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32-bit architecture
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Powerful array processors
speed number-crunching tasks

Cut switcher input drain
with dynamic PF correction
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Slow but steady improvements
yield extremely fast linear ICs




Facts from Fluke on low-cost DMM’s

Conductance:
Whatitis, and what it can do for you.

We've often referred to pickup. Yet, measurements at these special shielding and using standard
conductance as the “missing function” levels are vital in verifying resistance test leads.
in DMM’s — the capability so many of  values in high-voltage dividers, cables Here the 8020A is being used to
you have wanted in a DMM but and insulators. check leakage in a teflon pcb. With a
couldn’t find until we introduced the With conductance, the inverse of basic de accuracy of 0.1% and an
8020A Analyst. ohms, which is expressed in Siemens — exclusive two-year warranty, this

Since its introduction, the Fluke Fluke DMM’s can measure extreme seven-function handheld DMM has
8020A has become the world’s resistances. Simple conversion of made hundreds of new troubleshooting
best-selling DMM. And four more direct-reading conductance values, techniques such as this possible, and
low-cost models with conductance then, yields resistance measurements more are being discovered every day.
ranges have been added to our line. But to 10,000 M€ (and For more details, call toll free
you’ll still find this function only on 100,000 M€ with 800-426-0361; use the coupon below;
Fluke DMM’s. the 8050A), or contact your Fluke stocking

Simply stated, conductance lets without distributor, sales office or
you make resistance measurements representative.

far beyond the capacity of ordinary
multimeters. Until the 8020A, there
was no way to make fast, accurate
readings from 20 M€ to 10,000 M€ —
ranges typically plagued by noise

IFLI_IKEL

IN THE U.S. AND NON- )
EUROPEAN COUNTRIES IN EUROPE
John Fluke Mfg. Co., Inc Fluke (Holland) B.V.
P.O. Box 43210 MS=2B P.0. Box 5053, 5004 EB
Mountlake Terrace, WA 98043  Tilburg, The Netherlands
(206) 774-2481 (013) 673 973
Telex: 32-0013 Telex: 52237
[] Please send 8020A specifications.
[[] Please send all the facts on Fluke
low-cost DMM’s, including the
conductance application note.
[] Please have a salesman call.
Name

Title Mail Stop
Company
Address
City
Telephone () Ext.
For literature circle no. 42
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Our Model 3005 Signal
Generator has a seven-digit
frequency selector. So it can
cover the 1 to 520 MHz range in
100 Hz increments. Enough
resolution for most of your
demanding applications. Enough
to put us toe-to-toe with the more
expensive signal generators on
the market. In every respect but
price.

The price is $3,790. Just four
digits. Yet Model 3005 has the
resolution and features you'd
expect to pay much more for.

ACCURACY

.

0.001%

Complex or simultaneous
modulation (AM-FM, FM-FM,
AM-AM). Four FM and two AM
modulation scales, four internal
modulation frequencies (two
fixed, two adjustable between 100
Hz and 10 KHz). Output
frequency is programmable, and
accurate to 0.001% over the entire
range. Power is calibrated for
output levels between +13 and
—137 dBm.

You can raise our price

reverse power protection. Or by
choosing the 1 kHz to 520 MHz
version (Model 3006).

Circle our reader service
number. We'll show you how to
get as much signal generator as
you need, without blowing your
test equipment budget.

Wavetek Indiana, Inc., 66 North
First Avenue, P.O. Box 190, Beech
Grove, IN 46107. Phone (317) 783-
3221, TWX (810) 341-3226.

a little by adding options like WA ETE%
output level programming and

For demonstration, Circle no 43
For literature, Circle no 44

It doesn't
have a seven-digit

price tag.

VERNIER

INT MODuULATION

1000

LEVEL




Easily acquire
the data you need.

Select parallel state, parallel
timing, serial, or signature opera-
tion. Simply press the appropriate
key.

Choose synchronous or asyn-
chronous sampling. Use the clock
of the system under test or the 308’s
own internal clock. In either case,
sampling rates up to 20 MHz are
possible.

Enter the word you want to
use as a trigger to acquire data.
Other keys let you select an external
trigger and trigger delay.

Press “start” and you’re done.
Now;, you can view the acquired
data in the format you want. Or,
store the data in the reference
memory by pressing the “store” key.
Other function keys allow you to
acquire new data and compare it
with the reference memory.

In each data acquisition mode, all meas-
urement parameters are displayed for your
convenience.

Minimum
keystroking
with the new
308 Data
Analyzer from
Tektronix.

Of course, the 308 Data Analyzer |
can do a lot more than we’ve
shown here. For example, there’s a
self-test routine at power-up, plus
seven diagnostics, to ensure accu-
rate results. And the 308 weighs
only 8 pounds (3.6 kg), for easy
portability.

For the full story, contact your local
Tektronix Field Office, or write us.

Tektronix, Inc. Tektronix

U.S. Marketing International, Inc.
PO. Box 1700 European Marketing
Beaverton, Oregon Centre

97075 Postbox 827

Phone: 1180 AV Amstelveen
(503) 644-0161 The Netherlands
Telex: 910-467-8708

Cable: TEKTRONIX

Copyright © 1979, Tektronix, Inc. All rights reserved. 843

Tektronix

COMMITTED TO EXCELLENCE

For immediate action, dial our toll free automatic answering service 1-800-547-1512.
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Crank out versatile programs with the
aid of automatic test generators (pg 38).

Hybrid ADC costs $205, achieves 600-
nsec conversions (pg 69).

On the cover: Linear ICs achieve speedy
performance as a result of gradual and
steady process and design improve-
ments (pg 96). (Photo by Patrick
Tchrakian, courtesy National Semicon-
ductor Corp)
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A look at some design examples helps underline the considerably in-
creased capabilities of op amps and comparators.

Programmable array processors crunch numbers effortlessly. . . 107
Special-purpose processors offer a low-cost alternative to expensive scien-
tific computers for manipulating large data arrays.

Power-factor correction cuts switcher input-currentdrain . . . . . 119
Correcting an off-line switching power supply’s power factor to near unity
lets you raise the allowable ac-circuit capacity.

The MC68000 — A 32-bit uP masquerading as a 16-bitdevice ..127
The MC68000 sports an instruction set that facilitates the compilation
and execution of block-structured languages such as PASCAL.
Phaselfrequency-locked loops handlerandominputs .. ...... 141
Accommodate random input data with phase/frequency-loop circuits,
which offer narrow bandwidth and wide lock range.

When multiplexing analog inputs, avoiderrortraps .......... 151
Connecting transducer lines to multiplexers presents inherent pitfalls
that could undermine an A/D system’s performance.

DESIGNIDEAS . ..ot i snmanies snmsannsisnessnss 163
Simple alarm saves both engine and battery ... Duty-cycle converter
doubles frequency ... Accurately count async-gated clock pulses.

TECHNOLOGY NEWS

Automatic test generators crank out programs quickly ........ 38
An 8-in.-hard-disc standard makes progress, but ANSI committee
disagrees on details (pg 45) . . . Powercon 7 to feature MOSFET applica-
tions, fast switchers and effective modeling (pg 55) ... Computerized
copilot with advanced skills could stem from control-system research
(pg 65).
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Catch a dedicated or
multiplexed bus...

