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Editor’s Notes

SOFTWARE & COMPUTERS

Analog Devices has always been
noted for sofeware as well as hacd-
ware. But the software that until
recently has been our forie is che
human-to-human  kind exempli-
fied by our comprehensive data
sheets, by this Journal, by our
Technical Handbooks, and by the
new 1500+ page Databook (sec page 26). This steength in publi-
cations is now being augmented by a mastery of software in the
morc usual sense.

Human-to-machine softwarc first appeared in these pages in
rudimentary fashion in Analog Dialogic 7-1 (1973 — SERDEX),
and—more authoritatively—in 13-1 (1979), where MACSYM 2
and MACBASIC madc their debut. It may interest you that, in this
issue, articles discass sophisticated computer software generated
by three different entities within ADI:

® At page 11, John Mills, of the Systems Components Division,
discusses cthe new software drivers that make the pMAC-4000's
versatile and intelligent sensor and digital I/O (sce back cover)
available ro the explosively growing family of users of Apple, [BM,
and HP personal compuaters, as well as to users of DEC PDP-11
and LSI-11 bardware.

® Ac page 12, Bill Schweber, of the Measurement and Control
Praducts Division, discusses the virtues of multicasking, an inher-
ent feature of systems that use MACBASIC. The world is finally
beginning to ““discover™ multitasking in small computers, aninval-
uable feature of MACSYM syscems since before 1978.

® At page 19, Mike Slocombce and A! Finger, of Component Test
Systems, discuss the new gencration of compacible, casicr-to-use
software developed for che LTS-2010 and LTS-2000 test systems.

Impressive as all this may scem, we're secing just the tip of a mas-
sive software iceberg (software iceberg?) In our wanderings
through the facilitics that house the various groups at ADI, soft-
ware-related activities are everywhere—and they relate to more
than just developing yet better, newer, and augmented versions of
che user-ariented clectronic syscems activities mentioned above.

Computcrs and home-grown software arc used every day in the de-
sign, manufacture, crimming, and test of vircually all of our prod-
wets. And in management, marketing, and administracion. And, in
particular, in our new two million-dollar computerized cuscomer-
order system {(COS)—chat is already making life casicr for many
of our readers {especially those purchasers of a-few-parts-at-a-
time who must welcome the razing of ¢he “minimum-order”
barricr).

Finally, we acknowledge a digital debe of gratitude co our word
processor, the sive gua non of those (formerly known as “ink-
stained wretches™) whose principal pursuits inctude putting words
together to communicate with others in “writing.” Our word pro-
cessor and the laser-typesetter it communicates with via an RS-
232C link weren’t on the scene a mere year ago, butitis impossible
to picture any future scene without them. If you've noticed that
thisissue has 28 pages—the most ever—the answer to the unasked
question is: if not, itwouldn’t have.

Dan Sheingold
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AD7528: ADUAL MONOLITHIC DAC FOR MANY REASONS
World’s First Twin Multiplying 8-Bit DACs in a 20-Pin (0.3”) DIP
Separate On-Chip Latches Provide Easy Microprocessor Interface

The AD7528* isa buffered dual 8-bit CMOS multiplying d/a con-
verter on a single monolithic chip, housed in a small 20-pin 0.3”
DIP package. les twin DACs, matched to within 1%, gain access
to the commaon data bus via a pair of 8-bit latches gated by 1TL-
or CMOS-compatible logic. As Figure 1a shows, in addition to the
usual chip-select (CS) and write (WR) logic inputs, there is also a
steering input (DAC A/DAC B).
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Figure 1. Functional diagrams of the AD7528.

Besides the obvious applications where two or more 8-bit DACs
arc nceded and spaceisata premium, the AD7528 makes available
a whole subclass of applications calling for paired DACs having
essentially identical performance. In addition co conventional
fixed-reference applications, they may be used as rwo- or four-
quadrant multiplying DACs with variable de or ac reference sig-
nals. You can think of many of these lateer applications as uses for
a matched pair of digital pots (cither scparate or ganged) to ma-
nipulate the properties of analog signals or circuits.

The range of such applications is limited only by imagination; it
includes, for example, filers, oscillators, resolvers, function
generacors, X-Y plotters and oscilloscope displays, audio gain con-
trols, cascaded attenuacors, interpolators, high-low limit circuits,
aucnuation-function-gain circuits, and all kinds of test and mea-
surcment circuits involving multiple-parameter sctting.

*Usc the reply card for technicat daca.

} Useful references from Analop Devices include the free Application Gusde to
CMOS Mudtiplying DIA Converters and the boak, Analog-Digital Conversion
Notes, available at $5.95.
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by John Wynne and Pat Hickey

THEAD7528 IN DETAIL

The AD7528 contains two 8-bit muldplying d/a converters with
[atches and control logic. Since both of the DACs are fabricated
by a monolithic CMOS process at the same time on the same chip,
precise matching and tracking between DAC A and DAC B are in-
herent, Each DAC {Figure 1b) consists of a highly stable thin-film
R-2R ladder, cight N-channe) current-stecring switches, and a
matched feedback resiscor, As che simplified cireuit shows, an in-
verted ladder structure is used, i.c., binary currents arc switched
between the DAC outpuc and AGND, thus maintaining fixed cur-
rents in cach ladder leg, independent of switch state. t

(comtimeed on the following page)
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Figure 2. Applying the AD7528 as a unipolar binary DAC
pair.
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In normal applications, each DAC is buffered by an external oper-
ational amplifier, as shown in Figure 2. The DAC output terminal
is maintained by the op amp at ground potential, and the internat
Ry is connected as the feedback resistor. Nominally, Vo = =D
Vrer, where D, a function of the input codc, is a fractional binary
value from 0 to (1-2"%) and Vggy is an ac or de voltage (absolute
maximum rating is =25V). As the Figure indicaces, Schoctky
diodc procection is unnceessary. For four-quadrane muldplication,
an additional amplificr takes the difference between 2D Vg and
the analog input (Vpyy), to provide a function thac swings linearly
from + Vyg:to — Vg as D varies from all-1s to all-0s (offset bi-
nary = 2g complerment with complemented MSB).

Relative accuracy is guaranteed over the device’s full temperature
range: =1 LSB maximum ccror for |, A, and S grades, and =1/2
LSB max for K, L, B, C, T, and U gradcs. All grades are guarantced
monotonic over the temperaturc range (0°Cto + 70°C for |, K, and
L, —25°Cto +85°Cfor A, B, and C, —55°C o +125°C for S,T,
and U). Maximum initial gain error is guaranteed ac =4 LSBs for
). A, & S grades, =2 LSBs for K, B, and T grades, and =1 LSB
for L, C, and U grades. The trim resistors shown in Figure 2 are
uscd to see the gain to better chan the specified value; they can be
replaced by direct wiring (f the performance is satisfactory as
specified.

The AD7528 will operate with asingle +35V to + 15V power sup-
ply, and it consumes a maximum of SmW at Vy, = +35V.
Maximum feedthrough for a 20-volt peak-to-peak sine wave is
—70dB at 100kHz, either channel, and = 77dB channel-to-chan-
nel. Total harmonic distortion is —85dB, and digital crosstalk is
30mV-ps.

The AD7528 is available in Cerdip (AQ, BQ, CQ suffixes) and
hermetic ceramic (SD, TD, UD); and it will shortly be available in
plastic JN, KN, LN). [cis also available in leadless chip carriers
(E” suffix) and in versions proccessed to the requircments of MIL-
STD-8838B. Pricesstarrar $5.95 in 100s (AD7528]N).

BRIEF PERFORMANCE CHARACTERISTICS

(Vesa= Ve = + 10V, 00U = OU, = OV; Vi, = +15Viand T, = 25°C,
unless vtherwise specified)

JLAS  K.BT LCU

Resolution (Bits) 8 8 4
Nonlincarity (Endpoine, LSB, max) =1 =372 = 1/2
Nonlincarity, Differential (1 SB, max) +1 =) >
Gain Error (1SR, max) +4 =2 =1
Gain Tempco {%°C, max) +£0.0035 =0.0035 =0.003$
Input resistance, min/max (kQ,

Viker A of Vgiy Binpur) 8/135 8718 8/15
Inpuc resistance mismatch (%, max) =1 £ | £

DC Supply rejection (A gain/A Vi,
(% per Yo max} 0.01 0.01 0.u1
AC Fecedthrough, cither channel, 20V p-p

sin¢ wave @ 100kHv (dB max) -70 -70 -70
Channel-to-Channcel Isolation, 20V p-p

sine wave @ 100kHz (dB) -77 -77 -77
Harmonic Distortion, 6V ems ¢t 1kHz (dB) -85 -85 B )

APPLYING THE AD7528

The AD7528 has a load cycle similar to the write cycte of a random
access memory and is compatible with most 8-bit microprocessors,
including the 6300, 8080, 8085, and Z80. Data is transferred into
cither of the two DAC daca latches via a common 8-bit TTL/
CMOS-compatible input port. Control input, DAC A/DAC B, de-
termines which DAC is to be loaded, while separate reference in-
puts allow each DAC o independently perform 2- or 4-quadrant
analog-digital multiplicacion.

A simple example will show how easy microprocessor interfacing
is. Figarc 3 is a scheme for interfacing the AD7528 to a 6800-type
microprocessor, Qutputs A and A + 1 of the address-decode logic

4

ADAYS ADDRESS BUS >

ASOAESE OAC ADAC B
VMA DECODE
LOGIC €5

CPU At
6000 AD7528°
WR

a2
DAC B
DBd

Do-D7 DATA BUS >

*ANALOG CIRCUITRY MAS BEEN QMITTED FOR CLARITY
A DECODED 7528 AQDDR DAC A
A s DECODED 7928 ADDR DAC B

Figure 3. Applying the AD7528 with a 6800-type micropro-
cessor.

drive CS and the DAC selector. The logic is arranged so thac if
neither A nor A + 1 is addressed, CS remains high; if A is ad-
dressed, CS is brought low and DAC A is updated when WR goes
Jow; if A + 1 is addressed, CS is brought low and DAC B is up-
dated when WR goces low. For applications using 808 5-type micro-
processors, WR is gencrated directly and the gate is unnecessary.
The analog circuitry has been omitted for clarity.

Snrgle Supply. In the AD7528, the rerminartion resistors of the R-
2R tadder are cannected to AGND within the device. Thisarrange-
ment is convenient for single-supply operation, because AGND
may be biased at any voltage between DGND and Viys. In ligure
4, the two DAC outputs arc offsct by a precise +5V by the use
of an ADS84] reference to produce an offsct AGND, The two
DAC reference inputs are both grounded. Thus the reference vol-
tage applied to the DACis — 35V, the DAC output swing is S volts,
and the DAC outpur range (¢ither DAC) is from +5V to + 10V,
for codes from 000000000 11111111,

SUGGESTED OF
AMP  ADE44

DAC ADAC 8—
Ve 8~ |

22—
(+)

GND

Figure 4. One form of single-supply operation of the
AD7528.

APPLICATION EXAMPLE - STATE-VARIABLE FILTER
This application js an excellent example of the advantages of the
unique propertics of the AD7528 in performing useful functions
that rely on DAC matching and benefit from the AD7528’s high
packing density. Such circuits can be especially compact when em-
ploying dual or quad op amps, such as the AD644 or the TLO74.
The circuitdescribed here is astate-variable 2-polcfilter with prog-
rammable center frequency, selectivity (Q), and gain.,

The second-order state-variable filter (or universal filter, as it is
often called) is 3 convenient buitding block of bigher-order malu-
pole filters {Bessel, Butterworth, Chebyshev, cte.) Simultancously
providing low-pass, high-pass, and bandpass responses, its out-

Analoa Dialoague 16-2 1982



puts can be further combined to provide band-reject and all-pass
(biquad) propertics. If available in programmable form, it makes
possiblc a huge variety of filter characteristics, readily provided by
amicroprocessor, using either compurtation or & lookup table.

Its paramcters are readily adjustable by manipulation of resiscance
racios. Figure S shows a typical conventional state-variable filter
circuit, with the expressions for center frequency (f,), Q, and gain
for the bandpass autput.

HIGH PASS
A7 ouTPUT

R&

AP ¢

RE = c

Wi - Rl
LOW PASS
ouTPUT

—0
BANDPASS OUTPUT

Youtl!)

= Buand, tramsfer function
Vi 1 i

Ay
()

.

PR — Hj = Ry} R it
1 TTRIC  Fr {R3 = Ry} Resonant frequency

. Bg R Ry

i S - = f Bandwidth
a s Rs VR (faf3d8 i th )

Ao = - RZ Gain for bandpast output at fy

Figure 5. Block diagram of state-variable filter.

In form, it can be recognized as an analog compurting circuit that
solves the classical second-order diflferential equation, modelling
a mass, spring, and dashpot, or inductance, capacitance, and resis-
tance. ¥ the low-pass output is interpreted as position, the band-
pass output—its derivative—an be viewed as velocity, and the
high-pass output, which depends on the second derivative, can be
considered as accelecation.

The gains of the two cascaded integrators (1/R;C and 1/R4C) de-
termince the resonant frequency: if Ry = R, and Rg = Rs, then the
natural frequency is 1/{27 R3C), And the gain in the loop around
integrator A3 determings the damping, which isinverse wich Q.

[f the filter is 1o be digitally programmced, the resistor ratios must
be replaced by fixed resistors and digitally conerolled gains. How
this may donc is shown in Figure 6. DACs 2A and 2B, which serve
as digitally controlled attenuators with fixed admittance, replace

1 LOW PASS
Ci=C2 T A g Tl OUTPUT
AT R4
R7-Ra s, B2 A
L o
AT-AZ, AJ-A4 ADEAS RE 30k .:lJ 1000pF C!}llm:nr
1 LR}
HIGH
O PASS
OUTPUT
Vo N/ N/ BANDPASS
o QUTPUT
OHO e ( 18 20
DACI1AY AD? DAC2A DAC28
L1 Gl IR} (41
DAC
\/ 2
AD7528
1 5 K17 g 14 15 16 &

Voo : Vio R BAEE
<15V DBO-DB? e 215V ppeomr oo WR bae
DATAY DATA 2
NOTES:

*C1IS A COMPENSATION CAPACITOR TO MINIMIZE O AND GAIN
VARIATIONS CAUSED BY AMPLIFIER GAIN BANDWIDTH LIMITATIONS

**ASISREPLACEDBY DAC 1B'SINTERNALRFE 11kl

DAC TRANSRESISTANCE ??F » DAC LADDER RESISTANCE

Figure 6. Programmable state-variable fiiter employing
AD7528.
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R3 and R4, to control frequency. DAC 1A replaces R1, and con-
trols gain; and DAC (B replaces R2 and RS, to control 1/Q.

For the companent values shown, the programmable range of f,
is 0 to 15kHz, and the programmable range of Qis 0.3 0 4.5; Q
and f,, are mutually independent. Figure 7 shows parametric plots
of amplitude vs. frequency as functions of Q (a) and , (b).

APPLICATIONS IDEAS

That thc AD7528 is “*only™ an 8-bit double-DAC is a problem for
some conventional DAC applications. Howecever, there are many
more applications, where the primary fine structure is alrcady
analog, that simply consider the 256 codes available o be a limita-
tion only on the number of available gains, but not on signal resol-
ution. Many of the potential applications of the AD7528 rely on
its excellent analog properties: low feedthrough and distortion,
wide bandwidch and dynamic range, and low gain tempco. The
small assortment herc is merely intended to stimulate thought.®

If you can build a programmable filter, you can usc itin a feedback
loap to make a programmable oscillator. If you can build prog-
rammable oscillators and filcers, you can assemble programmable
spectrum analyzers.

