCH ADJUSTMENT

There are two *“‘Glitch” adjustment potentiometers, accessi-
ble on the Card-Mounted Assembly. The adjustment on the
card permits nulling of any Track-to-Hold offset, whereas the .
adjustment internal to the Deglitcher IV allows for precise
nulling of the Hold-to-Track transient. Because of the near-
infinite attenuation of the actual DAC current glitches, no
current-glitch transient is visible on the output. For this
reason, it is easiest to null the 2 Deglitcher adjustments while
strobing the Card with a static digital input.
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INPUT OPTIONS

The Card-Mounted Assembly contains input registers. The
input code ordered by the user is set at the factory by means
of various jumpers in the logic circuitry. See ordering guide
for details.

Since the Card-Mounted Assembly contains input registers, the
card requires a strobe pulse circuit. Strobe characteristics of
input registers are:

l.ﬂ Strobe Pulse: One Std. series 74LS load, Leading-
Edge-Triggered. Positive pulse should remain HI for >
100ns. .
2. The digital input code can be changed at any time up to
and including that instant when the strobe command goes
HL
3. The actual transfer of the input code to the DAC will occur
= 3us after the strobe command; during this 3us the digital
input code to the card assembly should not be changed, in
order to prevent the possible coupling of logic noise into
the DAC output. At t, +3us, the deglitcher is automatically
enabled for the following = 8us. Thus there will be a delay of
'~ 11ps before the deglitched output starts slewing to the new
value, Actual data transfer to the DAC automatically occurs
atty +3.1us,

OUTPUT OPTIONS

The Card-Mounted Assembly for the DAC1136/1138 allows
for several user-selectable output configurations:

1. Internal Output Amplifier inside the DAC Module.

2. Analog Devices model 234L for low noise, low drift appli-
cations (2uV, 0.1uV/° C)

3. Analog Devices model 44K; available only with DAC1136;
recommended only for high speed or high current
applicatiOns,

4. Deglitcher IV with self-contained precision BI-FET output
amplifier (AD542K).

5. Deglitcher IV with model 234L output amplifier.

6. Deglitcher IV with model 44K output amplifier (recommended
with DAC1136 only).

When using an external amplifier, a four terminal output con-
nection can be utilized on the Card-Mounted Assembly in
order to allow for compensation of connector contact re-
sistance, .

T R¢ ~
| 2 gy = g
| fm===—= b B_ SENSE HI
1y oeama i EXT C_SOURCE HI -
e 1&Rs |AamPp
[ 13T E_SOURCE LO RLLCL
! X )
| ]
| | DAC t F _SENSE LO -J
jbemmmeeee . 1=0
1 A7ANALOG | Ve
COMM. | comM. 15V
! : ! 7‘suPPLv'
| OUTPUT CIRCUIT WITH | SINGLE Vs 2 )
| OPTIONAL AMPLIFIERS i PJ:ET +Vg .r'—!l v
! Z L___'suppLy
: DAC ON Comm, . t——

DIGITAL
\ MOUNTING CARD v comm. )
NOTE:

1. VOLTAGE DROP BETWEEN SOURCE LO AND SENSE LO MUST OBSERVE CURRENT
MODE COMPLIANCE LIMITS FOR RATED ACCURACY.

2. THIS CONNECTION SCHEME CANNOT BE USED WITH INTERNAL
AMPLIFIER OF THE DAC OR WITH THE AMPLIFIER
INTERNAL TO THE DEGLITCHER V.

Figure 8. Four-Terminal Output Connections

ORDERING GUIDE

WHEN ORDERING THE DAC1136 OR DAC1138, ORDER EITHER:

1, Module only: DAC1136]
DAC1136K

DAC1136L

DAC1138]
DAC1138K

2, DAC1136/1138 as a Card-Mounted Assembly:

o,

NOTE 1: NOT AVAILABLE FOR
DAC1136L, DAC1138J
AND DAC1138K.
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DAC MODULE OUTPUT DAC
AC MODULI OUTPUT INPUT VOLTAGE VOLTAGE
CODE | CODE |RESOLUTION| LINEARITY CODE AMPLIFIER CODE LOGIC CODE CODE| RANGE CODE| REFERENCE
6 | 4 16 BITS 15 BITS 1 INTERNAL BIN/OBIN 1 +10V 1| INTERNAL
6 | x 16BITS 16BITS 2 44! COMP BIN/COMP OBIN 2 a5V 2 | EXTERNAL
6| L 168ITS 16 BITS 3 234L 2'S coMP 3 +10V
8 | 18BITS 17BITS a DEGLITCHER IV COMP 25 CONP
DEGLITCHER IV? SIGN PLUS MAG BIN
8 | x 18 BITS 18BITS s | AnoaiK ‘
DEGLITCHER IV COMP SIGN MAG BIN !
6 | AND23aL



ANALOG
DEVICES

~ Low Cost/High Accuracy
18-Bit D/A Converter

DAC1146

FEATURES

Integral Nonlinearity: =0.00076% FSR max
Differential Nonlinearity: +0.00076% FSR max
Low Differential Nonlinearity T.C.: =1ppm/°C max
Wide Power Supply Operation: +11.5V to =16V
Fast Settling: 6ps to +0.00076% FSR

Small Size 2" x 2" x 0.4"

APPLICATIONS

Automatic Test Equipment
Digital Audio

Sonar

Robotics

Nuclear Instrumentation

GENERAL DESCRIPTION

The DAC1146 is a low cost, 18-bit resolution (1 part in 262,144),
digital-to-analog converter that provides high accuracy, high
stability and is contained in a 2" X 2” X 0.4” module.

Integral and differential nonlinearity are both guaranteed at
+0.00076% FSR maximum. Additional guaranteed performance
features include: differential nonlinearity T.C. =+ lppm/°C
maximum, offset T.C. *+30u,V/°C maximum, gain T.C.

+ 12ppm/°C maximum, bipolar offset T.C. =7ppm/°C
maximum.

The DAC1146 makes use of CMOS integrated circuits, thin-film
resistor technology and proprietary CMOS current-steering
switches to obtain high resolution, high reliability and small
size. The calculated MTBF for the DAC1146 is 275,445 hours,
per Mil Handbook 217C.

The DAC1146 can operate with power supplies ranging from
+11.5V to +16.0V. An internal precision reference is provided,
an external reference can be used. The external reference voltage
input range is — 12V to + 12V. The analog output ranges include:
+5V, + 10V, £5V, £ 10V, —2mA and = ImA, and are selectable
via pin programming (see Figure 1). Digital input coding for
unipolar operation is true binary, bipolar input coding is offset
binary or 2’s complement.

»
ANALOG
u DEVICES

DACHIAG

MADE IN VB A

DACN46

CURRENT
28 out

(29) 10k
(23) 10k
(22) sk
(20) oFFsET
. AMP
18-BIT IN
CMOS DAC -
(CURRENT
OoUTPUT) 7) AMP

OUTPUT
AMPLIFIER

+10V ,6)- = REF
REFERENCE out

Figure 1. DAC1146 Functional Block biagram

i
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SPECIFICAT'ONS (typical @ +25°C, V5 = 1-15\}, Veer = + 10V unless otherwise specified)

Gain 0.001%/% = Vg
TEMPERATURE RANGE

Rated Performance 0to +70°C .

Operating —25°Cto +85°C

Relative Humidity Meets MIL STD 202E, Method 103B
SIZE 2" X 2" % 0.4"

’ (50.8 x 50.8 x 10.16mm)

Weight 33g
NOTES
'FSR means Full Scale Range.

20ffset and gain are adjustable to zero by means of external potentiometers. See Figure 2 for proper connections.
3Rated performance is specified with + 10.0V reference.

4See Figure S for settling time curves.

Recommended Power Supply: Analog Devices Model 904.

Specifications subject to change without notice.
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MODEL DACI1146 OUTLINE DIMENSIONS
RESOLUTION 18 Bits Dimensions shown in inches and (mm).
ACCURACY .
Integral Nonlinearity +0.00076% FSR}(max) l‘—z-o‘l (51.1)MAX _>1 '
Differential Nonlinearity +0.00076% FSR'(max) _L
Monotonic (16 Bits) Guaranteed 0.41
DACT46
Offset? Adjustable to Zero ! (,\1,3&)
Gain? Adjustable to Full Scale ” 0.025(0.63) DIA " _r
STABILITY ‘E
Differential Nonlincarity + 1ppm/°C (max) 02(5.0)MIN
Offsct +30pV/°C (max) ! ]
Bipolar Offsct + 7ppm/°C (max) 1 16 17 9
Gain + 12ppm/°C (max)
STABILITY, Long Term
(ppm/1000 hr) 201
Differential Nonlincarity + lppm b o 24 ¢+ (51.1)
Offset +3ppm (¢ 5 z_,i - MAX
Bipolar Offsct +3ppm
Gain + 12ppm ] s
- REFERENCE VOLTAGE (Vgy1)
Output Voltage +10.00V = 0.3% (max)
Output Current 2mA (max) adi 2
Ext. Ref Voltage Range? —12Vio + 12V 1 I
Input Resistance 12k} BOTTOMVIEW -—I |<- 0.1{2.5)GRID
DYNAMIC PERFORMANCE* TERMINAL PINS INSTALLED ONLY
Seutling Time to +0.00076% ' INSHADED HOLELOCATIONS
Voltage, Full Scale Step
Unipolar (10V) 6us MATING CONNECTORS
Bipolar ( + 10V) 12ps AC1584-3 (2 REQUIRED)
Voltage, LSB Step 3ps
Current 2ps PIN DESIGNATIONS
DIGITAL INPUTS CMOS, TTL Compatible
Codes PIN_ FUNCTION | PIN FUNCTION
Unipolar Binary (BIN) . 1 MsB 32 +15v
Bipolar Offset Binary (OBIN), Two’s Complement g m-?g g; ;I;Ilz\(OG GROUND
ANALOGOUTPUT : 4 BIT3 29 AMPIN
Voltage +5V, +10V, £5V, £ 10V L 28 CURRENTOUT
Current —2mA, * 1mA 7 BITé 26 REFERENCEOUT
Voltage Compliance +500mV 8 BIT? 25 REFERENCEIN
Noise (100kHzB.W.) 300V rms o e 2%
POWERREQUIREMENTS 11 BIT10 22 sk
Voltage (Rated Performance) +15V(=5%) }g gg }; %A SIIY::PS(E)? T
Voltage (Operating) +11.5Vio £16.0V 14 BIT13 19 BIT18(LSB)
Supply Current Drain 15 BIT14 18 BIT17
+15V +15mA, —25mA 16 BIT15. 17 BIT16
Total Power Vg = =15V 600mW
POWER SUPPLY SENSITIVITY
Offset 0.001%/% = Vs



ANALOG OUTPUT RANGE

In the unipolar mode the DAC1146 provides an output current
of —2mA. In the bipolar mode the DAC output current is
offset by ImA, (by connecting pin 25 to pin 24) for an output
of £1mA.

The DAC can be pin programmed for +5V, +10V, =5V and
+ 10V by converting the DAC’s current output to a voltage. To
program the DAC for voltage output ranges (see Figure 1,
Figure 2 and Table I).

Output

Voltage ConnectPin® ConnectPin ConnectPin
Range Input Code’ 25to Pin 28toPin 21to Pin(s)
+5V BIN 29 22,23,24
+10V BIN - 29 . 23,24

+5V OBIN, 2’sComp 24 29 22

=10V OBIN, 2’sComp- 24 29 23

!For BIN or OBIN codes connect MSB to ground.
For 2's comp code connect MSB to + 5V system power. .
2Connect Pin 25 through a 500 toeitherinternal refe

Tablel. Analog OutputRange Pin Programming

OFFSET AND GAIN CALIBRATION

Initial offset and gain errors can be adjusted to zero by poten-
tiometers as shown in Figure 2. Proper offset.and gain calibration
requires great care and the use of extremely sensitive and accurate
measurement instruments. These instruments should be capable
of measuring to within 1V of the adjusted output voltage at
both ends of the range. The potentiometers selected should be
good quality Cermet type. Multi-turn potentiometers having ten
to fifteen turns and 100ppm/°C temperature coefficients will be
adequate. The temperature coefficients contributed by these
Cermet potentiometers will be less than 0.1ppm/°C.

For unipolar mode, apply a digital input code of all “0’s” and
adjust the offset potentiometer until a 0.00000V output is obtained
(see Table II). Once the appropriate offset adjustment has been
made, apply a digital input code of all “1’s”, and adjust the
gain potentiometer until the plus full scale output is obtained
(see Table II).

For bipolar mode, apply a digital input code of 100 . . . 00 and
adjust the offset potentiometer until a 0.00000V output is obtained
(see Table II). Once the appropriate offset adjustment has been
_made,-apply a digital input of all “1’s”, and adjust the gain
potentiometer until the proper plus full scale output is obtained.

DAC1146
OFFSET (20)

GAIN ADJ

Figure 2. Offset& Gain Calibration

Code000...00 Codelll... 11

Unipolar .
+5V 0.00000V +4.999981V
+10V  0.00000V +9.999962V
Code 100 . . . 00 Codelll...11
Bipolar .
+5V 0.00000V +4.999962V
+10V  0.00000V +9.999924V

Table Il. Full Scale Calibrated Output Voltages

Pin 26) or an external reference.

PRECISION LOW DRIFT VOLTAGE OUTPUT

The internal output amplifier of the DAC1146 is optimized for
high speed applications like digital audio and sonar, that require
fast settling time. An external precision operational amplifier
like the AD OP-07 can be applied when low offset drift is im-
portant. Simply connect the current output (Pin 28) to the inverting
input of the amplifier. This connection should be made as close
as possible to the DAC. Connect the proper feedback resistors
as shown in last two columns of Table I. To avoid decreasing
the gain drift performance of the DAC always use the internal
feedback resistors, since they are matched to the internal current
weighting resistors of the DAC (see Figure 3).

The current drift of the DAC1146 is typically 350pA/°C from
+15°C to +35°C. When using the AD OP-07, the total drift of
the output signal will be less than 2uV/°C.

DAC1146

Figure 3. Low Drift Voltage Output(+ 10V) Application

DIFFERENTIAL LINEARITY ADJUSTMENT

Each DACI1146 has been factory calibrated and tested to achieve
the performance indicated in the electrical specifications. Before
attempting recalibration, it is imperative that the circuit be
checked to confirm that all precautions have been taken to insure
proper application. The DAC is trimmed by comparing a bit to
the sum of all lower bits, and adjusted if necessary, for a one
LSB positive difference. The top four bits can be trimmed
using the procedure outlined on next page. A differential voltmeter
capable of 100V full scale should be connected to amp out of
the DAC. A Fluke 895A or equivalent is recommended (see
Figure 4). '

CURRENT  AMP
out N

20k

DAC1146

20k MsB 82 83 B4

NOTES
BITADJUST 1 MUL TvPE
20ki) RESISTORS ARE 1%, 50ppmrC METAL FILM TYPE.
ALLOTHERRESISTORS ARE % CARBON COMPOSITION,

' Figure 4. Optional Differential Linearity Adjustment Circuit
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1. Start with Bit 4, proceed to Bits 3, 2 and 1 by repeating
+ steps 2 through 5. Set Bits 17 and 18 to “0” for this entire
rocedure.

2. Set all digital inputs less significant than the bit being adjusted
to “1”’; set all others to “0”.

. Read the output voltage by nulling the voltmeter.

. Set the digital input for the bit being adjusted to “1”, set all
others to “0”. )

5. Read the output voltage by nulling the voltmeter. This reading

should be equal to that of Step 3 plus 153uV (10V FSR). If

not, adjust the bit.

Retrim gain.

w

6.

DIGITAL AUDIO APPLICATION
When using a DAC to reconstruct an audio signal, emphasis is

" placed on important audio parameters. These parameters include:
Total Harmonic Distortion, Dynamic Range and Settling Time.

Settling Time: Settling time is the total time for the output to
settle within an error band around its final value after a change
in the input. Settling times for the DAC1146 are specified to
+0.00076% of full-scale for any step change (see Figure 5).

0.02 \\ \
TEETRELR
s \ , éree \
| OR
3 o-10v \
§ _‘_“ga & STEP
= STEP \ \
0.001 \\ \\\
0.00076 ™ ~
05V
STEP

o 1 2 3 4 s 6 7 8 9
SETTLING TIME - us

Figure 5. Voltage Settling Time vs Accuracy

Total Harmonic Distortion: When the DAC1146 is used at 16
bits of resolution with a deglitcher as shown in Figure 6, the
Total Harmonic Distortion (THD) for a full scale signal over

the entire audio range 20Hz to 20kHz is typically less than

0.002% or —94dB.

Total Harmonic Distortion is defined as the ratio of the square
root of the sum of the squares of the rms harmonic value to the
rms fundamental values and is expressed in percent dB.

The THD can be calculated from the following formula and
verified by testing (see Figure 6).

- .
'\/1 s . ~12
N i E + E
THD = RMS E'rror _ N i< [ L(l)‘ Q(l)] x 100%
RMS Signal RMS Signal

where N is the number of samples.
E; (i) is the linearity error of the DAC at each
sample point.
Eq(i) is the quantization error of the DAC at each
sample point.

. THD TESTING

When testing for THD the test equipment used must be distortion
free so as not to mask the true performance of the device under
test. The test circuit (see Figure 6) will produce a negligible
amount of distortion when generating a test signal.

The PROM contains one cycle of a computer generated sine
wave. Frequency select switches program the adder with the
number of codes that it should skip on each count. This selection
allows any of 2048 discrete frequencies between 12Hz and 25kHz
to be generated with a constant SOkHz update rate. The DAC
output is deglitched, and displayed on the spectrum analyzer.
Total Harmonic Distortion can be computed by comparing the
amplitude of the fundamental frequency with the amplitudes of
the harmonics.

TYPICAL THD TEST RESULTS

e 200 —

TIMING DIAGRAM

Figure 6. Block Diagram Harmonic Distortion Test Circuit
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Dynamic Range: The DAC1146 has a typical dynamic range of Dynamic Range 16-Bit Resolution  18-BitResolution
96dB for a 16-bit input and 100dB for an 18-bit input. The Dynamic Range 96dB 100dB
theoretical dynamic range can be expressed as 6dB X N, where THD at FS 0.002% (—94dB)  0.0015% (—96dB)
N is the number of bits. The theoretical limit would indicate a THD at — 15dB 0.01% ( — 80dB) 0.0075% (— 82dB)
dynamic range of 108dB for an 18-bit input, however linearity, THDat —20dB 0.02% (— 74dB) 0.015% (—76dB)
noise and other errors limit the useful dynamic range to 100dB THD at — 30dB 0.06% (— 64dB) 0.045% ( — 67dB)
at 18 bits.
DEGLITCHER A
10k
En O] 20548 ok | 51 o d Jiz30eF
[ Wy T A2
> . =~ AD544 Eour
AD7512 :v
DEGLITCHER «_ _ | 0
CONTROL '
FREQUENCY [ ‘ !
SELECT . ; | 1
ai o8I as N eor [N pur DEGLITCHER |{ SPECTRUM
A8 AT B B e
v CLOCK {50kHz} D }
DEGLITCHER CONTROL )
o Y
CONTROL cLock s o
t [
DEGLITCHER [—| —
contRoL -~ | S I



ANALOG
DEVICES

Ultra High Speed
Deglitched D/A Converter

MDD SERIES

'FEATURES

Ultra-High Speed: 20MHz Word Rate

8- and 10-Bit Versions Available

TTL Compatible

Smallest Size Available: 3" X 4" X 0.5”

Completely Self-Contained with Input Register, D/A,
Deglitcher, Timing, Internal References, and Output
Buffering

APPLICATIONS

Color-Television Video Reconstruction, Time-Base Cor-
rection and Frame Synchronization

Graphic Displays

Deflection Systems

Character Generators

High Speed D/A Systems

GENERAL DESCRIPTION
The MDD Series is a subsystem module which contains an
input digital register, ultra-high speed current output D/A
converter, deglitcher, output buffer amplifier, precision refer-
ences, and timing circuitry within a 3"X4”X0.5" case. The out-
put of the device is an ultra-linear analog representation of -
the digital input. Requiring only external gain and offset
potentiometers for final calibration, the MDD D/A solves the
-glitch problem associated with high-speed D/A converters. The
incorporation of an internal register virtually eliminates the
need for input bit time deskewing. While not totally eliminat-
ing the glitch per se, the remnant glitch is very small, and more
importantly, constant (and therefore filterable) over the out-
put range,

The MDD Series is available with 8- or 10-bit resolution and in
two versions. The basic versions contain a unity gain output
buffer and can deliver 2V p-p open circuit (or 1V p-p into a
load) when the MDD output is both source and load termin-
ated. The ““A” versions contain a very high speed output gain
amplifier to allow the MDD to deliver 4V p-p open circuit (or
2V p-p into a load) when the device is source and load termin-
ated. Higher output voltages may be obtained—up to £10V by
external feedback resistor selection. However, settling time
degradation must be expected.

TV APPLICATION

The “A” version of the MDD Series deglitched D/A is ideally
suited for color television video reconstruction. Its output can
directly drive the low impedances normally associated with
video baseband transmission. Since the output impedance of

the internal operational amplifier is less than 182, the transmis-
sion-line match obtained with the internal source terminating
resistor is almost perfect. Other applications include waveform
generation, automatic test equipment, and fast process con-
trol systems.

Designed primarily for PC board mounting, these D/A’s may
also be plugged into pin sockets. The pins are 0.04" diameter,
gold plated, and are on 0.2" centers. For increased reliability,
each module is burned in for 96 hours at +25°C before final
test and shipment.

ws8 = 1652, I, = +15mA
BIT1 ; - L] 2 1 ouTPUT
: n [l L ITCHER INPUT
H S 2
— H 0 1 CURRENT WIDEBAND AMPLIFIER
thies 1 7 INPUT 1 OUTPUT S N\\_OF AMP 20
fiard, i REGISTER |— D/A . ouTPUT
(See Nota 1) H [} [ { converTER + M 2
' i "' - BASIC) 75Q OUTPUT
' - 22
! . 502 OUTPUT
BT 10 0 H i 23 ourry
\s8 L0 ZOUTPUT

DEGLITCH

sTRoBE INPUT -2 NETWORK

TIMING
GENERATOR

+5v 028} 45V

7502 |1g
27! +15V +REF OUT
415V O="H—e- 415V 7508 - 115
1ov 028 v -15v out
Te2v 62v
GND
1725 *Sea Note 2 v

NOTES:
1. INPUTS SHOWN FOR 10.8IT VERSIONS. FOR 8.81T VERSIONS PINS 11 AND 12 ARE UNUSED.
2. THESE PARTS (*) ARE OMITTED IN BASIC VERSIONS, BUTPRESENT IN “A” VERSIONS.

MDD Series Block Diagram
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SPECIFICAT|ONS (typical at +25°C and nominal supply voltages unless otherwise noted)

MDD-0820 MDD-1020 OUTLINE DIMENSIONS
MODEL MDD-0820A MDD-1020A . . . s
Dimensions shown in inches and (mm).
RESOLUTION 8 Bits 10 Bits i i_L
Accurzcy (including linearity) at .
Maximum Word Rate of 20MHz  $0.2% 10.05% ] o
Monotonicity Guaranteed 0 to +70°C i T - P
DIGITAL DATA BIT INPUTS Tonwammm
Logic Level/Load 1 Standard “S” TTL Load Py T
Positive Logic—Binary (BIN) “1" = +2.4V to +5V P37 3
“0" = OV to +0.4V o ]
DIGITAL STROBE INPUT e he
Logic Level/Load 2 Standard “‘S"” TTL Loads 9 P
Positive Logic “1" =424V to +5V S
“0" = 0V to +0.4V ey 2 al
Risetime zand Falltime 10ns max 8 a
Width 15ns min R ape:
Timing Negative-Going Trailing Edge to Occur a » i
Minimum of 20ns After Last Data Bit . 2
Change H
Frequency 20MHz max sorrom v —] fo—orzsn : -+
WEIGHT: Som; 143 G e
OUTPUT MDD-0820 MDD-0820A PINS ARE GOLD PLATED PER MILG:6204 TYPE I}
MDD_lozo MDD-IOZOA DOT ON TOP INDICATES POSITION OF PIN 1.
Voltage, No Load, Unipolar 010 +2V Externally Programmable with
. Gain and Offset Resistors PIN DESIGNATIONS
Bipolar +1V to -1V to 10V max
Impedance PN |- FUNCTION PIN | FUNCTION
Pin23,Low Z 1082 max 1§2 max 550'-'""'r '25: ‘o"l”]r'
Pin 22, 50Q 5082 £5% 500 1% T R oubs
Pin 21,75 758 5% 758 £1% BIT 3 INPUT DEGLITCHER INPUT
Pin 20, 93Q 930 £5% 930 1% T B oaouAT
Amplifier Current jS(i‘rmg fo; dc lozdR: 10052 min, %%:3 2 x 832{
c load = ZouT + RLOAD BIT 8 INPU 23 L0 Z OUTPUT
DAC Current +15mA :ﬁ S— ;; %gnc—_ cK____|
BIT 10 INPUT (LSB) | 26 -15V POWER INPUT
SETD'ilgbéG TlMEo ©0.1%) STROBE INPUT 27| +15V POWER INPUT |
urrent Qutput (to 0. 15ns GROUND* 28 +5V POWER INPUT
Voltage Output 50ns to 0.1% 120ns t0 0.1% =ALL GROUNE INTERRALLY CORRECTED
2Vpp 4V pp :
RESIDUAL GLITCH! 30mV for 2V p-p F.S. Output
or 1.5% of F.S. ’
PEDESTAL 10mV for 2V p-p F.S. Output
or 0.5% of F.S.
QUTPUT ZERO OFFSET Adjustable to Zero
OUTPUT ZERO OFFSET vs. TEMP 100ppm/°C
GAIN Adjustable
REFERENCES AVAILABLE 6.2V
POWER REQUIREMENTS
+15V 3% 120mA
=15V £3% 150mA
+5V 5% . 250mA
Power Supply Rejection Ratio 0.1%/V
CASE Dially] Phthalate (per MIL-M-14
type SDG-F)
TEMPERATURE RANGE
Operating 010 +70°C
Storage -55°C to +85°C
NOTES
! Occurs at the update rate,

Specifications subject to change without notice.
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NOTES ON “DEGLITCHING"

An MDD Series D/A converter operating with a full-scale p-p
analog output of 1V will typically have a glitch, or transient,
in its output which is 15mV in amplitude and is 25ns wide,
at the 50% points. These typical values are independent of
whether the D/A converter is an 8-bit unit or a 10-bit unit..

This glitch remains constant, regardless of the transition
points. In other words, it is the same for the transition from
0000000001 to 1000000000 as it is for the transition from
1000000000 to 1000000001 or any other two input words.
A constant glitch is the purpose of the deglitcher circuits.
They are intended to hold the area under the curve at a con-
stant value; they are not intended to get rid of all glitches
per se.

When the area under the transient curve is held constant, the
frequency spectrum of the glitch is a fine line; i.e., a single-
line spectrum at the sample rate frequency, and harmonics of
the sample frequency.

If the glitch is a function of signal dynamics, as it is in the
case of a D/A converter output which is not deglitched, a
multitude of intermodulation products are formed. Some of

PEDESTAL _L_ ’
- I_ RESIDUAL GLITCH

Figure 1. Pedestal/Glitch Relationship

DATA

INPUTS X X X

{CHANGING) — MINIMUM 20ns BETWEEN LAST BIT CHANGE
AND STROBE TRAILING EDGE

- I o— MINIMUM 15ns MAXIMUM 65% OF PERlOD
OF UPDATE RATE

e —J 1 L
|a—50nsimIN—s]

APPROX.
MDD-0820 OR 40ns
MDD-1020 OUTPUT
APPROX. -
60ns —7 i -

Figure 2. MDD Series Timing Diagram

MDD-0820-A OR
MDD-1020-A OUTPUT

75092 15
AAA O-REF OUT

I ;

| vy o +REF OUT

| -ls2v +|s2v + D/A OUTPUT
| 1650 | 1. 14,

| + ,17.25

-O GROUND

_—— - - _ [ — ..l
CURRENT CONTROLLED BY
INPUT DIGITAL CODE
lo =0 TO +15mA

Figure 3. D/A Current Equivalent Circuit

these IM products appear in the video pass-band as spurious
signals and increased noise level. The deglitcher circuits effec-
tively eliminate these products. When they do, the S/N ratio
approaches that of an ideally-quantized signal, where the rms
noise is Q/A/12, when frequencies above Nyquist are filtered
out.

In summary then:

® The residual glitch for an MDD Series D/A converter is
typically 15mV for a full-scale 1V p-p output; this is 1 5%
of F.S.

® ' The glitch width is typically 25ns at the 50% points.

® The amplitude and width of the glitch are constant, and
independent of :
—the magnitude of change in successive transitions
—number of bits of digital output
—input (update) data rates

D/A converters without deglitching circuits have smaller,
shorter glitches, on the average; but this type of converter has
larger glitches at the major crossings, especially at the mid-
scale transition.