Production
HP—When you depend on logic

———— .



and leave the analyzing to
HP’s 1610B.

If you're working with mini- or micro-based systems, you’ll
find that HP’s 1610B is a very efficient dedicated-bus logic state
analyzer.

But unlike other analyzers, the HP 1610B can also handle
multiplexed-bus analysis just as effectively. The reason?
Because with multiplexed buses, addresses and data appear at
different times on the same lines. And first-generation logic
analyzers, with their single-clock design, simply cannot demulti-
plex these correctly.

One popular solution to this problem has been to build a
two-clock sequential acquisition system into a single package.
While this approach will separate out address and read/write
functions, it is still inferior to the 1610B. Why? Because this
is still not true demultiplexing, in that this technique cannot
correct for the real-time differential between the capture of
address information and the capture of read/write data.

This means address and data information can be interleaved
in the display. It requires the operator to interpret read or
write functions. And it means that triggering may occur on false
address/data combinations. In other words, it complicates
analysis and may lead to false conclusions.

In comparison, the HP 1610B incorporates not two — but
three clocks — plus a buffered memory to deliver true demulti-
plexing. In short, the 1610B can independently monitor
addresses, plus read and write data, to demultiplex in real time for
efficient and accurate analysis.

So with the 1610B, addresses and corresponding data are
displayed as a single line of information, for easy comparison
with your original programs. And you're sure that if you trigger
on an address-data combination, the data is present at that
address at that specific point in the program.

Other important capabilities.

In addition, the HP 1610B delivers other capabilities required for
efficient state flow analysis of both bus structures. It will store
information on a qualified basis, to permit selective editing.
Which means you don’t have to sort through unnecessary
data. And it makes functional measurements, such as time

(7

interval analysis, on the state flow, which speeds analysis

and troubleshooting.

Flexibility for the future.

Because the 1610B is a 32-bit analyzer with user-selected para-
meters, and a variety of options, you can use it with both

mini and micro based systems, including 8-bit microprocessors
such as the Motorola 6800 and the Intel 8085, as well as the
newer 16-bit microprocessors such as the Z8000. And, of
course, it includes HP’s popular menu program format that
speeds set-ups and analysis.

An economical solution to microprocessor-based
systems analysis.

Another good answer to the problem of microprocessor demulti-
plexing is the 1611A
Logic State Analyzer,
with HP’s general-
purpose module. This
module incorporates a
seven-clock system that
allows multiplexed in-
formation on common
bus structures to be
latched into 1611A in-
puts at the appropriate
time for display. If
you're already using.
an HP 1611A, you'll
find this module to be both an effective and cost-efficient solution.
For complete details.

The HP 1610B is priced at $12,500,* while the 1611A (in-
cluding the general-purpose module) is $6,000.* For
more information on these, and for an application note
on state analysis of multiplexed microprocessors, write:
Hewlett-Packard, 1507 Page Mil Road, Palo Alto, CA 94304.
Or call the HP regional office nearest you: East (201)
265-5000, West (213) 970-7500, Midwest (312) 255-9800,

South (404) 944-1500, Canada (416) 678-9430.
*Domestic U.S.A. price only

HEWLETT
PACKARD s

For more information, Circle No 1
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LSI Breakthrough for Analog

Intel announces the 2920 Signal Processor,
first general purpose, real-time system on a chip.

Good news for analog designers.
Intel breaks a new barrier in
microelectronics: The first intel-

ligent chip powerful enough to

process analog signals in real
time. Plus a computer-aided
development package to help
speed your systems to market
faster than ever before.
Intel’s 2920 is a complete,
micro-sized signal processing
system that packs the equivalent
of over 18,000 transistors on a
single chip. It operates hundreds
of times faster than current digital
processors. And best of all, the
2920 allows designers to program sys-
tem values quickly, instead of having
to match and tweak components.

A revolution in analog design

From the beginning, LSI tech-
nology has helped designers achieve
dramatic improvements in product
size, design cycles and manufacturing
economics. But until now, the speed
and complexity of analog processing
has stood in the way of

assured to a degree not possible
with previous methods.

Micro-processing for
the real world

Applications for the 2920 are
as broad as your imagination. Since
analog designers can program the
2920 processor to perform a large
number of standard building block
functions, the chip can be used as
an entire subsystem. Implement
such functions as complex filtering,
waveform generation, modulation/
demodulation, adaptive processing,
and even non-linear functions.
This broad capability makes the
2920 an ideal single chip solution
for virtually any application in the
DC to 10kHz range.

And like the digital micropro-
cessor, the 2920 is destined to create
entirely new classes of applications:
products that are smaller, simpler,
and less costly to produce. It givesa
competitive advantage to companies
in such areas as process control, test

far less complex than the component
matching it replaces. Most impor-
tantly, Intel provides the complete
support tools and design workshops
you need to start designing 2920
systems today.

Our SP20 Support Package and
Intel’s Intellec® Microcomputer
Development System allow you to
develop and debug by simulating
your system in software. Just program
functions according to your system
schematic, then specify input and
operating values. Together, Intel’s
development aids let you see how
your system will work before you
even build a prototype. Best of all,
because you develop in digital code,
your prototype system will be dupli-
cated precisely in manufacturing.

Start making news with
your product
Everything you need to begin
designing a new generation of real-
time analog processing systems
is here today: Intel’s 2920 Signal
Processor, SP20 Sup-

general purpose, single
chip solutions for real-
time applications.
Today, Intel’s 2920
Signal Processor brings
the powerand flexibility
of LSI to the analog
world. Because of its
size, the 2920 can fit in
spaces too compact for
traditional analog
solutions. Because the

Functional Block Diagram of the 2920 Signal Processor

port Package, and the
Intellec Development
System. For detailed
information, including
our new 2920 bro-
chure, plus a schedule
of Intel’s nationwide
2920 Design Work-
shops and Seminars,
contact your local
Intel sales office or
distributor. Or write

2920 is programmable,

product development and time-to-
market are speeded significantly.
Finally, because the 2920 is a solid
state device produced with Intel’s
proven NMOS process, reliability
and manufacturing repeatability are

EDN FEBRUARY 20, 1980

and instrumentation, guidance or
control systems, telecommunications,
speech processing, and seismic or
sonar signal processing.

How the 2920 simplifies

system development
Programming Intel’s 2920 Signal

Processor is fast and easy to learn—

For more information, Circle No 2

Intel Corporation,
Literature Department, 3065 Bowers
Avenue, Santa Clara, CA 95051.
Or call (408) 987-8080.

intel delivers.
Europe: Intel International, Brussels, Belgium. Japan:

Intel Japan, Tokyo. United States and Canadian distributors:
Arrow Electronics, Alliance, Aimac/Stroum, Component
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial

Components, Pioneer, Wyle/Elmar, Wyle/Liberty,
L.A.Varah and Zentronics.







“No other
DI socket offers
so much reliability,
for so little cost.”

Joe Bradley,

VP/General Manager

Burndy Corporation

Patented GTH ™ contact design.

- Unique cemac(

geometry
concentrates pressure at poin
of contact for gas-tightness.

