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Editor’s Notes

A seatmate on an airplane, on
ascertaining the source of our
bread-and-butter, recently re-
marked, “Analog Devices, eh?
How are you people going to sur-
vive, now that the world is going
digital?” Fortunately, it was a
long flight; so it was possible
to discuss the semantic, philo- !
sophical, technological, and business mellcatlons of his ques-
tion at length and get across the conviction that the future
could indeed be bright fora company named ‘‘Analog Devices.”

Webster’s New Collegiate Dictionary defines an analog computer
as “a computer that operates with numbers represented by
directly measurable quantities.” 1f operations with numbers
are considered to be in the province of a computer, ‘“‘analog”
then has to do with directly measurable quantities. If you can
measure it, it’s analog — even the output of a flip-flop! (We
won’t say that digital is a special case of analog — but we’ll
listen with appreciation to anyone who makes that assertion.)
Since our business is devices for measurement and control, and
real-world measurements are analog in nature, the word
“analog” would not appear to restrict our ambitions unduly.

Our analog technologies started with the most general kind of
analog signal processor, the operational amplifier, but we have
long since extended our reach in signal conditioning, with
devices that amplify, modulate, translate, isolate, fumnish
excitations and references, and perform simple analog compu-
tations. But that’s not all: for digital signal processing, the
analog signals have to be translated into digital form and back,
calling for converters in great variety, in speed, resolution,
packaging, and interface capabilities. And at the analog input
to the system, we are starting to make our mark with sensors
and transducers to measure temperature and denier.

Our readers know that it doesn’t end there: single-channel and
scanning panel instruments, for electrical and physical measure-
ments; real-time interface boards for microcomputers; and the
comprehensive Measurement And Control SYsteM (MACSYM)—
all provide digital functions that are sympathetically oriented
towards both the analog world and the system designer who
has recognized that specialized ‘“buy-rather-than-make”
system solutions save time and money and help him do his
real job better, especially if he is not at once a circuit designer,
debugger, designer-for-manufacturing, hardware-and-software
expert, packaging engineer, and — oh, yes — a productive
expert in his own field as well (“when you're up to your hips
in alligators, it’s hard to remember that your original objective
was to drain the swamp)”)

The future outlook is bright for measurement and control,
hence for analog and related techniques; Industry, here and
abroad, is investing heavily in automation to improve plant
efficiencies, control cost and quality, meet environmental
constraints, etc. As for the survival of ‘“‘Analog Devices,”
our sunny business results and prospects, described in a2 num-
ber of recent corporate reports in rather concrete form, are
available via the reply card.

Dan Sheingold

© Analog Devices Inc. 1979
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VERY HIGH SPEED DATA ACQUISITION

Pertinent Information About High-Resolution “Video” Converters

Until now, we have given readers of this Journal and other
Analog Devices publications little opportunity to find informa-
tion about very high-speed converters and their applications.
Now, in this and the following pages, our colleagues at the
Computer Labs Division seek to provide you with the informa-
tion necessary fora basic understanding of thetechnology. Inthe
future, you can expect to read more about the increasing appli-
cations of these techniques and some exciting new products that
will place these powerful tools more firmly within your grasp.

The world of multi MHz conversion differs, to a greater or a
lesser extent, from the lower-frequency fields: in circuitry,
terminology, applications, testing, and emphasis. As the uses
of digital technology spread, the analog-digital interface must
handle increased amounts of information; for this reason,
knowledge of this heretofore esoteric technology becomes
increasingly necessary, even for engineers not specifically in-
volved in radar or TV projects.

The discussion that follows is not intended to be complete or
all-encompassing; we hope that it will tempt you to read fusther
in the literature (some of it available from Analog Devices).*
A brief Bibliography, with a great deal of fanout, appears
at the end of this article.

WHAT DO WE MEAN BY "“VIDEQ'"?

The spectrum of high-resolution conversion equipment that is
commercially available in the form of “‘subsystem-solution”
products* covers the range of resolutions from 4 to 13 bits,
with sample (word) rates from 2MHz to more than 100MHz.
Such products are designed to encode or decode analog signals
with maximum bandwidths exceeding 1 to 2 MHz.

A good example of such a device is the MOD-1005 a/d converter,
depicted on this issue’s cover. Characterized by 10-bit resolu-
tion and a 5MHz sample (or throughput) word rate, this con-
verter is really a complete single-channel data-acquisition sub-
system; it includes an input track-and-hold, a 10-bit encoder,
an output latch, and all the necessary timing circuitry — all on
a single circuit card suitable for plugging into a mother board.
The only external connections needed to digitize an analog
input are external power supplies and an encode (convert) pulse.
The MOD-1005 has a systemic aperture uncertainty (at the in-
stant the sampling switch is opened ) of £25ps (25 X 107"2s).
This means that analog signals having frequencies in excess of
6MHz can be digitized with slew-rate errors less than 1/2LSB
(0.05% of full scale).T That is,

(= ERE 1

S 2n7A 27 - 1024+ 25X 107 %5
Other typical video a/d converters available from us include
the MATV-0820 (8 bits at 20MHz), the CLB-1310 (13 bits at
10MHz), and the CL-7120 (10 bits at 20MHz). The overriding
*Use the reply card for a short-form catalog, for data on specific prod-
ucts mentioned here, or for reprints of articles available from Analog
Devices.
+1f the input signal in SMHz sampling must be restricted to the Nyquist

rate (2.5MHz) or less, the slewing error will be considerably less than
1/2LSB for a 10-bit conversion.

= 6.2MHz (1)
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advantage of these converters is that they are complete. No ex-
tensive interface design is required to use them; in effect, just
apply power, and they are ready to go!

ARE YOU A POTENTIAL “VIDEO” CONVERTER
USER?

With the advent of less-expensive monolithic and hybrid state-
of-the-art components, many new applications for video-con-
verter products are surfacing that were out of the question just
a few years ago because of their high cost. High-resolution con-
verters are now used extensively in commercial, industrial,
military, and research applications, such as radar, sonar, televi-
sion, communications, spectrum analysis, and others. Figure 1
illustrates an application in the field of spectrum (or signa-
ture) analysis.

108IT DIGITAL WORDS
INTO BUFFER MEMORY

10-81T DIGITAL WORDS
OUT OF BUFFER MEMORY

AT BMHz Rl{l AT MAX CP.U. RATE (500xHz TYP)
BUFFER COMPUTER
ANALOG 2apr MOD-1008 MEMORY '\ DIGITAL DISPLAY/
INPUT  5—1 LOW PASS i AD 1024 (TYP) FFT READOUT
DC2MH FILTER CONVERTER 10-81T _/ (FOR MEDIUM
woRos EXAMPLE)
DATA READY ~ MEMORY AUXILARY
ITO LATCH) FuLL MEMORY
ENCODE COMMAND INTO ADC

DC TO SMH: RATE
Figure 1. Typical digital signal-processing system.

In this example, the MOD-1005 ADC is used to digitize a
band-limited analog signal at sample rates up to 5MHz. The
digital output of the a/d converter is entered into a buffer

(continued on the next page)
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memory capable of writing large blocks of data at this rapid
rate. Under control of the central processing-unit (CPU), the
data is then shifted into the computer for number-crunching,

These days, it is feasible to consider using a microprocessor
to implement a relatively inexpensive spectrum analyzer by
the execution of Fourier-transform algorithms. Since the uP,
in its least-expensive form, is a slow device, the buffer memory
is needed to hold the rapidly acquired fast data from the
converter for processing at a comfortable pace. Such a system,
using a fast ADC — such asthe MOD-1005, in this case — makes
analysis of the spectra of 10-bit signals, at rates extending into
the video range, economically feasible, The same basic system
concept can be used for transient analysis, using proper input
signal-level detection and processing (triggering).

The “system-solution” approach can be applied to the design
and application of fast d/a converters, too. In many applica-
tions, including video, the effect of glitches in the DAC out-
put can be intolerable. Glitches are the result of a combination
of causes: bit-timing asymmetry, conversion-circuit switch
asymmetry, circuit layout, and numerous less-than-obvious
sources. The errors caused by a typical set of glitches can be
seen in Figure 2a, which illustrates the spectrum of a recon-
structed 1.05MHz waveform, sampled at a 14.32MHz rate. Note
that filtering the DAC output will not eliminate the in-band
spurious products created by the glitch.

=0

270k Hz IN-BAND
SPURIOUS

(a) Spectrum without deglitching.

NO IN-BAND
SPURIOUS

(b) Spectrum of deglitched waveform.

Figure 2. Deglitcher in action. Spectrum of 1.06MHz sine
wave sampled and reconstructed at 14.32MHz rate. Scales:
1MHz/div horizontally, 10dB/div vertically. Spreading of
single frequency spikes is due to filter limitations in spectrum
analyzer. Note 270kHz spike in {a) removed in {b).

A good solution is to use a video DAC that includes a track-
and-hold type deglitcher (Figure 3). In this type of d/a sub-
system, the T/H seizes the DAC output just before the DAC is
updated and holds the output constant while the d/a converter
is changing states. During this time, the output ignores the
glitch. After the DAC has had time to settle, the T/H returns
to the track state, and the subsystem output slews smoothly
to the next level, eliminating the effect of the nonlinear

glitches. As Figure 2b shows, the remaining considerably smaller
noise components tend to be of essentially uniform amplitude;
they can be handled with relative ease by filtering.
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Figure 3. Functional diagram of MDD-1020A deglitched D/A
subsystermn module.

Applications for “video” d/a-conversion subsystems include
cathode-ray-tube graphics displays, for X & Y (position) and
Z (intensity) modulation, fast X-Y plotters, composite televi-
sion-picture reconstruction, digitally controlled voltage-con-
trolled oscillators (VCO’s), and others.