500kHz/DIV

Figure 4, Spectrum of 10-bit D/A Operating at 11MHz Update
Rate Without Deglitching — Unfiltered

500kHz/DIV

’ Figure 5. Spectrum of 10-bit D/A Operating at 11MHz Update

Rate With Deglitching — Unfiltered
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mSB 16 +REF OUT
BIT1 o2
OFFSET ADJ
| 3 25k
i s 15 -REF OUT 1
o= 4
!, o—2 19 D/AOUTPUT S 10k
pigtat] | o—2] mop-1020
WPUTS { | o 7] DEGLITCHED |18 DEGLITCHER INPUT f oA Dy
D/A CONVERTER e,
: o—¢1 20932 OUTPUT v
o—= SELECT OUTPUT
{ o 21 755 OUTPUT TO MATCH Zo OF
BIT 10012 22 502 OUTPUT TRANSMISSION
Ls8
STROBE 13 23 LO 2 QUTPUT
|23 LOZOUTPUT .
INPUT
VL ~0TO+IV

Ln 2628 [ 1,14,
. 17,25
+15V § +5V

T-15v

Figure 6. Unipolar Qutput Configuration Basic Versions

N 15 _-REFOUT
BIT 1 0——r,f OFFSET ADJ
| 3 5000
— ADJUST FOR ZERO VOLTS
| o— QUTPUT WITH AN INPUT
1 o—2 19 D/A OUTPUT CODE OF 100.1.....00
ITAL ° MDD-1020
WeuTs : 7] DEGLITCHED 18 _DEGLITCHER INPUT 'chm ADJ
: o—2{ converTer |20 s3nouteur 5k %
| = o
Ot
T SELECT QUTPUT
e 21 TSR OUTPUT | 0 MATCH 2o OF
8IT 10— 22 50§ OUTPUT IMENSM'SSION
STROBE 1 23 LOZOUTPUT
INPUT
yr zsizn 1,14, VL = -0.5V TO +0.5V
12,25
+15V § +5v

-15V

Figure 7. Bipolar Output Configuration Basic Versions

OFFSET
MSB 7500 - ADJ
srrvo__; 15V 502 15 -REFOUT

I S—4] Jiopezen, 8.2v 19 D/AOUTPUT _ 0TO+2v
1 o8} D/A DEGLITCHER 7509
| 8] CONVERTER 18 _INPUT
DIGITAL | °— SELECT
INPUTS 1 b 20 930 OUTPUT ouTPUT
5] [ oecuiren TOMATCH
I o1 | ewecurr 21750 OUTPUT 20 OF
| o3 22_502 OUTPUT THANS-
8IT 160 4990 FAAMA————————0 | MissiON
Ls8 N 23 L0 ZOUTPUT
b2 1
op AMP AMPLIFIER R
STROBE o W] A= 24 FEEDBACK aam 1~ Cra
eyt 7 T
27 26 28 1,74,
12,25
+5V 1BV Y
NOTES:

1 SELECY RGAIN TO GIVE DESIRED OPEN CIRCUIT OUTPUT VOLTAGE. THE INPUT
TAGE TO THE OP AMP IS APPROXIMATELY 0 TO +2V. THE OUTPUT OF THE
OP AMP 1S THEREFORE {(2 X RgaIN)/600%2) VOLTS p-p.
2. THE LOGIC IS INVERTED INTERNALLY FOR THE “A” VERSIONS SUCH THAT ALL
;1’5 APTOYUNE DIGITAL INPUTS YIELDS A FULL-SCALE POSITIVE VOLTAGE AT THE

3. FOR POSITIVE UNI'OLAR OPERATION, THE NOMINAL OFFSET POTENTIOMETER
RESISTANCE SHOULD BE SET FOR A VALUE OF APPROXIMATELY 8000, MAKING g
L POTENTIOMETER IDEAL.
4 FDR BIPOLAH OPERATION, THE NOMINAL OFFSEY POTENTIOMETER RES‘STANCE
ULD BE SET FOR A VALUE OF APPROXIMATE
'OTENTIOMETER IDEAL. THE OUTPUT VOLTAGE SHOUI.D BE ADJUSTED FOH ZERO
WITH AN INPUT CODEOF 10......... 00.
6. MAKE Cgg NOMINALLY 10pF. SELECT FOR OPTIMUM SETTLING TIME IF DESIRED.
6. IF ADJUSTABLE GAIN IS DESIRED, ADD A LOW-VALUE, LOW-INDUCTANCE CERMET
TRIMMING POTENTIOMETER IN SERIES WITH Rgam. BY PUTTING THE GAIN ADJUS"‘MENT
HERE, THE GAIN AND OFFSET ADJUSTMENTS ARE INDEPENDENT OF EACH OTH|

Figure 8. Output Configuration — “A” Versions

ANALOG 7 14 MSB mse 5
INPUT  ©—]ANALOG INPUT{TE "] 8] OFFSET ADJ
AN 4,5,6[0TO+IVAT L= $ o
IALOG o — 75
GROUND 7 DIGITAL 5 24
MDD 0820A R
o 9 e ] PROCESSOR, S ol DEGLITCHED ol o= e
COMMAND 19 7 2 100F
INPUT O——]ENCODE INPUT MEMORY ANALOG
TTL LEVEL UP J22 INTERFACE, 8 | CONVERTER OUTPUT
ENCODE 8 |70 11MHz 21LSB ETC. LSB 9" 21 75Q0UTPUT fiowpass] @ T2 1V
' GRouND FILTER
19 750
+15V oo MATVO8T1 (AS REQ)
1 A/D 13 13 18
-15V O—71 CONVERTER
+5V O] DATA
READY
out

S2Vo Tn !1, w!zz

>
<
27(26[28[1,14, S ] GAINADJ
17,25 § 2
R1Y

+15V +5V V

Figure 9. Typical A/D-D/A Back-to-Back Connections
for Video Applications or Testing

The typical video differential phase and gain errors (disre-
gardmg quantization effects) for the configuration shown are
3° and 3%, respectively, using an encode command frequency
of three times the NTSC color subcarrier (10,.74MHz). For
applications requiring digitization at frequencies of four times
NTSC (14.32MHz) or three times PAL (13,29MHz) the
MATV-0816 A/D Converter should be substituted. For ap-
plications requiring digitization at four times PAL (17,74MHz),
the MATV-0820 A/D Converter should be substituted. Results

“are applicable for either NTSC or PAL test signals using the
20 IRE modulated ramp.

Due to the inherently stable characteristics of the output oper-
ational amplifier, the “A” versions are recommended for
driving properly terminated video terminated lines.
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ORDERING INFORMATION

For 8-Bit Models,

8 MDD-0820 without output amplifier
) Order:

MDD-0820A with output amplifier

For 10-Bit Models,
Order:

MDD-1020 wifhout output amplifier
MDD-1020A with output amplifier

Mating pin socket connectors for the MDD Series is model
MSB-2. Prototyping socket is MSD-1.

The MDD Series D/A’s are normally burned-in at +25°C for a
minimum of 96 hours. For extended burn-in, consult the
factory. All of Analog Devices’ data acquisition products are
covered by a one-year warranty.



ANALOG
DEVICES

Ultra High Speed
Multiplying D/A Converter

MDMS SERIES

FEATURES

Small Size: 2" X 2" X 0.4"

High Multiplying Accuracy: Maintains Monotonicity and
Linearity for any Analog Input within the Specified Range
High Current Output: 10mA Full Scale

High Reliability, Hybrid Microcircuit Construction
Guaranteed Operation: -30°C to +85°C

APPLICATIONS

CRT Displays
Waveform Generation
Vector Generation
Fast Digital Attenuator

GENERAL DESCRIPTION

The MDMS series is an ultra-high speed, one or two-quadrant,
multiplying D/A converter capable of 10MHz operation and
11-bit precision. The settling time for both analog and digital
inputs is 100ns, and the large signal bandwidth of the analog
input is in excess of 10MHz. The module is designed for the
needs of the graphic display field and other applications re-
quiring high-accuracy, high-speed multiplying operation.

The current output of the MDMS series D/A is precisely pro-
portional to the analog input signal multiplied by the digital
input code. The analog input signal may be any voltage
between OV and -10V, and can be a sine wave, triangle wave,
sawtooth, or other waveform. The D/A output is an accurate
scaled version of the input waveform, the scale factor being
the digital input code. Alternatively, the analog input voltage
may be used to scale a digitally generated signal. Various off-
setting provisions are made so that the analog signal, digital
signal, and output may be made bipolar or unipolar in order
to accommodate various uses requiring one or two-quadrant
operation. .

The output impedance of the D/A is 200 ohms so that a two-
volt output swing is possible with no load. Loading the output
with 200 ohms results in a 1 volt p-p output. If an external
operational amplifier such as the Analog Devices’ HOS-050,
HOS-050A, or HOS-060 op amp is connected to the output
of the D/A, output voltages up to 20V p-p are obtainable at

a small sacrifice in speed.

ORDERING INFORMATION

Order Model Number MDMS-0801, MDMS-1001, or MDMS-
1101. Ruggedized versions with extended burn-in are also
available. Consult the factory.

2o = 2000,
Mss 1 ig =+10mA ANALOG
BIT1 93 32 . CURRENT
i 3 OUTPUT
: 4 = 30  BIPOLAR
3 OFFSET
| HYBRID
DIGITAL | 7 CURRENT 2
INPUTS | ouTPUT —P sy
| 8 DA n
! ‘g CONVER B sy
[
len X
BIT 1 Va

OFFSET 21 200k 3

ADJUS’ A
4k
ANALOG 19
INPUT ©
0to-10V

BIPOLAR OPERATION IS ACwMPUSNED
BY CONNECTING PIN 30 to -10V, O
ADJUSTMENT IS REQUIRED, PIN :m MAv
BE CONNECTED THROUGH A 1.5k ADJUST-
MENT POTENTIOMETER TO -15V.

MDMS Series - Block Diagram

5— 1280 Groun -
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SPEC|FICATION S (typical @ +25°C and nominal power suﬁply voltages unless otherwise noted)

MODEL MDMS-0801 MDMS-1001 MDMS-1101
RESOLUTION 8 Bits 10 Bits 11 Bits

LSB Weight 40uA 10uA SuA
ACCURACY (ADJUSTABLE TO) 10.2% 10.05% 10.025%

Monotonicity Guaranteed M .

Linearity 20uA, 1/2LSB SuA, £1/2LSB 2.5uA, £1/2LSB
ANALOG INPUT

Voltage Range 0to ~10V . *

Impedance 4kS2 £2% . .

Transfer Function (inverting)

OV input scales D/A output to minimum output;
-10V input scales D/A output to maximum output.

DIGITAL INPUT (TTL)

T
e 32 10+
Positive Logic, 1" = +2.4V to +5.0V . . T 29
“or= OV to 0.4V . . o Fp4
Loading, 2 Std. TTL Loads 128, 50
“o" = -SmA * * ml 261
s SouA : . akid 53] 509
CODING (PARALLEL INPUT DATA): . 23 |0(;j
Unipolar BIN b . —+ 116
Bipzlar OBN . . ?ezzj ° g'l 120
All “1's” Input Maximum Positive Output 1 e
All “0's” Input Maximum Negative Output 1
OUTPUT (CURRENT)
Unipolar 0 to +10mA . * ‘
. BOTTOM VIEW
Bipolar t5mA * . [==— 0.1(2.58) GRID
Compliznce Voltage +1.5V, -2V . * NOTE: DOT ON TOP INDICATES POSITION
Impedance 20082, 21% . . OFPIN1
Loading 20082 for 0 to 1V p-p Out WEIGHT: 1.6 0Z,453 G
) 08 for 0 to 2V p-p Out PINS ARE GOLD PLATED PER MIL-G-5204 TYPE It
. . .
Zero Offset (max) S0nA MATING SOCKET MSA-1
DYNAMIC CHARACTERISTICS
Scttling Time (digitat & analog) 90ns to 0.2% F.S. 100ns to 0.1% F.S. 130ns to 0.05% F.S. PIN DESIGNATIONS
Bandwidth (analog in) 10MHz * .
TEMPERATURE COEFFICIENTS N PIN |FUNCTION
Lincarity 2ppm/ C . M
Monotonicity Guaranteed -30°C to +85°C 1_|BIT 1INPUT (MSB} |
POWER REQUIREMENTS 3 :: —g :::Y
+15V £10% 60mA : : 4 [BIT 4INPU
~15V £10% o , 20mA : : BIT 6 INPU
Power Supply Rejection Ratio 0.005%/V BIT 8 INPU
TEMPERATURE RANGE B_| BIT 7 INPY
Operating -30°C 10 +85°C 1’0 :: -: ::“:3
S -55°C 125°C TR
torage 55°Cto +125 11 [BIT 10 INPUT
PHYSICAL CHARACTERISTICS 12 | BIT 11 INPUT LSB
Case Diallyl Phthalate per MIL- 19 | ANALOG INPUT
M-14 Type SDG-F |21 [OFFSET ADJ
= 23 | -16V POWER INPUT
NOTES 25 |+15V POWER INPUT
*Specifications same as MDMS-0801 28 [GROUND
Specifications subject to change without notice. 30 |BIPOLAR OFFSET
32 | ANALOG OUTPUT
— THIS 15 +10v
WITH LOGIC
] THE ATTENUATOR DlamaL Y
wsB 32 P ANALOG N 0
fairs L v
! HOS.050 (SEE FIGURE 2)
: OP AMP -1ov
1
| MDMS1101 THIS WAVEFORM ISOBTAINED 410V
L v [ sl feevore RS o ‘
see FiooRe)| | " NULL INPUT, 0=l - - O e
1 COMPENSATION v
) 21
H ——jn a2 -0V -
! il @ e o THIS WAVEFORM IS OBTAINED  +10V 20000099999
&” LH ADJUST WITH LOGIC 11111111111 AT /\INPUT $1
GROUND THE ATTENUATOR DIGITAL 'SV
SBV 45V (SEENOTE2) INPUT, o A .\ - .7/_ .\\ /
wss 2 v
8Ty D———— oV N/ INpuT #1 N/

1

i
atrenvator | !
DIGITAL |
INP |
(SEEFIGURE2)| |
|

1

MDHL.1204
CONVERTER
2

R3

30 SCALE FACTOR
ST
(SEE NOTE 3}

32
‘GROUND
BV

. BHY
Figure 1. The MDMS-1101 Multiplying D/A
Used as a Digital Waveform Generator with
Digital Attenuator Control
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

1

|
[~

2.000 (’50}) I _L

EO.ZSO (8.4} MIN

i} 0.020(0.508) ——“-T

Ri MAV BE OMITTED IF 0! FKDC

SHIFT IS PERMISSIBLE BETW
MINIMUM & M,
ST R2

2. ADJI
ATTENUATOR INNn sEY ro

xlmm AWENUAYION

0000 000000 AND WAVEFORM
ITAIN ¢ wv OUT-

3 u T0 08"
TTENUATOR
FOR | | || 11
INPUT ACTIVE.

INPUT SET
11111 AND WAVEFORM

mamtm

TNE MOVE WAVEFORMS DEPICT THE
FOR VARIOUS VALUES
F AWENUA’IOR DIGITAL INPUTS TO
D/A #2 WITH A DIGITAL TRIANGLE
BEING APPLIED TO THE WAVEFORM
DIGITAL INPUT OF D/A #1
PEAK POSITIVE LEVEL =
00000000000 mmul. INPUT
PEAK NEGATIVE LEVEL =
11111111111 DIGITAL INPUT
(THE OUTPUT OP AMP INVERTS THE
SENSE OF THE INPUT BITS)

Figure 2, Operation of Multiplying D/A Circuit
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Selection Guide
Analog-to-Digital Converters

8-Bit A/D Converters
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fov'"E 1 - LOGIC
9k
+Vin E
H * + coMP.
INST B uT
fov"‘E ey |iatcring
INPUT COMP,
BUFFER
comP.
STROBE e
EDC 18 | mss)
spo | | DACOUT

_z| DB6

PN TR -—-EI DBs
- ATE
DAC - ouTpuT .._B D84

BUFFER

3 B3
jE DB2

Veer I I _.3 oB1 -
Iamnni-;GAP BIAS CIRCUITS |t 1]0BO -
(sl
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POWER GROUND  +V¢c
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AD570

Complete A/D Converter with Reference and Clock

Fast Successive Approximation Conversion — 25us

No Missing Codes Over Temperature
0 to +70°C - AD570J
—55°C to +125°C — AD570S
Digital Multiplexing — 3 State Outputs
18-Pin Ceramic DIP

AD670

Complete 8-Bit A/D Converter

Fast Conversion Time: 10pus

Full Microprocessor Bus Interface

Flexible Input Stage: Instrumentation Amp Front
End Provides Differential Inputs and Good
Common-Mode Rejection

No User Trims Required

No Missing Codes Over Temperature

Single +5V Supply Required

Convenient Input Ranges

Small 20-Pin Package
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DIGITAL

ve o v- COMMON CONVERT
| ]
ANALOG Sk
IN
ANALOG el L_ _Q‘
COMMON o CU::ENY 8-BIT
ad outeut [ san —12
'b—l DAC
- —_{ E B4
e——
-
COMP- —E‘
ARATOR L {r==2
1Nt |
BIPOLAR [ cLocK,
OFFSEY e o= o | o | eed
CONTROL
- ’__..Iz

[+:1]
Lse

.q_.— DATA ENABLE

Ve
\5 Acno

Gf BUSY

AD673
I BURIED ZENER REF I
DATA
READY
Voo Vrer An Bors
1 () DYE
[\COMP
8.BIT DAC
/
6 THRE!
DB, - DBy s‘m‘rg — | I
DATAOUT \ 3| DRIVERs [\
st VE
APPROXIMATION
REGISTER
FIfd AD7574
— INTERFACE
s (16 & CONTROL
. LOGIC
RD
A )
7 N4
CLK Donp

AD673

Complete 8-Bit A/D Converter with Reference, Clock
and Comparator

Full Microprocessor Bus Interface

Fast Successive Approximation Conversion - 20ps

No Missing Codes Over Temperature

Operates on +5V and —12V to — 15V Supplies

AD7574

No Missed Codes Over Full Temperature Range
Fast Conversion Time: 15us

Interfaces to pP like RAM, ROM or Slow Memory
Low Power Dissipation: 30mW

Ratiometric Capability

Single +5V Supply

ANALOG-TO-DIGITAL CONVERTERS  VOL. I, 11-3
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Selection Guide
Analog-to-Digital Converters
8-Bit A/D Converters

Voo . VRer Bors Page
o ww em AD7581
An7() 8-Bit Resolution Vol. 1
AN 6(3)—E | AD7581 On-Chip 8 x 8 Dual-Port Memory 10-159
AINS(4) No Missed Codes Over Full Temperature Range
AIN4(5) Interfaces Directly to Z80/8085/6800
an3(s) CMOS, TTL Compatible Digital Inputs
AIN2(7) g Three-State Data Drivers
AN 1(8) - Ratiometric Capability
aino(s) ] Interleaved DMA Operation
Fast Conversion )
THREE ()acno A/D Process Totally Transparent to pP ,
DRIVERS
oaragur e
(20-27} REGISTER
INTERFACE AND ADDRESS I
CONTROL LOGIC
[} DGND CLK STAT ALE A0 A1 A2
HAS.0802 3 HAS'0802
o/AOUT 21 et ——© DATAREADY
CURRENT | Homr1 ) o Conversion Times as Low as 1.2ps Vol. I
mvomuoﬁ_@fL bed | 16 gmsa) |3 > '
OFFSET T=5.12mA ] I EDN] H Resolution: 8 Bits 10-201
curment I successive o 1 | B Exceptional Accuracy: 0.012% of F.S.
17,18 PRETRIMMED APPROXIMATION || 9, ] o
DiA d wiGh Accuracy (o | OFRT ™" recister e | > Low Power
12 6 SOURCE TN 0 Y7V I EDS T Contained in Glass or Metal 32-Pin DIP
ORIVER S - .
cround 022 8 120 1 |3 Adjustment-Free Operation
x| 78 ULTRAHIGH = 2o | °
COMPARATOR o e -
PP I COMPARATOR ]
INPUT =
23| /AR
D/A lN(}—zz—I
|
CONTROL
f ' f_‘ (% 6 CIRCUITS
¢ [ [zmz i L:z
415V -15V 45V DIGITAL ENCORE
GROUND COMMAND
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10-Bit A/D Converters

AD579 : Page
TesTPOINT 1] AD579 [52] -15v . .
TESTPOINT [Z] [51] +1sv Complete 10-Bit A/D Converter with Reference and Vol. 1
BIT10 3] 252 551 ANALOG GND - Clock 10-79
BT [Z] b TB] 2R ADY Fast Successive Approximation Conversion: 1.8ps
airs (5] . R[] 20V sPAN iNPUT Buried Zener Reference for Long Term Stability and
wir7 (5] ._E f‘g_ 77] 10V SPAN INPUT Low Gain T.C.: £40ppm/°C max
aits (7] Eg [26] BIPOLAR OFFSET Max Nonlinearity: <=+0.048%
wirs (] "8 [35] GAIN (REF IN) Low Power: 775mW
< .
BiT4 [9] a 2a] REF OUT
8173 [0 [23] seRIAL ouT
etz [11 T—{ [22] SERTAT GUT
BT 12 71] CONVERT START
ay [B— ] ' g e
SHORT CYCLE [14 0BT = Ny _J 79] CLOCK IN
DIGITAL GND [15 SAR. 18] CLOCK OUT
CLOCK|
+5v (16 {17] cLock ADJ
COMPARATOR
HAS-1002 . 3 HAS'1 002
praout o2 = l-—1>0 DATA READY ‘
2 Sk »a S o8I Conversion Times as Low as 1.7us . Vol. 1
BIPOLAR °__@__ - | 16 mse) |3 > "
OFFSET 1=5.12mA . __;_o : 2 Resolution: 10 Bits 10-201
cornent =1 successve 1o | | & Exceptional Accuracy: 0.012% of F.S.
1,18 PRETRIMMED QUTPUT |=e{aPPROXIMATIONL L2 5 | ®
DIAGND wigh accumacy (ot OGRTT [~ Recister | Too | (8 Low Power
palg| e JRLH I IR (-7 T I ELDS [ Contained in Glass or Metal 32-Pin DIP
round o2 - 2o 113 Adjustment-Free Operation
13 I <
P A ULTRA-HIGH 1 T =
COMPARATOR SPEED |t | {1, |
INPUT * COMPARATOR|
ANALOG o 28 =1
INPUT ==
2| o/aR
GROUND
D/A IMOﬁ—-—J
GATING AND
CONTROL
"\ tee
14 lzu lz. EDET O Lzz

418V -15V 45V DIGITAL ENCORE
‘GROUND COMMAND
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Analog-to-Digital Converters

10-Bit A/D Converters

DIGITAL BLANK &
veoove COMMON TONVERT CONTROL
02 16 '_Jn
ANALOG IN |13 5k Bac _lt 9 msaW
ANALOG 4 u 8
common |14
- T
10817
CURRENT 1087 6
outrut | saR [
DAC
o AT
COMPARATOR B B
T
N { outeuTs
r INT. '} R
cLock
L___J __.l % 3
sirolaR  |1s 2
OFFSIT —f=— == =fem |- = 14 -
CONTROL
1
ADS571 H  parx __{}tq
s

18 LSBJ

TEMPERATURE COMPENSATED AUTO BLANK
BURSED ZENER REFERENCE CONTROL
AND DAC CONTROL =

DATA READ'

<

DIGITAL
V+ V- COMMON CONVERT

Anatog v LA
ANALOG - L
COMMON -BIT
B 128w pB?
oBs
i st
= oBS
N ] DB4
! omr |
BIPOLAR . §CLocKy o83
OFFSET I—1
CONTROL || o2 J
S
Low
oso | BYTE
l LS8
L1— HBE

. _4_ -
| BURIED ZENER REF l

AD573

4

i
g
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AD571

Complete A/D Converter with Reference and Clock
Fast Successive Approximation Conversion - 25us
No Missing Codes Over Temperature

0 to +70°C - AD571K

—55°C to +125°C - AD571S i
Digital Multiplexing — 3 State Outputs
18-Pin Ceramic DIP
Low Cost Monolithic Construction |

AD573

Complete 10-Bit A/D Converter with Reference,
Clock and Comparator .

Full 8- or 16-Bit Microprocessor Bus Interface

Fast Successive Approximation Conversion - 15us

No Missing Codes Over Temperature

Operates on +5V and —12V to —15V Supplies

Page
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DIGITAL
V+ V- COMMON CONVERT AD575 Page
(2 'O () 'O, .
— &
ANALOG INPUT 1 (1 )i Complete 10-Bit A/D Converter with Reference, Vol. I
ANALOG INPUT2 (2 Y—rn o C!ock and Comparator 10-67
ANALOG (3 INFIBIT Serial Output .
COMMON . Fast Successive Approximation Conversion — 20us
0BT EXTERNAL No Missing Codes Over Temperature
\ | Streor CLOCK GUTPUT Operates on +5V and —12V to — 15V Supplies
oA PR oac S— Low Cost Monolithic Construction
SFFEET G)- -~ / out Internal/External Clock Option
FIORTCVEE ETE Triggered or Continuous Conversions
D TERM Automatic Shunt Cycle Option
END OF
CONVERSION
l BURIED |
ZENER
REFERENCE
AD7571
5 3
v p g
Voer (£ AD7571 10-Bit Plus Sign Resolution Vol. 1
g
10.81T DAC 20)siGN No Missed Codes Over Full Temperature Range
ThRee sTaTE P10\ DB Conversion Time 80ps
DRIVERS \ oss Differential Analog Voltage Inputs, =10V Range
| THREE STATE outeur & Serial and Parallel Data Outputs
[ Y| e J—\pe2 Easy Interface to Most Microprocessors
An 413 '(':' ASUCCESSIVE 7o/ DB0 Internal Clock Oscillator
© A8 -OMP REGISTER Single Supply Operation for Positive-Only Signals
4 ‘ _t Monolithic Construction
l INTERFACE & CONTROL LOGIC
21) DGND
acno (6 NN
THREE
Ves (1 STATE ’ LEVEL SHIFTERS
DRIVERS -
26)=l27)23)={(0 )i(25)=(28)~(22)—{7 )—{(8
CLK CLK BUSY Vcc RD CS CE FORM HSEULSEL
IN OouT
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Analog-to-Digital Converters

12-Bit A/D Converters

A _ AD572
? &85 45 Lk = 3 8 3 8 & 55 8 a & @
of vs| el vl of b o o e} of e} e} o} o} o} True 12-Bit Operation: Max Nonlinearity <+0.012%

‘Low Gain T.C.: <x15ppm/°C (AD572B)

a3 ‘ Low Power: 900mW
i ‘—““\T—ﬁ—_ﬁj lﬁl Fast Conversion Time: <25ps

RND ConrmoL 12617 SUCCESSIVE APPROXIMATION Monotonic Feedback DAC Guarantees No Missing
REGISTER

AND
CIRCUITS
REEPREIECT Codes

- I N O O B
ﬁ?ﬁ 10k F ADS62 DAC :g&zﬁcx

! K

o ’ muZE’
== (9 |

1

[ 1
2R R B L B B I B L B L B B D
45 35 X5 85 Lz €z T zz zz 23z &= £z 3z 2=
3 z 5z z 22 H a2 &5 2 2
B2 35 83 £ B §° I R g | 3P OB OET % &
s 8 5 22 0§ &5 3z 3% ] &
= g § = 2 &’ 29
3 (CONNECT EXTERNALLY TO DGND [151)
8

s ' AD574A
+5V SUPPLY E 78] STATUS
Vioar: -—_1 [—' sts
paTanooe seLeet [ — wss|-{27] oant wss Complete 12-Bit A/D Converter with Reference and
cmpssug;E I CONTROL - E _E] oat0 Clock
BYTE ADDRESS s Full 8- or 16-Bit Microprocessor Bus Interface
ST o .| f e ) 250ns Bus Access Time
""‘""""“‘;}gg cLock an o) ¢ " Hz1] oee Gt;arante;:é.in?[;i;;"(;\‘rlerlx ':’(en;terature
CHIP ENABLE T to +70°C - , AK,
v— adeow] L [0 [ ~855°C to +125°C - AD574AS, AT, AU
vee 2 e vle Hi) oo o No Missing Codes Over Temperature
v Reeenect e Jov = f', t L7) oss ouTPUTS Fast Successive Approximation Conversion - 25ps
ANALOG COmMON [ % z ] . ;_{ — Bu:_i:\‘,’., Zéa:i:r.ll:!(e:ferenee for Long-Term Stability and
2 ik F ] L.
v (2 ,f-/ "‘_’é 7 E Hp Ho on 10ppm/°C max AD574AL
wvsuny (7] N 5 Hwom 12.5ppm/°C max AD574AU
orounossser G / L L) oo Low Profile 28-Pin Ceramic DIP
10V SPAN INPUT E / > /// t:a -E 080 LS8 Low Power: 330mW
Tomy < - - DAC /
20V SPAN u;;:: m 2 / / FE] DiaITAL comnon

VOL.1l, 11-8 ANALOG-TO-DIGITAL CONVERTERS
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ADS578
BIT12 [T [32] -15v
BIT 11 [2] 37) +15V
BIT 10 (3] 1002 ANALOG GND
BITo [7] R [79] zeRo ADY
Bk Sk
Bits [5] - v A~{Z8] 20V SPAN INPUT
Bir7 6] '_E - 27] 10V SPAN INPUT
BiT6 [7] HS WA 25] BIPOLAR OFFSET
&iTs [ FE:: 75] GAIN (REF IN)
BIT4 [9] a 73] REF OUT
BiT3 [i0 ¥ 23] SERIAL OUT
BiIT2 [11] L [22] SERIAL GUT
BIT1 (12 [21] cONVERT sTART
aTT [i5— L ¢— 7] eoc
SHORT CYCLE [14 ;z.an E [ ]; [19] cLock IN
DIGITAL GND (15 AR Ma] cLock ouT
cLock
+sv 18] + (17] cLOCK ADJ
COMPARATOR
START | 1 ;_4_] CLOCK IN
+5V E 23| DIG GND
SERIAL
out E EI EOC
BITG [ 4 21| BIT7
BITS E 20| BITS
BIT4 E Zer E!] BITO
BIT3 E E 8IT 10
BIT 2 E E BIT 11
BIT1 I 9 E BIT 12
251 [ Tt [] v
ANALOG | S ANALOG
GND E E‘] IN
~VRer OUT [ 12-BIT DAC Is] 15V
~VRer IN

AD578

Complete 12-Bit A/D Converter with Reference and
Clock

Fast Conversion: 3ps {max)

Buried Zener Reference for Long Term Stability and
Low Gain T.C.: £30ppm/°C max

Max Nonlinearity: <=0.012%

Low Power: 775mW

Hermetic Package Available

Positive-True Parallel or Serial Logic Outputs

Short Cycle Capability

Precision +10V Reference for External Applications

Adjustable Internal Clock

“Z" Models for =12V Supplies

AD5200 SERIES

ADS5200: 50us Conversion Time
AD5210: 13pus Conversion Time

True 12-Bit Operation: *1/2LSB max Nonlinearity

Totally Adjustment-Free

Guaranteed No Missing Codes Over the Specified
Temperature Range

Hermetically-Sealed Package

Standard Temperature Range: —25°C to +85°C

Extended Temperature Range: —55°C to +125°C

Serial and Parallel Outputs

Monolithic DAC with Scaling Resistors for Stability

Low Chip Count for High Reliability

Industry Standard Pin Out

Small 24-Pin DIP

Page
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Selection Guide
Analog-to-Digital Converters

12-Bit A/D Converters

a1z AD5240
(se romzms)r‘_—n 32) SERIAL OUT
812
et 7] 1 BUFFER [31] -15V SUPPLY
arro ] L] [ FOLLe =
138 For 108iTs) (2] . 30] BUFFER IN
( s3] Aj
B”SEL\—‘ [75] surFer out
Bire[5 L— = 78] +15V sUPPLY
Bt BT e [ 27] GAIN ADJUST
SAR [
ANALOG
BITS E_,_¢. ] 26] Grounp
20v.
o (2] I - - ok I A 25] SpaN INPUT
™1 10V
are 5] SPAN INPUT
eir3[i0 2BITOA bk BIPOLAR
=1 | conveRTER OFFSET
BiT2 (17 G 53] COMPARATOR
| com, CONVERT
eiT1 12 7] SUVERT
ERENEE] y [55) status
o | RereRence —‘
‘?;%f; [19] crock out
DIGITAL 18] REF OUT 8.3V

GROUND
45V SUPPLY

CLOCK RATE
CONTROL

BIT6 E - E BIT?
BITS E 1R E BITS
BTs E l_- 0] BiTo
BT3|4 mnekd I_-E BIT 10

sr2[5 . FE BTN

BiTimse |6 E BIT 12158
+5V ANALOG [ 26| SERIAL OUT
mE_ j” "l_' -h E-rsvon Sv
+5V-DIGITAL cLock REF OUT
SUPPLY E 12.BIT DAC [128) te.3v}
) oNTROL
DIGITAL GND ET 1 ERCOTS | 23] cLock our
) CoMP
COMPARATOR 13 >_ 1—1#3 STATUS
BIPOLAR
OFFSET |12 T
FSET ?‘ CYCLE
10V SPAN IN |13 20 lcrlfggfr
20V SPAN IN [ 14 m [0 Eetire
ANALOG GND |15 —-% 18 g?:‘#m
GAIN ADJUST |16