It's our new P-11 DIP
socket. And it’s designed
to deliver all the
advantages of IC
pluggability! In
applications where you
never dreamed of using
DIP sockets before! At
prices you never ?h pressure plastic
dreamed possible! And deformation forms gas-tight
the reliability you always | feniactuinout
associated only with
gold!

In short, it’s the most economical DIP
socket on the market today. With the
same, proven Burndy GTH contact
system that completely eliminates the
need for gold — without sacrificing reliability.

Spring force maintains
contact pressure
Absorbs vibration
prevents fretting
corrosion

And it’s available now.
Today. Right off the shelf.
Through your local
Burndy Distributor.

So before you trade-
off IC pluggability
because you think it
costs too much—do
what scores of other
electronic equipment
manufacturers have
already done. Check our
new P-11. Check the performance data.
Then check our prices and start saving
money right away. For fast action, call me
direct: Joe Bradley, VP/General Manage

Whisker-free
tin-alloy plating.

Ordinary soft
solder target
rather than gold.

Burndy Corporation, Components Group,

Norwalk, CT 06856. (203) 838-4444.

Good-as-gold GTH reliability at
lower-than-ever cost.

CONTACT RESISTANCE TEST DATA (Milliohms): REPORT NO. K 7723-781

TEST PERFORMED MIN. MAX. AVERAGE
GROUP 1

Mating Force (Lbs.) (Per Contact) 0.445 0.477 0.463 ]
Contact Withdrawal Force (Oz.) (0.008 Blade) 0.5 Oz. Min. 1.120 3.280 2.332
Insulation Resist. (5000 Meg's Min.) 600 VAC for 1 Min. >9x 104 -2 x 108 -

Contact Resistance (1 Amp) 5.240 6.670 5.639 N
GROUP 2

C.R. After Vibration & Mechanical Shock 3.800 5.170 4.335
Contact Withdrawal Force (Oz.) (0.008 Blade) 0.710 2.930 2.065
Durability (50 Cycles) 3.800 5.200 4.379
Contact Withdrawal Force (Oz.) (0.008 Blade) 1.480 3.120 2187 |
Insulation Resist. (5000 Meg's Min.) 600 VAC for 1 Min. ~2x 108 2x108 = |
GROUP 3

Initial Contact Resistance 4.750 5.900 5.106

After Corrosive Atmosphere 4.850 5.900 5120

S BURNDY

Offices in principal cities throughout the United States.

For more information, Circle No 3

‘OINVYd OVS ‘ALID ODIX3IW 'OANOL AINOAS ‘OLNOHOL '(ONI) SNITIH LS 'HOIHNZ 'NIHNL LHYDLLNLS ‘WI0OHMO0L1S '"AIvaOH3LL0H ‘'SiHvd ‘'vNO130dHvE ‘S13SSNH8 :ONIHNLOVINNYW ANV S3TVvS TvNOILYNGE3ILNI

S.LIOIANNOO AONEHNSE




All electronic
problems are

MS-180 FREON ® TF Solvent — High purity,
low surface tension and fast evaporation. For action removes all types of organic flux.
critical cleaning of electronic Components. FREON is Du Pont's registered trademark for its fluorocarbon compounds.

phenfc

MS-165 FREON TMS Solvent — Outstanding ~ MS-176 FREON TES Solvent — Offers long
for removal of activated rosin flux, ionic soil term compatibility with reactive metals and
and particulate matter. other solvent-sensitive materials.
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cleanin
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That’s why we offer 15 different solutions

We’ve developed and perfected 15 different
precise solvent cleaners. Miller-Stephenson
spray cleaners are specially designed to meet
the toughest kind of cleaning problems you’ll
encounter on printed circuit boards or any
other electronic application.

For years we’ve recognized industrial cleaning
as a vital link in maintaining component and
system reliability. That’s why we take every
possible precaution to make sure that every
Miller-Stephenson product has the lowest re-
sidual contamination in the industry — some
approaching 5-7 parts per million. The general
industry range is 50-130 ppm.

We use only the highest grade manufacturer
certified solvents and nonflammable propel-
lants and we double filter our solvents and

MS-160 FREON T-P 35 Solvent — Excellent propellants, first with a 5 micron filter, then

for ‘:’e"ism" cleaning and water film displace- with a Millipore 0.2 absolute filter. The filter-
ment.

ed product goes directly into seamless cans,
eliminating any possibility of flux contamina-
tion from seamed cans. We have complete
quality control, from tanker to customer.

Send for free booklet...

To help you quickly and easily find the precise
solvent cleaner for your particular application,
we’re offering a FREE booklet. Simply circle
the Miller-Stephenson bingo card contained in
this magazine — or write to us for your copy.

Purity, it’s something we never forget!

L
miller-stephenson
chemical co..inc.

7 George Washington Highway, Danbury, CT 06810
MS-185 FREON TA Solvent — Stronger sol- Phone: (203) 743-4447
vent action for oil film removal and other e LOS ANGELES ® CHICAGO ® TORONTO ® DANBURY, CT.
tough cleaning applications. WORLDWIDE DISTRIBUTION EDN-2Y

For more information, Circle No 4
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SPMI Creates a Rosy \
New Variety of Analog Switches

In the Linear Wonderland garden, one coat of
BIFET covers a lot of CMOS whitewash

In Lewis Carroll's Wonderland, no one was more
dreaded than the Queen. She dealt with anyone who
crossed her path by ordering their beheading. The gar-
deners on her croquet court (the Two, Five and Seven
from a deck of playing cards) were well aware of
the risks.

“Would you tell me please, said Alice, a little
timidly, “why you are painting those roses?”

Two began, in a low voice, “The fact is, Miss,
this here ought to have been a red rose tree and we

© PMI 1979

put a white one in by mistake. If the Queen was to

find out, we should all have our heads cut off”

In Linear Wonderland, engineers who pick their
analog switches from the CMOS tree are often tempted
to yell, “Off with their heads!] just as the Queen did
when she found out her red roses weren't really red.
What brings out the executioner instinct in every engi-
neer are the thorny problems with “ON” resistance and
voltage overload typical of CMOS analog switches.

When PMI decided to get into the analog switch




market, we were determined not to lose our heads. So
we looked at the best species of analog switches on the
market and decided engineers would find them more
attractive if they were grafted with PMI's proven
BIFET technology, the same process used in our prized
Multiplexer variety of circuits. It wasn't just a cover-up
paint job, though; we started at the beginning and cre-
ated something new: a family of Quad BIFET analog
switches that fit the most popular CMOS pinouts but
are more rugged electronically than CMOS can ever be.

Consider PMI's SW01/02/03/04. They're Quad
BIFET analog switches with temperature-compensated
Ry coefficient (0.03%/°C), low Ron vs. voltage (~4%)
and a low absolute Ron (100Q maximum at 25°C).
That’s better performance than you get from CMOS, or
even from the other BIFET switches on the market. In
addition, you get low leakage (~0.2nA) and the
protection against blowout that is inherent with PMI’s
BIFET technology.

ATTENTION DG201 USERS!

