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Editor’s Notes
INTEGRATION

We were caught on the points of a
pentalemmat Our caver usually
features the mose-significant prod-
uct introduced by Analog Devices
during the period immediately pre-
ceding  publication  of  Analog
Dialogre. Much of the time, the
choice—an industry first—is vbvi-

ous, unquestionable, and univer-
sally endorsed within our family. Buinot this time.

Would it be the world’s highese-precision and most functionally
complete monohidhic inscrumentation amplificr, the AD 5242

Would it be the world's first monolithic  thermocouple

P
preamplifier, itself providing cold-junction compensation and a
temperature reference, the AD594?2

Or would it be the first analog 170 multichannel signal-condition-
ing subsystem specified for che harshest industrial environments,
the 3B scries?

Would it be the first STD-bus-compatible analog-input subsystem
with all the necessary signal conditioning—from sensor wires to
data in-enginecring-units—and local pP control, the RT[-12702

Or would it be che impressive MACSYM 350 measurement-and-
control computer system, the first to combine atlow costa 16-bit
co-processor system, up o 1 megabyte of read-write memory,
multitasking MACBASIC, MP/M-86 operating system, dual
floppy disks, commuoications and color graphics, with the com-
peehensive ADIO family of analog-digital input-output signal-
conditioning caeds that can be field-wired direetly co cransducers?

(And if these, what then of the AD390 quad of 12-bit DACs in a
28-pin DIP, the two-channel AD$39 monolithic mulciplicr-divider
with signal bandwidths 1o 60MHz, the voltage-output AD7240
CMOS 12-bit DAC, the LTS-2015 faster tester?)

The key that made the answer obvious was the common thread
joining the five prime contenders—signal conditioning for mea-
surement and control. Each represented a higher level of integra-
tion, essentially comprising all of the functions of che previous
onces, and together they are an impressive reminder of how far
we've come sinee the 601, our first instrumentation amplifier, was
introduced (as a forward incegratcion from our op-amp produce
line)in 1968.

THIRTY YEARS OF OP AMPS
Forgive us if we wax historical {we
were there!) It is within a fow
weeks of thirty years since George
A. Philbrick introduced the Madel
K2-W Operational Amplificr. The
firste. modular actal plug-in gen-
eral-purpose op amp, it had two
12AX7 doal triodes, = 50-volh at
= [ mA outpue, gain of 15,000,
200kHz unity  gain-bandwideh,
and it required only = 4.5 mA at =300V, plus nearly 4 watts of
filament power (0.6 A at 6.3 V). =3

Dan Sheingold

2 ISSN 0161-3626

© Analog Devices, Inc. 1982
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ANALOG SIGNAL CONDITIONING ICs TAKE TWO GIANT STEPS
AD524: Low-Drift-and-Noise Wideband IC In-Amp with Pin-Programmable Gains
AD594: Monolithic Thermocouple Amplifier with Ice-Point Reference and Alarm

Monolithic technology is inaking cver deeper inroads into low-
level analog signal conditioning: now i¢is less necessacy than ever
for the ingtrumentation and systems engineer 1o be concerned with
details of circuit design. The make-vs.-buy decision continues o
be uled wwards “buy™ by the evolution of new generations of
cost-cffective monolithic signal-conditioning products.'

In these pages, we consider two such products that have been re-
cently incroduced: The ADS24* —a fase, low-drift, Jow-naoise, self-
contained muldple-gain (< 1, X 10, x 100, x TOO0) instrumenta-
don amplifier {che cosest approach yet to a low-cost ideal gain
block for preamplification and transducer incerfacing)—and the
ADS94Y —a complete self-contained ice-point-compensazed cher-
mocouple amplificr with a basic 10mV2C output sensitivity for
temperature measarements with awide range at low cost.

It's worth noting that these 1Cs did noc suddenly materialize out
of chin air. While they represent innovative monolithic solutions
to instrumentation needs, they are also the culmination of a con-
tinuum of competence inamplifier design and applications, as well
as advanced linear-1C processing. Analog Devices 1€ precursors
include dhe first- and second-gencration ADS20 and AD321 -
strumencation aimplifiers, the ADSRO precision band-gap valtage-
reference family and the ADSY0 temperatore transducer, plus
many years of experience with the design and manufacoure of
products using Si-Cr on-chip thin-film resistors, with laser-trim-
ming at the wafer-probe stage for precision.”

WHAT ARE THEY?

ADS24 Instrumentation Amplifice, designed for high accuracy
under worst-case operating conditions, is a differendal-input gain
block ina 16-pin DIP; [t requires no external components for pin-
programmable gains of [, 10, 100, 1000. The C version has lowest
input offsec voltage (S0RV) and drife ((0.50.V/C), nonlinearity
(0.003% at G = 1), and noise (0.3 V peak-to-peak, 0.1 Hz to 10
1{2). Common-made rejection is 120 dB minimum (G = 1000).

The ADS24% dynaies are superb: internally compensated, it has
a gain-bandwidth ranging from 25 MHz (G = 1000) to 1 MHz,
(G = 1), full-power response of 75kHz and seuding ime of 15 s
0 0.01% of a 10V output step (G = 100). The inpuccireuit is pro-
tected agaimst damage under both powcr-off and power-on condi-
uons. Last, but noc teast, the ADS24 fanmly provides low creor
budgets without straining a user's cost budget. Prices (100s) are
$9.90/512.95/517.95/$23.95 for ADS24A/B/C/S.

Figure | shows how easy itis to obtain a gain of 100, with provi-
sion for an optional put offset null adjosemenc. The preset gain
of 100 is seleceed by simply connecting the *G = 160" terminal
to RG2. The ADS24 can be connected for gains other than the

"For uselol discisssions of the comsiderations in analog sipnal conditioning, see
Transducer huterfacing Hipndbaok [ D Sheingold, ed.. Analog Devices (19510),
S13.50.

“AC the e they were mtroduced, the devices were deseribed e Avsaliog
Dilogree: ADS20, 7-1 (1973} ADS21,. 91 (1975); ADSRO, 12 (1974 and
ADSG0, (21 (197%). Lascr-water tramming was described in 9-3,(1978),

“Lor reehoical daea, ose the reply card.

Acmalrern Niatama 10 1009

by Scott Wurcer and Moshe Gerstenhaber

Figure 1. Operating the AD524 at a gain of 100.

fixed values by the usc of external resistors, as we shall show lacer.

AD594 Thermocouple Amplificr-Compensator is a complete ther-
mocouple signal conditioner on 2 monolichic chip in a 14-pin DIP.
Combining an ice-poinc reference with a precalibrated differential
amplifier, ic produces a high-level (10mV/°C) output direedy in re-
sponse (o a thermocouple signal, In the open-loop (comparator)
mode, it can function as a set-poine concroller; and—when used
without a thermocouple—it will itself function as an ambient cem-
perature transducer with low-impedance output voltage directly
proportional to degrees Celsius (10mV/2C).

Precalibrated o work directly wich Type | (iron-Constancan) ther-
mocouples, the ADS94 can be configared to work with other types
as well, using exeernal crims. In addidion, i provides a T L-com-
patible alarm signal when cithee Jead of the theemocouple is open-
circuited. Ttis specified in two grades (A and C), disanguishabie
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by maximum-calibration-error (£ 3°C and = 1°C) and tempera-
ture-rejection specs. Price in 100s isonly $9.50 (A)and $14.50 (C).

Figurce 2 shows the device's basic connections, when used with an
iron-Conseantan thermocouple to measure temperatures greacer
than 0°C. For positive temperatures, only a single supply is needed,
in this case + SV. Output-voltage range (hence mcasurement cem-
perature span) is a functon of the excitadion voleage.

Figure 2. Basic connections to the AD5394 for measuring
positive temperatures.

LIiOy

OW THE AD524 WOI
Figure 3 is a simplified diagram showing how the ADS24 works,
A dose relative of the conventional 3-amplificr in-amp, its gain is
established in the same way. The differennal inpuc voleage is im-

Figure 3. Functional diagram of the AD524.

pressed across a measuring resistor, Re;, and the resulting current
develops additive voltages across two resistors, R1and R2, effec-
avely in series with Re; and connected o the outputs of Al and
A2. Since the common current muse be equat ta Vi/R;, the diffe-
rentinl outputvoltage, Vi, is

Vi) = (VIN/Rg;) (R + Ry + Rg;) ()
R, R,

= > — J— >

Vm( I+ R(;+ Re, ) (2)

1R, = Ry, toobtain the performance benefits of symmetry,
Vi = Vind{l + 2R /R¢)

(3
The differential outpuc of the op amps associated with R1 and R2
is brought “down to carth™, ie., o the output signal common
level, by a unity-gain subtraccor. Il Ry and R are hoth 20k{), then
gains of 1000, 100, and 10 can be obtained when R, is equal o
40.04 ohms, 404.04 ohms, and 4444 .4 ohms, respectively. For

unicy gain, Re;is simply open-circuited.

a4

The differential input voltage, Vi, = V' = V7 applicd to the
bases of input dual-transistors, Q1-Q3 and Q2-QA4, is reproduced
at the emitters, appearing across R¢;, and producing a current, lin
= V\\/R¢. The collectars are connected to the negative inpat ter-
minals of ion-implanted-FET-input op amps, Al and A2. The
amplifiers muost maintain the colleceors at constant bias voluage,
Vy: they do so by keeping the currents in the collector circuits con-
stant. Since the input transistors are operated from conscant-cur-
rent sources in the emicter and collector circuits [y, [y, [3, 14), and
the amplifices have negligible bias-current, [y must low from the
output of AL, through R1, RG, and R2, and back through the out-
puc of A2, and che amplifiers must maintain their outputs at the
appropriate voltage levels to cause chis to happen. The resulting
differenual output voliage is expressed by cquation (3). Since
amplificr A3 is connected as a unity-gain subteactor, the differen-
tial oueput voleage will be the same, refereed to the Reference node.

This circuit approach has a number of advancages. First, since all
the resistors on which the gain depends (for the fixed values of
gain) are on the chip, and track with temperacure, the initial values
of gain can be laser-trimmed ac the wafer stage, and the ratios
change but littde with temperature, Second, at the higher gains, re-
duced Rg; causes the input cransconductance—hence the overall
input-stage open-loop gain—to increase, resulting in lower gain-
related errors, wider bandwidth, and lower naise.

Since instrumencation amplifiers, as interface amplificrs for daca-
acquisition systems, are often subjected to voltage inexcess of full-
scale, overvoltage protecdon is essential. The input junctions of
the ADS524 are protected against the excessive currents that woold
result from overvoleage (power off or an) by reversed diodes and
current-limiting bilateral FETs, employing an innovative device
architeceure. The additional noise that would be generated by
fixed protective resistors is avoided, yet the current is limited to
3mA overa 36V range, the equivalentof a 12kQ series resistance.

Bias-current compensation maincains the input current within
+15nA ac 25°C (ADS524C), with a =0.10A/°C tempeo, withourt
the increased flicker and wideband noisc associated wich superbeta
transistors.

Low noise was, in fact, one of the key design objectives for the
ADS24. Low-frequency voltage noise waveforms are shown in
Figure 4, using an overall gain of 10¥ (amplificr gain of 1000, fol-
lowed by a gain of 100). I confiems that voltage noise in the im-
portant 0.1 to 10-Hz band ranges from 0.3V peak-to-peak at
gaing above 100 () to 15V peak-to-peak acunity gam (b).

a. Amplifier gain = 1000, b. Amplifier gain = 1, am-
amplified by 100 {100nV plified by 1000 {(5uV / div
per division RTI). RTI).

Figure 4. Amptified output noise waveforms at low fre-
quency (0.1 to 10Hz).
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‘The dynamics of the AD324 are typeficd by its settling-time perfor-
mance. For = 10-volt swings, typical scetling cimes to 1%, 0.1%,
and 0.01%., are 6, 10, and 13 microscconds, respectively.

THERMOCOUPLE COMPE

The thermocouple consists of two wires, made of different mate-

SATION

rials, in contact at the point of measurement. It is cheap, small,
works over a wide cemperatuee range, aad has been fn widespread
use for a Jong time; data for seven standard types is widely avail-
able. ltdocs have a few problems: the output is small—in millivoles
(cypical tempeos are in the 4 o $0pV/°C range): the output indi-
cates a tempecatare difference. racher than the temperature 2c a
given locadion: and the outpat of most types is noticeably non-
lincar. The ADS94 dcals with the first two of these problems—
which relate o specific syscem condidons—and produces a stan-
dardized output. The nonlineacity problem can dhen be readily
dealt with in a varicey of ways, using cither hardware or software,
because of the predictabilicy of thermocouple charactenistics,

Why ice-pomt compensation® 1f the junctions at the ends of a
paired length of chermocouple wire are at different wemperatures,
there will be a valtage difference, the magnitude depending on the
composition of the thermocouple. If junction B {see Figure a) is
at the absolute tenmyperature being measured, Ty, and if the junc-
tions A and A’ to the (c.g., copper) output leads are at identical
temperatures, Ty, then the voltage between A and A'will be a
quasi-lincar function of the cemperatare difference, Ty =Ty, pas-
sing through zero when Ty = Ty, 1014 is canstant, or has a small
range of variation, it ¢can be used as the reference; the ther-
mocouple tables list the output voliage when the reference temper-
ature is at 273.2 K (0°C), the ice point of water, becanse it is a rela-
tively casy cemperature to obtain (atleast in the laboratory!).

However, for practical temperature measurement in the real
world, icis useful for T to be che freely variable ambient tempera-
ture at some poinc in the instrumentation circuitry. To a first ap-
proximation (since ambicene tcemperature changes tend (o be small
compared to the range of emperatures for which thermocouples
are geneeally used), the reference can be derived from che ambient
termperature, T4, and the known electrical outpue and sensitivity
of the thermacouple in the vicinity of a representative value of Ty,
+25°C(298K): Vy35¢.and GV T 50 Thus,
Vi = Vi = Ve
= Viy — Vi + Vase + (1°C = 25°CAVIdT) s en {4)

(desired oueput volaige)

where Vi — Vs the actual thermoconple ountput.

HOW THE AD5%4 WORKS

The ADS5Y94 is cssentially a differential-input instrumentation
amplificr with a gain of almost 200, nominal offsct of 1,277mV
ar 25°C (abour the same as the output of a Type J thermocouple
at 25°C with the reference at 0% i,y Vigel, and a laser-trimmed
drift cate of 10mV/°C at the output, or about S2uVeC, referred
to the input {(the same as dV/ides e for a Type ] theemocouple). If
we conneet a Type | thermocouple (o the differential inpat of the
ADS94 and are careful to keep the temperawre of the reference
janction cqual to the ambienc temperatuee of the ADSY4, the out-
puc voltage of the AD594, referred to its input, wilt be a (aithful
representation of the first-orderapproximation of (4).

Figure $(a) shows how the ADS$94 basically works, and (b) is a
functionat diagram of the ADS94. The ADS94 is a feedback
amplifier having twoidentical input seages, X and Y, with outpues
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b. Functional diagram of the AD594.