AD ADC80 17 | 15V OR +12v

VOL.1l, 11-10 ANALOG-TO-DIGITAL CONVERTERS

_Low Gain T.C.: +30ppm/"C max

AD5240 Page

Complete 12-Bit A/D Converter with Reference and
Clock

Fast Successive Approxumatlon Conversion: 5us

Buried Zener Reference for Long Term Stability and
Low Gain T.C.: 10ppm/°C

Max Nonlinearity: <=+0.012%

Low Power: 775mW Typical

Hermetic Package Available

Low Chip Count — High Reliability

Pin Compatible with AD ADC84/AD ADC85

“2" Models for x12V Supplies

Vol. 1
10-111

AD ADCS80

True 12-Bit Operation: Max Nonlinearity +0.012% Vol. 1
10-183
Low Power: 800mW

Fast Conversion Time: 25ps

Precision 6.3V Reference for External Application

Short-Cycle Capability -

Serial or Parallel Data Outputs

Monolithic DAC with Scaling Resistors for Stabillty

Low Chip Count — High Reliability

Industry Standard Pin Out

“Z" Models for x12V Supplies



o rocaAD AoeEs ____ AD ADC84/AD ADCS85 Page
e e C lete 12-Bit A/D Ci rt ith Refi d
“”"Ej -1 BUFFER 31] -15V SUPPLY omplete I onverter wi eierence an Vol. I
BT ™ 30) BUFFER IN Clock 10-191
e mmo:':s;'[?:L 1 S5 aurrEnoUT Fast Successive Approximation Conversion: 10us
' [ — . Buried Zener Reference for Long Term Stability and
e [E] - (28] «rov sureLy Low Gain T.C.: 10ppm/°C
om ] e [ ] Z7] GAIN ADLUST Max Nonlinearity: <+0.012%
ers [T} il 7] ANALOG Low Power: 880mW Typical
BiITs EP ] [55] 2%\ weur Hermeti.c Package Ayailabk—? -
N - 10v Low Chip Count - High Reliability
e (5] E SPAN INPUT Standard Pin O
- ™1 | oo L8 53] siFoLAR Industry Standard Pin Out
& l-‘ [ | conventer z;;j:mk “Z" Models for =12V Operation Available
BiT2(N _BI. 22 N
eir1[iz y ME, _j convent
i3 - Yo | Rerenence 2] sTATUS
%ﬁ%ﬂ I [13] cLock our
Shouns 22 18] REF OUT 6.3V
+6v suppLY [TE et V7] SESRaLTE

HAS-1201

ERABLE
BIT 1 (M5B} . .
ST Mser 12-Bit Resolution Vol. 1
i 1MHz Word Rate 10-205
o T/H and Timing Circuits Included
B4 Single Hybrid Package
10v N3 asTaTt T
oot 3 il APPLICATIONS
FOR UNIPOLAR arE Radar Systems .
Lt &S Medical Instrumentation
[OLIC)] @ Electro-Optics Systems
FOR UNIPOLAR BT Test Systems
PO o BTz Lse)

=
-2V 48V -15V 15V GROUND
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Selection Guide

Analog-to-Digital Converters

High Resolution A/D Converters

s orrs 1 1] 32) SHORT CYCLE
a2 (3] 31] CONVERT COMMAND
8485
o [4] [35) AN aowust
N 78] « 15V ge SUPPLY Voo
=
=]
an Py =) "
smr[Th 26] BIPOLAR OFFSET
s [¢] 4 {310
a8 Skiy | Skty
e 2 | Helo i
om0 (30 H B 23] REF OUT (8.3V)
arn{n [2z)anaLog common
o123 [ 16.BIT SAR [21] - 15 de suPPLY Vi
(LS8 FoR 13 Br1s) &7 13 13 - 7] crocx out
(s For 14 Br1s 8T 14 [73 COMPARATON [ioox ] [ToamaLcommon
ems 15 — 18] sTATUS
|
BIT 18 C 17]seriaL out

~10V REF - 15V REF =10V REF  POWER
our N -5V N GROUND  +15V +8V

2 3 4 L 1 12, 17,
INTERNAL 1
VOLTAGE
REFERENCE i 19} MSB
\ }_ 20)BI7T2
~20V (11, t— 21 BIT3
FastSETTUNG ||
bad DIA CONVERTER SUCCESSIVE 32) BT ¢
=10V (10 }=—1 APPROXIMATION 23) BIT S
REGISTER
250 — 24) BIT &
WO - OLLt]
HIGH SPEED L]
250 COMPARATOR | _‘
— 27)BITY
BIPOLAR IN (8 2t) 158
1k ”) SERIAL DATA
siGNAL anp (6 + T OUTPUT
agexa %) GATARERSY
AD ADC-816 LOGIC ?cmcx ouTpPuT
o A

d
_ COMPARATOR GND  ENCODE COMMAND

VOL. I, 11-12 ANALOG-TO-DIGITAL CONVERTERS

AD ADC71/AD ADC72

Complete 16-Bit Converter with Reference and -

Clock
+0.003% Maximum Nonlinearity
No Missing Codes to 14 Bits
Fast Conversion — 45us (14 Bit)
Short Cycle Capability
Parallel or Serial Logic Outputs

AD ADC816

10-Bit Resolution

800ns Conversion Time

Six Input Ranges

Unipolar and Bipolar Operation

Page
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cmatani e
‘:1‘::: 14-Bit Resolution . Vol. 1

bl B 11.Y-X P-1\1: Page

125kHz Word Rates 10-207
‘er‘ Internal Track-and-Hold
! 40-Pin DIP
1
{ waswos APPLICATIONS
e FDM/TDM Transmultiplexers
CAT/NMR Scanners
PCM Systems
Digital Audio
Vi AIN IRIN IRJCT IROUT
Nt A ) AD7552 .
r=1=g (40) Voo 12-Bit Binary with Polarity and Overrange Vol. 1
—— v Accuracy +1LSB 10-127
Veer2 (7 : 2) Ves Mic.roprocessér Compatible
I 39) Vee Ratiometric Operation
AGND (8 Low Power Dissipation
, L | 20) DGND
1
cik (18 | 16) Cour
TIMING AND CONTROL LOGIC
STRT (14 37) STEN
19) LBEN
TOTALIZING COUNTER 18) HBEN
AD7552 ) Cm
36, 35, 34 33 = — = ——— 21
BUSY BUSY OVRG DB12 ~ = = wm—— DBO
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Analog-to-Digital Converters

High Resolution A/D Converters

Ms8

4 [ .02 ADIUST
ANALOG PRECISION
3[©3- srouno REFERENCE
20v
3 2500
ooV
PRECISION DAC
25k0 {AmA FULL
SCALE OUTPUT)
o)

[
OFF
OFF AD|

OFFSET
ouT

83
3
5,
COMPARATOR

Bl

GRD SENSE
o—-15v SUCCESSIVE
APPROXIMATION

c

o5V
©-3,010. GRD
seR. 0uT
STATUS
CONVERT CMD
CLOCK IV
CLOCK OUT

2
2
%
27 | o—w s15v
]
30

INTERNAL |
€LOCK

SHORT
CYCLE

,L ADCM40 v ) H1ov
REFIN REF OUT

16817 CMOS
OFFSET
DIGITAL TO ANALOG

261 @9 CONVERTER
ANALOG p—{ 19| LB
\Weoy 1 @ 8| miT1s
N pH—17|eim e
NPUT 2 HH—1e| 81T 13

" COMPARATOR 15 BiT 12
ANAL o

CONVERT (57

1B.BIT SUCCESSIVE s
APPROXIMATION REGISTER

COMMAND

INTERNAL
€LOCK

J\ ADCN43
REF IN

16617 CMOS l
OFFSET
DIGITAL TO ANALOG
51 @D CONVERTER

AnaLOG
S p—{1s) L8
INPUT [—is{eim1s
ANALOG pH— 1ot e
INPUT 2 M U—18| Bir 13
asos & 258 COMPARATOR o
wlern
NPT 3 13(BiT 10
12[eir9
nlers
w|ery
v G s|eire
8|eir
ANALOG eme
GRouno G0F3] ilons
5|2
15V @) 4| msa
+sv () 16.BIT SUCCESSIVE 3) #rs8
s, APPROXIMATION REGISTER | =) cecin our
1GITAL
GROUND 23) cLock ouT

CONVERT

COMMAND \t

INTERNAL
CLOCK

Y sTatus
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ADC1130/ADC1131

14-Bit Resolution and Accuracy

Fast 12ps Conversion Time (ADC1131J/K)
Low 10ppm/°C Maximum Gain TC

User Choice of Input Range

No Missing Codes

ADC1140

Low Cost 16-Bit A/D Converter

Guaranteed Nonlinearity: +0.003% FSR max

35ps Maximum Conversion Time
Small Size 2"x2"x0.4"

Wide Power Supply Operation: =12V to £17V

ADC1143 .

High Performance 16-Bit A/D Converter
Low Power Consumption:
175mW-max, Vs = =15V
150mW max, Vg = 12V
Guaranteed Nonlinearity:
+0.006% FSR max (ADC1143J)
+0.003% FSR max (ADC1143K)
Guaranteed Differential Nonlinearity:
+0.006% FSR max {ADC1143J}
+0.003% FSR max (ADC1143K)
Low Differential Nonlinearity T.C.:
+2ppm/°C max (ADC1143J)
+1ppm/°C max (ADC1143K)
Fast Conversion Time:
70ps max (ADC1143J)
100j2s max (ADC1143K)
Wide Power Supply Operation:
Vs= +11.4V to +18.0V
Vp=+3.0V to +18.0V

Page
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Video A/D Converters

vy

O _ AD5010/AD6020 Page

Scan Frequency to 100MHz (AD5010KD) Vol. 1
Low 450mW Power Dissipation . 10-103
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Video A/D Converters
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CAV-0920

9-Bit Resolution

20MHz Word Rate

Single 35-In? PC Board

ECL Compatible

No External Circuits Required

APPLICATIONS
Television Digitizing
Radar Digitizing
Medical Instrumentation
Digital Communications
Spectrum Analysis

CAV-1040

10-Bit Resolution

40MHz Word Rate

Single 35-In? PC Board

ECL Compatible

No External Circuits Required

APPLICATIONS

Radar Digitizing
Medical Instrumentation
Digital Communications
Spectrum Analysis
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MATV-0811/MATV-0816

MATV-0811: 11MHz Word Rates
MATYV 0816: 16MHz Word Rates

8-Bit Accuracy — Guaranteed Monotonic

Most Economical Video A/D

Smallest Available Complete A/D - 5.5 x 4.38" X 0.85”

Self Contained - Includes Input Buffer, Encoder,
Reference, Timing, and Buffered Parallel Output

APPLICATIONS

Digitize Color Television at Up to Three or Four
Times NTSC or PAL Color Subcarrier Frequencies

Video Time Base Correction and Frame
Synchronization

Radar Signal Processing

Real Time Transient and Continuous Spectrum
Analysis

MATV-0820

8-Bit Accuracy — Guaranteed Monotonic
Uitra-High Speed - dc to 20MHz Word Rates

~ Most Economical Video A/D

Q 11

t Available Complete A/D - 5.5"x 4.38"x 0.85"
Self Contained - Includes Input Buffer, Encoder,
Reference, Timing, and Buffered Parallel Output

APPLICATIONS

Digitize Color Television at Up to Three or Four
Times NTSC or PAL Color Subcarrier Frequencies

Video Time Base Correction and Frame
Synchronization

Radar Signal Processing

Real Time Transient and Continuous Spectrum
Analysis
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Orientation
Analog-to-Digital Converters

FACTORS IN CHOOSING AN A/D CONVERTER

In the two volumes of this catalog, there are listed some 34
different families of analog-to-digital converters (ADCs). If
one were to consider all the variations, there would be con-
siderably more than 92 different types to choose among
(excluding digital panel meters and data-acquisition systems,
which are catalogued elsewhere). The reason for so many dif-
ferent types is the number of degrees of freedom in selection—
technological, functional, performance, and package. Com-
plete information on converters may be found in the 250-
page book, Analog-Digital Conversion Notes, published by
Analog Devices and available for $5.95 from P.O. Box 796,
Norwood, MA 02062.

TECHNOLOGICAL FACTORS

The technologies represented here include modules (cards and
potted circuits) and integrated circuits—monolithic and hybrid.
Modules generally can provide the extremes of performance
as well as arbitrary levels of functional completeness. For
example, the 12-bit 5SMHz MOD-1205 is built on a card that
includes a track-hold amplifier.

The technical data in this volume embrace exceptionally high
performance (high-resolution and high-speed) A/D converters,
in the form of encapsulated modules and printed-circuit cards.
As the Selection Guide indicates, there is also a universe of
technical data, to be found in Volume I, on a wide range of
monolithic and hybrid A/D converters, including many micro-
processor-compatible types.

Besides the products in this section, analog-to-digital conver-
sion functions in this Volume (at various lévels of system
integration) are also inherent in the sections devoted to Data-
Acquisition Subsystems, Digital Panel Instruments, Micro-
computer Interface Boards, Intelligent Measurement-and-
Control Subsystems, and MACSYM. A/D conversion functions
are also performed by products in the Voltage-to-Frequency
and Synchro-Digital Conversion sections.

FUNCTIONAL CHARACTERISTICS
Block diagrams illustrating the various conversion techniques
appear on individual data sheets. - )

The moderate-speed converters described in this volume
(<1MHz) employ two fundamental techniques—successive
approximations, for moderate-to-high resolution at moderate-
to-high speed, and integration, for high resolution at modest
speeds. The ADC1143 and ADC1140 are examples of the
former, the converters used in DPMs, the latter.

Like a chemist’s balance with binary weights (1/2, 1/4, 1/8,
etc.), the successive-approximation converter compares the
unknown input with sums of accurately-known binary frac-
tions of full scale, starting with the largest (2°1), and rejecting
any that change the comparator’s state (“tip the scale”). At
the'end of conversion (EOC), the output of the converter

is a digital word, representing the ratio of the input to full
scale by a fractional-binary code.
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Integrating types count pulses for a period proportional to the
input. - Most-frequently used are dual slope types, which count
off the period required for the integral of the reference to
become equal to the average value of the input (over a fixed
period). Integrating types can be made insensitive to drift by
storing errors during an error-correcting cycle and subtracting
them during the input-measuring cycle. This correction can be
performed in analog fashion, using capacitance for storage, or
digitally—using the information stored in a counter for cor-
rection (AD7550).

The video converters described here (MATV, MOD-1205, etc.)
employ two basic encoding techniques: simultaneous, or flash
conversion, and serial-Gray-code conversion. High resolution
and high speed are obtained by subranging, i.e., by performing
an n-bit conversion in two steps; Analog Devices has perfected
a form of subranging, known as DCS—digitally corrected sub-
ranging—which permits accurate resolutions of 12 bits and
more.*

In flash conversion, the analog signal is compared against

20 - | graded voltage levels, using as many comparators, and
the comparator output logic levels are processed by a priority
encoder, which converts the “thermometer” output to a bina-
ry (or Gray) code. Since the whole conversion occurs essential-
ly simultaneously, it is the fastest means of conversion, but it
requires many accurate comparators and large numbers of gates.

In serial-analog-parallel-digital conversion, there are a number
of cascaded stages, each having a gain of +2 for signals less
than one-half the reference, and a gain of ~2 for signals be-
tween one-half the reference and full scale. At each stage, a
decision is made as to whether the signal is larger (1) or smal-
ler (0) than one-half the reference; the stage’s analog output
becomes the input to the next stage. The complete time for
one conversion is determined by the propagation delay of the
analog signal through all stages; however, since the decision
of each stage can be latched as soon as the stage has settled
(and a new conversion can, in principle, be started as soon

as the first bit has been latched), the rate at which conver-
sions come out of the pipeline is considerably faster than the
time for one sample to go through the conversion process.
Though fast, this process is difficult to implement accurately
for more than a few bits, because of the compounding of
gain (hence errors).

A subranging converter digitizes to a group of more-significant
bits, and stores them in a latch. A fast, very-high-accuracy
D/A converter converts them to an analog signal, which is then
subtracted from the input. The difference, or residue, is ampli-
fied and digitized, and (in DCS) the result is combined digit-
ally in such a way as to correct for mid-scale conversion errors.

Whatever the technique, these A/D converters comprise several
essential functions: an analog section, a digital data-generating
section, data outputs, and digital controls. Some video con-
verters also include an on-board track-hold function.

*A considerable amount of useful information about video conver-

sion can be found in “Understanding High-Speed (Video) A/D Con-
verter Specifications”, available upon request.



Analog Section

This section requires a reference, one or more high-gain com-
parators, and either a D/A converter (successive approxima-
tions and subranging) or a controllable integrator. The refer-
ence may be internal or external, fixed or variable, and of a
specified polarity/sense in relation to the analog input. In
ratiometric conversion, the reference is usually external and
variable.

In successive-approximation converters, the comparator is
generally used in the current-summing mode; that is, the
current output of the DAC is summed with the current devel-
oped in the DAC’s “feedback resistor’ by the input voltage (of
opposite polarity), and the balancing action of the converter
tends to bring the summing junction towards a voltage null
(much like that of an op amp) at the end of conversion. The
typical DAC feedback options, when applied in an ADC,
provide input-scaling choices. When the bipolar-offset connec-
tion is jumpered to the summing point, input signals of both
polarities can be handled. The current-switching action of the
DAC, at the typically fast clock-rates used in successive-ap-
proximation converters, can disturb the output of the analog
signal source, especially if it is a slow high-precision op amp. In
such cases, buffering may be necessary; some of the modules,
have on-board analog buffer-followers, and the card-mounted
video converters have on-board track-hold-buffer amplifiers.

In integrating types, absolute-value and polarity-sensing cir-
cuitry may be required at the front end to handle both polari-
ties of input. Outputs are usually sign-magnitude BCD.

Digital Data-Generating Section

In successive-approximation types, this section consists of a
discrete or integrated successive-approximations register (SAR),
its controls, and inputs from the comparator and clock (which
is on-board, but in many cases permits external clock pulses,
frequency adjustment, and/or control). In integrating types,
this section consists of the clock-pulse generator, the coun-
ter(s), the input from the comparator, and the associated
controls.

Data Outputs

Factors to consider here include coding, resolution, overrange
information, levels, format, validity, and timing. Coding is
usually binary, including jumper-connected offset-binary and/
or two's complement for bipolar input signals. For some types,
BCD is available, with sign-magnitude for bipolar inputs. Out-
put coding specs should always be checked for digital polarity
(positive- or negative-true) of both magnitude and sign infor-
mation. The resolution (number of output bits) must be suffi-
cient for the application; in addition, the specifications must
be checked to ascertain that not only will all 27 (binary)
output codes be present (no missing codes), but they must all
be present at any temperature in the operating range and
related to the input with sufficient accuracy. Integrating types
generally have no problems with missing codes (except some-
times at zero, with sign-magnitude coding); nevertheless, non-
linear integration can cause the conversion relationship to
become nonlinear. Successive-approximation types have no

way of determining overrange; they simply fill up. However,
counter types roll over and putout a carry flag to signal
overrange.

The data levels available at the converter output must be
checked (TTL, low-voltage CMOS, high-voltage CMOS, ECL),
as must the load-driving capability and fanout, and the supply
conditions under which appropriate output levels will be
furnished. The available choice of output formats must also be
as desired—parallel, serial, byte-serial, and/or pulse-train. If the
converter is intended to communicate directly with a data
bus, the outputshould have three-state capability, and parallel
outputs must be enabled in bytes of appropriate widths. If the
output is serial NRZ (non-return-to-zero), it should be ac-
companied by a set of synchronized clock-pulses.

A status (or busy or EOC or “‘data ready’’) output changes

~ state to indicate when the data becomes valid. The exact

nature of this transition should be specified—polarity, timing,
levels, etc. For serial data, the exact relationship between the
data and the synchronizing clock should be specified, to indi-
cate when each bit becomes valid, and for how long. In ‘
general, the timing of the whole conversion process must be
clearly understood, especially if high speeds are necessary,
either for conversion, or for communication with a processor
(or both). The timing diagrams on specification sheets are
usually accompanied by adequate descriptions of the conver-
sion process and specifications of-the critical interface para-
meters.

Controls

The functions, action (levels or edges), polarity, and timing of
all control inputs and outputs should be clearly understood, as
well as their loading characteristics and dependence on the
supply. In addition to the essential start-conversion-command
input and a status output, various control commands may be
available, such as clock inbibit, bigh (low)-byte enable, status
enable, and—for speeding up conversion at the cost of resolu-
tion in successive-approximation converters—short-cycle.

Power Supplies

Appropriate power supplies should be made available, con-
sidering the logic levels and analog input signals to be employed
in the system. The appropriate degree of power-supply stability
to meet the accuracy specifications should be provided. Any
recommended external protection circuitry should be planned
for. In many cases, separate analog and digital grounds are re-
quired; ground wiring should follow best practice to minimize
digital interference with high-accuracy analog signals, while
ensuring that a connection between grounds can always exist
at one point, even if the “mecca” point is inadvertently un-
plugged from the system.

For video converters, use massive, low-impedance ground
systems. The analog and digital grounds are connected to-
gether inside converters of these types, so bus bars are essen-
tial for system grounding and power distribution; use lots of
ground plane on PC boards.
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Application Checklist
The designer will generally require specific information in the
following categories, before proceeding to the selection process:

® Accurate description of input and output
1. analog signal range and source or load impedance

2. digital code needed — binary, offset binary, 2’s com-
plement, BCD, etc. ’

3. logic level system, i.e., TTL/DTL/ECL compatible

® What are the needed analog bandwidth and data through-
put rate?

® What are the control interface derails?
® What does the system error budget allow for the converter?

® What are environmental conditions — temperature range,
time, supply voltage — over which the converter should
operate to the desired accuracy?

For A/D converters, the following considerations are typical.

® What s the analog input voltage range, and to what resolu-
tion must the signal be measured?

® What is the requirement for linearity error (or relative
accuracy error)?

® To what extent must the various sources of error be mini-
mized as environmental temperature changes?

® How much time can be allowed in the system for each
complete conversion? What aperture uncertainty and
acquisition time are needed for the sample-hold?

® How stable is the system power supply? What errors will
result from power supply terminal voltage variations of
this order? ’

@ Can the system tolerate missed codes under any con-
ditions?

® What s the character of the input signal? Is it noisy,
sampled, filtered, rapidly-varying, slowly-varying? What
kind of pre-processing is to be (or can be) done that will
affect the choice (and cost) of the converter? Is aliasing
a potential problem?

SPECIFICATIONS & TERMS )
Definitions of performance specifications, and related informa-
tion, are to be found on the following pages, in alphabetical
order.*
*For video converters, there are a number of additional application-
oriented specifications pertaining to the device’s use in a system
(e.g., noise power ratio, differential phase, differential gain, signal-to-
noise ratio). Some useful references for understanding such
specifications can be found in the following publications, available
from Analog Devices, Computer Labs Division 7810 Success Road,
Greensboro NC 27409,
Kester, W.A., “PCM Signal Codecs for Video Applications”, SMPTE
Journal, Volume 88, November 1979, pp 770-778.
Pratt, W.J., “Test A/D Converters Digitally”, Electronic Design,
December 6, 1975 -
Smith, B.F. and Pratt, W.J., “Understanding High-Speed A/D
Converter Specifications”, Computer Labs, 1974
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Accuracy, Absolute

The error of an A/D converter at a given output code is the
difference between the theoretical and the actual analog input
voltages required to produce that code. Since the code can be
produced by any analog voltage in a finite band (see Quantizing
Uncertainty), the “input required to produce that code” is
defined as the. midpoint of the band of inputs that will pro-
duce the code. For example; if 5 volts (¥1.2mV) will theoreti-
cally produce a 12-bit half-scale code of 100000000000, then
a converter for which any voltage from 4.997V to 4.999V will
produce that code will have absolute error of

1/2(4.997 + 4.999) - 5 volts = ~2mV.

Absolute error comprises gain error, zero error, and nonlinear-
ity, together with noise, Absolute-accuracy measurements
should be made under a set of standard conditions with sources
and meters traceable to an internationally accepted standard.

Accuracy, Relative

Relative accuracy error, expressed in %, ppm, or fractions of
an LSB, is the deviation of the analog value at any code (rela-
tive to the full analog range of the device transfer characteris-
tic) from its theoretical value (relative to the same range), after
the full-scale range (FSR) has been calibrated.

Since the discrete points on the theoretical transfer character-
istic lie on a straight line, this deviation can also be interpreted
as a measure of nonlinearity (see Linearity).

The *“discrete points” of an A/D transfer characteristic may be
the midpoints of the quantization bands at each code (see
Accuracy, Absolute), or—for convenience— the ideal transi-
tions, which are displaced by 1/2LSB.

Aperture Time

This is the interval between the application of the bold com-
mand to a sample/track-hold and the actual opening of the
switch. The aperture time consists of a délay (which depends
on the logic and the switching device—50ns for SHA1144) and
an uncertainty (due to jitter—20ps max rms for HTS-0025).
When a sample-hold is used in an application where timing is
critical, the timing of the hold command can be advanced to
compensate for the known component of aperture delay. The
jitter, however, imposes the ultimate limitation on timing ac-
curacy. When a sample-hold is used with an ADC, the timing
uncertainty of the conversion process is reduced by the ratio
of aperture jitter to the conversion time, i.e., the maximum
frequency which can be handled with less than 1LSB error due
to timing is 2"/ 7y, instead of 2™/(w 1), where 7y, is the
aperture uncertainty and 7, is the conversion time..

Common Mode Rejection (CMR)

The ability of a device to reject the effect of voltage applied
to both input terminals simultaneously. Usually expressed as
the log of a “‘common-mode rejection ratio,” e.g., 1,000,000:1
(CMRR) or 120dB (CMR). A CMRR of 1,000,000 to 1 means
that a 1V common-mode voltage passes through the amplifier
as through it were a differential signal of one’microvolt at

the input.



Conversion Time and Conversion Rate

The time required for a complete measurement by an ADC is
called conversion time. For most converters (assuming no sig-
nificant additional systemic delays), this is identical to the
inverse of conversion rate. However, in some high-speed con-
verters, because of pipelining, new conversions are initiated
before the results of prior conversions have been determined;
thus, for example, the MOD-1205 can provide 12-bit output
data at a 5SMHz word rate (200ns/conversion), even though the
time for any one conversion, from start to finish, is two clock
periods plus 275ns, or 675ns, at SMHz.

Dual-Slope Converter

An integrating analog-to-digital converter in which the unknown
signal is converted to a proportional time interval, which is
then measured digitally. This is done by integrating the un-
known for a predetermined time. Then a reference input is
switched to the integrator, and integrates “down” from the
level determined by the unknown until a “‘zero” level is
reached. The time for the second integration process is propor-
tional to the average of the unknown signal level over the
predetermined integrating period. A digital time-interval meter
(i.e., counter) is generally used as the output indicator.

INTEGRATOR
QUTPUT
SIGNAL INTEGRATE REFERENCE INTEGRATE
- TIME
Feedthrough

Undesirable signal-coupling around switches or other devices
that are supposed to be turned off or provide isolation, e.g.,
feedtbrough error in a multiplexer. It is variously specified in
%, ppm, fractions of 1 LSB, or fractions of 1 volt, with a given
set of inputs, at a specified frequency.

“Flash” Converter

A converter in which all the bit choices are made at the same
time. It requires 2" - 1 voltage-divider taps and comparators,
and a comparable amount of priority encoding logic. An ex-
tremely fast scheme, it requires large numbers of precision
components. Flash converters are often used for partial con-
versions in subranging converters.

Gain Adjustment

The *“‘gain” of a converter is that analog scale factor setting
that provides the nominal conversion relationship, e.g., 10V
full scale, in a fixed-reference converter, or 100% of full-scale
in a ratiometric converter. Gain- and zero-adjustment princi-
ples are-discussed under zero.

Least Significant Bit (LSB)

In a system in which a numerical magnitude is represented by
a series of binary (i.e., two-valued) digits, the “least significant
bit” is that digit (or “bit”’) that carries the smallest value or

weight. For example, in the natural binary number 1101 (dec-
imal 13, or 2% + 2% + 0 + 2°), the rightmost “1" is the LSB,
Its analog weight, relative to full scale, is 2°?, where n is the
number of binary digits. It represents the smallest change that
can be resolved by an n-bit converter.

Linearity Error

Linearity error of a converter, expressed in percent or parts-
per-million of full-scale range, or fractions of a least-significant
bit, is the deviation of the analog values from a straight line, in
a plot of the measured conversion relationship, The straight
line can be either a “best straight line,” determined empirically
by manipulation of the gain and/or offset to equalize maxi-
mum positive and negative deviations of the actual transfer
characteristic from this straight line; or, it can be a straight line
passing through the end points of the transfer characteristic
after they have been calibrated. Sometimes referred to as
“end-point” nonlinearity, the latter is both a more conserva-
tive measure and is much easier to verify in actual practice.
“End-point” nonlinearity is similar to relative accuracy error
(see Accuracy, Relative). Linearity has two components—
differential and integral nonlinearity.

Linearity, Differential and Integral

A digital output code should correspond to a quantum of
analog input values exactly 1 LSB in width (277 of full scale,
for an n-bit converter). Any deviation of the measured “step”
from the ideal width is called Differential Nonlinearity. It is

an important specification, because a differential nonlinearity
error greater than 1 LSB can lead to nonmonotonic behavior of
of a D/A converter, and missed codes in an A/D converter
employing such a DAC. A flagrant example of differential non-
linearity is shown here.

DIGITAL
CODES DAC OUTPUT
LEVELS FOR
E£ACH CODE .
xx01 1/
X100 S
” DIFFERENTIAL
xxon A quanTum | - wiote LINEARITY
~ ERROR
X010 2 s 158 o
52 ‘ 2188 S121s8
2 3 1158 0
xxoot 2 2 212188 +1 1218
— 1 1188 o
xx000 jo=tlol
L/
Z ANALOG
V2 VALUES

In the illustration, the horizontal bars represent the measured
DAC output values corresponding to 6 adjacent digital codes.
The DAC is nonlinear, in that the next-least-significant bit
(XX010) is 1% LSB too large. Thus, instead of the five quanta,
or steps, being all equal ( = 1 LSB), quantum 2 is 2% LSB and
quantum 4 is %2 LSB. The differential linearity error, the dif-
ference between the actual quantum width and the ideal

1 LSB, is +1%% LSB for quantum 2 and -1% LSB for

quantum 4.
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When this DAC is used in successive-approximations conver-
sion, it will lead to a missed code. Analog inputs slightly larger
than the value of XX100 will be converted to XX100, and
analog inputs slightly less than the value of XX100 will be con-
verted to XX010. The code XX011 will not exist; it will be a
missed code.

Often, instead of a maximum differential nonlinearity speci-
fication, there will be a simple specification of “no missed
codes”, which implies a differential nonlinearity less than

1 LSB.

While differential nonlinearity deals with errors in step size,
integral nonlinearity has to do with deviations of the overall
shape of the conversion response. Even converters that are not
subject to differential linearity errors (e.g., integrating types)
have integral linearity (sometimes just “linearity”) errors.

Power-Supply Sensitivity

The sensitivity of a converter to dc changes in power-supply
voltages is normally expressed in terms of percentage change
in analog input value (or fractions of the analog equivalent
of 1 LSB), corresponding to a given code, for a 1% dc change
in the power supply, e.g., 0.05%/%AVg). Power-supply sensi-
tivity may also be expressed in relation to a specified dc shift
of the supply voltage. High-accuracy ADCs intended for
battery operation require excellent rejection of large supply-
variations.

