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Editor’s Notes
ANALOG & DIGITAL

Bidecennial

If you noticed that this issue of An-
alog Dialogue is the first in Vol-
ume 20, you might have surmised
that we’re in our 20th year of
publication—and you’d be right.
For some reason, it’s a human
characteristic to ceminisce on the
occasion of round-number an-
niversaries. Although this Editor is
a relative Jatecomer—having started with Volume 3 (this gives us
the oppartunity for another bidecennial celebration 2 years from
now!)—it seemed appropriate to celebrate the 20th by comparing
this issue with our first issue, Volume 1, Number 1—datelined
Cambridge—in April, 1967 (now out of print). Here is the table
of contents for thatissue’s 12 pages:

Analog Computation with Magnetoresistance Multipliers i
(Describing analog muldiplier-dividers designed by one of our cus-
omers, employing magnetically vasiable resistors, and using maay
Analog Devices op amps. This was one year befare publication of
Barri¢c Gilbert's landmark paper that made semiconductor-junction
mulripliers practical—and most others obsolete. ]

Application Brief: Single-Amplifier Current Sources )
Operational Integrators |error analysis & capacitor comparison] 6
Glossary of |[Op-Amp) Definitions 11

New-Product Bricfs:
40-watt modular power amplifier uses single +28-V supply (401] 4

Chopperless op amp with 0.7511V/°C maximum drift [180] 4
Universal low~cost operational amplifier [111) 11
High-gain, low-drift op amp with 10-m A outpuc [114] 11
Worth Reading [full-page survey of sources on op amps) 12

The by-lined authors in thac issue were R. M. Gitlin, Bill Mifler,
and Ray Stata. It’s interesting to note that our isolation amplifiers,
ADCs & DACs, bipolar and CMOS ICs, laser wafer-trimming,
DSP chips, MACSYM, RTI microcomputer interface boards (and
miccocomputers, toa!), and—in fact—all our 1Cs, hybrids, and
system products lay in the future. And so too were such addresses
as Norwood, Wilmington, Limerick, East Molesey, Greensboro,
Tokyo, and a host of other Jocations around the world that now
are graced by the Analog Devices logo.

Of the products introduced in that issue, the model 180 op amp
continues to be mentioned in the 1984 Databook, listed among
products “still available,” and the orders keep coming in. In its
prime, it was one of our big winners; for example, in 1971, the 180
enjoyed bookings near $0.5 million per year (about 4% of that
year’s business).

Digital Signal-Processing Progress
1986 marks substantial progress in Analog’s mastery of the digital
sector of this analog world. In this issue, we introduce 64-bit floac-
ing-point multipliers and ALUs, as well as “word-slice” building
blocks of microcoded digital signal processors, and new-genera-
tion versions of standard multipliers and MACs with 1.5-pm
CMOS geometries for higher speed, lower cost, and low dissipa-
tion. By the time you read these words, you may have alceady seen
articles in the trade press introducing our single-chip digital signal
processor, Analog’s digical revolutionrollson! 3

Dan Sheingold
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Bill Windsor (page 7) is a Market-

ing Specialist in the Analog De-
vices Digital Signal-Processing
Division. Before joining ADI, he
worked at Honeywell’s Small Sys-
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signing custom minicomputer |
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Paschal Minogue (page 14) is a
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land. He was graduated from Uni-
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Marketing Engineer in the Micro-
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Illinois and received his BSEE at
the University of Illinois, Urbana-
Champaign. Before joining Ana-
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sociates, Inc. (MA/COM). He enjoys basketball, softball, skiing,
and camping.

David Fair (pages 7 & 10) is a
Marketing Specialist in the DSP
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has a BA in physics from Pomona
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ISOLATION AMPLIFIERS BECOME LOW-COST COMPONENTS

High-Performance, Compact Alternative to User Circuit Development
AD202 & AD204 Use Surface-Mount Technology, New Circuit & Component Designs

The AD202 and AD204* are the first members of a revolutionary
new generation of small, cost-effective isolation amplifiers, using
automated assembly of surface-mounted components in a single-
in-line-type package. Each amplifier is housed in a 1/4”-wide pack-
age, giving 4 channels of isolation per board inch. Within the small
package, they act as full-function self-contained isolators, for both
signals and power, with galvanic (transformer) isolation. Protect-
ing people and equipment, they also preserve signal integrity.

Their small size and low cost are combined with high perform-
ance: = 1,000-volt peak-continuous isolation, 130-dB common-
mode rejection, gain nonlinearity of +0.025% (0.05% max) and
gain drifc of =20ppm/°C (45 max). The AD202 stands alone,
powered by a single + 15-volt supply; the AD204 1s tor system ap-
plications of several or many (up to 32 or more) isolators, driven
in synchronism by an AD246 Clock Driver. Prices (100s): $28/825
(AD202]Y/204]Y).

Typical applications for these devices are in multi-channel data ac-
quisition, current-shunt measurements, motor contrals, pracess
signal isolation, and instrumentation applications where high
common-mode voltages are present. Their low cost and small
space requirements may bring to mind many more new applica-
tions where isolation amplifiers were not likely to be considered
in the past.

ISOLATION AMPLIFIERS ARE NOW COMPONENTS
Not so long ago, isolation amplifiers were big and power-hungry,
with limited performance or flexibiliry. Design objectives for sub-
sequent device families were to either maximize attributes or
minimize cost. Models AD293/AD294 and AD295 exemplify the
former, with improvements of size, performance, and flexibility.
The AD202/204 represent the highest stage of the latter approach,
a low-cost isolation amplifier that performs considerably better
than its forebears. Table 1 is a history of ADT's low-cost isolators.

Automated assembly of surface-mounted components, the best
technique short of monolithic (which has yet to be achieved with
the mix of components used in transformer-isolated amplifiers),
has dramatically reduced manufacturing cost and product size.
The cost-breakthrough products, AD202 8 AD204, are the result
of this new technology, combined with a new circuit design. In ad-

Table 1. Evolution ofisolation amps designed for low cost.

SPECIFICATION 1971 1977 1985 (AD204)
Gain Nonlinearicy =0.2% =0.05% =0.025%
Gainvs, Temperature  >300ppm°C = 200ppm/°C  =4Sppm/°C
Offsct Volrage *=50mV =50mV =20mV
Offsct Voltage vs.

Temperature =150uVrAC = 100pVrC =20pVrC
Power Consumption  225mW 175mW ISmwW
Full-Power Bandwidth 200Hz 900Hz SkHz
Weight (Ounces) 11.2 1.6 0.5

(Grams) 320.0 46.0 9.90

Size (Joches) 3.5%x235x1.3 1.5x1.5%x0.62 2.08x0.249x0.625
(Millimeters) BSx64x33 38x38x16 52.8%x6.3x%x15.9
Price $100 $50 §25

*Usc the reply card for technical data.
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by James Conant

dition to improved cost-size-performance, the new manufacturing
technology takes advantage of automated testing, yield reporting,
and built-in quality checks to provide major advances in product
reliability.

WHY ISOLATION AMPLIFIERS?

Instrumentation design engineers have long been challenged to
measure signals accurately in noisy industrial environments,
where ground loops, ground disturbances and transients are com-
monplace. A feasible approach is to use instrumentation amplifiers
(e.g., the AD625). They provide good common-mode rejection
(CMR), low drift, and excellent linearity. However, they need a
direct or implicit connection between signal and power common
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for input bias-current retuen. This required connection can allow
ground disturbances to severely degrade measurement accuracy.
Perhaps as seriously, the supply rating limits their common-mode
range. If input common-mode ratings are exceeded, damage can
result—not only to the in-amp, but also to more-xpensive compo-
nents in the following stages.t

Unlike in-amps, isolation amplifiers have a fully floating front end
(galvanically isolated—no conducdve connection), which requires
zero net bias currenc and permics two-wire-only connections to
signal sources. This eliminates ground loops and other common-
mode error sources. Furthermore, low-level signals riding on high
CMV levels (hundreds—or thousands—of volts) can be easily and
safely measured by isolation amplifiers.

HOW IT WORKS

A modulated-carrier isolation technique, with transformer cou-
pling, is used co transfer power to—and signals berween—input
and output stages (Figure 1). The AD202 is powered by a2 + 15V
dc supply, which operates the internal carrier-drive oscillator. The
AD204, designed for multichannel applications, is driven by an ex-
ternal clock driver, AD246, or a user-supplied clock.
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a. AD202 dc-powered isolator.
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b. AD204 clock-powered isolator.

Figure 1. Functional block diagrams.

The AD202 generates a 25kHz signal, which serves as a power
source and carrier; rectified and filtered, it provides a bipolar
power source for the DEMODulator in the OUTPUT section. The
ac signal is also transferred by T2 to the INPUT stage, rectified,
and filtered to provide a second bipolar power source. This iso-
lated supply powers the MODulator and the input amplifier, Al;
in addition, dc power is made available at =V s pins 5 & 6 for
external use in front-end preamps, sensor excitation, offsetting
and trimming, etc.

1 For information on isolation amplificrs, see the Transducer Interfacing Hand-
book, Analog Devices, 1980 ($14.50), and the free “Applications Guide for Iso-
lation Amplifiers and Signal Conditioners.”
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The output signal from AT modulates the 25kHz signal, which—
serving as a carrier—transfers the input-signal information across
T1. The received signal is then demodulated at the OQUTPUT stage,
thus reproducing the original signal from A1.

ALTERNATIVES: MAKE vs. BUY

Until now, the cost of packaged isolation amplifiers has been con-
sidered to be high enough so that, for many applications requiring
isolation, users chose to design and build (instead of buying) isola-
tion circuitry. Although providing basic isolation, this approach
all-too-often sacrifices performance, reliability, or size for low
cost. Two of the most-common approaches to Jow-cost isolation
for in-house designs are optically coupled voltage-to-frequency
converters and flying-capacitor relays.

Optically coupled isolation amplifiecs were also marketed as an zl-
ternative low-cost commercial approach. However, this solution
offered only minimal performance, having excessive (for many ap-
plications) drift with time and temperactuce. In addition, the isola-
tion technique requires the use of an external DC/DC converter,
which adds circuit complexity and vitiates the purported size and
cost advantages of the isolator by itself.

The AD202/204 offer a true alternative to in-house isolation tech-
niques, without compromising performance, reliabiliry or size;
they also provide performance advantages that overshadow
today’s commercially available optically coupled devices. Table 2
compares characteristics of the AD202/204 and populac isolation
techniques. The key specifications for both models are sum-
marized in the box.

Table 2. Comparisonwith other approaches.

Chacacter-  ADXC4/ADI02  Flying-Capacitor Opdcally Coupled Commercial

e Relay' Converters Optica) Jto-Amps

CMV Radting Execllent 300V 600V Good-Excellent’  Good-Excelient
(1.000V pk) (telay dependent) (730 V pk)

CMR Rating Excellent Excellent Excellent Exceltent
(>13048B) (>130dB) (>120dB) (>120dB)

Linearity Good Exceltent (with Fair-Good Fair-Good
(£0.025%) (bestrelay & capacitor) (canverter-dependenr)

Bandwidth Good Poor Poor (VFC): Good Good
(/1.5 kHz) {tow-feequency) (successive approx.) (s kHz)

Temperarture Good Exc¢ellent Good Poor

Sabilicy (with bese relay)

Time Excellent Excellent Excellent Poor

Seabilicy {with bese relay)

Power Excellent Fair {requires Fair (extra DC/DC Fair (separate

Consumprion  (35/70mW) coildnve) converter required)  de-de converter)

Reliabilicy Excellent Fair (relay Excellent Good

maintcnance)

Application Excellent Poot (limited Exccllent (depemds Excellent

Versatiliy applications) on converter)

Pricc Pet $25/528 $20-530 (plas $35-870 $35-560

Channel’ support citauicry)  (depends on converter)

Notes

*Meecury -werted-contact relays required 1o sbuin the bel perfonmuance. but they are wnsitive 10 position.
Reed relay’s performunce degrades with sustained common -mode srea,

LEMY rating depends on 2 aring of boih optical coupley ind DU/DC converter.

*Price per channe! will vasy socording 1o (otal channel count and required performance liair,

The input amplifier of the AD202/204 is an uncormmitted op
amp; the user can tailor its performance to meet the application
need—including functional configurations, amplifying, optional
gain- and offser adjustments, and added filtering. Figure 2
illustrates basic input connections for inverting and noninverting
amplification.
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a. Inverting connection.
Figure 2. Op-amp connections, with zero and gain trims.

b. Noninverting.

APPLICATIONS

In addition to basic isolation, the AD202/204 offers many design
benefits for the user. Besides the uncommitted input amplifier,
which can be configured as a buffer, or with gain up to 100V/V,
isolated front-end output power is available (x7.5V @ 2mA —
AD204), enough to operate a low-drift preamp or provide excita-
tion for a semiconductor strain gage or other ancillary crcuits.
Some common applications of the AD202/204 are illustrated in
Figures 3-5.

Low-Level Sensor Inputs The outputs of low-level sensors, such as
thermocouples, can be isolated and signal-condidoned with the
circuit shown in Figure 3. The isolated output power at pins 5 and
6 provides excitation for a low-drift input amplifier. In addition,
a2 3-pole active filter provides normal-mode rejection of frequen-
cies above a few Hz, while enhancing common-mode rejection at
60Hz. For multi-channel applications, multiplex the outpucs of an
appropriate number of similar circuits, sharing the same clock
source.

OPTIONAL OPEN
INPUT DETECTION

Figure 3. Preamplifier for low-level sensorinput.

Process-Current Loop Receiver—Figure 4 shows one way to iso-
late and convert a 4-20 mA process signal to a 0-10-volt output
range. A 250-ohm shunt resistar converts the 4-t0-20 mA to a
1-to-§-volt signal. For a 0-to~4-volt output signal, a Zener diode
produces a fixed offset of — 1V at pin 37, biasing the outputappro-
priately with respect to ground. An external amplifier wich
2.5 V/V gain scales the output to 0-10 V and also buffers the
AD202/204 outpuc. This circuit requires a loop with a (usually
available) source compliance of at least V. For lower compliance
levels, use less shunt resistance and scale the gain appropriately.

420mA | 3
4

Oto + 10V

- W T0
ADDITIONAL 10k
INONLOADING| 3
CHANNELS ML e il i
ADSES
ol
i !
3 Vv

- 15V

Figure4. Process current-loop receiver application.
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BASIC PERFORMANCE SPECIFICATIONS
(typical @ +25°C & Vs = +15V)

MODEL AD204]Y AD202JY
GAIN

Range 1 ViV 100 VIV

Error *0.5% typ. (= 4% max.)

vs. Temperature

Nonlinearity (G=1V/V)
INPUT VOLTAGE RATINGS

Max. CMV Input to Output

* 20 ppmSCryp. (£ 45 ppm/”C max.)
20.025% typ. (= 0.05% max.)