CONVERSION TECHNIQUES

The first commercially available high-resolution video a/d con-
verter, originated more than a decade ago by Computer Labs,
utilized the serial (or cascade) Gray code technique. It was
implemented by having one basic gain-element and one digital
comparator per bit. The resulting output, in Gray code*, was
converted to binary within the a/d converter.

A block diagram of a serial Gray-code converter is shown in
Figure 4. For an n-bit converter, there are n cascaded decision
stages. Each stage exhibits a transfer characteristic similar to
the ones shown, with gain of +2 for inputs from 0 to Epax/2
and gain of -2 for inputs from Epax/2 to Epmpax. For values
of input between 0 and Epmax/2, the digital bit value is 0, and
for inputs between Epmax/2 and Epmax, the digital bit valueis 1.

BIT1 BIT2 BIT n
ANALOG _°! k6 - el
INPUT ™1 = - [
L] b |
[
Emax T— 5 Epax + —=
0 1 o 1
0 *
I Emax 5 | Emax
Egﬁ Emax

2

Figure 4. General A/D converter with Gray-code output.

When an analog signal, ey, is applied at the input, and held
constant by a track-and-hold, it will propagate quickly through
the stages and produce a steady state in which the outputs of
the stages, both analog and digital, bear a unique relationship
to the analog input. For example, if the analog input to the
first stage is equal to Epax/3, the digital output will be “0”,
since the input is less than Eppx/2, and the analog output will
be 2Emax/3. This output, ey, applied to the next stage, will
produce an analog output of 2EMax/3 and a digital output of
“1”, In this example, the outputs of all the following stages
will be 2Epax/3, and the digital outputs will be “1”, hence

*See Analog-Digital Conversion Notes, D. H. Sheingold, c¢d., 1977, pages

102-104 for a discussion of Gray Code and its relationship to binary.
Analog Devices, Inc., Box 796, Norwood MA 02062, $5.95.
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the output word will be 01111...1. That is the Gray Code for
EmMax/3 cao be demonstrated by performing a conversion from
Gray code to binary.*

The complete time for one conversion is determined by the
overall propagation delay through the ADC and the settling
time of the last stage that settles. However, the digital output
of each stage can be latched as soon as that stage has settled,
and a new conversion can, in principle, be started as soon as
the first bit has been latched, permitting the conversion rate
to be based on a much shorter time interval than the time for
a complete conversion (cf. delay lines). By contrast to methods,
such as successive approximations, in which decisions must be
made one bit at a time, this technique can permit encoding at
rates approaching word-at-a-time.

The serial (actually serial-analog, parallel-digital) Gray-code
technique is still to be found in many of our video-converter
products, such as the MATV series ADC’s. The technique re-
quires the use of extremely wide-band amplifiers, which must
at the same time exhibit extraordinary dc stability. In the real
world, there is a practical limit o the number of stages that
can be cascaded; for example, the 8-bit MATV series ADC's
use the serial Gray-code technique for the first six bits and a
parallel “flash” encoder (see below) for the remaining two bits.
Such combinations of techniques have been used to construct
a/d converters with resolutions of up to 13 bits and word rates
up to 10MHz.

Another useful, and increasingly popular, type of conversion
technique is the all-parallel, or “flash” encoder, illustrated in
Figure 5. It calls for 2! analog comparators, where N is the
number of bits. For an eight-bit encoder, this requires 255
comparators; for 10 bits, 1023 comparators are needed. The
VRrep of each comparator is set by IxpF and the total resistance
below its level; the VR of each comparator is one LSB higher
than that of the comparator below it.
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Figure 6. N-bit ““flash’ encoder.

When an analog input signal is present at the input of the com-
parator bank, all comparators which have Vg g below the level
of the input signal will assume logic *‘1"’ output. The compara-
tors with VRpp above the input signal level will have logic ‘“0”
output, The output of the comparator bank is applied to a

*In a Gray-code-to-binary conversion, the MSB is left unchanged. Each
succeeding bit of the Gray-code word determines whether the binary
bit is to be changed (1) or unchanged (0). In this example, the corres-
ponding binary word is 010101 ....When evaluated in fractional
binary (2'2 +28 4264284 .), the sum amounts to 0.333. ..
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digital priority encoder, which converts the “thermometer” in-
put to a binary output. Since the comparator inputs and out-
puts have parallel configurations, the *flash” converter is
extremely fast.

It is easy to see that the flash encoder, though simple in
concept, is an extremely complex device to build, requiring
a very high parts count and high power dissipation for high-
speed use beyond about 8-bit resolution. In its lower-resolu-
tion versions, the flash encoder can be a useful subsystem
component upon which complex high-resolution ADC's can
be based. The 10-bit MOD-1005, which uses flash encoders
in a unique digital subrange correction technique, is a perti-
nent example of this approach, employing subranging.

An example of subranging, as applied to an 8bit a/d con-
verter, is shown in Figure 6. In this encoder, the analog signal
from a track-and-hold is applied through two buffer amplifiers
to a 4-bit flash encoder and a summation network simultane-
ously. The 4-bit encoder converts the signal to the four more-
significant bits of digital information; these are stored in a
holding latch and also applied to a 4-bit d/a converter, The 4-
bit DAC must be at least 8-bit accurate in this application. The
inverted analog output is summed with the buffered analog
input; the output of the summation network is the difference
between the original input signal and the quantized value repre-
sented by the first four bits.

BUFFERS
Lo
G abi| o G e .
-1} &
anatoc s | | ‘::ﬁ“ 28 SE| = :g -p
INPUT = aaIT
HOLD 52 g2 =2 8 1™ b binany
M - g o = 1™ [ oureur
L " e
COMMAND E
s 1=
CLOCK 1 CLOCK 3 ? .
4.BIT
LK 2 LATCH — A
L] OUTPUT
ENCODE TIMING CLOCK
COMAN >~ ceneraTor oUTPUTS cLocK 4

Figure 6. 8-bit subranging A/D converter.

«-bit “residue” is then converted to digital form by a

-bit flash encader and provides the four less-significant

iformation. The outputs of the first 4-bit holding latch
and the second 4-bit encoder are then combined in an output
latch to yield an 8-bit all-parallel output from the ADC.

Timing is of vital importance in this type of ADC, since each
element of the conversion process must be allowed time to
settle adequately before the required strobe signals are applied.
The subranging high-speed ADC is perhaps one of the most
challenging kinds of converter to design and manufacture,
because both speed and accuracy are essential for each circuit
element. It is not easy, even in 8-bit video a/d converters of
this design, to avoid differential-linearity discontinuities around
the 1/32-scale (Bit 5) transition points, due to mismatch be-
tween the first and second encoding sections. These discontin-
uities, which could exceed 1 LSB and cause skipped codes, can
be eliminated by careful design and — more powerfully — by
the use of a “smart” encoding technique called digitally cor-
rected subranging (DCS).

In converters using DCS, the architecture is very similar to that
of other converters employing subranging, but the analog signal
is over-resolved; the excess resolution is used in digitally cor-
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recting incremental errors that are inherent in subranging con-
verters employing practical components. The technique, used
in the MOD-1005, is outlined in Figure 7.
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Figure 7. MOD-1005 A/D converter employs digitally cor-
rected subranging (DCS).

Though basically similar to the 8-bit ADC shown in Figure 6,
the MOD-1005 uses a 3-bit flash encoder in the front end and
an 8-bit flash encoder as the second bank. The 11 bits that are
encoded, combined with digital correction logic and a 12-bit-
accurate 3-bit DAC, serve to preserve 10-bit accuracy at the
output at word rates through SMHz, Further developments in
hybrid and monolithic technology promise to yield even higher
resolutions and speeds utilizing this technology in the very
near future.

FAST CONVERTERS — A DIFFERENT WORLD

In addition to being characterized by specifications familiar
to most readers of these pages and other Analog Devices publi-
cations (linearity, temperature coefficients, etc.), video con-
verters require further characterization in terms that are heavily
application-oriented. Since the devices must be used at very
high bandwidths in quite-disparate fields, each of which has
developed specific terminology and tests to characterize
dynamic system performance, our video ADC’s require some
specifications that are unfamiliar — and in some cases unguess-
able — to the low-frequency aficionado.

Some of these specifications appear in Table 1, together with
a list of fields for which they are principally applicable, Since
their definitions would require lengthy explanations, which
the limited space in this brief survey does not permit, we urge
the interested reader to use the reply card to request those
reprints, listed in the Bibliography with an asterisk (*), that
seem most relevant.

SPECIFICATION

Signal-to-noise ratio (S/N)
AC Linearity Radar, spectrum analysis

Noise power ratio (NPR) Communications

Two-tone intermod distortion  Communications, spectrum analysis
Transient analysis, radar

APPLICATION

Radar, communications, spectrum analysis

Transient response

Overvoltage recovery Radar
Aperture uncertainty All
Differential phase Telcvision
Differential gain Television

Table 1. Dynamic specifications typically applied to high-speed
converters.

However, as an example of how one of these specifications
would apply to a real-world application, let’s consider noise-
power ratio (NPR), a specification which is of particular im-
portance to users of telecommunications transmission equip-
ment. With the advent of a/d and d/a converters for coding/
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handle baseband signals greater than the basic 4kHz voice
channel, this spec has recently gained increased significance.

NPR is the measure of the spectral power of all contributed
errors, such as intermodulation and harmonic distortion, in a
narrow frequency-slot within the baseband of the composite
signal being processed. An example of such a communication
system, including the testing hookup that may be used, is
shown in Figure 8.

SYSTEM SYSTEM
CLOCK 70 CLOCK
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(a) Typical test setup.

AMPLITUDE M?I:!E'::JDE

(a8} NPR jaB)

FREQUENCY  BMMz FREQUENCY  BMHr

{b) Transmitted spectrum,
with slot.

(c) Received spectrum, slot
partly filled with garbage.

Figure 8. 1600 channel digital communication system.