Quad-Slope Converter

This is an integrating analog-to-digital converter that goes
through two cycles of dual-slope conversion, once with zero
input and once with the analog input being measured. The
errors determined during the first cycle are subtracted digitally
from the result in the second cycle. The scheme results in an
extremely accurate converter. For example, the 13-bit single-
chip AD7550 is a CMOS quad-slope A/D converter with typ-
ical tempcos (gain and zero temperature coefficients) of
lppml C.

Quantizing Uncertainty (or “Error”)

The analog continuum is partitioned into 2™ discrete ranges
for n-bit conversion. All analog values within a given range are
represented by the same digital code, usually assigned to the
nominal midrange value. There is, therefore, an inherent quan-
tization uncertainty of % LSB, in addition to the actual
conversion errors. In integrating converters, this “‘error” is
often expressed as “t1 count.”

Ratiometric Converter

The output of an A/D converter is a digital number propor-
tional to the ratio of (some measure of) the input to a refer-
ence. Most requirements for conversions call for an absolute
measurement, i.e., against a fixed reference. In some cases,
where the measurement is affected by a changing reference
voltage (e.g., the voltage applied to a bridge), it is advantageous
to use that same reference as the reference for the conversion,
to eliminate the effect of variation. Ratiometric conversion
can also serve as a substitute for analog signal division (where
the denominator changes but little during the conversion).
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Stability

Stability of a converter, usually applies to the insensitivity

of its characteristics with time, temperature, etc. All measure-
ments of stability are difficult and time consuming, but sta-
bility vs. temperature is sufficiently critical in most applica-
tions to warrant universal inclusion in tables of specifications
(see “Temperature Coefficients’).

Subranging Converters

In this type of converter, an extremely fast conversion pro-
duces the most-significant portion of the output word. This
portion is converted back to analog with a fast high-accuracy
D/A converter and subtracted from the input. The resulting
residue is converted to digital at high speed and combined with
the results of the earlier conversion to form the output word.
In digitally corrected subranging (DCS), the two bytes are com-
bined in a manner that corrects for the error of the LSB of the
most-significant byte. For example, using 8-bit and 5-bit
conversion, and this proprietary technique, a full- accuracy
high-speed 12-bit converter can be built.

Successive Approximations

Successive approximations is a high speed method of compar-
ing an unknown against a group of weighted references. The
operation of a successive approximations A/D converter is
generally similar to the orderly weighing of an unknown quan-
tity on a precision chemical balance, using a set of weights
such as: 1 gram, 1/2 gram, 1/4 gram, 1/8 gram, 1/16 gram, etc,
The weights are tried in order, starting with the largest. Any
weight that tips the scale is removed. At the end of the process,
the sum of the weights remaining on the scale will be within
one LSB of the actual weight (2% LSB, if the scale is properly
biased — see zero).

Temperature Cocfficients

In general temperature mstablhtlcs are expressed in %/°C,
ppm/°C, as fractions of 1 LSB/°C,orasa change in a para-
meter over a specified temperature range. Measurements are
usually made at room temperature and at the extremes of the
specified range, and the temperature coefficient (tempco,
T.C.) is defined as the change in the parameter, divided by the
corresponding temperature change. Parameters of interest
include gain, linearity, offset (bipolar), and zero. The last three
are expressed in % or ppm of full-scale range per Celsius degree.

Gain Tempco: Two factors principally affect converter gain

" instability with temperature:

a) In fixed-reference converters, the reference source will
vary with temperature. For example, the tempco of an
ADS581L is typically 5ppm/°C.

b) The ratiometric circuitry has a sensitivity to temperature.

Linearity Tempco: Sensitivity of linearity to temperature
over the specified range. To avoid missed codes, it is suf-
ficient that the differential nonlinearity error be less than
1 LSB at any temperature in the range of interest. The dif-
ferential nonlinearity temperature coefficient may be ex-
pressed as a ratio, as a maximum change over a specified



temperature range, and/or implied by a statement that there
are no missed codes when operating within a specified temper-
ature range.

Offset Tempco The temperature coefficient of the all-
DAC-switches-off (minus full-scale) point, of a bipolar
successive-approximations converter, is dependent on three
variables: . )

1) The tempco of the reference source

2) The voltage stability of the input buffer and the

comparator .

3) The tracking capability of the bipolar-offset resistors

and the gain resistors.

Unipolar Zero The zero tempco of an ADC is dependent
only on the zero stability of the integrator and/or the input
buffer and the comparator, It may be expressed in uV/°C,
or in percent or ppm of full-scale per degree C.

Zero- and Gain-Adjustment Principles

The zero adjustment of a unipolar ADC is set so that the
transition from all-bits-off to LSB-on occurs at -%- x2n

of nominal full-scale. The gain is set for the final transition

|
- X100

ADC
Xon
OUTPUT CODE
X010
X001 ANALOG INPUT

_.|‘ e %LSB

to all-bits-on to occur at F.S. (1 - —g—x 20y, The “zero” of an
offset-binary bipolar ADC is set so that the first transition-
occurs at -F.S. (1 - 2" and the last transition at +F.S.

(1 — 3 x 28), The data sheet instructions should be followed.
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ANALOG
DEVICES

14-Bit High Speed

Analog-to-Digital Converters

ADC1130, ADC1131

FEATURES )

14-Bit Resolution and Accuracy

Fast 12us Conversion Time (ADC1131J/K)
Low 10ppm/°C Maximum Gain TC

User Choice of Input Range

No Missing Codes

APPLICATIONS

Wide Band Data Digitizing
Multi-Channel Computer Interface
High Accuracy Data Acquisition
X-Ray Tomography

Nuclear Accelerator Instrumentation

GENERAL DESCRIPTION

The ADC1130 and ADC1131 are high speed analog-to-digital
converters packaged in asmall 2” x 4" x 0.4” (51x 102 x 10mm)
module, which perform complete 14-+bit conversions in 25us
and 12ps respectively. Using the successive approximations
technique, they convert analog input voltages into natural
binary, offset binary, or two’s complement coded outputs.
Data outputs are provided in both parallel and non-return-to-
zero serial form.

Four analog input ranges are available: 0 to +20V, 0 to +10V,
10V, 5V, The user selects the desired range by making ap-
propriate connections to the module terminals. The ADC1130
and ADC1131 can also be connected so as to pcrform conver-
sions of less than 14 bit resolution with a propomonate de-
crease in conversion time.

TIMING

As shown in Figure 1, the leading edge of the convert command
set the MSB output to Logic ““0” and the CLOCK OUT,
STATUS, MSB, and BIT 2 through BIT 12 outputs to Logic
“1”. Nothing further happens until the convert command re-
turns to Logic *‘0”, at which time the clock starts to run and
the conversion proceeds.

With the MSB in the Logic “0” state, the internal digital-to-
analog converter’s output is compared with the analog input.

If the D/A output is less than the analog input, the first “0” to
1" clock transition resets the MSB to Logic ““1”", If the D/A
output is greater than the analog input, the MSB remains at
Logic “0”.

The first ‘0" to ““1"" clock transition also sets the BIT 2 output
to Logic “0” and another comparison is made. This process con-
tinues through each successive bit until the BIT 14 (LSB) com-

ADC1131 TIMING DIAGRAM
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parison is completed. At this point the STATUS and CLOCK
OUT return to Logic “0” and the conversion cycle ends.

The serial data output is of the hon-retum-to-zcro (NRZ) format.
The data is available, MSB first, 20ns after each of the four-
teen “0” to “1” clock transitions.

s 1

geo _IAAA- - - - - AL
status [ 1
msB ——l__l

BIT2 ﬂ

BIT3 1 L]

BIT 13 : ]

LsB 1 LI

ws __ [ |

SERIAL AT s

OUTPUT . % e e 0 s @ LSB

MSB BIT3 PREVIOUS WORD: 100. .. 10
NEW WORD: 101... 01

Figure 1. Timing Diagram
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SPECIFICATIONS (typical @ +25°C unless otherwise noted)

HIGH SPEED 12us

MEDIUM SPEED 25us

OUTLINE DIMENSIONS

ADC1131 ADC1130 . . P

MODEL J K Dimensions shown in inches and (mm).

RESOLUTION, BITS 14 14 14 | ZOTMAX (511 ——"1 041 maX (104)

CONVERSION TIME (max) 12us 12us 25us

ACCURACY ..“...

Integral Nonlinearity Error (LSB) %1/2 (max) * . 0019 DIA (0.48) OZMIN (1)
Differential Nonlinearity
Error (LSB) +1/2 (1 max) +1/2 (max) +1/2 (1 max) T T
Missing Codes No missing codes N . 193¢ 7.9
? 3
TEMPERATURE COEFFICIENTS ]
Gain ppm/°C £12 (max) 17 (+10 max) | #12 max
Unipolar Offset 0.7 (3 max) * B
Bipolar Offset *3 (+7 max) . . »
»,
INPUT VOLTAGE RANGES 5V, 210V, +10V, +20V * *
INPUT IMPEDANCE (10V RANGE) 250002 * * s 4.02 MAX
T N 919 EA*»- {102.%)
CONVERT COMMAND Positive Pulse, 200ns min, Cha Py
400ns max Leading Edge ' » . :
Resets, Trailing Edge Starts, 4
TTL/DTL Compatible

PARALLEL DATA OUTPUT K

Unipolar Positive True Binary * .
Bipolar Positive True Offset Binary, »
Two's Complement * . ]

SERIAL DATA OUTPUT ) 28
Unipolar Positive True Binary . i i) v .
Bipolar Positive True Offset Binary * * BOTTOM VIEW ,_,_| |=GcriD 0.4 25)

STATUS OUTPUT “1" During Conversion. NOTE:

. Complement also available * * Termi . I pins i lled only in shaded hol
TTL/DTL Compatible. Ioecl;nt"'lt;‘:s pins insta only in sha ole
ions.

LOGIC FANOUTS AND LOADINGS o . . Module weight: 3.5 ounces (99.3 grams).
Convert Command Input 1TTL Unit Load N All pins are gold plated half-hard brass
Clock Input 3TTL Unit Loads * . (MIL—G—45204}, 0.019" +0.001" (0.48
Short Cycle Input 1TTL Unit Load * +0.03mm) dia.

Parallel Data Outputs 3TTL Unit Loads/Bit . * For plug-in mounting card order Board
Serial Data Output 8TTL Unit Loads . . No. AC1578
STATUS Output * 2TTL Unit Loads * * : :
STATUS Output 12TTL Unit Loads * * P
Clock Qutput 4TTL Unit Loads * * BLOCK DIAGRAM
POWER REQUIREMENTS +15V £5% @ 40mA . . AND PIN DESIGNATIONS
’ =15V 5% @ 60mA . * .
+5V 15% @ 250mA M * GAIN ADJUST mse |,

POWER SUPPLY SENSITIVITY : ANALOG r" n

To £15V Tracking Supplies 3| ©3 GROUND AEFERENCE W |
Gain +4.5ppm/%A Vg . * 5[ o2 252 SOuRce 3
Zero £4.5ppm/%A Vg * * 8 2 —|®

To 15V Non-Tracking Supplies PRECISION DAC les
Gain *10ppm/%A Vg * * 2oa SCALE DUTPUT) $les
Zero *7ppm/%AVg * * i K

TEMPERATURE RANGE H l"’ o
Operating 0to +70°C . * . ke 7
Storage -55Cto+85C * * 1sma) 8 =

z 1L [

*Same Specifications as ADC1131). ar g —

NOTES . 8 e 2

" Offset (zero) and gain errors are adjustable to zero by means of external 2

potentiometers. See Figure § for proper connection, ¥l

?Recommended power supply: Analog Devices model 923, 2 T n

Specifications subject to change without notice. L Cretamre (_ L—o | 50

25 | o—e-15v SUCCESSIVE S P
APPROXIMATION
27 | o 118V Losic L3}
2| 0w ssv L L5851 e
3 30 { 03, DIG. GRD TRTOS a3
SER, OUT
STATUS
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Applying the ADC1130, ADC1131

ANALOG INPUT CHARACTERISTICS
The input circuit of the ADC1130 and ADC1131 are shown
in block diagram form.

PRECISION DAC
07O 4mA

2.5k 2.5kQ
PINS O—AA AAA,
20V INPUT
PIN 8
10V INPUT
5k
COMPARATOR

PIN 19
BIPOLAR OFFSET

PIN 20

OFFSET ADJUST
PIN 23 N
GROUND SENSE

Figure 2. Input Circuit Block Diagram

When the converters are connected as a unipolar device, Pin 19
is left open circuit and, thus, no offset current is applied to the
comparator input. The 0 to +10V input signal applied to Pin 6
(or the 0 to +20V input signal applied to Pin 5) develops 2 0 to
+4mA current which is compared to the 0 to -4mA output of
the D/A converter. A voltage between +15V and -15V can be
applied to Pin 20 from the wiper of a 100k potentiometer

to adjust the zero point by +40LSB. To reduce the range of
this trim padding resistors should be used.

With the offset output, Pin 22, connected to Pin 19, a +2mA
offset current is applied to the comparator input. The
ADC1130 and ADC1131 will then accept bipolar inputs of
%5V at Pin 6, or £10V at Pin 5 and compare the 0 to +4mA
sum of the offset and input signal currents to the 0 to -4mA
D/A converter output. The offset adjustment potentiometer
is once again used as described in the preceding paragraph.

Signal ground sense, Pin 23, should normally be jumpered to
~ analog ground, Pin 3. In the event that an offset voltage is
developed in the ground wiring, it may be possible to elimi-
nate its effect by connecting Pin 23 directly to the signal or
analog ground of the device feeding the analog input signal
to the ADC. In any case, Pin 23 must not be left open.

If a high input impedance is required, it can be achieved by
using a high speed operational amplifier as an input buffer.

PARALLEL DATA OUTPUT

These converters produce natural Binary Coded outputs when
configured as a unipolar device. As a bipolar device, they can
produce either Offset Binary or Two's Complement output
codes. The most significant bit is represented by Pin 72
(MSB output) for Binary and Offset Binary codes, or by Pin
70 (MSB output) for the Two’s Complement code. Tables I
and II illustrate the relationship between analog input and
digital output for all three codes.

ANALOG INPUT DIGITAL OUTPUT

0 to +10V | 0 to +20V | Binary Code
Range Range

+9.9994V +19.9988V | 11111111111111
+5.0000V +10.0000V | 10000000000000
+1.2500V +2.5000V 00100000000000
+0.0006V +0.0012V 00000000000001
+0.0000V +0.0000V 00000000000000

Table I. Nominal Unipolar Input-Output Relationships

5v 110V Offset Binary Two's Complement
Range | Range | +Code | Code

+4.9994V +9.9988V 11111111111111] 01111111111111
+2.5000V +5.0000V 11000000000000 | 01000000000000
+0.0006V +0.0012V 10000000000001 [ 00000000000001
+0.0000V +0.0000V 10000000000000 | 00000000000000
-5.0000V -10.0000V | 00000000000000{ 10000000000000

Table 1. Nominal Bipolar Input-Output Relationships

SERIAL DATA OUTPUT

The serial data output, available on Pin 32, is of the non-return-
to-zero format. The data is transmitted MSB first and is Binary
coded for unipolar units and Offset Binary coded for bipolar units.

Figure 3, shown below, indicates one method for transmitting
data serially using only three wires (plus a digital ground). The
data is clocked into a receiving shift register using the delayed
clock output of the converter.

ADC1130/1131
O 32 SERIAL OUT

=0 33 STATUS
— DELAY O 35 CLOCKIN

O 36 CLOCK OUT

12-BIT SHIFT
REGISTER

T

Figure 3. Serial Data Transmission

The timing diagram presented in Figure 4 shows that the con-
yerter’s clock output must be delayed by an amount of time
greater than or equal to the sum of the receiving shift register
setup time plus the 20ns clock output to serial output delay.

In—— FIRST CLOCK PULSE —+— SECOND CLOCK PULSE ——'l
CLOCK

OouTPUT \
| .
MsB=1 BIT2=0
—d|

== |e— 20ns

SERIAL
DATA
OUTPUT

SHIFT
REGISTER
STROBE

|
t
|
|
: |
~s»| lew— RECEIVING SHIFT
] g;lsl&lsrsn SETUP

Figure 4. Serial Data Timing Diagram

The 50ns span between the time that the last serial output bit
is available and the time that the STATUS output returns to
zero insures that the data in the shift register will be valid on
the “1” to “0” transition of the STATUS signal.

GAIN AND OFFSET ADJUSTMENTS
The potentiometers used for making gain and offset adjust-
ments are connected as shown in Figure 5. Note that a jumper

+15V

GAIN 30k

ADJUST
100k

1 GAIN ADJUST

-15v

15V r==10 19 BIPOLAR OFFSET

+
OFFSET 1
ADJUST +—10 20 OFFSET ADJUST
100kQ |

B ]

-15v
L w10 22 OFFSET OUTPUT

JUMPER CONNECTED
FOR BIPOLAR
OPERATION ONLY

ADJUSTMENT RANGES
GAIN: $48LSB
OFFSET: $40LSB

Figure 5. Adjustment Connections
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is connected between Pin 19 and Pin 22 for bipolar operation;
these pins must be left open for unipolar operation.

Proper gain and offset calibration requires great care and the
use of extremely sensitive and accurate reference instruments.

The voltage standard used as a signal source must be very stable.

It should be capable of being set to within 1uV of the de-
sired value at both ends of its range.

The gain and offset calibrations will be independent of each
other if the offset adjustment is made first. These adjustments
are not made with zero and full scale input signals and it may
be helpful to understand why. An A/D converter will produce
a given digital output for a small range of input signals, the
nominal width of the range being one LSB. If the input test
signal is set to a value which should cause the output of the
converter to be on the verge of switching from one digital value
to the adjacent digital value, the unit can be calibrated so that
it does change values at just that point. With a high speed con-
vert command rate and a visual display, these adjustments can
be performed in a very accurate and sensitive way. Analog
Devices’ Analog-Digital Conversion Notes gives more detailed
information on testing and calibrating A/D and D/A converters.

OFFSET CALIBRATION

For the 0 to +10V unipolar range set the input voltage precise-
ly to +0.0003V; for 0 to +20V units set it to +0.0006V. Ad-
just the zero potentiometer until the converter is just on the
verge of switching from 00 ....0t0 00.... 1.

For the £5V bipolar range set the input voltage precisely to
~-4.9997V; for £10V units set it to -9.9994V. Adjust the
zero potentiometer until offset binary coded units are just
on the verge .of switching from 00....0t000....1 *
and two's complement coded units are just on the verge of
switching from 100 ... 0to 100. .. 1.

GAIN CALIBRATION

Set the input voltage precisely to +19.9982V for 0 to +20V
units, +9.9991V for 0 to +10V units, +4.9991V for £5V
units, or +9.9982V for 10V units. Note that these values

_are 1%4LSB’s less than nominal full scale. Adjust the gain

potentiometer until binary and offset binary coded units are
just on the verge of switching from 11...0to 11...1
and two's complement coded units are just on the verge of
switching from 011 ... 10 t0o 011 ... 11.

POWER SUPPLY AND GROUNDING CONNECTIONS

These converters do not have an internal connection between
analog power ground and digital ground and, thus, a connec-
tion must be provided in the external circuitry. The choice of
an optimum “‘star”’ point for these grounds is an important
consideration in the performance of the system. No strict rules
can be given, only the general guidelines that the grounding
should be arranged in such a manner as to avoid ground loops
and to minimize the coupling of voltage drops (on the high
current carrying logic supply ground) to the sensitive analog
circuit sections. One suggested approach is shown in Figure 6.

ADC1130/1131
o
o .
g A
g —O 3 ANALOG POWER GROUND
- 1 025 -15V
115V -
suppLy M T
—0 27 +15V
sv +I 9 0 29 +6V
SUPPLY - 30 DIGITAL GROUND

Figure 6. Power Supply and Grounding Connections
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The 215V and +5V power supplies must be externally bypassed
with 15uF (+35V tantalum) capacitors. These capacitors should

be.connected between Pin 27 and Pin 3, between Pin 25 and

Pin 3, and between Pin 29 and Pin 30. Capacitor connections
should be made as close to the module pins as possible.

CLOCK CONNECTIONS

When the converters are used with their own internal clock,
Pin 36 is simply jumpered to Pin 35. When the internal clock
is not used, Pin 36 is grounded and an external clock capable
of driving three TTL loads is connected to Pin 35. The convert
command should be synchronized with thelexternal clock.
REPETITIVE CONVERSIONS o
When making repetitive conversions, a new convert command
may be initiated any time after the “1” to ““0” transition of the
STATUS output. The STATUS output may not, however, be
connected directly to the CONVERT COMMAND input for the
purpose of automatically generating convert command pulses.
SHORT CYCLE CONNECTIONS

When the converters are operated as a 14-bit device, Pin 37

is left open. If, however, it is to perform conversions of less
than 14 bits, Pin 37 is connected to the N+1 bit output
(where N is the number of bits in the conversion). The con-
version time in this mode of operation is T x N/14 where
Tc is the conversion time of the particular model when oper-
ated at 14-bit resolution.

. THE AC1578 MOUNTING CARD

The AC1578 mounting card is specifically designed to be used
with Analog Devices high resolution, high speed analog-to-
dxgxtal converters, models ADC1130 and ADC1131. This

45" X 3.56" (114 X 90mm) printed circuit card, shown in
Figure 7, has sockets which allow the converter to be plugged
directly onto it. It contains an input buffer that can be pro-
grammed using on-board jumpers to provide the input ranges
of 0-10 volts, 10 volts, or 5 volts. Additionally, a 0-20 volt
input range can be achieved by wiring the AC1578 without
utilizing the buffer.

The analog information has been isolated from the digital
information by the use of two separate connectors, one at
the top (designated “P1") and one at the bottom (designated
“P2") of the AC1578. Both connectors P1 and P2 are sup-
plied with each card. Whenever feasible, the top connector
should be used for analog interfacing to eliminate crosstalk.

Additional wiring information and calibration procedure are
contained in a separate data sheet for the AC1578 which is
shipped with the card and is available on request.
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Figure 7. AC1578 Mounting Card



ANALOG

Low Cost 16-Bit
Analog-to-Digital Converter

DEVICES

ADC1140

FEATURES

Guaranteed Nonlinearity: £0.003% FSR max
35us Maximum Conversion Time

Small Size 2" X 2" X 0.4"

Wide Power Supply Operation: +12V to +17V

APPLICATIONS

Process Control Data Acquisition
Seismic Data Acquisition

Nuclear Instrumentation

Medical Instrumentation

Pulse Code Modulation Telemetry
Industrial Scales

Robotics

GENERAL DESCRIPTION

The ADC1140 is a low cost 16-bit successive-approximation
analog-to-digital converter having a 3 5us maximum conversion
time, This converter provides high accuracy, hiFh stability and
low power consumption all in a 2" X 2" X 0.4" module.

High accuracy performance such as integral and differential
nonlinearity of £0,003% FSR max are both guaranteed. Guar-
anteed stability such as differential nonlinearity TC of +2ppm/
°C maximum, offset TC of +30uV/°C maximum, gain TC of
+12ppm/°C maximum and power supply sensitivity of
10.002% of FSR/% Vg are also provided by the ADC1140.
The ADC1140 makes extensive use of both integrated circuit
and thin-film components to obtain excellent pérformance,
small size and low cost. The internal 16-bit DAC incorporates
Analog Devices’ proprietary thin-film resistor technology and
proprietary CMOS current-steering switches. A low noise ref-
erence, low power comparator and low power successive-ap-
proximation register are also used to optimize the ADC1140’s
design (shown in Figure 1).

The ADC1140 can operate with power supplies ranging from
$12V to £17V and has provisions for a user supplied ex-
ternal reference. Four analog input voltage ranges are selectable
via pin programming: 5V, 10V, 0 to +5V and 0 to +10V.~
Bipolar coding is provided in the offset binary and two's com-

plement formats with unipolar coding displayed in true binary.

REF IN (25)

16-BIT CMOS

OFFSET Ga) DIGITAL-TO-ANALOG
CONVERTER
ANALOG [ (19) s
INPUT 1 b1 BIT 15
ANALOG | bl
INPUT 2 BIT 13
gl COMPARATOR BIT 12
BI
INPUT 3 BII’ :::
BIT9
BITB
+15V (32, ::: ;
ANALOG ors
GROUND ::I;
BIT2
-15v 3) MsB
+sv (1) 16-BIT SUCCESSIVE MSE
APPROXIMATION REGISTER
DIGITAL
GROUND
CONVERT INTERNAL
COMMAND CcLOCK (22) stavus
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SPEC|FICAT|0NS (typical @ +25°C £Vg = £15V, Vg = +5V, VREF = +10.0V unless otherwise specified)

! Offset and gain error are adjustable to zero by means of external
potentiometers. See Figure 3 for proper connection.

2 FSR means Full Scale Range.

Model ADC1140 OUTLINE DIMENSIONS
. Dimensions shown in inches and (mm).
RESOLUTION 16 Bits - ‘
CONVERSION TIME '35us max 2o1ELY MAX |
ACCURACY* ' o
Nonlinearity Error $0.003% FSR? max ° 1 T pyTe— —r
Differential Nonlinearity Error +0.003% FSR? max ™ S
0.2 (5.0} MIN
STABILITY -T
Differential Nonlinearity +2ppm/°C max 4 16 17 ¢
Gain (with internal reference) +12ppm/°C max
(without internal reference) +4ppm/°C max
Unipolar Offset +30uV/°C max: 2y 23] 201
Bipolar Offset +7ppm/°C max 3 rys
" POWER SUPPLY SENSITIVITY 10.002% FSR/% Vg
. ANALOG INPUT
Voltage Ranges $1 324+
Bipolar 5V, 10V SoTTOMViEw X
Unipolar 0 to +5V, 0 to +10V ~] be-s1asiomo
Input Resistance TN SHADED HOLE LocATioNS.
Oto 410V, 15V Yo MATING CONNECTORS
+10V 10.0kQ AC1577 (2 REQUIRED)
External Reference Input® v PIN DESIGNATIONS
Voltage Range 0to +12V
Input Resistance 2.5k$2 - f:\:“c""” o f:’s":,c"""
DIGITAL INPUT . X L 3 W OROUNRI S ARALog GROUND
Convert Command Positive Pulse, 100ns Width min § Mse » :x:tgg N
Negative Edge Triggered o Brm3 27 ANALOG N3
~ogk Loading 1L Load 3 i B S
DIGITAL OUTPUT 3 sire 7 Statvs -
Parallel Output Data BoaTe (3 cowEcown
Unipolar Binary (BIN) LR
Bipolar Offset Binary (OBIN) Two'’s Complcmcnt 18_Bim13 17 BIT14
Output Drive 1TTL Load
. . . OTHER HIGH RESOLUTION PROD-
Status Logic 1" During Conversion b
Output Drive 1TTL Load UCTS FROM ANALOIG DEVICES:
® 14-Rit/1§-Ri . ]
INTERNAL REFERENCE VOLTAGE +10V, £0.3% B :Sltlj?;/}; g AID Con
External Load Current — 25kHz (14-Bit)/20kHz (15-Bit)
(Rated Performance) 2mA max throughput rates
Temperature Stability 48.5ppm/’C max — Second Source to A/D/A/M824
POWER REQUIREMENTS‘ and A/D/A/M825 Modules
Voltage (Rated Performance) $15V £3%, +5V £3% 14-Bit/15-Bit Low Level Data
Voltage (Operating) 112V to 17V, +4.75V to +5.25V Acquisition Systems: DAS1155/56
Supply Current Drain 15V +25mA — 25kHz (14-Bit)/20kHz (15-Bit)
+5V 150mA throughput rates
Spccificd 0to +70°C 1000V/V), SHA and A/D
Operating -25°Cto +85°C Converter
Storage -55°C to +85°C é:l [’:lltlizmple'ﬂﬂd Amplifier:
SIZE 2" X 2" X 0.4" (51 X 51 X 10,4mm) — Acquisition Time: 8is max to
Weight 1.2 oz (33g) +0.003% (20V step)
NOTES

*Recommended Power Supply: Ailalog Devices Model 923,

Specifications subject to change without notice.

3Rated performance is specified with +10,0V reference.
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OPERATION

For operation, the only connections to the ADC1140 that are
necessary are the power supplies, internal or external reference,
input voltage pin programming, convert command and digital
output. Refer to Table I for input pin programming and
Figure 3 for offset and gain calibration.

ANALOG

GROUND ADCN40

ANALOG (5,

IN #1
ANALOG

IN #2
ANALOG

1N #3

——— 410V
: REF OUT

+
COMPARATOR

1

[ +ov
1 16BIT
REFERENCE EMOS

DAC

=

[}
L= REF IN

Figure 2. Analog Input Block Diagram

ANALOG INPUT PROGRAMMING

The analog input section consists of three analog input termi-
nals. Analog input range selection is accomplished by pin pro-
gramming as shown in Table 1.

In the unipolar mode, a 0 to +10V or a 0 to +5V input signal
develops 2 0 to +2mA current that is compared to the 0 to
-2mA (shown in Figure 2) current output of the DAC.

In the bipolar mode, a +1mA offset current from the reference
is applied to the comparator input via pin programming con-
nections. The ADC1140 can then accept cither £5V or 10V
inputs. These inputs again will be converted to current and
compared with the DAC’s 0 to -2mA current output.

Connect Input  Connect  Connect
Input Signal Signal To Pin 26 To Pin 30 To
Range Coding Pin(s) Pin* Pin(s)
10V OBIN, Two's Comp 28 27 29,2
5V OBIN, Two's Comp 29 27 28,2
0to +5V BIN 27, 28,29 Open 2
0 to +10V BIN 27,28 Open 29,2

*If Internal Reference is used, Pins 25 and 26 must be connected together through
2 5002 potentiometer or 24.92 fixed resistor (see Figure 3 and the gain calibration
section).

Table I. Analog Input Voltage Pin Programming

OPTION OFFSET & GAIN CALIBRATION

Initial offset and gain errors can be adjusted to zero by poten-
tiometers as shown in Figure 3. Proper offset and gain calibra-
tion requires great care and the use of an accurate and stable
voltage reference. The voltage standard used as a signal
source must be very stable. It should be capable of being set
to within 1V of the desired value at both ends of its range.
The potentiometers selected should be of the good quality
Cermet type. Multi-turn potentiometers having ten to fifteen
turns and 100ppm/°C temperature coefficients will be
adequate. The temperature coefficients contributed by these
Cermet potentiometers will be less than 0.1ppm/°C.

By adjusting the offset first, gain and offset adjustments will
remain independent of each other.

+10V REF QUT
REF IN
OFFSET ADJ

18y
Figure 3. Offset and Gain Calibration

OFFSET CALIBRATION

For 0 to +10V range, set the input voltage precisely to +76uV;
for 0 to +5V range, set it at +38uV. Adjust the zero potentio-
meter until the binary coded converter is just on the verge

of switching from 000 . .. 00 to 000 . .. 01.

For 5V range, set the input voltage precisely to -4.999924V;
for 210V range, set it at -9.999847V. Adjust the zerc poten-
tiometer until the offset binary coded units are just on the
verge of switching from 000 . .. 00 to 000 ... 01 and the
two’s comp. coded units are just on the verge of switching
from 100 ...0t0 100 ... 1.

GAIN CALIBRATION
Set the input voltage precisely at +9.99977V for 0 to +10V
input range, +4.99977V for £5V input range, +9.99954V for

+10V input range, or +4.99988V for 0 to +5V input range,
adjust the gain potentiometer until binary and offset binary 11
0

coded units are just on the verge of switching from 111. ..
to 111 ... 1 and two’s comp. coded units are just on the verge

" of switching from 011 ...10 to 011...11. Note that these

values are 1 1/2 LSBs less than nominal full scale.