AC 60Hz, Continuous 750Vrms
DC Continuous = 1,000V peak
COMMON-MODE REJECTION
Rs = 100 chms
(HI & LO Inpurs) G=1 110dB 105 dB
G=100 130dB 130dB
LEAKAGE CURRENT, INPUT TO OUTPUT
@ 240Vrms, 60Hz. 2 pA rms max.
FREQUENCY RESPONSE
Bandwidth
Vo=10VP-P,G=1V/NVto SOVV SkHZ 1.5kHZ
OFFSET VOLTAGE
Initial, @ 25°C,
Adjustableto Zero (25 = 15/G)mV max.
vs. Temperature (=10 = 10/G) pVF°C
ISOLATED POWER OUTPUT
Voleage, Full Load =75V
Accuracy +10%
Current 2mA 400V
Load Regulation 5%
RATED OUTPUT
Voltage =5V
Output Impedance 3kn 7k0
Output Ripple
100kHz BW 10mVp-p
SkHzBW 0.5 mVrms
POWER SUPPLY
Voltage, Rated Performance (SEE +15V =5%
Operating AD246) +15V 210%
Current, No Load SmA
TEMPERATURERANGE
Rated Performance 0°Cro +70°C
Operating —25°Cro +85°C
Storage -25°Cro +85°C
PACKAGE DIMENSIONS
Inches 2.08 % 0.249 x 0.625
Millimeters 528 x 6.3 x15.9
CLOCKDRIVER MODEL AD246]Y
QUTPUT
Frequency 25 kHz Nominal
Voliage 15 Vp-p Nominal
Fanout 32 units max
POWER SUPPLY REQUIREMENTS
Input Voltage +15V £5%
Supply Current
Unloaded 3SmA
Each AD204 adds 2.2mA

Motor-Control Isolator—Figure § illustrates the use of two isola-
tion amplifiers to sense voltage and current in a d¢ motor-control
application. Isolator A1 senses 1/100 of che armature voleage (i.e.,
§ volts) and reads it out at unity gain. A2, sensing current with a
0.1-volt shunt, operates at a gain of S0V/V, which provides a
5-volt output proportional to the armature current. The AD204
can also be applied in ac motor controls, where rejection of fast
common-mode steps and reasonable bandwidth are essential. 3

3 R1
"™

VOLTAGE
SENSE

MOTOR
CONTROL

CURRENT
SENSE

L
SHUNT 2 0
<

Figure 5. DC motor-control application.



MONOLITHIC CMOS A/D CONVERTER: 12 BITS IN 3 s

AD7572 Has Buried Zener Reference, DAC, Comparator, S-A Circuitry, Latches
LCZMOS Process Results in Excellent Performance, Smaller Package (0.3" DIP)

The AD7572* is a complete true-12-bit a/d converter with both
high speed (5-microsecond conversion time) and low pawer dissi-
pation (165 mW maximum). It is fabricated in the Analog Devices
linear-compatible CMOS (LC*MOS) process, an advanced, all
jon-implanted process that combines fast CMOS logic and linear
bipolar circuitry on a single chip; this means thac it can achieve ex-
cellent analog performance while retaining the low power levels
and high circuit packing density that are inherent in CMOS.

Because it uniquely combines high speed and resolution, compact
package and low dissipation, functional completeness, and high-
specd bus compatibility, the AD7572 is a true general-purpose a/d
converter for 12-bic applications (no missing codes over tempera-
ture) at sampling rates up to 200 kHz. Telecommunications,
sonar, and radar signal processing, as well as wideband data ac-
qQuisition, are just a few of its typical application areas.

The AD7572 (Figure 1) uses an accurate high-speed DAC and
comparator (employing wide-bandwidth PNP transistors) in a fast
successive-approximation loop; its reference voltage is provided
by a low-drift on-chip temperature-compensated buried Zener
diode. The 12-bit parallel digital cutputs may be multiplexed in
two bytes (right-justified) for 8-bit buses or broadsided for 16-bit
buses. Because of its fast interface timing (70-ns three-state enable
and 25-ns bus-relinquish times), the AD7572 will operate with
most popular microprocessors, including MC68000, TMS32010,

8085A,Z80.
_n;.;\o ;..;\ m‘»
Ay

G Voo
(23) s

BURIED

TENER

FER
REEEREHCE SUCCESSIVE |
APPROXIMATION
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Figure 1. Functional blockdiagram.

It is available in a selection of performance grades, distinguished
by full-scale temperature coefficient and nonlinearity (25 ppm/°C,
1/2 LSB); 50 ppm°C, 1/2 LSB; and 50 ppm/°C, 1 LSB) for all popu-
lar temperacure ranges, including —55°C to +125°C. A lower-
cost 12.5-ps family—otherwise identical—is available for applica-
tions that require low power consumption and high accuracy but
can tolerate somewhat lower throughput rates. Packagingincludes
24-pin plastic, cerdip, and ceramic DIPs—and 28-terminal lead-
less chip carrier. Prices start at $46. in 100s, for the S-us version,
and ac $35. for the 12.5-ps version.

*Use the reply card for technical daca.
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A self-contained converter, it requires only power, control inputs,
and the usual bypass capacitors. The on-chip clock circuit may be
used with a crystal for stand-alone operation, or it may be driven
from an external clock source, such as a divided-down micropro-
cessor clock.

APPLICATION WITH S/H FOR BIPOLAR INPUT SWING
Figure 2 shows the analog connections for using the AD7572 with
a high-speed sample/hold. The maximum sampling frequency is
125 kHz for 5-us conversion, and 64.5 kHz for 12.5-us conver-
sion, including the 3-us acquisition time of the ADS8S.

In addition to providing the track-hold function, the ADS85 also
drives the converter at low impedance; and a bipolar offset for a
+2.5-volt input range is added at the summing input, using the
converter’s own reference to provide the tracking offset voltage.

When the conversion is initiated, the converter BUSY input goes
low, indicating that a conversion is in progress. The falling edge
of the BUSY outpur signal places the sample-hold amplifier in
Hold, freezing the input signal to the AD7572. When conversion
is finished, the BUSY output returns High, allowing the sample/
hold to track the input signal. At the maximum sampling rate, the
AD7572’s outpuc data is read during the 3us immediately after
conversion, while the sample/hold is acquiring the next sample. [3

HOLD

CONTROL
INPUTS

ANALDG INPUT
~Z5VT0 + 25V

Figure 2. Application with sample/hold for 125-kHz

throughput.
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FAST 64-BIT IEEE-754 FLOATING-POINT MULTIPLIER AND ALU
ADSP-3210 & 3220 Handle 32-Bit Fixed and 32- or 64-Bit Floating Point
10-MFLOPS (100-ns) Single-Precision Throughput Low-Dissipation (400 mW) CMOS

The CMOS ADSP-3210* Multiplier and ADSP-3220* ALU
(Arithmetjc & Logic Unit) form a floating-point chip set that con-
tains the basic elements for implementing a high-speed 64-bit
numerical processor, capable of performing floating-point arith-
metic operations with a hitherto unavailabte combination of high
speed, low dissipation, and wide dynamic range, while maintain-
ing comnpatibility with IEEE Standard 754 (draft 10.0) for binary
floating-point arithmetic.

With these devices, all single-precision (SP) 32-bit and double-pre-
cision (DP) 64-bit floating-point arithmetic and logic operations—
as well as 32-bit twos-complement fixed point—ecan be performed
at 10 megaflops (million floating-point operations per second),
with the exception of double-precision floating-point multiplica-
tion, which can be performed at 2.5 Mflops.

The availability of single- and double-precision floating point—
and fixed-point—operations permits the ADSP-3210 and ADSP-
3220 to be applied wherever dynamic range is critical or floating
point calculations are necessary. Enginecring-workstation and
high-end personal-computer accelerators, mini-supercomputers,
and array processors require the wide dynamic range of double-
precision floating-point operations for such tasks as SPICE simula-
tion and finice-element analysis; sonar, radar, and guidance sys-
tems typically demand the high-speed pipelined execution of
single-precision operations; and graphic systems often employ 32-
bit fixed-point arithmetic to calculate memory pointers for their
pixel arrays.

FLOATING-POINT ARITHMETIC

Floating-point, or “scientific,” notation is a computational con-
venience familiar to engineecs and scientists. A floating-point
number is expressed as the product of a “normalized” number
(mantissa)—a mixed fractional expression, with a single non-zero
digit to the left of the integer point—and a power of the number
base. For example,

0.000000000003984,, = 3.984 x 1072
0.0011011110, = 1.3011110x 273
3F2.3E,¢ = 3.F23Ex 16%

Floating point permits a data word with a given resolution to rep-
resent a wide dynamic range of quantities; in IEEE-754 (Draft
10.0) floating point, for example, the dynamic range available in
32-bit notacion, for a normalized positive or negative binary
number with a 24-bit mantissa, is from 2~ 126 ¢o about 2+ 127,

Multiplications are performed by multiplying the manussas,
adding the powers, and re-normalizing in case of overflow. For
example,
6.2x103-2.3% 10 = 6.2x2.3-100+2)
= 14.26 x10°
= 1.426 x 108

*Use the reply card for technical daca.
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by Bill Windsor and David Fair

Addition is achieved by normalizing the number with the greater
exponent to make both exponents equal, performing the opera-
tion, then re-normalizing in case of overflow,

9.3x103+7.3x10* = 93x 102 +7.3 x 102

100.3 x 102
1.003 x 104

]

In binary, these operations can be performed in the same way:

1.011% 231,100 22 = 10.0001 x 25
1.00001 x 26

1%x23-1%x 22 = 3%6)(29)
2Viex 25
1 Y52 % 26

Il

In binary floating-point mach (and the IEEE standard), the
leftmost digit of a normalized mantissa is the integer, “1.”; how-
ever, this is not universally adopted by computer manufacturers—
in DEC systems, for example, binary floating-point numbers are
normalized to 0.1.

Double Precision. For a compucer bus having a given resolution,
n, greater resolution and accuracy can be achieved by the use of
“double precision,” i.e., letting a pair of n-bit numbers, A and B,
represent a 2n-bit number. The second number has an exponent
which is # less than that of the first. For example, the fixed-point
8-bit number, 10111001, can be expressed as two 4-bitt numbers,
Aand B; 1011 x2*and 1001. In floating point they would become
1.011 x27and 1.001 x 23,

Operations are performed with the number pairs, treated as sums.
For example, two floating-point double-precision (DP) number
pairs, (A+B) and (C+D), equal to (A’x2%+B’'X2*"") and
(C'x2°+ D’ x2¢7"), would have the sum (after normalizing to
equalize the exponents),

(A+C) + (B+D)

which could be re-normalized as a pair of n-bit numbers. The
product of the two 2n-bit numbers would be

(A+B)Y(C+D)=AC+AD+BC+BD
= A’C’X21+C+ A’D’X2a+c-n
+B'C' X220 4 B'D' x 22 ¥ ¢ 20

1Obviously, more bits are required for exponents and sign—"“4-bit™ here refers
to the bits actually determining the mantissa's resolution.



which can be re-normalized and rounded to a number of bits that
depends on the desired resolution for the product. The need for
four muldplications in DP accounts for the specified decrease of
the ADSP-3210s multiplier throughput to 2.5 Mflops in DP from
10 Mflops for SP.

FLOATING-POINT STANDARDS

Floating-point standards are necessary in order that data words,
controls and flags, arithmetic processes, and computational resules
be interpreted in the same way in all compatible software, equip-
ment, and components.

Among the issues for which a common interpretaton is necessary
are: data format (single-precision 32-bit floating point, double-
precision 64-bic floating point, ete.), operand types (denormalized
numbers, signed zero, infinities, not-a-number (NAN)), opera-
tions (add, multiply, floating-point divide and square-root, quad-
rant normalizing for crigonometric functions, operations on
denormals), rounding modes (to nearest number, toward plus
infinicy, minus infinicy, zero), and the handling of exceptions
(overflow, underflow, invalid operation, inexact result).

A number of sources of 32-bit floating-point standards exist.
Among the best known, besides IEEE-754, are DEC, IBM/Data
General, MIL-STD 1750, MIL-STD 1862B, and a host of ochers,
including “home-brew™ formulations established by users with
special needs.

It was important, for the benefit of future designers of DSP sys-
tems, that Analog Devices adopt a standard that is likely to grow
in popularicy and widespread use. Accordingly, the floating-point
opecations of the ADSP-3210 and 3220 were designed ¢o be com-
patible with JEEE Standard 754, now developing a growing
momentum (its format is almost identical to MIL-STD 1862B).

In addition, in order to be maximally useful for 32-bit processing
in many of the applications not needing floating-point operation,
these devices include 32-bit fixed-point arithmetic in their reper-
toire. In this mode, besides performing computations with speed
and simplicity, the user retains a full 32-bits of resolution (single-
precision floating point has 24 bits of resolution, reserving 8 bits
for the exponent).

The standard formats 6f IEEE-754 are:

Single-Precision 32-Bit Floating Point

Bit(s) 31| 3023 (.} 22 0
sign | 8 bits | implicit | 23 bits
Interpretation | bit | exponent | binary | fraction portion of
field poiat mantissa
MSB LSB MSB LSB
S | €y mameams I P fo

The basic 32-bit format has a 24-bit signed-magnitude fraction
and an 8-bit offsec-binary exponent. Since the leftrnost bit of the
mantissa—in a normalized floating-point number—is a “1", it is
omitted and serves as a “hidden bit”; only the fractional portion
of the mantissa to the right of the binary point is represented. The
“hidden bit” effectively increases the resolution of the mantissa by
1 bit; it also ensures—by definition—that all floating-point num-
bers are properly normalized.

The exponent is represented in offset binary, i.e., with a “bias” of
+ 127, which must be subtracted from the value of the 8-bit expo-
nent field. Thus, when the exponent representation in the number
is 10000000 (= 128,;), the true exponent value is equal to

8

128 —127=1; for an exponent value of zero, the exponent
representation is 01111111, Valid exponents range from —126
(= 00000001)to + 127 (= 11111110). 00000000 and 11111111
are reserved for special operands. In the normalized single-preai-
sion range, the value of the number is: (— 1)5 2= 127)(1.f).