In such a system, the baseband signal is dc to about 8MHz,
and the a/d and dfa encoding rates are 20 megawords per
second. The NPR test consists of encoding a limited band of
white noise, being produced by the noise generator, and exam-
ining this signal at the output of the DAC, using the noise
receiver. The noise generator is equiped with band-stop filters,
which eliminate very narrow “slots” from the transmitted
frequency spectrum (b). At the receiving end, the noise
receiver is equipped with complementary filters to allow the
receiver to examine power spectral-density of the ‘“noise” con-
tributed by the transmission medium (including the ADC and
the DAC) within these ideally noiseless slots (c).

This noise, the total cumulacive effect of all transmission and
encoding errors, such as IM and harmonic-distortion products,
aperture errors, and the like, is displayed as a weighted ratio
of the output noise found in the slot to the power of the total
transmitted noise-spectrum. This number, expressed in dB,
is called *noise-power ratio” — the larger its magnitude,
the better.

HOW DO WE KNOW THE SPECS ARE MET?

It should be evident, from the diversity of applications, that
the field of high-resolution video conversion is becoming more
complex. While every user of these conversion products wants
the “best device for the job,” the many different types of users
have equally many divergent interests in differing operational
parameters, none of which is easy to measure objectively. To
meet this variety of requirements, our engineers and technicians
at Computer Labs have devised a sophisticated computer-con-
trolled testing system, which goes well beyond the “dc linearity
testing”” that is often adequate for conversion equipment
designed for use at conversion rates well below 1MHz.

Since most high-speed conversion products are used with com-
puters or microprocessors, we have devised a method of ADC
and DAC testing which uses a DEC PDP-11 minicomputer to

Analog Dialogue 13-2 1979



analyze the dynamic characteristics of the product under test.
If you will refer back to Figure 1, you can get an idea of how
this works. The ADC under test is provided with a test signal
of known spectral content. The computer can then analyze the
converter’s output under controlled conditions to provide
assurance that the device will meet almost any specification
within its capability for which a test can be programmed.
Various input signals, such as fast linear ramps, pure sine waves,
or white noise can be used as inputs to test dc and ac linearity,
distortion products, and NPR — just to name a few.

All these tests (and more) can be performed rapidly under
software control on a time-sharing basis from different loca-
tions in our factory. The system is capable of testing ADC'’s
with analog input bandwidths up to 10MHz, encoding rates
up to 20MHz, and resolutions up to 16 bits. In addition, up-
to-date specialized system test equipment is available to perform
tests calling for specific configurations of test hardware.

TROUBLE — AND HOW TO AVOID IT

Probably the most ubiquitous problem in the implementa-
tion of high-speed systems involving analog signals and a/d
conversion is noise. This should not be surprising when you
consider that the value of the LSB for a 13-bit ADC with a
full-scale range of +2V is less than 500uV — which makes the
ADC a pretty good radio receiver: with 250uV p-p noise at
the input, the LSB would be lost. Here are some key sugges-
tions for minimizing the effects of noise and interference in
high-speed conversion systems.

® Use massive, lowimpedance ground systems. The analog and
digital grounds are connected together inside converters of
these types, so bus bars are essential for system grounding and
power distribution; use lots of ground plane on PC boards.

® Use linear regulated power supplies wherever possible. Yes,
switching regulators are more efficient, and the ripple and
noise specs look pretty good — but remember that the noise
specs for most supplies of this type are in terms of rms. The
peak-to-peak output noise of switchers can be several hundred
millivolts — with vicious high-frequency components. Such
spikes love to get into the most-elaborate grounding systems
and create havoc with video converters.

® Watch out for digital feedback, (What?) If the ADC’s out-
put lines are in close proximity to the analog input, the output
signals can feed back into the input. Remember, you’re working
with rf signals and high-frequency front ends — many involving
frequencies that exceed 50MHz. Use coaxial cabling for analog

signals wherever possible and route them away as far as possible
from the digital junk.

® Use lots of power-supply bypassing capacitors. They are
cheap compared to the cost of debugging and adding them
later. Bypass each power-supply line with a good ceramic
(0.14F) in paralle]l with a good tantalum (1 to 10uF) capacitor
to ground right at the converter. When in doubt, add more capac-
itors — you can always take them out later (after carefully
checking) if you need to save a few cents of parts cost.

® When interfacing, use source and load terminations for
analog signals wherever possible to prevent reflections on the
lines. Keep impedances as low as feasible, bearing in mind that
the lower the impedance, the lower the probability of noise
pickup. (On the other hand, the lower the impedance, the more
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difficule it is to drive, and the higher the circuit distortion and
power-driving requirements.) Observe proper shielding tech-
niques. One of the most-commonly encountered sources of
difficulty in this regard seems to be the use of unshielded
twisted wiring. Avoid it like the Plague — unless there’s no
other way.

EXPENSIVE BUT MORE COST-EFFECTIVE

As we have shown, video converters, such as the MOD-1005,
are (the) critical building blocks in wide-band signal-processing
systems. Since they straddle the gap between component and
system engineering, and between analog and digital technology,
they are among the most misunderstood of system elements
and the most tricky to implement (much less design!) Though
they are considerably more expensive than their low-frequency
cousins, their cost has usually been small in relation to the cost
of systems in which they have been used.

Consequently, with the advent of complete “system-solution”
converter products having increasingly smaller size and lower
cost — with every reason to expect a continuation of the trend —
systems engineers should think twice about committing ex-
pensive design talent and hardware toward designing their own
high-speed a/d conversion subsystems or seeking to implement
patch-work solutions. Such efforts generally turn out to be
more costly and time-consuming than using complete, tested,
guaranteed devices, backed up by the technical commitment
and knowhow of the Computer Labs Division of Analog Devices.
The wheel would be easy to re-invent, compared to the vid-
eo ADC!
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V/I CONVERTERS FOR PROCESS CONTROL
2B20 & 2B22 Translate 0 to +10V to 4 to 20mA
2B20 Shares System Common; 2B22 Has 1500V 1/0 ISOLATION

by Frank Goodenough and Janusz Kobe)
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WHY USE 4-TO-20mA CURRENT SIGNALS?

Many of our readers work in fields where analog transmission
of information is in the form of signals (usually voltage)
referenced to zero: zero is either at one end of the range or
in the middle. In the world of process cantrol, however, analog
information is more-often-than-not transmitted in the form of
current variation from 4 to 20mA. Why no zero? Why use
current instead of voltage?

The answers make good common sense. In the early days of
electrical measurement and control, process engineers were
faced with the problem of transmitting dc analog signals ac-
curately over long lines in noisy environments reliably and at
low cost. Since identification of broken wires was important,
it was essential to establish the distinction between zero and
absence of signal. The solution, the 4-to-20mA current loop,
which became the U.S. standard, served both purposes. The
analog information was scaled, to provide a 16mA full-scale
span of current variation, and translated, so that 4mA cor-
responded to the minimum value and 20mA to the maximum.
No information (viz., an open line) resulted in zero current.
The driven current, flowing in a low-impedance remote load,
could produce an output essentially unaffected by line drops,
contact voltage or resistance, and induced voltage noise.

The 2B20* and 2B22* modular voltage-to-current converters
are compact low-cost devices that convert a nominal 0 to +10V
signal (the 2B22 can be programmed for input spans as low as
0 to +1V) to a 4-t0-20mA current-loop signal that meets ISA
Standard §50.1, “Compatibility of Analog Signals for Electron-
ic Industrial Process Instruments.”t Both types require just a
single, positive supply (same polarity as the input), +10V to
+32V fortbe 2B20, and +14V to +32V for the 2B22. The 2B22
is specified to withstand +1500V dc or peak ac continuous
isolation voltage between the input and the output.

These devices have been specifically designed for applications
in process control and monitoring systems to transmit informa-
tion between subsystems or separated system elements, such as
transmitters, indicators, controllers, recorders, computers,
actuators, and signal conditioners, at low cost.

*For technical data on these devices, use the reply card.
+The 2B20 meets the requirements for Type 3, Classes L and U (non-
isolated); 2B22 meets requiremencs for Type 4, Class U (isolated).

TRANSMITTING AND RECEIVING

Figure 1 shows a typical loop involving the 2B20 as a trans-
mitter. V/I converters may act asgenerators of the loop current
or as modulators of power supplied by the loop. The 2B20 is a
generator; its power supply is the source of all the excitation
needed by the loop.
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Figure 1. Typical 4-to-20mA process-control loop using the
2820 as a transmitter.

The high-level input to the 2B20 may carry input information
or output information. The former might be the output of a
signal conditioner, such as the 2B31* (which can excite a bridge
transducer and amplify & filter its output); the information
might be transmitted to arecorder or a data-acquisition system.
An example of output information might be the output of d/a
converter, representing the desired setting of a valve, to be
transmitted to the valve.

The output current of the 2B20 is proportional to the input
voltage and is independent of the load voltage over a range of
load voltage from zero (short circuit) to (Vs ~ 5V). The output
current circulates (usually via a twisted pair) through the exter-
nal circuit, which may consist of one or more load elements
in series; a standard load-resistance value is 2508, Since line
registance and induced potentials do not affect the current, it
can be accurately transduced into voltage in each receiver, as
long as sufficient voltage is available. For example, if the supply
voltage is 28V, a total load of 115082 (or 23V) may be serviced.
It is worth noting that the total resistance of a 3-mile loop of
#20 twisted-pair wire is less than 3509).