Figure 5. Feedbackthermocouple preamplifier.
combined in a summing node and the result amplified at high gain,
To keep the error small under feedback, the output of Y must bal-
ance the output of X, which oceurs when the input of Y cquals
(minns) the input to X. The resistance ratio of an on-chip feedback
divider establishes the gain. The chip®s temperature is measured by
the difference bevween a PTAT® voltage, V. = o[y, and a com-
plementary voltage, Vo = V, — BT (Vo — V3 is OV at 0°C and
increases at $2uVieCs Since (V, — V) — V200 must be equal to
-V n (the thermocouple ouput),

V,, = 200(Vin + (V, = V)

= 200 (Vi + 0,0000527T, (°C)) (5)

As supplied, the taser-trimmed ADS94C is calibraced 1o within
#1°C max at +25°C to match Type ] (iron-Conscantan) ther-
mocouples. [e maintaing a temperature stabibity to within 6.025°C/
°C max and gain error less than 0.75%, over the ambient range
0°C to +50°C. The ideal lincarized outpue, and the actaal oupuc
bounded by these specifications are compared in Figare 6. If a

AL ITPUT

100

THERMOCOURLE TEMPERATURE

Figure 6. Comparison of actual/ thermocouple response,
using a 25°C reference (solid), with ideal straight line
(dashed). Exaggerated vertical scale.

lincar temperature reading is desired, chis predictable output can
then be linearized by analog or digital mechods. For some applica-

*PTAT: Proporrional To Absolhiue Temperatare (kelvin = °C + 273.2°9)



tions, it may suffice to adjust the system gain and offsct for a best
fit over the temperatare range of interest.

For excitation, a negative supply is necessary if the Celsius temper-
atures o be measueed are negative, or if the output load is ground-
ed or returned 1o positive voltage. The deviee will operace with a
otal supply curcentof 160 A, for minimum self-heating (less than
0.07°C in frec air), but it can deliver more than = SmA to a load.
An overload detector senses open thermaocouple leads, and can fur-
pish a TTL alarm signal, ocoperate a relay or lamp. External resis-
tors rescale the compensation for other types of chermocouple.

APPLICATIONS OF THE AD594 & AD524

Alarm and Comparator Besides simple thermacouple cold-jane-
tion compensaton and amplification, the ADS94's alarm circuit
nry be connected w aperate a TTL gate, a LED, 2 CMOS switch,
or a relay wo indicate an open thermocouple, If che feedback loop
is opened, and voltage representing a set-point Lemperature is con-
nected to the feedback input (FB), the ADS94 will act as a binary
comparator, providing about zero volts ac temperatares helow the
set-pontand 3.5 volts athigher temperatures (sec Figure 7).

Stord-alone temperature measarement The ADS94 can hevsed o
measure temperature diecctly. Tn one made of application, it can
provide dircetly alow-impedance drive signal for compensating,
one orF more reference junctions that are at the same ambieot tem-
peratare as the ADS94 in multichannel instrumentation. Perhaps
more interesting is its ability to function direcdy as a centigrade
thermometer for measuring temperacures over the range, — $53°C
(o 4+ 125°C, with sensitivity of TOmV/ACL

Figure 7. AD594 as a set-pointcomparator.

Adjusting Insteemientation-Amplifier Gain For fixed gains thae
differ from the ADS24%s repertoice of 1, 10, 100, and 1000, chere
are several ways ta go. For intermediate gains in any decade, con-
nect an appropriate valoe of exeernal resistance (see TFigure &)

Figure 8. AD524 connected for gain of 20, using external
resistance.

IN

cither in parallel wich che greacer Re. to increase the gain, or in
series with the lesser R, 1o deerease the gain. Use the cechnique
that requires the smaller peecentage change in gain, For example,
reduce gain from 100 1o 50, racher chan increasing it from 10 o
50: the nominal resistance in secies with 404,04 ohims 15412 ohmis.
Increase gain from 10 co 20, rathee than reducing it from 160 to
20); the nominal reststance in parallel wich 4444.4 ohims is 4000
ohms. Gains will be sensitive to the difference in tempeo between
the internal resistors and the added resiscor(s).

Additional gain can also be had in the aueput stage, using cither
active or passive circuitry. T'he simplese approach is passive, using
“H -atenuator feedback 1o dhe Sense and Reference terminals of
the AD324. The eesistances shoald be small {without overoading
the outpat) 1o minimize gain wmpco and common-mode crrors,
Figure 9 shows a configuracion for gain of 2000, using gain of

- AT

Figure 9. Connection for gain of 2000, using symmeitrical
passive feedback.

1000 and 2:1 feedback ateenuation, I, instead, the gainis 100—
with 20:1 feedback, obrained by changing R2 to abouc 238
ohms—bandwidth and gain stabilicy with temperature will be im-
proved, butnoise, drif, and offsec will be somewhac worse.

Active cireditry may also be used, in order 1o make the feedback
atcenuation independent of internal resistance values, by driving
the sense cerminal at low impedance with an op-amp output. A re-
sistive divider and follower-connceted op amp is the simplest
scheme.  High-resolution digital variation of gain, using an
AD1>75238 dual 8-bic multiplying DAC, is shown in Figure 10. Gain
is inveesely propocdional o digical input. DAC A sets the gain
coarsely 1o 8 bies, and DAC B provides interpolation, =2

- o — +

Figure 10. Connection for a wide range of digitally set gains
greaterthan 10.
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MULTI CHANNEL SIGNAL-CONDITIONING INPUT/OUTPUT SUBSYSTEM

3B Series: Direct Data-Acquisition from Sensors, Interchangeable Functions
Includes 1500-V Isolation, High-Level Voltage & Current Outputs

Unail che Analog Devices 38% Series Signal-Conditioning Subsys-
tem became available a short time ago, high-performance, fully
satisfactory general-purpose mualti-channel signal conditioning
had not been available off-the-shelf at low cose for incerfacing an
arbitrary sec of transducers in the ficld o dara-acquisition or con-
crolsyscems acstandard volage or current levels.

Atone end of the range, componentst are available to the circuit-
savvy system design engincer, who adds knowhow and a consider-
able amounc of design effort. Aleernadively, the system user can
buy a complete custom package, engincered 1o specifications. [n
both cases, the cost of engineering and building a one-time design
having adequate performance and rehability can be—and usaally
is—high.

What has long been needed is a low-cost modalar system with a
number of usceful clecerical and mechanical features. Firse of all,
cnough mterchangeable functions should be available ¢ handle
low- or high-level signals, whether they be millivelts or voles; to
handle a varicty of transducers, whether they be thermocouples (of
whatever type), RTDs, or strain gages; to handle voltage outputs
at = 10-volt levels and/or current outpurs at 4-t6-20 or 0-to-
20mA. Isolation, of up to 1500 volts, should be available—if
needed—and inputs should be protected against ac line voltage
and high-voltage cransients. Qutput signal conditioning should
alsos be available for driving loads, such as currenc-controlled
valves.

The system should be self-powered, modular, rugged, and com-
pact enough 1o bandle a large number of channels in a small space.
le should be capable of operating over a wide temperature range.
And ic should be possible to connect or reconfigure it with no tool
more complex than a serewdriver.

It is this solution that the 3B scrics has been designed 1o embody,
andicmeets all of these eriteria—and more.

WHATTHE3B SUBSYSTEM IS

As Figure 1 shows, the 3B Serics Subsystem consists of a 19"-relay-
rack-compatible universat mounding backplane and a family of
color-coded plugin input and ouepur signal-conditioning modules.
A rack-width backplane will accommodate 16 madules; 8- and 4-
channel backplanes are also available for smaller or decentralized
syseems (Figure 2).

Figure 1. Arack-mounting 16-channel 3B subsystem.
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by Dave Reynolds

Figure 2. 4-,8-,and 16-channel subsysterns are available,

Backplanes will accept any member of the family of input and out-
put modules interchangeably in any Jocation. A backplane incar-
porates screw terminals, for conncections to input cransducers and
current-loop signals, and a connector—which outputs high-level
analog signals to or inputs them from the uscr’s equipment (Figure
3). The modules are all identical in size (3.150” % 0.775" % 3.395")
and have the same pin-conncction pactern, All modules include a
printed-cirauit board incorporating electronic circuitry housed in
aprotective plastic shell. The shell contains provisions for securing
¢ach module to the backplane without taols.

Figure 3. Functiona! block diagram of a 3B series sub-
system.

The impuc and oweput modules are available in both isolated
(£ 1500 V peak) and non-isolated versions. Each type of input
module has signal-conditioning circuitry thac is optimized for spe-
cific kinds of sensars or analog signal levels and furnishes two
forms of high-level analog output simultancously: 0 to 10 V (or
= 10 V) and 4-10-20 mA (or 0 to 20 mA). Outpur modules accept
high-level single-ended signals and provide an isolated—or non-
isolated—4 to 20 mA (or 0 to 20 mA) process signal. The modules
connect to the backplane via a universal pin configuration; they
may be mixed or matched and cypes can be readily interchanged
without disrupting field wiring.

* For technical datacuse the reply eard.

tACtve components, fram (ransistoes and op amps to modalar and LG, -
strumentaoon and isolation amplifiers (c.g., ADS24, ADS94, AD293) and sig-

nal conditioners {e.g.. 2B series madules), plos addinoeal circuic compaonents
and mechanical hardware,



Each backplane provides for *15-V dc subsystem power and
+24-V loop power, ¢ither from an on-board supply or externally,
A de-deoran ac-de posver supply may be mounted directly on ¢ach
backplane. Two LEDs provide visval indication when power is ap-
plied. A typical system might comprise, for example, a backplane,
power supply, rack mount, 4 isolated thermocouple modules, 5
low-level millivolt modales, § current-input modules, and two iso-
laced currenc-output modules. The average per-channel cosc would
be$172,0r$2,745 towal.

WHERE AND WHY THEY ARE USED

Signal conditioning plays an imporcanc role in interfacing industri-
al signal sources to a data-acquisicion system. Signal conditioning
generally requires input protection, isolation, filtering, amplifica-
tion, and transducer excitation.

The 3B-Series Signal-Conditioning Subystem is designed to pro-
vide an easy and convenient solution to muld-channct signal-con-
ditioning problems in measurement and control applications. A
typical use would be in mini- and microcomputer-based systenss,
where—for example—it might provide the protected sensar-based
inputs to an RTI-125) microcomputer analog 1/O subsystem, for
use with (say) a DEC LSI-1 1 bus. Figare 4 shows a rudimentary
application in a control laop.

Figure 4. Rudimentary control loop, showing the functions
of input and output modules. Intelligent control of the loop
is provided by the microcomputer viathe RTl-type analog IO
subsystem.

Other applications might include standard data-acquisition sys-
tems, programmable conteolters, analog recorders, dedicated con-
trol systems, and any other applications where monitoring and
control of temperature, pressure, flow, and other analog quanticics
are required.

Each input module has both a voltage and a current output. This
means that the voltage output can be used o provide an input to
a micropracessor based data-acquisition system, while the current
output is being used for analag signal transmission through naisy
environments, for operator intecfacing, or for an analog backup
system.

As noted carlicr, the 3B subsystem was designed for high perfor-
mance, high reliability, and casc of usc. Some of the factors that
contribute to making it a powerful interfacing tool {or users in-
clude:

*Moadular design, with standardized high-level outputs, precalib-
rated ac che factory, and complete signal-conditioning functions,
including such necessary featares as cold-junction compensadion
for thermacouples, sensor excitation for RTDs and strain gages,
and linearization of RTD outpucsignals,

®Screw terminals, for direct interface to sensors and current-loop
twisted pairs.

®Rugged packaging thacis casy co install and maintain.

eGold-plated pin and socket connections for reliability and cor-
rosion resistance.

#2130V or 220V rms normal-mode protection ac all ficld-wired
terminations, for protection against linc faults.

® £ 1500-V common-mode voltage ratings (continuous) for all
1solated madules and £ 2500-V transient protection, miceting the
requircmencs of [EEE Standard 472-1974; Surge Withstand Capa-
bility.

® +0.1% calibration accuracy and chopper-based amplification,
toensure low drift (2 1uV/°C) and excellent long-term stability.

®Availability of zeco suppression and ranging, co permit mapping
any portion of the inpuc range onto the full cutput range.

FUNCTIONS AVAILABLE

Table 1is an outline of the key properdics of fourteen signal-condi-
tioning modules now available for plugging into the 3B subsyscem
backplane. This list is by necessity not all-inclusive, but sin¢e the
design 1s modular, the selection of plugins is apen-ended; as re-
quirements for the line grow, itis not hikely that an interface suita-
ble for any popular type of seosor will be omitted for very long,.

Table 1. Available Input and Output Modules.

INPUT MODULES

Voliage Current Nonisolated  [xolated

Inpul Type/Span Ouiput Oulput Modules Moduley
Joo L 10mV, < SOV, = 10V < 1oy 4-20mA 0-20mA 310 IR0
KENER AU LY =0V 4-20mA 0-20mA 3810 kN
de. s 10V 10V 4-20mA-0-20mA B 331
Jo4-20m AL 0-20mA 0-10V 4:20mA 0-20mA 3812 IR32
Thermocouple Types J KT,

E. RSB 0- 10V 4:20mA-0-26mA 3837
10002 Plainum KT 2,309 wire

« = 0.001R5 (linvarized} 0-10V 1-20mA 0-20inA 38 3834
1004} Platinum RT1, Kelvin $-wire

w — 0.003%S5 (lincacized) 0-10V L20mA 0-20mA B{IAHY
Strain Gage = WmV, < (00mV « 10V 4-20mA.0-20mA R{147Y
ADS$S0 AC2626 Sulid St

Temperature Fransducer 0-10V 4-20mA.-0-20mA B3

OUTPUT MODULES
Current Nonisolated {solated

Input Type/Span Oupui Modules Modules
0-10V, = 10V 4-20mA 0-20mA BRIy iBY

A typical modile, the 3B14. Consider, for example, the 3B14,
which incerfaces with R'TDs (Resistance Temperature-Detectors).
Figure 5, a block diagram of the module, shows ics principal fane-
tions. Lven chough ic is not an isolated module, 130-V normal-

Figure5. Model3B14 RTD Signal Conditioner.
maode protection is inherent for all field-wired circuies o prevent

damage if line voltage is accidentally conneceed across a pair of
input or output screw-terminals. Fileering is built in, o reduce
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pickup due to ac noisc appearing on the signal leads.

The device provides constant-current excitation for 2-y 3-, and 4-
wire RTDs, and the inpuc signal is lincarized internally. The mod-
ules are factory calibraced for standard ranges and, if necessary,
can be fine-tuned in the field with zero and span adjusements for
both the outpur voltage and the outpur current. The voltage and
current oucputs are independent and can be adjuseced without in-
teeaction, which permits rapid and precise calibration.

Isolated Thermocouple Module. Tigure 6isa diagram of the 3837
transformer-isolated thermocouple input module. The isolation,
specified at = 1500 V peak continuous, provides both protection
and 160dB of common-made rejection, and assurcs compliance
with [EEE Standard 472-1974: SWC.

Figure 6. Model3B37 Thermocouple Signal Conditioner.