SW01/02/03/04 “ON" RESISTANCE VS. TEMPERATURE

250
N
i
5 \\‘,\‘\st//
- B
g
S 150 //
100
SW01/02/03/04
ARgy <5% OVER TEMP*
50
0
50 —25 0 25 50 75 100 125

TEMPERATURE (°)

*15 TIMES LOWER THAN CMOS SWITCHES

We didn’t stop there, however. We know that most
engineers are as forward-thinking as the White Queen
in Through the Looking Glass, who told Alice her favor-
ite things are those that happened the week after next.
We kept going and developed the 7510/7511 analog
switches which were designed to be pin-compatible
with the well-known CMOS AD7510/11. These also
eliminate the static discharge sensitivity in CMOS de-
vices, improve leakage currents over temperature by
two to five times, and there’s no need for pull-up re-
sistors to maintain T'TL logic thresholds.

All in all, we think we’'ve got the most beautiful
Analog Switch Tree anywhere in Linear Wonderland.
To prove it, we'd like you to use the coupon for your
“BLOOMIN’ SWITCH SAMPLE?”

You'll find out that those CMOS guys don’t have
enough paint in their buckets to gloss over the advan-
tages of PMI's Quad BIFET analog switches. The next
time they try, you'll know what to say.

“Off with their heads!”

If someone beat you to the coupon, write to us for
your sample. Or circle# 250 for literature.

SW01 —Normally ON, no disable. (Pin compatible
to both DG201 and LF11201.)

SW02 —Normally OFF, no disable. (Pin compatible
to the LF11202.)

SW03 —Normally ON, with disable.

SW04 —Normally OFF, with disable.

SW7510 —Normally OFF. (Pin compatible with the
AD7510.)

SW7511 —Normally ON. (Pin compatible with the
AD7511.)

Precision Monolithics, Incorporated
PMI 1500 Space Park Drive

® Santa Clara, California 95050

(408) 246-9222 TWX: 910-338-0528 Cable: MONO

In Europe contact:

Precision Monolithics, Incorporated
c/o Bourns Ag

ZUGERSTRASSE 74, 6340 Baar, Switzerland
Phone: 042/33 33 33 Telex: 78722

Check the box for the “BLOOMIN’ SWITCH
SAMPLE” you'd like to have.

[ SWO01—Normally ON, no disable. [ SW02 —Normally OFF, no disable.
[J SWO03—Normally ON, with disable. [ SW04 —Normally OFF, with disable.
[J SW7510—Normally OFF. [J SW7511—Normally ON.

| am now using: [J DG201 O HI201 O LFHZO]V [J LF11202

Mail to: Precision Monolithics, Inc., 1500 Space Park Drive,
Santa Clara, CA 95050

or: Precision Monolithics, Inc., c/o Bourns Ag
Zugerstrasse 74, 6340 Baar, Switzerland

My name

Title

Company

Dept

Address

Phone ( )

2EDN5112




SINCE OUR TO-5 RELAYS CAUGHT
TELEDYNE NAPPING, IT’S TURNED
INTO ATWO-MAN RACE.

AND THE REAL

WINNER IS YOU.

The truth is, if you ever had a
good reason to think twice
about a miniature TO-5 relay
source, Hi-G is it. Our hermet-
ically-sealed TO-5 relays are
more than a good second
choice; they're a viable alter-
native with performance, de-
livery and cost benefits.

HI-GMEANS

BUSINESS IN MORE
WAYS THAN ONE.

Hi-G's TO-5 relays qualified
to the Established Reliability
specification Mil-R-39016
with failure rates of “L’, “M,
and “P" offer a range of
SPDT and DPDT devices,
with internal coil suppression
“type D" and internal sup-
pression with steering diodes
type “DD". Transistor driven

MM-5: THE COST-
EFFICIENT COMMERCIAL
ALTERNATIVE

Our MM-5 Series of TO-5
relays offers the commercial
TO-5 user an opportunity to
select a new and completely
different alternative for his
non-military, high perform-
ance application. The MM-5
is not only cost-effective
through the use of extensive
automated assembly tech-
niques, but has less internal
parts, thereby increasing its
performance characteristics
and reliability curves.

And that's two good reasons
to think twice about your next
TO-5 relay order. After all,
getting a really good second
source is always a good idea.
But getting betterfirst-source
benefits than you're getting

TO-5's with suppression diodes “type T" qualified to Mil- now can't be beat. Discover a winner: Hi-G Inc., Relay Div.,
R-28776, failure rates “L” and “M’. 580 Spring St., Windsor Locks, CT 06096; 203/623-2481.
For more information, Circle No




Edited by Joan Morrow

News Breaks

VOICE INPUT CONTROLS CONSUMER EQUIPMENT

Taking remote control to its logical conclusion, Toshiba America Inc (New York, NY)
introduced voice-actuated stereo and television units at last month’s Consumer Electronics
Show in Las Vegas. Prototype units indicate that the first generation will be speaker-
dependent devices — a user must train them to recognize the actual controlling voice — with
three operating modes: Register (for training), Recognition (for voice-actuated operation) and
Manual (providing conventional use of the equipment).

An 8-bit uP controls the Acoustic Remote Control System, matching the characteristics of the
user’s voice to the digitized patterns stored in the Register mode. The stereo system recognizes
17 words that perform 21 different operations, such as ‘‘power on’’ and ‘‘power off.”’ The TV
recognizes 30 words, covering power, volume and channel selection.—ET

256k BUBBLE-MEMORY DEVICE SPORTS A 1.1-IN.-SQUARE FOOTPRINT

Users and evaluators of bubble-memory devices now have another source for these versatile
components. National Semiconductor (Santa Clara, CA) now offers sample quantities of its
Model MBM2256 ($500 (1-4)) and a companion evaluation board (NBS100, $1300).

When operating with a 100-kHz clock, the bubble memory specs a 7-msec average access
time and a 100k-bps data rate. Its dual block-replicate architecture consists of 282 loops,
each 1024 bits long (256 of these loops store data, six hold an error-correcting code and one
stores the device’s redundancy map). Chip size measures a trim 300 x 320 mils, and the
unit’s 16-pin dual-in-line package features a 1.1 x 1.1-in. footprint.

Four support chips are planned: The INS82851 controller will be available late this year,
while the DS3615 function driver, DS3616 coil driver and DS3617 sense amplifier will all be
introduced this summer.— WP

LAMP OUTSHINES STANDARD LEDs, OUTLIVES INCANDESCENTS

General Instrument’s Optoelectronics Div (Palo Alto, CA) provides a cost-effective ($0.95
(1000)) solid-state alternative to incandescent backlighting with its Illuminator line. These
advanced LED lamps backlight panels measuring up to 1 x 1-in. and feature more than 10
times the available light of a standard high-efficiency LED lamp.

Devices are available in yellow or orange; the orange version can be filtered to produce a
high-efficiency red version. Employing two GaAsP/GaP chips wired in series, the lamp
handles %2 W of input power at 4.5V, dissipating heat through its large copper leads.—WT

MAGNETIC-TAPE HEAD FURNISHES 18 TRACKS AND DOUBLED DENSITY

Two heads aren’t always as good as one, especially if the one is Nortronics’ 18-track device.
Besides doubling the standard number of read/write tracks, the head can also record as many
as 20,000 flux reversals per inch (frpi), compared with a 9-track head’s 9042 frpi. This design
provides backward compatibility (it can read 9-track tapes), and when writing new tapes, it
reduces the conventional 44-mil track width to 14 mils.