For applications in which high potentials may be present, af-
fecting the safety of humans and equipment, galvanic isola-
tion is needed. The 2B22 provides this capability, which solves
five major measurement-system design problems: ground loops,
high common-mode voltage, electrical noise, fault protection,
and safety. The 2B22 may be used either as a generator (Fig-
ure 2a), supplying the loop power, or as a modulator, using
available loop power (Figure 2b). In the former case, both
power and signal are transferred across the isolation barrier;
in the latter case, the external loop voltage is used instead of
the 2B22’s isolated loop-power supply. For systems employing
more than one 2B22, housed in close proximity, the devices
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may be synchronized to avoid the possibility of errors due to
crosstalk between their internal oscillators and signal cireuits.
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Figure 2a. Typical isolated 4-to-20mA process-control loop
using the 2B22 as a generator.
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Figure 2b. Typical isolated 4-to-20mA process-control loop
using the 2B22 as a modulator.

PERFORMANCE

Both devices are characterized by good initial precision, low
drift with temperature, low nonlinearity, and low cost. For
example, guaranteed performance characteristics of the 2B20B
include 0.005% max nonlinearity (13-bit capability), 0.1% and
0.2% max offset and span errors (pretrimmed), and a max
tempco of 0.005%/°C (-25°C to +85°C) for both offset and
span. Though it has its own internal precision reference, an
external voltage or current reference may be used to extend
the range of applicability. Prices of the 2B20A/B are $26/833
in 100's.

For the 2B22L, max nonlinearity is 0.05%, max offset and span
errors are 0.1%, and max offset/span tempcos are 0.0025/
0.005%/°C (0°C to 70°C). Prices of 2B22J/K/L are $59/$74/
$92 in 100’s. Details of performance are tabulated below,
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PERFORMANCE SUMMARY

Model 2B22](21B22K)K2B22L) 2B20A(2B20B)
Inpu¢

Voltage Range =V 0 to +10V 010 +10

Impedance — 1 10M 10k
Ourput

Qurrent Range — mA 4 to 20 41020

Load Resistance Range —
Nonlineanry (% Span) — max

0 to 1000 max
¥0.2(20.1)(20.05)

0 10 500 max (Vg = +13V)
20.025(10.008)

Common Mode — Isolation Voluge

Inpur to Output
AC, 60Hz, | min Duration — V rms 1500 NA
Continuous, ac or dc — V pk max 21800 NA

Common Modc Rejection @ 60Hz
Calibrated Accuracy (% of Span)

S0dR typ NA

Offset - Initial = % max 20,25(20.25X(20.1) £0.4(20.1)

Offsct v3. Temperature — ppm/°C 2100(250X225) max £100(250) max

Span - Initial — % max 20.25(£0.25)(20.1) 20.6(20.2)

Span vs. Temperature — ppm/°C 2150(£100)(230) max  £100(x50) max
Power Supply

Voltage, Rated Performance - Vdc  +1§ +15

Voltage, Operating — V dc +14 10 432 +10 to «32

Current {for 20mA out, 10V in)

Current Source Mode — mA 100 26

Temperatute Range — °C

Rated Performance O1to +70 =25 1o 85

Operating ~2510 «78 ~28 10 +85
Package Size — Inches 22x3x046 1125 x 1,128 x 0.4

mm 56x76x15.3 288 x28.6 x1D.2
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300kHz CONVERSION SYSTEM
Uses Microcircuit T/H and ADC
For Continuous 12-Bit Conversion

The HAS-1202* 12-bit a/d converter performs a complete con-
version in 2.8us (max); the HTC-0300* track-and-hold has an
acquisition time of about 150ns to 12 bits and an aperture un-
certainty of 100ps. They can be used together to form
a system that will continuously sample and convert at a rate
>300kHz. With suitable band-limiting, it can handle signals
containing information at frequencies up to more than 100kHz
with minimal slewing, sampling, or aliasing errors.

The maximum frequency that can be handled with less than
1/2 LSB slewing error is a function of the aperture uncertainty:

-n
fmax = 2714

= 389kHz

for n = 12 bits and aperture time, Ta, of 100ps. Since the
droop rate is about 5uV/us, and feedthrough rejection is
greater than 75dB, the signal being converted will change
less than 1 LSB during sampling. Finally, frequencies less than
100kHz will be sampled at least three times per cycle, com-
fortably meeting the requirements of the sampling theorem.

The basic circuit is shown in the Figure. When the data-ready
line goes low, the data is strobed into an external register and
the one-shot generates a 230ns pulse. On the leading edge, the
HTC-0300 starts to acquire the analog input, and the ADC is
reset. On the trailing edge, the HTC-0300 goes into hold, and
the successive-approximations conversion begins. At the end
of conversion, the data-ready line goes low, and a new cycle
is initiazed.
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T

o
=10.23v

Naturally, care in circuit layout should be exercised in order
to obeain best results. In particular, input and output runs
should be as short as possible, a ground plane should be used
to tie all ground pins together, and power-supply leads should
be bypassed as close to the hybrid—circuit power-supply pins
as possible. Do not allow input or other analog signals to be in
close proximity to or to cross over any digital output line. This
circuit provides the maximum self-generated conversion rate,
which is a function of the ADC clock frequency and loop de-
lays. For precise control of sampling frequency an external
crystal clock may be employed instead. >h)

*For technical data on these hybrid microcircuits, use the reply card.



CHECKING A/D CONVERTER LINEARITY

Without a Precision Reference.

Statistical Technique Finds Missing Codes Quickly

by Dr. D. Philip Burton

The linearity of an analog-to-digital converter is usually mea-
sured by calibrating the ADC against a d/a converter that is at
least 2 bits more accurate than the device under test.! For
example, a 10-bit ADC should be calibrated against (at least)
a 12-bit converter. However, a precision DAC may not always
be available for the purpose of calibration; even if one is avail-
able, it may be difficult to instrument a measuring circuit with
the necessary accuracy. The technique described here (which
has been described elsewhere®=) provides a simple way of
measuring the linearity of a/d converters without using a pre-
cision dc reference signal.

Figure 1 shows the basic circuit. A waveform generator feeds
a free-running low-frequency waveform into the ADC, which
is connected to perform repeated conversions. The results of
each conversion are fed into the microcomputer, which makes
a record of the number of times each binary code appears in
the output of the ADC. In this way, based on the number of
“hits”, a probability-density function can be buile up for each
of the 2" binary codes.

SAMPLE AD :
HOLD CONVERTER

S/H  START A CONVERSION
COMPLETED

FREE-RUNNING

L.F;
WAVEFORM

PROCESSOR

FIXED CONVERSION RATE

Figure 1. Basic scheme for statistical linearity testing.

If a perfect a/d converter is used, and if a large number of
samples are taken, the number of hits for all binary codes
should correspond to the number expected for probability-
density function of the input signal. In practice, it is necessary
to restrict the number of samples so as to keep the calibration
time fairly short; this, of course, introduces statistical errors
due to finite sample size.

Generally, it is acceptable to run a calibration until the maxi-
mum number of hits for any given code reaches about 50.
Then, the number of hits for each code may be displayed as a
bar chart or in the form ofan analog plot as shown in Figure 2.
An a/d converter with missing codes will show up by having
no hits at those codes. Since a complete listing and analysis
of the desired probability-density function is time-consuming,
it is perhaps better to use the microcomputer to scan through

! Analog-Digital Conversion Notes, D. H. Sheingold, ed., pages 211-215,
1977, Analog Devices, Inc., Box 796 Norwood, Mass. 02062, $5.95

20, J. Downing, P. T. Johnson, “A Method for the Assessment of the
Performance of High-Speed Analogue/Digital Converters.” Electronics
Letters, 13th April 1978, Vol. 14, No. 8, pp. 238-240

3G. Pretzl, “Dynamic Testing of High-Speed A/D Converters, IEEE
Joumal of Solid-State Circuits, Vol. SC-13, No, 3, June, 1978, pp.
368-370
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the results and output anly the following informacion:

1) Mean number of hits

2) The three highest hits and the values for eight places
each side of those codes

3) The three lowest hits and the values for eight places
each side of those codes.

Clearly, if each code has had several hits, there are no missing
codes, and the converter is probably performing with the
required accuracy,
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Figure 2. A portion of the probability density function of two
different a/d converters sampling a triangular wave.

The input signal can be any signal whose p.d.f. is known;
sinusoids, filtered noise, and triangular waves have been sug-
gested. For most ADC's with conversion times of 5us or
more, the triangular wave is the best choice, since its p.d.f. is
a horizontal line; this makes analysis of the results relatively
easy. It is best to use a triangular wave which has extreme
values just outside of the a/d converter’s range. This will
guarantee coverage of the full range but will produce undue
concentrations of hits at the all-0’s and all-1’s binary codes;
these extreme values may be discounted.

In Figure 2, the results show a portion of the pattern for two
AD571 10-bit ADC’s connected to the same input signal and
being activated at the same time (Figure 3). Both converters
are within the 10-bit accuracy specifications, but converter
B has a greater degree of nonlinearity and shows a distinct
preference for binary codes ending with the hexadecimal value
“F". Note that the two values either side of the enhanced value
are depleted, since some of the hits which should have occurred
in these regions have been shifted into the enhanced region.
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Figure 3. The basic scheme used to obtain the plot of Figure 2.
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HIGH-RESOLUTION AT MEASUREMENT
Use ADS90 Temperature Sensors or AD2626 Probes
Resolve Temperature Change or Difference to Millidegrees

It is often necessary to measure, record, and control the
temperature difference between two physically close — or
widely separated — entities. A few examples of such tempera-
ture differences include the temperature rise above ambient
inside a piece of equipment, temperature rise of a power trans-
istor over ambient, the temperature differences between the
inside and outside of an air-conditioning duct or plenum, and
temperature gradients inside an oven or a refrigerator,

The difference between the inside and outside temperatures
of a building can be used to provide feed-forward (advance)
data for turning a heating or air-conditioning system on or
off. Fluid flow rate can be determined by measuring the
temperatures upstream and downstream from a heater.