As is the case with all the isolaced modules, 220-V normal-mode
input protection is provided to prevent damage if the line voltage
is accidentally connected to che screw terminals. Cold-junction
compensation (CJC) circuitry is included to provide correction for
thc ambicnt temperature and its varations. A CJC sensor is pro-
vided on cach channel of che backplance.

Isolated Qutput Module. Figure 7 is a block diagram of the 3839
isolated oucput module. [t provides the same kind of protection as
the solated input modules. Its current outpuc can be ficld cah-
braced with its on-board pair of adjustmenc potentiometers.

Figure 7. Model 3B39 Voltage-to-Current Converter.

Ruanging card for zero suppression and span modification. The
block labeled “*Ranging Card (if used)™ highlights an unusual
extra featare of 3B modules. A unique plug-on ranging card
(Madel AC1310), that fits in a recess in the madule, allows the user
to provide zero suppression of up to and beyond 100% of the input
range and provide a very wide range of span modificadion. This
capability allows the user to map any portion of the input signal
onto the full output swing. For example, if you want to measure
temperacure with a thermocouple in the span of 8B00° to 900°C, the
ranging card can be used for greater system cesolution in that 100°
emperature span.

If a special signal range is desired for any input function, it can be
provided by ordering the externally programmuble version of the
desired module (for example, 3B32-00} and the plug-on ranging

Analog Dialogue 16-3 1983

card (AC1310), which houses user-supplied resistors that detee-
mine the zero and span of the new range. The resistor values are
established by equations defined for cach module.

Table 2 lists che general specifications for input modules. Espe-
cially noteworthy are the widc operating temperacure range for
rated performance, —25°C to +85°C, and—cxcept for isolation
and commos-mode ratings—cthe minor difference in performance
between isolated and non-isolated modules.

Table 2. General Specifications for Input Modules.

(typical (4 +25°C and = 15V, + 24V d¢ power)

Isolated Nonisslaicd
Model Modufes Moduley
Inputs Uer Table | .
Qutputs! Qo » 10V wr SmA or 2 10V m
< SmA .
1.20mA or 0-20mA 1
Ry~ 010 8S0(
Accutacy’ = 0.1% span .
Naonlincarity® + 0.01%pan ‘
Stability vs. Ambicn Temperature
V'obtage Quiput
Zero =\ Clor G -100 (RTTY -
Span 2 0.002850 reading " C .
Current Quiput (w.r.1. Voltage Ouipor)

7era 2 0.0025% span C .

Spn £0.0025% reading” C .
Common Mode Voluage, Inputto Quiput = 1500V pk mux 2 6.5V
Commaon Mude Rejection e S50Hzor 6017

ki) Source Unbalance 16048 90dB*
Normal Mode Rejection tr S0}z or 60H 2 60JB 6OR
Diffecentiul Inpuin Protection® e cont, 200V 130V
Vaftage Qutput I'rolection Caontingous Shon wGround .
Current Quiput Protection 130V rmis. cont, -
Zero and Span Adjustment Range’ 4 8% of s\pan .
Jnput Transient Cratection Mecls JEEE-SEDS72(SWC) NiA
Input Resistance 15590 10081
Input Bias Currcni 3nA "
Inpul Naise 0.2V emxat (012

bandwidith -
Rundwidth 3l - XdB)Y ¢
Powrr Supply” SISV e, » MV de .
Size 31507 x 0,775 > 3.3957 .
conmenial
Temperature Range, Rated Per(ormance -25Ctu + §5°C .
Storage Tempurature Range =55 Gl » 88C .

Relative Humidity Confurms 1o MILSpec 202 01095% ur 60°C
aoncondensing

= 0.3 xpancrrof,
SN J00M Y Dz 0 301,

RY 1 Suscepribility

NOTES
"\'nltage vurpat range « determined by the mudule input rnge while The currenr oupat canke s usef rctevtable.
FFor 20-20mA fange, a typrcal mumimumoutpul <urrenf is JopA,
APy spex includes the cumbinad effects of iepcatybility, hyaterraus and hineacny. Do
aunin lude sensst o signal vource errur,
‘RTI> Medels 3B14, IR19. xnd IA3 have s (incaurivation conformity errng of * 0.08%.
*Midels 1813, IRIS, SR 1S, and IR16 cach hate the vommnn mode voltage dererminad by I iternal
excataion QrcuRry.
“Inctude exotation vircailny far models YV Y 3RIIRLS, YR and IBY.
? A wide cange of secs WPpressiun kd vastumcs ibmation may he sccomplivhed waith 2 custom
ranging vard, ACU IO,
"o 14V de power o only needad (ae driving the carrent vuepuatap w101 T ynlv voltage
aupul s s, ara currentaurput ad of 4000 of bas b doairad, = 1SV i allthat reyuired.
“Npen il same e ivofated modules
Spaicatuun subect 1o change withaul nodxe.

WHAT'S NEXT?

The 3B Series Subsystems and hardware aceessorivs (mounting
kits, cables, etc.) arc the first in an extended family of plug-in sig-
nal-condidoning modales and backplanes. A uscful new member
of the family, to be introduced soan, is the 4B Series Alarm Limit
Subsystem, which provides alarm and limit-monitoring capability
for high-level or process current signals, such as those available ac
the vutputs of 3B Series inpuc modules.

This growing family, of which 3B is the parent, will provide all of
the functions necessary for off-the-shelf multichannel industrial
data acquisition, while allowing for the diversity of individual user
requirements, The combination of a wide range of functions with
high performance, 100% burn-in at the factory, and vasy in st
expansion at low cost, makes this svstem worth investigatnng
whenever you are considering the design of a new data-acquisition
system, or even extending—or protecting—an on-line system. a



SENSOR-BASED INTELLIGENT DATAACQUISITION FOR STD BUS

Signal Conditioning, A/D Conversion, Pre-processing with RTI-1270 Subsystem
From Sensor Screw-Terminals to the Data Bus via Memory Mapping—at Low Cost

by Frank Mefanson and John Mills

The STD bus is one of the maost popular microcomputer buses; it
is supported by more chan 100 manufacturers, and the number of
STD-bus applications is growing at a rate of about 35% per year.
The reasons arc the usual ones—Ilow cost, compatibilicy with a
wide range of processors and supporting hardware, flexible modu-
{ar configuration, and a positive-feedback “handwagon™ effect:
success breeds sacceess.

For this reason, it makes sense for a manufacturer of analog inpue-
ourput data-acquisition subsystems to offer produces thac simplify
the interfacing of analog signals to microcomputers by users of the
STD bus. This philosophy was explained in our introduction of the
S1D-compatible RTT-1225/26 and RTT-1260/62 10- and 12-bit
O-card fumilies” in Analog Dialogue 16-1 (page 10).

The cacch with mose such cards is that the systemintegrator must
stilt deal wich various Jevels of analog front-end circuiery and re-
tated software support. Such problems as isolation from high com-
mon-mode voltages, preamplification of {ow-level signals o
match a given transducer, cold-junction compensation of ther-
mocouples; lincarizing of nonlinear signals from cransducers, and
conversion of the digital cepresentation of analog data to engineer-
ing units chat represent the measured variable, all inconvenient at
best—and exceedingly difficult at worst—must be dealt with in the
analog front-end circuitry and in software.

[tis precisely this dilemma thatis resolved by the RT1-1270* daca-
acquisition subsystem. It is the firstintelligent STD-bus-compati-
ble subsystem to provide all the necessary signal conditioning, as
described above, for interfacing to a wide range of commonly used
sensors and input conditons. The former include thermocouples,
RTDs, strain gages, voltage and current signals in the millivol,
volt, and milliampere ranges; the lateer include electrical noise,
ground loops, and commaon-made volages.

RTI-1270 A/D- _
CPU BASE CARD i : !

MANNNNNNG S

¥ ]

WHATISTHERTI-1270 SUBSYSTEM?

An RT1-1270 subsystem (Figure 1) consists of an RT1-1270 13-bit
converter/processor card and from onc o four RTI-1271 four-
channdl signal-conditioning/multiplexer cards. All cards are clec-
trically and mechanically compadible with the STD bus.

The RT1-1271 permits direct screw-teemina) connection of analog
inpurts; it provides 130-V rms input procection, filtering, cold-
junction compensation, sensor excitation, and multiplexing. Two
types of signal-conditioning cards—isolated (RTI-1271-B) and
non-isolated (R11-1271-A)—arc available. In addition to isola-
tion, the RT1-1271B features 130-V rms normal-mode input pro-
tection and 160-dB common-mode rejection. A DIP swicch on the
card permits the user to configure the card for any onc of the input
ranges or types listed in Table 1.

& @ | RTI-1271 SIGNAL
CONDITIONING CARD

Figure 1. InRYI-1270 Analog Input Subsystems, analog input data is automatically scaled, linearized, and converted
to engineering units. This allows the user to simply connect sensors via industrial-type screw terminals, plug the

cardsinto the STD bus, and go.

“Use thereply card for technical data.

10
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Up co four RTI-1271¢ can be plugged into an STD backplane and
mtercomected with an R11<1270, in daisy-chain fashion, with a
factory-supplied ribbon cable. The cards can be mixed or macched
to provide the required complement of isolated and non-isolated
channels; in increments of 4 channels.

The R'EI-1270 ald converter-central processor card concains a 13-
bi¢ integrating-type a/d converter, a microprocessor, and bus-in-
cerface logic. This local processor controls the data-acquisition
process, by scanning and converting dhe analog inputs at a preset
rate of either 15 or 30 conversions per secand.

Once input daca has been digitized, icis linearized, converred o
engineering unics in binary, BCD, and ASCII formats, and stored
in memory (1K), This data, which is condnuously updated, can be
read by the host CPU, using simple Memory Read instructions.
The use of the dedicated processor in this unicsignificandy eeduces
software overbead and the need for software development,

Table 1. Signal Conditioning Cards: Sensor types and input span

selection available.

Signal Conditioning Card

RTI-1271-A RTI-1271.B

Input Type/Span (Nonisolated) (Isolated)
de, = 25mV, = S0mV, = 100mV . .

dey 2 IV, =28V, = |0V . .
de0-ImA,0-20mA , 4-20mA*" . .
Type J. K. S, T Thermocouple . .
100} Platinum RTD N

Strain Gage = 30mV, = 100mV Inputs
ADS90, AC2626 Temperature Sensor .

*Requiresrexisior divider kit.
" *Requites shunt resistsr kit

The RTI-1270 subsystem requires only a + 35-V power supply; it
will operate with any STD bus system eonploying a Z80 or 8085
CPUL Prices in small quantity are: RTI-1270 card, $395; RT1-
1271 A non-isolated/RTE-1271-B isolated cards, $395/5483.

HOW IT WORKS

The on-board microprocessor cycles through the acive analog
input channels and initiates conversions at cither 15 or 30 channels
per second. The converted data is read, converted to engineering
units, cold-junction compensated and/or lincarized, depending on
the scting of the DIP switches, formatted, stored in a common
RAM, and updated continuously.

The RTI-1270 subsystem uses a memory-mapped VO incerface
scheme o iterface to the microcomputer. Since the subsysten is
treated as a block of memary, simple memory-reference instruc-
tons citn be used to access the RAM and read out the most-recent
data corresponding to any of the input channels. Conflicts beaween
the RTI-1270 (Weite) and the STD bus (Read) in aceessing the
common memory are arbitrated by making use of the HOLD stace
ol the RTT-1270% pPand che WATT seace of the STD-=bus Y.

APPLICATIONS

RTT-1270 subsystems can be casily integrited into a broad range
of industrial and laboratory measurement applications. Sensor-
based apphcatons include engine test stands. foad-processing
cquipment, oven controllers, production machinery, and process
MONoNNgE.

Figure 2 shows how a group of four thermocouples are instru-
umeneed with an RTE127 1AL The devices are directdy connected
1 the serew werminads; an on-board cold-innction sensor monitors
the temperatare in the vicinity of the serew terminals, providing

@ reference remperature input Jor cold-junction compensation,
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which is compuated digitally. The chermocouple outpue voltage is
linearized, and Faheenheit or Celsins theemocouple daca is stored
in memory in binary BCD, or ASCI format. For evpes |, K, S, and

T thermocouples—scelected by a DIP switch—temperature ranges,

3 . - e s
avpical resolution and aceuracy are shown i Table 2. Ld

Figure 2. Connectingthermocouplesto RT)-1271 (A or B).

Table 2, Thermocouple resolution and accuracy (Celsius setting).

Type  OurputRange(°C) Resolution(®C)  Error(°C)
J ~100.0t0 +760.0 0.2 =10
K - 100.0to +1232.0 0.3 + 1.
N +300.0c0 +1768.0 0.6 +3.2
T =200.0¢0 +400.0 0.1 *1.0

RTI-1270 and RTI-1271 FEATURES

1. Industrial serew terminals provide direct field wire connection.
2. Reference junction sensor provides cold-junction campensation
for thermocouples,
3. Channel expansion allows up to four RTI-127 15 to be connected
tothe RT1-1270 thus providing a total of sixteen input channels.
4. Input type switch programs cach RTI-1271 independently for
any one of the mput ranges hsted in Table 1.
. Provisions are made for user-installed current sensing and volt-
age divider resistors.
6. Two types of signal conditioning modules handle a full range of
sensorand other analog signals.
7. On-board defde converter allows direct operation from the STD
bus + 5V supply.
8. Ribbon cable interconnect cards in a daisy chain fashion.
9. pPunburdens STD bus CPU by performing data acquisition con-
trol, sensor lincarizanon and conversion toengincering units.
10. 12-bit integrating analog-to-digital converter provides high
.ICL'{II'.'\L"\- CONyUrsmon.

=

11, Firmware dedicated to continuously scanming mput channels
stores the resultant dara in the common memory.

12, 1K byte of common memory can be accessed by the STD bus
CI'U host using memory reference instructions.

13. STD bus compatible intertace allows operation with any 8085
ar Z8OCPUL

14, Jumpers allow the 1K of common memory 10 be mapped onany
one of 64 1K blocks,

[



POWERFUL MEASUREMENT-AND-CONTROL SYSTEM...AND MUCH MORE
MACSYM 350: Based on a 16-Bit Computer, Can Address up to 1 Megabyte of RAM
Floppies or Winchester, MP/M-86, Multitasking BASIC, B&W or Color Graphics

by Richard Quinn

MACSYM 350%, the third generation of MACSYM Measure-
menc-And-Control  SYsteMs, consists  of the srand-alone
MACSYM 150 and its optional companion, the MACSYM 200
intelligent fronc end. MACSYM 350 has many of the features that
have fostered MACSYM's widespread acceptance m the industry,
including casy-to-usc real-tme multitasking MACBASIC and a
wide choice of interchangeable specialized analog and digical
input/output and communication interface cards.

The MACSYM (50 work station (Figure 1) is a complerely self-
contained 16-bir minicamputcr with integral floppy and/or exter-

Figure 1. System view of MACSYM 150 and its relationship
to MACSYM 200.

nal Winchester disk storage and incernal RAM with up (o one mil-
lion bytes, plus keyboard and display. Speciadized /) cards (Series
100) plug into a 6-slotinternal backplane; they provide analog, di-
gital, & communications VO, and memory expansion. With s
MACBASIC 3 software, high-resolution monochrome or color
graphics capability, and 16-bic 8086 CPU plus 8087 floating-point
co-processor {or fast number-crunching, the MACSYM 150 pro-
vides the speed, processing power, memory, /0O capability, flexi-
bility, and case of use required for handling a wide varicty of real-
world data acquisition, display, storage, transmission, and control
functions.