With a pair of matched muttiplying DACs, you can produce such
vector composition/resolucion pairs as: V sin ot sin ¢ and V sin
wt cos &, where the functions of d are established digitally.

The inherene mulaplication can be used to advantage in program-
ming analog polynomial functions combining x, x?, etc., for cxam-
ple, in constructing simple approximations to the sine. Since all as-
pects—voleage or current amplitude, phase, frequency, and
waveshape—are programmable, the technique can be used to
build a powerful ac or dc function generator with multiple outputs
for testing at low cost. 3

*Some worked-out examples can be found in an AD7528 Application Note,
available upon request.

AMPLITUDE
0.5v/0Iv
=14
= T8
=265
= 50
AMPLITUDE
0sVDIV
1. {kHz} 25 s 8 10

Figure 7. Amplitude vs. frequency as functions of Q and f,.
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APPLYING HIGH-PERFORMANCE MONOLITHIC FET-INPUT OP AMPS

Super Singles and Duals Use New Trimmed Bipolar-FET Technology
The Ideal Op Amp Still Doesn’t Exist, But These Come Close Enough

by Don Travers

From the carliest days of the monolithic operational amplifiec,
new amplificr chips have come to market with continually improv-
ing performance. As refinements to existing technologies and man-
ufacturing  processing  techniques cevolve, total operational-
amplifier performance approaches that of an ideal amplifier cver
more closely, for most practical purposes. Refinements to bipolar
operational amplificr processing involving ion-implanted FETs (in
some cases called “Bi-FET™ techniques), in particular, have nar-
rowed the gap between practical and ideal amplifiers in de perfor-
mance without sacrificing bandwidth.

For example, it is now possible to trim single and dual FET-input
monolithic op amps for both minimum deift and minimum
offset—automatically, ac the wafer stage. The improvement in
overall performance is a boon to users, simplifying many designs
and providing high accuracy at reduced cost.

Flere are a few examples of the kind of performance available in
oftf-the-shelf devices: the drife-trimmed ADS471LH has maximum
offsec and drifc of 0.25mV and 1pVPC, open-loop gain of
250,000V/V, and bias currenc of 25pA max, at operating tenpera-
tieres and the wider-bandwidth ADS44LH has 2MHz bandwidth
and ) 3V/us slewing rate, with maximum offsct and drift of 0.5mV
and $V/2C. Table 1 ouclines the salient properties of the op amps
in this scrivs.

Applications requiring excellene de peeformance at low cost call
for the ADS542* and AD547% monolithic FET operational
amplificr familics and the equivalent duals—AD642% and
AD6477. Eor example, precision instrument fronc ends, requiring
accurate amplification of millivolt-level signals from mcgobm
source impedances, will benefic from the devices' combination of
low offsct voltage and drift, low bias current, and low 1/f noise.
The dual versions of these amplifiers, since they are closely
matched, are ideal for true instrumentation amplifiers and log-
ratio amplificrs.

The ADS44* family of single op amps and the AD644” family of
cquivalent dual op amps are recommended for any applicacion re-
quiring excellent dynamic—in addition to de—performance. The
wide bandwidth, low offset voitage, and high open-loop gain en-
sure superior accuracy in high-impedance buffer and sample-and-
hold applications. The AD644, with matched amplificrs, can be
used for wide-bandwidth inscrumencation amplificrs, fow-de-drift
active filters, and as output amplifiers for four-quadcane muhiply-
ing d/a converters,such asthe AD754 1A 12-bit CMOS DAC.

In these pages, we will show you some concrete examples of popu-
lar op-amp applications that benefic from the improvements in
precision monolithic FET-input op amp technology and will offer

*Usc the reply card for technical data.

tThis acticle is condensed from material collected for an Application Note on
monolichic FET-input op amps of the above serics. For a copy of the complete
AN when available, use the reply card.

tFor information on the interaction between op amp and DAC, see “Analag
Signal andting for High Speed and Accuracy,” Analog Dialogue 11-2, pages
&I
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suggestions for obtaining best resalts. The applications include op-
crations with d/a converters and sensors, practical log amps, and
high-inpat-impedance instrumencacon amplifier ciccuits.

D/A CONVERTER APPLICATIONS

CMOS multiplying DACs, from the carliest 10-bic AD7520 10 the
modern 16-bit AD7546, rely on op amps for interfacing and buf-
feeing. For cthe best lincarity and most stable dynamics, the choice
of opamps is by no means trivialf

CMOS DACs will provide improved overall performance when
used with amplifiers in this series to perform both 2-quadrant and
4-quadrant operations. For example, the output impedance of a
CMOS DAC varies with the bit composition of the digital word,
affecting the noise gain (1 + Re/R,, where R, is the resistance be-
tween OUT1 and common) of the amplifice circuic. The effect is
to cause a nonlincarity, che magnitude of which is is dependent on
the offset voltage of the amplifice and its drift over the operating
remperature range.
TABLE 1. Monolithic 8ipolar Fet Op Amps

{Typical specifications at 25°C and rated supply unless noted othenwvise)

Gain Bandwidih Slewing Seuling Offree Voliage Tuas
win Usity Gain Rate Time(0.01%) max, Dell, max  max warm
Modef* v Mis Vi K 8y M o pA
SINGLE AMPLIHERS
ADSAJH (Huk 1.0 0 5.0 20 10 S0
ADS42KH 250k 1.0 10 3.0 1.0 10 248
ADSSUN 250k 1.0 An 50 0} 3 2
ADSS25H 250k Lo 10 5.0 1.0 Is 28
ADSISH 20k .0 13 30 20 20 50
ADS44KI S0k 20 13 30 1.0 10 28
ADS44LI Sox 20 k] 30 0.5 3 28
ADS44SH Sk 20 13 3.0 1.0 1§ 25
ADS47IH 100k 1.0 0 50 1.0 s 30
ADSATRH 80k 1.0 1.0 5.0 03 2 25
ADSA7LH 250k 1.0 3.0 50 0.23 ] 28
ADSA7SH 230k 19 Jo 3.0 0§ $ P33
DUALOP AMDPS
Each Matwch Each  Mach Eich  Mawh
Side (Note 2) Side
A4} 10Dk 1.0 30 $0 2.0 1o 1s i3 75 133
ADS42KH 250k 1.0 30 5.0 1.0 0.5 2.0 2.0 iS5 pX1
ADAS2LIL 280k 1.0 Jo .0 05 025 10 1.4 3¢ 28
ARSI 250k 10 )o $.0 1.0 03 S SR B \H \$
{Noge 2}
ADGSHIL ANk 2.0 13 1o 10 1.0 LR i3 75 35
AD64KI sok 20 1} 30 1.0 03 20 1.0 38 28
ADSIL[ Suk PR 13 3o 0.3 0.2% 1.0 1.0 33 2
AD643SH SO% 2.0 3 30 1.0 0.5 3 3 3s 1S
(V/ Cmax)
ADé47JH 100k 10 3.0 50 10 10 10 10 75 A
ADG47KN 250% 1.0 3.0 5.0 0.5 0.5 $ 3 13 pA]
ADGAZII 250k 3.0 10 0 025 028 28 25 35 28
ADG47SIT 280K 1.0 1.0 5.0 0.5 03 10 10 3 pal
Noees:

M, K L auffices deoote BT 1o 707°C opcs 200n; S deaotes — $ Vea o 124G Hdmotan the hermerncally wabed ¥ pun YO-.99 pachanc.
Taaxmum dnifobeeseen T and To,., mV.

For example, in the one-bit code cransition from 0011 1111 1117
to 0010 000D 0000, the output offset voltage changes from 2V,
to (4/3)V,,, a change of (2/3)V,,. If V, is not much smaller chan
the volrage cquivalencof che least-significanc bi, and is of the right
(wrong) polarity, the transition will be nonmonotonic. This factor
i{s especially important in multiplying applications, where the re-
ference input can be considerably less than full scale, and the bit
valtage accordingly quite small.

These monolithic FETs, with theic trimmed offset and low drift,
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will minimize this effect. In addition, DAC outpat circuits using
these monolithic FET op amps do not require the Schottky diodes
that are recommended for protection of many older CMOS DAC
types from amplifier turn-on teansients.

Figurc 1a shows the ADS47 op amp and AD7541 CMOS d/a con-
vereer configured for unipolar binary (2-quadranc-multiplying)
operation. Wich a dc reference voltage or current, of eicher positive
or ncgative polarity, applied at pin 17 of the DAC, the circuit oper-
ates as a unipolar fixed-reference converter. With an ac reference
voltage or current, the circuit provides two-quadrant multiplica-
tion (digically controlled attcenuacion).

B
VREF
2oup.voj T
BIT 1 (MSB) 17 16 RreEnBACK
4 18 &
L 47pF
BIT 2o—|c- 5 louTt
DIGITAL | AD7541 Vour
INPUT [
BIT 12 (LSB) | lautz — 150pF
15 2
3

Vaes IN, 20V PP, 33kH2

1OV/DIV VERT,
Bus/DIV HORIZ.

Vour,

VDIV VERT
Ses/DIY HORIZ

SETTLING TIME: 15us TO
0.01% ON 20V STEP

b. Responseto = 20V p-p reference square wave.,
Figure 1. Voltage-output multiplying DAC.

The oscilloscope photos of Figure 1b show the output of the circuic
of Figure 1a. The upper teace represents the ac reference input, a
20V pcak-to-pcak squarc wave ac 33kHz, and the lower trace
shows the output voliage while che digical input ta the DAC is all-
["s (gain of 1 =2, representing a settling time 10 0.01% of 15 s,
with well-behaved dynamics. The 47pF capacitor across the feed-
back resistor compensates for the DAC output capacitance, and
the 150pF load capacitor serves o reduce signal feedthrough
spikes at the output.

The diagram of Figure 2a illustrates the 10-bic digital-to-analog
converter, AD7533, connected for bipolar operation, Since the di-
gital input can accept bipolar numbers and Vg can accepta bipo-
lar analog input, the circuit performs 4-quadrant muldiplication.

BIFOLAR
ANALDG INPUT

Ad 5k

C2 15pF
BIPOLAR
OFFSET R7 1M

T
ok NOTES
1 R3/R4 MATCH 0.05% OR BETTER.
2 R A2 USED ONLY IF Gain

ADJUSTMENT IS REQLHAED

a. AD644and AD7533in 4-quadrantapplication.
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This is accomplished with an AD644 dual FET-input op amp to
maintain optimal performance at low cose wich a low package
count.

The scope plots exhibit the response 1o a step mput at V- Figure
2b is the large-signal response and 2¢ shows the small-signal re-
sponse. C1, asa phase compensator (15pF), is required for scabiliy
when using high speed amplifiers; it serves to cancel the pole
formed by the DAC's internal feedback resiscance and the oucput
capacitance of the DAC.

(2]

. Small-signatresponse to reference square wave.

Figure 2. Four-quadrant multiplying DAC configuration.

Figure 3 shows the AD647 used with the A1X7546 16-bit DAC, a
two-stage device which uscs 16 scgmented gain tevels to represent
the 4 most-significanc bics, a 12-Bit R-2R ladder and switches for
the rest, and external op amps for impedance buffering. Since 1
LSB = 8V/65536 = 122pV, in this application, amplifier perfor-
mance is critical to the overall performance of the AD7546.

ADBATE

O 15y
Tozeo

1.9

ADT546

Figure 3. AD647 used with AD7546 16-bit DAC.

The paired amplificrs of A1, the AD647, arc used as the high-preci-
sion dual buffer. Here, the offset voltage match, the low offset vol-
tage and high open-loop gain of the AD647 ensure monotonicity
and high lincarity over the entirc operating temperature range. A2,
also an AD647, used as a track-and-hold, serves a dual function:
amplificr A buffcrs the switched capacitor [rom the output of the
ladder, and amplificr B buffers the hold capacitor from the output.
The peeformance of the amplifices of A2 is crucial to the accuracy
of the system. Their errors are added to the errors duc strictly (o
DAC imperfections. For ¢his reason, great care is needed in

7



amplifier selection. The matching characteristics, low bias currente,
and low temperature cocflicients of the AD647 make it ideal for
this application.

Here's another DAC application where a high-perfarmance op
amp is desirable: 1f a CMOS DAC s connccted as the feedback ele-
ment in an op-amp circuit {the 8-bit wP-compatible AD7524, in
Figurce 4), rather than as the morc-usual input elemen, the cir-
cuit—performing the inverse operation—will divide the input vol-
tage by the fractional digital number, rather than multiplying by
it, thus providing a repertoire of gains greater than 1. Since feed-
back arcund the amplifier is reduced, for smaller digital numbers,
the gains for boch signal and noise/errors arc increased. Also, since
the incremental step changes of gain become increasingly large for
smaller values of D, in hyperbolic fashion, any crrors in the gain
steps, due to either DAC crrors or limited open-loop gain of the
op amp, arc magnificd correspondingly.

DATA = B
INPUT “D”  ©5 WA Voo
Msg ] T LSB
087 DBO
4 n 12 9z
ouT2
14
ouT1 AD7524 Res
1 16 ——0 VN
3 15
& GND VRes
Ve [
2
&
&
4| 40947 rs 0 Vour
& 4 v ~Viny
" our '-D'-
~Vour _ -1
M= =
p . D8 DBy DB
RIS 7

DBy 1 OR 0}
Figure 4. Analog dividerwith digital denominator.

As a simple analog “fix” to provide a limited gain in the extreme
case of all zeros—in order to prevent the output from “aking
off"—a large value of resistance (compared to Ry3/2") may be used
to shunt the feedback path, c.g., 22M(). There are any number of
digital fixes that may be used, i hardware or software, ranging
from simply tying the LSB High to pecforming a logical test for all
Os—or for a number less than 1 LSB—and setting the minimum
value of the digital word at 1 LSB.

INSTRUMENTATION AMPLIFIERS

When op amps are used as building blocks of high-performance
instrumentation amplifiers, Jow drift and bias current, and high
input impcdance, are essential characteristics, For most in-

strumentation-amplifier applications, the definitive performance
and low cost of the monolithic ADS$24 makcit preferable to a user-

OFFSET ADJUST
S0k,

R2 1% RESISTORS
221k
Wi
R4
20.0k
%]
o v 221k
CMR DC TRIM oA
B - 60pF
HIGH FREQUENCY
CMA TRIMMER
-INPUT
o IR ARy Vo
GAIN=1+ 0% WL - T
"Wy Ra=Ri+RseRg SEAIN i -Vind

INSTRUMENTATION AMPLIFIER WITH GAIN OF TEN

Figure 5. Wide-bandwidth instrumentation amplifier.

asscmbled version. However, applications do exist for which the
uniquely low bias cucrent of a FET-inpot amplificr is essential.

Figurc § shows an casily constructed two-amplifier FET-input in-
employing the  wider-bandwideh
amplificrs in the AD644. DC offset and common-mode error are

strumentation  amplifice
trimmable, and the CMR-trimming capacitor on the negative
input of ATA permits highly accurate signal conditioning at the
higher frequencies, with CMR of 80dB over che range dc to
10kHz, and bandwidth of 200kHz ( — 3dB) at 20V peak-to-peak
output. Offset voltage driftis 10pV/°C,

The circuit of Figure 5 can be configured for a practical range of
gains from less than S to well over 100 with typical nonlincarity
0l 0.01% zt gain of 10. If adjustment of gain by a single resistance
is desirable, a resistor, R;, may be connected between the negative
summing points, with some sacrifice in bigh-frequency common-
modc rejecdion. The gainisthen equal to (1 + RyRjy + 2Ry/R(;).

LOG-RATIO AMPLIFIERS

Log amplifiers and log-ratio amplifiers arc useful in a wide variety
of analog computational applications, ranging from the simple
lincarization of exponential transducer outputs to the use of
logarithms in computations involving multi-term products or arbi-
trary exponcnts. Log amps also facilitate the compression of wide-
dynamic-range analog signals into a range that can be bandled
without using csoteric circoit techniques.