Depending on the application, the measurement of tempera-
ture differences may require resolutions as fine as a few milli-
degrees with full-scale ranges as great as several hundred degrees.
For such applications, in the range from -55°C to +150°C,
it is easy to implement AT measurements using the AD590
sensor® or the AC2626 probe transducer*.

Figure 1 shows how simple the basic circuitry can be: two
ADS590’s, two 9V transistor-radiobatteries, and a microammeter.

Iy = {WAKI Ty A Iy = (MuASK) Ty
T, -, - T
%&I-l‘ -
AD580 +|1 i -Toua > ADS00
1 #2
+ ]
A 4|y \0\)93—'-""‘""‘“;&%?0 av A A
- - e ——
= HA + R 1N4148
/ 50% DIODES
@
8 B 8

B
METER PROTECTION: ADJUST RTO
LIMIT METER CURRENT TO 3 Igg
OR USE SHORTING SWITCH

OTHER SCALE FACTORS
USE SHUNT RESISTORS

Figure 1. Differential temperature meter.

Currents I; and I; are generated independently in response to
the temperatures of the two sensors. The currents flow in op-
posite directions through the meter, which reads their differ-
ence. For example, for temperatures of 35°C and 25°C, the
current through the meter will be +10uA, corresponding to
a difference of +10K, or +10°C. If 1; is less than I, the
reading will be negative. For perfectly matched IC’s at the
same temperature, the reading will be zero. If they aren’t per-
fectly matched, zero can be trimmed by adjusting the mechan-
*The AD590 is a two-terminal temperature sensor, with current flow
proportional to absolute temperature, packaged in a TO-52 can or a
miniature flat pack, With excitation from +4V to +30V, the current in
microamperes is equal to the kelvin temperature, e.g., at 27°C (300K),
the current is 300uA. The current output is linear and independent of
series voltage drops or induced voltage noise. The AC2626 is a stainless-
steel probe using the AD590 as the measuring element. Usc the reply

card for technical data on either device or other Analog Devices prod-
ucts described here.
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by Frank Goodenough

ical zero of the analog meter, The meter can be protected by
shunt diodes and an empirically determined value of series
resistance, as shown in Figure 1, and/or by a shunting switch.

If the meter has a 5" scale, it can resolve changes of 0.1°Cin a
distance of 0.025". For wider ranges of temperature change,
a less-sensitive meter can be used, or range switching can be
obtained by using resistive shunts across the sensitive meter.
If greater sensitivity/resolution is desired, and one AD590 is
always warmer than the other, a 10uA meter with 8" scale
length provides 0.025° resolution. Note that resolution is
limited by the meter scale, not the errors of the AD590’s,

If even finer resolution, a digital display, or wide dynamic
range are required, the active circuit of Figure 2 may be used.
Based on Figure 12 of the AD590 data sheet*, this circuit
adds range switching, the higher-performance parts required
for 100x greater sensitivity, and readout devices.

Here’s how it works: the AD542L TRI-FET op amp,} acting as
a current-to-voltage converter, sums the opposing currents and
converts them to voltage at a level determined by the feedback
resistance. The 10kQ2 potentiometer is used to zero the output
when the AD590’s are at equal temperature. In switch position
A (IMQ feedback resistance), the scale factor is 1V/°C. The
least-significant digit of the 999mV full-scale low-cost AD2026
panel meter permits a resolution of one millidegree Celsius
over the range from -0.1°C to +1.0°C. Or, an analog meter
with an 8" scale can easily resolve 10 millidegrees over a £1°C
range. Resolution and scale factor for all switch positions:

8" Zero-Center

Position AD2026 DPM Analog Meter
Resolution Full Scale Resolution Full Scale
A 0.001°C  -0.099°Ct0+0.999°C 0.01°C  *1°C
B 0.01°C  -0.99°C to +9.99°C 0.1°C +10°C
c 0.1°C -9.9°C to +99.9°C 1.0°C +100°C

The following precautions should be taken to insure good elec-
trical performance at high sensitivities: Use well-matched
AD590’s (L or M suffixes); excite them from stable dc voltage
(AD581* precision references), and use a low bias-current op

amp (e.g., AD517L*), bbb
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Figure 2. High-resolution AT measurement with the AD590
or the AC2626.
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New-Product Briefs

SINGLE-CHIP FAST 12-BIT D/A CONVERTER
AD566 Has max Settling Time of 400ns to !4 LSB; 200ns Typical
Single-Supply Operation; Guaranteed Monotonic Over Temperature

The AD566* is a monolithic 12-bit cur-
rent-output digital-to-analog converter in
a 24-pin dual in-line package, designed for
applications calling for speed, accuracy,
flexibility, and low cost. Its fast current-
settling makes it a natural for a/d convert-
er applications employing successive-ap-
proximation or tracking techniques.

The on-board Si-Cr application resistors,
trimmed to match the DAC, track with
temperature. These resistors, combined
with the uncommitted current output and
the user’s option for output op-amp selec-
tion, permit a variety of output voltage
ranges and an optimized tradeoff between
speed, cost, and accuracy. For example,
with a +10V reference, output ranges of
10V, 15V, +2.5V, 0 to +10V, and O to
+5V can be programmed by external con-
nections. The output op amp can be
chosen for high speed, low drift, low cost,
or low power consumption (Figure 1).

AD566 ¢
.95,
g i
ADSE1 r . _': 4 ™ ~
* oF
| | )
= 20n - —_——a L

The uncommitted reference input permits
values of reference voltage as low as +1V,
This versatility permits the use of an ex-
ternal system reference, multiple DAC’s
with a common reference, and operation
as amultiplying DAC over a limited range.

The ADS66 is pin-compatible with the
industry-standard AD562* d/a converter
in most applications and is complete on a
single silicon chip. Using the AD566, a

AUse the reply card to request technical data,
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system originally designed for the AD562
can be upgraded in speed of response while
power consumption is reduced to 180mW
from a single power supply. Figure 2
shows the typical settling time of the
AD566 from all-bits-off to all-bits-on
(scale: 100ns/horizontal division, 1 LSB/
vertical division), driving a 50-§2 load.

INPUT DRIVE
0TOS5 VOLTS

QUTPUT SIGNAL
1 DIVISION = 1LS8

HORIZONTAL SCALE
100na/ DIV,

Because of its speed, the AD566 will
produce an analog output faster than
Most cOMMON INICrOProcessors can up-

date the digital information (especially
with two-byte, 12-bit resolution). In ad-
dition, the combination of speed and
accuracy make the AD566 highly useful
in driving displays.

Available in two grades for the 0°C to
70°C range (J/K) and two grades for the
-55°C to +125°C range (S/T), the AD566
has max nonlinearity over temperature of
*3/4 or *1/2 LSB. The AD566]J/K/S/T
are available in a hermetically sealed side-
brazed ceramic package, and the AD566
J/K are also available in a low-cost plastic
DIP package. The S/T are also available
to meet the requirements of MIL-STD-
883B, Class B. Prices (100’s) for ceramic
JIK/S/T are $17.50/825.75/850/877.50,
and in plastic (J/K): $15/$22.50. >hp

MONOLITHIC

INSTRUMENTATION AMPLIFIER
AD521L Has Low Input Offset & Drift, Is Fast.
ImV/2uV/°C max, R.T.l., 10ps Settling (G=100)

0 o
~ - -

The ADS521L* is a high-performance
monolithic instrumentation amplifier in 2
14-lead hermetically sealed dual in-line
package. The newest member of the
AD521 amplifier family, it is a complete
instrumentation amplifier, a committed
differential gain block that requires only
a pair of external resistances, Rg and Rg,
to set gains (Rg/Rg) in the specified
range from 1 to 1000.

The AD521L has maximum input offset
voltage and drift errors of 1mV (nullable)

*For a complete data sheet, use the reply card.

and 2uV/°C, respectively. Output offset
voltage and drift errors are 100mV/
75uV/°C. Gain error is typically (*0.25 -
0.004G)%, trimmable to zero, and gain
drift is (3 * 0.05G)ppm/°C. Maximum
nonlinearity is 0.1%; minimum common-
mode rejection is 104dB ac G = 100 (dc
to 60Hz, with 1k source unbalance).

In addition to its differential inputs, the
AD521L has a pair of feedback inputs,
for output sense and reference. These
terminals can be used to offset the out-
put, convert the output voltage to current,
provide remote load sensing, or provide
additional gain via feedback attenuation.

The AD521 family is described in a new,
expanded data sheet, with a great deal of
new applications information. Other mem-
bers of the AD521 family include the low-
cost J, medium-performance K, and wide-
temperature range S. Prices (100’s):
$8.50/$12/$17.50/$20 (J/K/L/S).

B b b
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New-Product Briefs

3 NEW IC FAMILIES PROVIDE SUPERIOR 2nd SOURCES
AD ADC80 12-Bit Successive-Approximation ADC
Low Chip Count, High Rellablhty Fast

AD DAC-08 Fast 8-Bit
Monolithic M-DAC

The AD DAC-08* is a fast, single-chip
current-output digital-to-analog converter,
available in a hermetically sealed 16-pin
ceramic dual in-line package and in chip
form. With a typical full-scale current-set-
tling time of 85ns (135ns max), the AD
DAC-08 is recommended for such appli-
cations as CRT displays, waveform gener-
ators, and high-speed a/d converters.