Double-Precision 64-Bit Floating Point

Bit(s) | 63 | 62——52 | (y | 5t 0
Isign|  11bits | implicit 52 bits
Interprecation | bit | exponent binary | fraction portion of
field point mantissa
MSB LSB MSB LSB
& | S0 o | | fggmrmmmmremnes fo

In 64-bit words, the mantissa is expressed by 53 bits (52 bits plus
the hidden “1.”) and the exponent by 11 bits—with a bias of
+1023. The value of a number is: (— 1)* 2(¢=1023) (1 f), excluding
e =0 and e=2047; this gives a range of usable exponents from
+1023 0 —1022.

In both of the above cases, the IEEE Standard provides for further
extending the dynamic range, by as much as 22 (SP), by allowing
operations with denormals, numbers with a fixed exponent and a
non-zero fraction (for example, 0.0011 x 2~ 126). Denormals are
used in “gradual underflow™ to represent numbers of magnitude
Jess than the minimum value representable in the normalized for-
mat. The exponent is set to its minimum value of —126 (SP) or
—1022 (DP), and the hidden bit is 0. Denormal values are
(—1)* 27126 (0.f) in single precision and ( — 1)* 2~ 1022 (0.f) in dou-
ble precision. They require special handling, because the arithme-
tic hacdware must detect the reserved exponent value and insert
a hidden bit of 0, as opposed to the hidden bit of 1 for the nor-
malized number.

THE CHIPS

The ADSP-3210 Floating-Point Multiplier (Figure 1), housed in a
100-pin grid-array package, has a single 32-bit input port and a
single output port for daca, two pairs of muluplexed 32-bit input
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Figure 1. ADSP-3210Floating-Point Multiplier.
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registers and a 64-bit multiplexed output register, a 32 %32 bit
parallel multiplier, and control logic. A pipeline register stores the
multiplier output while the output is formatted, then clocked into
the output register.

Figure 2 shows the timing sequence for single-precision floating-
point operations. Data latched in at the first 100-ns clock cydle is
multiplied ducing the second clock cycle (while new data is latched
in), formatted during the third clock cycle (while the new data is
multiplied), and made available at the output during the fourth
clock eycle (while the new data is formatted).

Thus, each new set of data follows the previous set by one clock
cycle, or 100 nanoseconds, for a SP pipelined throughput rate
{after the intemmal pipeline is filled) of 10 Mflops; The scalar la-
tency (for one set of SP data) is 300ns, from input setup co valid
output in Direct Operand Feed. Pipelined throughput is the key
speed characteristic when implementing algorithms that don’t re-
quire result-dependent branching; the scalar rate is the key spec
when it js necessary thac branching depend on the resule, e.g., in
general-purpose computations.

Figure 3 is a block diagram of the ADSP-1220 Floating-Point ALU.
Housed in a 144-pin grid-array package, it has two 32-bit input
ports and one 32-bit output port. A pair of control inputs config-
ure the device for either one- or two-port operation. Four input re-
gisters are available for each of the A and B operands; each input
port can load any of the eight input registers. At the output, the
64-bit oucput register is multiplexed into the 32-bit oucput port.
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Figure 2. ADSP-3210 Single-precision floating point multi-
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In three-port operation, full 10-Mflops throughput is available for
64-bit double-precision operations; two 64-bit operands are
loaded on each cycle, and internal operations are performed with
64-bit wide data paths. The ALU output is lacched into a pipeline
register, then formatted and latched into the outpur register.
Figure 4 shows the ADSP-3220 timing for DP, two-input-port
addition. [3
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FAST, FLEXIBLE CMOS ICS SIMPLIFY DESIGN OF DSP SYSTEMS

Program Sequencer, Address Generator Combine High Thruput, Low Power Dissipation
ADSP-1401, ADSP-1410: Key Components of Word-Slice™ Microcoded Systems

by David Fair

The ADSP-1401% Program Sequencer and the ADSP-1410*
Address Generator are members of a second-generation family of
microcoded 16-bit building-block devices. They make possible
high-performance, relatively compact fast arithmetic processors
(i.e., number crunchers), using fixed- or floating-point multipliers
and ALUs (arithmetic/logic units), to execute algorithms for digital
filters, FFTs (fast Fourier transforms), and matrix operations in
“real time.”

MICROCODED SYSTEMS

A microcoded system employs building-bleck ICs t6 construct a
high-speed processor (Figure 1). This gives the designer increased
control over the system’s architecture, with sufficient latitude to
meet very high throughput specifications.

MICROCODE MEMORY |
ADSP-1401 ADSP-1410
PROGRAM ADDRESS
SEQUENCER GENERATOR
I FLOATING POINT ‘
| INTEGER ARITHMETIC UNIT ST
[ 24-BITS MEMORY
kralil
| 16-BITS 3220
[ 128175 $aidi
8.8ITS 10164{ 10244
10104
11104
1012A
10094
10804
1081A

Figure 1. Typical microcoded DSP or numeric processing
system.

The power of a microcoded system lies in the fact chat, during each
clock cycle, each component can execute an instruction; this paral-
lel operatjon allows the system to actain high throughput. The op-
eration of each component is governed by the system’s microcode
memory, which containg the microcode controls (0s and 1s). On
a cycle-by-cycle basis, these controls are fed to each component,
telling it what instruction to execute. The microcode memory's
width is a function of the number and kind of components in the
microcode system; its depth is proportional to the length of the
overall microcode program, or microprogram.

Figure 2 is an example of bit disposition in a microcoded system.
A set of instructions is stored in a wide (e.g., 27-bit) microcode
memory. The memory word-width is apportioned so that—simul-
taneously—seven bits provide instructions to the ADSP-1401 Pro-
gram Sequencer, ten bits instruct the ADSP-1410 Address
Generator, two bits control chip-select and read-write for mem-
ory, one bit controls a latch at the daca destination, and one bit
controls output-enable for a buffer. The remaining instruction bics
might control the mode of operation of a multiplier-accumulator,
ALU, data converters, etc.

™ Trademark of Analog Devices, Inc.

*Use the reply card for technical dara.
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Data Memory

Floating Point ALU Floating Point Muliiplier

In the past, the sequencing and address-generation functions were
pieced together with namerous power-hungry bit-slice devices,
which tended to increase the system's cost and complexity. The
second-generation ADSP-1401 and ADSP-1410 are called Word-
Slice™ devices because they are flexible building blocks in which
the modular address unit is the 16-bit word, rather than the space-
and power-consuming 4-bit nybbles typical of some conventional
“slice” architectures.

Typical alternatives to microcoded systems include complex hard-
wired logic and single-chip digital signal microprocessors. Besides
having software support, mictocoded systems occupy less board
space, dissipate less power, and are easier to design and modify
than complex hard-wired logic arrays. Compared with single-chip
DSPs, microcoded systems have greater flexibilicy and higher
performance.
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Figure 2. Disposition of simultaneous bits in microcode
memory.
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THECOMPONENTS

Program Sequencer The brain of a microcoded system is its pro-
gram sequencer, which moves the system through the microcode
memory, A representative sequencer is the ADSP-1401, shown in
Figure 3, a high-speed, 16-bit microprogram controller optimized
for numeric processing and digital signal processing (DSP). Such
devices usually perform an elementary function: storing the cur-
rent microcode address (instruction number) in the program
counter, incrementing it, and outputting it. This activity cocres-
ponds to simply stepping through the instructions of a program.

COUNTERS

SIGN

COMPARE - ;
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Figure 3. Functional block diagram of ADSP-1401 Data Ad-
dress Generator.
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However, limiting any computer to executing straightline code is
unduly restrictive. For this reason, microprogram sequencers must
also have the flexibility to handle subroutine jumps, branches, in-
terrupts, and indirect jump addresses. For example, the ADSP-
1401 monicors the conditions and insteuctions to determine the
next microprogram memory address, which can come from: i) a
simple incremenc of the current address, ii) an absolute or relative
jump, iii) 2 jump address from the internal RAM, iv) a subroutine
call or return, or v) an internal interrupt vector.

The ADSP-1401 has a number of features to make such operations
fast and painless, starting with a Look-Ahead™ pipeline and
25-ns (max) clock-to-address delay:
Large addressing range (64K of program memory)
On-chip storage and control of ten prioritized and maskable
interrupts
Four decrementing event counters
Absolute, relative, and indirect addressing capability
Download capability (writeable control store)
A dynamically configurable 64-K read-write memory for stor-
ing subroutine linkage, jump addresses, counters, pointers,
and status register.

Address Generator For addressing requirements in digital signal
processing, array processing, and high-performance computing, a
microcoded system can splice together several 4-bit- or 8-bit arith-
metic and logic units. More powerfully, and with a substantial re-
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duction in board space, it can use devices such as the ADSP-1410
high-speed 16-bic general-purpose address generator (Figure 4).

This low-power CMOS device rapidly gencrates data-memory ad-
dresses required by routines such as digjtal filters, FFTs, matrix
operations, and DMAs, in a single cycle; specifically, it
Qutputs an address pointer to data memory;
Modifies the pointer by an offset value to determine the next
memory read/write address;
Compares the output pointer to a preset value and, if equal,
re-initializes the pointer with a value stored on-chip.

[n addition to its high speed (23-ns clock-to-valid-address delay),
the ADSP-1410 has cwo ports, a Look-Ahead pipeline, and 16-bit
architecture, which includes a 16-bit ALU, digital comparator,
and 30 16-bit registers. The registers are organized into four files:
16 address registers, 6 offsec registers, 4 comparison registers, and
4 initialization registers. The ADSP-1410 includes a bit-reverse
MUX, useful in FFT addressing.

One address generator is often adequate for an application. How-
ever, where the needs for high throughput require simultaneous
16-bit addressing for memory elements in a system (e.g., data
memory and coefficient memory), more than one address
generator may be used; also, if more addresses are needed than can
be expressed by 16 bits, two ADSP-1410s can be cascaded for
30-bit addresses, with a minimal speed penalcy. Alternatively, if
time permits, a single ADSP-1410 can produce a 30-bit address in
two cycles.

Available in bath plastic and ceramic 48-pin dual in-line packages
for the 0°C to 70°C and —55°C 1o + 125°C temperature ranges,
the CMOS ADSP-1401 and ADSP-1410 cespectively dissipate
only 375 and 350 milliwatts maximum. Prices {100s) starc at $65.
and $45. 3

AR
ENABLE

INSTRUCTIONS

Figure 4. Functional block diagram of ADSP-1410 Micro-
program Sequencer.
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REAL-WORLD INTERFACE CARDS FOR 1BM PERSONAL COMPUTERS
RTI-800 Family Provides Analog & Digital inputs & Outputs for PC, PC/XT, PC/AT
Hardware and Software-Compatible; Throughput to 71,000 Hz; 12-bit ADC & DACs

Four boards in the the RTI-800 series, the newest members of the
RTT™ family of board interface products, provide fast, flexible
and transparenc input/output (I/O) interfacing between IBM (and
IBM-compatible) personal computers and the real world of cur-
rent, voltage, switch closures, and detectable events. Key features
of these boards include high speed (up to 71 kHz throughputs) and
channel density (e.g., up to 32 single-ended analog input chan-
nels), as well as software drivecs for high-level languages, such as
BASIC, Pascal, C, FORTRAN, and Turbo Pascal—running under
MS-DOS.

The series consists of the RTI-800 and RTI-815 Multifunction An-
alog and Digital Boards,* the RTI-802 Analog Output Board,*
and the RT1-817 Digital Input/Output Board.” Their input/output
functions are summarized in the table:

Analog  Analog Digital Digital  Couater-

Input Ch. Outpur Input Oucput  Timer

(12-bic)  (12-bit) Chaanels  Chanacls Channels
RTI-800 16-32 - 8 8 3
RTI-815 16-32 2 8 8 3
RTI-802 - 4-8 - - -
RT1-817 - - (8+8 +8: 24 total)

Typical applications include electronic test, qualicy assurance,
data logging, machine control, process control, robotics, imaging,
analydical data acquisition, and instcumentacion.

RTI-800 and RTI-815 Figure 1 shows the architecture of the RTI-
800 and RTI1-815; they differ only in that the RT1-815 has cwo an-
alog ourput channels with 12-bit resolution, in addition to the
RTI-800% functions. Both boards accept 8 (16 optional) fully
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Figure 1. Block diagram of the RTI-815 and RTI-800.

RTT™ is a trademark of Analog Devices, Inc.

*Usc the reply card for technical data.
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differential analog inputs or 16 {32) single-ended or pseudo-differ-
ential (off-ground common terminal for all channels) analog
inputs. The inpuc signal is amplified by an instrumentation ampli-
fier, with software programmable gain ranges of 1, 10, 100, and
500 V/V, permitting nearly three decades of decimal floating-point
operation to be programmed. Data is converted by a 12-bit ADC
chosen for 2§-us, 12-ps, or 8-us conversion time, for system
throughput rates of up o 71,000 samples per second.

In addition to the analog inputs (and outputs, RT1-815), both
boards have cwo 8-bic digital ports for TTL-compatible inputs and
outputs. For compatibility with solid-state relay subsystems, such
as Opto 22, the digita) output polarity is inverted {(active low); the
outpuct can sink up to 8 mA. Also available ace 3 counter/timer
channels, foc event counting (t0 65,531 atup to 100-kHz rate), fre-
quency measurement (10 100 kHz with programmable gate time
from 1us to 655.35s and 16-bit resolution), pulse outputs (prog-
rammable widths from 2us t0 655.35 and 16-bit resolution), and
time-proportional outputs (programmable periods from 1ps to
655.35 s with 0 to 100% ducy cycle), with timing error of 0.01%.

Available optionally with screw terminals for field wiring, each
RTI-800/815 card occupies one long slot in the IBM expansion
bus, and 16 consecutive bytes in a switch-selectable 512-byte
block. Several modes of operation are possible, since hardware is
present to support direct memory access (DMA), polled status, or
interrupt operation. Sofeware includes calibration routines and
callable machine-language routines for analog and digical VO.

RTI-802 The RTI-802, occupying a long slot in the PC—and four
consecutive bytes in memory, contains four or eight d/a converters,
which produce constant voltage proportional to the applied digital
codes. These outputs have many uvses, including control-valve pos-
itioning, test stimuli, and set points in control systems.

RTI-817 The RTI-817, which can fic in a short slot and occupies
4 consecutive bytes in memory, has 24 input or oucput lines, col-
lected into three independently selectable 8-bit ports, compatible
with 16- and 24-position solid-state-relay subsystems. It can gen-
erate Interrupts on change-of state.