The picoamp-level input current and low offsct voltage of the
AD647 make it suitable for wide-dynamic-range log amplifiers.
The log-ratio circuit depicted in Figure 6, employing the AD647,
can achieve less than 1% conformance crcor over 5 decades of cur-
rent input, 1nA to 100pA. For voltage inputs, the dynamic range
is typically SOmV o 10V for 1% error, limited at the low end by
the amplifiers’ input offsct voltage, which can be reduced consider-
ably with a pair of trim circuits like thac shown in the inscc.

Wagr - W LOGw iz
GAIN| &, QR 1 LG Vi iV g
-
R
3
wiogV, 215 4k
15
T
NEL E
HALANCE T
2154
100 wlag¥, e 15
vy O AAA— b !
0 Hre  TEL LAES
> FEOOger 1
1y o—4 » [+1:]
4
15y
ThATE = 1 smyY NOTES
TG0k CIRCLIT SHOWN FOR KEGATIVE v OR Ly
FOR POSITIVE INPUTS, 01 - PNPAND Wy = 15V

15V

OPTIONAL OFFSET
TRIM CIRCLIT

Figure 6. Log-ratioamplifier.

The conversion between current (or voltage) input and log output
is accomplished by che basc-emitter junctions of the high-§8 (great-
er than 100) dual transiscor, Q1. If B is high, the base-emitter vol-
tage of Q1A is, to a closc approximanon,
v _ kT | 1
BEA="q T Ka b

where k is Bolezmann's constant, T is the absoluec (kelvin) temper-
ature, q is the charge on an clectron, and Ig, is the reverse satura-
tion current of transistor A. This circuitis arranged to take the dif-
ference of the Vige's of Q1A and Q1B, twa transistors on the same

Analog Dialogue 16-2 1982



chip having matching and cracking g, thus producing an output
voltage proportional o the log of the ratio of the inputs:

Vour = G(Veea — Vien) (2)
kT( 1, 1, )

In T~ In —
SA ls

ST (1)

I

The scaling constant, G, is set by R1 and R-¢ to about 16V/V, so
as to produce a change of 1V in the outpat voltage per decade (fac-
tor-of-ten change in the ratio of the inputs). Ry is a special resistor
with a + 3500ppm/°C temperature cocfficient. Since G is inverscly
proportional to Ry, it varies in inverse proportion to absolute
cemperature (T), thus compensating for changes in 1. As a resule,
Vouris independent of temperature.,

This circuit configuration is free from the dynamic problems chat
plague many other log circuits. The — 38B bandwidch is §0kHz for
the topmost three decades, 100nA o 100pA, and decreases
smoothly at lower input Jevels. No additonal compensation is
nceded for stable operation with input current sources—such as
photodiodes—which may have up to 100pF of shunt capacitance.
For greater values of inpuc capacitance, a 20-pF integrating
capacitor around cach amplificr will provide smoother frequency
responsc.

To calibrace this log-ratio circuit, use this procedure: First apply
cqual voltages (V, = V, = = 10V)and adjust “balance™ for Vaysy
= 0.00V. Then let V, = — 10V and V, = ~ 1V and adjust gain
for Vour = + 1.OOV. leerate this procedure until gain and balance
errors are within 2mV of che ideal values.

SENSORINTERFACE

[n many inscrumentation circuits, an operational amplificr is used
as a current-to-voltage converter for the low-level outpur current
of a sensor—which may be connected to a high-voltage source. A
typical example is a flamc detector in a gas chromatograph. In such
applications, if there is a sensor fault condition, a very high poten-
tial may be applicd to the inpur terminal of the operational
aroplifice. Some form of input protection must be used to permit
the amplifice to survive the fault candition.

Somie clectrometee-type devices, especially, those involving CMOS
circuitry, may require claborate protection schemes employing
Zener diodes. However, the protection scheme may well com-
promise the overall performance of the circuit, nullifying the ad-
vantages for which ic was chosen in the fiest place. [n comparison,
monolithic FET amplificrs of the type discussed here do notusually
require such protection, unless the source is not currenc-limired;
in this respect, they arc similar to amplifier types that use discrete
JFET devices. The failure mode in such cases is overheating from
excess current, rather than a voltage breakdown.

The amplificrs in this series are guaranteed for a maximum safe
input potential (either common-mode or normal-mode) equal to
the rated power supply voltage. The input-stage design maintains
a high practical level of input resistance for diffcrential input vol-
tages of up to = t volt. This property is useful where the amplifier
is used as an open-loop comparator of two input signals, cither or
both of which are directly connected to high-impedance sources.

[f the source is not current-limited, adequate protection can be
achicved if a resistor is used, inside the loop, in series with the inpuc
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terminal o limit the maximum overload current to 1,0mA (for ex-
ample, 100,000 ohms for a 100-volt overload). The simple scheme
shown in Figure 7 will cause no significant reduction in perfor-
mance, except for bandwidth, and will provide complete de over-
load protection.

Ag
AN
Renotect —e
=Y 10pF
L
CURRENT b -
SOURCE
v Rp TYPICALLY 100ks2 TO 1ML

f ‘ 3; Rp= ‘::’A FOR TRANSIENTS LESS THAN 1 SECOND
- 4

— FOR CONTINUOUS OVERLOADS
00 A

Figure 7. Inputprotection of |:V converter.

Output voltage of current-to-voltage converters is proportional to
the valuc of feedback resistance (Ry: in Figure 8). For greater sen-
sitivity, increased values of feedback resistance are used (for exam-
ple, S megohms, in Figure 9). However, beyond 1§ 0” ohms, resis-
tors tend to become expensive, large, noisy, and unstable.

Figure 8. Photodiode amplifier— photoresistive mode.
SMit

_NW—-——|
- — - - - 4

Vour = 10715 VOLTS

Figure 8. Photodiode amplifier — current-output photovol-
taic mode.

Under some circumstances (see Figure 10), it is fruitful to usc in-
stead a high valuc of resistance and a low-impedance resistive di-
vider that auenuates the portion of the output voltage used for
feedback (since the signal current must now prodace a smaller vol-
tage, Rg may now be smaller chan it would otherwise have had ta
be). For cxample, a 10-megohm resistor and a 1000:1 divider is
nominally equivalent co a 10,000-megohm cesistor. The drawback
is, of course, that input voltage errors are magnified relacdive o the
attenuated oucput voltage ac the tap of the R1-R2 divider. The low
voltage offset, drift, and noisc of the AD547 enhance the attrac-
tiveness of this circuit techmque.

R, Ry

* Vour
1s

= Vaour = “5“11'";‘? J
Figure 10, Current-to-voltage conversion with gain.

High-impedance transducers, such as proportional counters and
some accelerometers, require an amplifier which convertsapincre-
ment of charge into a change of voltage, through the use of a feed-
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back capacitor. The increment of charge in cireuits of the type
shown in Figure 11 is obtained by variation of capacitance in a
capacitve transducer sitting at constant voltage between the sum-
ming point and a voltage source. (AQ = C- AV + V AC, and,
since AV = 0, AQ = V- AC). The op amp transfces charge 1o the
feecdback capacitor and develops the outpuc voleage change
(AVoir = — AQIC).

C.I—__

T
|
|

-2

AVour

= offe
=
i--“H—\-

-4

Figure 11. Charge amplifier.

In chis circuit, Ry provides a leak for bias current to permit che out-
put voltage change, duc to an ac variation of charge, to be abserved
without excessive de drift. The time constant, R, Cy, should be long
compared with the slowest change of charge (1/(2xf,;,)); bat
R Ljyas must be small compared to the full-scale output range. Ry
serves to protect the amplifier’s input and ontput circuit against
transient and steady-state voltage breakdown in the capacitive
transduccrif Ve issubstantial,

Applying a voltage bias to a grounded device is a comman necd
in low-level current measurement, for example, in leakage current
testing, or in using low-level current teansducers (e.g., Clark oxy-
gen sensors). Figure 12 shows a technique chat applices a fixed or
adjustable bias at the noninverting ceeminal of an op amp, thus
using [cedback o force the inverdng terminal to the same poten-
tial. The current through the cransducer is sensed by Ry, and a low-
cost instrumencation amplifier converts che off-ground voltage
acrass Ry 10 2 single-ended output.

Vi
AFPEARS HERE

SENSOR

Figure 12. Current-1o-voltage converter with grounded bias
and sensor.

APPLICATION HINTS

The tow input bias current (25pA max) and low noisc characteris-
tics of the AD547K make it suitable for electrometer applications,
such as photodiode pecamplifiers and picoampere-level carrent-
to-voltage converters. In such circuits, it is essential to use guard-
ing techniques in the design and construction of the printed circuic
board layout to realize the uldimate low-leakage performance of
which the amplifier is capable.

The input guaraing scheme shown in Figure 13 for single and dual
op amps will minimize leakage to the input circuitry from the sup-
ply terminals, the outputs, or other pottions of the board wiring.
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The guard ring should be connected to a Jow-impedance potential
at the same dc level as che inputs. High-impedance signal lines
should be kept as short as possible; they should be surrounded by
guard lines and kept away from any sources of noise and leakage,
Off-board, rigid shiclded cables should be used for wiring,

INPUTS

GUARD 5

DuaiVersions

Single Versions
Figure 3. Boardlayoutfor guardinginputs.

The fase settling cime and low offset voltage of the the AD544
make it an execllent choice as an output amplifier for high-accu-
racy currenc-output d/a converters. The upper trace of the oscillos-
cape photograph in Figure 14b shows the sctdling characteristic of
the AD544 in the circuit of Figure 14a; the lower trace is the input.
Although the ADS44 by itself will settle fast to within 0.01% of
final output value, feedback components, circuit layout, and cir-
cuit design must be carcfully considered to provide minimum secl-
ing time for the overall circuitin which itis used.

SCOH FROGE 0ol DA LESS

SCOPE VERTWCAL
DY

Vit - Vo
Vimnge @ oy

O VERTICAL
INPUT REFERENEL,

b. Detail of settling
characteristic.

a. Testcircuit

Figure 14. Settling-time tests on AD544.

If substantial capacitive Joads must be driven, they will limit the
output slewing rate; In addition, the exira pole thac they esrablish
in cthe amplifier transfer funciion can be destabilizing and provide
distortion, cven when the circuit is being used for a low-frequency
application. Improved dynamic performance can be obtained by
the vse of the circuit of Figure 15. A 100-ohm isolation ecsistor re-
moves the capacitive load from the amplifier’s output, permicting
the 30pF fecdback capacitor to provide phase lead in the loop.
Low-frequency accuracy is maintained by closing the main loop
around the 100-ohm resistor, as shown. Figurce 16 shows typical
transicn¢ response of this circuit. (>

TYRICAL CAFACITANCE & g ]
LIMIT FOR VARG o
LOAD RESISTORS My
"y [T
ALl - Teooef
WAL Kl
P STREEIN o
L b. Transientresponse with
a. Circuit

R_L=2&Qand C_=500pF.
Figure 15. Driving alarge capacitive load.
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USE YOUR PERSONAL COMPUTER FOR MEASUREMENT & CONTROL

Software Support Packages Translate Between puMAC-4000 and Apple, H-P, IBM, DEC
Interface with Real World via uMAC-4000; Use High-Level (¢.g., BASIC) Programs

The pMAC-4000 is an intelligent, expandable, multi-option
single-board measurement and control syscem chac aceepts analog
and digiral data, outputs analog and digital conerol signals, re-
ceives instructions, and selectively reccives or transmics data under
the direction of a host computeer, via an R$-232 or 20-mA com-
munications link (Figure I).

The KMAC-4000 interfaces directly, via screw cerminals, with
sources of analog input signals, such us chermocouples, RTDs,
strain gages, other millivolt-level sources, and 4-to-20mA current
loops. An on-board microcompurter unburdens the hose by con-
trolling and locally performing signal amplificacion, sensor lincari-
zation, channel selection, and conversion to engineering units. {t
provides all this ata price of only $1488 for four channcels of tem-
perature measuremene.

TEMPERATURE

PRESSURE pMAC-4000
SYSTEM
AC. DC. SENSE—
MEASUREMENT
CONTACT CLOSURE DIGITAL INPUT YlST
RS 232 20mA COMPUTER
DIGITAL CONTROL
DISPLAY
ANNUNCIATORS ANALOG CONTROL
MOTORS

SOLENDIDS SERVO

MECHANISMS

VALVE POSITIONERS

ACTUATORS

Figure 1. pnMAC-4000 measurement-and-control concept.

The computer furnishes instructions to~—and reccives information
from—the WMAC-4000, in the form of standard scrial ASCII
characters, via the standard R§232C/20mA data link, This makes
it possible for the wMAC-4000 to interface with any host com-
putcr using this form of communication; since most computers do
embrace it, as either a standard feacure or an option, the pMAC-
4000 is cssentially a universal data-aquisidion peripheral.

The communication format, which embodies the cransfer of infor-
mation (“handshake™) between che host and the pMAC-4000—
including checks on che validity of the daca—is the ©*C” protocol,
described in the pMAC-4000 technical dara. The user must pro-
vide appropriate software, for cthe type of computer being used, to
translace between the language of the “application™ program and
the kMAC-4000's command set.

Recognizing that this requirement can be a time-wasting burden
for sciendises and engineers who do not wish 1o become software
specialists, we have developed—and are continuing to develop—
software support packages for use widh popular computers. The
first of these are software drivers using BASIC programs for IBM
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by John Mills

and Hewlete-Packard personal computers, Applesoft BASIC for
Apple lTeomputers, and MACRO-11 for DEC computers.t

The packages include Driver Diskettes (Cassetee for H-P), manu-

als, and communication cables. An optional R$-232C communi-
cations/real-time-clock card, which plugs mto the backplane, is
available for the Apple. It is ideal for data-logging applications.
Prices are: Apple—3150 ($388 with Mountain option), IBM-
$200, HP-$250, and DEC-$990.

The case of writing programs asing these packages can be seenin
the display segment in Figure 2, which LISTs the entire program
to read a temperature at onc location, and then displays the re-
sponse to a RUN command, Since the gpMAC-4000 retains up-
dated data in memory, the response appears immediacely after the
RUN s executed. A scan of a number of temperatures is almost
as simple—and speedy-—but of course the display porcion of the
program will call for a few excra prograny seeps if the results are
to be lisced.

LISy 20, 1320

300 TN Wt TRY =
20 SIesE Aloes0s EM
100 IMd = "1': KREM  SELFECT CHANNEL 1

L1 1G0EUE 1260 1KEM [NVOEE CHARNMEL 1 READ
Y29 PEINT "“TeMPI= " % Tas 4 " DEGREEE E£Y:

(MLITIALL/ZE YAl ln-=

REr DlsiPLaAY RESLLTS
P20 NI
JIRLIN
TEMI'L: 400254 DEGREL S ©

Figure 2. Display of program LIST and results of RUN, using
Applell.

?Usce the reply card for techaical data. The o MAC-4000 was hirst inroduced
i these pages as the cover featnre of Voline 13, Number 1.

FACIS20 for Apple 1; ACTIRIS for DFC RSXCT 1 ACIRIE for HP-8S; and
ACITR2 tor IBNL Personal Computer: use the reply card for techoical daea.
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MULTITASKING

The Key to Effective Measurement and Control
What Is It? How Does It Help Me Accomplish Results with MACSYM?

by 8ill Schweber

When you are controlling an experiment in a lab or a process in
the plant, you often need a system that allows you to divide your
overall operation into smaller, casier-to-define casks, run them ac
specified times or under specified circumstances, and perhaps run
sceveral stations simultancously, but at differene rates—all under
the direction of a single mini- or microcamputer system.