As the block diagram shows, the AD
DAC08 contains eight matched bipolar
current-steering switches, a precision dif-
fused resistor network, and a high-speed
control amplifier. Its versatile uncommit-
ted design permits choice of reference
voltage and polarity. At the output, the
-10V to +18V minimum compliance
range permits significant output voltage
to be developed without an external am-
plifier; in addition, the complementary
current outputs permit a variety of out-
put conﬁgurations
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The AD DAC-08 is physically and elec-
trically interchangeable with DAC-08's
from other manufacturers. The maximum
nonlinearity of +1/4 LSB (0.1%) is guaran-
teed over the whole temperature range
(-55°C to +125°C for the AD DAC-08A,
0°C to 70°C for the AD DAC-O8H).
Maximum nonlinearity of 1/2 LSB (0.19%)
is guaranteed for the -08 and -08E over
the same ranges, and 1 LSB (0.39%) for
the ~08C from 0° to 70°C. Prices are low:
$4.95/86.25/82.05/82.40/83.95 for the
—08/A/C/E/H in 100's. bhh

*Use the reply card for technical data.

moon " o

" DAC-08|
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The AD ADC80* is a complete 12-bit
successive-approximation afd converter
that includes clock, reference, compara-
tor, and a 12-bit monolithic DAC, pack-
aged in a ceramic triple-width DIP. No
external components are needed to per-
form a 12-bit conversion in 25us,

It can handle a variety of input voltage
+10V, *5V, ¥2.5V, 0 to +10V
and 0 to +5V, using external pin-program-
ming. The serial and parallel TTL outputs
use complementary binary codingt (COB
for bipolar inputs).

The AD ADC80 performs a complete 12-
bit conversion in less than 25us max, using
the internal clock; with an external clock,
the 12-bit conversion time can be more
than halved. The resolution can be trun-
cated to fewer bits for faster conversion

ranges,

LINEARITY [RROR

@ 2 4« & B W 12 M Y W X D NN
CONVERSION TIME —

(see the graph). In 12-bit conversion,
using the internal clock, there are no
missing codes at any temperature in the
-25°C to +85°C range.

The device’s 6.3V precision temperature-
compensated reference can furnish up to
1.5mA of external current without degra-
dation of its specifications. Because the
AD ADC80 has a considerably lower com-
ponent count than other devices of its
type — with which it is pin- and function-
compatible — it is both more reliable and
less costly to produce. Available for
12-bits (as above) and 10-bits (0.05%
max nonlinearity over temperature) the
AD ADCS80 is also available in two “Z”

versions for 12V  operation. Prices
(100’s), -12/-10/-12Z/-10Z: 847.50/
$45/849.50/847. (4 d 2

AD DAC87: 12-Bit 3-Chip D/A Converter
Wide Temperature Range |- 55°c to +125°C]

The AD DAC87* is a high-reliabilicy 12-
bit digital-to-analog converter designed
for applications where reliability and per-
formance over the entire temperature
range are paramount. It is directly inter-
changeable with other devices of this
type, including AD DAC80, AD DACSS,
and DACB7-type units from other manu-
facturers, but has significantly improved
performance and smaller overall size. The
advantages of the AD DAC87 stem prin-
cipally from its 3-chip construction, of
which a key ingredient is the single-chip
high-performance current-output DAC.

The AD DAC87 is monotonic over the
entire temperature range, with maximum
differential nonlinearity of 21LSB over
temperature. Max gain drift is a low
25ppm/°C, including the internal ref-
erence, 10ppm/°C without the reference.

tFor 12-bit conversion with positive-true out-
put, considcr the AD574 or the AD572.

Settling time for output current after a
full-scale digital code change is 300ns to
within 0.01% of full-scale range.
voleage-output models, the settling time
is 3us to 0.01%, with 5kS2 feedback resist-
ance. Bath voltage- and current-output

For

versions are available.

As one might expect, the AD DAC87 is
optionally available with 100% screening
to MIL-STD-883B, Class B, method 5004.
Even with its high performance and relia-
bility and full temperature-range perform-
ance, the AD DAC87 is a low-cost MIL-
range DAC, $93 for the AD DAC87-CBL-],
899 for the CBI-V in 100’s. (4 d 4
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New-Product Briefs

12-BIT DATA-ACQUISITION MODULES
Resistor-Programmable Gain (1-1000) in DAS1150
Software-Programmable Gain (1-2-4-8) in DAS1151

dsadbddibsinnns |

didaddididadnbad

BASTIS1

The DAS1150*and DAS1151%* are small,
low-cost, high-performance, single-channel
12-bit data-acquisition-system modules
that are ideal components for the designer
of custom computer-interface subsystems,
Both devices contain a programmable-
gain differential instrumentation ampli-
fier, a sample-hold amplifier, and a 12-bit
analog-to-digital converter, housed in a
compact 2" X 4" X 0.4" (51 X 102 X
10.2mm? ) module.

In the only significant difference between
the modules, the DAS1150's amplifier is
programmed by connecting (or switching
in) fixed values of resistance to set the
gain to any value in the range, 1 to 1000,
while the DAS1151's amplifier is pro-
grammed digitally, by the user’s system
software, for gains of 1-2-4-8. Through-
put rate of the DAS1150 is 25kHz, except
at the highest gains (13.3kHz at G = 1000);
throughput rate of the DAS1151 at all
gains is 28.5kHz.

The DAS1150 is designed for applications
where preamplification is desirable for
fullscale signals as low as *10mV, with-
out degradation of linearity or substantial
loss of speed or accuracy at the highest
gains. Maximum overall error of the
DAS1150 is *1LSB, increasing to only
#2] 5B at G = 1000.

The DAS1151 can be used to extend
dynamic range capability of the analog
input from 12 to 15 bits through sub-
ranging; in addition, the system can be
programmed to provide different gain
sectings for each input channel to accom-
modate the various input signal levels.

*Use the reply card for technical data.
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Why no multiplexer? Multiplexing, if nec-
essary, is provided externally by the user
to meet the specific needs for his system
(high-level, low-level, differential, single-
ended, number of channels, incrementing
vs. random access, etc.) This approach
saves real estate and money, and improves
the integrity of custom designs.

The DAS1150/51 were designed to be
small, low-cost, basic, standard compo-
nents of custom microcomputer interface

installations. They solve the difficult part
of the interfacing problem predictably
and reliably; and they are proven products,
already in widespread use as key elements
of the RTI* series of microcomputer
interface cards. These modules permit
the user to tailor his designs to the re-
quired number of channels, method of
multiplexing and isolation, and processor-
interfacing scheme. And in 100’s, they
cost only $176/8200 (1150/51). ppp

14-BIT SAMPLE-HOLD
SHA1144 Designed for ADC1130 and 1131
Where You Need High Speed and Resolution

The SHA1144* is a high-speed, high reso-
lution sample-hold amplifier designed for
14-bit high-speed data-acquisition applica-
tions, ie., for compatibilicy with 14-bit
ADC’s, such as the Analog Devices ADC
1130 & 1131. Such applications call for
high speed plus wide dynamic range and
accuracy, and include digitized audio,
vibration analysis, and seismic data-
acquisition. That the SHA1144 is now
available solves a perplexing make-or-buy
problem for equipment designers for
these applications.

Its gain nonlinearity of *0.001% of full
scale (max) insures high accuracy; in hold,
the 1uV/us droop rate lets the SHA hold
an input signal to within 0.003% F.S.
(20V p-p) for over 600us; sample-to-
hold offset nonlinearity is only 160uV.
The SHA1144 can be configured as an
inverter or a follower, and the gain is
user-programmable.

*For technical data, use the reply card.

Dynamically, the Bus acquisition time to
14 bits, combined with the ADC1131’s
12us conversion time, permits a SOkHz
sampling rate. For the SHA’s 0.5ns aper-
ture uncertainty and 14 bits, the maximum
frequency for 1/2 LSB slewing error is
19.4kHz, and a 50kHz sampling rate for
20Hz-19kHz band-limited audio signals is
comfortably above the Nyquist rate.
Other applications include vibration analy-
sis (e.g., shake tables) and multiplexing
many channels of reference voltages, as
in automatic test equipment.

High-speed, high-resolution data acquisi-
tion demands considerable care in wiring,
even for simple laboratory-bench evalua-
tions. A convenient aid to the user is the
AC1580 4.5" X 6" prewired card, with
sockets for a SHA1144 and an ADC1130
or 1131 to be plugged in directly (see
photo).

Price of the SHA1144 (1-9) is 3129.>
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New-Product Briefs

TWO NEW CMOS SWITCHES WITH EXISTING 2nd SOURCES
ADG200 Dual S.P.S.T. and ADG201 Quad S.P.S.T. Families
Latchproof and Overvoltage-Proof to 25V Beyond the Supplies

The ADG200* and the ADG201* are new

dual- and quad-switch families that are
pin-compatible with and have superior
overvoltage protection to DG200’s and
DG201’s currently on the market.

The ADG200 consists of a pair of single-
pole single-throw CMOS analog switches
that can be operated by CMOS or TTL
logic (1" open, “0” closed). Like other
Analog Devices switches (such as the
7510DI* series), it is dielectrically iso-
lated for latch-proof operation and pro-
tection against overvoltage to 25V beyond
either of the supply voltages. It has
break-before-make action, and its on
resistance is less than 10082 over the opera-

ting temperature range. Dissipation is
only 30mW.
DUAL-IN-LINE PACKAGE
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TOP VIEW

Six standard versions are available, the
ADG200CJ in a 14-pin plastic DIP (0°
to 70°C), the BP and AP (suffixes) in a
14-pin hermetically sealed ceramijc DIP,
for -25°C to +85°C and -55°Ct0 +125°C,
and the BA and AA in a TO-100 can, for
the same respective temperature ranges.
Finally, there is an AA/883, an AA 100%
screened to MIL-STD-883B, Class B. Prices
(100’s) for CJ/BP/BA/AP/AA/883 are
$2.50/$7/82.50/88.50/87.75/811.25.