POWER SUPPLY AND GROUNDING CONNECTIONS

The analog power ground (pin 30) and digital ground (pin 2)
are not connected internally. The connection must be made
externally. The choice of an optimum “star” point is an -
important consideration in avoiding ground loops and to
minimize coupling between the analog and digital sections.
One suggested approach is shown in Figure 4.

Because the ADC1140 contains high quality tantalum capaci-
tors on each of the power supply inputs to ground, external
bypass capacitors are not required.

ADCN40 +15V (32,
O] ’ -1sv (31 £15V
e SUPPLY
SUPPLY DIGITAL .
J)CGROUNO 30)~SOMMON
ANALOG
GROUND

Figure 4. Power Supply and Grounding Techniques

ADC1140 TIMING

Conversion is initiated with the negative going edge of the
Convert Command pulse 2s shown in Figure 5. The Convert
Command pulse width must be 2 minimum of 100ns. Once the
conversion process is initiated, it cannot be retriggered until
after the end of conversion. ’

With the negative edge of the Convert Command pulse, all
internal logic is reset, The MSB is set low with the remaining
digitial outputs set to logic high state, and the status line is
set high and remains high thru the full conversion cycle,
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During conversion each bit, starting with the MSB, is sequen-
tially switched low at the rising edge of the internal clock. The
DAC output is then compared to the analog input and the bit
decision is made. Each comparison lasts one clock cycle with
the complete 16-bit conversion taking 3 5us maximum. At this
time, the STATUS line goes low signifying that the low con-
version is complete.

-] 100ns (min)
I

CONVERT
COMMAND

INTERNAL
cLocKk
44
STATUS | : 350s max |

MsB _—‘| I o
BIT 2 _—_I |

¥

C i e B /2
wrs__ | L
S T\ Ml

S W

V////t OUTPUT DATA VALID

Figure 5. ADC1140 Timing Diagram

ANALOG INPUT/OUTPUT RELATIONSHIPS

The ADC1140 produces a true binary coded output when
configured as a unipolar device. Configured as a bipolar device,
it can produce either offset binary or two’s complement out-
put codes. The most significant bit (MSB) is displayed on pin
4 for the binary and offset binary codes or on pin 3 for the
two’s complement code. Table II shows the unipolar analog
input/digital output relationships. Table III shows the bipolar
analog input/digital output relationships for offset binary
code and two’s complement codes.

. Analog Input Digital Output
0to +5V 0to +10V
Range Range Binary Code
+4.999924V +9.99985V 11111111 1111 1111
+2.50000V +5.00000V 1000 0000 0000 0000
+1.25000V +2.50000V 0100 0000 0000 0000
+0.62500V +1.25000V 0010 0000 0000 0000
+0.000076V +0.000153V 0000 0000 0000 0001
+0.00000V +0.00000V 0000 0000 0000 0000

Table 1. Unipolar Input/Output Relationships

Analog Input Digital Output
*5V Range +10V Range  Offset Binary Code  2's Complement Code
+4.99985V  +9.99970V 1111 1111 11111111 0111111111111111
+2.50000V  +5.00000V 1100 0000 0000 0000 0100 0000 0000 0000
+0.000153V  +0.000305V 1000 0000 0000 0001 0000 0000 0000 0001
+0.00000V  +0.00000V 1000 0000 0000 0000 . 0000 0000 0000 0000
-5.00000V  ~10.00000V 0000 0000 0000 0000 1000 0000 0000 0000

Table Il1. Bipolar Input/Output Relationships

HIGH RESOLUTION DATA ACQUISITION SYSTEM
Shown in Figure 6 is a high resolution data acquisition system.
Here the SHA1144, a high resolution sample-hold amplifier,

is used to drive the ADC1140. Conversion is initiated by the
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negative edge of the convert command pulse. At this time the
STATUS pulse goes low causing the SHA1144 to go from the
sample mode to the hold mode. When the conversion is com-
plete, 35us later, the STATUS pulse goes low, thus placing
the SHA1144 in the sample mode.

ANALOG ™
\NPUT SHA1144 ADC1140 16-BITS
STATUS
)]
CONVERT

Figure 6. High Resolution Data Acquisition System

EXTERNAL REFERENCE

The ADC1140 is capable of operating with an external +10.0V
reference. Simply disconnect the gain trim potentiometer from
pin 26 and connect it to the external reference as shown in
Figure 7. The external reference output must appear as a low
impedance and must remain very stable during conversion

to insure that accuracy is maintained. Gain error is adjusted

as previously discussed in the gain calibration section.

EXTERNAL 25)DEFIN |
REFERENCE

c 5082 —

GAIN TRIM —

+10V 15&;}
Vin REF OUT +10V !
=K 26 DAC —
DIGITAL OUTPUT CODING = K gt REF

K =0.5 FOR +10V RANGE

K = 1 FOR 5V, AND 0 TO +10V RANGES —

K =2 FOR 0 TG +5V RANGES ADC140 —

Figure 7. External Reference

The ADC1140 is factory tested and calibrated with the in-
ternal +10.0V reference voltage but nonstandard external
voltages can be used with the digital output coding being
determined by the formula shown in Figure 7.

PIA INTERFACE

The ADC1140 can be used with a PIA to interface directly to

a microprocessor. As shown in Figure 8 the 16-bit output of
the ADC1140 is split into two 8-bit bytes. Part A of the PIA

is programmed to read the eight most-significant-bits while
Part B reads the eight least-significant-bits. Output CB2 is used
to start the ADC1140 conversion process. CB1, of the PIA, is
used to sense the STATUS of the ADC1140 so that the end of
‘conversions can be determined. The control bus, address bus,
and data bus are then connected directly to the microprocessor. .

With the use of PIAs, control of.one or more ADC1140s can
be accomplished in many different configurations.

cA2 CAl
TRTA
TRTE |
pBo. 087 [ - :a
PORT A
nso fart |
HIE
PERIPHERAL  RSIf-w— 2 1 § 14
INTERFACE 3 =
aoarten SO 3R (2
() esifwrdel= g
i3 L S Ry
Aw far [
ENABLE [ |
cB1
Lo LJ

CONVERT
COMMAND

INTERNAL 0
ot [Fame_ 3



ANALOG
DEVICES

Low Power/High Performance
16-Bit A/D Converter

ADC1143

FEATURES

Low Power Consumption:
175mW max, Vg = =15V
150mW max, Vg = =12V

Guaranteed Nonlinearity:
+0.006% FSR max (ADC1143J)
+0.003% FSR max (ADC1143K)

Guaranteed Differential Nonlinearity:
+0.006% FSR max (ADC1143J)
+0.003% FSR max (ADC1143K)

Low Differential Nonlinearity T.C.:
+2ppm/°C max (ADC1143J)
+1ppm/°C max (ADC1143K)

Fast Conversion Time:
70ps max (ADC1143J)
100p1s max (ADC1143K)

Wide Power Supply Operation:
Vsg=+11.4V to =18.0V
Vp=+3.0V to +18.0V

APPLICATIONS

Seismic Data Acquisition
Oil Well Instrumentation
Portable Industrial Scales
Portable Test Equipment
Robotics

GENERAL DESCRIPTION

The ADC1143 is a low power 16-bit successive-approximation
analog-to-digital converter with a maximum power consumption
of 175mW at Vg= + 15V, 150mW at Vs = = 12V, and is contained
in a 2"x 2" x0.4" module. .

High performance like integral nonlinearity of +0.006% FSR
(ADC1143])/=0.003% FSR (ADC1143K) and differential non-
linearity of +0.006% FSR (ADC1143])/+0.003% FSR
(ADCI1143K) are guaranteed. Additional guaranteed performance
includes: differential nonlinearity T.C. of +2ppm/°C (ADC1143])/
+ 1ppm/°C (ADC1143K), offset T.C. =40uV/°C and gain T.C.
=+ 12ppm/°C.

The ADCI1143 makes extensive use of CMOS integrated circuits
and thin-film components to obtain low power consumption,
excellent performance and small size. The internal 16-bit CMOS
DAC incorporates Analog Devices’ proprietary thin-film resistor
technology and proprietary current steering switches. CMOS
successive-approximation registers, low power comparator and
low noise reference are also used to optimize the performance of
the ADC1143 (shown in Figure 1).
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The ADC1143 can operate with power supply voltages ranging

from =11.4V dc to +18.0V dc for Vg and +3V dc to + 18V
dc for the Vp supply. An internal voltage reference is provided,
but an external reference can be used. Five analog input voltage
ranges are selectable via user pin programming: +5V, +10V,
+20V, *+5V and =10V. Digital output coding in unipolar

" operation is true binary; for bipolar operation, the coding is

offset binary or two’s complement. Digital outputs are provided
in both parallel and serial formats.

ADC143

16-BI1T CMOS
OFFSET @) DIGITAL-TOANALOG
CONVERTER
ANALOG
4 Ls8
INPUT 1
BIT15
ANALOG PH—17{BIT 14
INPUT 2 16| BIT13
A o6 15| BIT 12
NAL
“laTn
INPUT 3 @ 13| 81T 10
12|8IT9
1j8ire
1o|eir?y
sy (@) 9|siTs
8|BITS
ANALOG 7leiTa
GROUND! ons
5(|BIT2
15V
v @ 4 mss
3) WSB

16-81T SUCCESSIVE

APPROXIMATIONREGISTER |8 <00 out
DIGITAL
23) CLOCX OUT

‘GROUND

CONVERT (52
COMMAND

INTERNAL

cLock 22) STATUS

Figure 1. ADC1143 Functional Block Diagram
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SPECIFICAT|0NS (lyi)ical @ +25%C, Vg= 215V, Vy= +5V, Veer= + 10V unless otherwise specified)

MODEL ADCI1143) ADC1143K
RESOLUTION 16 Bits *
CONVERSION TIME 70uLs (max) 100ps (max)
ACCURACY .

Integral Nonlinearity +0.006% FSR! (max) +0.003% FSR'! (max)

Differential Nonlinearity
No Missing Codes (0 to + 50°C)

+0.006% FSR! (max)

+0.003% FSR' (max)

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

[t 2.01(51.1) MAX ———=

0.41
{10.4)
MAX

AN —
EItS.ODMIN

0.025 (0.63) DIA —~][= )

T T~ T
> 17 ¢
P
|69 24¢+4 201
51.1)
les 59| MAX
-1 32 ¢
I 1113
BOTTOM VIEW
0.1 (2.6) GRID

TERMINAL PINS INSTALLED ONLY
IN SHADED HOLE LOCATIONS.

MATING CONNECTORS
AC1584-3 (2 REQUIRED)

PIN DESIGNATIONS

PIN _FUNCTION

PIN _FUNCTION

46V
DIGITAL GROUND|31 -15V

MsB
BIT2
BIT3

:aowﬂmm»u»—
4
3
-~

BITS8 22 STATUS
12 BIT9 21 CONVERT COMMAND
13 BIT10 20 SERIALOUT .
14 BITN 19 LSB
15 BIT12 18 BIT15
16 BIT 13 17_BIT14

32 +15V

30 ANALOG GROUND
29 ANALOGIN1

28 ANALOG IN2

27 ANALOGIN3

26 +10V REF OUT

25 REFERENCE IN

24 OFFSET ADJUST

13 Bits Guaranteed
14 Bits Guaranteed
STABILITY
Differential Nonlinearity + 2ppm/°C (max) + 1ppm/°C (max)
Offset +40p.V/°C (max) *
Bipolar Offset + 9ppm/°C (max) *
Gain + 12ppm/°C (max) *
ANALOGINPUT
Voltage Range
Unipolar +5V, +10V, +20V *
Bipolar *5V, £ 10V *
Input Resistance *
+5V 2.5kQ *
+10V, £5V 5.0k} *
+20V, =10V 10.0k2 *
External Reference Input
Voltage Range? Oto +12V *
Input Resistance 10k *
DIGITAL INPUTS
Convert Command Positive Pulse, 1ps width (min)
negative edge triggered *
Logic Loading CMOS Compatible | *
DIGITAL OUTPUTS
Parallel Output Data
Unipolar Binary (BIN) *
Bipolar Offset Binary (OBIN), Two’s Comp *
Output Drive CMOS Comp, 2LSTTL Loads *
Status “0” During Conversion *
Output Drive CMOS Comp, 2LSTTL Loads *
Serial Output )
Output Drive CMOS Comp, 1 LSTTL Load? *
Clock Output
Output Drive CMOS Comp, 1 LSTTL Load *
INTERNAL REFERENCE (Vggg)
Voltage +10V, 20.3% *
- External Load Current 2mA max *
Temperature Stability + 8.5ppm/°C max *
POWERREQUIREMENTS
Voltage (rated performance) * 15V(%5%), + 5V(+5%) *
Voltage (operating) +11.4Vto =18V, +3Vio + 18V *
Supply Current Drain
+Vs=+15V 4mA *
~Vs=-15V SmA *
+Vp=+5V 4mA *
Total Power
Vs = %12V, Vp=+5V 150mW max *
Vs = 15V, Vp= 45V 175mW max *
POWER SUPPLY SENSITIVITY
Offset +0.001%FSR/% = Vg *
Gain +0.001%FSR/% = Vg *
TEMPERATURE RANGE
Rated Performance 0to +70°C *
Operating —25°Cto +85°C *
Storage —25°Cto +85°C *
Relative Humidity ‘Meets MIL-STD 202E, Method 103B *
SIZE 2"x2"x0.4" )
(50.8 % 50.8 % 10.16mm) *
Weight 33g *
NOTES Offset and gain errors tozero by means of external
IFSR Means Full Scale Range. See Figure 3 for proper connections.

?Rated performance is specified with + 10,0V reference.

3LSTTL drive requires 2. 2k{} pulldown resistor.

*Specifications same as ADC1143]

Recommend Power Supply: Analog Devices Model 923

Specifications subject to change without notice.
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OPERATION

For operation, the only connections to the ADC1143 that are
necessary are the power supplies, internal or external reference,
input voltage pin programming, convert command and digital
output. Refer to Table I for input pin programming and Figure
3 for offset and gain calibration.

ADCM43

ANALOG (5q -
IN #1
Aml\;c;g 29) COMPARATOR
MREQw—
e Y awrihos | oo
L=~ REFIN (25 oRe _i—

Figure 2. Analog Input Block Diagram

ANALOG INPUT RANGE

The analog input voltage section of the ADC1143 consists of
three analog input terminals (see Figure 2). Analog input voltage
range selection is accomplished by pin programming as shown
in Table 1.

In the unipolar mode, a +5V, +10V or +20V input signal can
be applied. These input voltages develop a 0 to +2mA current
which is compared to the 0 to —2mA current output of the
internal reference DAC in the ADC1143. In the bipolar mode, a
+5V or *+10V input signal can be applied. These input voltages
develop a = ImA current which is compared to a 0 to —2mA
current of the internal reference DAC which is offset by + 1mA,
to produce a +1mA current. ‘

OFFSET AND GAIN CALIBRATION
Initial offset and gain errors can be adjusted to zero by poten-

" tiometers as shown in Figure 3. Proper offset and gain calibration
requires great care and the use of extremely sensitive and accurate
reference instruments. The voltage reference used as a signal
source must be very stable and have the capability of being set
within + 1V of the desired value. The potentiometers should
be good quality cermet type. Multiturn potentiometers having
ten to fifteen turns and + 100ppm/°C temperature coefficients
will be adequate. The temperature coefficient contribution will
be less than +=0.1ppm/°C.

By adjusting the offset first, gain and offset adjustment will
remain independent of each other.

OFFSET CALIBRATION
For + 5V range, set the input voltage to precisely +38u.V; for
+ 10V range, setitto +76uV; for +20V range, setit to +153uV.

+15v (32)
-15v (31)

ADCN43

*SEE TABLE | FOR BIPOLAR CONNECTION

GAIN ADJ
ANALOG INPUT #3 10042
+10V REF OUT p

+15V
REF IN Q

OFFSET .
ADJUST

-1V
Figure 3. Offset and Gain Calibration

Adjust the offset potentiometer until the binary output code is
on the verge of switching from 000 . . . 00 to 000 . . . 01.

For +5V range, set the input voltage to precisely —4.999924V;
for 10V range, set it to —9.999847V. Adjust the offset poten-
tiometer until the offset binary code is on the verge of switching
between 000 . . . 00 and 000 . . . 01, and two’s complement
coded units are switching from 100 . . .00 to 100 . . . 01.

GAIN CALIBRATION

For + 5V range, set the input voltage to precisely +4.99988V;
for + 10V range, set it to +9.99977V; for + 20V range, set it to
+19.9995V. Adjust the gain potentiometer until the binary
output code is on the verge of switching from 111 ... . 10 to 111
R 3

For =5V range, set the input voltage to precisely +4.99977V;
for =10V range, set it to +9.99954V. Adjust the gain poten-
tiometer until the offset binary code is on the verge of switching
from 111 ... 10to 111 ... 11, and the two’s complement
coded units are switching from 011 . . . 10 to 011 . . . 11.

POWER SUPPLY AND GROUNDING CONNECTIONS
The analog power ground (pin 30) and digital ground (pin 2)
are not connected internally in the ADC1143, thus the connection
must be made externally. The choice of an optimum *star”
point is an important consideration in avoiding ground loops
and to minimize coupling between the analog and digital sections.
One suggested approach is shown in Figure 4.

Because the' ADC1143 contains high quality tantalum capacitors
on each of the power supply inputs to ground, external bypass
capacitors are not required.

ADC1143

+5V
DIGITAL

£15V
5V SUPPLY
SUPPLY COMMON

GROUND

Figure 4. Power Supply and Grounding Techniques

Input Voltage ConnectInput  ConnectPin* Connect Pin
Range Output Coding  Signal ToPin(s) 26 to Pin # 30 to Pin(s)
+5V BIN 27,28,29 open 2

+10V BIN 27,28 open 2,29

+20V BIN . 27 open 2,28,29
+5V OBIN, 2’sComp 29 27 2,28

+10V OBIN, 2’sComp 28 27 2,29

*If internal reference is used, Pins 25 and 26 must be connected together through a 1002 potentiometer
or 49.9Q fixed resistor (see Figure 3 and Gain Calibration Section).

Table I. Analog Input Voltage Range Pin Programming
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EXTERNAL REFERENCE

The ADC1143 is capable of operating with an external reference.
Simply disconnect the gain trim potentiometer from Pin 26 and
connect it to the external reference as shown in Figure 5. The
ADC1143 is tested and specified with a + 10.0V reference. An
external reference with a voltage of 0 to + 12V can be applied.
The external reference must appear as a low impedance and
must remain very stable during conversion to insure that accuracy
is maintained. )

When using an external reference, the digital output coding can
be determined by the formula shown in Figure 5.

EXTERNAL 56) REF IN -
REFERENCE
1000 —
GAIN ADJ | —
+10v warl
REFOUT | +10v -
DIGITAL QUTPUT = K ‘;’-'1‘- L2 REF bac —
REF —
K = 0.5 FOR 10V AND + 20V RANGES |
K =1FOR 5V AND 0 TO + 10V RANGES ADCM43
K =2 FOR 0 TO +5V RANGES

Figure 5. External Reference '

ADC1143 TIMING o
Conversion is initiated with the negative going edge of the convert
command pulse as shown in Figure 6. The convert command
pulse width must be a minimum of 1ps. Once the conversion
process is initiated, it cannot be retriggered until after the end
of conversion.

With the negative edge of the convert command pulse, all internal
logic is reset. The MSB is set high with the remaining bits set
to logic low. The status line is set'low and remains low through
the full conversion cycle.

During conversion, each bit starting with the MSB is set high
on the rising edge of the internal clock. The ADC’s internal
DAC output is then compared to the analog input and the bit
decision is made. Each comparison lasts one clock cycle with
the complete conversion of the ADC1143] and ADCI1143K

- fe=—1ps (min)
CONVERT
COMMAND U

CcLoCcK

ADC1143J (70us

(100ps ).
sTATUS I TR 100w

BT3 mﬁ | A
BIT 4 SS§§§\§V I—l 7 o
PRTTINNNNN | 74
m|5§\\ \ :‘[—I 7 0

s AN N A
o d 2
SERIAL NS ' MSB l_‘_—_] BIT4 BIT1S
ouT INMIB": 0 BI': 2 1 ll: 3 0 BlT‘|‘ ° B”l 16

Figure 6. ADC1143 Timing Diagram

taking 70p.s max and 100pus max respectively. The parallel output
data is valid on the rising edge of the status line.

Serial output data is valid for each bit at the completion of clock
cycle used to make the bit decision as shown in Figure 6.

SEISMIC DATA ACQUISITION APPLICATION

The ADC1143’s low power consumption and high performance
make it ideally suited for portable seismic data acquisition systems
like the one shown in Figure 7. In seismic data acquisition
systems, geophones are used to receive reflected shock waves
from subsurface strata, induced by controlled discharge of ex-
plosives. These reflected signals may travel several miles before
reaching the geophones and are difficult to discern from noise -
or other interference like ground roll. The low level signals
from the geophones are amplified and filtered appropriately to
remove the undesired signals. The conditioned signal is amplified
by the PGA then held by SHA and converted to digital form by
the ADC1143. The digital data is stored on an on-site recorder
for later data collection and processing.

CHAN 1 I— _— == _SHA_ I |
Low cuT/ ANTI
GEOPHONE [~fe=| PREAMP [ad NOTCH |-={ ALIAS ! |
FILTER FILTER PGA |+ |
CHAN 2 I O DIGITAL
Low cuT/ ANTI- l
GEOPHONE |—1s~ PREAMP NOTCH ALIAS I |
FILTER FILTER |
CHAN 3 : = | |abcie
GEOPHONE PREAMP =i “NooTeh ALAS L ! l
- NOTCH o=
FILTER FILTER | ANALOG —_————— 11
CHAN 4 ||
CONTROL
Low cuT/ ANTI-
GEOPHONE |—fe={ PREAMP [ NoTCH ALIAS roee _—
i [ e e s

C1&C2 1000pF

NOTE: LOW CUT EQUIVALENT TO HIGH PASS

Figure 7. Seismic Data Acquisition System Block Diagram
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ANALOG
DEVICES

| 9-Bit Video
Analog-to-Digital Converter

CAV-0920

FEATURES

9-Bit Resolution

20MHz Word Rate

Single 35-In? PC Board

ECL Compatible

No External Circuits Required

APPLICATIONS
Television Digitizing
Radar Digitizing
Medical Instrumentation
Digital Communications
Spectrum Analysis

GENERAL DESCRIPTION .

The Analog Devices model CAV-0920 A/D converter combines
performance, size, and economy to achieve a remarkable
solution for high-speed digitizing problems.

The unit provides digital data with 9-bits of resolution at word
rates from dc through 20MHz. It is a complete answer to the
question of digitizing video, radar, and other high-frequency
inputs; it includes a track-and-hold, along with encoding and
timing circuits. The CAV-0920 is a “system solution” for the
designer who wants to avoid the need to combine the plethora
of components necessary to make IC encoders operate as
functional A/D converters.

The unique digital correcting subranging (DCS) conversion
technique used in the design virtually eliminates the errors
normally associated with subranging A/D converters.

The CAV-0920 is constructed on a single PC board intended for
mounting on a “mother” boatd in the user’s system. Its small
size makes it adaptablc to a wide range of mother board sizes
and allows room for including other (signal conditioning,
processing, memory, etc.) circuits adjacent to the converter.

All inputs and outputs are ECL compatible. The A/D requires
only an encode command and external power supplies for
operation. Analog input impedance is 500 chms/volt, making it
easy to match lower impedances within the system.

Gain and offset potentiometers on the PC card permit adjusting
the input for optimum system operation.

With the exception of having two less pins (Bit 10 true and
complement outputs), the CAV-0920 is pin-for-pin compatible
with the MOD-1020.

Hybrid microcircuits, ICs, and discrete components are
combined in the design, to obtain the maximum benefits of all
technologics. The CAV-0920 is factory repairable and backed by
Analog Devices’ limited one-year warranty.

Differential Phase — Model CAV-0920 A/D and Deglitched
HDS-1015E D/A in Back-to-Back Arrangement; 15MH.
Word Rate :

Differential Gain — Model CAV-0920 A/D and Deglitched
HDS-1015E D/A in Back-to-Back Arrangement; 15MHz
Word Rate

The waveforms above were obtained using a Tektronix
Model 149A N.T.S.C. Test Signal Generator with a 20-IRE
TV test signal output. The display (output) was obtained
using a Tektronix Model 520A Vectorscope.
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S PEC l FI CATl 0 Ns (typical at + 25°C with nominal 4|Jower supplies unless otherwise noted)

Model Units CAV-0920
RESOLUTION(FS = Full Scale) Bits (% FS) 9(0.2)
LSB WEIGHT mV 2 or 4(Depending on Input)
ACCURACY
(Including Linearity) it dc % FS +1/2LSB 0.1
Monotonicity Guaranteed 0to +70°C
Nonlinearity vs. Temperature % of F$/°C 0.001
Gainvs. Temperature % of FS/°C 0.02
DYNAMIC CHARACTERISTICS
AC Linearity (dc to IMHz) dB below FS! 55
(IMHzto 5SMHz) 50
(5SMHzto 10MHz) 45
Conversion Time? ns(max) 180( = 20)
Conversion Rate? MHz 20
Aperture Uncertainty (Jitter) ps, rms +25
Aperture Time (Delay) ns 10
Signalto Noise Ratio* dB 52
Signalto Noise Ratio® dB 61
Noise Power Ratio® dB 41
Transient Response’ ns 50
Overvoltage Recovery® ns 50
InputBandwidth
Small Signal, 34B° MHz, min 30
Large Signal, 3dB'° MHz, min 15
Two Tone Linearity (@ Input Frequencies)
(60kHz; 62kHz) dB below FS 55
(4.998MHz; 5.000MHz) dBbelow FS 50
(9.996MHz;9.998MHz) dB below FS, min 45
Differential Gain'!"'? % 2 '
Differential Phase!!"!2 Degree 1
ANALOG INPUT
Voltage Range "V 1p-por 2 p-p, Depending on Jumper Option
V, max +4
Input Type Unipolar or Bipolar
Impedance Ohms 500 or 1000, Depending on Jumper Option
Offset Adjustable to Zero With On-Board Potentiometer
Offsctvs. Temperature % of FS/°C 0.01
ENCODE COMMANDINPUT
Logic Levels, ECL-Compatible A% “O0=-17
(Balanced Input) “1” = -0.9
Impedance Ohms, max 100 Line-to-Line
Width'?
Min ns 10
Max 70% Encode Command Period
Frequency MHz 20
(Calibration Frequency is Customer-Specified; See Ordering Information.)
DIGITALOUTPUT
Format Bits 9Parallel; NRZ
LogicLevels, ECL-Compatible \% 0= -17
(Balanced Output) “1” = ~-0.9
Drive Ohms, min 75, Line-To-Line
Time Skew ns, max 5
Coding Binary (BIN); 2’s Complement (2SC)
DATAREADYOUTPUT
Logic Levels, ECL-Compatible v “0" = -17
(Balanced Output) “1” = ~-0.9 NOTES
Drive Ohms, min 75, Line-to-Line 1AC Linearity expressed in terms of spurious in-band signals generated at
Rise and Fall Time ns, max 5 20MHz encode rate at analog input frequencies shown in ( ).
Duration ns (max) 25(+ 5) Measured (ron? !eading edge Encode Commam? to trailing edg: [?z(a
Ready; use trailing edge to strobe output data into external circuits.
POWERREQUREMENTS! 3To be specified by customer. See Ordering Information
+15V 5% mA (max) 198(205) :Il}mls( s[ignal l‘: ms lnoise ratio with SOOkH; ;33{:;;{ inpu:. .
—_ 0, '¢ak-to-peak signal to rms noise ratio witl 2 analog input,
15V tf % mA (max) 260 (265) *DC to 8.pZ€MHszhite noise bandwidth with slot frequens' ofpl.NSMHz;
+5V 5% mA (max) 86(88) and encode rate of 20MHz.
—-5.2V £5% A (max) 1.8(1.9) ?For full-scale step input, 9-bit accuracy attained in specified time.
Power Consumption W (max) 16.7(17.4) ¥Recovers to 9-bit accuracy in specified time after 2 x FS$ input
overvoltage.
TEMPERATURE RANGE *With anal%)g input 40dB below FS.
Operating °C Oto +70 ' 1°With FS analog input; large-signal bandwidth flat within 0.2dB, dc
Storage °C —55t0 +85 to 10MHz.
Cooling Air Requirements LFPM 500 "'Applies to units optimized for video applications. See Ordering
. . Information.
(Linear Feet Per Minute) "?Measured with 20-IRE Unit Reference, modulated ramp.
MEAN TIME BETWEEN FAILURES" BTransition from digitial “0” to “1” initiates encoding.
(MTBF) Hours 7.5 % 104 "4+ 15V supplies need to be equal and opposite within 200mV
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and track over temperature.
1525°Ambient.

Specifications subject to change without notice.
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CAV-0920 Block Diagram
OUTLINE DIMENSIONS PIN DESIGNATIONS
Dimensions shown in inches and (mm).
0.200 6.600 (167.6) | 0.167-0.173 DIA.
508 | - (167.6) S PLACES PIN FUNCTION
3500 (88.9)
0.200 1 | GROUND
0200 —m= e (s08) oAD:‘O:‘st;Doozns?lA 2 [3 IMA
(5.08) i %0.3020.02 LONG 3 _|_ENCODECOMMAND
17.692051) 4| _GROUND
- S . 5 | _s52v
© 6 +15V
h 363534 i 7 | —1sv
S 89 8| GRoUND
° b4 9| ANALOGINPUT #1
o of L 10| ANALOGINPUT #2 )
o o g 1 1| +85V
o o < ¢ 12| GROUND
o o 8 2 13 | GROUND
L = o o N =
"% |o ° e <
8§22 [ow o % 5
S =c ° a z
S8 o e z
38 3R ‘ ° 2 g
oy« o & =
| o 2 8
o ] X
o
9 J |
1 -
on j s o
012 L
29 13 n
| S— C s X ]
0.230 [} l
(5'8‘; 150 6.570 {166.9) -] E
, 1
(381) r 2.000 (177.8) 0.500 (12.7)
0.215 (5.45) ! MAX MOUNTED 132
mey COMPONENT HEIGHT 33 | Bt ___
CONDUCTOR SIDE 34| DATAREADY
35 | GROUND
36 | DATAREADY

ALL GROUNDS ARE CONNECTED TOGETHER INTERNALLY
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CAV-0920 ANALOG INPUT RANGE OPTIONS

For 1V p-p input range, connect analog input to pin 10, and
connect pins 9 and 10 together. Unterminated input impedance
is 500 ohms. For 2V p-p input range, connect analog input to
pin 10; pin 9 is left disconnected. Unterminated input impedance
is 1,000 ohms.

To obtain the desired terminated input impedance, connect the
appropriate external terminating resistor between the analog
input pin(s) and ground as shown in the examples. Input
impedances greater than 1,000 ohms will result in loss of input
bandwidth and should be avoided.

The OFFSET potentiometer (R7) has sufficient range to allow
the user to operate the A/D in either the unipolar or bipolar
mode.

R7 OFFSET
<
S R15
7500 GAIN
AAAAA
" 1V p-p ‘—0
ANALOG
INPUT

Rrerm

CAV-0920 INPUT CIRCUIT

1V p-p Input Option

Zin Rrerm {Rrenm RESISTORS ARE 1%, 1/8W, MF)
{ohms) .