All boards in the RTI-800 series are powered from the PC's
+ S-volt supply. The analog boards, RTI-800 and RTI-815 (5.5
watcs), and RTI-802 (2.5 watts) have on-board de-to-dc conver-
ters to provide all necessary operating voltages. 3
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P-BASED AUTORANGING THERMOCOUPLE METERS

AD2070 & AD2071 Offer High Accuracy, Autoranging, Communication Gptions
Wide Choice of Thermocouples: ), K, T,E, R, S, C, B, J DIN, T DIN

With the AD2070 and AD2071* high-performance 4'A-digit
microprocessor-based autoranging single-channe) thermocouple
meters, temperatures from —328°F to +4,200°F (—200°C to
+2,315°C) can be measured accurately with a wide variety of
thermocouples: ], K, T, E, R, S, C, B, ] DIN, or T DIN.t The
AD2070is programmed at the factory to work optimally with one
of these thermocouple types, as specified by the user; the AD2071
is a universal meter that the user can switch-program 1o work with
any of these thermocouples.

The meters combine autoranging, e.g., + 1989.9°F, -+2023°F (K-
type), automatic gain and offset correction, cold-junction compen-
sation, thermocouple linearizadon, and scaling in eicther °C or °F—
as chosen by a switch setting—all under microprocessor control.
In addition, their communication options simplify temperature re-
cording with computers, strip-chart recorders, or printers.

The AD2070 and AD2071 can be used wherever thermocouples
are employed and accurate temperature measurement and readout
are required. Possible uses abound in laboratories and indus-
trial process monitoring and control, test equipment, and quality
control.

Temperature s displayed on large 0.56"-high (14.3mm) LEDs,
and temperature oucput is available digically in 7-bit standard
ASCII character-serial format. Optional isolated RS-232 or 20-
mA serial outputs are available for easy interface to printers and
other data-logging peripherals. An isolated and lincarized analog
output (1 mV/°C or °F) is also available for driving recorders and
analog instruments, or as a signal input for analog-input control
systems.

Depending on thermocouple type and range, the meters have reso-
lutions of 0.1° or 1°(C ar F). For such popular thermocouple types

AD2070

£

DIGITAL THERMOMETER

as ], JDIN, K, T, T DIN, and E, resolutions are 0.1°C or °F (except
for 2000°F to 2282°F, Type K); and accuracies are to within 0.8°F
or 0.4°C (x4 LSD), including conformity errors, cold-junction
compensation errors, and gain-and-offsec errors.

Both meters are available with four isolated ports (input, power,
digital output, and analog output). Isolation specifications in-
clude: 1,400-vole peak common-mode between the input and
power-line ground, 300-volt peak thermocouple short to the ac
line, and 500 volts peak for the analog and digital outputs to
power and input sections.

Overrange indication, overvoltage protection, and open-ther-
mocouple detection are provided. For improved reliability, each
meter is burned-in for 168 hours at 50°C, with on/off power cycles
(the operating temperature rangeis — 10°C to + 50°C).

The AD2070 and AD2071 are supplied in a heavy-gauge, rugged
metal case dimensioned according to DIN/NEMA scandards.
Three power options are available: 120V ac, 240V ac, and +7.5
to + 28V de. Prices of single units are $399 (AD2070) and $439
(AD2071). 3@
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Figure 1. Functional block diagram of the AD2070/2071.

*Use the reply card for technical dara.

t Thermocouples come in many forms, depending upon the choice of dissimilar
metals used, the temperarure range, and the requirements of the application. Bes
causc any two dissimilar metals that ace in contact can form a thermacouple,
standards for composition have been cstablished and calibration tables for
ourput voltage vs. temperaturc published (e.g., by the National Burcau of
Standards, in the US., and Deutsche Industrie Normenawusschuss (DIN) in
Germany).
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Among the most popular types are Type ] {iron-Constantan, for reducing at-
mosphcres—temperatures to 760°C; typical sensitivities 30-60 uV/<C), Type K
(Chromel-Alumel, for clean oxidizing aumospheres—temperarures o 1350°C;
typical sensitivities 1-S0uV/C), and Type T (copper-Constantan, for mildly
oxidizing and reducing atmospheres where moisture is present—temperatures
t0 400°C; typical sensitivitics 40-60u. V/C).
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3 NEW 4-DAC DIPS: 8-AND 12-BIT QUAD D/A CONVERTERS

Monolithic AD7225: Four 8-Bit DACs, Double-Buffered, Separate Reference Inputs
12-Bit Hybrid AD394: Four 4-Quadrant Multiplying DACs; AD395: Four Two-Quadrant M-DACs

by Bill Gotschewski and Paschal Minogue

The world’s first families of self-contained quad DACs, four volt-
age-output DACs in an JC package, originated with the 4 X 12-bic
AD390,* in 1982 (Analog Dialogue 16-3), and the 4 x 8-bit
monolithic AD7226,* in 1983 (17-2). A quad DAC basically con-
sists of 4 addressable d/a converters with independent voltage out-
puts on a silicon chip or hybrid substrate; in these early models,
all DACs shared a common reference.

Now three new quad DACs add features cthat extend the range of
applications. The 12-bit AD394 and AD395* consist of 4 CMOS
multiplying DACs and output amplifiers, differing only in their
output-amplifier architecture: the AD394 contains four 4-quad-
rant 12-bit CMOS multiplying DACs, in which each bipolar ana-
Jog input is multiplied by an offset-binary digital code, while the
AD395—a quad of 2-quadrant multiplying DACs—multiplies
each bipolar analog input by a unipolar digital code. The LCEMOS
(hinear-compatible CMQS) AD7225* is 2 monolithic quad of 8-bit
DAGs, in a narrow (0.3”) 24-pin plastic or hermetic (cerdip or
ceramic) DIP, with double-buffered binary inputs and indepen-
dent fixed or variable positive voltage-reference inputs.

The table summarizes similarities and differences among today’s
quad DACs:

CHARACTERISTIC AD3I30 AD3I%4 AD395 AD7225 AD7226
MNo.of DACs 4 4 4 4 4
Resolution, bits 12 12 12 8 8
Independent Refs? NO YES YES YES NO
On-Board Ref? +10Vv* NO NO NO NO
Reference Range +5to +11V =11V =11V 2V to (Voo —4V)
Mult. Quad 1; 2optional 4 - ; L
Ranks of Latches 2 1 1 2 1
Coded addressing? NO NO NO YES YES
Simultaneous update? YES YES| ) YES{, ) YES NO
Construction Hyb.Bip. Hyb.CMOS  HybCMOS  Mono.CMOS Mono.CMOS
Package 28-pin 28-pin 28-pin 24-pin 20-pin
her. ceramic her, metal her. metal plas‘her.C plasiher.©
double-DIP  double-DIP double-DIP 0.3°DIP 0.3°DIP
*External reference may be used. 2.5 mA are available for external loads.
®One-quadrant devices can be op d in two quad: with simpl I circuitry.

SCerdip or ceramic.

Why Quad DACs? Multiple d/a converters save board space, time,
and money. They are useful in systems, instruments, or apparatus
where muldple analog phenamena are controlled from a common
digical bus. Examples include automatic test equipment, state-var-
iable filters and oscillators, multichannel precision gain contrals,
and flight simulators or other systems chat involve muld-axis posi-
toning or displays.

Multiple DACs make feasible the implementation of circuit struc-
tures, such as transversal fileers, for parallel operation in real time
without requiring digital mulapliers and multiplier/accumulators,

AD7225 The AD7225 quad 8-bit DAC (Figure 1) has a separate
reference input for each DAC channel and a double-buffered digit-
al interface; it fits into a 0.3”-wide plastic or hermetic DIP. The
DACs are connected in the voltage mode and each is buffered by
a non-inverting on-chip follower-connected op amp capable of de-
veloping + 10 volts across a 2,000-ohm load; benefits of this con-
nection include high speed, low dynamic errors, and capability of
single-supply operation.

*Usc the reply card for wechnical data.

14

ek B ® @ oo
5 4 3] 20 22
— N - N P
[T T K as O
[N LN g
St e oo w N w S+ vors
jpam |1 A B b1
16 B B
el |8 e Pl ey osee e el
N weur N oac N DACD '29 VYour D
L | LATCH D [—{ LATCR © [ ]
wa (i AR
a1(18) oL ADT225
a0 (19)

@

ibac Vag AGND  DGND
Figure 1. Block diagram of AD7225 8-bitquad DAC.

Data arrives on a common 8-bit data bus and can be latched in two
stages. This makes it possible to load each latch separately, then
update the outputs of all four DACs simultaneously. The active-
low controls are a WR (write) line, LDAC (load DAC) line; two
internally decoded address lines, A0 and A1, choose one of the
fourinpuclatches to beloaded.

The analog input has a range of + 2 volts minimum to (Vg —4)
volts, e.g., 11 volts with 15-volt supplies. For conventional DAC
applications, either a fixed or variable reference may be used. The
DAC may also be used to provide digitally controlled artenuation
for a positively biased ac signal. One of the on-chip DACs may it-
self be used to generate a digically controlled reference voltage for
other DACs on the same or other chips—or for the system.

The AD7225 is characterized for operation with single or dual
supplies with no user trims required. Single-supply operation is
specified from + 14,25V o +15.75V, with a + 10-volc reference.
Operation with dual supplies will give faster settling time (Sps vs.
7ps); dual operation calls for positive power supply voltage from
+11.4V to +16.5V and negative supply voltage from —4.5V to
— 5.5V, with input reference signals from +2Vto (Vpp —4V).

Three sets of temperature grades are available: devices with KN
and LN suffixes, specified for 0°C 1o +70°C, are packaged in
plastic; BQ and CQ grades, specified for —25°C to +85°C, and
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TQ & UQ, for —53°C to +125°C, are hermetically packaged in
cerdip or ceramic. All grades of the AD7225 specify =1L15B
maximum differential nonlinearity; total maximum error wichout
external adjustmencs is = 1 LSB for LN/CQ/UQ grades, =2 LSB
for KN/BQ/TQ grades. Prices start ac $18.50 (100s) for
AD7225KN.

AD394 and AD395 These devices (Figure 2) contain four CMOS
12-bit d/a converters and output amplifiers, respectively con-
nected for 4- or 2-quadrant multiplication, with only 750-mil-
liwatt maximum dissipation. The AD394 multiplies a positive or
negative digital number by a positive or negative analog voltage,
for a = 10-vole bipolar output range, with correct polarity re-
Jationships, while the AD395 multiplies a positive digital number
by a positive or negative analog voltage, with an output sign inver-
sion (i.e., Vour= — D VRrer, where D is the magnitude of the digital
number and Vggg is the positive or negative analog input voltage).

2B} Vs

B AA
LA

27) Voun

26) + 15V

25) Vaeewa

24) Vourz

23] AGND

22} Varrm

21} Voun

20) - 15V

19) Vingrine

18 un

17) DGND

a. AD395 b. AD3%4

Figure 2. Block diagrams of quad 12-bit DACs. a. Functional
block diagram of two-quadrant multiplying DACs. b. AD394
four-quadrant multiplying-DAC architecture.

The 12-bit parallel digital input of these devices interfaces easily
to most 12- and 16-bit bus systems. Each internal 12-bit CMOS
DAC chip includes an independently addressable cegister, allow-
ing DACs to be loaded separately or in any combination. Operat-
ing with % 15-volt supplies, the converters guarantee monotonic
behavior over the specificd operating temperature range and a
maximum settling time of 15 s to = %2 LSB. Laser trimming in-
sures that maximum nonlinearity is less than * %2 LSB for KM and
TM grades, and less than = 3/4 LSB for JM and SM grades.

Housed in metal packages, the AD394/395 are available in two
sets of operating temperature grades—]M/KM for 0°C to +70°C,
and SM/TM for - $5°C to + 125°C. MIL-STD-883C versions of
the S and T grades arc available. Prices (J, 100s) startac $115.
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APPLICATIONS

As noted above, these multiple DACs are uscful to the designer
whenever the design calls for a number of 8- or 12-bit DACs or
digitally programmable analog gain controls (especially if they
must track), where cosc and space must be conserved. Some natu-
ral areas foc application are mentioned above.

An interesting applications area {one which may be suggestive of
other creative applications for these devices) lies in the design of
programmable hybrid (analog-digital) transversal filters for ana-
log signals. Their principal advantage is that the required mulcipli-
cations are performed simultaneously in real time in the analog do-
main, greatly simplifying software and employing low-cost multi-
plying DACs rather than quantities of somewhat-more-expensive
digical multipliers. This application is described in somewhat
greater detail in the AD7225 data sheet. If 8 bits aren’t enough,
members of the AD390 family can be used in similar fashion.

A finite-impulse-response (FIR) transversal filter is a tapped delay
line for which the signals act the tap points, x(n —1), are individually
mulciplied by coefficients, h;, and the resulrs summed to produce
the output (see inset to Figure 3):'
N-1
y(n) = 2 hyx(n =) (1)
i=0
The coefficients may be obtained directly from che desired time-
domain impulse response, if known, for a given sampling rate;
otherwise, they may be calculated from the desired frequency
response, using the Remez exchange algorithm.

Figure 3 shows a flexible implementation of a filter having three
delay scages (4 taps). The coefficients are set digitally, using an
AD7226 quad DAC to multiply the reference voltage by the indi-
vidual coefficient values. The AD7224 DACY® sets the reference,
hence the overall gain, digitally.

SUMMING AMPLIFIER
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Figure 3. Programmable analog/digital transversal filter
application. Block diagram of system employing quad DACs
for 3-stage filter. Inset: general block diagram of transversal
filter,

The input signal, after passing through an anti-aliasing filtec, is
converted to digital in the AD7820%, then processed by a delay line
(the Am29520 here). The delayed outputs are latched simultane-
ously into the AD7225"s DACs, where they are multiplied by the
coefficients; and the results are summed (by an analog summing
amplifier), deglitched and held constant by a sample-hold (while
the DACs are updated}, and smoothed by an output fileer. 3

'See Chapteres & and 21 in Analog-Digital Conversionr Handbook, Third Edi-
tion, Danicl H. Sheingold, ed. Englewood Cliffs NJ: Prentice-Hall, 1986.
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SOFTWARE-PROGRAMMABLE 12-BIT DATA-ACQUISITION SYSTEM
AD369 Has 50-kHz Throughput Rate, Is Complete in a Standard 28-Pin Package

No Missing Codes Over Temperature
by Ed Garibian

The AD369* is a complete hybrid 12-bit single-channel data-ac-
quisition system (DAS) for system designers with cost-, space-, and
time constraints. Tt combines (Figure 1) a software-controlled
programmable-gain instrumentation amplifier (PGIA), a track-
and-hold amplifier (T/H), and a 12-bit a/d converter, all housed
in a double-width 28-pin hermetically sealed metal package. Sys-
temn throughput is 50 kHz for programmed gains of 1, 10, and
100—and 20 kHz at a gain of 500.