EXPANDABLE

More than that, it is expandable, in both hardware and sofuware,
to handle systems of larger scope and range of functions. As Figure
1 shows, it can be expanded into a MACSYM 350 system by the
addition of the MACSYM 200 front end, which provides for ap
to 16 additional slots for data acquisition and control. More than
30 types of analog-digital inpudioutpue (AD1O) cards can plug di-
rectly (and interchangeably) into these VO slots. A 16-bic CPU pro-
vides intelligence, controls the ADIO backplane, and handles local
data-processing nceds. Resolution of a/d conversion is sofeware-
seleceable: 12 or 16 bits. Communication between the MACSYM
150 and the MACSYM 200, completely transparent to the user,
is provided via an RS-422 interface.

A user's system can be furcher expanded to include up o 31
MACSYM 200s (and/or other peripherals, such as CRT's, printers,

®For rechoical daea, use the reply card.

12

1 . ]
cte.) by means of MACNLET—a coaxial-cable based 1-megabic-
per-second Jocal-arca necwork, resulting in a powerful distributed
MACSYM 150 system capable of addeessing an expandable range
of complex applications in measurement and control.

In sofeware, the MPYM-R6 (supersec of CP/M-86) operating system
allows cthe vser to draw on the existing wide range of CP/M-86
compatible software, such as FORTRAN, Pascal 8086 Assembler,
word-processing, database management, and financial analysis.
This suggests the possibility of using the same syster to perform
an experiment and then (o write thie report, including the graphics.

MACSYM 150 WORKSTATION

Figure 2 is a functional block diagram of the MACSYM 150, The
blocks oudlined by solid lines are standard feacures; those outlined
witls dashed lines are available options. The standard model in-

Figure 2. Functional block diagram of the MACSYM 150.

cludes the 16-bit microcomputer, with ics dual bus system, a $ 4”
floppy-disk drive with 320K bytes of storage, graphics wich 640
% 240 pixcls of resolution, 128K bytes of RAM, a [2-inch green
phosphor  momitor, an  82-key  detachable  keyboard, and
MACRBASIC 3 software. Price of the standard model s $6.540.

The MACSYM 150 can be expanded (o include a second 320
Kbyte floppy disk, color graphics (640 x 240 x 8 colors), Win-
cheseer hard disk (10 Mbyees), Hamming-code error correction,
RAM/PROM niemory expansion to ! Mbyte, communications
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cards (ICEE-488, RS-232, RS-422, RS-423, 20-mA current loop),
digital and 12-bit analog I/0 cards, 12-inch color (RGB) monitor,
MACUNET interface, and che gamut of CP/M-86-compatible soft-
ware.

The photograph shows the outside of the MACSYM 150's hous-
ing, 2 custom minimum-pares-count, high-strength, rim-molded
polyurcthane enclosure, which supports the mtegrated-ciceuit
board, power supply, and floppy-disk drives. The unit is casy o
service, because all circuit boards are accessible from the frone. An
optional 19 rack-mountkicis also available.

The Serics 100 interface cards plug dircedy into the 6-slot back-
planc of the MACSYM 150 main processoc board, providing
analog & digital 170, serial communications, IEEE-488 bus con-
trol, memory expansion o 1 megabyte, and Winchester disk ineer-
face.

Typical cards include a two-channel Sceial-Interface Card (DSI-
100) (0 communicate with printers, plotters, terminals, modems,
pMAGCs, and other peripherals; an Analog Input Card (ATM 100)
for 12-bit, 16-32 channel data acquisition; an Analog Ourput
Card (AOT100) for 4 or 8 channcls of 12-bit analog outpug; and
a Digital VO Card (DIO100) for 16 TTL-compatible channels of
switch-selectable input or output (open collector) thae can inter-
face dircedy with the 2500-volt-ac isolated MACSYM SSRO1
solid-stace relay panel.

MACSYM 200 INTELLIGENT FRONT END

The MACSYM 200 is an intelligent measurement-and-control
front end that can provide MACSYM 150 and 350 systems wich
slats for up to (6 similar or different analog-digital input/outpue
functions, using proven MACSYM ADIO cards. As Figure 3
shows, the on-board CPU is a 16-bit 8088; other features include
a dual-mode 12/16-bic dat-acquisiion system, permitting 3
specd/resolation tradeoff, automatic self-calibracion, programma-
ble analog gain, and up to 236 Kbytes of RAM. Its 16-slot ADIO
bus supports the entire family of MACSYM ADIO cards. An op-
tonal 19" rack-mount kit is available. When (he standard
MACSYM 150 and a standard MACSYM 200 arc combined to
forma MACSYM 350, ics priceis $9,990.

The digial system clectronic cireuicry is located on a single circuit
board, physically separated from the ADIO bus. This approach,
used in the MACSYM 2 famijly, isolates the ADIO bus from the
digital hardware, minimizing interference with low-level analog
signals.

Figure 3. Functional block diagram of the MACSYM 200.

The a/d converter, mulciplexer, and a  programmable-gain
amplifier for scaling analog signals are resources shared by all
ADIO cards, minimizing the cost per analog input card. Awtomatic
calibradon, at a software-selectable race, calibrates out input and
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output offset errors and gain errors, for excellent overall long-term
scability and performance in changing environmental conditions.

The MACSYM 200 communicates with che MACSYM 150 via a
synchronous RS-422 communication part, running at 307.2
kilobaud and maintaining this data rate ac locations up to 1000
feet away from the MACSYM 150.

ADIO CARDS
“['he processing capabilicy of MACSYM computer systems is inter-
faced to real-world signals chrough our extensive library of ADIO
cards. I'hey provide all of che signal conditioning necessary for di-
rect connection to thermocouples, strain gages, flow meters, re-
lays, tachometers, valves, alarms, controllers, and other sources
and destinations of analog and digital voltage and current signals.
You merely select the card you need, connect your sensors and ac-
tuacors o them, using conveniene screw terminals, and the system
is ready to go. Changing applications is almost as easy as changing
cards. Table 1 hists a sec of cards currendy available™.

Table 1. Available ADIO Card Functions.

MEASUREMENT INPUT

AN Isvlated Analog Input

AINOY High $pced Analag Input

AINGOL Strain Gage Input

RTON RID (npue

“ncol High Speed Fhermovouple Inpur

nco2 Kolated Yhermocouple Input

TCod High Isolation Theemocoople

1C04 High Speed Thermocouple lapuc

1TC0s ADSYO Tempeeature Tranvducer Inpug

ANALOGINPUT

AOCIN 12-Bit Analag Voliage Oupu

AOQCU2 12-Bit Aoalog Curecol Qulpul

AOCO4 10-Bie Unipalar Analog Valeage Outpue

AOCLS 10-Bic Bipolar Analog Valtage Quepue

AOCL6 10-Rit Analog Currene Ouepuc

DISCRETE INPUT/OUTPUT

DINOI Isolated ac Inpul

NINO2 Isoated dc Inpul

DIOVI Isolated Solid Seate Input/Queput

DOTMN Isalared Digital Oucput

DO7Y03 Form “A" Relay Outpui

DOTO4 Foem "C" Relay Ourpar

PULSE VO AND CLOCK FUNCTIONS

CLKO2 Battery Racked Calendar/Clock

EVCOI Eveat Councer

FINOY Frequency Inpui, 8-Channcl

FINU2 Frequency Inpai, 16-Channcl

INTQI Isolated Prioeicy Inteerupr

INTO2 Privricy Intcrrupt

POCOT Pulse Ourpur

wITroi Waich Dug Timee

SPECIAL FUNCTIONS

BNKOY Rlank ADIO Card Breadboard

s$sPo) Sprech Syarhesizer

STRLIL Screw I'erminacion Board
MACBASIC 3

MACBASIC 3 is an expanded version of BASIC, optimized for
real-time measuremene and control. Special variable nammes are
provided for the most common m & ¢ functions, while grapbics
commands lee the user display and update measared variables in
real time. Mudtitasking lets you write sections of your total process
as independent tasks and have them run with independent
schedules and rates. MACBASIC 3 automatically allocates CPU
tme and system resources, sa that all tasks appear 1o ran simul-
tancously.

Because MACBASIC 3% ling-by-line compiler translates program
statements direetly into machine code as they are eatered, it com-
bines the casc-of-use of interpreted languages with the exccution
speed of compiled languages. MACBASIC 3 uses the MP/M-86
operating, system, a real-time multitasking superset of die popular
CP/M-86 operauing system. a

* Detanled specifications for ADIO cards can be found in the new 62-page
catalog, Amdog! Digital Inprt! Ontpnd for MACSY M Sysiesns.
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FASTER TESTING WITH NEW (..C-BASED BENCHT(OP TESTER
LTS-2015 Reduces Test Time by 10 to 50%, Tests Op Amps, DACs, ADCs, Etc.
LTS Accuracy Verifiable Automatically via LTS-2410 Calibration Board

The LTS-2015% Lincar Test System is a minicompueer-based auto-
matic benchtop system for tescing linear and digical ICx. Retaining
all the features that insured the widespread aceeptance of its pro-
genitors, the LES-2000% and BASIC-programmable LTS-20107, it
adds high-speed floating-point operation, The L15-2015 will au-
comacically tese op amps, d/a and a/d converters, and other devicees,
with resolutions and accuracies to 16 bits, buc wich higher
throughput, comparable to that of much larger mainframe ATE
systems. It also cakes full advantage of che File Manager sofc-
waret, provides twice as much mass storage as the carlier LTS sys-
tems, and bas simpler operator controls.

The L15-20)5 was designed ta provide higher throughput for
manufacturers and large-volume users of devices, and improved
mathemadcil power for users who require on-line analydceal test
capabilities. Typical apphicadon arcas include imcoming inspec-
tion, semiconductor production, and component evaluation.

The key to its improved performance is the use of a dual processor
architeceure. An Intel 8O86-R80R7 chip set performs floating-point
mathematical manipulations, frecing the Texas Instruments 9900
16-bic main processor from the necessity to perform tdme consum-
ing number counching: dhis facihitanes test operavions and the many
required boosckeeping, control, and communication functions
performed by the main processor,

The dual-disk drive seructure, bestdes doubling mass storage capa-
biliey and allowing the nser (o take full advantage of che File Mun-
Az operation, also eliminates the need o shuffle disks into and
out of single drive. In addition, improved human engineering
details ke aperation easicr, surer, and tess susceptible 10
tampering.

Throughput improvement depends on the test program and the de-
vice type. However, an example of what can be accomplished can
be seen inthe testing of 74 1-type op amps: the entire de parametric
test sequence is performed in 480 milliscconds, as compared to
880 milliscconds with the LTS-2000 and L'1S-2010. Like che
others, the LTS-2015 will also perform dynamic op-amp tests,
such as gain-bandwiddh products up to 100MHz, slewing rates up
(o 1000V/ps, and input bias currencs from S00A. \When testing 12-
hit ADCs, using the mtelligent ADC family board?, an all-codes
test can be pectormed in 800 milliscconds, compared w seconds

for other test systems.

In other respects, the LTS8-201§ is fully compatible with other
members of the LTS wester family, including 1he whole range of
family test boards, sacket assemblics, and the library of software
written {or the L15-2000 and L'1S-2010. All systems offer such
featares as daca logging of individual test results, statstical analy-
sis of data in cumulative, histogram, and/or graphical form for
trend study, and yield :ainadysis of deviee lots, And all systems inter-
face conveniently 1o automatic probing and handling equipient
¢ Use the reply card foricchmeal daga,

{See Analog Diatogre 1622 page 19,
{See Andlog Dialogre (a- 1 page (2.

14

(while maintaining unimpaired accuracy) via their handler inter-
face, as well as to other peripherals via R$-232 and 1EELE-488
buses. The LTS-2015 System Console is priced at $35,000.

AUTOMATIC CALIBRATION WITH THELTS-2410

Besides sclf-calibravon, performed antomatically at hourly inter-
vals—and more frequendy upon demand—the 11S-2015 (ind

other TS systems) can be traccably—and antomancally—calib-
rated 1o established precision standards. The key is the new LT$-
2410 Calibration and Funcuonal-Test Family Board.

Icis plugged into the Family-Board slot of LTS westers (Figure 1),
like any other family board. When conpected to a user’s Hewlet
Packard 3455A or 3456A digital voluncter, the LT§-2410 auto-
onatically performy all the required handshaking with the voline-
ter (via the IEEE-488 bus and the signal input) to excercise all the
critical functions of the LTS console (including the handler pord).
It also provides both verification of performance and guidance for
the user 1o precisely adjust the system’™s 10-V reference and source-
bouard calibration points.

The user's Hewlea-Packard voltmeter, controlled via the [ELEE-
488 port, luncrions as both an autonomous measurenient system
and a reference against which accuracy of the LTS Console can be

compared, [3

Figure 1. LTS automaticaily calibrates itself with an
HP3455A voltmeter.

Anzlan Dialoaue 16-2 1982



INDUSTRY'S FIRST QUAD 12-BIT DAC IN A 28-PIN DIP

Space-Saving AD390 Contains Four 12-Bit Voltage-Output DACs on a Bus
Complete Including Stable Reference; Double-Buffered for .P Compatibility

The AD390%, the industry’s firsc quad DAC, is a 28-pin hermeti-
cally scaled ceramic DIP that concains four pre-trimmed double-
buffered 12-bic digiral-to-analog converters, served by a common
12-bit-wide input data bus. Included in the package (see photo-
graph and Figure [) are four double-buffered 12-bic DACs, four
fast=seteling op amps, a reference-buffer follower, and a precision
10-volt reference, which may serve as the common reference. An
external reference—or an attenvarted version of the on-board re-
ference—may be used instead for system applications or where
other than = 10V full-scale oucpuris desired.

ARIGO

=

coa ()i

Figure 1. Functional diagram ofthe AD390.
The AD390 contains a 12-bit internal data bus, a 4-line Chip-
Select bus for decoded addresses, and Load/Enable control buses
for transferring data for local storage and/or conversion. The bus
architecture combines independent DAC addressabilivy widh eco-
nomy of pinount—for compactness and reliability—and compati-
hility wicth microprocessors, for simplified system integraton.

Aimed at avtomatic st equipment and general microprocessor-
hased data-distribution applications, the AD390 may also be used
in process control, multi-axis numerical control, and positoning
of NMight-control surfaces. Where printed-circuit board space is at
apremiun, the Quad-DAC is anideal solution. The AD3Y0 offers
high functional density, guaranteed precision over temperacure,
and climination of external suppart components and trims.

Although it is available in several selected accuracy and tempera-
ture grades, all versions of the AD390 are graaranteed monotonic
aver temperatire, Maximum scutling time for all grades is 8us to
= 0.01% for full-scale outpue changes; and dhe internal reference
is trimmed to within = 0.03%. J and K grades operate from 0°C
to +70°C, and S and T grades operate from —535°C to +125°C.