You can 4o all this—and more—with cthe “multitasking” that is
a standard featurc of MACSYM 2% and MACSYM 10* Measure-
ment And Control SYsteMs. Besides making MACSYM casier to
use, multitasking allows you to partition your averall program
into independent sections and co interact with the system while it
is rUNNINE yOour test or process,

A SIMPLE EXAMPLE

Suppose you want ¢o test a battery's charge/discharge characteris-

tics under computer control (Figure 1), with the following tesc re-

Quirements:

[. Sctthecharging current co che battery.

2. Read theeell voltage and temiperature once per second,

3. Perform calculations based on the last reading and several pre-
vious readings.

4. Compare the results of the calculations to an established value
and raisc an alarmifitis exceeded.

S. Check the position of an on/off switch mounted near che bat-
tery under test,

6. Printout alogging reportevery 10 minates,

THE RMOCOURLE

CHARGER

o o
) = =

VOLTAGE
TP
V\ Ty \ o=

t \ READ TEMPERATURE

"__t - — -
— o

N, SWITOH
1
1

CHECK FOR
CLOSURE

Figure 1. Functional diagram of battery testsetup.

You would write an individual rask (sub-program) for cach func-
tion. Task 1 would be set once (initialization) and be activated at
startup. Task 2 would be periodically activated (once per second).
Task 3 would be activated by Task 2, after the readings had been
made. Task 4 would be activaced by Task 3. Task § would be
checking the switch—Dbat on a lower-priority basis, Task 6 would
beactivated every 10 minutes.

While the tasks are being executed to run your test, you can choose
whether the keyboard is to be active (live) or de-activaced. When
itis live, you can use the keyboard 1o do the following:

*Change the time period of the tasks

slnspect and print input values, switch-settings, and results of

caleulations

«Change the alarm setpoint or the charging race

«List Al or partof che program

*tor technical dana, nse the reply card.
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*Manage the running of the tasks—activate or suspend tasks
*Change output voltages, cucrents, or on/off settings
After you have made changes—or at any time—you can de-acti-
vate the keyboard to prevent unautharized changes. Sample print-
outs from typical test runs are shown in Figure 2.

CELL SERIAL NUMBER (4 DIGITS)? 4570
DESIRED CHARGE RATE (O-1 AMP)Y? .2

DF SiUIRET FINAL CELL VOLTAGE (0- 10 YOL TS AT

CELL ALARM JTEMEERATIMIE (0-100 DEOREES C)7  99.5
=ss AL ARM=es CELL TVERTEMFERATLRE

TEST YERMINATED

CELL FINAL VOLTAGE= &.40

CELL. FINAL TEMFERATIIRE= %601

CRLL SERLAL MUMBES (4 DIGITS)> 7104

ESIRFD CHARGE RATE (O-1 AMF) T e

DESIRED FINAL CELL VOLTAGE (0—10 WILTSY? 5.0

LELL ALARM TEMPERATILRE (0-100 DEGREFES £})}7 95,3

Tenl EOMPLETE

VELL NLMEER 7104
CELL FINAL VOLTAGE= 5.0

LELL FINAL TEMITERATIIRE= f5.0

QL0177 QG035

Figure 2. Printout of battery test results.

WHAT IS MULTITASKING? WHAT ARE THE PROS &
CONS?

As you have seen, multitasking is a scheme that allows you to write
the sections of your total program as individual tasks and have
them run with independent schedules, times, rates, or occurrences.
The MACSYM keyboard can remain live, if you wish, while the
program is running, MACSYM automatically shares its time and
resources among the tasks, so it appears (o you as if che processes
arc ranning simuleancously.

In che mulcitasking system, all variables arc global, thatis, they arc
known and available to all rasks. This mcans chat dava acquired
in onc task can be used by another task without any additional
programming cffore.

Since tasks can be periodically activated at known times, you don't
have to put time-wasting loops into your program in order to in-
sure that a reading is caken at a specific time, or that a desired
amount of time elapses between software activities. In fact, while
exceuting a WAIT statcement, the operating system will automadi-
caally go to another rask to keep the processor busy. The CPU re-
source is therefore used much more efficiently and effectively than
itwould be without multicasking.

Another advantage of multitasking is char a cask may be normally
“dormant™ but suddenly assume special importance and require
immediate exccution. An example is the procedure associated with
the cripping of a safety limic, A separate task can be weiteen 1o test
for the conditions dhat would invoke this rarely used task.

Yet another advantage exists under startup condidons. When
starting up a complex new program for ¢he first time, and integrac-
ing it with real-time inputs/outputs, it helps if you can bring up
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tasks onc at a time, or in small groups ac a time, and selectively
activate and de-activate them. This enables you to test the system
picce-by-picce (hardware and software). The nec effect of this ap-
proach is to reduce the time needed 1o debug or certify that a com-
plex large program with many inputs and outputs actually docs
whaticis supposed ta do.

The advancages of multitaskiog are not free—but the price that is
paid is relatvely small. The operating system for mulutasking oc-
cupies more memory space than for a systemy without multitasking,
Also, it runs a little more slowly because it has more scheduling
to do. However, the small penalty in speed—for most applica-
tions—is greatly outweighed by the increase in process utilization
you can get with multitasking.

WHAT CONTROL DO | HAVE WHILE THE PROGRAM IS
RUNNING?

From the keyboard, or from within your program, you can activate
a task (as a function of either time or circumstances) and assign
it a priority, suspend the running of a task, alers {or reactivare) the
task, starting with its next timed event, or kill a task if it is no
longer needed (to frec up memory space and other resources).

[n the cxample above, you could SUSPEND Task 4, the alarm rask,
while you fine-tunc your program, and then activate it when you
are ready to use the alaem fanction.

Note that tasks can control other tasks with the same task-control
statcements,; this enables you to write flexible and powerful pro-
grams. You can also assign relative prioritics to tasks so thatessen-
val rasks are completed before less-important oncs, and even
changc these priorities as needed within your program.

EXTENDING THE EXAMPLE

Multicasking makes it casicr to control several test stations at the
same time, vet have individual control over cach one. Consider a
situation in which you want 1o control several basically simitar
batcery-test sctups, but with different setpoints and charging rates.

MACSYM scts the charging rate for cach battery and monitars the
cell valtage. With multitasking, you can write a task for each bat-
tery that would be identical in concept, bue might differ in details,
such as charging race. The multitasking would allow you to change
the charging rate—or constants in the caleulations—while the teses
are running. When you want to change a baceery under test, you
would SUSPEND the task associaced with that cell, then ACTI-
VA'TE ic when the new cell is installed, either with a local on-off
switch or at the system keyboard. The other cell test is unaffected
and continucs independently without interruption.

WHATDOES MULTITASKING ACTUALLY DO?

The multitasking capability is automatically available to the user
when the MACBASIC operating system is loaded into MACSYM.
This operating system takes carce of all the necessaey work 1o make
multitasking happen. The resultis that all the tasks are interwoven
automatically in a manner invisible to the user of the system. The
multicasking operating system does these things:

®]c arbitrates among the tasks and causces the execution of one
line of each task on a “round-robin’ basis (if the tasks have cqual
priorities). You can assign a higher priority to a cask if you want.

elc handles the time schedule of periodic tasks.

e[t gocs to the next task when the present cask is exceuting ac-
tivities that have an inherent dead time and would otherwise tic
up the processor needlessly. Examples of such 1asks include WAIT,
file nput/output, analog/digical input/output.
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ol keeps track of what casks are running and what Jine of cach
task is being exccuted.

o[t keeps the keyboard “live™ (if not de-activated) so you can
print, change vanable values, control tasks, and list programs,
while the programs are running.

SAMPLE MULTITASKING PROGRAM

Perhaps the quickest and most powerful way of demonstrating the
power of multitasking is to show how much flexibility even a
single-task program can gain in the mulditasking mode. The pro-
gram in Figure 3 measures a variable analog inpur voltage, X =
AIN(L1,0), multiplics it by a programmed constant (K), and outputs
the result as an analog voltage, AOT(2,1). lf X exceeds a program-
med limit (L), an alarm is sounded by PNT 7. This sequence is re-
peated at programmed intervals (T). The initial values of the con-
stanes KL, T aregiven as 1, § volts, and 0.5 scconds.

10 TaSK 50

20 ACTIUR?{ 1

30 sT0P

AQ

590G K= L=3 T=.5
60 X=AINC1,0)

70 ADT(2,1)=K1X
BO IF X L PNT 7
90 NAIT T

100 GOTO &0

Figure 3. Multitasking: single-task program.

The first three program lines (10, 20, 30) define the name and loca-
tion of che task (Task I, ac line 50), activace Task [, and indicate
that there are no more tasks to be defined (STODP), therefore pro-
ceeding ta execute the rest of the program. When the operatar
starts exccution of the program by typing RUN (carriage return),
the response is “STOP AT LINE 30 (M)”. (M) indicates that
MACSYM is running in the multitasking mode.

[f the program were an ordinarey single-task program, the con-
stants could not be changed from the keyboard withoue cither a
program change or including an INPUT statement in the program,
cicher of which would require an incerruption of the roming of the
program. With MACSYM's multitasking feature, on the other
hand, new values of the multiplying constant, the limic threshold,
or the waiting period between repetitions can be keyed in ac any
time, by typing in new definidons (K = 0.5, L = 8, T = 0.2, ctc.)
while the program is running, and they take cffect immediately
when the carriage return is keyed. The operator could also, atwall,
key in che request, PRINT X to print the currene value of X.

If a second rask were added, to begin at line 140, the program
preamble segment mighe look like Figure 4. Line 30 identifies Task
2 as beginning at line 140. If it were to be assigned priority 1, che
linc would read, TASK 2, 140, 1. Again, the keyboard could incer-
ace with the program, including the activation or suspension of
tasks (SUSPEND 2 {carriage return)). The simple examples given
above should make it evident thac multicasking is a powerful, cas-
ily used tool for computer-based measurement and control, 3

10 TASK 1,70
20 ACTIVATE 1
10 TASK 2,140
40 ACTIVATE 2
50 §T0P

&0

Figure 4. Preamble to 2-task program
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IMPROVED VECTOR-SCAN DISPLAYS ARE COMING
A Key is the Fast, 12-hit, Deglitched HDD-1206 D/A Converter
A Self-Contained Hybrid, 1t Updates at up to 6 Megapixels/Second

by Don Brockman and Terry Brown

Reams of material have been written in recent years debating the
pros and cons of various cathode-ray-tube (CRT) display systems.
An casy conclusion is that there is no “best™ system; they must be
compared in terms of cheir advantages and disadvancages for a
specific application.

Lven the methods of deflecting the electron beam (or beams, for
multicolor displays) have been subject to discussion. Systems with
electromagnetic deflection use a magnetic yoke around the neck
of the CRT ta deflect the clectrons; systems wich clecerostatic de-
flection use voltages applied to scts of deflection plates built into
the tube to steer the beam., Elcctromagnetic systems are slower and
require more power than clectrostatic systems, but they are
cheaper and are widely used in TV-type raster-scan displays.

The ewo principal fornss of display are raster scan and vector scan.
The TV-like raster scay variably ifluminaces a large number of
clascly spaced clusters of dots along a raster of closely spaced hori-
zontal lines every 1730 or 1760 of a second. You can find a discus-
sion of raster-scan techniques, and the application to them of the
unique HDG family of compact hybeid deglitched DACs for com-
positc waveform generation, in Analog Dialogue 15-2, pages 3-6.7

Vector-sean (alias calligraphic, stroke-writing, random-scan, or
directed-beam) display systems form X-Y placs of digitally deter-
mined poines or digitally programmed analog line-scgments of
random length and direction, in similar manner to oscilloscopes
in the X-Y-plot mode. [t forms a display on the screen by veetoring
the beam, i.c., by varying its X and Y coordinates, and curning it
“on'and “of " or modulating its intensity, as appropriate.

Vector-scan systems move the beam only 10 those portions of the
screen forming the illuminaced portion of the pattern, while the
beam chac illuniinates the raster scans the entire screen, whether
or not intensity information is present. In most applications, ras-
ter-scan displays use clectromagnetic deflection (an inheritance
from TV circuitry), while vector types usc electrostatic deflection.
The former has the advantages of simplicity and low cost; the lac-
ter requires less power, provides better resolution, and can display

X INFORMATION
DATA ——]\

BUFFER HOD- 1206
REGISTERS /] DA

¥ INFORMATION

X COORDINATE
VOLTAGE

DEFLECTION
AMPLIFIERS

¥ COORDINATE
VOLTAGE

HOD-1206
DA

COMPUTER ZINFORMATION h b
AND HOD.0B10 ZAXIS (INTENSITY)
CONTROL DA
CIRCUITS —V

SYNCHRONIZING
SIGNAL TIMING
CIRCUITS

Figure 1. Typical vectordisplay system.
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data changes with precision. Raster-scan systems are faster if large
quantitics of data are changing from frame to frame, while vector
scanis often the choice where precision isimportant.

Although its growth doesn’t match that of the market for rascer-
scan systems, which grows by leaps and bounds, the vector-display
market is still growing at a modesc rate and is expected to continue
todoso.

DACREQUIREMENTS

Figure 1 is a block diagram of a typical vector-scan display system
thac plots poaint-by-point, using 12-bit DACs far the X and Y axes
and a fast DAC with lower resolution to madulate the Z (intensicy)
axis. To obeain the perception of continuous lines when the display
consists of discrete points, it is essential to use high-resolucion d/a
canverters o drive the X- and Y-axis inputs. For example, a pair
of 12-bit converters will provide a display of 4096 * 4096 bits, or
about 16.8 million picture clements (pixels). Wich a 21" screen,
this would provide a resolution of the order of 0. 1mm,

The high density of pixcls makes it mandacory that only high-re-
solution, high-quality DACs be used for plotting the digital data
stared in memory. Any aberration in the DAC outpu, static or dy-
namic, can introduce an error in output voltage and erroneously
position the plotted point. The HDD- 12061 fast deglitched hybrid
12-bit DACs shown in the figare are a new product of the Com-
puter Labs Division of Analog Devices.

Figure 2 shows a simplificd randomly programmable vector-scan
beain path. The X-coordinate DAC moves the beam left-and-right,
the Y-coordinate DAC moves it up-and-down. The beam is al-

4 N

CLOSE-UP
DETAIL

LINES TRACE
APPEAR BLANKED
CONTINUOUS
0}, §
Nz
e
=

&

START
AND FINISH

ATO.0

¢ J

CODESATINSET

¥

1110 0100 1117
1110 0100 1111
1110 0100 1111
1110 0100 1IN
1110 0100 1111
1110 0100 1110

1 1010 1010 0001
2 1010 1010 0010
3 1010 1010 0011
4 1010 1010 0100
5 1010 1010 0101
& 1010 1010 0101
7
L}
9

010 100 01 1110 0100 1107

1010 1010 01 1110 0100 1100

1010 1010 0101 1110 0100 1011
CODE AT JUMP

F1il 0110 0100 0010 ] 1001 0100 0011
Fal 0111 1010 0110 Q111 1001 000

Figure 2. Randomly programmable vector-scan beam path.
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lowed to provide continuity berween connecred points, but it s
blanked when it skips over a dark area. Errois in positioning in
the X or Y direction produce lines with distorting lumps. D/A con-
verter technology today is sufficiently advanced to ensure that
problems with dc lincarity and monotonicity are essentially non-
existent; so dc characteristics are not a significanc source of errors
in veceor scan displays.

However, besides high de resolution, the d/a converters need a few
other feacures. Firstand foremost is speed. The faster the DAC, the
more points that can be illuminated within a given sean (usually
1730 1o 1/60 scconds, to avoid flicker). The 60-nanosecond settling
time of the HDD-1206 for one-bic changes (while plotting a line)
is compatible with a 6MHz refresh rate, and only 2 microseconds
arc required for an accurate full-scale jump (less time for shorter
jumps). Effective plotting scracegies would call for many connected
points and only shortjumps, when feasible.