COMNVERT
START
85 (1) e - | SAR
— sTATUS
84 (16)
e NNSYY FYvVyY

12.6kit

o

FLEY: FELL

RESISTOR
NETWORK

Figure 1. Functional block diagram of the AD369 with pin
designations.

Maximum conversion time of the AD369's successive-approxima-
tion ADC is 15 ps; acquisition time of the T/H (with internal hold
capacitor) js 3 s, maximum, These numbers, compatible with the
short settling time of the front end (Figure 2), combine to give the
AD369 a pipelined system throughput rate of better than 50kHz
atgainsof 1, 10,and 100. The DAS is available in two grades; both
guarantee no-missing-codes over the industrial temperature range
of =25°C1o +85°C, The AD369BM has 2 guaranteed maximum
integral nonlinearity (INL) of Y2LSB; INL for the “A” grade is
guaranteed to be a maximum of ¥4LSB.

The software-programmable-gain amplifier allows the user to
choose full-scale input ranges of 10, 1, or 0.1 volts, and 20 mil-
livolts. Wich the 12-bit resclution of the ADC, signals of § micro-
volts can be resolved in the G = 500 modc; this is a dynamic range
of 126dB, i.c., 20 log,, (500 x 4,096). The precision differential
input of the AD369 provides excellent common-mode rejection

“Usc the reply card fortechnical daca.
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capability (108 dB min, with G = 500) and can be used with bipolar
orunipolarinput sources.

Typical applications include automatic test equipment, wide dy-
namic-range measurement systems, analytical and medical in-
strumentacion, mulri-channel systems with mixed high- and low-
Jevel signals (with the addidion of an external multiplexer), and
other systems that require a small, complete sampling a/d conver-
ter with differential input and programmable gain, Devices of this
kind should be of especial interest to manufacturers of general-
purposce data-acquisition systems and instrumentation, as well as
board-level DAS products for personal-computer interfacing,

The AD369 provides a completely specified and tested combina-
tion of all the critical functions of a data-acquisition system in a
space~saving 28-pin metal package. Typical power consumption
for this completc DAS is 775 mW. Prices in 100s are $107/$124
(AM/BM). 3@

10ps DIV,

Figure 2. Settling time of the input stage for a 10-volt step.
Each horizontal division is 10ps and each vertical division is
0.071% {i.e., lessthan 1LSB).
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ULTRAFAST HIGH-RESOLUTION SAMPLING A/D CONVERTERS
CAV-1220: A 12-Bit Converter with 20-MHz Sample Rate

Models CAV-1220* and CAV-1040* are ECL-compatible video-
speed sampling a/d converters buile on 7% 5” (177.8 X 127 mm)
cards. The CAV-1220 has 12-bit resolution and a maximum data
rate of 20MHz; and the CAV-1040 has 10-bit resolution with a
40-MHz max sample rate. Both devices are complete and self-con-
tained, with track-and-hold ciccuitry and alf necessary timing.

The newest additions to the Analog Devices family of card-level
high-speed a/d converters, they are physically and electrically com-
patible with their lower-performance predecessors. For example,
the CAV-1040 can replace the MOD-1020 in 10-bit circuitry, for
a doubling of conversion rate in applications originally designed
around the CAV-1020. Similarly, for 12 bits, the CAV-1220 can
replace the CAV-1210—again providing a doubling of speed.

In radar applications, the CAV-1220's high word rates enhance
ranging resolution, chus increasing system effectiveness, while the
12-bit signal resolution provides more fine structuce than do
lower-resolution converters. In imaging applications, the high
speed and resolution improve overall system performance by in-
creasing the contrast and/or color resolution. Other applications
(for both) include communications, digital oscilloscopes, digital x-
rays and other medical uses, TV studio digitizing, and real-time
spectral analysis. Operating temperature range is 0°C to +70°C.

DIGITALLY CORRECTED SUBRANGING

Both converters achieve their combination of speed and resolution
through digitally corrected subranging, a technique perfected at
Analog Devices and employed for the rest of the CAV family, as
well as CAV'’s predecessor, the MOD family. The technique con-
sists of performing two “flash™ conversions—the first obtains the
m more-significant bits, the second obtains n+ 1 less-significant
bits—they are combined to form a “seamless” (m + n)-bic word.

Consider the CAV-1220, for example (Figure 1): while the input
signal is frozen in a track-and-hold, a 5-bit flash encoder performs
a coarse conversion, the resules of which are stored in a register.
The results are converted back co analog in a 5-bit-resolution, 12-
bit-accuracy very-high-speed DAC, and compared with the de-
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Figure 1. Block dtagram of CAV-1220.

*Usc the reply card for technical data.
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CAV-1040: 40 Million 10-Bit Conversions per Second

by Don Brockman

layed output of the track-and-hold, giving a difference—or re-
sidue—which is amplified to provide a signal chat is referenced to
full range for an 8-bit flash encoder. The output of the 8-bit en-
coder thus provides a digital output representing the input’s fine
structure; it is combined with the output of the $-bic encoder in
a manner that provides a 12-bit output word with arithmetic can-
cellation of errors that are due to the limited resolution and accu-
racy of the S-bitencoder.

The internal timing of the converters is pipelined. This means that
conversions can be performed at a 20-MHz rate, even though the
conversion time is 155ns plus 1 clock period (50ns at 20MHz) for
the CAV-1220, and 100ns plus t clock period (25 ns at 40 MHz)
for the CAV-1040. An analog delay line, which provides for the
output of the track-and-hold to reach the difference amplifier at
about the same time as the analog value from the DAC, makes it
possible to acquire a new input value for the next conversion while
the earlier conversion is completed.

PERFORMANCE

CAV-1220 Full-scale analog input range is £1.024V, into 1,000
ohms. Total error at dc, including nonlinearity, is 0.0125% of full
scale. Maximum nonlinearity vs. temperature is specified at 15
ppm/°C, with maximum gain drift of 150 ppm/°C. Initial offset
voltage is adjusted to zero with an on-card potentiometer. RMS
signal-to-noise ratio is specified at 65dB, minimum, with a 540-
kHz analog input. Other specifications include maximum aperture
jitter of 25ps (rms), 100-ns transient-response time, and 200-ns
overvoltage recovery time. Typical small- and large-signal 3-dB
analog bandwidths are 40 MHz and 35MHz.

CAV-1040 For use in digital communications, minimum signal-
to-noise and noise-power ratios are 56 dB and 47 dB. For radar
and spectrum analysis, ac linearity is specified in terms of spurious
in-band signals generated at various input signal frequencies at a
40-MHz encode rate. Spurious signals from dc to 500kHz are at
least 65dB below full scale, those from S00kHz to 2.3 MHz at least
- 55dB, and from 2.3MHz to 10MHz, —48dB. Required power
supplies (both devices) are =15V, +5V and -5.2V. The stan-
dard model has small- (large-) signal analog bandwidths of 30
(20)MHz, while an “A” version has 60- (40)-MHz bandwidth.
Prices (1’s) start at $4,078 (CAV-1220 and CAV-1040). 3
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COMPLETE MONOLITHIC SERIAL-OUTPUT 10-BIT A/D CONVERTER
AD575 Is Low-Cost and Compact: Housed In 0.3 14-Pin Plastic or Ceramic DIP
Has Flexible Timing, Converts in 30s - No Missing Codes over Temperature

NG OF
CORVERSION

O

BURIED
ZENER
REIFIRENCE

The ADS75* is a complete 10-bit successive-approximation ana-
log-to-digital converter on a single monolithic chip; it consists of
a d/a converter, voltage reference, clock, comparator, successive-
approximation register (SAR), and serial interface. No additional
components are required to pecform a full-accuracy 10-bit conver-
sion in 30 microseconds.

Advantages of serial conversion include: fewer pin connections
(the ADS75 has 14), hence smaller packages (0.3") and lower de-
vice cost; just one external data line (plus a clock line), hence lower
system cost, easier isolation, and higher rehability; direct compati-
bility with serial processes; and faster availabilicy of the most-sig-
nificant portion of the data word. This last advantage is somewhat
subtle: in ciccumstances where rough indication of the trend of the
data is required in a hurry (e.g., polarity and gross magnitude), the
ADS75 can be shart-cycled to 2, 4, 6, or 8 bits; at 2 bits, the daca
is passed within three clock cycles, and the converter is ready for
the next request.

Why 10-bic conversion? Generally, 8 bits are too few, with resolu-
tion of 0.4% and log dynamic range of 48 dB—and often 12 bits
are more than enough and too expensive besides. But an honest
10 bits constitutes a happy medium for many applications, with
0.1% resolution, 0.05% relative accuracy (K version), 60-dB
dynamicrange, and low cost.

The size, speed, and resolution of the ADS75 make it an attractive
choice for modems, disk drives, and remote or isolated data-ac-
quisition systems, as well as for military and avionics applications.
The AD575’s short-cycle and timing features make it very easy to
use, even with specialized processors such as the OKI MSM5218
speech compression/expansion chip.

OPERATION

The ADS75 responds to four control inputs: CONV (convert),
CLI (clock inhibit), XCL (external clock), and SCAT (short cycle
and terminate); three outputs are provided: DO (dara out), CO
(clock out), and EOC (end of conversion, or “busy™).

In response to a Convert command, the AD575 ptaces on the clock
output line a string of 11 pulses, and on the data-output line a se-

*Usc the reply card for technical data.
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quence of negative-true TTL levels (I, 0), corresponding to the
state of each bit. These levels, in synchronism with the clock, are
guaranteed valid on the falling clock edge (starting with the MSB
duringthe second clock cycle).

The status of the conversion is indicated by the end-of-conversion,

r “busy,” line, which goes high at the start of conversion and
drops low at the beginning of the last clock cycle, to indicate that
the SAR is ready to process a new conversion. Either the device’s
internal clock or an external clock, with frequency up to 450kHz,
may be used. Figure 1 illustrates the timing when an excernal clock
is used.
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Figure 1. AD575 timing for externally initiated conversions.
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The serial feature is useful in converting and communicating data
to microprocessors with seriat ports. Figure 2 shows an applica-
tion with the 8085 microprocessor, in which the convert com-
mand, external clock, and AD575 data output are galvanically
isolated via optocouplers.

The ADS75 handles single-polaricy or bipolar input signals (offset
binary coding). It is available in three grades, J, K (0° 1o +70°C)
and $ (—355°C to +125°C). Over temperature, maximum relative
accuracy error for the three grades is = 1/0.5/1LSB, with no-mis-
sing-codes guaranteed. Prices (100s) startat $12.75. 3
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Figure 2. Interfacing the AD575 to an 8085 microprocessor
via anisolated interface.
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MONOLITHIC TRIPLE 4-BIT D/A CONVERTER
AD9702 Can Update Raster-Scan RGB Color Displays at 125 MHz or More (ECL)
Versatile Logic Compatibility: Will Operate with Either ECL or TTL

The AD9702* is a monolithic integrated circuit containing three
separate 4-bit digital-to-analog converters for red-green-blue
{RGB) color-graphics display systems. It is housed in a 24-pin
ceramic DIP (AD9702BW), with optional hermetic sealing
(AD9702BD). The single-chip construction offers reduced cost
and improved reliability over earlier three-chip designs. Price
(100s) is $45 ($48 in hermetically sealed package).

Each d/a converter provides 16 gray-scale levels, for a total comba-
nation of 4,096 colors in red-green-blue displays. The AD9702’s
top update rate of 12§ MHz (min) permits 4,096 different colors
to be displayed on a 1,280-by-1,024-pixel, 60-Hz non-interlaced
display.

Typical uses are in raster-scan displays, color graphics systems,
and general video reconstruction applications, where it is impor-
tant to have higher speed, plus smaller size, power, and price, than
are available with hybrids.

The AD9702 is a complete single-chip raster-scan display subsys-
tem. In addicion to the three high-speed 4-bit d/a converters, it has
all standard video control signals, including reference white, green
sync, and composite blanking. The device is compatible with
RS-170 and RS-343 standards. Three 4-bit inpuc registers permit
simultaneous updating of the d/a converters and reduce time skew
to hold down the magnitude of glitches at the converter outputs.
Glitches are spikes caused during code change when the time re-
quired for bits switching o differs from the time required for bits
switching off; they are manifested principally at major transitions,
suchas01111t0 1000,
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Figure 1. Functional bLock diagram of the ADS702.

*Usc the reply card for rechnical dara.

' For further information on ghitches, consute the Anafog-Digital Conrersion
FLondbook  Third Edition, 1. H. Sheingold, ¢d., Englewood Clilfs Nj: Prentice-
Hall, 1986.
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AD9702

The digital inputs are applied through TTL/ECL converters to re-
gisters within the AD9702. The switching of the inputs through
the registers is controlled by the Strobe, Green Sync, Reference
White, and Composite Blanking signals.

The high speed and small glitch of the AD9702 are attributable to
its internal emitter-coupled logic (ECL) circuitry; in addicion, for
flexibility, a unique TTL/ECL interface allows the designer a
choice of logic compatibility for all inputs; this can be accom-
plished by applying to the V¢ pin either + 5V for TTL or ground
for ECL logic levels.

For highest speed, ECL—using negative-true logic—gives a mini-
mum top update rate of 125MHz and requires a — 5.2-voltsupply.
With TTL circuitry—employing positive-true logic—the mini-
mum top update rate is 75 MHz, and both + 5-volcand - 5.2-volt
supplies are normally called for (if necessary, the device can be
connected for single-supply TTL operation).

The controls operate in this way: In normal operation, with Refer-
ence White, Composite Blanking, and Green Sync at digital “17,
the analog output of each converter is in the gray-scale range, with
intensicy determined by its applied 4-bit code. When Reference
White goes to “07, all analog outputs rise to zero voltage or cur-
rent output, corresponding to refecence white, or full-scale inten-
sity. When Composite Blanking goes to “0”, during the sweep
retrace interval, all outputs are brought to =174 mA or
—653mV, a voltage level below the gray-scale range (i.e., “blacker
than reference black™). When Green Sync goes to “0”, the green
analog output (only) will be —25mA, or — 938 mV, superimpos-
ing an analog synchronizing pulse for the CRT circuitry on the
green intensity waveform.

The AD9702 is guaranteed to be monotonic over temperature.
Key specifications include +0.8% FS maximum nonlinearicy,
+0.8% FS maximum differential nonlinearity, and 0.5-mV
maximum zero offset. Maximum temperature specifications in-
clude 30 ppm/°C linearicy drift, 15 ppm/°C offset drift, and 400
ppm/°C gain drift. The specified operating case-temperature range
ts —25°Cto +85°C.