50 56.2

75 88.7 "t

93 115.0

R7 OFFSET
—AA
3 R1S
7500 GAIN
VA-AAA
2V p
ANALOG
INPUT
Rrerm

CAV-0920 INPUT CIRCUIT

2V p-p Input Option
Zn Ryeam  (Rrenm RESISTORS ARE 1%, 1/8W, MF)
(ohms)
50 52.3
75 80.6
93 102.0

OFFSET AND GAIN ADJUSTMENT

~ When adjusting the offset and gain of the A/D in the system,
the OFFSET control (R7) is adjusted first. The CAV-0920 can
be operated in either a unipolar or bipolar mode. For a standard
binary output, adjustments for each mode are:

Bipolar

1. Apply OV to analog input.

2. Adjust R7 OFFSET control while observing MSB (Bit 1).
Adjust until digital output has MSB “toggling” between ““0”
and “1”.
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3. Apply desired maximum positive voltage to analog input.

4. Adjust R15 GAIN control while observing LSB (Bit 9).
Adjust until digital output has Bits 1-8 solid “1”” with LSB
“toggling.”

Unipolar Positive

1. Apply OV to analog input.

2. Adjust R7 OFFSET control while observing LSB (Bit 9).
Adjust until digital output has Bits 1-8 solid “0” with LSB
“toggling”. )

3. Apply desired maximum positive voltage to analog input.

4. Adjust R15 GAIN control while observing LSB (Bit 9).
Adjust until digital output has Bits 1-8 solid “1” with LSB
“toggling”.

o
o
L
] \
Q
4
I .
\R7
 —
Part of CAV-0920

ORDERING INFORMATION
The encode (word) rate of the CAV-0920 A/D converter is
specified by the customer, as outlined below.

Order by model number CAV-0920-XXX; in this model
number, XXX is specified by the customer to indicate the
desired word rate in MHz. The decimal place is assumed (but
not shown) between the second and third places. CAV-0920-160,
for example, indicates calibration at 16.0MHz.

The CAV-0920 will maintain 9-bit accuracy within +12% of
this specified word rate when the requested word rate is higher
than 10MHz. In the example for a 16MHz word rate cited
above, the CAV-0920 could be operated at 4 X burst frequency
in either NTSC (3.58MHz) or PAL (4.43MHz) systems without
readjustment.

For encode rates below 10MHz, the CAV-0920-100 maintains
full accuracy through 10MHz.

If later applications of the converter require word rates outside
the limits of the original calibration, the unit can be returned to
the factory for calibration at the new frequency; there is a
nominal charge for this service.

Mating sockets for the CAV-0920 are model number MSB-2
(thru hole) MSB-3 (closed end). These are individual solder-type
pin sockets for mounting in PC boards; one is required for each
of the 34 pins of the converter.



ANALOG
DEVICES

10-Bit Video
Analog-to-Digital Converter

CAV-1040

PRELIMINARY TECHNICAL DATA
FEATURES
10-Bit Resolution
40MHz Word Rate
Single 35-In? PC Board
ECL Compatible
No External Circuits Required

APPLICATIONS

Radar Digitizing

Medical Instrumentation
Digital Communications
Spectrum Analysis

GENERAL DESCRIPTION »
The Analog Devices model CAV-1040 A/D converter is a “system
solution” which combines 10-bit resolution, 40MHz word rates,
and small size to solve high-speed digitizing problems. Its design
is based on proven concepts introduced in the MOD-1020 and
MOD-1205 A/D converters and takes advantage of recent tech-
nology to achieve exceptional cost/performance tradeoffs.

It is pin-for-pin compatible with the industry’s first 10-bit,
20MHz A/D, the MOD-1020. But it doubles the word rate of its_ -
predecessor, making it possible for system designers to upgrade
their systems without new layouts.

This remarkable converter is a complete answer 1o thc question
of digitizing radar, video, and/or other hlgh-frcqucncy mputs, it

includes a track-and-hold, along with encoding and timing circuits.
The CAV-1040 is an ideal choice for the designer who needs
state-of-the-art performance in high-resolution, ultra-high-speed
A/D conversion.

All inputs and outputs are ECL compatlble Analog input im-
pedance is. SOOQ on'1V range; 250Q) on 2V range. The A/D
requires: only an encodc command and external power supplies
‘for operatwn

Hybrld nucrocxrcuns, IC’s, and discrete components are combined
to obtain the maxxmum benefits of all technologies. The CAV-1040

“oas factory repenrable and backed by Analog Devices’ limited one-

year wartanty

OFFSET™
A—
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1

]

ANALOG

5-BIT

INPUT #1

6BIT

REGISTER

ANALOG

5.BITD/A

A/D ENCODER

INPUT #2

GROUND

TIMING

1002 GENERATOR

ENCODE
COMMAND

ENCODE
COMMAND

A/D ENCODER

TITTITTIIT

STROBES (S) >

DIGITAL CORRECTION LOGIC

REGISTER
OUTPUT REGISTER

IS

'ﬂ“{ REGISTER I

O

§ -

Ll

DATA
READY

CAV-1040 Block Diagram
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SPEC'F'CA"ONS (tymcal at +25°C with nominal power supplies unless otherisa noted) |

CAV-1040

OUTLINE DIMENSIONS
RESOLUTION (FS = Full Scale) ?/:l?s ;01 Dimensions shown in inches and (mm).
LSBWEIGHT P R — = o em031002
IVp-pFS mV 1 uuznl COMPONENT AREA —iauiq.sn
2Vp-pFS mV 2 W
AmURACY T_ (1.016 £0.06) u " I‘ "
(Including Linearity) @ de %FS$ = 1/2LSB 0.05 e [ ) ki T
Monotonicity Guaranteed Oto +70°C  cenvenume 1] PR } % { nsEEREre =
DYNAMICCHARACTERISTICS 91 T 3¢
In-Band Harmenics' s T
(dctolMHz) dBbelow FS 60
(1MHz to SMHz) dB below FS 55 ..
(SMHz 0 20MHz) dB below FS 50 z
Conversicn Time? ns 90 + 1clock period a
Ccaversion Rate MHz, max 40 nid E
Aperturs Uncertainty (Jitter) Ps, max *25 3
Signal 1o Noise Ratio (SNR)* dB, min - 56
Noise Power Ratio (NPR)‘ dB (min) 50(48) :
Input Bandwidth
Small Signa, 3dB* MHz . 30 "
Lerge Signal, 3dB° MHz 15 -l- i
0.68{18.2} 1 13 1
ANALOGINPUT [T K =
Voltage Range -l t—-uu (546 TYP 02 (300)GRD J l ““
Input Pins9 & 10 Connected V,p-pFS 1 = A Ny o
InputPin9cr 10 V,ppFS 2 BOTTOM VIEW (584
V, max *4
Input Type Either Unipolar or Bipolar
Impedance
lpvc Input Rasge a 250 PIN DESIGNATIONS
2V InputRange 0 500
Offset Adjustable to Zero with On-Card Potentiometer PIN FUNCTION PIN| FUNCTION
vs. Temperature %of FS/°C 0.025 |1 |GROUND 19 { BITE
v |2 |ENCODE COMMAND {| 20 [B1
ENCODECOMMAND INPUT 3 |ENCODE COMMAND || 21 [BIT7
Logic Levels, ECL-Compatible v “Q" = =17 _; ?SR;)VUND g B
(Balanced Input) A “1” = —0.9 ! ‘
Impedance (Lice-te-Line) 1, max 100 i%‘j\\" .f,; :‘,—T 5
Rise and Fall Times s, max 5 |_8 [GROUND 26 |BITA
Width ("9 [anAtoG iNPUT #1 [ 27 eI
Mir ns 10 | 10_|ANALOG INPUT #2 28 | BI
Maz 70% of Encode Command Period 2 lonouns B
Frequeacy MHz - 40 | 13 |GROUND 31
14_[8IT 10 32 [BITT
DIGITALOUTPUT . 5 [BIT 10" B el
Format Bits 10 Parallel; NRZ [16_|BiTo 34 | GATAREADY |
Logic Levels, ECL-Compatible v “0" = —-1.7 17 _|BIT® 36 |GROUND |
(Balanced Outpat) v “r = ~09 Ms [eiTs 36 | DATA READY
Drive (Line-to-Line) -, min 75 ALL GROUND PINS ARE CONNECTED TOGETHER WITHIN THE ADC.
Time Skew - ns, max 5 -
Coding . Binary (BIN);
2’s Complement (2SC)
DATAREADY OUTPUT
Logic Levels, ECL-Cempatible v T’ = ~17
{Balanced Output) v “1” = -0.9
Drive (Line-to-Line) Q, min 75
Riseand Fall Time ns, max 5
Duration ns(max) 20(=5)
POWERREQUIREMENTS
+15V £5% mA (max) 390(425) NOTES
~15V £5% mA (max) 175 (200) 'In-Band Harmonics cxpressed in terms of spurious in-band
+5V 5% mA (max) 20(25) signals genesated st 40MHz encode ratz ¢t enalog inputs
=52V 5% A (max) 2.5(2.8) 1shm in () §
Power Consumption W (max) 2124 'Measured fmq leading edge Encode Command to trailing edge Data
Ready; use trailing edge to strobe cutput data into external circuits.
TEMPERATURE RANGE 3RMS signal to rms noise ratio with S00KHz znalog input.
Operating °C 0to +70 “DC to 8.2MHz white noise bandwidth with slot frequency of 3.886MHz;
Storage °C —55t0 +85 and encode rate of 40MHz.
Cooling Air Requirements LFPM 500 ’W,th analog input 40dB below FS.
(Linear Fect Per Minute) ‘Wl&}l;sz )mloz input. (Large-signal bandwidih flat within 0.2dB, dc
to B
CONSTRUCTION "Transition from digital “0” to digital “1” initiates excoding.
Single Printed Circuit Card Inches 7.0x5.0x0.5 Specifications subject to change without notice.
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ANALOG
DEVICES

12-Bit Video
Analog-to-Digital Converter

CAV-1210

FEATURES

12-Bit Resolution

10MHz Word Rate

Single 35-In? PC Board

ECL Compatible

No External Circuits Required

APPLICATIONS

Radar Digitizing

Medical Instrumentation
Digital Communications
Spectrum Analysis

GENERAL DESCRIPTION

The Analog Devices model CAV-1210 A/D converter combines
performance, size, and economy to achieve a remarkable solution
for high-speed digitizing problems.

The unit is capable of 12 bits of resolution at word rates through
10MHz. It is a complete answer to the question of digitizing
radar, video, and/or other high-frequency inputs; it includes a
track-and-hold, along with encoding and timing circuits. The
CAV-1210 is a “system solution” for the designer who wants to
avoid the need for combining the plethora of components necessary
to make IC encoders operate as functional A/D converters.

The unit uses the unique digital correcting subranging (DCS)
conversion technique, pioneered by Analog Devices, which

virtually eliminates the errors normally associated with subranging’

A/D converters.

The CAV-1210 is constructed on a single PC board intended for
mounting on a “mother” board in the user’s system. Its small
size makes it adaptable to a wide range of mother board sizes
and allows room for including other (signal conditioning, proc-
essing, memory, etc.) circuits adjacent to the converter.

All inputs and outputs are ECL compatible; analog input im-
pedance is 1000 ohms. The A/D requires only an encode command
and external power supplies for operation.

Hybrid microcircuits, ICs and discrete components are combined
in the design, to obtain the maximum benefits of all technologies.
The CAV-1210 is repairable and backed by Analog Devices’
limited one-year warranty.

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).
1 J 0.3 20.02
°‘5M‘A'§7'l COMPONENT AREA (7’519 2051
‘ -w-{Jt—0.04 20002 DIA. oo jugn o
11.016%0.05) _r
7.0(177.8) 0.15
02 (5.08) e |e—— 33838 | 021508 381
70 PIN p
CENTERLINE 02 (5.08) = T !
LT Tolalal TTTTIT ) I
it 4 T
"y T vl
0.167-0.173 DIA.
4 PLACES g *
28
g3
]
& &
5
e
o 10 E : 8
X &g
Qp-
8 3
e 2
33
! 1011 -
T ads i i l
.6 {15. 13 141117 K]
v fo nAidane
I»] 0.215 (5.46) TYP | }=-02(5.08 GRID }
6.57 (166.9) TO HOLE CENTERLINES &8

BOTTOM VIEW
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SPEC I Fl CATI 0 NS (typical at +25°C with nominal power supplies unles; otherwise noted) |

Model Units CAV-1210
RESOLUTION (FS = Full Scale) Bits (% FS) 12(0.024)
LSBWEIGHT mV 0.5
ACCURACY
(Including Linearity) @ dc %FS +1/2LSB +0.0125
Monotonicity Guaranteed 0to +70°C
Nonlinearity vs. Temperature % of FS/°C 0.000125
Gain vs. Temperature % of FS/°C 0.005
DYNAMICCHARACTERISTICS
AC Lincarity' (dcto IMHz) dB below FS 70
(IMHzto SMHz) 65
Conversion Time? ns (max) 225(+20)
" Conversion Rate*> . MHz 10
Aperture Uncertainty (Jitter) ps *25
Aperture Time (Delay) ns 6
Signal to Ncise Ratio (SNR)* dB 62
Signal to Noise Ratio (SNR)* dB 71
Noise Power Ratio (NPR)® dB (min) 53(52)
Transient Response7 ns, max 100
Overvoltage Recovery® ns, max 200
InputBandwidth
Small Signal, 3dB° MHz 35
Large Signal, 3dB'® MHz 30
Two-Tone Linearity (@ Input Frequencies)
(60kHz; 62kHz) . dB below FS, min 70
(2.498MHz; 2.500MHz) dB below FS, min 65
(4.996MHz; 4.998MHz) dB below FS, min 60
ANALOGINPUT
Voltage Range V,FS§ *1
(+1Vinput = all“1s”; = 1Vinput = all“0s”) V, max *2
Input Type Bipolar
Impedance Ohms 1000
Offset
Initial (Setat Factory) mV, max +1
vs. Temperature % of FS/°C 0.02
ENCODE COMMAND INPUT!!
Logic Levels, ECL-Compatible v “0” = -17
(Balanced Input) “1” = -0.9
Impedance Ohms, max 100 Line-to-Line
Width
Min ns 10
Max 70% of Encode Command Period
Frequency MHz 10
(Calibration Frequency is Customer-Specificd; See Ordering Information.)
DIGITALOUTPUT
Format Bits 12 Parallel; NRZ
Logic Levels, ECL-Compatible v “0” = -1.7
(Balanced Output) “1”=-09
Drive Ohms, min 75, Line-To-Line
Time Skew ns, max 5
Coding Offset Binary (OBN);
2’s Complement (2SC)
DATAREADYOQUTPUT .
Logic Levels, ECL-Compatible \" “0”=-1.7
(Balanced Output) “1"=-09
Drive , Ohms, min 75, Line-to-Line
Rise and Fall Time ns, max 5
Duration ns (max) 25(=5)
POWER REQUREMENTS!?
+15V £5% mA (max) 185(205)
-15V £5% mA (max) 240(265)
+5V 5% mA (max) 120(135)
=52V £5% A (max) 2.1Q2.3)
Power Consumption W (max) 18(19.7)
TEMPERATURE RANGE
Operating'? °C 0to +70
Storage °C ~55to +85
Cooling Air Requirements LFPM 500
(Linear Feet Per Minute)
MEAN TIME BETWEEN FAILURES!
(MTBF) Hours 1.06 x 10°
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NOTES

1AC Linearity expressed in terms of spurious in-band signals generated at

10MHz encode rate at analog input frequencies shown in ( ).

2Measured from leading edge Encode Command to trailing edge Data

Ready; use' trailing edge to strobe output data into external circuits.

o pecified by See Ordering [ i

“Rms signal to rms noise ratio with 500kHz analog input.
SPeak-to-peak signal to rms noise ratio with 500kHz analog input.
$DC to 4.1MHz white noise bandwidth with slot frequency of 3.886MHz;

and encode rate of 10MHz,

7For full-scale step input, 12-bit accuracy attained in specified time.
8Recovers to 12-bit accuracy in specified time after 2 x- FS input

overvoltage.

*With analog input 40dB below FS. .
1With FS analog input. (Large-signal bandwidth flat within 0.2dB, d

to SMHz.

"Transition from digital “0” to digital “1” initiates encoding.

12+ 15V must be equal and opposite within 200mV and track

over temperature. !

13S0me spec degradation may occur outside a “window” of 50°

centered at +25°C.

1425°Ambient.

Specifications subject to change without notice.
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CAV-1210 Block Diagram

THEORY OF OPERATION
Refer to the block diagram of the CAV-1210.

The analog input signal to be digitized is applied first to a track-
and-hold (T/H) amplifier, which is normally operated in the
“track” mode, following all changes in analog input as they -

. occur., The user of the CAV-1210 determines the point at which
the analog signal is to be digitized by applying an Encode
Command.

The leading edge of the encode command causes the track-and-hold
circuit to switch momentarily to the “hold” mode of operation,
“freezing” the analog input long enough to begin the digitizing
process. The “held” value of the analog signal is applied to a 6-
bit A/D encoder, and (through a buffer amplifier) to an analog
delay circuit whose delay is equal to the time required for the
first digitizing/reconstruction step of the encoding process.

The analog output of the T/H is now digitized and resolved to
6-bit accuracy and applied through registers to a 6-bit D/A
converter, which has 12-bit accuracy. Via a second set of registers,
the same 6-bit digitized signal is applied to the digital correction
logic circuits. The value stored in the second bank of registers
will ultimately represent Bits 1-6 of the final digital output of
the CAV-1210.

The digitized signal applied to the fast-settling D/A converter is
reconverted to an inverted analog signal and is applied with the
delayed analog input to a wideband, fast-settling operational
amplifier. The op amp output represents the residue signal

which remains after a 6-bit representation of the analog input
has been subtracted from that input.

This residue, or error, signal is digitized by a second encoder to
a resolution of 7 bits and applied to the digital correction logic
circuits along with Bits 1-6.

The correction circuits use a combination of the 6-bit and 7-bit .
signals to compensate for possible nonlinearities and other errors
to assure the final 12-bit digital output will be 12-bit accurate.

Oversimplified, the digital correction circuits use the information
contained in the 7-bit signal to determine whether or not Bits 1-
6 need to be modified.

Basically, the correction circuits use the information contained
in the MSB of the 7-bit byte to determine what action needs to
be taken with regard to the first six bits. Depending upon its
value, the circuits will pass the 6-bit information as it is, or add
a value of binary “1” to it. Bits 2-7 of the 7-bit information
become Bits 7-12 of the digital output of the CAV-1210.

This unique use of 13 bits to achieve an accurate 12 bits of
resolution compensates for a multitude of potential errors which
otherwise could be eliminated only by incorporating expensive,
high precision parts into the design. Digitally corrected subranging
(DCS) used in the CAV-1210 does not prevent such anomalies
as gain error, track/hold droop error, linearity error, or offset
error. But it obviates the effects of these problems and makes
high-speed, high resolution digitizing an economic reality.
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ORDERING INFORMATION . .

The CAV-1210 A/D converter will meet all specifications shown
in the Specifications table of the data sheet at encode (word)
rates through 10MHz.

For standard CAV-1210 units intended to operate with specified
performance over the full range through 10MHz, order model
number CAV-1210-100.

If desired, the customer can order the unit calibrated at the
factory for optimum performance at some specified rate within
this range for those applications in which the unit will generally
be operated at the same word rate.

Order by model number CAV-1210-XXX; in this model number,
XXX is specified by the customer to indicate the desired optimized
word rate. The decimal place is assumed (but not shown) between
the second and third places. CAV-1210-050, for example, indicates
final calibration and, consequently, optimum performance at
5.0MHz; but the unit will operate through 10MHz.

Optimum performance will be achieved within a +12% band of
frequencies around the selected word rate, but the user must
keep in mind the upper performance specification of 10MHz.
“Optimum” final calibration at 9.8MHz, for example, is not
meant to imply optimum performance at word rates above 10MHz.
The unit will operate beyond 10MHz, but accuracy, NPR,
SNR, and/or other specifications may be outside the limits shown
on Specifications page.

If later applications require word rates outside the limits of the
original optimum frequency, the unit can be returned to the .
factory for calibration at a new optimum; there is a nominal
charge for this service.
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Mating sockets for the CAV-1210 are model number MSB-2
(thru hole) or MSB-3 (closed end). These are individual solder-type
pin sockets for mounting in PC boards; one is required for each
of the 40 pins of the converter.

PIN | FUNCTION PIN [ FUNCTION
1 GROUND 21 | BIT9
2 ENCODECOMMAND | 22 BITS
3 | ENCODECOMMAND | 23 | BIT8
4 | GROUND 24 | BIT7
5 —5.2V 25 | BIT7
6 +15V 26 | BIT6
7 -15V 27 | BIT6
8 | GROUND | 28 | BITS
"9 | ANALOGINPUT 29 | BITS
10 GROUND 30 | BIT4
1 +5V 31 BIT4
12 | GROUND 32 | BIT3
13 GROUND 33 | BIT3
‘14 | BIT12(LSB) 34 | BIT2
15 | BIT12(LSB) 35 | BIT2
16 BIT 11 36 BIT1{MSB)
17 | BAN 37 | BIT1(MSB)
18 | BIT10 38 | DATAREADY .
19 | BIT10 39 | GROUND
20 | BIT9 40 | DATAREADY

CAV-1210 Pin Designations




ANALOG Ultra High Speed
DEVICES 8- and 10-Bit A/D Converters

MAH-0801, -1001

FEATURES
High Speed at Low Cost
8-Bits @ 750ns max
10-Bits @ 1us max
Monotonic Over Temperature
Differential Nonlinearity +1/4LSB typ
Parallel and Serial Outputs
Pin and Function Compatible with 4130, 4131
APPLICATIONS
High Speed Data Acquisition
Real Time Waveform Analysis
Radar Signal Processing
Analytical Instruments

ANAL
Dcw,u?g DEViCEs

Lags

GENERAL DESCRIPTION

The MAH series of high-speed analog-to-digital converters
represent the latest “‘state-of-the-art” in high speed succes-
sive approximation technology. They are the fastest and most
accurate complete converters of their type, featuring internal
reference, clock, timing, encoding, and control logic functions.
The MAH series A/Ds should be considered in applications ] 002 Dia PiNS
where completeness of design function, ease of interface, and T 0250 (6.35) MIN '
speed are required. These modules make maximum use of the e
latest monolithic and hybrid parts to minimize total parts bl
complexity and increase reliability. They are designed to be
form, fit, and function compatible with the T.P. 4130 and
4131, with advantages over the latter in overall accuracy with-
‘out any sacrifice in speed.

i 4.0 (101.6)

I«—

o

In almost all applications, these A/Ds require the use of

fast sample-and-hold. Depending upon the application, either
the ADI THC or THS series of ultra-fast sample-and-holds are :3 20
recommended. ALK
BOTTOM VIEW

WEIGHT: 40z, 114G ——I |<-o.1 (2554) GRID
(0) seraL oaTA OUT NOTES:

(M58 SOME MODELS DO NOT USE ALL PIN OUTS. IN THESE MATING CONNECTOR: MSA-1
BT CASES, UNUSED PINS ARE DELETED.

- (Qam PINS ARE GOLD PLATED
Dia ez DOT ON TOP INDICATES POSITION OF PIN 1
ONVERTER ‘OLLE]

aSacaan

H133 1 24

MAH-0801, MAH-1001

INTERNAL
r REF

'

'

1

1

PARALLEL
conrro D@17 + oaTA

out
OFFSET Losie | Bers

ENCODE
COMMARD

RRE—Y BV POWER
GROUND

YO HODE L MAK GBO1. PINS 15 AND 16 ARE UNUSED,
2 ANALOG AND POWER GROUNDS ARE CONNECTED
TOGETHER INTERNAL

MAH-0801 and MAH-1001 Block Diagram
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SPECIFICATIONS (ca & 126+ uness otariss e

MODEL UNITS MAH-0801 MAH-1001
RESOLUTION FS @ Full Scale Bits 8 10
ACCURACY (Relative to Full Scale) +% FS 0.2 0.05
Quantization Error LSB *1/2 *
Nonlinearity LSB (max) +1/4 +1/2
Differential Nonlinearity LSB (max) +1/4 11/2
’ LSB (typ) +1/8 +1/4

Missing Codes
Monotonicity

No Missing Codes 0 to +70°C
Monotonic 0 to +70°C

TEMPERATURE COEFFICIENTS

Differential Nonlinearity +ppm/°C 3 *

Gain +ppm/°C 20 .

Zero Offset (Unipolar) v/ C 10 ‘

Zero Offset (Bipolar) +ppm/°C 15 *

INPUT
Ranges (Full Scale)
MAH-XXXX-1 \% Oto-5 *
MAH-XXXX-2 \% 0to-10 *
MAH-XXXX-3 v 15 ’ .
MAH-XXXX-4 \' 110 .
MAH-XXXX-5 \' +1.024 *

Impedance (Function of Option) Qv 100 .
OVERVOLTAGE \% To Twice Peak Input FS'Without Damage.
CONVERSION TIME' ' ns max 750 1000

ns typ 700 950
ENCODE COMMAND .
Logic Levels (1 Standard TTL Load) v “0" =010 +04, “1" = +2t0 +5.5
Function Positive-going edge resets converter.
Trailing edge starts convcrsxon

Duration (Width) ns min (max) 50 (150)

Rise and Fall Times ns max 20 *

Repetition Rate kHz max 1333 1000
LOGIC OUTPUTS

Levels TTL (Same as Encode Command)

Drive Capability Data and Data Ready—10 Std TTL Loads,

Paralle] Data

Clock—10 TTL Loads
8 or 10 lines of data held until start of
next Encode Command

Coding (Unipolar) CBN
(Bipolar) COB/C2SC *
Serial Data MSB first, successive puls¢ output during
conversion, NRZ.
Coding Same as parallel output except 2SC not
available.
Clock . Pulse train of 9 or 11 internal clock pulses,
gated on during the conversion period.
POWER REQUIREMENTS .
+14.5V t0 +15.5V mA max 50 *
-14.5V to -15.5V mA max 30 *
+5V 5% mA max 250 *
TEMPERATURE RANGE
Operating ‘ °c 010 +70 *
Storage °C -55 to +85
PHYSICAL CHARACTERISTICS
Case Diallyl Phthalate per MIL-M-14 Type SDG-F
NOTES

! Total conversion time from leading edge of encode command pulse to
trailing edge of data ready pulse with 50ns wide encode command.

*Specifications same as MAH-0801.
Specifications subject to change without notice.
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OUTPUT CODING

The logic output coding is shown true relative to the analog
input to the A/D. If an inverting track and hold—such as the
Analog Devices THC series—or an inverting op amp is used
ahead of the A/D, the true logic coding is inverted relative to
the system input. This yields the systemic coding as follows:

Binary (BIN) in place of Complementary Binary (CBN) for
options 1 and 2; Offset Binary (OBN) in place of Complemen-
tary Offset Binary (COB) for options 3, 4 and 5; Two’s Com-
plement (2SC) in place of Complementary Two’s Comple-
ment (C25C).

Input Complementary Complementary
Scale Voltage Offset Binary | Two's Complement

Complementary -FS -1LSB|-4.9900V { 1111 1111 11 0111 1111 11

Scale Input Voltage Straight Binary -3/4 FS -3.7500V | 1110 0000 00 0110 0000 00
-FS -1LSB -9.9900V 1111 1111 11 -1/2 FS -2.5000V [ 1100 0000 00| 0100 0000 00
-3/4 FS -7.5000V 1100 0000 00 0 0.0000V | 1000 0000 00| 0000 0000 0O
-1/2 FS -5.0000V 1000 0000 00 +1/2 FS "|+2.5000V | 0100 0000 00 1100 0000 00
-1/4 FS -2.5000V 0100 0000 00 +3/4 FS +3.7500V | 0010 0000 00 1010 0000 00
-1LSB -0.0010V 0000 0000 01 +FS -1LSB|+4.9900V [ 0000 0000 01 1000 0000 01
0 0.0000V 0000 0000 00 +FS +5.0000V | 0000 0000 00 1000 0000 00

NOTE NOTE

(0 to -10V) for MAH-1001-2; LSB = 10mV for MAH-1001-1, apply
input voltage factor of 1/2,

Table I. MAH-0801 and MAH-1001 Unipolar Operation

(-5V to +5V) for MAH-1001-3; LSB = 10mV for MAH-1001-4 apply
input voltage factor of 2,

Table Il. MAH-0801 and MAH-1001 Bipolar Operat/an

for Options 1 and 2 for Options 3 and 4
Input [Complementary | Complementary
Scale Voltage | Offset Binary [Two's Complement

-FS -1LSB|-1.022V {1111 1111 11{0111 1111 11

-1/2 FS -0.512V|1100 0000 00| 0100 0000 00

0 -0.000V [1000 0000 00( 0000 0000 00

+1/2 FS +0.512V|0100 0000 00( 1100 0000 00

+FS +1.024V|0000 0000 00| 1000 0000 00

NOTE

(~1.024V to +1.024V) for MAH-1001-

5;LSB = 2mV.

Table 11l. MAH-0801 and MAH-1001 Bipolar Operation -

for Option 5

CALIBRATION AND ADJUSTMENT .

ZERO ADJUST
10k

-15v +15V :
CLOCK
f © ouTPUT

) L)
32 2
GAIN 030
ADJUST ¢ 10082 MAH-0801/-1001
A/D
CONVERTER DATA
OUTPUT
0 31
ANALOG
o—
GROUND -0 20
f\N'\#L\JLTOGO-———-om % %
ENCODE T [ DATA
COMMAND O O READY
INPUT ouTPUT

Figure 1. MAH-0801 and MAH-1001 Hookup

PROCEDURE:
1. APPLY ENCODE COMMAND PULSE TO THE ENCODE
COMMAND INPUT (PIN 3).

2. CONNECT A PRECISION VOLTAGE SOURCE TO THE
ANALOG INPUT (PIN 19) AND ANALOG GROUND
(PIN 20). ADJUST THIS SOURCE FOR +1/2LSB.

VARY THE ZERO ADJUST POTENTIOMETER FOR AN
LSB FLUTTER (THIS WILL APPEAR AS AN EQUAL
UNCERTAINTY AT THE OUTPUT BETWEEN THE
CODES 0000 .... 0000 AND Q000 .... 0001).

3. WITH THE PRECISION VOLTAGE SOURCE ADJUSTED
TO -FS +1/2LSB, ADJUST THE GAIN POTENTIOMETER
FOR A FLUTTER BETWEEN CODES 1111 .... 1110
AND 1111 ... 1111

Unipolar Operation

PROCEDURE:

1. APPLY AN ENCODE COMMAND TO THE ENCODE COM-
MAND INPUT (PIN 3).

2. CONNECT A PRECISION VOLTAGE SOURCE TO THE
ANALOG INPUT (PIN 19) AND ANALOG GROUND (PIN
20). ADJUST THIS SOURCE TO +FS -1/2LSB. THE ZERO
ADJUST POTENTIOMETER FOR A FLUTTER BETWEEN
VARY CODES 0000 .... 0000 AND 0000 .... 0001.