So far, no tape drives are available with the new head, but the Minneapolis, MN-based firm
is delivering the devices in engineering-prototype quantities (final pricing has not been set).
The company expects the high-density heads to find their way into drives that provide large
quantities of archival backup for disc systems — to name one obvious application.—ET

‘“MINIATURE’’ DESCRIBES MODULAR SWITCHERS’ SIZE AND PRICE

Small (4 x 1.5 x9 in.) 8B Series modular switching supplies fit comfortably into 8-in. racks
for use in microcomputer and instrumentation applications. The KEC Electronics (Torrance,
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News Breaks

CA) supplies are available in six versions, ranging in output from 30 to 300W. OEM pricing
begins at $141 (100) for the 30W model and reaches $3585 (100) for the premium unit.—CW

HIGH GOLD COSTS SPUR FURTHER PRICING CHANGES

The fluctuating price of gold continues to wreak havoc in the electronics industry (News
Breaks, January 20, pg 14), and at least two more manufacturers have had to re-evaluate their
pricing schedules.

All RCL rotary switches and UID slide, pushbutton and rocker switches ordered from AMF
Electro-Components Div (Hollywood, FL) will include a gold and/or silver surcharge,
calculated on the basis of the New York price on the day of shipment. Prices quoted on these
products had been predicated on gold’s price not exceeding $200 per ounce and silver’s
staying below $15 per ounce. The surcharge base, therefore, rests on those prices.

Meanwhile, the Sibley Co, a Haddam, CT manufacturer of pc boards, approaches the gold-
price problem in a different way: It will supply on its quotations both the unit price and the
gold cost on which that price is based. In addition, the firm will indicate the effect on the unit
price for each $20 change, both upward and downward, covering a $40 gold-cost range.

In a related move, General Electric Co (Stamford, CT) has announced a 10% list-price
increase on all its high-current SCRs (devices 55A and higher, and 25A power modules) and
‘also on rectifiers in the 100A and higher range. The firm attributes the hike to the
unprecedented prices, not only of gold and silver, but also of copper, silicon and tungsten.—JM

PRINTER VENDOR WINS GSA APPROVAL

The General Services Administration (GSA) has recognized Digital Associates Corp (Stamford,
CT) as an approved vendor of medium- and high-speed band printers for minicomputer
applications. Several of the firm’s units, including 300-, 600- and 900-1pm printers, now hold
GSA approval.

Digital Associates claims it can provide band-printer users with 30 to 50% savings on
printer list prices for either original purchase or system upgrading.—JM

PC-BOARD-TESTER MAKER ENTERS DEVICE-TESTER MARKET

Expanding from its current pc-board-tester product line, GenRad Inc (Concord, MA) has
established a subsidiary that will develop test systems for semiconductor manufacturers and
users and testing labs. GenRad Semiconductor Test Inc will be located in Santa Clara, CA; its
products will permit VLSI testing of MOS and bipolar devices. Brian Sear, current manager of
venture development at the parent firm, will serve as president and general manager of the
80%-owned subsidiary.

In an unrelated development, another GenRad subsidiary has announced complete
hardware and software support for the RCA 1802 microprocessor on its universal development
systems and networks. GenRad/Futuredata (Culver City, CA) says its 300 Series systems can
now perform 1808 program execution and in-circuit emulation in concert with RCA’s Cosmac
Micromonitor; software development for the uP occurs by means of an operating system that
features a file manager, CRT-based editor, 1802 relocatable macroassembler and linkage
editor.—JB

FRANCHISE PROGRAM INCLUDES COMPUTER-SALES TRAINING

Planning to franchise 100 retail showrooms for commercial computer equipment over the
next 8 yrs, MicroAge Computer Stores Inc (Tempe, AZ), a newly formed subsidiary of The
Phoenix Group Inec, expects intensive sales training to play a key role in its success. Each
franchisee, therefore, will attend more than 100 training hours at the MicroAge Learning
Center.—ET
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Building Backpanels?
Elco’s discrete press-fit
card-edge connectors
make it easier.

Lower costs

Elco's pre-assembled, press-fit card-edge
connectors insert with simple tooling, and require
low insertion forces due to a compliant press-fit
section on the contacts. They
achieve both mechanical stability |
and a reliable gas-tight electrical s
connection in one operation, ‘
without the use of solder, screws,
or other fastening devices. This |
results in lower installation costs. |

Since much circuitry can be ¢
etched on a Printed Circuit Board
backpanel, wire wrapping can be dramatically
reduced or even eliminated. When wire wrapping is
required, Elco’s discrete press-fit card-edge
connectors make it easier because the PC board
places the connector tails in a known position.

The discrete advantage

Now the advantages of a press-fit connector are
available with no need to cut insulators and reels of
contacts. Elco offers immediate delivery on one-
piece connectors of any length up to 50 pairs, with a
100 x .200 grid pattern. Other grid patterns will soon
be available. The standard finish is 20" gold,
selectively plated over 50u” nickel. However, other
plating thicknesses and overall plating are available.

See us at Nepcon West, Booth #128

Total Interconnect Package

Of course, Elco will be pleased to build your
backpanels for you. Our capabilities extend into a
broad range of press-fit, metal plate and card-edge
connectors, as well as heavy copper backpanels,
sophisticated
multilayer and
aluminum
backpanels
and
backpanel
systems—all
assembled to
your
specifications.
For more
information,
call or write:

Elco Corporation

Interconnect Systems Division

2250 Park Place, El Segundo, Ca 90245
(213) 675-3311/TWX 910-325-6602

Elco
Corporation

a Gulf + Western manufacturing company

For more information, Circle No 6
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al IDC System

2xibility,
reli fe

Meets a variety companies. Three high performance
of interconnect needs. features demonstrate why:
¢ A wide choice of connectors: "Quickie” , " ,
and “Quickie” low-profile females, 1. Askewed tines firmly hold the wire for
female IC, edge card, male DIP, PCB, reliable termination.

and quick-eject vertical and right-

angle headers ... all in a broad range 2. Dual-beam contact

of sizes assures redundont pos-
f itive pin connection,

e Round conductor, flat cable on B han S

0.050" centers. jected o

* A selection of hand and air operofed
presses, cable shears, accessories and
strain reliefs.

Efficient assembly saves time,
material and money.
All connectors in the Quickie™ system
deliver reliable terminations in just a
few seconds because:

e Cable slot designed
fo precisely position
conductor for reliable
termination, higher
L yields. 3. High-
| Sight holes in cov- strength plastics
er permit visual in- withstand severe
spection before and environments.
after assembly assur-

ing proper cable

alignment.

vibration.

e The semi-auto-
matic applicator
completes termina-
fions with a slide
motion reducing
assembly time. Or
choose the manual
applicator designed
to minimize opera-
tor fatigue.

For a brochure giving details
and complete specifications,
write or call:

The Du Pont Company, Berg Electronics Division
New Cumberland, Pennsylvania 17070.
Telephone: (717) 938-6711.

Over seven years proven perform- |
ance. You can rely on “'Quickie”.