Buc high speed and high resolution are useless if the transition from
point to point is not clean. A majar problem in fast high-ccsolavon
DAGs is the discontinuity, or “glicch™, chat can occar at major
transitions, for cxample, in the one-bit rransition from
O1114 1111111 co 100000000000. If the less-significant bits turn
off faster than the MSB turns on, the output will rapidly swing to-
wards zero, then rapidly swing back towards the original level plus
onc bit, causing the trace to seck to swing wildly aver che face of
the CRT in the coursc of making that small change. Even at less-
significant transitions, highly visible perturbacions can occur.

Since the glitch is a code-sensitive nonlinear phenomenon, it can-
not be simply filcered by linear techniques. It muse first be
minimized in duration and amplitude by designing the switching
to be as symmetrical as possible; then the residual gheeh can be
eliminated by using a track-hold outpuc amplifier circuit. When a
new value of digical input is latched in, the output circuit switches
to hold to recain the previous value until a time when the glicch
can be expeceed to have settled out, then switches to truck o ac-
quirc che new value.

POLAR
CURRENT DUTPUT 0} cﬂ}l;r{}sL{,ﬂr

DA CONVERTER

BiT 1 (mse) (1)
BT 2 (4}
LLETO).
BT 4 (8)
mr 5 {7)
it 8 (8} NPUT
BT 7 0 REGISTER
i 8 (i)
ot 9 (11)

a1 10 (i3)
BT N @
air 1z wsal (18)

oa
@ oUTRUT

GAIN
ADJUST

7 %8ma

| I [
©

ANALOG
30,
oQUTPUT
BT

/ol

v

J-erosizma GROUND

I

stRoee (32)
HOLD ADJUST
TEST POINT (2)

TIMING
GENERATOR

figure 3. HDD-1206 functional block diagram.

This is the essence of the job performed by the deglitching circuitry
incorporaced into the HDD-1206, designed for the next generation
of high-performance point-by-point vector-graphic displays.

THEHDD-1206

This device represents a teuly remarkable achievement in combin-
ing many functions in a single thick-film 32-pin hybrid [C. In-
cluded are input regiscers, 12-bic carrent-oucput DAC network
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and swirches, a reference, the output amplifier with track-hold
switching, timing circuits, and associated electronics. Coding is
negative-reference complementary binary for single-ended output
{and compleimentary offset binary for bipolar output); that is, the
single-ended output is 0 for all 1s, —S.119V for all Os (1 LSB =
1.25mV).

Figure 3 is a block diagram of the device. The first step in minimiz-
ing the glitch 1s an input register to remove the effece of differences
in the arrival dimes of the individual bits. All bits are simultane-
ously latched and arrive at the input of the current-outpur d/a
converter at the same time. Nevertheless, despite the best cfforts
ac balanced design for the convertcr, there still exists a difference
between on and off times for the switches, which produces a glitch.

The block labeled ““timing generator™ includes a one-shot mulci-
vibracor and gating circuitry. This circuit provides a fixed hold
period that exceeds the expected gliteh duraton, starting at the
time the strobe acrives and independent of steobe frequency. Atthe
conclusion of the hold interval, the oatput amplifier is returned o
the track mode and slews to the new value established by the dig)-
talinput,

The role of the FET switches uscd in the crack-and-hold is critical,
because they affect the dissipation and complexity of the drive cir-
cuit and the smoothness of the converter's output waveform, Cho-
sen for low input capacitance, low gate cutoff voltage, and tow
drain-to-source “on® resistance, they make possible 6MHz updace
rates with low power dissipation. Additional bencefits are low
charge transfer wichin the device—hence smaller residual spikes—
and simplificd drive ciruicry, resulting in more efficienc use of space
and lowce cost.

WHATIFINEED FASTER UPDATE RATES?

Conplete and cast-effective,t the HDD-1206 is an ideal choice for
vector-scan designs catling for 12-bic resolution and update rates
through 6 MHz. 1f 12-bit resolution must be obtained at faster up-
date rates, suitable circuics can be assembled, using external input
registers, the HDS- 12501 (12 bits, 50ns) or HDS-1240Et (ECL.,
£2 bits, 40ns) curcent-outpuc DACs, and the HTS-0025¢ crack-
hold—to perform deglitched d/a eonversion at update races from

10 to 20MHz. Figure 4 is a block diagram of a scheme using che
HDS-1250. 3

T4L574 HDS 1250 = HTS5-0025 -
REGISTER D'ACONVERTER TRACK/MOLD
Rl
20011
CLOCK HOLD
COMMAND
74504 5104}
-52V
10124
TTL-TO-ECL
145
2 CONVERTER
STROBE"
N )
WIDTH

Figure 4. Applying the HDS-1250 and HTS-0025 for fast vec-
torscan.

°Use the reply card for a copy of the article.
tUscthereply card for technical daca
$Prices from $135in 100s
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DEGLITCHING A 16-BIT MONOLITHIC D/A CONVERTER
AD7546 Has an on-Board Sample-Hold Switch for Deglitching
Simple Gircuitry Provides Buffered Voltage Output

by John Wynne

The AD7546% 16-hit microprocessor-compatible monolithic d/a
converter, a voltage-output device designed to provide 16-bit re-
solution at high speed—with low power consumption and cost—
in a 40-pin DIP package, was introduced in Analog Dialogue 16-1,
page 6. The plastic AD7546KN and the ceramic AD7546BD pro-
vide 65,536 monotonic output levels, in responsce to 16-bit binary
inputs, for respective temperatore ranges of 0°Cto 70°and - 25°C
o +85°C

As Figure 1 shows, the four most-significant bits choose the appro-
priate segmenc of a [6-resistor string; the voltage across that resis-
tor is applied, via a pair of external buffer op amps, 1o a precision
12-bit DAC, employing a voltage-switching R-2R ladder. The out-
put of the AD73546 3s equal to the base level voltage, at the lower
end of the chosen resistor (OV, 1/16 Vg, 2116 Vg ... 15/16
Vier), plus the fraction of che veltage across the resistor estab-
lished by the 12 less-significant bits and the 12-bit DAC.

‘The dynamic behavior of the analog output during code changes
is not clean, because the base level voltage can vary during switch-
ing, as intermediate codes appeae and disappear; op-amp cireuit
dynamics also contributes. A typical major-carry “glitch™ (8000,
to 7FFF ) can be seen in the lower waveform of Figure 2a.

The gliteh, being large, must be suppressed. Since itis code-depen-
dent and nonlinear, ic cannot be filtered out in a short time using
lincar fileering. I¢ is most successfolly deale with by a track-hold
circuic at the output of the converter, switched to hold when data
is put on the input, then to track after the worst- case glitch will
have settled out. The glitch occurs but s ignored.

The ADD7546 contains a single-pole, single-throw (SPST) switch,
for usce in track-hold circuits, The swicch is synchronized with the
two latch-loading signals; it is open when both CHIP SELECT and
WRITE are low. The internal logic of the AD7546 ensures thac the
switch opens before the daca o the Jatches can change. The swicch
is normally conmected as shown in Figure 2b.

A3 buflers the 15k$) outpuc resistance of the 12-bit converter and
drives the hold capacitar, Gy through the on-chip deglitcher
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Figure 1. Functional diagram of the AD7546.
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switch. A3 should have wide bandwidth, be able to drive substan-
tal capacitive load, and have low input bias current flowing
through the ladder resistance—for minimal contribution to offset
voltage.

A4 buffers the voltage on Cy and supplics the deglicched output
ac low impedance. A4 should have low input bias current, to
minimize droop of the hold-capacitor voltage. Offsct voltage of A3
and Adis added without amplification ac the output.

Tlhe degliccher swicch is a specially designed CMOS switch with
low charge injection (typically 150fC, or 15V in 10nF) and on
resistance of the order of 250 ohms. Cpy should be large enough
to keep the effects of charge injection to less than 1-LSB-worth of
output, yet be small ecnough for rapid charging through the de-
glitcher switch. The deglitcher switch is brought out to pins 22 and
24; pin 23, a "no-connection” pin, should be tied to the output
of A4 as a guard (o minimizc feedthrough and droop.

The next-to-bottom trace of Figure 2 shows typical resules, using
the deglitcher switch in the configuracion of Figure 3, with A3 =
A4 = TL071, Cyy = 10nF, and a hold period of 10ps. The scale
of the output waveform is about 2 LSBs per division. The
maximum glicch amplitude is reduced from 1.4V to about 2501V,
a factor of about 5600, ar 75dB; the glitch area is reduced from
1.4pnV-sto 1.6nV-s, abouc 875:1; and the delay is known and con-
trollable.

When the degliccher switch is used, the period of the write pulse
should be extended to give the output of A3 time to scttle to the
correct new value, Digieal input data should remain stable while
the write pulse is Jow. When ic recurns high, the deglitcher switch
closes, and Ciycharges to the new value through the switch. o

PMSBDATA

TRACK & HOLD OUTPUT
250V DIV

DATAOUTPUT 1V DIV
WITHMAJOR CARRY
GUITCH

a. Waveforms.

b. Circuit connections for deglitehing.
Figure 2. Deglitching the AD7546.

°For rechnical data, vse the ceply card.
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VERSATILE j»P-BASED METERS FOR J-K-T-E-R-STHERMOCOUPLES
AD2050/AD2051 Self-Calibrate, Cold-Junction Compensate, & Linearize
Character-Serial ASCI1 & RS-232C Digital, TmV/°C Analog Outputs Available

The AD2050 and AD205 1* are single-channel thermocouple tem-
peracure meters with a maximum range of —=265°F to + 1999°F
or —165°C 10 +1760°C and resohution of 1°(F ar C). Micropro-
cessor-based cirawitry provides actomatic cold-junction compen-
sation, lincarization, and self-calibration of gain and offsec. The
AD2050 is programmed at the factory to interface directly with
onc of the following six thermocouple types: (J, K, T, E, R, S). The
AD20S51 is a universal instrument; the user sclects appropriate
conditioning for onc of the six thermocouple types via switch-
programming.

Typical applicadons include temperatuce monitoring and data
logging in industrial and laboracory environments. Performance,
comparable ta that obtainable with meters costing 2 to 3 times as
much, is virtually drift-free; typical drift over the recommended
15-month re-calibration interval is less than = 1°F (1 digic). Table
1 shows ranges and readout accuracies with various thermocouple
typcs.

Table 1. Readout accuracy ¢ 25°C ambient.

Sensor

Type Range Accuracy
] - 165°C 10 760°C +0,7°C =12LSD
] —-265°F 10 1400°F +1,3°F  #12LSD
K  =50°Co1250°C +0.9°C =1/12LSD
K - 58°F 10 1999°F +*1.6°F =1/2LSD
T —150°C 10 400°C +0.8°C =1/2LSD
T —238°Ft752°F +1.4°F  =1/2LSD
E - 100°C 10 870°C +1.0°C  =12LSD
E - 148°F 10 1598°F *2.0°F = V2LSD
S,R +300°Cto 1760°C *1.5°C =1/2LSD
0°10255°C +6.0°C = 12LSD
S,R  +572°Ft0 1999°F *3.0°F =1/2LSD
+32°F 1o 57t°F =]2.0°F =12LSD

Temperawure information is displayed on large 0.56"H (14.3mm)
LEDs. [tis also available digitally in character-serial ASCII format
with rate sclection (25 or 100 characters per sccond) for casy inter-
face to printers, cerminals, and other peripberals. An optional iso-
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lated 20mA bit-serial loop output—capable of 4-wirce full-duplex
300- or 1200-baud opcration over distances up to 10,000 fi—and
a non-isolated TTL-compatible incerface are available for com-
puterinterfacing,

Lincarized temperature information is alse aptionally available in
analog form as a ImV/degree output voltage, for driving strip-
chartrecorders and other analog instruments.

The operating ambient temperature range for specified operation

of these meters is + 10°C o +40°C, with = 25ppm/°C ypical,
= 60ppm/°C maximum tempco. You can order cither mceter for
power supplies of 120V ac, 240V ac, or—at small cxtra cost
+7.5V to + 15V de. The meters automatically indicate overrange
and open-thermocouple condicions. They are protected for 300V
peak input {thermocouple to ac liney and up to 1400V peak com-
mon-modc voltage (ac versions),

Before shipmeng, all devices are burned-in for 168 houars at S0°C,
power-on-off cycled, and calibrated (traccable to the National Ba-
reau of Scandards). They are supplicd in rugged high-impact plas-
tic cases that meec DIN/NEMA standard dimension requirements.
Basc prices of the AD2030/AD2051 are $230/5290 ((-4) and
$161/5203in100s. 3

*For technical dara use the reply card.

DIGIT ADDRESS 1 DIGIT SELECT |
wn)ﬁlﬁ‘a\rnou DISPLAY f ’:'l "I._T“I l"I—_"
’ CRIVER 1" ’,_', I_! LI
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OPEN TC
VOLTAGE b s
PROTECTHON RETCLHON —0\0_ :
Q
MUK oS
COLD JUNGHON SENSOR Y £
} 3 TGIT QuTPUT 7 RITCHARACTER

g ASCH INFO BUFFER SERIAL ASCH

v "
‘COLD" INTEGRATOR
JUNCTION CONTHOL  —— 7
SELF CALIBRATION CHANNEL SELECT WED
i+ G 12 BT IOAPPIL??)':;“
ac on oc | © POWER . DAGC oUTPUT
Ot o BRITHE ’_%GROW‘D TTLSEAIAL
POWER
p—— 3V oureuT
TETCAL SERIAL INPUT I0PTIONALY
1S0LA
y?(_:u e o ISOLATED
20mA LOOP

Figure 1. Functional block diagram of the AD2050/AD2051.

Analoa Dialoaue 16-2 19872 17



LOGARITHMIC MULTIPLYING CMOS D/A CONVERTER
AD7111 Controls a Wide Dynamic Gain Range of 88.5dB (26,600) with 8 Bits
For Constant-Percentage-of-Reading Gain Adjustment, Audio Attenuators, etc.

The AD71)1* LOGDAC"™ is a multiplying d/a converter with
linear response to unipolar or bipolar analog (reference) inpu sig-
nals and exponental cesponse to the digital input. In effect, the
analog input is attenuated by 0,375 dB/bic of the 8-bit input word.
The AD7111s nominal transfer function in the circuit of Figure
s

—V Vi = exXprol = 0.375N/20)

where V,, and Vi are ac ar de voltages o =25Vt and N is the
basc-ten integer value of the binary number, For example, if N =
128 (or 10000000,), = V./Vin = exp ol - 48/20), or 0,00398, Re-
sistors R1 and R2 are not needed unless the gain muse be adjusted
precisely to unity at OdB,

Figure 1. Typical circuit configuration.

Table 1 shaws the correspondence beeween cach digical code and
its associated nominal attenuation, in dB (= 20 lag, y(ratio)). Note
that the more-significant nybble (D7-D4) has 16 steps of actemua-
tion at 6dB per bit, while the less-significant nybble (D3=D,) di-
vides cach 6-dB intervalinto 16 equal 0.375-dB intervals.

aADTIM 16) Rrg
1) loyr
17 BT CMOS
vin (15— -
™ DiA CONVERTER S
7
DGHD (3 DECODE LOGIC 14} Voo
8
2 CATA INPUT
= LATCHES
wh (13

AKSHENT MEN 9 HIONTT
DY Dé D% D4 ©3 D2 O DO
IMEE] DATA INPUTS iLse

Figure 2. Functional diagram ofthe AD7111.