Dynamic specifications for the AD9702 include voltage settling
time, to +3.2% gray scale, of $ns with ECL inputs and 6ns with
TTL, 3-nanosecond rise time, and glitch impulse of 80 mV-ns. The
AD9702 can drive 75-ohm loads directly. 3
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TESTING ENGINE EMISSIONS MORE EFFECTIVELY
MACSYM Automates Engine Testing, Increases Throughput And Precision

Example: Smoke Testing of Diesel Engines to EPA Standards by Onan Corp.

Tom Engman*

Automated product-test procedures improve data quality and save
time and money. A computer-based test system can be used to both
acquire and analyze data and to generate control signals to other
piece of equipment used in the tesc. Most important, a computer
system can deliver accurate repeatable data and analyze it to pro-
duce information that is meaningful to the test engineer.

Onan Corp., a prominent engine manufacturer, has recognized the
importance of computer automation in effective engine testing—
and of choosing a system which can be adapted to meet changing
needs, especially where new products are evolving rapidly or test-
ing procedures are likely to change.

To test diesel engines used in heavy-duty vehicular applications,
Onan must follow detailed procedures oudined by the Environ-
mental Protection Agency (EPA), in addition to other standard
development test procedures.

EPA Test Requirements: Diesel engines manufactured by Onan
are required to undergo two standard test procedures specified by
EPA: the transient smoke test, which measures the opacity of diesel
exhaust, and a transient gaseous emissions test, which determines
the presence of pollutant gases such as carbon monoxide. Onan's
capacity for in-house transient smoke testing has been greatly in-
creased by computerizing of an existing test cell.

In automaced test, engines ace placed in specially designed test cells
and instrumented with standard pressure transducers, ther-
mocouples, and resistance temperature detectors (RTDs). Addi-
tional sensors measure parameters such as cpm, fuef consumption,
and other parameters needed for special testing. The signals are
carried outside the test cell via shielded cabling, which is hard-
wired to the signal-condicioning inputs of the measurement-and-
contro) system (Figure 1).
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Figure 1. Block diagram of a typical test-cell installation. Ev-
erything is inside the cell except for the MACSYM systermn
and peripherals.

*Tom Engman is a Test Engineer with Onan Corporation. This article is based
on a copynighted article by the same auchor appearing in DIESEL PROGRESS

North American, Deccmber, 1985, portions of which are reproduced with the
peranission of the publisher, Dicsel & Gas Turbine Publications, Brookfield W1.
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The basic procedure for the transient smaoke test—or smoke opac-
ity test—consists of capturing the engine exhaust from the silencer,
running it through a light-extinction smokemeter, and finally dis-
posing of it through an exhaust hood. The smokemeter is
positioned at the end of the exhaust pipe; a buile-in light beam’s
intensity is modulated as the exhaust smoke plume passes by.

The smoke test requires a series of ramps and steady speeds or
loads (Figures 2 and 3). Before the test begins, the engine musc be
run for 10 minutes at rated power. After the engine is conditioned
in this way, it idles for five minutes, then three transient cycles
are run and data is collected. The EPA requires three successful
cycles for valid data; however if more than six tries are required,
the engine must be reconditioned and the test must be re-started.
Since reconditioning js a relatively lengthy process, it is highly de-
sirable thac it be made unnecessary. By aceurately controlling the
dynamometer to stay within the procedural test limits, Onan’s
automated procedure has all buc eliminated the need to
recondition.
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Figure 2. Smoke opacity data is analyzed during a series of
acceleration ramps and steady speeds. This rpm and smoke
vs. time plot shows speed and exhaust smoke data for a
completetestcycle.
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During the smoke test, the computer records exhaust gas opacity,
engine rpm, and the precise time at which each data point is taken.
Data is grouped into 0.5-second intervals and analyzed to deter-
mine the average smoke in each 0.5-second period. The conclu-
sions of the test are three average values, A, B, and C, which are
compared with standard values. A, B, and C are computed with
algorithms prescribed by the EPA. To determine “A”—the average
smoke reading during each 0.5-second interval—the computer
must average 45 readings, which represent the 15 highest 0.5-sec-
ond readings during the acceleration mode of each dynamometer
cycle. Next, it determines “B” by averaging the 15 readings which
represent the five highest 0.5-second readings during the lugging
mode of each of chree dynamometer cycles. Finally, “C” is deter-
mined as the average of nine readings representing the three
highest values for each of three dynamometer cycles. If any value
is inconsistent with the EPA standards, thie test operator can make
certain adjustments to alter the engine’s performance and then
rerun the test.
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Figure 3. Plot of acceleration portion of the test with accep-
tability bands for speed variation.

The Systern: Onan chose the Analog Devices MACSYM 350 sys-
temt. The system’s number-ceunching capabilites, flexibility,
multitasking operating system, comprehensive input/output (VO)
capability, and powerful software were important considerations.
The MACSYM 350 system consists of 2 MACSYM 150 work-
station,a MACSYM 200 remote front end, and a family of plug-in
analog and digital I/O cards.

The system justified itself by increasing Onan’s est capabilities
and supplying a better log of data. The MACSYM system could
perform in 20 minutes a test which might take 2-4 hours if per-
formed manually, thus increasing Onan’s testing capacity. Typi-
cally, six transient smoke runs can be completed in a morning; the
resulting stored data from different tests can be compared with a
single keystroke. Because of the system’s ability to control the cest
parameters, repeatabilicy on acceleration ramps is excellent—a
difficult quality to achieve.

The conversion to an automated system took very lictle hardware
modification, An existing steady-state test cell with existing equip-
ment was automated by, in effect, adding the computer and hook-
ing-up the sensors. The MACSYM’s /O capabilicy was essential,
because che application called for interfacing to a variety of sig-
nals. /O cards for temperature, strain, torque, digital signals,
pressure, frequency, and interrupts were among those used.

In chis type of test application, the software considerations depend
on the type of instrumentation used as well as the control al-
gorithms, data-acquisition requirements, and desired data analysis
for a given application. Onan needed real-time measurements of
exhaust composition and engine parameters. To accurately char-
acterize the process while it is happening, the computer must be
able to sample 170 faster than the process parameters are changing.
Since Onan needed about 60-120 samples per second,
MACSYM'’s sampling speed (typically several thousand measure-
ments per second) was more than adequate. The sample rate was
especially important in the smoke tes¢, where the minimum sampl-
ing frequency was 24 samples per second. Sampling rates of 60-80
samples per second bred increased confidence in the daca.

The entire test is run from the keyboard of the MACSYM system;
the operator need not activate any of the equipment manually. For
examnple, certain values, such as the rated rpm, torque, and throctle
position, are either typed in by the operator or—for a standard test
cycle—entered automatically from disk.

}Usc the reply card for cechnical data.
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The computer controls test parameters, analyzes data, and per-
forms statistical analysis; ic linearizes instrument calibration data
for each test and converts analyzer voleages to concentration
levels. Accurately controllable eddy-current dynamometers load
the engine, using controller setpoints provided by the MACSYM
system.

The automated ces¢ system provides data which can immediacely
reveal the resules of engine developmental changes through screen
displays, printouts, and multicolor plots ailored to specific test re-
quirements. The test operators can perform advanced analyses or
prepare for the next test while the compater automatically imple-
ments the test procedure.

All values collected during the transient smoke test are saved on
disk for future reference. Two parameters measured during this
test—rpm and smoke opacity—plus the exact time, are collectively
called a “data point.” The test generates approximately 30 data
points every 0.5 seconds—or around 120 external samples per sec-
ond. A 10-megabyte hard disk accommodates the large voJume of
daca generated by these test procedures. Then, if desiced, color
plots can be generated of each test ta examine the differences be-
tween several test cycles, or to compace a test ¢ycle co the standard.
This provides a clear illustration of engine performance and helps
technicians see where adjustments ought o be made.

MACBASIC The choice of a programming language was an im-
portant one. Onan’s software was written in approximately one
month using MACSYM’s programming language, MACBASIC,
developed by Analog Devices specifically for real-time measuec-
mentand control.

MACBASIC’s multitasking feature was especially useful co Onan,
simplifying programming of the cngine test procedure, which in-
volves several simaltaneous operations. The program for the
transient smoke test is made up of three tasks. Task #71 controls
the test and comprises about two-thirds of the total program
(about 200 lines of code). This task first sets up the test parameters,
then sends control signals to the test cell to put the engine through
its schedule of ramping, loading, and daca analysis. While Task #1
is running, Task #2 performs data acquisition—taking readings
from each transducer 30 times cach 0.5 second, performing signal
conditioning, and recarding values. Task #3 is for display, which
provides on-line geaphics, updated twice per second. The program
is writren to give all tasks access to data collected by ocher tasks.
This is an important function, because Task # 1 needs rpm data
collected by Task #2 in order to implemenc control functions, and
Task #3 displays data from the other two tasks.

Because some tasks are more important than others, they can be
assigned prioritics or frequencies to ensure that they are perfocmed
often enough. In the smoke-test program, the control task includes
the most time-critical functions; it was activated almost conunu-
ously. Nextin priority was the data-acquisition task, while the dis-
play task had the lowest activation rate, twice per second.

MACBASIC includes specific integrated /O commands, or
“keywords,” to make the programmer’s job casier and provide
rapid access to real-world analog and digital input and output. For
example, the inscruction, Y = 4.2 * AIN (3,2), converts the con-
ditioned input signal at channel 2 of the card in slot 3 of the
MACSYM 200 to digiral, mulciplies it by 4.2, and assigns it the
vaniable, Y, all in considerably less than [ millisecond. @
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New-Product Briefs

FOUR NEW MONOLITHIC CMOS ANALOG-TO-DIGITAL CONVERTERS
4-, §-Channel, 2.5-us 8-Bit A/D Converters
AD7824 & AD7828 Have Track/Hold, Multiplexer
Y2-LSB max Total Unadjusted Error (L,C,U Versions)

AD7578: 12 Bits, 100ps
24-Pin 0.3" “Skinny” DIP
No Missed Codes over Temp

The AD7578* isa 12-bit monolithic CMOS
a/d converter (ADC) packaged in a 0.3” nar-
row 24-pin DIP. Maximum total unadjusted
error (including gain, offset, and linearity er-
rors) is = 1LSB maximum over the full
operating temperacure range—and che user
can choose among three ranges: the plastic
AD7578KN (0°C 1o + 70°C), the ceramic
BD (—25°Cto +85°C), and the ceramic TD
(—55°C to + 125°C). Prices start ac $19.95
(100s).

Applications include telecommunications,
avianics control, high-performance mod-
ems, and remate applications that require
the low power (75 mW) inherent in CMOS,
small size, high precision, and “no tweaks”
(Y4-LSB max gain & offset errors).

Its high-impedance analog input is free from
the problems of source loading found in
many ADCs. The successive-approximation
conversion employs either an internal or an
external clock. Right-justified output daca
is available on an 8-bic bus in two bytes,
4 MSBs and 8 LSBs, in either order. 3
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*Use the reply card for technical daca.
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The AD7824 and AD7828* are high-speed,
multi-channel 8-bit ADCs with a respective
choice of 4 or 8 multiplexed analog inputs.
A dual4-bit-flash subranging a/d conver-
sion technique (“half-flash™) gives a fast
conversion time of 2.5us per channel
(400,000 conversions per second) for both

types.

The basic converter is similar to that of the
AD7820, recently introduced in this Journal
(19-1, 1985, p.15). Total unadjusted error is
less than +'421LSB (L,C,U grades) or = 1LSB
(K,B, T grades).

An on-chip track/hold function with 157
mV/ps slewing rate permits full-scale signals
of up to 10kHz 1o be digitized, but complex
signals may contain small components up to
the respective Nyquist frequencies of S0kHz
(4 channels) or 25kHz (8 channels) per
channel—or even higher if channels are
sampled more frequently at uniform inter-
vals. This greatly simplifies the design of
anti-aliasing filters.

Both devices operate from single + S-volt
supplies and have an analog input range of
0 to +5V, using extecnal 5-V references.
Both interface to pPs, using Chip-Select and
Read signals to selectinput channels, initiate
conversions, and read data from che 3-state
outputs. The AD7824 and AD7828 are
housed in 0.3"/24-pin and 0.6"/28-pin DIDs.
All standard temperature ranges are avail-
able. Prices startat $10.45 (100s). [

AD7575: 8-Bit, 5-ps Sampling ADC Has on-Chip Track/Hold
Housed in 0.3” 18-Pin Plastic or Ceramic DIP
+1-LSB Total Unadjusted Error (K,B,T Versions)

The AD7575* is a low-cost 8-bit ratiometric
CMOS a/d converter with an on-chip track-
and-hold function; it performs a complete
conversion in Sps (sampling rates o
200kHz), while its T/H's 386 mV/us slew-
ing rate allows 50-kHz full-scale sinusoidal
signals to be digitized; signal-to-noise is
45dB with a 10-kHz signal, 4dB (2/3LSB)
below 8-bit theoretical.

The device uses a single +5-vole supply;
with a low-cost 1.23-volc bandgap refer-
ence—such as the ADS5S89*—it can convert
signals from 0 to 2 Vygp. Total unadjusted
error—including T/H and linearity-, gain-,
and zero errors of the ADC—amounts to
less than = 1LSB over temperature for
AD7575K/B/T (3 temperature ranges) and
+2LSB max for J/A/S versions. Prices
(100s) start ac $5.50 (JN: 18-pin plastic
DIP).

Besides being accurate, low in cost, fully
specified, and easy to use, it has low power
consumption—35 mW max. Compatible

with all popular pPs, it combines short con-
version time and fast bus interface times—
100ns bus access, 10ns bus relinquish, and
Read pulse-widths of 100ns.
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"Most effectively used in high-frequency

sampling, it is ideally suited for applications
in simultaneous converter-per-channel sam-
pling of multiple channels, e.g., phased-
array sonar. Other application areas include
geophones, disk drives, modems, and medi-
cal ultrasonics. 3
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New-Product Briefs

FOUR HIGH-SPEED 12-BIT ANALOG-TO-DIGITAL CONVERTERS

CAV-1202: 12-Bit, 2-MHz ADC on Eurocard
Complete with Track/Hold and Timing Circuitry
High-Resolution Conversion at up to 2-MHz Sampling Rates

The CAV-1202* is a complete 12-bit,
2-MHz sampling analog-to-digital canver~
ter, including a track-and-hold amplifier,
constructed on a board measuring 167.30
x 100.00 X 13.13-mm (6.59” x 3.93" x
0.517")—including connectors. Based on
the Level 2 requirements for printed-circuit
subunits, the design meets the standards es-
tablished by DIN 41494, IEC 48D (sec) 12
for assemblies based on che standardized 19”
system employing Europa and double-
Europa sized printed circuit boards.