“Forevhoical data, vse the reply eard.
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S and T grades acc also available with MIL-STD-883B pcocessing,
Performance is summarized in Table 1.

Table 1. AD390DAC performance.

SPECIFICATION AD390JD/SD AD3I9OKD/TD
Gain Ercor, max (% of (ull-scale range) = 0.1 *0.05
Offset, max (% of full-scale range) =0.05 =0.025
Lincarity Frror, max (LSBx) >V -
Differential Lincarity Error, max (LSBs) = % Vs
Temperature Drift

Gain, Internal Reference (ppm/7°C) =40 =20

Gain, External Reference (ppm/” CYy - =10 =3

Zero (ppm/~C) +10 +5

Lincanty Lrror, T, (0T« (1SB) =V =\

Diflerenual Lineaeity U, (0 T
Price (100s)

Monotonicity Guaranteed

S115/5296 $136/5347

Figure 2 shows the simplest example of how the AD390 is typically
interfaced to a microprocessor bus, using a 7415139 2-bit decoder
for the lase two address bits to obtain the (our chip-selece inputs.
In chis case, the second-rank registers are made transparent by
hard-wiring Al low, allowing only one DAC at a time to be up-
dated. The data sheet” shows other schemes that czke greater ad-
vantage of che AD390%s flexibility. [3

16.8IT 11 p—t—
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BUS !
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L/ Dia b—
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HIGH = :
ROER RASE gl

Agnggss ADDRESS AD390
BITS DECODERA —
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A1 i 1
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F4L5139 b F,
AD
wWh

Figure 2. tnterfacing the AD39010 a 16-bit bus.
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UNDERSTANDING INTERFERENCE-TYPE NOISE

How to Deal with Noise without Black Magic

There Are Rational Explanations for—and Solutions to—Noise Problems

by Alan Rich

If the circuit doesn twork, add a decoupling capacitor anywhere—
2 0.01F ceramic dise, of course; they™)) fix anything! Oc when
your circuit is broadcasting its noise, a shield will cureic juse wrap
a picce of metal around the cireuit, connect that shield to

“ground,” and watch the noise disappear!

Unfortunately, Nature is not that kind to us in real life. Thac
0.01l disc you added only increased the noise; and the shield you
added was totally incffective—or, worse yet, the noise reappeared
ina remote part of che aireuit.

This article is the firse of a two-par serices to help you understand
and deal effectively with interference noise in eleceronic systems.
We will consider here the mechanism that canses noise to be picked
up, since the first step in solving any noise problem is to identify
the source of the noise and the coupling mechanism; only then can
an effective solution beimplemented.

The sceond ardicle will suggest specific techniques and guidelines
for cffective shiclding against clectrostatic and magnedically
coupled noise.*

WHATKIND OF NOISEAREWETALKING ABOUT?

Any clectronic system contains many sources of noisc. Three basic
forms in which it appears arc: transmitted noise, received with the
original signal and indistinguishable (rom w, btrinsic noisc, (such
as thermally generated Johnson noise, shot noise, and popcorn
noise) originating within the devices that constitute a circuit, and
interference noise, picked up from owtside the circuit. This Jast
may cither be due to nawral disturbances (e.g., lightning) or be
coupled in from other electeical apparatus in the system or its vi-
cinity, for example computers, switching power supplics, SCR
controlled heaters, radio transmitters, switch contacts, cte.

This article will consider only the last category, man-made noise,
the most pervasive form of system noise in data-acquisition or test
systems. Although it is most annoying in low-level circuits, no part
of the system is immiune to it. But icis the only form of noise that
can be influenced by choices of wiring and shielding.

ASSUMPTIONS AND ANALYTICALTOOLS

Alchough Maxwell's equations—with all the machematical agony
that they imply—ar¢ necessary for a complete and accurate de-
scription of how clecteical systems behave, convendonal circuit
analysis is a useful ool in most cases. The assumptions that permit
circuit analysis to be validin solving these problems are:

1. All cleetric fields are confined to the interior of capacitors.

2. All magnetic fields are confined to the immediate vi-
cinity of inductors.

3. Dimensions of the circuits are small compared to the
wavelengths under consideration.

< Another helpfol and relevant article that appeared in these pages was “Analog
Signal Flandling foe High Speed and Accuracy,” by A, Paul Brokaw, Analog
Dialogre Y1-2, 1977 pp. 10-16,
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Using these assumptions, we can model noise-coupling channels
as lumped circuit elements. A magnetic ficld coupling rwo conduc-
tors is modeled as a mutual inductance. Stray capacitance can be
modeled as two conductors with an clectric ficld between chem.
Figure 1 shows an equivalent circuit of a situation where two short
wices are adjacent to one another over a system ground.

Figure 1. Noise-equivalent circuit of two adjacent wires and
aground plane.

Once the complete noise cquivalent-circuit is obtained for a sys-
tem, the problem becomes one of solving nctwork equations for
a desired parameter. All scandard lincar circuic analysis techniques
can be applied, including node cquations, loop equations, matfix
algebra, state variables, superposition, Laplace transforms, etc.
When circuits exceed S or 6 nodes, manual calculation becomes
difficulr; at this poine, computer-aided programs, such as SPICL,
and other CAD techniques become necessary. Expericnced de-
signers can make appropriate simplifying assumptions: but cheir
validity should always remain in question until proven.

The lumped-clement approach will not always give an accurace
numerical answer, but it will show clearly how noise depends on
system parameters. Just the act of drawing a reasonably faithful
equivalenc circuit may offer clues to methods to reduce notse levels.
Once network equations or CAD prograims arc written, the quan-
ticative effects of noisc-suppression techniques can be studicd.

In spite of all the modern cechnical advances, such as microproces-
soes and switching power supplies, wires still have resistance and
inductance, capacitance still exists in the real world, and such
phenomena must be reckoned with.

THEBASIC PRINCIPLE

There are always three clements involved in a noise problem: a
noise source {line transients, relays, magnetic fields, etc), a
coupling medium (capacitance, mutual inductance, wire), and a
receiver, a circuit thatis susceptible to the noise (Figure 2).

. | COUPLING | |
SOURCE |—— il iy o
| | ‘ CHANNEL | |
— I NN
| \
— LINE TRANSIENT — CAPACITANCE —H
‘—r.ﬁm;ruszm: |—CONVER

‘. ~-MAGNETICFIELD

— AM RADIO — REFERENCE

— WIRE
|-— LOGIC SIGNALS

Figure 2. Noise pickup always involves a source, a coupling
medium, and areceiver.

To solve the problem, one or more of these three clements muse
be removed, reduced, or diverted. Their role in the problem must
be thoroughly understood before the problem can be solved, If che

Analog Dialogue 16-3 1982



solution 1s inappropriate, it may only make the noise problem
worsce! Different noise problems require different solutions; add-
ing a capacitoror a shield will notsolve every such problem.

T'YPESOFSYSTEM NOISE

Noise in any electronic systeny can originate ar a large number of
sources, including computers, fans, power supplies, adjacent
cquipment, test devices; noise sources can even include improperly
connected shields and ground wires chat were intended to combat
noise. Our discussion of noise sources and coupling mechanisms
will inclade the following topics:

Common-impedance noisc
Capacitively coupled noise
Magnencally coupled noise
Power-line cransients
Miscellancous noisc sources

Common-Impedance Noise. As the name implics, common-im-
pedance noise is developed by an impedance that is common to
several circuits. Figure 3 shows the basic canfiguration, which
might occur when a pulse output source and an op amp's reference
terminal are both connected to a “ground” point having tangible
impedance (o the powee-supply return terminal. The noise current
(the noisy return cureent of Circuir 1) will develop across im-
pedance, Z, a voliage, Vi, which will appear as a noise signal
to Circuir 2.

Figure 3. How noise is developed by a common circuit
impedance.

Typically, this type of noise has a repetition rare that is sct by the
rate of the noise source. The actual waveshape is determined by
the characeeristics of che impedance, Z. For cxample, if Z is purely
resistive, the noise voltage will be proportional to the noise current
and of similar shape (Figure 4a). If Z is an R-1-C, the noisc voltage
will ring ac a frequency, /(27 VLC) and decay exponentially at o
rate set by L/R (b).

Figure 4. Noise effects in a commaon impedance. (3) Resis-
tance. (b} An R-L-C circuit. [c) Switching-supply noise
response.
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If noise of this kind is found in a circuic, its origin may be readily
deduced from the repeticion rate and waveshape. The repetition
rate will poine to the source of noise, since the naise and its source
are synchronized. For example, a noise waveform like char shown
in (¢}, at a 28kHzx repeticion race and a 25% duty cycle, might be
typical of a switching power supply containing a regulating loop
using pulse-width modulation.

The wavefornt will help identify che impedance that is actually
generating the undesired noise. If, for example, the waveform of
the noise is the simple damped sinusoid shown in Figure $, the fol-
lowing features allow us to deduce the nature 0f Z:

*A constane cesistance, R, s in series with the line. The voleage
change, Vs the productof Rand a currenesiep, 1.

“The nataral frequency of the oscillacion, £, is determined by the
series Land shune C, f = 1/(275VLO).

*The damping time conscane, 1, is determined by /R,

Figure 5 Waveshape for an underdamped R-L-C circuit.

Capacitively Coupled Noise. Noise is also produced by capacitive
coupling from a noise source to another circuit. This rype of noise
is often seen when signals with fase risc-and-fall cimes or high fre-
quency content are in close proximity to high-impedance circuits.
Stray capacicance couples the fast edges of the signal into adjacent
circuits, as the circuit model of Figure 6 shows. The nature of the
impedance, Z, determines the shape of the response. Typical
capacitances are listed in Table 1,

Figure 6. Stray capacitance couples noise into high-impe-
dancecircuits,
Table 1. Typical capacitances.’

Condition Capacitance
Himan stauding on an insulator o carth 700 pl
Powerinput (a¢) o outpur (de) of = 13-V desupply 100 pl
Two-conductor shiclded cable:

Conductor 1o conducror 40 pFh

Conductor 1o shicld 63 pl/fe
RGS 8 coaxial eable, center conductor ra shield 33 plife
Connecror, pin o pin 2pk
Opiicalisolator, LED to phoroderector 2pF
Vie-wart resistor (end to end) 1.5 plF

Capacinive pickup can occur in many ways, shapes, and sizes, Here
are a few examples:

AT digieal signal produces fasc edges, with a eypical rise ime
of 10 nanosceonds and voltage swings of 5 voles. If Z is a 1-
megohm resistor, cven 0. [pF will produce 5-volt spikes with decay
ame constants of 100 nanoseconds.

'Sources: Excerprs from Ralph Morrison, Growsding aed Shiclding Technigues
in Instrumentation, Second Ediion (New York: John Wiley & Sonx, 1977),
[‘..‘h)\ andacnal MEASUrCIments,
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«Crosstalk may result between awo adjacent wires. For example,
if two wires in a 10-foot (3-meter) length of cable have a capaci-
tance of 40 pF/ft, the wotal capacitance is 400 pE. If a test voltage
of 10 V at 1 kR is on one conductor, 250 mV at 1 kHz will be
coupled into the adjacent wire if Zisa 10 k resistance.

Noise on the ac power Jing, developed through comman im-
pedances, will couple into other circuits. A commaon case is when
transients couple through the interwinding capacitance of power-
sapply transformers.

It is amazing how littde capacitnee can cause serious problems,
For cxample, consider the sicuadon where high noise-immnity

CMOS logic is used in an industrial cirenit where 2500-volt, 1§
MRBz noise crmnsients (IEEE Standard 472-1974) are present. Sup-
pose that stray capacitance of only 0.1 pF exists beeween w CMOS
input and cthe noise source, as shown in Figure 7. The calculated
noise voltage, V. . will be 2.4 volis, steady state, with aninital $0-

V transient, which will causc improper logic operation or worse!

|
|
|
= A |

—— ."'\-'\. e

Figure 7. Coupling of high-voltage transients from test
generator tologic.

Magnetically Coupled Noisc. Strong magnetic fields are found
where cables carry current, where ac power is distribated, and near
machinery, power transformers, fans, ete. There is an analogous
relationship benween circuits coupled magnetically and chose
coupled capacitively, as shown in Figure 8 and Tablc 2,

Figure 8. Comparison of magnetic and capacitive noise
coupling.

Table 2. Characteristics of capacitive and magnetic coupling.

Capacitive Coupling Magnetic Coupling

Noise Sonrce Voltage change (dV/3t)  Correntchange (dI/dt)

Coupling Medinm Mutual capacitance Mutuatinducrance

Coupled Noise Current {{sequently Voluage

converted o voltage by 7}

This analogy helps us consider some differences between capaci-
tively and magnctically coupled noise:

«When the noisc is magnetically coupled, voltage noise (V,)) ap-
pears in scrics with che receiver circuit; in the capacitive situation,
the voltage noise produced between the receiver and ground is the
voltage in Z caused by the noise current, iy,

sReducing the receiver impedance, Z, will reduce capacitively
coupled noise. This is not the case in magnetically coupled circuits;
lowering Z will not deamatically reduce voleage noise.
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The volaage, V., induced in a closed loop (single curn) by a magnet-
icfieldis given by

V, = 2B A cosh x 107 (1
volis, where fis the frequency of the sinusoidally varying flux den-
sity, B is the rms valae of the flux density (gauss), A ds the area of
the closed loop (em?), and dis the angle of Bro area A,

For example, consider the circuit of Figure 9. Itshows the caleuta-
gion for two one-foot conductors, separated by | inch, in a 10-
gauss 60111z magnetic field {typical of fans, power wiring, trans-
formers). The maxinmum voltage induced in the wiresis 3mV.,

V. 2o = 60101012 = 2584] [V = 2S4)110%FORD ©

Ty, ,,, Y

ru[u;(f Jf
.’/z”/./r./: //;//:’ 'ff/-’r ";

Figure 3. Example demonstrating magnitude of magnetic
pickup.

The equation tells us that the noise voleage can be reduced by re-
ducing B, A, or cosh, The 8 terne can be reduced by increasing the
distance from the source of the leld or—if the ficld is caused by
currents flowing through nearby pairs of wires—twisting those

wires to reduce the net field to zero by aliernading its direcaion,

The loop arca, A, can be ceduced by placing the conductors closer
together. For example, if the conductors in the example were
placed 0. 17 apart (separated only by insuladon), the noise voltage
would be reduced o 0.3m V. I they can be twisted together, the
areats, in cffect, reduced to small positive and negative increments
that cancel, practically nullifying the magneue pickap.

The ¢os 0 term can be reduced by proper orientation of the receiv-
ing wires to the field. For example, if the conductors were pecpen-
dicalar (o the field, the pickup would be minimized, while if they
were run together in the same cable (0 = 0), pickop would be

maximized.

The rms induced voltage, V,,, in a conductor in parallel with asec-
ond conduceor, carrying a current 1, ac an angular frequency
= 2morf, with a given mutualindoctance, M, is

V, = wMl, 2)
The application of this relationship shown in Figure 10 illuseraces

why only one end of a shield should be grounded. A 100-ft length
of shielded cable is used (o carry o high-level low-impedance sipnal

Figure 10. Magnetic pickup from current flowing through a
cable shield.