The block diagram of Figure 2 shows how the function is accom-
plished: The micropracessar-compatible input-latches apply che
input word to a decoder, which feeds the code for the correct ratio
toa 17-bit R-2R-ladder-type multiplying DAC.

Applications for the device include communications and modem
test cquipment, telephone and PCM tese cquipment, digically con-
trolled antomatic gain-control [AGC) circuits, audio attenuators
tand amplificrs, if the DACisused in the feedback path), and wide-
dynamic-range a/d converters.

Accuracy and monotonicity depend on attenuation range, step
size, device grade, and temperature range, For example, grades
L/C/U are accurate to = 0.17dB for actenuations from 0 to 364B
and monatonic for 0 1o $4dB, for 0.375-dB attenuation steps. If
the attenuation seep-size is increased to 0.75dB, accuracy is to
within 0.375dB for 0 to 42dB and the device is monotonic for 0
to 66dB—over the temperacure range. For 3-dB steps, accuracy—
over temperatire—is to within 1.5dB for 0 to S4dB and the
device is manotonic over the full range—of both atcenuation and
temperature.

The device is available packaged in plastic, ceramic and/or Cerdip,

and prices startat $16in 100s (AD71 11KN). 3

¢ Use the reply card for technical dara.
3 Depending on the op amp’s available output range.

Table 1. 1deal attenuation {dB) vs. input code.

D7-D4| 0000 00CGL 0010 0QOl1I 0100 0101l 0110 OlLIl 1000 1001 1010 1011 1100 1101 1110 111)

6000 | 0.0 0375  0.7% 1.325 1§ 1.875 22§ 2628 30 3.375  3.78 4125 45 4.875  5.25 5,628

0001 6.0 6375 6.75 7128 2.5 7.875 825 8625 %0 9375 9.75 10,125 10.5 10.875 11,25 11,625
0010 12.0 12378 12178 13128 13§ 13.875 1425  14.625 150 15,375 15.75 14,125 165 16.875 17.25 17.62$
0011 180 18,375 18,25  19.125 195 19.875 20,25 20.625 21.0 21,375 21.75 22128 1215 22.B75 23,25 23.62%
0100 | 240 24,375 2475 25123 158 25.873 26.25 26.625 7.0 27,375 27.75  28.125 28.8 28.87% 29.78  29.625
010} 300 30.175 30.75 31125 318 J1L875 3225 32625 MO 33375 3375 34125 M8 34,875 35.25  35.623
o110 | 35,0 36.375 3625 37.128 375 37.87% 38.28 18.625 190 39.375 39.78  40.128 40.8 40.875 41.25 31625
0Ll | 420 42,375 42,75 43,125 43.5 43.875 44,25 44,623 450 45.375 4575 46,125 46.§ 46.878 4725 47623
1000 | 48.0 48.375 48.75 49125 4958 49.875 50.25 50.625 51.0 51,375 51,75 52125 525 $2.875 $3.25 83628
1001 4.0 $4,375 5478 55,128 853 $5.875 $6.28 56.625 570 57375 57.7% 58125 38§ 58,875 59,28 39625
1010 | 60D 60,375 60.75 63125 61.5 61,875 62,25 62.625 810 63.325 6375 64125 6435 64875 6525 65.62%
1011 | 66.0 66.375 66.75  67.125 675 4£7.875 68.25 &8.625 690 69,375 69,75 70,125 70.5 70,875 71.25 71.625
1100 | 72,0 72,375 7275 73125 738 73.825 7925 74625 750 75.378 75.75 76.125 76.5 76,875 17.28 71.625
101 | 780 78375 78.75 79125 79.5 79.875 80.25 80625 81.0 81,375 81.75 82,925 8Ls 82,875 83.25 83.62§
110 | 85.0 £4.375 B4.75 85.125 855§ 85.875 84.25 86,625 870 87,375 87,75 88,125 885 88.875 8925 B9.62s
1111 | MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE MUTE
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NEW SOFTWARE PACKAGE FOR LTS-2010 TEST SYSTEMS

Includes Operating System, Utility Programs, and Family Test Packages
Users Perform Tests More Easily; Test Designers Can Be More Creative

fu just two short years since ies intraduction, hundreds of LTS-
2010 computer-based automatic benchtop test systems have
comge into use, testing op amps, d/a converters, a/d converters, v/f
convereers, and voltage references (employing standard off-the-
shelf Family Boards), plus an unknown number of devices whose
nature is known only (o users who have wired their own cest cir-
cuitry on User Prototype Family Boards.t

During this time, the firsc-generation software has proven itself ¢f-
{ective and quite a bic more flexible than that of existing alterna-
tives. As always, though, there is plenty of room for improvement.
Now, a major effore has resuleed in new software that is even more
flexible, casier o use, and—very tmportant—cnmpatible with
existing software and hardware.

The LTS-2010 package includes an Operating Systemy , which fea-
tures a File Manager program, an interactive Debug program, and
several utility programs. A rescructured, more versatile, and casier-
to-use menu-type “fill-in-the-blanks”™ Family Test program is
available for both the L'TS-2000 and the LTS-2010. BASIC may
also be vsed with the LTS-2010 to aptimize system throughput.

OPERATING SYSTEM

With the File Manager program, the test programs stored on a
single disk are readily accessed {read from, written o, deleted, cte.)
without user concern for such dctails as physical location on the
disk, block availability, ete. There are two instructions for saving
programs: PSAVE allows a new program, currently in memory, to
be saved on disk; DSAVE allows you to overwrite a program al-
ready on disk with an edited version without having to first delete
the disk version. You can also save partions of a program, so that
larer only the segments required need be loaded.

The two instructions for loading a program in memory from disk
are: NLOAD clears memory before loading so that the program
is loaded exactly as on the disk; PLOAD doesn’t clcar memory, al-
lowing lines to be added to or replaced in the program existing in
ﬂ]L‘ﬂ\()fy.

The Debug program is an invaluable aid to troubleshooting both
hardware and software problems. When you issue the DEBUG in-
struction and respond to the prompts, it causes the operating sys-
tem 1o pause at (“trap”) any selected point in the program (a spe-
cific line or test), allowing you to examine and modify hardware
and sofcware setups, The following may be displayed:

eCalculated output voltage and stace of all voltage sources
@System reference DAC setup conditions

@ All measurement system conditions

®Mcasurement resulc data

®Codes last specified for the digital control and driver bics

eDigital control readback and digital device readback bics.

Utilinies include a Handler Setup Program, a menu-type fill-in-the-
blanks progeam for automatic handlers; Convert to File, for pro-
grams written with previous revisions of the operating system;
Function Switch Module, for subroudines to automatically per-
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form such functions as Datalog Stop on Fail, Yield, Statistical
Analysis, etc.; Statistical Print of files generated by the Funceion
Switch Module; Disk Copy; and Reunmber, which reads a BASIC
program from a disk, modifics it, and rcturns it to the same disk,
butwith a different file name.

FAMILY TESTPROGRAMS

Family Tesc programs permit specific classes of devices (op amps,
DACs, regulacors, cte) 1o be comprehensively tested, by the use of
menu-type “fill-in-the-blanks™ programming. Three exccutable
programs arc included: CREATE, used to generate and/or edit the
device test program; TEST, which causes the tests to be performed;
and CONVERT, which converts programs-created with previous
software to the correet format for usc with the new software.

In CREATE, there is a choice of four modes: Command, Edit, Set
1/0, and File. The last three modes can also be reached from COM-
MAND, which is also the jumping-off point to: Menu, List, and
Dcfine. MENU displays the list of available tests. LIST displays a
listing of test programs currently in the test program buffer. DE-
FINE causes the program to enter a question-and-answer dialogue
to define the general characteristics and initial conditions of the de-
vice 1o be tested. When you have defined the device to be tested,
the program will give you the opportunity to build a testc program
by stepping cthrough cach test function, using these questions:

NEXTTESTIS: test name, DEFINE? (Y,N)
If “N”, the test is skipped and it goes on to the next. If “Y*) the
dialogue for that test is encered. After stepping through all the
questions, ic will repeat co permit checking and revision—escape
is possible at any time by up-arrow and carriage return, leading
to:

REPEATTHISTEST? (Y/N)
“Y" indicates that you wish the program o repeat this test; a new
dialoguc will be started. "N takes you to the nexr test,

EDIT mode allows you to edit existing device test programs. It may
entail lisung, viewing, modifying, inserting, and deleting tese func-
tions, as well as editing the Definition conditions, SET /O permits
you to sclect or de-select output logging devices or switch com-
mand input over to the LTS console. FILE allows you to perform
various disk maintenance functions and load a new peogram. 3

* Fortechnical data, use che reply card.

3 The {TS-2000 was described at lengeh in Analog Dialogue 13-1 (1979), the
LTS-2010 BASIC-programmable version wasdescribed in 14-2, page (0.
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HIGH-PERFORMANCE HYBRIDS FOR DATA-ACQUISITION

12-Bit AD5210 Series ADCs for Accuracy Qver Temperature
AD5240 12-Bit ADC (5pvs Conversions) and AD346 S/H (2jus Acquisition) for Speed

The AD3210% and ADS240% 12-bit a/d converter families and
AD346% track-hold amplificr are high-performance-and-reliabil-
ity DIP-packaged devices with industry-standard pinouts designed
for applications in military, industrial, and commercial data-ac-
quisition-syscern design. They have versions designed for high per-
formance over the —=55°C to +125°C temiperature range, are
available with scecening to MIL-STD-883, and have existing scc-
ond sources.

Because of their lower chip count and the use of a hermetically
sealed SLAM ceramic DIP package, with its minimal number of
bond wircs, all three devices are characterized by higher predicred
reliability chan comparable deviees now on the marker.

AD5210 HIGH-ACCURACY ADC FAMILY

The members of the ADS5210 family are high-performance adjust-
ment-free 12-bit a/d converters that guarantee = 1/2 LSB non-
lincarity and no missing codes over the operating temperature
range (all versions)—and maximum gain error as smallas *0.1%
of full-scale-range (x4 LSBs) over temperature (AD5214 and
ADS$213). Maximum conversion time for all versions is a fast 13
microseconds. The table indicates the principal distinctions be-
tween members of the family:

—55°Cto —-125°Cw -5Viw —10Veo Intermal Exrernal

Type +125° +835° +5V +10V Ref. Ref.
ADS2IIR X X X

ADS2ICT X X X

AbSsz12B8 X X X

ADS2127T X X X

ADS214R X X X
A2 4T X X X
ADS21SR X X X
ADS215T X X X

Other input voltage ranges are also available. Prices (100s) arc
$158/$257 (or BD/TD versions, $273/8385.50 for BD/TD/883B,
with substantial discounts for higher quancities.

S ADS5240 )
ILEA FOR lzmmlz [ 37 | SEHIAL QUT
e § el bhaf 2] S
ILSB FOR wﬂtl-i{r]sc: E—f 30| HUFFER IN
AN [ 73] BusFeR OUT
mre[s —={TH] 18V sURRLY
mrr e sxit 27] GAIN ADJUST
et ) S
RS Er (7] S¥n inwur
B4 [a] . Eg‘:‘mmul
v r ] | it pPr—— R
air 2 [11] E ICP:’)MFJ\HATOR
o1 ] . ) AR,
ity 73 b | nurenence — 0] status
o = — 9] cLock our
Grounp (= L | E GATED CLOEK LA OUYEY
iy surrLy [16 B *cf:‘jc"lrlf“g‘ i EEI?‘ICY'TI;LA“

Figure 1. Functional diagram of the AD5240.
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AD5240 HIGH-SPEED ADC FAMILY
The AD5240KD and AD5240SD are 12-bit a/d converters with
5us maximum conversion time and guaranteed no-missing-codes

over their operating cemperature ranges. Besides being fully com-
patible with requirements for $240-type converters, it is pin-com-
patible with ADC85 sockets and can be used to upgrade conver-
sion speed (from the 10ps conversion time specified for ADC8S),
for a substantial increasce in throughput rate, especially when used
with the AD346 sample/hold, described below. (The AD ADC8S5*
is available for ADC85 applications where 10us conversion time
is adequate).

An important feature of the AD5240 family is a “2Z” version, that
can provide specified conversion speed over the full-MIL tempera-
ture range while operating on = [2-volt power supplies. [ncluded
in the AD5240 is an on-board buffer, which can be used to unload
signal sources that are “soft’* at the high switching rates encoun-
tered in fast successive-approximacion ADCs. Prices of the
ADS5240 family starcat $151in 100s (ADS240KD).

AD346 FAST SAMPLE-HOLD

The AD346 is a high-speed sample-hold suitable for use with 12-
bir a/d converters, such as the ADS5210 and AD5240. [ts guaran-
teed maximum acquisition time is 2ps to 0.01% of final value, for
a 10-V step, increasing to only 2.5us for a 20-V step. Thus, in a
single-channel application with the AD5240, such as that shown
in Figure 2, a throughput rate of 143kHz is available. Price of the
AD346 startsar 356 in 100s. 3

15y
15

1W0uF l\uur a5 Y
frecr m..!]

D @ $ :.E % 1 I8
ANALOG 8 SroV 2
INFUT
0710 10V e
o—i13 [ 6 T
AD3A6 =12
AD5Z40
1 4
15
= 202
CONVERT STATUS |
START
=0

Figure 2. Applying the AD346 with the AD5240 in a 143kHz
12-bit conversion system.

*Fortechnical dara, use the reply card.
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SUPER-PERFORMANCE HYBRID OP-AMP FAMILIES

Combine Low Offset Voltage, Low Drift, and Low Bias Current
With Clean Fast Settling, Slewing, Wide Bandwidth, and Load Driving

The AD380%, AD381%, and AD382* FET-input op-amp families
combine high speed and precision, without external trim circuitry.
For example, the AD381L and 382L have 0.25-mV offset and
700ns sctling to 0.1%, the AD38OL, wich 1V maximum offset,
scttles t0 0.01% in 250ns, and the AD380 and AD382 families will
drive *10-V loads to = 50mA. Their performance (typical at
+25°C and nominal supply voltage, unless noted otherwise) is
summarized in the following table:

AD380L AD381L  AD382L

Open-loop gain (with Ry),

V/V min 25k{200€1) (O0Kk(2k€)) 40k(200Q)

Offset voltage, mV, max 1.0 0.25 0.25
Drife, pV/°C, max 10 5 N
Inixg, PA, max 100 25 25
Setcling time 10 0.01%

(10V step) 250ns 1.2ps 1.3ps
Settlinpgtime 10 0.1%, ns 130 700 700
Slewinp rate, Vips 330 30 30
Small-signal bandwidth, MHz 40 5 S
Gain-Bandwidth Product

@10MHz,MHz 350
lour, mA min, at = [0V +50 =10 - 50
Package configuration TO-8 TO-99 TO-8

Typical applications of these amplifiers ace in high-resolution
graphic displays, fast current-to-voltage translation for d/a con-
verter circuits, photodectector signal conditioning, fast sample-
holds, pulse conditioning, precision buffering for driving coaxial
cables, and pin drivers for automatic testing.

AD380 - FAST-SETTLING 50-mA DRIVER

The AD380 has a slewing race of 330V/us and will output
+ SOmA into a 200-ohm load. When used without compensacion,
its 350MHz gain-bandwidth product permits wideband closed-
loop response, for example, gain of 70V/V with 3 SMHz
bandwidch. When compensated, it provides clean, fast sectling, as
noted in the rable. At che same time, its low offset, drift, and bias
carrent make it suitable for general-purpose measurement ciccuits
thac must respond stably and accurately to a wide range of high-
and low-level dc and ac signals, with a minimum of loading. Prices
(J version) startat $34.50n 100s.