“Quickie” connectors are now specified by

many of America’s most quality conscious
For more information, Circle No 7

*Du Pont's trademark for its mass termination connectors, cable, presses and accessories. E L E C ’ ‘ i ON I CS
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Success iS a journey.
Not a destination.

—Ben Sweetland

Q) Success. For us, it's a

continuous, cumulative process
of individual achievement.

It's individuals who de-
velop our new technology. ’
Refine our manufacturing tech-
nigues. Invent our new products. Anticipate our future
markets. And if they stop, we stop.

That's why we spend so much time encour-
aging individual achievement. Why we recognize and
reward personal success. Why we so firmly believe in
nurturing new ideas, no matter how radical they may
seem at first glance.

As our people gain confidence in their individ-
ual ability to succeed, we succeed. We can set higher

goals. And we can be confident
that our people will continue to
surpass them.

Individual success works
at Mostek. It has made us the
world’s leading supplier of
dynamic RAMs. A respected innovator in microcom-
puters and systems. A pioneer in telecommunications -
technology. And has led to clear dominance of the
telecommunications market with the broadest
product line available.

Success. We measure ours by your ability to
grow with it.

Call us or write: Mostek, 1200 West Crosby
Road, Carrollton, Texas 75006. (214) 323-8806.

o

MOSTEK.

© 1979 Mostek Corp.

We are an equal opportunity employer m/f/h/v.

For more information, Circle No 8




Signals & Noise

Stamp out discrimination

Dear Editor:

Far be it from me to disagree
with Irwin Feerst (EDN,
November 20, 1979, pg 27) that
educators and corporate execu-
tives benefit when engineers
produce cheaper and more
copious output. They do. But
that fundamental relationship is
in no way the fault of our skilled
colleagues who happen to have
been born and educated in
Bombay, Hong Kong, Cairo or
Manchester.

By all means, dump tyranny
into Boston Harbor. But let us
be extra careful so as not to
topple a great statue into New
York Bay.

Unions have virtues and
faults. If a long-overdue, serious
engineers’ association ever
arises in our country, one hopes
that it will embody some of the
virtues and avoid a fault or two.

The cheap and easy route of
discrimination on the basis of
anything other than competence
and solidarity leads to the very
tyranny we decry. And blaming
an immigrant minority for our
ills only serves the interests of
those we challenge. Let us
rather address the problem at
its source, which Feerst so ably
recognizes.

Sincerely,

Sholom Kass

Staff Engineer

Barrett Electronics Corp
Mt View, CA

Who’s to blame?

Dear Editor:
Although I agree with Irwin
Feerst in his November 20, 1979
Signals and Noise rebuttal
regarding the threat of foreign
engineers, I still wonder who’s
to blame for engineers’ plight.
Many engineers have sat back
and waited for their employers

to take care of them and give
them their just due. But in many
cases, engineering management
is an engineer’s worst enemy.
Actually, engineers really
shouldn’t complain. As I see it,
they are getting exactly what
they deserve.
Anonymous

PS: I prefere not to sign this
letter because if I get fired,
there are at least three
engineers (or near engineers)
ready to take my high-paying
job for even less money.

For more information...

Dear Editor:

The corrected address for H C
Electronics, which was included
in your list of voice -1/0 -
equipment manufacturers
(EDN, November 20, 1979, pg
167) should read: 250 Camino
Alto, Mill Valley, CA 94941.
Yours truly,

Rob Rank

Media Coordinator

Hamilton Industries

Another voice heard

Heuristics Inc has sold almost
10,000 voice-recognition units as
peripherals to Apple, S-100-bus
and TRS-80 computers. For
information on the firm’s
Speechlink H2000, H-1600 voice
controller or other products,
contact it at 1285 Hammerwood
Ave, Sunnyvale, CA 94086.
Phone (408) 734-8532.

Your turn...

EDN welcomes your com-
ments, pro or con, on any
issues raised in the maga-
zine’s articles. Address
letters to Signals and
Noise Editor, EDN, 221
Columbus Ave, Boston,
MA 02116. Names will be
withheld uponrequest. We
reserve theright to edit let-
ters for space and clarity.
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Berg Electronics

products are available

through these
leading distributors:

ARIZONA
Phoneix
Weatherford
602-272-7144
CALIFORNIA
Anaheim
Weatherford
714-634-9600
Belmont
LoDan
415-592-4600
Glendale
Weatherford
213-849-3451
Inglewood
Force Electronics
213-776-1324
Palo Alto
Weatherford
415-493-5373
San Diego
Weatherford
714-278-7400
COLORADO
Englewood
Weatherford
303-770-9762
CONNECTICUT
Norwalk
Harvey
203-853-1515
FLORIDA
Orlando
Hammond
305-849-6060
ILLINOIS
Arlington Heights

oban
312-398-5311
INDIANA
Fort Wayne
Fort Wayne Electronics
219-423-3422
Indianapolis
Graham
317-634-8202
KANSAS
Kansas City
Tennant
913-287-2100
MARYLAND
Baltimore
Resco/Baltimore
301-823-0070
Beltsville
Resco/Washington
301-937-9100
MASSACHUSETTS
Lexington

Harvey
617-861-9200

MINNESOTA
Minneapolis

Aero Space
Computer Supplies
612-884-4725

NEW JERSEY
Pinebrook
Harvey
201-227-1262
NEW YORK
Binghamton
Harvey
607-748-8211
Commack

Conco Electronics
516-543-8300

W. Henriefta
Harvey
716-334-5920
Woodbury

Harvey
516-921-8700
NORTH CAROLINA
Greensboro

Hammond
919-275-6391
OHIO
Cincinnati
Graham
513-772-1661

Cleveland
CAM/Ohio
216-461-4700

PENNSYLVANIA
Philadelphia

Almo
215-698-4000
Pittsburgh
CAM/RPC
412-782-3770
SOUTH CAROLINA
Greenville
Hammond
803-233-4121

TEXAS
Austin

Csl
512-837-8922
Dallas

SI

C
214-357-6511
Houston

cCsl
713-771-7237
WASHINGTON
Seattle
Weatherford
206-575-1340

REG Us pat & TM OFF

For more information, Circle No 9
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Technology. Product. Performance. Price.
They got us there. They’ll keep us there.
The first family of control and interface circuits.
From the linear leader. Texas Instruments.

Leadership doesn’t come easy. In any
industry. It has to be earned. Over
the years, TI’s innovative, high-
performance, low-cost, readily available
linear control and interface circuits
have become the industry standard for
excellence. For reliability. For avail-

ability. For everything from commer-
cial, industrial and military, to the most
demanding aerospace applications, TI's
broad linear line is doing the job.

So, whatever your functional design
process requirements, whether it’s op
amps or comparators, voltage regula-

tors or data acquisition devices, line
drivers or receivers, peripheral or dis-
play drivers, or innovative special func-
tion ICs — Texas Instruments is your
linear super source.

For the state-of-the-art today. And
tomorrow.




Control Circuits

Operational amplifiers

In addition to a full line of conventional
op amps, TI brings you BIFET. The
new standard in op amps. And TI of-
fers the broadest BIFET line. In fact,
TI is the only manufacturer to offer
three complete BIFET families. Three
families. Each with singles, duals and
quads. Each production-proven for
more than 2 years now. Each offering
the best of BIFET cost/performance ef-
fectiveness. Low price. Low offset.
Low noise. Low power. The TL081 Se-
ries is our general purpose family.
TLO71 Series features low noise — and
the TLO061 Series is ideal for all low
power dissipation applications.