With all timing circuits and the T/H on
board, the CAV-1202 needs only an Encode
command and external power supplies
(£15V, +5V, and —5.2V). The converter
is used in applications calling for high sam-
ple rates, such as transient analysis, radar
digitizing, and medical instrumentation.

Full-scale analog input is =2.048V (1mV
per bit), and the parallel 12-bic output is
TTL-compatible, Two-step subranging,
with digical error-correction, provides

monotonic operation over temperature, 0°C
o +70°C. Low-frequency error tortals
0.012% of full scale, including nonlinearity.

Spurious in-band signals generated at a
2-MHz encode rate are typically 74dRB
below full scale for input signals from dc to
500kHz and -67dB from 500kHz to
1MHz. Typica! signal-to-noise is 66dB at
360kHz. Price (1's) is $1,940. 3

Two 12-Bit Hybrids with Internal Track/Holds
1-MHz HAS-1201: 46-Pin Hermetic Metal Package
900-kHz HAS-1204: Complete in a 40-Pin Metal DIP

The HAS-1201* and HAS-1204* are 12-bit
hybrid a/d converters with on-board track-
holds for sampling conversion. The HAS-
1201 can convert at rates up to 1MHz,
while the HAS-1204 converts ac up to
500kHz.

They incarporate T/H, a/d converter, and
timing circuits; to operate, they need only an
encode command and power. The HAS-
1204 is jumper-programmed for (unipolar
or bipolar) 5-V or 10-V full-scale input and
requires 2.2 watts of power at 15 volts
and +5 volts. The HAS-1201 (3 watts)
needs the same voltages, plus a —5.2-volt
supply; it too can handle bipolar or unipolar
5-or 10-volt full-seale inputs.

The table outlines typical dynamic perform-
ance for the ewo devices.

Both devices are housed in hermetically sea-
led mecal packages. The HAS-1201 is avail-

* Use the reply card for rechnical daca.
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HAS-1201 HAS-1204

In-band harmonics - 80dB -75dB
Signal/Noise 68dB 69dB
forinput: 100kHz 50kHz
Input Eandwidch
large signal 2MH:z 4MHz

able for 0°C to +70°C and -25°C to
+85°C operation (case temperatures); the
HAS-1204 has —-25°C to +85°C and
—55°C 1o +100°C grades. Prices for the
HAS-1201 and HAS-1204 (100s) start ac
$395and $294. 3

Improved HAS-1202
1.96 s, 12-Bit Hybrid
High Speed, Low Price

The HAS-1202A* is a complete, fast hybrid
12-bit a/d converter, pin-compatible with
the venerable HAS-1202, announced in
these pagesin 1979 (Analog Dialogue 13-2).
Since then, the HAS-1202, wich ics 349-kHz
max conversion rate, has been teamed up
with the HTC-0300A crack-hold for high-
speed digitizing in a great many applica-
tions.

They have found sockets in radar syscems,
PCM, digital signal-processing (DSP), and
daca acquisition for systems that are used in
such real-world applications as gamma-ray
cameras, waveform analysis, and lumber-
grading systems.

Since users always need more speed, the
HAS-1202A, with its maximum conversion
rate of 641kHz—nearly double that of
HAS-1202—has been developed to permit
systems with HAS-1202 sockets to be easily
upgraded to word rates in excess of
550kHz.

The HAS-1202A’s other specifications are
identical to those of the HAS-1202. Boch are
packaged in 32-pin ceramic DIPs for 0°C to
+70°C operation—and hermetically sealed
metal cans, for —25°C 1o +85°C—and
—55°Cto + 100°C—operation. Prices start
at$175in100s. 3
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New-Product Briefs ' |

MONOLITHIC AD574A

Lowest Cost in Plastic
Highest Reliability in Ceramic

For the first time, the industry-standard
ADS74 12-bic a/d converter (Analog
Dialogue 12-3, 1978, page 3) is available in
a single-chip version. The new monolithic
ADS74A* is available in plastic packaging
at the lowest known ADS74 price: only
$27.90in 100s (J version).

Packaged in a 28-pin DIP, the ADS74A is
also available with MIL-STD-883C, Class
B, processing for military and other high-rel
applications. Pricing in 100s for ceramic-
packaged parts starts at $30.65.

Because of its high resolution, low price and
ease of use, AD574 appears in a great many
general-purpose data-acquisition applica-
tions. The monolithic AD574A includes a
microprocessor interface, clock, and refer-
ence on one chip. A drop-in replacement for
its two-chip predecessor, it retains the same
pinouc and performance.

The converter features 3-state output buf-
fers for direct interface with 8-, 12-, or 16-
bit buses, and 2 250-ns bus-access time. Its
internal reference is trimmed to 10.00V, and
4 calibrated input voltage ranges are avail-
able, 0 to +10V or +20V, %5V, and
*=10V.

Operating from +5Vand =12V or =15V
supplies, the AD574A is specified from 0° to
+70°C for the }, K, and L grades, and from
—355°C to +125°C for the S, T, and U
grades. Conversion time is 35 s and dissi-
pation is 725mW max. Grades K/L/T/U
guarantee maximurmn linearity error of * 2
LSB (*0.01%) and no missing codes
(NMC) over temperature; grades J/S
guarantee maximum linearity error of
+1LSB and NMC to 11 bits over
temperacure. [3

*Usc the reply card for technical dara.
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3 FAST 1.5-pm CMOS DSP CHIPS
ADSP-1009A: 70-ns 12 x 12-Bit CMOS Multiplier/Accumulator
Two 8 x 8-Bit 30-MHz Multipliers: Twos-Complement & Unsigned

Since the introduction in 1982-83 (Analog
Dialogue 17-1) of our CMOS DSP chips as
low-dissipation replacements for standard
high-wattage bipolar multipliers and
MAGs, we have developed a 1.5-um process
to succeed the original 5-pm process; this
gives increased speed and makes possible
new, more-complex, proprietary chip de-
signs. You have already encountered some
of thescin pages7-11.

The new process is also used to produce
higher-speed replacements for the earlier
multipliers and MACs. For example, in
Dialogue 18-3 (p.18), we introduced the
ADSP-1016A*, ADSP-1010A*, and ADSP-
1008A*; all were at least twice as fast as
their 5-micron counterparts.

They are now joined by the ADSP-1009A
12x12 Multiplier/Accumulacor®  (70ns),
the ADSP-1080A 8 X 8 Twos-Complement
Multiplier* (33ns), and the ADSP-1081A
8x8 Unsigned-Magnitude  Muldiplier®
(33ns). Each is fully pin-compatible with ics

predecessor and at least twice as fase; low-
cost plastic versions are available. Prices
(100s) start at $27 for the 8-bit devices and
$53.30 forthe 12-bit ADSP-1009AN.

8- and 12-bit multipliers and MACs are par-
ticularly popular in video, imaging, radar,
and telecommunications, where 16 bits is
overkill, and higher speed and rwo output
ports give higher throughput. Applications
also include 2-dimensional image filtering,
graphics transformations, TV special ef-
fects, and high-speed modems. @

MIL-TEMP VERSION OF AD578 A/D CONVERTER

12 Bits in 4.5us Guaranteed (T Version)
No Missing Codes over Temperature

The AD578SD and ADS78TD* are wide-
temperature-range versions of the AD§78
high-speed 12-bit hybrid ADC, which has
more than § years of production experience
(Dialogue 14-2). Assembled in hermetically
sealed 32-pin side-brazed ceramic DIPs,
they are functionally complete, including
reference and clock. They are designed for
applications requiring operation over the
MIL-temperature  range, -55°C
+ 125°C.

The AD378TD and ADS78SD perform
complere 12-bit conversions within 4.5pus
and 6.0ps maximum, are tested to have no
missing codes aver the entire operating tem-
perature range, and operate with power
supplies of + 5 volts and either = 15 volts or
=12 volts (Z grade); they dissipate only
875mW.

Use them in high-speed data-acquisition,
with throughput rates up co 222kHz, radar/
sonar signal processing, electronic coun-
termeasures, and seismic equipment. Prices
{S/T)are $165 and $205 in 100s. 3
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New-Product Briefs

TRIPLE DAC FOR RASTER-SCAN GRAPHICS
HDL-3805/3806: 3 Fast 8-Bit DACs with Lookup Tables
85-MHz Writing Rate with 12-ns Settling Time

The HDL-3805 and HDL-3806* consist of
three 8-bit video DACs and three 256 x 8
ECL random-access-memory lookup tables
(LUTs) in a single hybrid package. Settling
time of the DACs is 12 ns; minimum top up-
date rates are 115 MHz for the latched
HDL-3806, 85 MHz for the asynchronous
HDL-38035. Prices (100s) start a¢ $335.

Replacing 3 DACs and 3 LUTs in raster-
scan display systems, the small RGB (red
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green blue) video generator can save board
space and improve reliability over discrete
approaches. The devices are also useful in
other applications requiring mulciple DACs
with ultra-fast output sectling.

8 bits of gray-scale resolution per channel
give the user a palette of 16.7 million avail-
able color combinations. On each sweep, a
total of 256 colors is avaitable; and the wrice
speed of the RAMs is sufficiently high to re-
write the color map completely during the
vertical retrace—or update smaller blocks of
daca during the horizontal retrace. 3

TTL-COMPATIBLE DACS FOR RASTER DISPLAYS
8-Bit HDG-0807 & 4-Bit HDG-0407: Single-Supply Operation
Complete Composite Controls; HDG Series Pin-Compatibility

The HDG-0807 and HDG-0407* 8- and 4-
bit raster-scan d/a converters add another
capability to the HDG family of complete
rastert DACs (Analog Dialogue 15-2, pp. 3-6
and 19-1, p. 22), i.c., they are compatible
with TTL-level signals and need only a
single +35-volt power supply to generace
standard video levels referenced to ground.
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They avoid the necessity for translating
from TTL to ECL for users who must work
with TTL signals. Like the original HDG
Series, the new units have complete, asyn-
chronous (synchronous optional) composite
controls, including self-contained digitally
controlled sync and blanking, and a refer-
ence-white control input—as well 2sa 10%
enhanced brightness capability.

The devices have internal references, 14-ns
sectling time and 50-MHz update rate
(8-bits), operate at temperatures from
—25°C to +85°C, dissipate 1.125W, and
are of hybrid construction (24-pin DIP).
Prices (100s, 8 bits) start ac $43. 3

14-BIT M-DAC
AD7536: No External Resistors
For 4-Quadrant Operation

Vour =120 = 1) Vigs

16,383

0> o

Vo

M5
INPUT
REGISTE

1e0
[k
=

The AD7536" is a 14-bic monolichic CMOS
4-quadrant multiplying d/a converter with
all resistors needed to provide accurace four-
quadrant multiplication when connected to
a pair of external op amps. It can be chought
of as either a bipolar d/a converter with the
full range of positive or negative reference
voltages, or as a digitally programmed at-
cenuator of full-range positive-to-negative
analog signals (gains of either polarity).

It is a high-accuracy device: all grades are
guaranteed 14-bit monotonic over tempera-
ture; and integral nonlinearity (relative-ac-
curacy error) is less than = 1 LSB max aver
temperature for grades K/B/T—and only
+2 1.SB max for grades J/A/S. Oueput leak-
age current is less than 20nA over the full
temperature range. Current settling time is
typically 0.8us. Prices scart at $18.95 in
100s.

Typical applications include uP-based con-
trol systems in high-temperature environ-
ments, digital audio systems, precision servo
control loops, and high-performance, high-
resolution military applications.

[t is easy to use from both the analog and
digical points of view. Its flexible double-
buffered latch structure permits (right-jus-
tified) interfacing, either broadside on té-
bit data buses or in two bytes (6-8) on 8-bit
buses. It can be used for 4-quadrant multi-
plication without any external resistors.
And the chip’s ground configuration per-
mits the device’s analog ground co be sensed,
compared with system signal ground, and
forced to follow accurately using an external
opamp. 3
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Worth Reading

All publications listed here, are available free upon request, except
for any marked with an asterisk (*). Use the reply card or get in
touch with Analog Devices or the nearest sales office.

Analog Briefings

This is a newsletter published by Analog Devices for the military/
avionics industry. In the lacest issue, Volume 1, Number 2
(October, 1985), topics include: MIL-STD-1772 certification of
hybrid facilities at our Microelectronics Division; monolithic ver-
sion of the ADS74A; MIL-STD-883C and “grandfathered” spec-
control drawings; hybrid DAC87, DESC drawing 8300201JC
(DAC87), and monolithic DAC87, DESC drawing 8300301]JA;
Military Products Databook erraca. To receive Analog Briefings
regularly, get in touch with the nearest ADI sales office or repre-
sentative.

Application Notes

Curtin, Mike, “Interfacing the AD7549 Dual Monolithic 12-Bit
DAC to the MCS-48 and MCS-51 Microcomputer Families”
(4 pages).

Gasking, John, “Resolver-to-Digital Conversion—a Simple and
Cost-Effective Alternative to Optical Shaft Encoders” (4 pages).
Jung, Walt, “AD670 8-Bit A/D Converter Applications”. Discus-
ses signal-conditioning applications for an 8-bit a/d converter with

a built-in instrumentation-amplifier frone end (12 pages), by the
authorof IC Op-Amp Cookbook.

, “Applying IC Sample-Hold Amplifiers™ (8 pages). [n-
cludes: basics; errors in Sample, Hold, and transitions, dielectric
absorption, drift and noise, design types, applications.

, “Operation and Applications of the AD654 [C V-co-F
Converter” (28 pages, with references). Includes: deseription;

theory; basic operationzl modes; timing-component consider-
ations; plus some 26 application topics and 28 cookbook-type
figures.

Kitchin, Charles, Andrew Wheeler, and Ken Weigel, “Low-Cost
Two-Chip Voltage-Conirolled Amplifier and Video Switch”.
Employs the AD539 dual-channel wideband (60MHz) analog
multiplier (6 pages).

Klonowski, Paul, “Use of the ADS90 Temperature Transducer in
a Remote Sensing Application™. Transmitting an ADS90 tempera-
ture signal 1000 feet with negligible loss of accuracy (4 pages).

Nickson, Paul, “Dynamic Resolution Switching on the 1574
Resolver-ta-Digital Converter” (2 pages).

, “Why the Velocity Output on the 1574 and 1564 Series
Converters is Continuous and Step-Free Down to Zero Speed™
(2 pages).

Reidy, John, “10-Bit-Resolution Temperature-Measurement Sys-
tem Using the AD7371 (10-bit + sign CMOS ADC] ang the
ADS$594/595 [cold-junction compensated cthermocouple preamp]
(4 pages).

Wynne, John, “AD7224 Provides Programmable Voltages over
Varying Ranges” (4 pages).