2.4 mV). The

shield, which has serics resiscance of 0.01 ohms per fooc and

{10V) to a 12-bit data-acquisicion system (L LSB =

mutual inductance o che conductor of 0.6pH/ft, bas been groand-
«d at both the source and che destination. A potential of T vole at
60 Hz exists between che two ground points, causing a current of
! ampere co flow in che 1-ohm otal resistance of che shield. By (2),

the noise voltage induced in the conductor is

Analog Dialogue 16-3 1982



V, = (2760 Hz)(100 x 0.6 x 10 H)(1 A)
=23mV,

or 10 LSBs, thereby reducing che effective resolution of the system
to less than 9 bics. This noise voltage is a direct consequence of the
large current flowing in the shicld because it is grounded at both
ends. And the 1-volt potential assumed becween the grounds was
conservative! [n heavy-industry environments, 10 10 50 voles be-
tween carth grounds is notuncommon.

Power-Line Transicnts. Another type of system noise is thae gen-
erated by high-voltage transients in inductive circuits, such as re-
lays, solenoids, and motors, when they are turned on and off.
When devices having high self-inductance are wrned off, the col-
lapsing fields can generate transients of the order of kilovolts, with
frequencics from 0.1 o 3 megahertz, that appear on the power
line.

Besides creating noise in sensitive circuitry, via capacitive and con-
ductive coupling and radiated encrgy, these transients are hazard-
ous o equipment and people. Standards cxist to characterize cer-
tain transient waveforms for the purpasc of protection; however,
besides being designed o withstand them, systems should also be
designed to deal with their potential interference with signals. Fig-
ure 11 shows 4 typical waveforms existing in industry standards.

Miscellanesus Naoise Sources Finally, there is a group of noise
sources thatcan be considered as miscellaneous—or just *flakey.™

For low-level signals ac high impedance, the cable itsell can be-
come a noise source, A charge can be produced on the diclectric
material within the cables if the dicleceric does not maintain con-
tact with the conductors, this charge will act as a noise source wich-
in the cable, unless the cable can be kept rigid. This noisc is highly
dependent on any mation of the cable; noise levels of 5 to 100 mV
were reported by Belden Corporation. Naise of similar character
(5 o 25 mV) was observed in the laboratory for RG188 coaxial
cable, asitwas maved and flexed.

Another type of motion-related noise occurs when a cable is
moved through a magnetic field. Volage will be induced in the
cable as the cable cuts fixed flux lines or the flux density, B,
changes. This kind of noisc is troublesomce in a hightvibration envi-
ranment, where the cables can be in rapid motion. If the cable can
be kept from vibrating relative to the ficld, this noise will not
oceur.

Finally, if instrumentation is operating in close proximity (o a
radio or television station, signals may be picked up from the
transmissions. In addition to AM, FM, and television transmitcers,
the RFEmay come from CB radios, amateur radios, walkic-talkics,
paging systems, ctc. High-frequency noise should be considered as
a possible source of mysterious drifts in de cireuitry, due 1o rectifi-
cation of picked-up rf; investigations of drift should always be
conducted with a wideband oscilloscope.

SUMMARY

We have deseribed here the diflerent types of interference noise
that will exist in any electronic syscem. Table 3 lists the noisc
sources discussed above and some cffective approaches 1o solving
the pickup problem. It is important to understand the complete
noise system (source, coupling medium, receiver, and relation-
ships) before noise-reduction techniques are employed.

Noise reduction is not a mystical job for wizardss it is a practical
and analytical job for engincers. Needless to say, the mast effective
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approach is prevention—applying noise-reduction analysis and
minimization techniques before the systens s built.

in part 2 of this article. we will describe the proper application of
shielding and guarding techuiques for nosse reduction.

Fucther Reading:

Ralph Marrison, op, ¢it.

Henry W. Out, Noise Reduction Technigues in Electronic Systents
(New York: John Wiley & Sons, 1976). [

2500V J-,
1,

b. c. d.

Conrtesy of Key Tek Instrument Corp., Burlington, MA

Figure 1. Examples of transients existing in standards for
industrial power-line equipment. (a) |IEEE Standard 472-
1874 *Guide for Surge Withstand Capability.” (b) Impulse
wave, B x 20, 1000V peak, Sus/div. (¢) Impulse wave, 10 X
1000, 1500V peak, 0.2ms/div. (d} 100kHz ac surge, 6kV peak
(500kHz leading edge); successive peaks down by 40% (1kV/
div, 2us/div),

Table 3. Noise sources and possible solutions.

Connnon-lmpedance Noise
Proper circuics for distributing power
Isolation transformers, optical isolators, analog isolacors
Shielding of sensitive circuits

Capacitively Coupled Noise
Reducing noise sources
Properly implemented shiclds (very effective)
Reducing stray capacitance

Magnetically Coupled Noise
Careful routing of wiring
High-permcability (mumetal) shiclds (the mosc effective)
Reducing area of receiver circuit (twisted pairs, physical wire
placcment)
Reducing the noisc source (ewisted pairs, driven shiclds to cancel
ficld)
Power-Line Transients
Coil suppression on relays, solenoids, etc.
Zero-crossing wrnoff for relays, solenoids, ece.
Shielding
Redacing stray capacitance
Miscellancous
Rigid wiring
Low-noisc cable
Shiclding from RF1source
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WIDEBAND 2-CHANNEL MONOLITHIC ANALOG MULTIPLIER/DIVIDER

AD539 Provides Linear, Logarithmic, Square-Law Gain Gontrol,
Signal Bandwidths to 60MHz, Control Bandwidth of 3MHz, with Low Distortion

by Barrie Gilbert

Model A1S39% is a fast, low-distortion analog mudtiplier-divider
with two wideband signal channels concrolled by common inputs
providing cither linear or logarichnic gain control. Itis fabricated
maonolithically, using laser-trimmed chin-film resistors, and pack-
aged in a 16-pin DIP. With low-impedance loads, a bandwidtch of
over 60MHz is possible. When used with external op amps and
on-chip application resistors, it performs the function

Vas = = VxVyy and Vo = —VxVy) (1

(inputs in volts), wheee Vy is the control volage (0 to +3V FS),
and Vv, & Vy,are the signal voleages (O to = 2V EFS).

A separate pair of control inpats { +dB and —dB) is provided (or
applications in which gain or attenuation needs to be varnied
logarithmically overa wide range.

A wide varicty of applications exist wherever precise voltage-con-
trol of gain is required with good amplitude and phase response.
Examples include tanable fileers and oscillators using “state-vari-
able™ techniques, video switching and effects generacors, and dy-
namic-range compression,

The two channels of the ADS39 can be used in several ways: they
may be used independently—with very low ceosstalk bewween
channcls; in parallel, to double the output current; in scrics, for
square-law control of gain or attenvation over a 100-dB range: or
differentially, to achicve state-of-the-art distortion levels as low as
0.01%. The ADS39 can also be configured as a dual- or single-
channel analog divider for usc in wideband automatic gain-control
(AGC) and signal-levelling applications.

Power dissipation is only 133mW with the recommended = SV
supplics. The AD339 is available in three versions: ©)™ and "K"—
for 0°C 1o +70°C— and S, for =55°C to + 125°C. Prices in
1005 are $14.95 (J), $19.95 (K), and $30.00(S).

HOW IT WORKS

Figure 1 shows the key clements of the AD539: A bandgap refer-
ence generator is used to set the scaling factor and peovide all incer-
nal biasing. Six special transiscors (Q1-Q6) form the translinear
core, optimized for very low distortion. A pair of transconduc-
rance stages convere input voltages Vi, and V,; to curreng after

Figure 1 Simplified schematic of the AD539 Multiplier.

* Use the reply card foe technical dava.
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multiplication in the core, the output currents can be conveeted
back to voltage, using cither external Joad resistors or op amps in
conjunction with the on-chip application resistors, as shown in
Figure 2. A simplificd explanation of the operationis as follows:

Q1-Q2, Q3-Q4 and Q$-Q6 are connected in such a way that the
ratios of cach pair of collector currents are identical (assuming for
now that +dBand — dBinputs arc connected to common), i.c.,

1/, = Lyl = b/l (2)

Figure 2. AD539 used as a dual-channel multiplier. Types
of op amps, their supply voltages, and any additional fre-
quency compensation depend on the application.

The reference generator furnishes a precision common emitter cur-
rent of 1.375mA for the pair Q1-Q2. The fraction of this current
steered to Q2 by the control amplifier (g, = 38.51S) depends on
the linear control input V5 it has a value of 0.873 when Vs at
its nominal full-scale input of 3V, since the collector of Q2 is main-
tained ac common potential by the negative feedback loop. High-
frequency compensation of che loop is provided by an external
capacitance of 3nF.

The comimon emiteer current ta Q3-Q4 is supplied by the 575-pS
teansconductance stage, which sums a 2.75-mA bias cureent from
the reference generator with the current derived from the Channel
I input voltage. The same fraction of this cucrent is steered to Q3;
thus, for V., = +3.0Vand Vg, = 0,0.873 x 2.75mA, or 2.4mA,
appears ac the output. This bias is absorbed by the 2.4mA gener-
ated by V, via the 1.25k feedforward resistor, resulting in com-
plete suppression of the control input. This suppression applies for
all values of V. . The fraction of the signal current in Q3, however,
is available as output. For the fall-scale inpuc of Vi = =2V, this
currentis nominally = [mA. Using one of the 6000-ohm resistors
as the feedback element around the external op amp, the voltage
outpuc under these conditions is =6V, as shown in (1). Clearly,
as the fraction of the 1.375-mA reference currene stecred to Q2 is
varied by Vi, so the fraction of the signal current steered to Q3
vatics in exact proportion. Operation of the second channel, which
converts Vi, to a signal current, which is then controlled by QS-
Q6. isinprinciple identical.

When the +dB and ~dB pins differ in potential, the gain or loss
of the system ean be made approximately logarithmic, with amuch
larger dynamic range chanis passible in the linear mode. =
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MACSYM SPEAKS

Speech Synthesizer Converts Numbers to Words, Drives Loudspeaker/Line
SSPO1 Card Has 500-Word Vocabulary, 16-Word Buffer for Phrases and Sentences

Speech output from computer-based cquipment provides an addi-
tional degree of freedom for syscem/operator interfaces. With spo-
ken words and phrases, a system can quickly ateract the actention
of a visually overloaded human operator when an alarm condition
oceurs.

In the lab, a researcher can “keep an car™ on the progress of an
experiment without having to get up and periodically check the
readout on a CRT terminal. If an operator must key in a sceics of
numbers, ar sclect menu choices, in response to computer prompt-
ing, spoken feedback confirms char the machine has received what
the operator intended to enter. Computer speech can also provide
information for and guide the mavements of visually handicapped

personnel.

The SSPOT Synthesized Speech Processor is a plug-in card for the
MACSYM Analog-Digital Input-Output (ADIO) bus designed to
provide users of MACSYM Measurement-And-Control SYsteMs
with casy-to-use, versatile American English speech outpat. e has
a factory-instalted vocabulary of nearly 500 words; these can be
casily called up by a MACSYM program to be spoken by the sys-
tem. To allow the program to put words together automatically
for quickly and conveniently generating a phrase or sentence of up
to 16 words, without the need for special timing to determine
when one word ends and anocher begins, a word bufferis provided
on the card.

Figure 1 shows a block diagram of the SSPO1 card. As you cansee,
the input to the speech-audio amplifiees is furnished by a speech
synthesizer 1C, which receives its input in the form of timed digieal
code from a programmable read-only memory (PROM), which in

turn receives its input, a word at atime, from the buffer.
1-WATT
AMPLIFIER
(055 DN 1] 1 ([
Pﬁr.Tngfﬂ 16-BIT I jn SPEECH
ADIO BUFFER ——— | SYNTHESIZER BUFFER
BUS e AMPLIFIER
LOGIC "
ok i
TIMING

Figure 1. Functional diagram of SSP01 Speech Synthesizer
card.

In a typical applicacion, the user might want the MACSYM coalert
an operator when a signal from a pressure transducer {or a com-
puted cate of pressure rise) indicates chat an overpressure condi-
tion is approaching. The program would causc an alarm phrase,

such 2s "DANGER ! PRESSURE TOO HIGHY to be sounded.

The programmer looks up the numeric values for these words in
the SSPO 1 dictionary:

DANGLER 983
PRESSURE 1R54
TOO 166
HIGH 1260
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‘Then, when the overpressure condition s sensed by the
MACSYM, the program executes a series of digital output (DOT)
statements o load the SSPOT buffer (assuming the SSPOT is plug-
ged into slot numbered $) with che codes for the words:

DOT(5,0,13) =983 REM DANGER
DOT(S,0,15) = 1854 REM PRESSURE
DOT(S,0,15) = 166 REMTOO
DOT(S,0, 1S} = 1260 REM HIGH

The SSPO1 begins talking immediately at the proper rate, and the
program can go on to perform other tasks.

The numeric value in the buffer poines to a starting location in the
vocabulary PROM, which, in turn, has sequencdially stored the syn-
thesizer's code for the phonemes that make vp cach word
(phonemes are the basic building blocks of words, somewhat
analogous to syllables). The specificd phonemes are produced and
blended together by the synthesizer 1C on the SSPO1 0 form an
analog signal which, when used to drive an acoustic cransducer,
produces sounds thatare similar to the human spoken word.

The audio output from the SSPO1 is available in two ways. Ao on-
board 1-watt amplificr can drive any external 8-obm loudspeaker.
At the same time, a buffered output is available to drive audio
transmission lines or public-address-system inputs.

Sinee the SSPO1 is an ADIO card, it requires no special mounting,
chassis, or power cord. Just insert it into any of a MACSYM's
ADIO slots, connect 2 speaker, and let the MACSYM feed it suita-
ble inputs—based on the program and data. Unlike some other
speech cards, itis application-oricnted, easy o install and use, per-
mits quick downlozding of the required words—to save processor
time. and its cost to a MACSY M uscris only $595. Q
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HIGHEST-PERFORMANGE 12-BIT MONGLITHIC D/A CONVERTER
LC2MOS Voltage-Output AD7240 Requires No Adjustment, Has Sub- s Settling
Single-Supply Operation; Is Latchproof,Guaranteed Monotonic Over Temperature

Maodel AD72407 is a faseesedding 12-bjt voltage-output multiply-
ing digital-to-unalag converter on asingle chip, available o 18-
pin DIP. Precrimmed o a maximum total error less than + % 158,
— 1 LSB (K,B,T" versions), it requires no user adjusiment and re-
mains within +% LSB; — 1 Y2 LSB at any code over the entire
operating temperature range. [ has a constant vutput resistance
with less than 3pF parallel capacicance and settles o within = V2
LSK of final voltage within 900 nanoseconds waximum (530 typi-
cal), wich an exponential response characeeristic (see Figure 1).

Figure 1. Voltage response to full-scale step input (all 0's to
all ¥'s and return).