3. ADJUST THE VOLTAGE SOURCE TO -FS +1/2LSB. AD-
JUST THE GAIN POTENTIOMETER FOR A FLUTTER
BETWEEN THE CODES 1111 .... 1110 AND
1111 ... 1111

Bipolar Operation
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TIMING DIAGRAM

! Lea= 50m (min}
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Figure 2. MAH-0801 and MAH-1001 Timing Diagram
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1028V T o
2 k) F— [—oeire
GROUND (Lsa}
5.6

9 1 30|31|3 | 1 DATAREADY | STROBE
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oy
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Figure 3. Depicts a Complete 8-Bit, IMHz Conversion System
Using the THS-0060 Track-and-Hold and the MAH-0801-5
Low- Voitage Input A/D Converter

NOTES ON USAGE

The use of a large ground plane is highly recommended. Tie
all grounds for both the ADC and T&H together. Make the
distance from the ADC to the system ground as short as pos-
sible with as low an impedance as possible. Bypass each power
supply run with a ceramic (0.1uF) and tantalum (3.3uF) ca-
pacitor. Keep the analog input as far away from the digital
outputs as practical. Avoid the use of twisted pair cables for

PIN DESIGNATIONS
MAH-0801, MAH-1001
PIN FUNCTION PIN FUNCTION
1 | DATA READY OUT 15 | BIT 9 OUT
2 J INTERNAL CLOCK OUT | 16 | BIT 10 OUT (LSB)
3 | ENCODE COMMAND IN | 17 [ BIT 1 OUT (MSB)
4 | SERIAL OUTPUT 19 [ ANALOG INPUT
5 | BIT 1 OUT (MSB) 20 | ANALOG GROUND
6 | BIT 2 OUT 30 | GAIN ADJUST
7 | BIT 3 OUT 31 |GAIN ADJUST
8 | BIT 4 OUT 32 | OFFSET ADJUST
11 | BIT 5 OUT 33 | POWER GROUND
12 | BIT 6 OUT 34 [-15V POWER IN
13 | BIT 7 OUT 35 |+15V POWER IN
14 | BIT 8 OUT 36 |+5V POWER IN
NOTES

On Model MAH-0801, Pins 15 and 16 are deleted.
Power and Analog grounds are internally connected.
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OFFSET ADJUST
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s | az'
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Figure 4. Depicts the MAH-1001-2 A/D Converter Used
with the THC-0300 Track-and-Hold

digital outputs wherever possible. The use of coax cable for
analog inputs is recommended wherever practical to avoid .
digital feedback.

ORDERING INFORMATION
The 8- and 10-bit versions of the MAH series may be ordered
with various options according to the chart below.

MAH-0801 -1
T

ANALOG INPUT
RANGE

RESOLUTION
AND ACCURACY

-10to~5VFS
-20to-10V FS
-3 £5VFS

-4 £10V FS

-5 £1.024V FS

MAH-0801 = 8 Bits
MAH-1001 = 10 Bits



ANALOG
DEVICES

Ultra High Speed 8-,10-,

and 12-Bit A/D Converters

MAS-0801, -1001, -1202

FEATURES
High Speed at Low Cost
8 Bits 1us max
10 Bits 1.5us max
12 Bits 2us max
No Missing Codes Over Temperature
Low Power
Industry Standard Pin Out
Parallel and Serial Outputs

APPLICATIONS

High Speed Data Acquisition
Real Time Waveform Analysis
Radar Signal Processing
Analytical Instruments

GENERAL DESCRIPTION

The MAS series of high speed analog-to-digital converters
represent the “state of the art” in application of the succes-
sive approximation conversion technique by providing highest
speed at lowest cost. With monotonicity guaranteed over
temperature these reliable modules are form, fit and function
compatible with popular industry standards from Datel and
Philbrick (for new designs consider the HAS series of hybrid
converters).

In most applications these A/Ds should be used with a fast
sample hold such as the THS/THC series.
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MAS-0801 and MAS-1001 Block Diagram
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MAS-1202 Block Diagram
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SPECIFICATIONS {typical @ +25°C unless otherwise noted)

Model Units MAS-0801 MAS-1001 MAS-1202
RESOLUTION FS = Full Scale Bits 8 10 12
ACCURACY (Relative to Full Scale) 1% FS 0.2 0.05 0.012
Quantization Error LSB +1/2 * *
Nonlinearity LSB (max) %172 . ) *
Differential Nonlinearity LSB (max) . $1/2 . *
Missing Codes No Missing Codes 0 to +70°C
TEMPERATURE COEFFICIENTS .
Differential Nonlincarity +ppm/°C 3 * *
Gain +ppm/°C 20 . 30
Gain (Option-P) tppm/°C 5 . NA
Zero Offset (Unipolar) }v/°C 10 . 100
Zero Offset (Bipolar) +ppm/°C 15 hd .
Zero Offset (Option-P) +ppm/°C 5 * NA
INPUT
Ranges (Full Scale) . Options MAS-0801 and MAS-1001 ONLY STANDARD
MAS-XXXX-1 v 0to-5 . 0to +10/15
MAS-XXXX-2 \4 0to -10 . NA
MAS-XXXX-3 \' 15 . NA
MAS-XXXX+4 v . +10 . NA
MAS-XXXX-5 v 11.024 - NA
Impedance (Function of Option) Qv 100 . 11500
OVERVOLTAGE v To Twice Peak Input FS Without Damage.
CONVERSION TIME! us max 1 1.5 2
' s typ 0.8 1.3 1.8
ENCODE COMMAND
Logic Levels (1 Standard TTL Load) \4 “0"=0t0+0.4, “1” = +2 10 +5.5
Function Positive-going edge resets converter,
Trailing edge starts conversion for 8-
and 10-bit versions.
Duration (Width) ns min 50 * 100
Rise and Fall Times ns max 20 hd *
Repetition Rate kHz max 1000 666 500
LOGIC OUTPUTS
Levels TTL (Same as Encode Command)
Drive Capability Data and Data Ready — 4 Std TTL Loads,
Clock — 6TTL Loads '
Parallel Data A 8, 10 or 12 lines of data held until next
Encode Command
Coding (Unipolar) CBN * BIN
(Bipolar) COB/2SC * OBN/25C
Serial Data MSB first, successive pulse output during
conversion, NRZ.
Coding Same as parallel output except 2SC not
available, )
Clock Pulse train of 9, 11 or 13 internal clock
pulses, gated on during the conversion
. period.
POWER REQUIREMENTS
+14.5V to +15.5V mA 70 * 80
-14,5V to -15.5V mA 30 . 20
+5V 5% mA 150 . .
TEMPERATURE RANGE .
Operating °c 0 to +70 * *
Storage °c =55 to +85 * *

PHYSICAL CHARACTERISTICS
Case ’

Diallyl Phthalate per MIL-M-14 Type SDC-F

NOTES

! Total conversion time from leading edge of encode command pulse to
trailing edge of data ready pulse with 50ns wide encode command.

*Specifications same as MAS-0801.

Specifications subject to change without notice.
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm),

[ 4.0(101.6) | ! 4.0 (101.6) { .
| , i | ]
04 04
L (10.2) j_ (102)
0.02 ﬁ,"s‘,""s"”" { | 0.02 DIA PINS (0.5) —tir| juttr ?
E 0.250 (6.35) MIN t-uzs(&asl MIN
TT T11 1 T
> 36 1 36
[$ 30 3] be
20
': ] (08 (Y29 H (@08
1 110
i1
T
- i
18 & .
[5 20 1 1520
-5 19 H- |59 18
BOTTOM VIEW - BOTTOM VIEW
WEIGHT: 4 02; 114 G _—I ‘__ 0.1 (2.54) GRID WEIGHT: 40z; 114 G — l-— 0.1(2.54) GRID
NOTES: - NOTES:
SOME MODELS DO NOT USE ALL PIN OUTS. IN THESE PINS ARE GOLD PLATED
CASES, UNUSED PINS ARE DELETED. DOT ON TOP INDICATES POSITION OF PIN 1
PINS ARE GOLD PLATED
DOT ON TOP INDICATES POSITION OF PIN 1
PIN DESIGNATIONS PIN DESIGNATIONS
MAS-0801, MAS-1001 MAS-1202
PIN FUNCTION PIN FUNCTION PIN FUNCTION PIN FUNCTION
1 DATA READY OUT 15 BIT 9 OUT 1 DATA READY 16 BIT 10 OUT
2 INTERNAL CLOCK OUT 16 BIT 10 OUT (LSB) 2 INTERNAL CLOCK OUT 17 BIT 11 QUT
3 ENCODE COMMAND IN 19 ANALOG INPUT 3 BIT 1 OUT (M3B) 18 BIT 12 0UT (LSB)
4 SERIAL OUTPUT 20 ANALOG GROUND 4 SERIAL DATA OQUT 19 ANALOG INPUT
5 BIT10UT (MSB) 30 REFERENCE OUT 5 BIT 1 OUT (MSB) 20 ANALOG GROUND
6 BIT20UT 31 REFERENCE INPUT 6 BIT20UT 29 ENCODE COMMAND IN
7 BIT30UT 32 OFFSET 7 BIT30UT 30 GAIN ADJUST
8 BIT40UT 33 POWER GROUND . 8 BIT40UT 31 BIPOLAR OFFSET
1 BIT50UT 34 -15V POWER IN 1 BIT50UT 32 UNIPOLAR ZERO
12 BIT 6 OUT 35 +15V POWER IN 12 BIT6 OUT a3 POWER GROUND
13 BIT 7 0UT 36 +5V POWER IN 13 BIT 70UT 34 -15V POWER IN
14 BIT 8 OUT 14 BIT80OUT 35 +15V POWER IN
15 BIT9OUT 36 +6V POWER IN
ORDERING INFORMATION

The 8- and 10-bit versions of the MAS series may be ordered
with various options according to the chart below.

MAS-0801 -1 -CBN
RESOLUTION ANALOG INPUT LOGIC OUTPUT
AND ACCURACY RANGE CODING
(See Note 1)

'MAS-0801 = 8 Bits -10to-5VFS CBN = Complementary

MAS-1001 = 10 Bits -2 0to -10V FS Binary (Options
-3 +5VFS 1and 2)
-4 £10V FS COB = Complementary
-5 +1.024V FS Offset Binary

(Options 3, 4 and 5)
C2SC = Complementary

Two’s Comple-

ment (Options

3,4 and 5)

NOTES
1. For 12-bit performance order the MAS-1202 which has no options.
2. The mating connector for the MAS series is the MSA-1.
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OUTPUT CODING

The logic output coding is shown true relative to the analog
input to the A/D. If an inverting track and hold—such as the
Analog Devices THC series—or an inverting op amp is used
ahead of the A/D, the true logic coding is inverted relative to
the system input. This yields the systemic coding as follows:

Binary (BIN) in place of Complementary Binary (CBN) for
options 1 and 2; Offset Binary (OBN) in place of Complemen-
tary Offset Binary (COB) for options 3, 4 and 5; Two’s Com-
plement (2SC) in place of Complementary Two’s Comple-
ment (C2SC).

Input | Complementary Complementary
Scale Voltage Offset Binary | Two’s Complement

Complementary -FS-1LSB [-4.9900V | 1111 1111 11 0111 1111 11

Scale Input Voltage Straight Binary -3/4 FS -3.7500V | 1110 0000 0O 0110 0000 00
-FS -1LSB ~9.9900V 1111 1111 11 -1/2 FS -2.5000V | 1100 0000 00 0100 0000 00
-3/4 FS | -7.5000V 1100 0000 00 0 0.0000V | 1000 0000 00 0000 0000 00
-1/2 FS ~5.0000V 1000 0000 00 +1/2 FS +2.5000V | 0100 0000 00 1100 0000 00
-1/4 FS -2.5000V 0100 0000 00 +3/4 FS +3.7500V { 0010 0000 00 1010 0000 00
-1LSB ~0.0010V 0000 0000 01 +FS -1LSB [+4.9900V | 0000 0000 01 1000 0000 01
0 0.0000V 0000 0000 00 +FS +5.0000V | 0000 0000 00 1000 0000 00

NOTE : NOTES:

(0 to -10V) for MAS-1001-2; LSB = 10mV for MAS-1001-1, apply
input voltage factor of 1/2.

Table l. MAS-0801 and MAS-1001 Unipolar Operation
for Options 1 and 2

(-5V to +5V) for MAS-1001-3; LSB = 10mV for MAS-1001-4 apply
input voltage factor of 2.

In Table II, complement ary 2SC is accc

P

plished by factory option.

Table 1. MAS-0801 and MAS-1001 Bipolar Operation
for Options 3 and 4

Input |Compl tary | Compl ar Scale Input Voltage Straight Binary

Scale Voltage | Offset Binary [Two’s Complement +FS -1LSB +9.9976V 1111 1111 1111
-FS-1LSB|-1.022v|1111 1111 11| 0111 1111 11 +7/8 FS +8.7500V 1110 0000 0000
-1/2FS |-0.512V|1100 0000 00| 0100 0000 00 +3/4 FS +7.5000V 1100 0000 0000
0 -0.000V|1000 0000 00| 0000 0000 00 +1/2 FS +5.0000V 1000 0000 0000
+1/2Fs  |+0.512v|0100 0000 00| 1100 0000 00 +1/4 FS +2.5000V 0100 0000 0000
+FS +1.024v|0000 0000 00{ 1000 0000 00 +1LSB +0.0024V 0000 0000 0001
— : 0 0.0000V 0000 0000 0000
(-1.024V to +1.024V) for MAS-1001-5; LSB = 2mV. NOTE

Table 11l. MAS-0801 and MAS-1001 Bipolar Operation
for Option 5 :

Unipolar Opetation (0 to +10V)
Table IV. MAS-1202 Unipolar Operation (0 to +10V)

Scale Input Voltage | Straight Binary Two’s Complement
+FS -1LSB +4,9976V (1111 1111 1111|0111 1111 1111
‘+3/4 FS +3.7500V [1110 0000 0000 0110 0000 0000
+1/2 FS +2.5000V (1100 0000 0000 | 0100 0000 0000
(1] 0.0000vV {1000 0000 0000 § 0000 0000 0000
~1/2 FS ~2.5000V |0100 0000 0000 | 1100 0000 0000
-3/4 FS -3.7500V 10010 0000 0000 | 1010 0000 0000
-FS +1LSB -4.9976V [0000 0000 0001 | 1000 0000 0001
-F$§ -5.0000V | 0000 0000 0000 | 1000 0000 0000
NOTE

In Table V, TWO’S COMPLEMENT (2SC) is accomplished by using

the MSB output for Bit 1.

Table V. MAS-1202 Bipolar Operation (-5V to +5V)
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ANALOG 8-Bit Video
DEVICES Analog-to-Digital Converter

MATV-0811, -0816, -0820

FEATURES

8-Bit Accuracy — Guaranteed Monotonic

Ultra-High Speed — dc to 20MHz Word Rates

Most Economical Video A/D

Smallest Available Complete A/D — 5.5" X 4.38" X 0.85"

Self Contained — Includes Input Buffer, Encoder, Reference,
Timing, and Buffered Parallel Output

APPLICATIONS

Digitize Color Television at Up to Three or Four Times -
NTSC or PAL Color Subcarrier Frequencies L

Video Time Base Correction and Frame Synchronization I -W

Radar Signal Processing . .

Real Time Transient and Continuous Spectrum Analysis

0G DEVICES

e

GENERAL DESCRIPTION WBRID GRAY ENCODERS

. . e T
The Analog Devices’ MATV series of A/D converters represent piticg ADUAT

a major breakthrough in high-speed A/D technology. Providing
conversion word rates from dc to 11MHz, 16MHz and 20MHz

ANALOG o7}

the MATV-0811, MATV-0816 and MATV-0820 are the lowest ™" o ° !
cost A/D converters in their performance class. As complete - aaios o4 z EQ he o i
devices, they require only the addition of external power to yroLans 3 ?g LoD b
accomplish precision video A/D conversion. et o 3 £EHo |
SELECT e oo
The use of internal hybrid microcircuit construction allows o
these modular A/D’s to occupy a volume of only 21 cubicinches. [0 sl
They are housed in metal cases which not only shield the cir- omanoo— e

cuits from external RF interference, but aid in efficient heat — 20 Ry
dissipation. A choice of analog input voltages is available, in- srowe ) | { §

cluding the industry standard 0 to +1V at 75§2. The encode I8 S
command input, data ready output, and the digital bit outputs TUT WRUT ROt WROT GROUND  GRouNo

are all TTL compatible. Designed to operate from either £12V i

or £15V analog and +5V digital supplies (MATV-0811 and MATV-0811, MATV-0816 Block Diagram

MATV-0816 also require -5.2V), the MATV series dissipate

less than 8 watts, Their weight is <10 ounces due to enclosure DRIVERS .
rather than encapsulation. This technique facilitates rapid, " fr50 B!
inexpensive factory repair and aids in reliable printed circuit ANALOG 7| N HEE oo |

¢ . . INPUT 9% 8 u 47 5 i DIGITAL
board mounting by the customer without extensive mechan- Rg| U8 118 so | [ o™
ical constraints or system engineering. hotms ot HHEHE Tog

+—O BIT8

Relative dc accuracy is 0.2% of full scale +1/2LSB when oper- N o =
ating over the frequency range of dc to 20MHz. The MATV EhcooE po—2 2o REtov
series is designed to digitize color television signals at rates .
up to 20MHz and is also ideally suited for other analog to o o | !
digital conversion requirements, such as radar signal processing, [ F F F I

laser pulse analysis, transient analysis, and medical electronics
applications where real-time analysis and display of large quan- N
tities of information are required. : o AN D ENCODE COMMAND INFUT MPEDANGE, REGPECTIVELY. -

MATV-0820 Block Diagram

POWER  LOGIC  +15V -15v. 45V
GROUND GROUND
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SPECIFICATIONS (typical @ +25°C and nominal power supply voltages unless otherwise noted)

MODEL UNITS MATV-0811 MATV-0816 MATV-0820 )
RESOLUTION (FS = Full Scale) Bits/% FS 8/0.4 * *
LSB Weight % FS 0.4 M *
ACCURACY (relative) at de . typ £0.15% +1/2LSB  *' *
max 40.2% £1/2LSB ! -
Monotonicity GUARANTEED . .
Differential Nonlinearity vs Temperature % FS/°C 0.01 * 0.005
Linearity and Gain vs Temperature % FS/°C 0.02 * 0.01
DYNAMIC CHARACTERISTICS
AC Linearity @ Encode Rate? MHz 11 15 20
Analog Input Frequency .
DC to 3.6MHz Spurious Signals are
> dB below FS 50 * *
3.6MHz to 5.5MHz 45 * *
Conversion Rate (Encode Word Rate) MHz max 11 16' 20
Conversion Time® ns 150%20 120120 35%10 +/Encode Rate
Aperwre Uncertainty (Jitter) ps max +30 * *
Aperture Time ns 3 * 12
Signal to Noise Ratio
(rms signal to rms noise) dB min 48 * *
(peak signal to rms noise) dB min 58 . .
Noise Power Ratio® dB min 37 * *
Transient Response® . . ns 50 * *
Overvoltage Recovery Time® ns 60 * .
Differential Gain” % 3 . .
- Differential Phase Degrees 1 * *
Bandwidth
Small Signal 3dB MHz 20 * *
Large Signal 3dB MHz 15 * *
Flat +0.1dB, dc through MHz 5.5 * *
INPUT®
Voltage Range
Unipolar (Pin § Grounded) v Otol - *
Bipolar (Pin 5 open) v 0.5 . *
Impedance (Terminated to Ground) Q 75 * *
ENCODE COMMAND INPUT®
Logic Levels, TTL Compatible “0"=0to+04V * .
“1" = 42,4V to +5V * .
Impedance (terminated to ground) Q 75%5% * *
Rise and Fall Times (10% to 90%) max ns 10 * *
Duration/Width 50% points (see timing diagram) ns min 10 * 20
: Lo ns max 50% duty cycle 40 *
Frequency (random or periodic) de to MHz 11 © 16 20
DIGITAL DATA OUTPUT®
Format , Eight Parallel Bits NRZ
Logic Levels, TTL (Same as Encode Command)
Drive Capability (not short circuit protected) TTL Loads 10 Std 10 Schoutky
Time Skew ns max 15 10 10
Coding Straight Binary (BIN)
DATA READY OUTPUT
Formar® RZ . *
Logic Levels, TTL (Same as Encode Command)
Drive Capability 10 Std 10 Schottky
Width ns 40£10 35+5 25%5
POWER REQUIREMENTS"
MATV-0811, MATV-0816/MATV-0820
+15V $#2%/+11.8V to +15.5V mA max 210 * . 70
-15V #2%/-11.8V to -15.5V mA max 180 . . 400
+5V £5%/+5V +5% mA max 450 540 200
-5.2V 5% mA max 280 * N/A
TEMPERATURE RANGE
Operating (case) °c 010 +70 * co*
Storage °c -55 to +85 M *
*Same as MATV-0811.
NOTES )
! Applies toa specified operating freq y, $10%. Outside this range, accuracy may  ° For MATV-0811, the Icading edge of the Data Ready pulse occurs approximately 15ns before

degrade 10 £0.3% ¢1/2LSB.

23 AC linearity expressed in terms of spurious in-band signals generated at specified encode rates.

3Pipeline delay not related to encode rate.

*DC to 5SMHz while noise BW with slot frequency at 500kHz.

$Time to achicve 8-bit (0.2%) accuracy after F.S. step input.

¢ For signals not exceeding 10% overvoltage, the A/D will recover to 8-bit accuracy within 60ns
after the signal returns to the specified range. Overvoltage inputs greater than 150% of F.S.
may damage input circuits and should be avoided.

7 At maximum encode rate, 20 IRE unit subcarrier, not including quantization effects.

$Consult factory for other voltage, impedance and logic level options.

? The leading edge of the data ready pulsc occurs approximately 10ns before output data
changes. The trailing edge is recommended for strobing data into external circuits.

VOL. 1, 11-58 ANALOG-TO-DIGITAL CONVERTERS

output data changes. The trailing edge is recommended for strobing data into external circuits.
For MATV-0816, the leading edge of the Data Ready pulse occurs approximately 10ns before
output data changes. The trailing edge is recommended for strobing data into external circuits.
For MATV-0820, the leading edge of the Data Ready pulsc occurs approximately simultancously
with output data changes. The trailing edge is reccommended for strobing data into external
circuits. This provides a minimum of 20ns set-up time for external registers.

9The A/D’s are calibrated at the factory at either 12V or +15V as a no-cost option. Other

operating voltages within this range may be specificd by the user at slight additional cost.
See application section for more information.
Specifications subject to change without notice.



MECHANICAL OUTLINE AND DIMENSIONS MATYV SERIES

Dimensions shown in inches and (mm). PIN DESIGNATIONS
PIN ] F
438 | 1 | power crounD .
(111.3) 2 | -POWERINPUT 1LV [MIN); -16.5V (MAX)
3 | +poweRiNeUT +11.8V (MIN); +16.5V (MAX)
4 4 | ANALOG GROUND .
0 5 5 | RANGESELECT UNIPOLAR = GROUND
SERIAL NUMBER @18 BIPOLAR = OPEN
¢ | ANALOG GROUND .
! 7 | ANALOG INPUT OPTIONAL
8 | ENCODE GROUND .
0.75 0.040 (1.02) DIA GOLD | 9 | ENCODE COMMAND TTL 45V (MAX) -
(19.05) PLATED PINS 0.75 (19.05) ~™ | 10 | POWER GROUND
! LONG . 11 | NOCONNECTION 0820
. -5.2V POWER INPUT
0811, 0816 -6V (MIN), -5.5V (MAX)
12 | +6v POWER INPUT +4.75V [MIN); +5.25V (MAX)
i T 13 | DATAREADYOUTPUT | TTL LEVELS
1 i 14 | BIT 1 OUTPUT(MSB) | TTL LEVELS
| 15 | BIT 2 OUTPUT TTL LEVELS
H &4 22 16 | 81T 3 ouTPUT TTL LEVELS
17 | eir 4 outPur TTL LEVELS
3 2 21011 18 | 8IT 5 ouTPUT TTL LEVELS
T 209 19 | BIT 6 ouTPUT TTL LEVELS
[ds 19 0—H 20 | e 7 outeur TTL LEVELS
CALIBRATION 18 ] 21 BIT 8 OUTPUT (LSB) TTL LEVELS
porENT,OMHERs 7o 22 | oiGiTaLtoGicenp. | ©
“ALL GROUNDS ARE INTERNALLY CONNECTED
ou THIS smz 1691
15 0
14 1 TN-1=90 140 180
n =0 50 90
13 1 Tn+1=-90 -40 0
4 55 ENCODE
[ 11 w3 Mo
t 4_
~ SAMPLED —el 10ns (MIN|
2 e B ekl
I VALUEN N SAMPLEN + 1
ANALOG }M
! SIGNAL (MAX) w;r:ucu !
LE TIMI
__1’ “ '11?__ - NOLD TIME paby Rty 'E e
1 OuTPUT
[ ! 10+—- ~ el Les 7.5 IMAX)
1l &5 ; 7.508 (MAX) - el
i Ho6 9 i:— 33}:.,, DATA SAMPLE N - 2 VALID no DQY.AI s\/‘ﬁﬂﬂnE
-7 80— T
. ; -
0.65 t t e
(16.51) | | DATA L a0ns
READY r‘—uam—']_

BOTTOM VIEW 0.285 Th = 1= 160n4 220ns —}
f WEIGHT: 1002 - | =02 {5.08) _"l {7.24)

GRID
Figure 1. MATV-0811 Timing Diagram at Maximum Sample

PINS ARE GOI.D PI.ATED PER MIL-G-5204, TYPE Il
NOTES:

DIMENSIONS AND LOCATION OF HOLD DOWN HOLES FOR MATV-0820 Rate of 11MHz
ARE SHOWN ON THE MECHANICAL OUTLINE FIGURE BELOW. NOT

AVAILABLE ON MATV-0811 AND -0816. ENCODE COMMAND N - 1 OCCURS Ty -70ns
DOT ON TOP INDICATES POSITION OF PIN 1. ENCODE COMMAND N - 2 GCCURS Ty -140ms
TN=0 T +70ms ™™ *lZﬁml | TN + 140ns
] ENCODE ] ENCODE
ENCODE COMMAND | COMMAND
COMMAND N N+2
o b 1078 (MIN): d0na SAWPLEN +1 | g SAWPLEN+2
(MAX)
fa——2z19 65561 1.5 (41.9—=] SenAL \/I(\é_/&
3 .6)——=] X k SAMPLED G
( \ : VALUIE N ANALOS :
\ | HOLD TIME | |
TRACK SAMPLE
y O(A, I - ] b=~ TIME 30ns MIN :
INTERNALLY)
- T/H OUTPUT T ANALOG
2 (REF ONLY) “="| ANALOG SAMPLE N_ ANALOGSAMPLE N+ 1 | SAMPLEN+2
1.23 DATA h— PLE
M 31.2) ouTPUT N-2VALID - 1VALID ALl -
feea— 1008 £ 6k
IDENT 5 [ p | 1 Soe
LABEL READY m
b3 DATA READY N -1 DATA READY N
®7.1) r=a
| : N Figure 2. MATV-0816 Timing Diagram at Sample Rate of
| CALIBRATION 14.3MHz
[ POTENTIOMETER
LOCATED .
: : ON THIS EDGE To To +50ms To +100m
L_J y=—VFENcoDE —e
- 1
(8) ! ENCODE ENCODE ENCODE ENCODE
- — © — COMMAND 20ns MIN [COMMAND N [COMMAND M"v COMMAND N+2
1
- ] 1200 e
123 ANALOG : !
@13 - SIGNAL : SAMPLED ANALOG VALUE *:
1
(A) OuTPUT DIGITALSAMVLE x DIGITAI. SAMPI.E X DlGlYAL sAM?I.i x
 c—— ) DATA
0.42 Y J
(10.7) \ DATA l.__
TOP VIEW - READY "°"‘—-F 25 qnunv N-1 [_]MN_[—
[—10.31 (0.79) | | o CONVERSION TIME 15 35w 210w
- PLUS 1/F ENCODE "1
1.65 (41.9)—
2 ENCODE COMMAND PULSES ARE REQUIRED
(A) LOCATIONS ARE HOLES (0.16” TO 0.18” DIA.) THRU THE A/D TOQBTAIN FIRST “DATA READY".
) SUITA.?lé%‘;o%sscunlne THETUNIT TO A MOTHER BOARD, ETC.)
B) LOCATIONS ARE EQUIPPED WITH #6X32 CLINCH NUTS {0.3" DEEP i imi; i
SUTAGLE FOR AETACHING MEAT SING ETC. Figure 3. MATV-0820 Timing Diagram Shown at an Encode

DOT ON TOP INDICATES POSITION OF PIN 1. Frequency of 20MHz
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Figure 4. Typical Differential Gain of MATV-0816
Operating at 15MHz Word Rates

ORDERING INFORMATION

Each MATV series A/D converter will be calibrated at +15V
as a standard. Order by model number either MATV-0811,
MATV-0816 or MATV-0820.

Optional Versions

The MATYV series A/D’s are available with a variety of options,
including analog input range and impedance, encode command
input impedance, encode word rate, power supply voltage cali-
bration, etc. Any option other than what is shown on the data
sheet will have longer delivery, since each non-standard device
is built on a per order basis.

A complete listing of optional designators is available from
either the factory or your local Analog Devices’ sales office.
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Figure 5. Typical Differential Phase of MATV-0816
Operating at 15MHz Word Rates

Device Marking

The MATYV series A/D that you order will be marked with a
series of alphanumerics which specifically designate the options
built into the device. For the standard devices, these will be as
follows:

MATV-0811 will be marked MATV-0811-1-BIN-15 for older
devices, or MATV-0811-AA150 for newer devices.

MATV-0816 will be marked MATV-0816-0175 BIN 75143150
for older devices, or MATV-0816 ABBA143150 for newer
devices.

MATV-0820 will be marked MATV-0820-0175 BIN 75 for
older devices, or MATV-0820 ABAA for newer devices.

This information is provided so that there will be no confusion
as to why information other than the basic model number ap-
pears on the device identification label, which might cause
problems at a customers’ incoming inspection. )



ANALOG 10-Bit Video
DEVICES Analog-to-Digital Converter

MOD-1005

FEATURES

10 Bits @ 5MHz Word Rate

One-27 Sq. In. PC Board

Built-In Track-and-Hold — 25ps Aperture Uncertainty
20MHz Analog Input Bandwidth

TTL Compatible . My

Low (10-V‘\)Iatt) Power Dissipation : 1 . fﬁ?’é‘é‘éﬁ?&t"“s
Signal-To-Noise Ratio Greater Than 58dB ‘ N
Noise Power Ratio Greater Than 49dB
Completely Repairable

APPLICATIONS

Radar Digitizing

Digital Communications

Real Time Spectrum Analysis
High Resolution TV

GENERAL DESCRIPTION X
Analog Devices’ model MOD-1005 is a very high-speed A/D - MOD-1005 o o7

converter capable of digitizing video input signals to 10-bit
accuracy at random or periodic word rates of dc through
ENGODER Fﬁ%
DIGITAL
- aehienaton Etboen | 88iTS Y coRRECTION

OUTPUT
REGISTERS

SMHz. The MOD-1005 is truly a breakthrough in high-speed o] | TRex
A/D technology. It is the most cost effective A/D in‘this speed ] L
category, combining small size and low power dissipation with
low cost.

oiGITaL ouTPUTS =%

ENEEERE
&

o
B
H

The MOD-1005 is constructed on a single printed circuit card o
which is intended for mounting on a system mother-board, and ncope
occupies only 27 square inches. Within this A/D is the required meer 9 r
sample/track and hold amplifier, encoder, timing circuits and 3siTs

output latches for a true simultaneous, all-parallel digital out- —‘5 ; ) ) ; ;
put. 3.5.6.15.2230 20 21 l‘ l! l7,s
The encode command input and digital outputs are TTL com- ' GND M5V sV v sV eV
patible. The A/D requires only an external encode command

pulse and external power supplies for operation, NO external Block. Diagram

parts are required. Gain and offset potentiometers are provided

on the card. The A/D is fully repairable either at the factory or

in the field.