Voltage comparators

TI offers a wide selection of single, dual
and quad devices, with or without
strobe. Comparators with FET inputs.
Single and dual supplies. TI compara-
tors feature fast response times, im-
proved gains and accuracy, low offsets
—and, of course, low prices.

Voltage regulators

Whatever your power supply design re-
quirements, TI's broad line of voltage
regulators makes it easy. If simple, de-
struct-proof circuitry is your goal,
choose from the popular 78/79 Series, 3-
terminal fixed voltage regulators,
available in a variety of output voltages
in positive and negative selections, 100
mA to 1.5 amp ranges.

If versatility is important, TI offers
both series and shunt 3-terminal adjust-
able voltage regulators. The 317 Series
offers full overload protection and im-
proved I/0 regulation. Both TL430 and
TL431 feature improved temperature
compensation and programmable shunt
voltage ranges from 3 to 30 V. At a frac-
tion of compensated Zener costs.

Any one of TI’s family of switching
regulator control circuits (TL497,
SG3524, TL494) will satisfy even your
most stringent efficiency requirements.
TL497A is a fixed ON time circuit ideal
for de-de conversion applications.

For transformer-coupled applica-
tions, the SG3524 and improved TL494
fixed frequency PWM controllers are
also available.

Data acquisition

TI brings you exceptional strength in
all the technologies associated with the
fast-growing field of data acquisition —
not merely in converters. Devices
which are state-of-the-art today — and
beyond that — the building blocks for
tomorrow. Products designed to offer
you greater accuracy, to operate at
higher speeds and sell for lower costs.

For efficient A/D conversion. For effec-
tive microprocessor interconnect. For
optimum performance. All on a mono-
lithic chip. The future of data acquisi-
tion is here now. And TI is intent on
helping you make it work. At a price
you can afford.

Interface Circuits

Line drivers/receivers

TI, the world leader in line circuits,
with an ever-increasing repertoire of
products, offers you a wide choice of
drivers, receivers and transceivers for
virtually all data communications appli-
cations. Included are line circuits that
meet all industry standards: EIA
RS232C, RS422, RS423 and IEEE in-
terface standard 488. A full line of
general purpose line drivers with TTL
compatible inputs and 3-state outputs
are also available. Single-ended and
dual-differential, 5-V power supply,
plus party line operation, too. An exam-
ple of this is TI's recently introduced
IEEE 488 octal transceivers. One for
data bus. One for management bus.
They help reduce system power and
board space by 40%.

TI's newest line driver circuits fea-
ture low-standby power drain and im-
proved drive characteristics.

Peripheral drivers

Including industry leaders SN75460
and ULN2064 Series. With a spread of
300mA-3A and 15-100 V, you have the
highest output power available. Single
package, monolithic devices, TI periph-
eral drivers save assembly time, im-
prove reliability, cut component costs.
No problem driving inductive loads,
either. And, all the logic is on-the-chip.
Availability, excellent. Prices,
competitive.

Display drivers
A wide range of display drivers to
satisfy all the leading visual display
technologies, like plasma and VF. Other
drivers are available for use with 7-seg-
ment LEDs, gas discharge and thermal
print displays. Offered in a variety of

Texas Instruments Incorporated
P. 0. Box 225012, M/S 308
Dallas, Texas 75265.

| Please send me information on:

[J Op Amps
[] Voltage Regulators [ Line Drivers/Receivers

[ Data Acquisition Devices [ Special Function ICs

pinouts in ceramic or plastic packages in
the commercial temperature ranges,
TI’'s newest display drivers are being
designed with on-chip “intelligence” —
so, there’s no need to refresh. All TI
display drivers are system compatible
with today’s popular logic families and
microprocessors.

Special Functions
Analog/Detector circuits, timers

Choose from a wide variety of special
function ICs for specific applications,
including: precision timers, analog
switches, monolithic, twin, dual and
twin-dual BI-MOS, each with TTL,
MOS and CMOS compatibility. Also,
analog level sensors, Hall effect
devices, switches and linear sensors,
zero voltage switches, log and differen-
tial video amplifiers and oscillators.

Full Line Linear Supplier

In addition to the full line of TI-
originated products, we support you
with all the popular industry standard
linear products as a second source. So,
more and more, TI is the company to
come to. For all your linear needs. It’s
the super source in the marketplace.
Today. And tomorrow.

As we continue to improve and up-
grade existing products, reinforcing the
TI learning curve principle — as we
continue to recognize emerging
markets and define new products — as
we continue to move toward higher sys-
tem level integration, and toward new
technologies — our continuing commit-
ment keeps on growing.

The Future of Linear

TI will keep meeting the ever-
increasing demand of linear commit-
ments. To the industry. And, with
renewed emphasis, on factory and dis-
tributor support.

That’s leadership. That’s Texas
Instruments.

For complete, detailed information
on the industry’s first family of linear
circuits, fill out and return the coupon.

Fifty Years '
of
Innovation
! o

[J Analog Level Detectors [ Log Amplifier

[ 3-Terminal [ Peripheral Devices [J Hall Effect Switches [ Timers
[J Switching [] Display Drivers [J Analog Switches [[] Other
| [J Adjustable
| Name Title
Company

TEXAS INSTRUMENTS

© 1980 Texas Instruments Incorporated

INCORPORATED
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Let your LSI-I1* lgreclk

With our Bank-Switching family

In LOCAL mode our memory is functionally just
like DEC memory. But when you run out of
memory space you're not lost. Add an inex-
pensive Bank-Switch Controller (BSC-256) and
you can go to two megabytes. Add another
and go to four megabytes.
So don't get boxed in with other brands of
LSI-11* memory. Break free. Join the family:
RMA-032 32Kby 16 bitRAM.  $990
On-board refresh (Single qty.)
RMS-016 16K by 16 bit ROM.  $300

(Intel 2716) (Single qty.)
BSC-256 The Bank-Switch $300
Controller (Single qty.)

Substantial quantity discounts are available. The
RMA-032 is also available without memory chips for $450
(single quantity). For a free copy of our Bank-Switching
manual, call or write on your company letterhead.

Digital Pathways Inc.

4151 Middlefield Road

Palo Alto, CA 94306

(415) 493-5544
*Registered trademark of Digital Equipment Corporation

DIGITAL PATHWAYS

For more information, Circle No 11
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Editorial

A golden opportunity

Economists have observed that precious metals are never consumed like
other natural resources; rather, they’re continually recycled into new
products. Imagine, then: The ring on your finger could have once been part
of Julius Caesar’s favorite wine goblet.

The madness in today’s gold and silver markets supports this idea of
recycled precious metals. And the lengths to which people are going to cash
in on the markets’ skyrocketing prices range from ingenious to humorous to
just plain crazy. For example: Doctors are storing away old X-ray films for
their heirs because of the films’ silver content; people who formerly let their
dentists keep old dental bridges when new ones were made are now
demanding the old ones because of their gold content; scores of other people
are selling to gold and silver dealers everything from heirloom jewelry to
" dental fillings.