The key to the AD7240% excellent performance is a new high-
speed Lincar-Compatible CMOS (LCMOS) process, which has
been developed for the specific purpose of allowing high-speed
digital logic circuits and high-precision analog circuits o be
integrated on the same chip. The resultis extremely small propaga-
don delay— 100 ns max—from 50% digital input (0 90% of final
analog output change.

As the functional diagram of Figure 2 shows, the AD7240 uses an-

R-2R ladder, with switching circuitry optimized for voliage out-
put'. The benefits of this connection include single-supply opera-

Figure 2. Functional diagram of AD7240 connected as volt-
age-output DAC.
* Use the reply cand for eechnical data.

 See Stephenson, S., "CMOS DACs in the Voltage Switching Maode,” Analog
Didlogue 141, 1980, page 16, Figure 1b.
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ton, same polarity of input and output voltage, constant outpue
resistance and capacitance—independent of digital code, direet
voltage output—climinating the need for feedback resiscance
tracking, and (again) fast voltage seetling,

The AD7240 is latchup-proof; it doesn’t require Schottky-diode
protection, and it has low powcee dissipation (30m W),

Typical applications of the AD7240 occur wherever high speed
and accuracy, with freedom from adjustment {or even provisions
for adjusunend) arc important—for example, in remote installa-
tiong, ficld and vehicular equipment, and poartable instruments), or
where low power drain is important {for example, in batcery-pow-
cred inscrumentadon). les combination of high speed and reduced
glitch energy will stand icin good stead in display graphics, func-
tion generation, and a/d conversion. Although optimized for
voltage output, the AD7240 can also be used as a conventional
current-steering wide-range multiplying DAC with excellent per-
formance (it has a built-in cracking feedback resistor), including
low distortion and 1 ppm/°Ctypical gain tempco.

The AD7240 is available in two basic accuracy grades, and dhree
temperature ranges, AD7240J/A/8 (0°C 1o +70°C/=25°C 0
+85°C/=55°C o + 125° and AD7240K/B/T. Prices (100s) are
JN/KN (plastic): $9.70/510.70, AQ/BQ (cerdip): $11.20/$12.20,
and SD/TD (hermetic ceramic): $39.95/844.80.

Figure 2 shows the basic connection scheme for voltage output,
with unipolar binary coding. For bese results, the voliage between
Vigar and AGND should be less than 2.0V, with a + 15V supply.
In this example, a + 1.23-volt reference is used, developed by an
ADSKILH® two-terminal bandgap reference, conveniendy biased
by the canncction of the Ry ax pin to the positive supply.

Ta avoid intraducing crror, the outpacamplifier should have high
input impedance and low bias current, low offsce voliage, wide
bandwidth, and good sctiling characteristics, without long ther-
mal wils. A good-quality wideband bipotar-FET amplificr, such as
the ADS447 iy a cost-effective choice. The resistors employed
the feedback-gain circuie (if used) xhould track cach other well. [
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14/16-BIT DIGITAL/RESOLVER CONVERTERS

Hybrid DRC1745/46 Have Buffered Inputs, 2 VA Outputs
Low Radius-Vector Variation, 2 or 4 Arc-Minute Accuracy

Models DRC1745 and DRCI746* are 14-
and 16-bit Digital to Resolver Converters,
housed in 40-pin double-DIP packages, wich
Luched ioputs (low-power Schottky  or
CMOS), and 2 volt-ampere load capability
for driving all standard contral cransfor-
mers. Remotely sensed analog outpus re-
duce cerrors caused by lead resistance over
long wire runs.

Ay interfaces from  processor (o servo
¥ <_'I_'_ —
‘ | Bl
e et ] [ o
| == 17 o
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SYS(CIS,  INSIFUNICNES, OF POSItioN-sensing
cquipment, the deviees aceept digital words,
cepresentng angular information, and pro-
dace sine and cosine oupue voltages, mulai-
plicd by the de-to-2.6kHz reference input.
Applications include driving control trans-
formers and torque reecivers for position
control in naval and aircralt simulators, fire-
control systems, disptay indicators, and
radar and avionic equipment. Unit prices
startat$515/$666 (DRC1745/1746). 2

NEW DACGS WITH EXISTING SECOND SOURCES
16-Bit AD DAC71/DAC72: Fewer Chips Improve Reliability
12-Bit AD3860 Is Buffered, Complete, Has Voltage Output

The AL DAC71/727 and AD3860* hybrid
DAC familics are improved versions of
existing industry-standard devices with con-
siderably reduced chip and bond-wire count
and comparable or better perlormance.

The AD DAC71 (0° to 70°C, ceramic DIP)
and AD DAC72 (- 25° to +85°C, hermetic
ceramic DIP) guarantec maximum non-
lincarity of =0.003% and are available
with cither current output or 2 buffered vol-
settles  to within

tage which

+0.003% in 10ps, maximum. Prices for

output,
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ADDACT1/72(25-99) start at $53/568.

The AD3860, lincar (o within = 'ALSB over
temperatare, 18 a complete buffered volaage-
outpat 12-bit DAC. 1t includes an internal
6.3-V reflerence and input daea lacech, in a
single bybrid package, and is available pro-
cessed o MIL-STD-883B. Prices in 100s
(AD3860K/Syare $79/3115. [

“Usethe reply card for technieal data.
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|C ATTENUATOR
AD7115 Range Is0to —19.9dB
0.1dB Steps, 2 2 BCD Coding

The AD7115% monolithic LOGDAC™,
housed in an 18-pin plastic, Cerdip, or
ceramic DIP, is a digitally programmablc at-

tenuator for ac ar de analog signals, over the
range, 0o — 19.9dB,in 0.1-d13 steps.

The ateenuation is extablished by a 2 V2 digie
BCD input word: its 9 bits may be latched
in from a 16- or 8-bicul’ bux, using compati-
ble on-chip latches. The analog oupot vole-
age is provided vicean exteenal op amp, cho-
sen o fit the needs of dhe application. Wich
the ADS44% response is essentially flac to
100k Hz.

Applications include programmable arenu-
avon in pP-based telephone and profes-
stonal audio equipment, distortion analyz-
¢ers, funcion generators, and digitally con-
trolled AGC systemis. ‘The AD71135 can also
be programmed manually by chumbwheel
switches. les dynamic range of high-resolu-
tion adjusement can be exeended by cascad-
ing, with accenuation— usually in powers of

10 {i.e., 20dB),

Powered by a + 5-volt supply, the AD7115
will accept analog signals of up to = 25V
peak; maximum output depends on che
amplifier’s ratings and its power supply.
Maximum error (ovee the temperature
range) is = 0.05 dB, relative to O dB, and =
0.12 dB for gain at 0 dB. Analog fecd-
through at I kHzis ~ 92dB max a1 25°Cand

—68d B max over eemperature.

Three grades are available, AD7115KN
(0°C o +70°C), AD7115BQ (-25°C o
+85°C), and ADZIISTD (=55°C to
+125°C). Prices in 100y are $18.75/
$21.75/565.25. [3

tdB = 20 dogye (voltage racio. 0.1 dB corresponds
toaratiachange of 1. 16%.
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FAST [RABK H[]LI]
HTC-0300A: Improved Hybrid
170ns Acquisition Time to 0.1%

The HTC-0300A™ is a high-speed hybrid
track-and-hold amplifier with guarancced
maximam acquisition time of 170 ns to
+0.1% and maximum droop rate of SpV/
ps. [1y maximum gain nonlincarity is
+0.01%; and its specified output current
racing of £50mA at =10V ensures low-
enough output impedance to handle rapidly
varying loads {such as a/d-converter inputs)
with high resolution.

Full-power bandwidth (= 3dB) of 8MHz
and maximum apcereure jitter of 100ps allow
the H'T'C-0300A to rapidly track and ac-
quire fast ac signals in a wide varicty of data
sampling applications. Besides its usefulness
with a/d converters (such as che Analog
Devices HAS scrics and models ADS78,
ADS79, ADC84, ADCSS), it can also
be uvsed in pecak measurement, analog
delay, and other analog signal-processing
applications.

The HTC-0300A, housed in a 24-pin glass
package, is rated for operation from 0°C to
+70°C. The HTC-0300AM, in a hermeti-
cally scaled metal package, is specified for
—55°C to +125°C and is optionally avail-
able processed to MIL-STD-883B, Method
5008. Prices in 100s arc $164(A) and
$227(AM). Q

*Uscthereply card for technical dara,
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9-BIT 20-MHz VIDED A/D CONVERTER
Complete-on-a-Card CAV-0920 Includes Track-Hold Amp
Use It In Video, Radar, Digital Signal Processmg

The CAV-0920*, a 9-bit a/d converter on a
5" « 6" card, digitizes signals at word rates
from dc to 20 MHz without extra support
circuitry. Unlike currently available single-
chip encoders, the CAV-0%20 guarantees no
missing codes over temperacure and a small-
signal-input bandwidth of 30MHz. The
CAV-0920 includes a  track-and-hold
amplificr, encoder (using digitally coreected
subranging), timing logic, reference, and
output latches in order to eliminate the
costly design  cffore
monolithi¢ encoders,

associated  with

In addition to celevision, application areas
for the converter include radar digitizing,
spectrum analysis, medical instrumentation,
and digital communications. For use in digi-
1al communications, typical signal-to-noise
and noise-power catios arc specified at 6 1dB
and 41dB.

Charactenizing the CAV-0920's dynamic
performance for radar and spectrum-analy-
sis applications, ac lincarity is specified in
terms of spurious in-band signals generated
ac different inpuc-signal frequencies at a 20-
MHz encode rate. For de to | MHz, spuri-
ous signals are typically 55dB below full
scale; for 5§ MHz to 10 MHz, spurious sig-
nals arc typically 45dB below full scale, Dif-
ferential gain and phase are specified at
=2% and £ 1 degree.

Total crror at de, including nonlincaricy, is

specificd at = 0.1% of full scale. Nonlinear-
ity vs. temperature is specified at =0.001%
F.S.7°C. [nitial offset voleage is adjustable to
zero with an on-board potentiometer; offset
and gain drift are specificd ac =0.01% and
+0.02% of F.5./°C over the CAV-0920" (°
to 70°C operating temperature range. Aper-
turc jitteris cypically 25 ps, and typical trans-
ient responsce and overvoltage recovery are
both rated at §0ns.

The ECL-compatible a/d converter is con-
structedona7.0" x 3.0" x 0.5" (178 x 127
% 12.7 mm"*) printed-circuit card and pro-
vides pin-sclectable analog inputs of 1V
p-p at $00 ohms or 2 V p-p at 1000 ohms,
allowing termination in any lower impe-
dancc. Power-supply requiremients for the
CAV-0920 are =15V, +3V, and =5.2V.
Maximum power dissipation is 17.4W,
Available from stock, the CAV-0920
is priced at $995 by the ones. [
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MACSYM: 8-CHANNEL RTD MEASUREMENT CARD

RTDO1 Provides Excitation, Measurement, and Filtering
Selectable Temperature Ranges, Protection to 240V rms

The RTDOT= 8-Channel RTD Input Card
for MACSYM Measurement And Control
Systems plugs directly into the MACSYM
Analag/ Digital [nput/Outpur (AD10) bas
to provide accurate and repeatable wm-
perature measurements in laboratory and
industrial environments, using  100-ohm
3- ar 4-wirc RTDs (Resistance Temiperature
Detectors).

A typical RTD is a platinam resistance cle-
ment with 100-0hm resistance at 0°C and a
highly reproducible temperacure coefficient
of about 0.39%/7°C (0.39 ohms/°C) at 0°C
{with a small but predictable nonlinearity).
It is cither conneceed in a bridge or excited
with current, and the small output voltage is
amplified and conditioned.

The RTDOt provides cach channel with
a precise cxcitation current of 0.5mA
*z 0.01%, and amplifies the resulting out-
put signals (abouc 200 V/°C) with an accu-
racy to within = 0.1% of full scale. The user

can choosc amounga variety of switch-sclect-
able temperature ranges, from —98°C 10
+100°C, with 0.05°C resolution, to 0°¢o +
800°C, with 0.2°C resoludion. Gain can be
“tweaked™ by the user {£5%) for close
channel-to-channcl tracking.

Switch-selectable filtering is  provided—
either a wideband fileer and high-speed sam-
pling, with digical fittering, or a 35-Hz filter
and about 20 samples/second for rejection
of 50/60-Hz noise. The card’s price: $595—
about $75/channel. [

FOUR CHANNEL SETPOINT/ALARM CARD

SPAO1 Compares Inputs with Software-Adjusted Set Points

Causes Interrupt on Crossing Only, Saves MACSYM Time

Each channel of the SPAO1 T Secpoint/Alarm
Card compares an input voltage with a soft-
ware-programmed setpoint, or threshold,
voltage. When the analog signal crosses the
threshold, a
opened), and an inteerupcis gencerated back
10 the MACSYM software.

Thus, the SPAOT provides the MACSYM
user with an cfficient and convenient way to

local ciecuie is closed (or

generate a setpoint voltage in saftware and
continuously perform a comparison locally,
without attention from the computer until
an interrupt oceurs. This capability reduces
the system sofoware load where constant
monitoring of a variable is required for
alarm conditions, on/off control, or difter-
endal gap control (on and off at two pro-
granimed seepoints).

The circuic closures by cach channel are
made wichout processor intervention, are
available excernally, and are hence espe-
cially useful where crossings must be reli-
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ably determined—and/or acted upon—ir-

respective of the processor’s load.

Each channel's sctpoint s scuable from
—10.00 o +9.995V, with 12-bit resolu-
ton; it can also be provided froni an exter-
nalsoarce, With jumpers, the user can seleet
which crassing-polarity will cause a high or
Jlow alarny output and interrupt. Deadband
(hysteresisy of =S0mV 1o = 1V may be ena-
bled for cach channel. MACSYM can read
any channel's statas atany ime.

Control applications include temperatare,
pH, compressors, heaters, and 1ank-level
maincenance. Price of the SPAOY is $650. [

/I CONVERTER

Resistor-Programmable
2B23 Is 1500-Volt Isolated

2823
1SOLATED VOLYAGE
YO CURRENT CONVERTER

~1W00V Ak
Mode! 2B23% is a voltage-to-current con-
verter/current transmiteer with = 1500-volt

peak input-to-outpuc isolation and pin-
programmable choicc of 4-t0-20mA or 0-to-
20 mA output. It can drive grounded or
floaong loads of up to 80002, Any full-scale
input span, from 100mV to 10V, can be set
by the sclection of one external resistor.,

Applications include analog signal transmis-

sion, transicnt-voltage protection, and
ground-loop elimination in industrial in-
strumentation, process control, and remote
daca-acquisition. Because it mcets the re-
quirements of ISA Standard 50.1 on isolated
current-loop transmission, the 2B23 may
scrve as a transmission link between such
system elements as computers, controllers,

actuators, recorders, and indicators.

To assure high reliability in harsh environ-
ments, the device meets the requirements of
IEEE Scd. 472-1974 for Transient Voltage
Protection (SWOQ). [ts isolation barricr will
withstand continuous common-mode volt-
age of = 1500V peak and 1500V rms at
60Hz for 60 seconds.