The ADG201 consists of four single-pole
single-throw dielectrically isolated CMOS

*For data shects on these devices, use the reply
card.
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analog switches. In the on state, each
switch (like those in the ADG200) con-
ducts current in either direction, main-
taining nearly constant on resistance over
its signal-handling range. In the off state,
it blocks voltages equal to the V+and V-
supplies of the switch; switch action is
break-before-make. The digital inputs
interface directly to TTL or CMOS logic
over the full operating temperature range.
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Like the ADG200, the ADG201 is fabri-
cated with an advanced dielectrically
isolated monolithic CMOS process, Its

advantages over existing DG201 designs
include lower Ron (12562 max over the
temperature range), lower power dissipa-
tion (30mW max), faster switching time
(1ps max ton. 0.54s max tofF at 25°C)‘
overvoltage protection (to 25V beyond
the supplies), and latch-free operation.

Four standard versions are available,
the ADG201CJ in a 16-pin plastic DIP
(0°C to 70°C), the BP and AP in a her-
metically scaled ceramic DIP (-25°C to
+85°Cand -55°C to +125°C, respectively),
and the AP/883, an AP 100% screened to
MIL-STD-883B, Class B. Prices (100’s) for
CJ/BP/AP/883 (100’s) are $4.50/89/
$11.50/815.25.

These switches are useful in most analog
applications, including integrator circuit-
ry, sample-holds, signal routing,
ramp generation. b

and

THREE NEW POWER SUPPLIES
DC/DC Converters Provide Dual 153V Outputs

Models 949, 951, and 953* are three new
dc-to-dc converters recently added to our
All have 500V
isolation, all have efficiencies greater than
58% at full load, and all three will furnish
+15V output.

line of power supplies.*

Model 949 converts from +5V digital sup-
ply voltage to two 15V supplies with £0.5%
maximum regulation (no load to full load).
The outputs, which may be connected for
£15V/£60mA, +30V/+60mA, and +15V/
+120mA, may be used to furnish un-
balanced loads, as long as the total output
current does not exceed 120mA and the
output power does not exceed 1.8W. An
important advantage of the 949 isits small
size, 1"X2"X0.375" (25.4X51X9.6mm?*).
It requires no derating over the -25°C to
+70°C operating temperature range. And
its price is low, 845 (1-9).

Model 951 converts from +5V to £15V/
+410mA with 0.05% maximum load regu-
lation; minimum efficiency is 62% at full
load. It ispackaged in a 6-side-shielded 2.5"
X 3.5" X 0.88” module (63.5 X 89 X
22.4mm?). Small-quantity price is $99.

ANALOG
DEVICES

ANALOG
DEVICES

Model 953 converts from +12V to =15V
+150mA with 0.05% maximum load regu-
lation and only 1mV max rms output
noise and ripple. The 6-side-shielded
package is small in size, 2" X 2" %X 0.375"
(51X51X9.6mm?), and price, $79 (1-9).
dd g

*For information on power supplies, use the
reply card.
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New-Product Briefs

SYNCHRO/RESOLVER POWER AMPLIFIER S/D CONVERTERS
With 3-State Latches &

SPA1695 Has 5VA Output; Can Drive 4 Size 11 CT's
Operates Without Deratmg to 105°C

The SPA1695* is a two-channel synchro
power amplifier that accepts angular infor-
mation in resolver format and drives as
many as four control transformers (size
11). Since the device is capable of sup-
plying SVA to the Joad, it is used in cases
where the internal amplifiers of a digital-
to-synchro converter do not have suffi-
cient power (e.g., when the load exceeds
1.3VA for the DSC1705 or 1706*).

The block diagram shows a typical applica-
tion where the angular input, in the form
of a digital word, is converted to resolver
format by a DTM1716 or 1717* digital
vector generator. The SPA1695 provides
power amplication for the orthogonal sine/
cosine inputs. The external transformer
(STM), which is chosen for the appropriate
voltage, frequency, and format (synchro/

resolver), provides the interface to the
control transformer (CT).

The SPA1695 is provided with remote-
sensing feedback to compensate for volt-
age drops in the output line as che synchro
angle or output load changes. The com-
pact, 3.46" X 2.68" X 0.98" (88 X 68 X
25mm? ), metal case provides heat-sinking
and facilitates heat conduction when
mounted on a metal heat sink. The ampli-
fier can operate at temperatures up to

o - .
105°C without derating,
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Typical applications of the SPA1695 may
be found in aircraft simulators, synchro
communication systems, ~machine-tool
controls, or wherever a digital command
or synchro signal must position mechani-
cal loads. It may be used with either
60Hz or 400Hz references. Price in
small quantity is only $250, plus $70
for the STM transformer. (993

INTERFACE CARD FOR STD BUS uC’s
RTI-1225 Analog 1/0 Subsystem Interfaces with
Pro-Log and Mostek Microcomputers

The cost-effective RTI-1225% is the first
combination analog I/O board that is
compatible with Pro-Log and Mostek STD
BUS computers. It offers 8 differential or
16 single-ended input channels (protected
for overvoltage to *35V), a differential-
input instrumentation amplifier with 60dB
CMR at 60Hz, a sample-hold amplifier
for accurate sampling of fast-slewing sign-
nals, a fast (40pus) monolithic ADC, two
independent 8-bit DAC outputs, and a
compact dc-todc converter for +5V
supply compatibility.

The memory-mapped board interfaces
to the uC as a block of five contiguous

*“For technical data, use the reply card,
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addresses, providing efficient and easy-
to-program operation for OEM applica-
tions. Available in June, 1979, the RTI-
1225 is priced at an attractive $399 in

small quantity.
44

Continuous Tracking

The SDC1725/1726* are modular contin-

uously tracking synchro(/resolver)-to-

digital converters with three-state latched
digital outpues. The SDC1725 is a 12-bit
converter with a resolution of 5.3 arc-

minutes and an overall accuracy of +3.2

arc-minutes +1 LSB; the SDC1726 is a

10-bit converter with resolution and ac-

curacy of 21 and #22 arc-minutes.

The input signals, depending on the op-

tion chosen, can be either 3-wire synchro

plus reference, or 4-wire synchro plus

reference. The input circuits employ

precision Scott T and reference micro-

transformers, which make it possible to

include the transformers within the

module, even for the 60Hz option, with-

out losing the advantages of low profile

height (0.35", 8.9mm),

The three-state 6utput not only permits
multiplexing of several converters onto a
single data bus; it also allows the conver-
sion to be inhibited, and output data to
be transferred, without opening up the
internal control loop. A block diagram of
the device appears below.
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A number of options are available, de-
pending on operating temperature range,
line voltage, reference voltage and fre-
quency, and format. Prices start at $295,

44

*Use the reply card for technical data,
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Application Brief

STATISTICS USING ANALOG TECHNIQUES
Calculation of Exponentially Mapped Past Statistical Variables

It is often useful to be able to calculate both the average fre-
quency of a signal and the way the average frequency varies
with time, that is, the variance of the average. The calcula-
tion of the Exponentially Mapped Past (EMP) statistical vari-
ables ! and their use with the electrical signals from the human
stomach 2'* have appeared in the literature.

The EMP average frequency is given by
)
e o=l -tf7
fr (0)= — oo f(r)e ' de (1)
where 7 is the weighting (RC) time constant., (1) will be
recognized as the RC average of the input frequency f(t)7.
The EMP variance is given by

0
072 (0) = [m [f(z)—f?(ﬁ]’ etTde (2)

where f(t) is the instantaneous frequency and fr(t) is the
EMP average frequency. As the varance is the mean-square
value of a zero-mean process and

0
_[m [f(e) - W)] =0 (3)

it will be seen that the EMP standard deviation, 07(0), is given
by the rms value of the difference between the instantaneous
and the mean frequency. This is shown symbolically in Figure
la, and in circuit form using an AD520§ as the difference
amplifier and the AD536§ as the rms-to-dc converter, in Fig-
ure 1b. The input is from a circuit that calculates the instan-
taneous frequency of the signal using an AD7520 DAC®.
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(b) Details of circuit employed

Figure 1. Scheme for measuring average and standard deviation.

The circuit of Figure 1b has been used to calculate the average
frequency and its variance for the electrical signals, at about
0.05Hz, which are produced the by human stomach. In this
example, they were recorded on tape at 15/16in/s and replayed
at 60in/s, giving a frequency of about 3.2Hz (upper trace in
Figure 2). A phase-locked-loop system tracked the signal, and
the loop oscillator’s instantaneous frequency was found by

Analog Dialogue 13-2 1979

Using a True RMS-to-DC Converter
by Dr. R. H. Smallwood*

counting the number of cycles of a 1kHz oscillator between
successive positive-going transitions of the signal. This gives a
measure of each period of the input signal, and a voltage pro-
portional to frequency was obtained using the AD7520 as a
divider* (second trace, Figure 2).

The EMP average frequency is given by the buffered output of
the RC filter on the lagged input of the AD520 (third trace
in Figure 2). The amplified difference between the two inputs
(10V E.S., gain of 10) is rms’ed in the AD536, with a time-
constant of 7. The rms output is fourth trace in Figure 2.
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Figure 2. Chart recordings of variables (a) measured electrical
activity, (b) frequency (input to EMP computer), (c) average
frequency, (d) variance function {amplified). Real time scale —
64s/s.

The time constant was set at 1s (3.2Hz input) so that the EMP
average was effectively taken over the last 10 cycles of the signal.
Using a Student’s t test, it could be demonstrated (less than 5%
probability of pure chance) that the frequency of the elecerical
signals from the human stomach changes over a period of a few
minutes. The biological meaning of this observation is obscure!