The MOD-1005 is ideally suited for systems requiring the ul-
timate in conversion speed and accuracy. Such applications
include radar digitizing, digital communications, spectrum
analysis, and many others. Each MOD-1005 is backed by
Analog Devices’ limited one year warranty.
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SPECIFICATIONS (typical @ +25°C with nominal power supplies unless otherwise noted)

MODEL MOD-1005

RESOLUTION (FS = FULL SCALE) 10 Bits (0.1% FS)

LSB WEIGHT 4mV

ACCURACY (INCLUDING LINEARITY) @ DC 10.05% Full Scale +1/2LSB
Monotonicity Guaranteed

Differential Nonlinearity vs. Temperature

Gain vs. Temperature

0.0005% of FS/°C

- 0.01% of FS/°C

DYNAMIC CHARACTERISTICS
AC Linearity'
Conversion Time
Conversion Rate (Word Rate)
Aperture Uncertainty  (Jitter)
Aperture Time

Signal to Noise Ratio (rms signal to rms noise)

Noise Power Ratio?

Transient Response (Full Scale Step Input)

Overvoltage Recovery Time

Recovers to 10-bit accuracy after

2 X FS input overvoltage in

Input Bandwidth (small signal, 3dB)
Input Bandwidth (large signal, 3dB)

Spurious Signals >59dB below FS
See Text

dc to 5SMHz

+25ps max

45ns (+10ns from unit to unit)

58dB min at 500kHz analog input
49dB min

10-Bit (0.05%) Accuracy within 50ns

200ns

20MHz min .
15MHz min flat within *0.1dB,
dc through 5MHz

INPUT
Voltage Range

Impedance

Offset Voltage

Offset vs. Temperature
Bias Current

+2.048V FS

+4V Absolute max

509

Adjust to 0 with On Board Potentiometer
0.01% Full Scale/°C

1nA max

ENCODE COMMAND INPUT
Logic Levels, TTL Compatible

Logic Loading

Rise and Fall Times

Duration Min/Max

Frequency (Random or Periodic)
Sample Delay

“0" = 0 to +0.4V

“1” =424V to +5V

2 Standard TTL Gates

10ns max

20ns/60% of Duty Cycle

dc to 5SMHz

45ns (unit to unit tolerance is +10ns)

DIGITAL DATA OUTPUT
Format
Logic Levels, TTL Compatible

Drive (Not Short Circuit Protected)

10 Parallel Bits, NRZ
“0” =0 to +0.4V

“1" = +2.4V 10 +5V

Up to 1 Schottky TTL or

2 Standard TTL Loads

Time Skew 10ns max

Coding 2’s Complement (2SC)

Conversion Time See Text on the Next Page
POWER REQUIREMENTS? typ/max

+15V 5% 150/170mA

-15V15% 150/170mA

-6V 4% 300/350mA -

+5V 5% 350/400mA

=5V 5% 500/550mA

Power Consumption 10 Watts
TEMPERATURE RANGE

‘Operating 0to +70°C

Storage -55°C 10 +85°C

Cooling Requirements 100 Linear Feet Per Min (LFPM)
MTBF* 7.62X10* Hours

PHYSICAL CHARACTERISTICS
Construction

Single Printed Circuit Card

NOTES

! AC linearity expressed in terms of spurious in-band signals generated as specified encode rates,

with dc to 2.5MHz analog input.

2DC to 2.4MHz white noise BW with Slot frequency of 512kHz.

3+15V supplies must be equal and opposite within 200mV and track over temperature.
“ MTBF based on 30°C ambient; ground; benign,
Specifications subject to change without notice.
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OUTLINE DIMENSIONS ) PIN DESIGNATIONS

Dimensions shown in inches (mm).

FUNCTION PIN FUNCTION

__’ Ia— 0230 (5.84) 0.040 = 0.002 DIA PIN
(- (i%o’ i (1,06 ¢ 0.08) 1 -5V 16 BIT?7
¥ ! , . 2 ENCODE COMMAND 17 BIT8
I S sseus i 3 GND* 18 BITO
ohs e ||9|181I7|!6|65|.41312H._10 9876543217 | \ 4 +5V 19 BIT 10 LSB
(5.45) NI 11T 1 5 GND* 20 | +18v
[ 1T 61670.17301a | g —GGTID' 21 -15v
L1 1. (a.24439) | 22 GND*
4 PLACES : 8 6V 23 GND*
| 9 BIT 1 MSB 24 GND*
" 10 BIT2 25 GND*
5 1 BIT3 26 GND*
. 3 12 BIT4 27 GND*
0137.9) 5 13 BITS 28 GND*
L 14 BITE 29 GND*
2! 15 GND* 30 GND*
8 : 31 ANALOG INPUT
! *ALL GROUND PINS ARE CONNECTED TOGETHER
[ WITHIN THE MOD-1005
1
1
1
1
[ 202122232425 2621282930 31T : ORDERING INFORMATION
1 Y TYYYYY = - ;
CoNDUGTOR SO —{ eozsmenn I‘I os Qrder model number MOD-1005 A/D converter. Mating
0TTOM VIEW I"’I—‘,‘&-Q pin sockets for the MOD-1005 are model number MSB-2
WEIGHT: 502; 142G (59+ 880 (31 required per A/D).

)

CONVERSION TIME
Output data is valid two encode command clock periods plus command pulse-— assuming that two pulses occur after the
200ns after application of an initial encode command pulse. first,

Duce to the pipeline delay effect of the A/D, a total of three
encode command pulses are required to shift the data to the
output of the A/D. For example, with a SMHz encode rate,

Use of the trailing edge of the encode command is recom-
mended for strobing output data into external register (see

A A - Figure 1).
data is valid 600ns after the application of the first encode g
0 200ns 400ns 600ns  80Ons
TN T+ T2 Tn+a Tnea
. ENCODE I | | I I I I | I |
COMMAND ) .
DATA DATA Ty _3 YDATA Ty .Y DATA Ty_1Y DATA Ty YDATA Tne1
ouT VALID VALID VALID VALID VALID

DATA Ty (THE RESULT OF ENCODE COMAND Ty) OCCURS TWO CON-
VERSION PERIODS PLUS 200ns AFTER ENCODE COMMAND Ty. FOR A
5MHz WORD RATE AS SHOWN, DATA IS VALID 200ns AFTER THE THIRD
ENCODE COMMAND PULSE OR Ty +600ns. IN ALL CASES, THREE ENCODE
COMMAND PULSES ARE REQUIRED FOR TRANSFER OF DATA TO THE
OUTPUT, DUE TO THE PIPELINE DELAY EFFECT THROUGH THE A/D. NO
DATA READY PULSE IS SUPPLIED.

Figure 1. MOD-1005 Timing Diagram
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GROUND CONNECTIONS

It should be noted that the MOD-1005 PC board has 13 ground
pins. These are all connected to the ground plane on the board.
For best results it is recommended that ALL of these pins be
connected to a massive system or “mother board” ground
plane.

CALIBRATION PROCEDURE (MOD-1005)

The MOD-1005 A/D is precisely calibrated at the factory be-
fore shipment, and should need no further calibration. How-
ever, if slight readjustments of the A/D are required in the
system, the following procedure should be followed. It should
be remembered that the output coding of this A/D is 2SC.

Offset Adjustment
The offset is adjusted by varying potentiometer R33 with 0
volts applied to the analog input. To obtain the proper output

code, observe that the digital output is changing between
1111111111 and000000000O at this adjustment
level. When properly adjusted a digital code of 0000000000
will represent analog input 1LSB above zero volts, and a
digital code of 1111111111 will represent an analog in-
put of 1LSB below zero volts. .

Gain Adjustment

The gain is adjusted by varying potentiometer R3. This ad-
justment is made by applying +2.042V (FS -1 1/2LSB) to the
analog input and while monitoring the digital output, adjust
R3 for the output code varying between 0111111110 and
0111111111 (FS). If the user needs to offset the entire
range of the A/D, this can be accomplished by readjusting
R33 as required. However, in this procedure, the offset should
always be adjusted first.

PINT™="T .

COMPUTER LABS
ANALOG DEVICES

*
%18

g2 3% R33
§45 OFFSET
3 §3 ADJUST
8

R3
GAIN ADJUST

A/D Converter Assembly
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ANALOG
DEVICES

10-Bit Video
Analog-to-Digital Converter

MOD-1020

FEATURES
10-Bits @ 20MHz Word Rates
One 35 Sq. In. PC Board
Built-In Track-and-Hold — 25ps Aperture
15MHz Large-Signal Input Bandwidth
ECL Compatible

" Signal-to-Noise Ratio Greater Than 56dB
Noise Power Ratio Greater Than 45dB

APPLICATIONS

" Television Digitizing
Radar Digitizing
Medical Instrumentation
Digital Communications
Spectrum Analysis
Sonar Digitizing

GENERAL DESCRIPTION

The Analog Devices’ model MOD-1020 is an ultra-high-speed
A/D converter capable of digitizing video input signals to 10-
bit accuracy at word rates through 20MHz. The MOD-1020 is
another in the series of state-of-the-art A/D converters from
Analog Devices that employs the unique digital correcting
subranging (DCS) conversion technique to virtually eliminate
errors normally associated with subranging type A/D convert-
ers. No other A/D converter commercially available offers the
user the speed and accuracy attainable with the MOD-1020.

The MOD-1020 is constructed on a single printed circuit card
which is intended for mounting on a system mother board and
occupies only 35 square inches. The A/D is complete with inter-
nal track-and-hold, encoder, timing circuitry, references, and
latched output. It produces a true all-parallel digital output.

The encode command input, digital outputs, and data ready
output are balanced ECL compatible. The A/D requires only
an external encode command input pulse and external power
supplies for operation. The analog input impedance is at least
50082, so that the user can easily terminate the A/D with lower
impedances in his system. Gain and offset potentiometers are
provided on the card so that the A/D can be operated in cither
the unipolar or bipolar modes. The A/D is fully repairable.

The MOD-1020 is ideally suited for systems requiring the
ultimate in conversion speed and accuracy. Such applications
include radar digitizing, digital communications (baseband
digitizing), composite color television digitizing, spectrum ana-
lysis, medical instrumentation, and many others. Each MOD-
1020 is backed by Analog Devices’ limited one-year warranty.

'

oo
101000
Ll

Differential Phase — Generator Differential Gain — Generator
and Vectorscope Back-to-Back and Vectorscope Back-to-Back
No A/D Conversion No A/D Conversion

TO CIRCLE

Differential Phase — Model
MOD-1020 ADC and Model
4120E DAC Back-to-Back
14.4MHz Conversion
(Word) Rate

Differential Gain — Model
MOD-1020 and Model 4120E
DAC Back-to-Back 14.4MHz
Conversion (Word) Rate

The above waveforms were obtained utilizing 2 Tektronix
Model 149A N.T.S.C. Test Signal Generator with a 20 IRE
unit TV test signal output, The display (output) was obtained
using a Tektronix Model 520A Vectorscope.
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SPECIFICAT I 0 N S (typical @ +25°C with fmminal power supplies‘unless otherwise noted)

MODEL

MOD-1020

RESOLUTION (FS = FULL SCALE)

10 Bits (0.1% FS)

LSB WEIGHT

1mV or 2mV Depending on Analog Input Range

ACCURACY (INCLUDING LINEARITY) @ DC
Monotonicity
Nonlincarity vs. Temperature '
Gain vs. Temperature

£0.05% Full Scale £1/2LSB
Guaranteed 0 to +70°C
0.0005% of FS/°C

0.015% of FS/°C

DYNAMIC CHARACTERISTICS
AC Lineerity’ (dc to 1IMHz)
(1MHz to SMHz)
(5MHz to 10MHz)
Conversion Time
Conversion Rate?
Aperture Uncertainty (Jitter)
Aperture Time (Delzy)
Signal to Noise Ratio®
Signal 1o Noise Ratio®
Noise Power Ratio®
Transient Response®
Overvoltage Recovery”
Input Bandwidth (small signal, 3dB)*
Input Bandwidth (large signal, 3dB)®
‘Two-Tone Linearity (@ Input Frequency);
60kHz; 62kHz
4.998MHz; 5.000MHz
9.996MHz; 9.998MHz
Differential Gnnl °
Differential Phase'®

Spurious Signals »60dB below FS
Spurious Signals >55dB below FS
Spurious Signals >50dB below FS

See Text and Timing Diagram

dc to 20MHz (See Note and Ordering Information)
$25ps max

Sns (+2ns unit-to-unit tolerance)

56dB min

65dB min

45dB min, 47dB typ

50ns

50ns

30MHz

15MHz; Flat within 0,2dB, dc to 10MHz

In-Band Spurious Signals 60dB below FS

In-Band Spurious Signals »$5dB below FS .
In-Band Spurious Signals >50dB below F$

1% with 20 IRE Unit Reference

0.5° with 20 IRE Unit Reference

ANALOG INPUT (See Notes on Input
Range in Text)
Voltage Range

1V p-p or 2V p-p, Depending on Hook-Up
Either Unipolar or Bipolar
44V Absolute max Input

Impedance 10002 (2V Input Range)
50082 (1V Input Range)

Offset Ad)ustnblc to Zero with On-Card Potentiometer (R4)

Offset vs. Temperature 0.01%/°C
ENCODE COMMAND INPUT

Logic Levels, ECL Compatible 40" = -1.7V

(Balanced Input) “1" = -0.9V

Impedance 10082 Line-to-Line

Rise and Fall Times 5ns max

Duration (min/max) 10ns/70% of Duty Cycle

Frequency Specified by Customer, to 20MHz (See Ordering Information) -
DIGITAL OUTPUT DATA

Format 10 Parallel Bits, NRZ

Logic Levels, ECL Compatible
(Balanced Outputs) -

Drive

Time Skew

Coding

“0" = -1.7V

“1" = -0.9V

758 to 10052, Line-to-Line

5ns max

Binary (BIN); 2's Complement (25C)

DATA READY OUTPUT
Logic Level, ECL Compatible
(Balanced Output) .
Rise and Fall Times
Duration *
Conversion Time

“0" = =17V

“1" = -0.9V

5ns max

25ns £3ns

Output data valid 185 $20ns after the leading edge of second
Encode Command pulse—assuming that two pulses occur. Use
of the trailing edge of the Data Ready pulses is required to
shift the data to the output. For example, with 2 20MHz encode
rate, data is valid 285 +20ns after the application of the first
Encode Command pulse—assuming that two pulses occur. Use
of the trailing edge of the Data Ready pulse is recommended
for strobing output data into external registers.

POWER REQUIREMENTS

+15V $5% 200mA

-15V 5% © 200mA

+5V £5% 100mA

-5.2V 15% 2.7A

Power Consumption 21 Watts
TEMPERATURE RANGE"

Operating . 010 +70°C

Storage -55°C to +85°C

Cooling Requirements

500 Linear Feet per Minute (LFPM)

PHYSICAL CHARACTERISTICS
Construction

Single Printed Circuit Card

NOTES

! AC linearity expressed in terms of spurious in-band signals generated at 20MHz .'w'"' FS$ analog input.

encode rate at the analog frequencies () shown.

7To be specified by the customer, See text and ordering information.

3 RMS signal to rms noise ratio with S00kHz snalog input.

4 Peak-to-peak signal to rms noise ratio with 500kHz analog input.

#DC to 8.2MHz white noise bandwidth with slot frequency of 3.886MHz and

an encode rate of 20MHz.

* With analog input signal 40dB below FS.

Applies to devices optimized for video ial gain and
phase are messured and optimized for ADC's which llm the follommg
encode rate optional desj (see Ordering Infc 7" (3 X
NTSC subcarrier); “133” (3 X PAL); 143" (4 X NTSC); "177" (4 X PAL).

1 $15V must be equal and opposite within 200mV and track
over temperature.

#Recovers to 10-bit accuracy after 2 X FS input overvoltage in time specified.

?For full-scale step input, attains 10-bit accuracy in time specified.

" Specifications subject to change without notice.
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MOD-1020 Block Diagram
OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).
j— - - - - = = —/oa:002
o502 .,,[ COMPONENT ARER Iﬂjg e PIN DESIGNATIONS
F ..U__“mwm “U“ U PIN{ _FUNCTION PIN [ FUNCTION
7.00177.8) ‘ |GROUND _ 19 | BIT8
041774 2 [ENCODE COMMAND_| | 20 [BI
02060810y 33638~y fe—02 (508 [ [ENcODECOMMAND [ 216177
TOPIN - ——1
CENTERLINE _%.l 000 [ HENEN —Lg_ pE— 4_|GROUND 22 |81
d 883 EEEEN pLe 5 [-52v 23 [BI .
b1 TTT T L35 {6 [nsv 24 [BIT®
[$ 0167 0173 DIA. IRETY 25 [BITS
4PLACES 8 [GROUND 26 |BITZ
9_|ANALOG INPUT #1 27 [BIT4
10_|ANALOG INPUT #2 28 [BIT3
t 11_[+5V 29 [BIT3
2 {0 12_|GROUND 30 [BIT2
Z |z 13_|GROUND 31 [BIT2
G& ez | 14_[BIT 10 32 [BITT
[ $10 gEaEy 15 10 33 [BIT1
38582 :3 s g; GROUNDA
bw GO R
MRS 18 8 36 [DATA READY
- o
2 |- ALL GROUND PINS ARE CONNECTED TOGETHER WITHIN THE ADC.
Bl
12 14 Q4
'osus;[ s 1 13 Ic
X .. ~
ul 2, A
-] 0216 (5.46) TP -] }eo20mcm0 | I
0.15
657 (166.9). | !

TO HOLE CENTERLINES
BOTTOM VIEW (5.84)
TIME IN ns 150 200 250 300

00
LTmz TNes FTnea FTNss = Thse

ENCODE

COMMAND

INPUT

DATA DATA DATA DATA

DATA
READY
OuTPUT

TN-1 [T [Tt
VALID| VALID | VALID
OUTPUT DATA ARE VALID 185 £20ns AFTER THE LEADING EDGE
OF THE SECOND ENCODE COMMAND (TIME INCLUDES WIDTH OF
. DATA READY PULSE). TWO ENCODE COMMAND PULSES ARE RE-
QUIRED TO SHIFT THE DATA TO THE OUTPUT.

MOD-1020 Timing Diagram
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INPUT

Rrerm

2vpeP
ANALOG
INPUT

Arerm

2Zin R1erm
(Rygrm RESISTORS ARE 1%, 1/8W, MF) 500 62.39
755 80.602

1V P-P INPUT OPTION

230 102.00
2V P-P INPUT CPTION

FOR 1V P-P INPUT RANGE, CONNECT ANALOG INPUT TO PIN 9, AND CONNECT
PINS 9 AND 10 TOGETHER. UNTERMINATED INPUT IMPEDANCE IS 50052,
GAIN ADJUSTMENT RANGE (R25) IS $20% MIN. FOR 2V P-P INPUT RANGE.

CONNECT ANALOG

INPUT TO PIN 9. PIN 10 IS LEFT DISCONNECTED. UN-

TERMINATED INPUT IMPEDANCE IS 100092. GAIN ADJUSTMENT RANGE

(R25) 1S +20%.

TO OBTAIN THE DESIRED TERMINATED INPUT IMPEDANCE, CONNECT
AL TERMINATING RESISTOR BETW

HE AP
ANALOG INPIJ|’ P|N|Sl AND GROUND, AS SHOW|

N IN THE ABOVE EXAMPLES.

INPUT IMPEDANCES GREATER THAN 10002 WILL RESULT IN LOSS OF INPUT
BANDWIDTH AND SHOULD BE AVOIDED.

THE OFFSET POTENTIOMETER (R4) HAS SUFFICIENT RANGE TO ALLOW

THE USER TO OPERATE THE ADC IN EITHER

THE UNIPOLAR OR BIPOLAR

MODE. THE ADC’S ARE CALIBRATED IN THE BIPOLAR CONFIGURATION AT

THE FACTORY.

MOD-1020 Analog Input Range Options

OFFSET AND GAIN ADJUSTMENT

The offset of the ADC is adjusted by varying potentiometer
R4. Apply an input voltage to the analog input corresponding

‘to positive full scale. Adjust R4 such that the digital output is
changing between 1111111111 and 1111111110.

The gain of the ADC is adjusted by varying potentiometer
R25. Apply an input voltage to the analog input that corre-

NSOGB iH
4T0H ONY ¥OVHL

H

2
o

§

R25 v

(GAIN)

sponds to negative full scale. Adjust R25 such that the digital
output is changing between 0000000000 and 0000000001.

In the foregoing, the ADC is calibrated to have a unipolar posi-
tive transfer function, If bipolar input range is required, adjust
R4 to offset the entire input by one-half of the full scale input.

In setting the gain, always adjust R4 first to obtain the correct
setting for full scale positive input.

ANALDG OEVICES.

f 1 OPERATIGINAL AMPLIFIER

uCOMPUYEﬂ LABS

Location of Adjustment Potentiometers

ORDERING INFORMATION

IMPORTANT-THE ENCODE RATE OF THE MOD-1020
MUST BE SPECIFIED BY THE CUSTOMER AS SHOWN
BELOW:

ORDER MODEL NUMBER: MOD-1020- “XXX", where
“XXX" is to be specified by the customer. “XXX" represents
the encode word rate in MHz with the decimal place assumed
to be (but not shown) between the second and third places.
Full 10-bit accuracy will be maintained within £12% of this

VOL. I, 11-68 ANALOG-TO-DIGITAL CONVERTERS

specified frequency, up to a maximum of 21MHz. For example,
a device specified as MOD-1020-200 is for operation at
20,0MHz and will maintain accuracy from 17.6MHz to 21MHz.

For encode rates of 10MHz or less, the MOD-1020 will main-
tain fully accuracy to 10MHz. For encode frequencies of
10MHz or less, order MOD-1020-100.

Mating sockets for the MOD-1020 are model number
MSB-2 (36 required per A/D).



ANALOG 12-Bit Video
DEVICES Analog-to-Digital Converter

MOD-1205

FEATURES

12 Bits @ 5MHz Word Rate

One-27 Sq. In. PC Board

Built-In Track-and-Hold — 25ps Aperture Uncertamty
15MHz Analog Input Bandwidth

TTL Compatible

Low (13-Watt) Power Dissipation

Signal-to-Noise Ratio Greater Than 66dB

Noise Power Ratio Greater Than 56dB

Completely Repairable

APPLICATIONS

Radar Digitizing

Digital Communications

Real Time Spectrum Analysis
Signature Analysis

- ! B B
GENERAL DESCRIPTION OUTLINE DIMENSIONS
Analog Devices’ model MOD-1205 is a very high-speed A/D Dimensions shown in inches and (mm).
converter capable of digitizing video input signals to 12-bit
accuracy at random or periodic word rates of dc through - 500 (127)
5MHz. The MOD-1205 is truly a breakthrough in high-speed i 454(153)
A/D technology. It utilizes the latest state-of-the-art conver- —
sion technique called digital correcting subranging (DCS) to ]
effectively eliminate errors normally associated with sub-
ranging type ADCs. It is.the most cost effective A/D in this
speed category, combining small size and low power dissipation
with low cost.

[O]1—
11
nl.
'
4

TTIT1I

The MOD-1205 is constructed on a single printed circuit card
which is intended for mounting on a system mother board and it
occupies only 27 square inches. Within this A/D is the required
sample/track-and-hold amplifier, encoder, timing circuits and

output latches for a true simultaneous, all-parallel digital output.

COMPONENT VOLUME

The encode command input and digital outputs are TTL com-
patible. The A/D requires only an external encode command
pulse and external power supplies for operation. NO external
parts are required. Gain and offset potentiometers are pro- =N 32 1]
vided on the card. The A/D is fully repairable either at the — O S

-y
-
factory or in the field. CONDUCTORSiDE | |=-o020508 6ri1D

BOTTOM VIEW
WEIGHT: 560Z; 142G 0.30 2 0.02 (|l7)

The MOD-1205 is ideally suited for systems requiring the ul- isoz (7698051 MAX
timate in conversion speed and accuracy. Such applications

include radar digitizing, digital communications, spectrum .

analysis, and many others. Each MOD-1205 is backed by

Analog Devices’ limited one year warranty.
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SPEC|FICATIONS (typical @ +25°C with nominal power supplies unless otherwise noted)

MODEL MOD-1205

RESOLUTION (FS = FULL SCALE) 12 Bits (0.024% FS)

LSB WEIGHT ImV

ACCURACY (INCLUDING LINEARITY) @ DC +0.0125% Full Scale £1/2LSB
Monotonicity Guaranteed (0 to +70°C)

Nonlinearity vs. Temperature
Gain vs. Temperature

0.005% of FS/°C, max
0.01% of FS/°C, type; 0.03% of FS/°C, max

DYNAMIC CHARACTERISTICS

AC Lincarity' (dc to 1IMHz)
(1MHz to 2.5MHz)

Conversion Time
Conversion Rate (Word Rate)
Aperture Uncertainty (Jitter)
Aperture Time
Signal to Noise Ratio?
Noise Power Ratio®
Transient Response'
Overvoltage Recovery Time®

Input Bandwidth (small signal, 3dB)
Input Bandwidth (large signal, 3dB)

Spurious Signals >70dB below FS, max

Spurious Signals >65dB below FS, max; >68dB, typ
See Text and Timing Diagram

5MHz

+25ps max

30ns (£10ns from unit to unit)

66dB min; 68dB, typ

56dB min, 58dB typ

12-Bit (0.0125%) Accuracy within 200ns

200ns

15MHz min

10MHz min; flat within £0.1dB, dc through SMHz

ANALOG INPUT
Voltage Range

- Impedance
Offset Voltage
Offset vs. Temperature

12.048V FS

+4V Absolute max

40052 with pin 30 open, 509 with pin 30 grounded
Adjust to 0 with On Board Potentiometer

0.02% FS/°C, type; 0.05% of FS/°C, max

Bias Current 1nA max :
ENCODE COMMAND INPUT h
Logic Levels, TTL Compatible “0" =0 to +0.4V

Logic Loading

Rise and Fall Times

Duration min/max

Frequency (Random or Periodic)

“1" = 424V to +5V

2 Standard TTL Gates
10ns max

25ns/50% of Duty Cycle
5MHz

DIGITAL DATA OUTPUT
Format
Logic Levels, TTL Compatible

Drive (Not Short Circuit Protected)

Time Skew
Coding
Conversion Time

12 Parallel Bits, NRZ

“0" = 0to +0.4V

“1" = +2.4V to +5V

Up to 1 Schottky TTL or

2 Standard TTL Loads

10ns max

Offset Binary (OBN) or 2's complement (2SC)
See Text on the Next Page

POWER REQUIREMENTS®

+15V 5% 200mA

-15V 5% 150mA

-6V 4% 700mA

+5V £5% 800mA

Power Consumption 13 Watts
TEMPERATURE RANGE '

Operating 0to +70°C

Storage -55°C to +85°C

Cooling Requirements

500 Linear Feet Per Min (LFPM) @ +70°C

PHYSICAL CHARACTERISTICS
Construction

Single Printed Circuit Card

NOTES

! AC linearity expressed in terms of spurious in-band signals generated at specified encode
rates at analog input frequencies ().

2rms signal to rms noise at S00kHz analog input.

?dc¢ to 2.4MHz white noise bandwidth with slot frequency of 512kHz.

4 For full-scale step input, attains 12-bit accuracy in time specified.

$ Recovers to 12-bit accuracy after 2 X FS input overvoltage in time specificd.

¢ +15V supplies must be equal and opposite within 200mV and track over
temperature.

Specifications subject to change without notice.
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*ALL GROUND PINS ARE CONNECTED TOGETHER
WITHIN THE MOD-1205

Pin Designations

ORDERING INFORMATION

Order model number MOD-1205 A/D converter. Mating pin
sockets for the MOD-1205 are model number MSB-2 (32
required per A/D).

CONVERSION TIME
Output dara is valid two encode command clock periods plus
275ns £25ns after application of an initial encode command

] BT
Q BITY
. '> g " Ms8
PIN | FUNCTION PIN | FUNCTION - E I
7| ENCODE COMMAND 7 | BiTe TeRmINATION 03 vi§ & !
2 | GND* 18 | BITI0 RreRm 5 3 E 2\g 1
3 | +sv 19 | BITN 2 § P ] H a = 13
GND* 20 | BIT120Ls ANALOG o 3
s | onor 2 u;v . INPUT TREK & g 2 S E : £
o [ v z | v MBS ot o0 g ; HE HIE ig
7| -8v 23 | GND* e = 9 |
8 | BITY 24 | cno* B g 8 Bt 12
9 | BiTymse 25 | anpe T LS
0 | aT2 26 | v 2
n | eira 7 | -ev ENCODE crock CLOCK  CLOCK ¢\ 'ek
12 | BiTa 28 | anor COMMAND o1
1 | BITS 29 | GND* INPUT TIMING cLOCK
I 30 | TERMINATION ENCODE 2 GENERATOR 3 curruts &
15 | siTy 3 | oo ey %
16 BIT8 32 ANALOG INPUT

| 1
LZZ 13. 2

=15V 45V -&v

}
Lz!

+16V

lA, 5, 23-25
28,29
GROUND

NOTE: WITH PIN 30 OPEN, ANALOG INPUT IMPEDANCE IS 40002, WITH PIN 30

GROUNDED, ANALOG IMPEDANCE 1S 6092,

MOD-1205 Block Diagram

three encode command pulses are required to shift the data to
the output of the A/D. For example, with a 5SMHz encode rate,
data is valid 675ns *25ns after the application of the first en-
code command pulse—assuming that two pulses occur after
the first.

Use of the trailing edge of the encode command is recom-
mended for strobing output data into external register (see

pulse. Due to the pipeline delay effect of the A/D, a total of Figure 1).
0 200ns 400ns 600ns 800ns
TN T+ Tnsz T+3 Th+s
ENCODE | | | I | I__j
COMMAND i - B
DATA DATA Ty _3 YDATA Ty 2YDATA Ty DATA Tn YDATA Tnr1
ouT VALID VALID VALID VALID VALID

»

DATA Ty (THE RESULT OF ENCODE COMMAND Ty ) OCCURS TWO CON-
VERSION PERIODS PLUS 275ns +25ns AFTER ENCODE COMMAND Ty.
FOR A 5MHz WORD RATE AS SHOWN, DATA IS VALID 275ns +25ns

- AFTER THE THIRD ENCODE COMMAND PULSE OR Ty + 675ns +25ns.
IN ALL CASES, THREE ENCODE COMMAND PULSES ARE REQUIRED
FOR TRANSFER OF DATA TO THE OUTPUT, DUE TO THE PIPELINE
DELAY EFFECT THROUGH THE A/D. NO DATA READY PULSE IS
SUPPLIED.

Figure 1. MOD-1205 Timing Diagram
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GROUND CONNECTIONS

It should be noted that the MOD-1205 PC board h