The 2B23 operates over a wide range of
single~supply voltages (+ [4V 10 +28V)
and provides isolated loop power, climinat-
img che need foran external de/de converter.

It will operare at temperatures from = 25°C
to +85°C and is specified in two grades for
operation from 0°Cro 70°C. The 2B23K has
nonlincarity of =0.05% max, offscrc and
span errors of =0.1% max, and = 0.005 %/
°C max temperature cocfficients of offser
and span. Comparable max crrors for the
2823 ] are =0.1%, £0.25%,and £ 0.01%/
°C. Pricesin 100s (K/)yarc $97/875. La
*Technical data for RTDOL and more than 30
other ADIO ¢aeds can be foond in the free 64-
page Databook, AmalogiDigital Inpit/Owtpra for
MACSYM Systenss

tloriecchnical dara, asethe reply card.
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ADI Division Fellow Named
Mike Timko

Michacl P. Timko, most recendy
Manager of Computer-Aided De-
sign, has been named a Division
Analog
Semicondctor, in recognition of

Fellow  ac Devices

his cechnical achicvements and of
his widc arca of influence and visi-

Lility within the technical commu-
nity. He reportes o Jerald Fishman, Group Viee President—Com-
ponents—and  acting  General Manager of Analog  Devices
Semiconductor.

Throughout his eleven years with Analog Devices, Mike has held
a number of engincering positions. His most visible major con-
tributions have been to design and development of che the AD590
current-mode temperature transducer, as advocate, project en-
gineer, and co-inventor (with A, Paul Brokaw), and to the develop-
ment of the ADS74, the world's firse self-contained pP-compatible
a/d converter on two chips in a single package (with Peter Hollo-
way). Both major products were introduced in these pagesin 1978,
Among Mike's other contributions was his significant participa-
ton in the development of the ADS2) IC instcrumencation
amplifier, introduced in 1975. All three of these products are
documented in the 1EEE Jowrnal of Solid-State Circuits in papers
co-authored by Mike.

In his new position, Mike will be working on design projects deal-
ing with complex data-acquisition components, especially those
employing technologies combining bipolar and CMOS (analog
and digital) circuitry on asingle VLS] chip.

He holds Bachelor's and Master's degrevs in Electrical Engineering
from M.LT. He is also a member of Tau Beta Pi, Sigma Xi, and
Lita Kappa Nu hanar socictics, and a Member (and active volun-
teer concriburor to technical programs) of the LE.E.E. He lives in
Burlington, Massachuscas with his wife, judy, and one son.
WHAT IS ADIVISION FELLO

Division Fellow is onc of the bighest levels of technical advance-
ment wichin the divisions of Analog Devices. Itis a part of the com-
pany's parallel-ladder program, which was cstablished o dison-
guish highly competent technical individuals and provide them
with long-term career growth within their echnical disciplines
without the need to assume management responsibilitics. [n addi-
tion to recognition for invention and technical creativity, the
parallel ladder also stresses the important impace other roles, such
as mentor, entreprencur, and consultant can have on the company.

Fellows are recognized for cheir outstanding technical contribu-
tions to the company and for having exemplified unusual talents
as innovators in their fields; for having acted as mentors to young
technologists; for having demonstrated leadership in generaning
new business opportunities; and for having developed valuable in-
dustry and academic relationships for the company,

Mike is the fourth person to be named a Division Fellow. He joins
Division Fcllows A. Paul Brokaw?, Barric Gilbert®, and Jack
Mcemishiant—and Corporate Fellow lvar Woldt.

*See Analog Diatogre 14-(, (980).
{Sce Asaloy Dialogae 14-3, 1980.
1See Andalog Dialogre 16+, 1982,
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MOREAUTHORS (Continued from page 2)
Richard Quom (page 12) is a
Senior Marketing Engincer with
ADI's MACSYM division. Prior to
that, he worked for AD1 as corpo-
rate Marketing Analyst. Richhasa
BSEL from Case Western Reserve
University and an MBA from che

Amos Tuck Schoal of Business Ad- o
ministration, Before joining ADI, )
he worked far Gould as a market- A

ing analyst and Reliance Electric as a control-systems enginceer.

Dave Reynolds (page 7). Senior
Marketing Engincer for Systems
Incerface Products at ADI, earned
a BSEE ac che University of South-
crn California, and both an MSE
and MBA from the Moore and
Wharton Schools ac the University
of Peonsylvania, He joined ADI as
a Strategy and Syscems Analyst,

became an Operations  Systems
Analyscin ADI's Systems Components Division, then joined Mar-
ketingin July, 198 1. He enjoys team sports and racquetball.

Alan Rich (page 16}, a Senior

Development  En-
gineer at Analog Devices Semicon-

Praduct/Test

ductor, has a BSEE from Lowell
Technological  Insticute and  is
studying towards an MSELE at
Northeascern University. He was a
test engineer at Western Electric
for A/D telecommunications sys-
tems, a senior design engincer and

/O section manager for industrial incerface prodacts at Gould
Modicon, and has consulted on a varicty of systems. He enjoys
marriage, his two children, restoring an old house, and gardening,
Bill Schweber (page 21) is a Sys-  __
tems Marketing  Engincer  wich
ADI's MACSYM group. Before
this, he designed microprocessor-
based controls for materials test-

ing equipment. Bill has a BSEC
from Columbia University, an
MSEE from the University of Mas-
sachuscus, andisa Registered Pro-

fessional Engineer. Ris hobbies in-
cludce bicycling, photography, model railroading, and “just taking

X3

carc of things around the house.

Scott Wyrcer (page 3) is a Design
Engincer  at  Analog  Devices
Semiconductor. A native of Mil-
waukee, Wisconsing he graduoated
from the M.L'T. with a BSEE in
June, 1973, While ar M.L'T"., he
worked in the X-Ray Astronomy
Group at the Center for Space Re-
scarch. He has been employed at

ADS since 1974, in various ¢n- SR
gineering positions. Heisa Member of IEEE.
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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 16, Number 3, 1982 - 28 pages) . . . AD7528: A Dual Monolithic DAC for All Reasons
. . . Applying High-Performance Monolithic Fet-Input Op Amps . . . Use Your Personal Computer for Measurement and
Control . . . Multitasking: The Key to Effective Measurement and Control . . . Improved Vector-Scan Displays Are
CToming . . . Deglitching a Monolithic 16-Bit D/A Converter ., . ., Versatile Microprocessor-Based Meters for
J-K-T-E-R-S Thermocouples (AD2050/AD2051) . . . Logarithmic Multiplying CMOS D/A Converter, 0.375 dB/Bit [AD7111)
. . . New Software Package for LTS-2010 Linear IT Test Systems ., . . High-Performance Hybrids for Data
Acquisition [AD5210 and AD5240 ADCS) . . . Super-Performance Hybrid Op-Amp Families (AD3B0/AD381/AD382) . . . and
these New-Product Briefs: Fast Track-Hold with 1.3-us max Acauisition Time for 20-V Step (HTC-0500) . . .
12-Bit, 5-MHz A/D Converter for MIL Applications (MOD- « . » 12=-Bit-Plus-Sign CMOS Monolithic Inteorating
K/D Converter (AD7552) . . . Low-Cost Precision 2.5-V IC Reference ( . « » 10-Bit Monolithic IC DAC
AC . . . AC/DC and DC/DC Power: New Catalog Includes 18 New Supplies. . . Ultrafast Op Amps: AD3554 and
HOS-050C . . . Test Subpicoamp Bias Currents Automatically with L15-2010 . . . Accurate Mulfi-Channel
Thermocouple Measurements for MACSYM (51B03). . . Analog and Digital Boards Increase uMAT System Capacity
uMAC-4030, uMAC-4040 . . . Worth Reading: The Analog Devices 1982 Databook, ADI Authors in the Trade Press,
Featured in MACSYMIZER . . . plus Editor's Notes, Authors, Potpourri, etc.

PRODUCT NOTES . . . Output impedance-vs.-frequency data is available for HOS-050 and HOS-100 op amps. Consult
your local ADI component sales engineer. . . . Timer Testing: LTS benchtop Il test systems may be used for

testing IC timers (555, 556) in T05s, DIPs, and miniDIPs, using the LTS-0801 Socket Assembly and an appropriate
DUT Board with the L15-2200 ADC Family Board. The device program that accompanies each DUT Board allows for full
dc_parametric testing and for testing Eu1se widths of timer devices . . . Intrinsic Safety The 2B52 Isolated
hermocouple Transmitter and the ransmitter have been approved by Factory Mutual for Tntrinsically safe

use in hazardous locations when used with intrinsic safety barriers in the recommended manner, Ask for the new

data sheets that discuss intrinsically safe operation . . . Improved P.S. Range A1l AD2050 and AD2051

dc-powered microprocessor-based Thermocouple Meters shipped after 1 Oct 82 will work at dc voltaces from +7.5V to

+ 28Y dc, up from +15V . . . AD OP-07 is now available in plastic. Consult your ADI component sales enaineer for
Tnfo . . . HOD Series DACs are now housed in ceramic completely interchanceable with earlier alass packages.

NEW PRODUCT AREA - DIGITAL SIGNAL PROCESSING . . . We have recently announced the first of a series of families
of IC digital signal-processing components and subsystems. They will be discussed at length in the next issue of
Dialogue . . . Products available incTude 16 x 16- and 8 x 8-Rit Digital Multipliers and Multiplier-Accumulators
in DIP and flat pack configurations for commercial and military temperature ranges at competitive prices . . .
Employing CMOS for power dissipation as Tow as 5omW for 8 x B and 175mW for 16 x 16-bit multiplier-accumulators,
they are cool, reliable, and compatible in form, function, and pinout with the eauivalent industry-standard
devices. For data, use the reply card or call your nearby ADI Component Sales Engineer.

DATA SHEET UPDATE . . . If your AD7528 data sheet is dated 7/82 (on page 4), it's up-to-date and chows the
reduced digital capacitances and correct timing specs for +5V and +15V operation. If it's an earlier version,
we' 11 be happy to send you the new one . . . Locations of four mounting-hole centers for MOD-1005 a/d converter
are 0.230% (5.84mm) from ends along line of pin centers and 0.215" {5.46mm)] from sides . . . Mow availahle from
your ADI component sales engineer: a corrected circuit for using the 2820 analod current transmitter in the
0-to-20mA mode, to replace Fiqure 4b of currently existing data sheets . . . Model 757 Too-ratio amplifier:
Fiqure 6 shows photodiodes in wrong orientation; correct forward direction for "N" version is toward common, away
from input (vice versa for "P") , . . ADCI1140, Figure 2: Use a 24.9-ohm, 1¥ resistor between pins 25 and 26 for
nominal zero offset ., . . DAS1152/1153: For bipolar operation (Fiaqure 2), jumper REF OUT to ANA TN 2, not ANA IN
1. .. AD390: Chip-select Tines on pins 25, 26, ¢/, and ¢8 have two T1IL loads; In Fiaure ~, the upper four (MSR)
data lines should be driven at higher power - by a /4LS173 , . . DRCT745/1746: For the L™ option, the position
of the +5 V supply pin is #31 . . . HDG-Series data sheet, "Typical Applications" section, Power-Supplv
Sensitivity: "1:1" means a 1% change in power-supply voltage will cause a I% change in full-scale output (much
more palatable than the definition shown:) . . . 1982 DATABOOK, Volume I, Section 20: Outside diameter of H12A
12-pin metal-can package should read 0.6 (15.24) +0,005 {0.127). Same error should be corrected in Outline
Drawings saection of individual combined data sheet for HO3-050,050A,050C,

NEW LITERATURE (Available upon request) . . . Analog/Digital Input/Output for MACSYM Systems - Sianal
Conditioning to Match Any Application, Catalog of MACSYM ADIO cards . . . "Isolation and Conditionina Clean up
Tndustrial Signals,” by John Sylvan, reprinted from Electronic Design, April 29,1982 . . . Three op-amp
Application Notes: Applications of High-Performance BIFET Op Amps (by Don Travers), How to Select (perational
Amplifiers, How to Test Basic Operational-Amplifier Parameters , . . Component Test System Technoloay, reprints
of a series of four articles on testing A/D Converters, FET-input op amps, Instrumentation Amplifiers, and V/f
Converters . . . Application Notes: A Cost-Effective Approach to Thermocouple Interfacing in Industrial Systems,
by Steve Guinta, describing applicatTons of the AD2050/2051 Thermocouple Meters; The AD/57d
Analog-to-Microprocessor Interface, by Paul Toomey . . . “Instrumentation Amplifier Nears Input-Noise Floor," by
Cew Counts and Scott Wurcer, reprinted from Electronic Desiagn, June 10, 1982 - cover feature on the ADR?4 , | |
MACSYMIZER (MACSYM users' Newsletter), Volume 2, Number 2, featuring Special Purpose Transducers, Plotter Sizes
and Scaling, New Products, and Customer Service Notes . . . Component-Test Systems Product Cataloo, June, 1082,
on LTS testers, accessories, and supplies.

CONVERTERS CHARACTERIZED BY RADC/RBRA . . . The followina information may be of interest to those of our

readers who specify and purchase converters for applications in military equipment: Accordina to the April 1982
RAC Newsletter, the Newsletter of the Reliability Analysis Center, a DoD Information Analysis Center operated hv
TIT Research Institute, MIL-M-38510 detail specifications for devices corresponding to members of the followina
Analog Devices d/a-converter families have been listed: 10-bit AD7520 and 12-bit Hg7§?|, AD75AT, ADRR7, ADRR3,
The only converters previously covered by the JAN system were 8-bit DACs, the DACUB and DACOBA . . . According to

the WewsTetter, members of the 5200 and 571 ADC families, and 565, bbb, and 561 DAC families are beina
characterized, with anticipated 38510 specifications cominag by the end of calendar 1982,

PATENT . . . The following U. S. Patent has recently been issued: 4,349,811, to A. Paul Brokaw, Digital-to-
Analog Converter with Improved Compensation Arrangement for Offset Voltaoe Variations.
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Innovative circult
design and advanced
laser wafer trimming
bring you the first
monotonic, monolithic
16-bit DAC.

We made it first! N

Our new AD7546 is f’(A W
a 16-bit, voltage ¢
output D/A
converter
that's mono-
tonic to 16 bits g
over temperature,
it features fast seftling time {10us to
1/2LS8), unipolar and bipolar operation,
and low power consumption (S0m\/).
it has an on-chip latch for easy P inter-
face, and even an output deglitching
switch synchronized to the latch-enable
signal.

And we can deliver it!

By using a nove! circuit design and
our exclusive laser wafer rimming tech-
nology—the onty proven way to cost-
effectively manufacture ADCs and DACs
—we've also made the AD7546 a real
high-volume production component.

If you wanit the high refiability, compact
Size, and low cost (as low as $19 in 100%)
of a rue monolithic 16-bit DAC, you
want it from the secognized leader in IC
converter technology.

For more information and the full
specifications on this advanced new DAC,
contact Don Travers or Doug Grant at (617)
935-5565, or write Analog Devices, Inc., The AD7546.

PO. Box 280, Norwood, MA 02062. The First Monolithic
16-Bit DAC.
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of technology.
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