444

*Principal Physicist, Decpartment of Medical Physics, Hallamshire
Hospital, Sheffield, England

tHere, the variable we are considering Is not the voltage or current of
a signal, but ics frequency (see top waveforms in Figure 2)

§The ADS521 and the AD536A, more-recent designs, would be used in
future implementations of this technique. Use the reply card for tech-
nical data,

1], Octerman, “The Propertics and Mecthods for Computation of Ex-
ponentially Mapped Past Statistical Variables, IRE Trans. AC-5,11-17,
1960

2T.S. Nelson & T.M., Wallace, “'An Instrumentation System for On-Line
Processing and Statistical Analysis of Electroenterographic and Electro-
gastrographic Data.” Digest of the 6th International Conference on
Medical Electronics, Tokyo, 1965, 369-370

3R.H. Smallwood, “Analysis of Gastric Electrical Signals from Surface
Electrodes Using Phaselock Techniques, I, System Design, IL. System
Performance with Gastric Signals.” Med, & Biol, Eng,, 1978

4R.H. Smallwood, “An Instantaneous Ratemeter for Low-Frequency
Signals”, Electronic Engineering 50, 27,1978

17



Worth Reading

1979 SHORT-FORM GUIDE

L

Replacing last year's “in-a-nut-
shell” Guide to Electronic
Products for Precision Mea-
surement and Control, here
is the latest comprehensive
listing of Analog Devices
products. In 44 information-
packed pages, you will find
information on conversion |
products, signal-conditioning k
products, data-conversion products, temperature instrumenta-
tion, digital panel instruments, and power supplies, as well as
our unique MACSYM Measurement And Control SYsteM. If
you're on our mailing list, you’ve probably received your copy.
If you haven’t, orif need one for a friend, use the reply card.

COMPUTER-LABS CAPABILITIES

When it comes to high-speed
“video” data acquisition, a
comprehensive line of stand-
ard products just may not be
sufficient for some important
applications. Computer Labs
has a history of developing
custom high-speed products
for special applications in dig-
ital communications, radar, medical electronics, computer
time-sharing, mass information-processing and storage, and
automatic testing and process control. Their capabilities are
outlined in this colorful 16-page brochure. For your copy,
use the reply card.

UNUSUAL NEW MAGAZINE

Electronics Test is a controlled-circulation *free” magazine
that started publishing in 1978. A down-to-earth periodical
that is somewhat off the usual design-oriented beaten path,
it might be worth looking into if you haven’t heard about it.
For information, write to the publisher, Benwill Publishing
Corp., 1050 Commonwealth Avenue, Boston, Massachusetts
02215, (617) 232-5470. (Please don’t write to us!)
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Across the Editor’s Desk

FOUR-QUADRANT ANALOG DIVIDER?

Basic multiplier/divider circuits, such as the AD535,*used as
dividers, require that the denominator be of a single polarity,
to avoid positive feedback, but the numerator can be either
unipolar or bipolar. The result is a one- or two-quadrant divider.
Four-quadrant division can be provided, with correct polarity
relationships, by switching of denominator and of output
polarities. Of course, you can’t divide by zero, and there are
practical limitations to the dynamic range of the ratio.

With these limitations, it would be difficult to find an appli-
cation for four-quadrant division. For example, in direct
impedance measurement, it might be necessary to divide two
sine waves. If they were (say) 90° out of phase, there would
be two divisions of full-scale magnitude by zero per cycle.
Considering the frightful errors that are possible, one would
be becter advised to divide measures of the voltage or current,
for example, rms or peak values.

It is easy to see that a 4-quadranc divider is more of a conver-
sation piece than a useful instrument. With this prelude, one
might ask whether it is possible to describe a 4-quadrant divider
circuit in which the sign of the feedback loop is automatically
changed without discontinuous polarity-recognition and
switching circuitry. Our former colleague, Bob Pease, has
discovered one in Electronic Engineering (Mid-October, 1978,
page 23), described by J. R. Ball, and called it to our attention.
It uses three multipliers and employs the absolute-value prop-
erty of squaring to provide the proper loop polarity. It still
won’t “divide by zero” and its errors increase with the inverse
square of the denominator, but it apparently works! Pp>
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*For technical data on the divider-optimized AD535 and the multi-
plier-optimized AD5 34, use the reply card.
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Potpourri

An Eclectic Collection of Miscellaneous Items of Timely and
Topical Interest. Further Information on Products
Mentioned Here May Be Obtained Via the Reply Card.

IN THE LAST ISSUE (Volume 13, No. 1, 1979) . . . MACSYM II Measurement And Control SYsteM: Survey,
16-Bit Processor, ADIO (Input/Output) Controller and Bus, Card Library, MACBASIC Software,
Applications . . . New-Product Briefs: General-Purpose Temperature Probe (AD2626), Tiny Flat-
Package Version of the AD590 Temperature Sensor (ADS90F), Complete Monolithic 8-Bit A/D Converter
(AD570), Improved RMS—to-DC Converter IC (AD536A), Transducer Power Supply (2B35), Interface
Boards for LSI-11 (RTI-1250 Family), Digiltal-to-Synchro Converters (DSC17053) . . . Worth Reading

— Three New Publications: Computer Labs Short-Form Catalog, Designer's Guide to Isolation and
Instrumentation Amplifiers, and Synchro-to-Digital Converter Short-Form Catalog . . . Plus Authors,
Potpourri, Editorial welcome to Computer Labs Division. Request information on the reply card.

TRADE SHOWS IN THE U.S.A. . . . After a successful return to the trade-show scene in 1978, we

are planning to exhibit our components at the following shows in 1979 (as starters). Mark your
calendar: WESCON, in San Francisco, September 18, 19, 20 . . . MIDCON, in Chicago, November 6,
7, 8 . . . At press-time, we will have already exhibited at ELECTRO, in New York, April 24-26.

PRODUCT NOTES . . . Most—often—given advice: Always be sure that there is a return leak for bias
current from instrumentation-amplifier inputs to power-supply common, otherwise they will drift
off to limits and you will phone our application engineers for help and get this same advice.
On the other hand, isolation amplifiers have floating inputs and don't need leaks . . . Plus or
minus SV? Our -5V logic supplies (Models 903, 905, 906, 922) don't care whether they're used for
+5V or —5V: either terminal may be used as the ground reference. Our supplies are spec'd to
farnish from 250mA to JA at plus or minus 5V . . . What decoder-driver to use with the AD2020
1L 3-digit DPM chip? Try Fairchild 9374 or T.I. 7447 (with pullup resistor). How eliminate
leading zero with the 9374 (e.g., 9.1 instead of 09.1)? Connect pin 3 of the 9374 (RB1) to the
most-significant digit . . . In DSC1605/1606, all positive power is derived from the +15V
connection. The +5V pin, no longer necessary, is omiltted.

NEW DATA SHEET . . . The AD521 Instrumentation-Amplifier data sheet has been revised and expanded.
Its 6 pages now include a great deal of useful applications advice; also included ‘are specifica-
tions for the new high—-performance-grade AD521L.

ERRATA . . . DAC1122 data sheet: +V_ is pin 24, -V_ is pin 26, not the reverse! Bits 8-12 are on
pins 9-13 (not 8-12) . . . ANALOG DIALOGUE 9-3, 1955, headline for DAC1108 on page 16 should
show 150ns settling time, to agree with the text . . . ANALOG DIALOGUE 12-2, last line on page 8:
offset should be 460mV (not 492mV) for a correct 1mV/°F scale. Both the circuitry and the data
sheet have the correct offset; only the published number in DIALOGUE is wrong. We are indebted
to the sharp eyes of reader William Kraengel, Jr., of Valley Stream, N.Y., for calling it to

our attention,

PATENTS . . . 4,136,349, IC Chip with Buried Zener Diode, Wei K. (Bob) Tsang. If you copy our
AD534, or other products using buried Zener diodes,this is one of the patents you will be
infringing . . . 4,141,004, Solid-State Digital-to-Analog Converter, Robert B. Craven. If you
copy our AD562 or 563, this is one of the patents you will be infringing.

MISTAKEN IDENTITY . . . If you want an IC, order an AD311; if you want a non-inverting parametric
op—amp module, order a Model 3ll. In this case (and those of 111, 301, 108, 101), the prefix is
all-important!

MULTIBUS . . . The RTI-1200, 1201, and 1202 are compatible with all MULTIBUS-compatible computers,
{ncluding INTEL's new l6-bitter. Others include INTEL SBC-80 (except 80/04), MDS, and System-80,
National Semiconductor BLC-80, RMC-80, Starplex Development System, Advanced Micro Computers
95/4000, Monolithic Systems Corp. MSC800l, Iasis, Inc., SBC-80, Henrikon Corp. MLZ-80, and

Mupro MBC-80CRT.

GSA CONTRACT . . . A cover sheet and a price list for GSA Contract No. GS5-00S-86209, covering
converters, panel meters, and RTI product lines, effective from March 12, 1979 through February
29, 1980, are now available. To receive a copy, write to the Analog Devices Sales Department

on your company letterhead, if your outfit is qualified to purchase against GSA contract numbers —
or consult your regular Analog Devices sales engineer.

M.I.T. ASSOCIATES . . . Analog Devices is now a member of the M.I.T. Assoclates program. This

means that technical and management talent and resources of the Massachusetts Institute of Tech-
nology, the Sloan School of Management, and the Lincoln Laboratories are now more easily accessible
to all Analog Devices employees, to augment the already impressive capabilities of our own staff.
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ANALOG /0
FOR MICROCOMPUTERS?
WE HOLD ALLTHE CARDS, __

= Analog input cards,
output cards,
combination 1/0 Cards.

= Compatible with all
popular single board
microcomputers.

= Pick a card, any card,
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Analog /0 Subsystems,
. call Russ Ver Nooy at
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®Registered trademark of Digital
Equipment Corporation.

ANALOG
DEVICES

WAYOUT IN FRONT

P - Analog Devices, InC., Box 280, Norwood, MA 02062; East Coast: (617) 329-4700; Midwest: {312) 894-3300, West Coast: (213) S95-1783,
<" Texas: (214) 231-5094; Belgium: 031/37 48 03; Denmark: (02) 845800, England: 01/94 10 46 6; France: 686-7760. Germany: 089/53 03 19,
Japan: 03/26 36 82 6; Netherlands: 076/879 251. Switzerland: 022/313704; and representatives around the worid,
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