, “Simple Interface Benween D/A Converter and Microcom-
puter Leads to Programmable Sine-Wave Oscillator” (6 pages).

—, “Generate 4 Channels of Analog Output with AD7542

26

12-Bit D/A Converters, and Control It All with Only Two Wires”
(6 pages).

Brief Book* Review

Schweber, W.L., Integrated Circuits for Computers: Principles
and Applications. New York:; McGraw-Hill Book Company
(1986). An excellent 408-page introductory text—with many
exercises, Covers 1Cs, SS1, gates, decoders, multiplexers, buffers,
ALUs, major [C families, memory ICs, support ICs, analog inter-
face, pPs, and tesc equipment & methods. Practical orientation;
easy to read; aimed at students; no advanced math. (*Not avail-
able from Analog Devices.)

Brochures
Applications Guide for lIsolators and Signal Conditioners
(20-page December, 1985 edition—includes AD202/AD204).

Data-Conversion Integrated Circiuts Selection Guide to [Cs and
hybrid circuits from Analog Devices (32 pages, 16 charts).

Temperature Meters with a Difference. AD2050/51 and AD2070/
71 thermocouple meters and AD2060/61 RTD-Thermistor meter

(2 pages).

Reprintof Article by ADI Author
Boyes, Geoff, “Sensor, ADC Specs Set Angulac-Measurement Sys-
tems’ Performance,” EDN, January 24,1985, 3@

MORE ADI AUTHORS (Continued from page 2)

James Conant (page 3) is a Senior
Macketing Engineer in the Inter-
face Products Division of Analog
Devices. Since joining ADI in
1969, he has held positions as a
Test-equipment Design Engineer
and Senior Product Engineer. In
his most recent position as Senior
Applications Engineer, he pre-
sented technical seminars in Au-
stralia, Japan and the People’s Republic of China, He is 2 member
ofboth ISA and ISHM.

Donald W. Brockman (page 17) is
Technical Communications Man-
ager at ADI's Computer Labs Divi-
sion (formerly Computer Labs In-
corporated), which he joined in
1968 from Bell Telephone Labora-
tocies. His formal education in-
cludes a B.A. degree and he has
worked in engineering, writing, re-
cruiting, and sales functions before
his present job in Marketing.

Ed Garibian (page 16) is a Market-
ing Engineer at ADI's Microelec-
tronics Division, in Wilmington,
Mass. He earned a BSEE from the
University of Massachuserts,
Ambherst, Before he joined Analog
Devices, he was a Design Engineer
for Texas Instruments, in Dallas. 3
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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 19, Number 1, 1985 -- 28 pages):

Complete Monolithic Analog Multifunction Chip, Output = Z(¥/X)M (AD538]

Dual 12-Bit OMOS Microprocessor-Compatible DAC in 0.3" DIP [AD7549]

24 X 24-Bit Pixed-Point OMOS Digital Multiplier (ADSP-1024)

Low-Cost Voltage-to-Frequency Converter Chip (AD654]

High-Per formance Precision Rybrid Isolation Amplifier [AD295]

New Plug-In Signal-Conditioning Modules for 3B Series (3B47, 3Bl17]

Double-Buffered 14-Bit Monolithic CMOS Multiplying DAC [AD7535)

Low-Cost 8-Bit Monolithic ADC Converts in 1.36 us Max [AD7820]

Software-Programmable-Gain Amplifier-Track/Hold for Data Acquisition [AD365)

High Performance 10-Bit, 800-ns A/D Converter (AD ADC-816]

Real-World Y/O Cards for the OMOS STD Bus [RTI-1280/1281/1282]

Thermometer with Resolution Better than 0.0001°C

New-Product Briefs: . . . Fast 8-Bit Monolithic (MOS ADC Converts in 10 us [AD?576) . . . Low-Cost 12-Bit Resolver-to-Digital
Converter [2520) . . . New Options in HDG 4-to-8-Bit Raster DAC Family . . . Thermocouple Amplifiers in Cerdip for Types J and K
[ADS490/595Q) . . . Precision BiFET Op Amps in Metal and Cerdip (AD6ll) . . . Precision Op Amp with Existing Second Sources
(AD OP-37) . . . 16-Bit Hybrid A/D Converter -- 17 us Max Conversion Time [AD376] . . . Digital-to-Resolver/Synchro Transformers
-- low Profile, Low-Frequency . . . Hi-Rel for Non-Military Parts -- Analog Devices PLUS program.

Worth Reading: Review of Prentice-Hall's new ANALOG-DIGITAL CONVERSION HANDBOOK, 3rd edition, by the Engineering Staff of Analog
Devices, Edited by Daniel H. Sheingold (1986). Available from Analog Devices at $32.95 postpaid. Send check to P.O. Box 796, Norwood
MA 02062, or phone VISA information to (617)-461-3392 . . . List of new free publications from Analog Devices . . . List of References
for High-Resolution Thermometer Article.

Fditor 's Notes, Analog Devices Authors, Promotion of Peter Holloway to Division Fellow, Potpourri, Advertisement: “Evolution of the
total 12-bit DAC.™ (AD667]

PRODUCT NOTES . . . Zero offset-adjustment: Bipolar d/a converters using 1/2-scale offset (and usually offset-binary coding) are
zeroed at all-zeros (-full scale); and their span 1s adjusted at all-ones (+full scale - 1 ISB). This may result in an offset from
analog zero at mid-scale (10000...00). If such offsets are critical, the zero may be readjusted at mid-scale by either offsetting the
DAC's output amplifier or introducing a balancing dc offset into the system's signal path - either manually or with a low-resolution
trim DAC . . . AD376KM spec change: Unipolar offset drift is 4 ppn/°C . . . AD639 Monolithic Trig-Function Generator supply range:
minimum recommended supply-voltage range for standard units over industrial and military temperature ranges is 46 volts . . .
There's a better way to zero the Model 289 Isolation Amplifier for low-resistance loads (2 to 25k ohms) than is shown in Figure 5B
of the data sheet: Zero-adjust at the input, using a 25-k pot across +Vjg (Pins 2-3), with the tap connected to pin 4 (Gain) in
series with a 4.99-megohm resistor. The smal)l (0.28) resulting gain error can be compensated for (if necessary) elsewhere in the
signal path. As an added benefit, the dual power supply required by Figure SB can be eliminated . . . 2B50 Thermocouple Amplifier
open-thermocouple detection: for negative overscale, connect pin 39 to pin 2; for positive overscale, connect a 500-megohm resistor
between pin 8 and pin 2. Response time depends on gain, is about 1.4 s at G = 250 . . . AD293/AD294 Isolation Amplifiers,

new synchronizing scheme: connect 0.0015 uF in series with each amplifier's sync pin and tie the capacitors together. The
synchronizing frequency is determined by the isolator with the lowest carrier frequency:; no external oscillator is necessary .
HTS-0025 Track/Hold power sequence: Vc+ and Vop- must be applied simultaneously with, or ahead of, V+ and V- 15-volt supplies .

. . Card-level video ADCs: If the Encode command signal source has high internal source resistance, an external 510-ohm terminating
resistor should be connected between Pncode and -5.2 V.. . . 1564 & 1574 Resolver-to-Digital Converters: For lowest offset when
implementing gains between 1 and 10 for the velocity output, Reyy should be connected to the "GROUND SENSE" pin (instead of QWD) it
is located between the ANGLE OFFSET and INTER LSB pins. This feature is available on all but the earliest units in these series . . .
New Gain Error specs on AD7541AKN/ABO/ATD 12-Bit OMOS D/A Oonverters: +3 LSB @ 25°C and +5 ISB, Ty to Tupx - - - MACSYM 260

now has improved environmental specs. MACSYM 260 (and to a lesser extent, MACSYM 250) is available at substantially lower prices.

DATA SHEETS . . . AD7571 (10-bit COMOS ADC) has a new data sheet, with changes to the clock components (Reryx = 56 k ohms,
Ccrx = 150 pF) and corrected serial data output specs: tgps = 500 ns min and tgpy = 20 ns min. New data sheet number (on last
page along spine) is C7632-10-12/85 . . . ADLHO032 caution: Don't use the high-speed comparator circuit of Figure 3 on data sheet
C605a-3-5/82 . . . HDG-0407/0807 (raster DAC) data sheet C952-9-10/85: first Feature on page 1 should read "Update Rates to 50 MHz"
. . HAS-1202/HAS-1202A (12-bit ADC) data sheet C938-9-9/85: in Specifications, page 2, Gain Error %FS (max) should read 0.08
(0.18). In Figure 1, move legends DATA READY and BIT 1 (MSB) up and BIT 12 (LSB) down to relate them to respective waveforms. In
Figures 3 and 4, blocks labeled HAS-1201/1202A should read HAS-120g£1202A . « « ADSHM-5/ADSHM-SK data sheet C612-9-1/81: There
should be only two horizontal grid lines (not 3) between pins 24 & 26 and pins 8 & 9. This is corrected in Databook . . .
AD?7820 (8-bit ADC) Date Sheet C892-9-3/85: in Specifications, page 2, Units for Total Unadjusted Error should be LSB max.
Incidentally, your nearby ADI component sales engineer can show you a comparison table based on testing of AD7820 and one
manufacturer 's ADCO820 with ten different microprocessors, with clock rates from 3.2 MHz to 12.5 MHz. AD7820 appears to acquit itself
quite favorably (for example, the AD7820 works over all temperature ranges with the 68008, with clocks from 8 to 12.5 MHz) . . .
AD7582 (CMOS ADC) old data sheets - on page 5, the Truth Table for the pin-function description of pins 24 and 25 should be headed:
Al A0 (they had been reversed). The new corrected data sheet is C839b-10-7/85 . . . MOD-1020 (Video ADC) data sheet C554a-5-2/85 -
the five numbers listed under Power Requirements should be: 350(390), 250(280), 100(115), 2.8(3.1), 24(26.7).

RELIABILITY, ETC. . . . ADI's Microelectronics Division (MED), in Wilmington MA, has received certification of compliance to
MIL-STD-1772 from DESC (Defense Electronics Supply Center). The military standard specifies certification requirements for hybrid
manufacturing facilities . . . MED is now shipping ADDACB7CBI-V/ against DESC drawing 8300201JC; though not a JAN part, a device
conforming to the DESC drawing is qualified at a higher level than a standard commercial part with a /883 designation . . .
Electrostatic-Discharge (ESD) Protection: When handling ESD-sensitive parts - at any stage - it is imperative that a grounded work
station be used to prevent damage. Compact and inexpensive portable electronic work stations typically consist of a conductive vinyl
surface and pairs of wrist straps and ground leads; they are available from a number of suppliers, such as Charleswater Products,
Inc., 93 Border Street, West Newton MA 02165. Their cost is comparable to that of an average hardcover textbook . . . ADS584 is now a
JAN part, the first precision voltage reference to be listed on DESC's qualified parts list (QPL - 38510). The full name of the

"S” grade is JM38510/12801BGC (the "T" grade‘s slash number is /12802BGC). Specifications of these products ("slash sheets") are
available from Naval Publishing and Forms Center, 5801 Tabor Avenue, Philadelphia PA 19120, (215) 697-3321 - not from Analog Devices.

NBA4 PATENTS ISSUED . . . 4,511,413 (Ralph C. Tuttle and Richard S. Payne) Process for Forming an IC Wafer with Buried Zener Diodes

. 4,521,764 (David P. Burton) Signal-Controllable Attenuator Employing a Digital-to-Analog Converter (tocoac™y | | .
4,543,560 (Peter R. Holloway! Two-Stage High Resolution Digital-to-Analog Converter [ADS69) . . . 4,543,561 (Peter R. Holloway)
Single-Supply IC Digital-to-Analog Converter for Use with Microprocessors [ADS58] . . . 4,547,766 and 4,556,870 (Adrian P. Brokaw and
Modests A. Maidique) A-to-D Converter of the Successive-Approximation Type [ADS71] . . . 4,547,961 (Delip R. Bokil and William H.
Morong I1T) Method of Manufacture of Miniaturized Transformer (AD293] . . . 4,558,242 (Michael G. Tuthill and Paschal Minogue)
Extended Reference Range Voltage-Mode CMOS D/A Converter . . . 4,562,400 (Tanjore R. Narasimhan) Temperature-Compensated Zener Voltage
Reference. E
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S ANALOG
CMOS D/A converters. DEVICES

Starting today forget about allotting ~ /
board space to single DACS. Our line
of muluple ODACs is packaged in nar-

ow 0.3” DIPs,
So, you save board space as well | >
as component count and dollars. A Y
Furthermore, since the overhead ‘5
logic and latches are shared by it k e
i Model AD7549
two 1o four DACs. YyOu save on : .;fj;aﬁ% . Descriptlon Dual (2-brt Monolithic Multiplying DAC

powver dissipation. And you

// Output Current
know what that means for

Package 20-pin, 0.3" narrow DIP
. Priced from [1000’s] $14.40

reliability.

Analog Devices gives you | ao722s | f\u/g/en AD7225
the broadest line of space- - PR W / Description Ouad 8-bit CMOS DAC with Output
saving mulliple DACS in the ;s = Ampifiess, Separate Reference inputs lor multiplying

applications. Double Buftered Latch Structure for

industry. Everything from duals / Smuitaneous Update

10 quads and back again. | . 7.2 Output Volage
There's a logical reason for this. | 1 2fl‘irggfemzrn%%0%i] ?fé‘?,é” or
Our advanced linear CMOS [
technology enables us to : Vi 4 Model AD7528
i . 4 Description Duat 8-bit Monolithic Muliplying DAC
offer outstanding func - f Qitou Conern plying

tional density and the
reliability you get only in -~/
these high performance  *
muiople DACs.

For more information on
our multiple DAC family call
Applications Engineering, 617-
329-4700 ext. 3596 or 3597.Or
write Analog Devices, P.O. Box 280,
Norwood. MA 02062 for a free copy of
our "CMOS DAC APPLICATIONS GUIDE™
plus specs an the four DACs included here.

Then you can forget about ever being
desperate for board space again.

Package 20-pin. 0.3" natiow OIP
Priced from [10007s) $5.05

Model AD7226

Description Quad 8-bit CMOS DAC with Quiput
Ampliers, common reference input for all four OACs
Output Voltage

Package 20-pin. 0.3 narrow DIP

Priced from (1000'3) $16.65

Seeuson

When you're desperate
for board space,
try our multiple DACs.

Aaalog Devices. Inc . Two Tecnnology Way. Nonwood. MA 02062-0280: Heaaquaners’ (617) 329-4700. Catforna: [714] 6419391 1619) 2684621, {408) 9470633, Colorado: |303) 590-8906;
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