J

3pF
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IN O—AAA- - o

Ry a|in ADS78

INPUT 10k1* AD380 12-BIT [© \DIGITAL
GROUND i + AD —oO | OUTPUTS

——0

—O

—0

—o

—o

apF*

Figure 1. AD380in abuffer application.
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Figure 1 shows how it might be uscd as a fase-scutling buffer be-
tween a scnsitive de measurement circuit, having slow response
and “soft* dynamic output impedance, and a successive-approxi-
mation a/d convertcr, 1o keep the fast bit-carrent pulses appearing
at the ADS78 input from affecting the accuracy of the measure-
ment circuit.

Figure 2 shows the large-signal output response of the AD380 and

the error appearing at 2 dummy summing poing, in a unity-gain
inverter circuit employing SkQ inputand feedback resistors.

Figure 2. Unity-gain inverter, large-signal response of
AD380.

AD381- LOW-DRIFT OP AMP

The AD381 combines low offset and drift with compensated,
moderately fast responsc. Tts low bias current, as with all Analog
Devices FET-input op amps, is specified conscrvatively. Its out-
put furnishes & 10V ar = 10mA. Prices start ac $8.50 in 100s (]
version).

AD382 - LOW-DRIFT HIGH-OUTPUT OP AMP

The AD382 combines the de and ac characteristics of the AD38 1
with the high output drive of the AD380, a uscful combination in
line-driver and buffer applications that nced high gain-aceuracy
over the audio frequency range. Prices (J) stactat $17.50 (100s). a3

*For technical daca, use the reply card.
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New-Product Briefs

12-BIT, 5-MHz ADC FOR MIL APPLICATIONS

The MOD-1205MB: Complete, Compact, and Characterized
A Documented Version of the Proven MOD-1205 A/D Converter

FAST TRACK-HOLD

1.3 s max Acquisition Time
To 0.01% for 20-Volt Step

The H1'C-05007 is a fast track-hold circuit
ina 14-pin hermeucally sealed metal DIP. [ts
combination of speed, low power dissipa-
tion, and low cost makes it attractive for ap-
plications with a widc varicty of monolithic
and hybrid a/d converters; lor example, o
obtain a 250kHz chroughput rate with the
[2-bit, 2.8-ps HAS-1202.

As Figure 1 shows, the HTC-0500 provides
sign inversion, and the cracking loop is
closed externally, permitting the user to add
external resistance in scrics with the input
and feedback resistors to adjuse the gain
around its nominal magnitude of 1.00.

The HTC-0500's acquisition timc to
+0.1% is typically 700ns (800ns max) for
a 10-volt step, and aperwire time is 30ns
(% $ns), with an uncertainty of 100ps max.
Its droop rate of 0.002mV/ps permics rela-
tively long hold times. The HTC-0500 has
modest  quicscent
R10mW max.

powcer  requircments:

Besides serving as a low-aperture-time front
cnd for a/d converters, the HTC-0500 also
has uses as a deglitcher on the output of d/a
converters, in analog peak detection, and for
otheranalog applications.

Available for both the —25°C w0 +85°C
and —55°C o + 125°C temperature ranges,
the HTC-0500 is also available processed to
MIL-STD-883, Mcthod 5008. Prices start at
$79in 100s (HTC-0500AM) O3

1
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Figure 1. Functionaidiagram of HTC-0500

*Usc the ceply card for technical data.
ply
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The MOD-1205MB~ is a version of the
MOD-120S, the popular 12-bit, 5-MHz
analog-to-digital converter  (scc  Analog
Dialogne 14-1, 1980), designed for use in
radar/sonar  digitizing, real-time speceral
analysis, digital communications, and simi-
tar functions typically found in defensc-re-
lated applications.

The following features may be of interest co
users for thesc applications:

® All specifications are characterized
with min/max limits,

e All componcents
screened in accordance with appropriate
MILSTDs.

@ Each converter bears a senal number

arc procured or

for traccability.
® Each converter is  shipped  with
serialized test data showing results of static

and dynamic testing.

Each device is complete; no external parts
are required. And logic is TTL-compatible,

climinating the need for external ECL-TTL-
ECL circuicry.

Constructed on a single 57X 5.43"%0.5"
(127 x 138 x 12.7mm")  princed-circuit
card, the MOD-1205MD includes a track-
hold amplifier with 25ps maximum aper-
ture uncerrainty, an encoder, and timing
and outpur registers. The single-picce price
is $4995, with substancial discounts for
quantity. 3

MONOLITHIC ADG—12BITS + SIGN
CMGS AD7552 is Ratiometric, Microprocessor-Compatible
Has Polarity, Overrange, Low Power Dissipation, Low Cost

The AD7552% is a monolithic integrating
a/d convereer wich 12-bit-plus-sign resolu-
ton, plus overrange, housed in a 40-pin dual
in-line package. Drift is minimized by
patented Quad-Slopc conversion, which
converts offscts o a digital number that is
then ased for correction.

The AD7552's parallel oucput daca lines
have three-state logic and are micropro-
cessor-compatible. The lower cighe LSBs
and the five MSBs can be enabled separ-
acely, for a choice of interfacing to §- or
16-bit data buses. Three flags—OVER-
RANGE, BUSY, and BUSY, controlled
by STATUS ENABLE, simplify interfacing
(O MiCTOprocessors.

The AD7552 15 essentially complete, requir-
ing an integrating R-C, a rcference circuit,
and clock capacitors for self-contained op-
cration. The integrating amplificr, the com-

parator, logic, and analog-switching circuits
arc on-board. With a 250kHz2 clock, the
conversion time is approximately 160 mil-
liseconds. Conversion may be cither self-
starting or externally scimulated. A gated se-
rial pulse crain is available for isolated con-

version using optocouplers and off-chip
councers.

The AD7552KN is packaged in plastic and
priccdatonly $9.95in 100s. 4

Vear AN s At IHOUT

TOTALLING COUNTER
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New-Product Briefs

LOW-COST PRECISION IC REFERENCE
AD1403 & AD1403A: 4.5V to 40V In, 2.5V Out
Improved Replacements for Standard Types

The AD1403* and AD1403A* are three-
teceminal devices that accept input voltage
from 4.5V to 40V d¢ and provide a stable,
accurate 2.5V at currents up to 10mA.
Based on a patented bandgap circuit, these
references use laser-wafer-trimmed  thin-
film resistoes o achicve initial tolerances to
within = 10mV and temperacure seabilicy 1o
better than = 25ppm°C (AD1403A).

There arc a number of applications for
which they arcideal; Their accuracy and sta-
bilicy ac low cost make chem firse choice for
/a and a/d converters, Since they can oper-
ace with S-volt supplies, they are juse righe
for applications where only a single 5-V
logic supply is available. They will operate
as precision current sources for currents
from 1.SmA to JImA. Last (buc hardly
least), they will serve interchangeably with
cconomy and distinction as a supcrior first
chaoice wherever genceric 1403 or 1403 A-
type references have been specified.

L¥ouT, CHANGE N Yy - my

Wi INPUL WAL TALL wain

The lowest-cost members of a distinguished
family (including MIL-ccmp and 883 ver-
sions) of manolithic precision bandgap re-
ferences—including the ADSS0 (2.5-V), the
ADSSI1 (10.0-V), the ADS84 pin-prog-
rammablc reference, and the ADS89 1.2-V
owo-terminal reference—the AD1403 and
AD1403A arc packaged in 8-pin mimacure
DIP packages and are specificd for opera-
tion from 0° to +70°C. Priccs for the
ADT403N/ADI1403AN (100s) arc $1.65/
$4.75.3

18-BIT SYNCHRO-TO-DIGITAL CONVERTERS
SDG/RDG1727 Accurate to Within * 19.8” Over Temperature
Available for Systems with 400Hz or 1000Hz References

Models SDC1727%and RDC1727"arc Syn-
chro- and Resolver-to-Digical Converters
with resolution of 18 bits (4.9 arc-seconds)
and accuracy to within x (9.8 arc-seconds
max over the full temperature range (op-
tionally 0°C to +70°C or -55°C o
+ 105°C). Packaged compactly in 3.5” x
2.57 X 0.875" (63.5 x 88.9 x 22.2mm°)
modules, they are self-contained, including
transformers on both the signal and refer-
ence inputs.

They ace intended for use with high-accu-
racy synchros and resolvers as an alternative
to two-specd (coarse/fine) synchro and re-
solver systems, Used with high-accuracy rot-
ary devices, they can provide an angular
measurement system of comparable accu-
racy but having none of the wear problems
associated with coarse/fine mechanical gear-
ing. Applications arc to very-high-accuracy
angular mcasurement systems, such as tese

Analog Dialogue 16-2 1982

equipment, gun sights, stabilized platforms,
and fire-control systems,

In addidion to digital position information,
these devices also make available a de veloc-
ity signal for tachometric feedback. They are
pin-compatible with the industry-standard
14-bit-device pinout, buc they have exura
input pins for the increased resolution,

Small-quantity prices are $1995 (0°C o
70°Cyand $2295 (- 55°C o +105°C). 3

* Use the reply card for rechnical data.

AOC/AGEITRR

10-BIT IC DAC
High-Performance AD DAC100
MIL-STD-883BAvailable

The AD DACI00€ is a 10-bit monolithic
current-output digital-to-analog converter
packaged in a hermctically sealed 16-pin
ceramic DIP. The Analog Devices AD
DACI00 is form-, function-, and pin-
compatible indastry-standard
DACI00; itis available with cquivalents o

with  the
all the popular versions and opaons, includ-
ing processing to MIL-STD-883B.

Using ten precision high-speed  current-
ateering switches, a control amplifier, a
stable buried-Zener reference, and a laser-
trimmud S$i-Cr resistor network, the device
produccs a fast, accurate analog output cur-
rent. Also inctuded are laser-trimmed appli-
cation cesistors for accurace, stable current-
to-voltage conversion, using an external op
amp, such as the ADS44 or the AD OP-07.

Nonlincaricy of the AD DACI00 s less than
*+1/2 LSB (0.05% FS) max for 10-bit con-
version in the K, [, and T versions, and max
full-scale ccmpeo is = (S ppm/°C in the L,
=30 ppm°Cinthe K& T, and £ 60 ppm/°C
in the ] and S. Maximum scteling time to
+(.05% ES (1/2 LSB) 15 375ns, dropping to
= 100ns for =0.8% FS (8 LSBs).

The AD DAC100 is available in §D, KD, LD
options ( —25°C o +85°C), /883B versions
of those options, and SD/883B and TD/
883B (-55°C 10 +125°C) options. S-volt-
full scale and chip versions are also avail-
able. DIP prices starcat $14.10 (J)D-100s). 3

»Usc the reply card for technical data.
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New-Product Briefs

POWER SUPPLIES 2 ULTRAFAST OP AMPS: AD3554 & HOS-050C

AD3554 IsUser-Compensatedto Fitthe Application
Slews @ 1000V/s, Settles to 0.05% in 150ns Max

Modular AG/DC & DC/DC Types
18 New Models in New Catalog

A |

CIDC
ﬁchc'F?puES iz
pOWER S4TALOG

If you build anything that uses any of our ac-
tive components, you nced a power sup-
ply—to obtain dc power from line voltage or
o convert de pawer av an existing supply
voltage o a mare-suitable level (or dual
levels). It's not surprising that, recognizing
this important requirement, we've always
made low-cost, reliable power supplies of
various capacitics available with the resc of
our product line.

The new 12-page cacalog shown above® de-
scribes our present line of more than 40
modular ac/de and dode power supplies of
various capacitics, sizes, and numbers of
outputs for printed-cireuit board and chas-
sis mounting. Included in the catalog are
scparate Selection Guides for ac/de and de/
de¢ power supplies and a sct of outline draw-
ings. [n addition, to aid users in applying the
power supplies, there is information on test
conditions and procedures, power-distribu-
tion, grounding, decoupling, transients, and
thermal derating.

AC/DC: P-C-board-mounted supplies in
this category provide single SV ourputs at up
to 3 amperes, dual =15V output at up to
+350mA, and combinations of the two ac
up to 1A/ = 150mA. Chassis supplies furnish
a similar range, with up to =3500mA at
= 15V. In addition, there is the unique 2B35
transducer supply, which furnishes a re-
sistor-programmable  +1V 0 +15V at
125mA for transducer excitation and = 15V
at £65mA forinstrumentation,

DC to DC: A wide range of supplies in this
class, including a new series of 1-watt 24-pin
DIP-compatible units, provides =15V from
SV, 12V, 24V, and 28V dc primaries, at up
to £410mA, and SV from 5V at up to 1
ampere. @

*Usc the reply card to ohtain a copy.
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The AD3554" is a FET-input hybrid opera-
tional amplifier, packaged in a TO-3-style
hermetically sealed metal can, capable of de-
livering = 100mA output current at = [0V,
[ts high slewing rate (1V/ns) and fase sculing
time 1o 0.01% (250ns max) make it ideal for
d/a and a/d conversion, sample-hold, and
videa instrumentation circuits. [t is a pin-
compatible replacement in existing applica-
tions specifically calling for generic 3554-
type amplifiers.

The illuscration shows the typical range of
gains and bandwidchs available as a func-
don of the external compensation capaci-

tance. With its 1.7GHz gain-bandwidth (A
= 1000), it is an idcal choice for small-sig-
na) high-frequency amplifier applications.
DC performance is also excellent: itis laser-
rrimmed for JmV max offset (AD35541B)
and has bias current of only S0pA max. Itis
available in 3 offsct/drife grades: A & B for
~25°C tvo +83°C, and S for -355°C to
+125°C. Prices starc at$47.50in 100s. 3

“Usc the reply card for rechnical dara.
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Low-Cost H0S-050C Is Internally Compensated
Settlest00.1%in 80ns, 0.01% in 200ns

The HOS-050C is the newest—lowest
cost—membee of the HOS-050 family of
high-speed widcband hybrid operational
amplifiers, packaged in the hermetically sea-
led TO-8 can. All members of the family are
characterized by a scable, cssentially, 6-dB-
per-octave rolloff co 100MHz unity-gain
bandwidth, slewing rate of 300V/us, and
settling time of 80ns 10 0.1%.

All models have a rated output of 210V at
+100mA. The “‘C” version differs only in
temperature range (—25°C to +85°C) and
offsevdeift (6SmV max, 200puV/°C max).
[ts price isonly $55 in 100s.

APPLICATIONS

With its high gain-bandwidth, fast sentling,
and high output drive, the HOS-050C is
well-suited to applications with fast current-
output d/a converters. The Figure shows a
circuit employing it in an inverting applica-
tion as an output (unipolar or bipolar)
amplifier for the HDS® scrics of fast §-10-
12-bit DACs (available in TTL and ECL ver-
sions, current-sertling ¢imes of 10ns o .

40ng). 3

* Usc the reply caed for technical data.
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New-Product Briefs

TEST SUB-PICOAMP BIAS CURRENTS

Automatically on the Computer-Based LTS-2010 Tester
Using the LTS-0607 Low-Leakage Socket Assembly

The LTS-2010% can cest single, dual, or
quad op amps for leakage current from 1nA
to 50 fA, using the specially designed LTS-
0607 Low-Leakage Socket Assembly with
the L'TS-2100 Opcrational Amplificr Family
Board and the Low-Lcakage Test sub-
routine option in the Op-Amp Test Create
program.

Testing low bias currentst is difficult be-
cause lecakage in the test circuitey causces er-
rors, and the output voltage of the test must
be substantially larger chan che amplificr’s
offset.

The LTS-0607's entire assembly is shiclded
and grounded to minimize ac pickup, and
Teflon pins are used for the socket-assembly
inputs and the pins on the DUT socket cir-
cuit board. The socket itsclf is shiclded by a
hinged cover, which closes over the device.
Conscientious care and clcaning on the part
of the user are key to continued satisfactory
testing.

Instead of unreasonablc values of resistance,
the LTS-0607 uses a stable, precise 1000pF
capacitor. The bias current, flowing through
the capacitor, develops a AV/Au = 1/C.
Thus, 1 pA of bias current would produce a
AV/Adc of ImV/s. The LTS software allows
the ¢capacitor voltage to ramp for a suitable
periad of time, then computes 1 = C(V, —
VALY, An AD390" on the fixture meas-
ures the ambient temperature to coercet its
effect on bias current. @

*For cechnica) daca, use e reply card.

t For derails, see Electronic Designy Nov. 12, 1981,
pages 225-230.

ACCURATE THERMOCOUPLE MEASURING

Reference, Cold-Junction Compensation, and Filtering
MACGSYM’s STB03 14-Channel Isothermal Termination Panel

The STB03-01/STB03-027 are 14/28-chan-
nel isothermal termination panels thatinter-
face thermacouples 10 MACSYM systems.
The STBO3 accepts any combination of
popular thermocouple types (§, K ,T, E, R,
$). 28 channels require only 2.71” of vertical
space in astandard 19” mounting rack,

The STBO3, compatible with the AIM03*
solid-state analog input card, provides pas-
sive 2-pole filtering, open-theemocouple de-
tection, an ADS90 temperature sensor, and
input protection against 120V ac rms.

INREEEBREARRENE!

STIEL 1 C oAy G AL 1) RIS AT PARES
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The high-density package design minimizes
rack space and insures accurate measure-
ments by maximizing thermal conduction
wicthin the terminal area and insulating it
from excernal thermal gradicnts.

Data acquired via STBOJ3 and AIMO03 can be
subjected to the software AVG mode—to
average many readings of a channel at
specificd cime inteevals (at 60H7 for line-fre-
quency rejection), up to 4000 samples per
second—and the SCAN mode, to sample
many chanpels atup to 2000/5. [3

* Use the reply card for technical data.

FYCTE]

]

itMAC EXPANSION
Analog Output & Digital 1/0
Increase System Capacity

&5 ,._..

LMAC4030* and pMAC4040° are Analog
Ourput and Digital /0 Expansion Boards
for use with the pMAC-4000 single-board
incelligent  measurement-and-control - sys-
tem. Both boards plug directly into the
wMAC-4000 card cage and arc cconomi-
cally priced from §790 & $5435.

The puMAC-4030 contains cight scparate
12-bit d/a converters and provides eight
user-programmmable channels of cither vol-
tage outpur (scveral ranges available) or
—optionally— = 1000-vole-peak  isolated
(input-to-outpuc  ofr
4-10-20mA  or 0-t0-20mA  current-loop
output.

channel-co-channel)

les 130-Verms-protected voltage and iso-
lated current-loop outputs may be mixed on
the same board in blocks of four and are in-
tended for use in controlling motors, valve
positioners, and servomechanisms, or for
displays, using analog indicators or record-
ers. The high common-mode-vohage isola-
tion ensures reliable operation of the cur-
rent loop in the presence of transient and
fault voltage—a nccessity in industrial
environments.

The pMAC-4030's on-board microproces-
sor provides key functions, such as incre-
mentvdecrement for backup control, data
rcadback for bumpless transfer from man-
ual 10 automatic control, programmable
slew rate to control the rate of advance from
onc setting to another, and output scaling in
cngincering units, via a simple command sct.

The pMAC-4040 is a low-cost 64-channel
digital input/output (VO) board with 32
channels of digital outpat and 32 channcls
of optionally isolated digical input. It intcr-
faces contact closures and parallel digital in-
puts to the kMAC-4000 for load-control
and direct digical control, 3

* Use the reply card for technical data.
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Worth Reading

2-VOLUME 1982 DATABOOK
The Analog  Devices 1982
Databook is a 1536-page com-
prchensive two-volume collection
of technical informadion on daca-
acquisition components and sub-
systems for measurement and con-
crol. It's free, upon written request.

According to Corporate Director
of Markcting, George Adams,
“With the introduction of more
than 60 new products since our
last cacalog, Analog Devices con-

tinues to offer you the broadest sclection of data-acquisition solu-
tions. So many, in fact, that two volumes are now required to
Jescribe them. Qur broad and rapidly growing line of integrated-
circuit products is described in Volume [ Volume §f includes our
wide range of modules and subsystems, from signal-conditioning
componcents to complete intelligent data-acquisition syscems.

“The volumes are organized funcdionally and are fully cross-in-
dexed, so that you can easily find the solution vou’re looking for,
no matter which volume you hold in your hand. The idencical
Index in cach volume and the Selection Guides provide page loca-
tions of all products.

“Whether you'rc a long-time user of our products or encountering
them in the Databook for the first time, we're convinced thatyou’ll
{ind the Databook a bighelp.™

Ifyou haven't reccived your frec copy yet, write now.

ADIAUTHORS IN THETRADE PRESS
“Get a Fast, Accurate Handle on FET-Amplificr Bias Currene,” by
Allan Ryan, Electronie Design, November 12, 1981, pp. 225-230

“Low-Lcvel Analog Signal Conditioning,” by Bob Butler. Elec-
trosic Products, November 30, 1981, pp. 65-67

“Low-Cost RMS/DC ICs Upgrade AC Measurcments,” by Lew
Counts, Chuck Kitchin, and Walt Jung, EDN, January 20, 1982,
pp. 101-112

“Fixeure, Tester Whip Through Instrumentation Amplificr Teses,™
by D. Perkins, Electronic Design, February 4, 1982, pp. 131-136

“V-f Converters Demand Accurate Linearity Testing,” by Larry
DcVivo, Electronic Desigsn, March 4,1982, pp. 105-110

“Computcrized Measurement & Control,” by Bill Schweber,
Ouality, March, 1982, pp. 38-4)

FEATURED IN MACSYMIZER

Volume 1, Number 4 Special New Product Issue: 8 New Products,
Phes: Communications Channels (Part 1), MACSYM 2/10 Error
Code Cross Reference, Inscalling/Removing Boards, Thee-
mocouple Table, MACSYM 2 Workshop announcement, Train-
ing Course Update.

Volume 2, Number 1: “MACSYM 2 Talks to PDP-11/34 at Dia-
mond Shamrock,” plus these Features: Digital Signal-Handling
Techniques, MACSYM 2 as an IEEE Controller, MACSYM 2
{Disk) to MACSYM 20 Programs, Task Scatc Diagram, plus Sys-
teri Notebook, Netw Items and Field Support.

76

AUTHORS (continsed from page 2)

Jobu Mills (page 11) is Senior Mar-
keting Engincer for Subsystcm
Products at Analog Devices, John
carncd his BSEE degree ac North-
castern University. He firsr joined
Analog Devices as an Application
Engincer, then became a regional
sales manager for Dartel-Intersil
and subscquently rejoined ADI in
his present capacity. He cnjoys
softball, golf, cross-country skiing, and is a racquetball enthusiasc.

Bill Schiweber {page 12) is a Sys-

tems Application Engineer with

ADI's MACSYM group. Before =
this, he designed microprocessor-
based controls for materials test- \
ing cquipment. Bill has a BSEE =
from Columbia University, an ‘w‘/“
MSEE from the University of

Massachuscus, and is a Registered

Professional Engincer. His hobbies ' ’ ‘

include bicycling, photography, model railroading, and “just tak-

ing carc of things around the house, which often has a priority over
the first threcitems.™

Mike Slocombe (page 19) joined
ADI's Component Test Systems
organization as System Software
Designer after § years in the ADI
Semiconductor  test-engineering
group and a brief stint at LTX. Ac
ADS, he designed computer-based
in-house test cquipment and im-
plemented cesting of many of the

monolithi¢ products an commer-
cial cesters. He formerly worked at Raytheon and has attended
Northcastern Universiey and the Berklee College of Music.

Don Travers (page 6), Senior Ap-
plications Engincer at Analog De-
vices Semiconductor, Wilmingtan,
Mass, has a BSEE from Northeast-
Before  joining
Analog Devices, he supervised the

ern  University.

converter test department ac Hyb-
rid Systems. At ADI| he assisted in
the development of data-acquisi-
tion products at our Microclec-
tronics Division. Afeer a bricf stint at Parlex Corp., where he de-
signed custom thick-film hybrids, he rejoined ADS in 1978 in his
presenc capacity.

John Wynne (pages 3 and 16) is an
Applications Engineer at Analog
Devices B.V. (Limerick, lreland).
Previously, he was Telecommuni-
cations Project Enginecr in the
City of Dublin Devin Sercet Tech-
nical College, and later a Design
Engineer at Sperry Gyroscope Av-
ionics Division U.K.
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Potpourri

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

IN THE LAST ISSUE (Volume 16, Number 1, 1982 - 24 pages) . . . Hybrid Isolation Amplifiers with a
New Twist (AD293, AD294) . . . World's First Monolithic 16—-Bit D/A Converter (AD7546). . . Monolithic
12-Bit DAC Has 6-Word FIFO Memory (AD7544) . . . Monolithic Systems DAC (AD7527) . . . First
Monolithic FET Op Amp with 1uV/°C Drift (AD547) . . . Low—Cost 10- and 12-Bit Interfaces for STD Bus
(RTI-1225 & 1226, RTI-1260 & 1261) . . . Testing A/D Converters Automatically . . . MACSYM 10 for
Industrial-Plant-Floor Environments . . . Double-Buffered Complete Monolithic 12-Bit D/A Converter
(AD567) . . . High-Resolution Data—Acquisition Family. . . and these New-Product Briefs:
Event-Counter Card for MACSYM (EVCOl) . . . Pulse-Train Output Card for MACSYM (POCOl) . . .
Loop-Powered Isolator for Industrial Applications (2B24). . . 12-Bit uP-Compatible Monolithic
Multiplying DAC (AD7545) . . . Improved 12-Bit Complete IC A/D Converter: High—Speed Interfacing and
+12V Operation (AD574A) . . . Fast 10-Bit ADC Converts in 1.8us max (AD579) . . . Software for
uMAC—4000 Compatible with DEC RSX-11, HP-85 and Apple II Computers . . . 4—Channel Signal Conditiomer
and Multiplexer (2B34). . . 12-Bit Tracking Inductosyn/Resolver-to-Digital Converter . . . Ivar Wold
Named First Analog Devices Corporate Fellow . . . plus Editor's Notes, Authors, Worth Reading,
Potpourri, etec.

ERRATA . . . DATABOOK, General Note: While assembling data-sheet material to appear in the

Databook, we selzed the opportunity to incorporate corrections of all known errors in previous
editions of the data sheets. In cases of conflicts between the Databook and individual data sheets,
give the Databook the benefit of the doubt for all data sheets published before December, 1981. If
the data sheet 1s more recent, it is the more likely to be correct. You can find the month and year
in which a data sheet was published on the last page at the upper right, following a set of
vertically oriented characters, e. g., C692-9-2/82 . . . Some errata corrected in the Databook:
DAC1106/1108 Absolute Accuracy Offset is +20nA (correct on page 10-12 of Volume II). Logic
compatibility of the 458/460 v/f converters ("Voltage to Frequency Operation™) 1s correctly stated in
the Databook (page 12-19 of Volume II). All AD2040 errata found in previous editions of the data
sheet have been corrected in the Databook (pages 16-53 and 16-54 of Volume II); they relate to: (l.)
the notes below Figures 1 & 3, (2.) the steps in the calibration procedure, (3.) the mechanical
drawing for the AC version, and (4.) the orientation oflbhe Span and Adjust pots in the AC version.
THC-0300 Track-and-Hold Amplifier input impedance is 10"~ ohms, correctly given on page 14-16, Volume
II . . . In Analog Dialogue 14-2, page 7, Figure 3, we show a scheme for increasing the resolution of
an audio attenuator (using an AD7110) from 1.5 to .75 dB/FMit, by adding a sub-1SB. To make it work
properly, an inverter should be used in the new LSE line (either furnished externally or derived
using the other half of the ADG200).

DIGITAL PANEL-INSTRUMENT CATALOG . . . The Digital Panel-Instrument Catalog is now updated and
integrated with the DATABOOK: Volume II, Section 16. It includes Selection Guides, General
Information and Definitions of Specifications, and technical data on Logic-Powered and AC-Powered
Digital Panel Meters and Temperature-Measurement and Signal-Conditioning Meters

PRODUCT NOTES . . . Here's an interesting angle on the AD579 fast 10-bit a/d converter: When
shortcycled for 8-bit conversion, it becomes a high-linearity converter with 1.3us max conversion
time for all grades above J. If you compare its cost with that of other fast 8-bit hybrid ADCs on the
market, it turns out to be extremely competitive, especially for the MIL-STD-883B versions. And a
+12-volt-supply "Z" grade version is available . . . Benchmarks: MACSYM, a minicomputer-based e
measurement—and—-control system, with such important features as integral process I1/0 statements and
multitasking, is beyond comparison with other BASIC-oriented computers simply on the strength of
conventional benchmark tests (e.g., empty do-loops, division, subroutine jumps, etc.) Nevertheless,
it acquits itself rather well in many such contests when compared to such computers as Apple, IBM,
and TRS-80. If you're interested in details, get in touch with our nearby Systems sales office . . .
uMAC-4000 has successfully passed humidity tests according to MIL-STD-202, Method 103, Steady-State
Humidity Specifications, and has successfully completed more than 11,350 hours of life testing. We
also have a report from one customer of flawless operation with no failures over an 8-month period,
including last summer's record heat spell, for 12 systems after installation in a remote oil-field
application - the equivalent of 8 device-years!

PATENTS . . . The following U. S. Patents have recently been issued: 4,309,693, to Bob Craven,
Solid-State Digital-to—-Analog Converter . . . 4,313,083, to Barrie Gilbert, Temperature—-Compensated
IC Voltage Reference . . . 4,323,795, to Peter Holloway and Doug Mercer, Bias Current Network for IC
Digital-to—-Analog Converters and the Like (AD558).
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uwMAC-4000 is the
complete, low-cost
measurement and
control system that's
optimized for

harsh industrial
environments.

A fully integrated. pre-calibrated, intelli-
gentsystem, uMAC is designed to inter-
face real world signals to any computer.,
Its unique single board design makes it
the most cost-effective solution for small
channel clusters, yet with its family of
economical analog and digital I/O
boards, it’'s versatile enough 1o
expand for any growing needs.
#MAC is optimized for the
highest performance in
harsh environments, bring-
iNg crucial measurement and
control to exaclly where it's
needed —locally or miles
fromyour host computer.
Standard RS-232C/20mA
communication makes inter-
facing to any computer fast
and simple. And with on-
board intelligence, LMAC
not only unburdens the host
CPU. but through a powerful
command set and available

=" Direct connection
10 S€NSOfs

sofiware packages (including DEC'S
RSX-11, HP-85, APPLE Il and IBM). it
makes implementation easy and user
software development minimal.

MUMAC gives you features unequaled
in low-cost measurement and convol.
All the signal conditioning is done for
you, and with mix and match capabili-
ties you are provided with direct connec-
tion 10 a wide variety of Sensor INpuLs
including thermocouples, RTOs, strain
gages and 4-20mA. High noise rejection
and = 1000V isolation assure signal
integrity, and with vital burnpless trans-
fer and increment/decrement you main-
tain precise conirol in computer or
manual modes.

ANALOG
DEVICES

r— =777

For the complete details on what |
makes uMAC-4000 your complete
measurement and contro! solution,
simply fill out and mail this coupon
to Analog Devices, Box 280,
Norwood, MA 02062, or call

Jobn Mills at (617) 329-4700.

Name

Title

Company Name

Phone

Street Address

City

State 2ip

—

N e

RS-232C/20mA
connectionto
any computer

For any computer,

this industrial sensor 1/0
is better across the board.
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