The electronics industry, too, is feeling the adverse effect of rising precious-metal prices. But with a little
ingenuity, perhaps this effect can become a positive one.

Think of all the old connectors, switches, relays, pc boards, transistors, integrated circuits, old instruments and old
TV sets around—people are literally sitting on a gold mine, one that could lead to the biggest boom the industry will
ever experience. For suppose some entrepreneur type starts a publicity campaign informing the public of the amount
of gold that lies in electronic gear. If people are willing to sell their gold tooth fillings at today’s prices, can’t you
see the masses queueing up just as readily at reclamation centers to sell old electronic equipment if prices continue to
soar? The growth in the replacement-part/equipment business resulting from this action will be phenomenal—
analogous to the much sought-after perpetual-motion machine.

Sounds farfetched, doesn’t it? Well, it would have sounded just as crazy if 10 years ago, when gold cost just $35 an
ounce, someone told you that the metal would go for $650 in January 1980.

So like the doctors saving old X-ray films, hunt up all those electronic parts. You can even give your sweetheart an
old transistor next Valentine’s Day. And about that $1000 selectively gold-plated edge connector just introduced....

(7 M%

Roy Forsberg
Editorial Director

An Award*-Winning Magazine

18973 Staff-Written Series — Our thanks to the many readers who returned the circulation requalifica-
13?38&23313?.32'3@?23 _ tion card in the November 20, 1979 issue.

Designer’s Guide to Fiber Optics IMPORTANT: If you find a REQUALIFICATION STICKER on the front
1977 Contributed Series — cover and a REQUALIFICATION CARD bound into this issue, you did not
Software Design Course return the earlier requalification card. To continue receiving EDN, you

mgoseggieas' slg?ll;eef:ren p A s must fill out this card and mail it immediately. We can process only those

1975 Staff-Written Series — cards with complete information. Thank you for your cooperation.
Microprocessor Design Series

“Jesse H Neal Editorial Achievement
Awards are the business-press Pulitzer
Prize equivalent.
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ACTUAL SIZE:

3" x 3" PRINTED
CIRCUIT CARD

CONNECTOR PINS: POWER SUPPLY IN
VIDEO OUT

ACTUAL PRICE:

gt

Now all engineers can afford to evaluate optical
scanning techniques for their system application. For just
$98. RETICON offers the RL128G self-scanning photo-
diode array with 128 diodes on 25um (1 mil | centers and a
complete interface circuit imodel RC301 ) which allows the
diode array to be operated over a wide range of scan rates
and integration times to fit any system requirement. Just
connect your standard power supply and get a wide dyna-
mic range video signal out.

Applications include OCR, pattern recognition, non-
contact size and position measurement, inspection for
defects, spectrometer readouts and many more.

For higher resolution requirements, other RETICON
self-scanning photodiode arrays are available with up to
2048 diodes in a linear configuration and 100x100 diodes
in a matrix configuration.

This special offer valid only in the U.S. and Canada for a
period of 60 days from publication. Don't delay — evaluate
this exciting new technology today.

JNEGzG RETICON

345 POTRERO AVENUE, SUNNYVALE, CA 94086
(408) 738-4266 TWX: 910-339-9343

For assistance call: Boston (617) 745-7400, Chicago (312) 640-7713,

San Francisco (408) 738-4266, Tokyo, Japan 03-343-4411,
Bracknell, England (0344) 53618

For more information, Circle No 12
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Introducing mass
storage for micros.

It costs like a tape, but
thinkslikeadisk.

The TUS58 cartridge tape,
single or dual drive. It’s the first
sensible answer to micro mass
storage problems.

nd it’s just one of the

many ways Digital makes
microcomputers easier to work
with. Our 16-bit microcomputer
family —in boards, boxes and
systems — offers the most pow-
erful, advanced and proven
software on the market. We also
offer hundreds of hardware
tools —memory and interface
boards, complete development
systems, terminals and
peripherals. And we back
it all with over 11,000 support

people worldwide.

It’s the total approach
to micros, only from
Digital.

For more informa-
tion, contact Digital
Equipment Corporation,
MR2-2/M70, One Iron
WEX’ Marlborough,

MA 01752. Or call toll-
ML T e o ' free 800-225-9220. (In
_____ T haeas “ Pl - R MA, HA, AL, and Can-
- ) & ada, call 617-481-7400,
ext. 5144.) Or contact
your local Hamilton/
- Avnet distributor.
In Europe: 12 av. des Morgines,

Digital’s 512Kb TUS58 cartridge tape

subsystem. At $562 in 1007, it’s priced like 1213 Petit- Lancy/Geneva. In Canada:

a tape device. But with random-access Digital Equipment of Canada, Ltd.

block addressing, and EIA serial interfac- 3 Jodhd Gadiat

ing, it’s like no other tape drive on the It took the minicomputer company
market. to make micros this easy.

| That'’s because the TU58's controller
board has a built-in MPU that makes it
think like a disk. It reads, writes and
searches for data in blocks, instead of
running serially through the whole tape
like conventional systems. And the

For more information, Circle No 13

TU58’s small size — the board measures
just 5.2 x10.4” (13.2 cm x 26.5 cm) —
makes it easy to design into your product.
29
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MOUNT

AN ATTACK ON

ASSEMBLY COSTS

WITH R-OHM'’S NEW FLOW-SOLDERABLE CHIPS

Now you can slash your assembly costs
and create thinner, smaller, more reli-
able products at the same time. How?
With our new flow-solderable re-
sistor and semiconductor chips.

Start using both sides
of your PC boards

Hundreds of these new chip com- '

ponents can be attached to either side of
your PC boards in seconds. Already in
widespread use in Japan, these compo-
nents have fostered the development of high-
speed magazine loading and tape and reel
attachment methods. Once attached, the chips
can be flow-soldered along with axial or radial-
leaded components. Together, these develop-
ments are making dramatic reductions in as-
sembly and labor costs possible.

Nearly 200 chip resistors (1/16W) can
be mounted in just four square
inches. This great density,
coupled with the fact that the
chips can be mounted on both
sides, drastically reduces PC board
size. The end result is thinner,
smaller, lighter products that cost less
to produce. In addition, the ability to
mount chips opposite IC's provides per-
formance improvements. And, standard-
ized dimensions are making board layout
and product design faster and more straight-
forward.

Make a solid connection
to reliability

Flow-soldering directly to the chip instead of to
leads provides a solid, more dependable
connection — a connection you can trust even
in the most severe environments.

R-Ohm already offers a wide variety of depend-
able chip components. Chip resistors are avail-
able for 1/16, 1/8 and 1/4W applications with
2%, 5% and 10% tolerances over a wide range of
ohmic values. Chip transistors and diodes are
offered for a variety of functions and applica-
tions. Many more components are on the way.
This new generation of chips will alter forever
the way you design, package and handle
resistors and semiconductors. The impact may
even change your mind about assembling
offshore.

Ig dpiﬁgp ; R-OHM Corporation, 16931 Milliken Ave., P.O. Box 19515, Irvine, CA 92713
(A 1 4 I (714) 546-7750. Central offices: (312) 843-0404. Eastern offices: (215) 337-8877.

QUALITY - RELIABILITY TWX: 910-595-1721.

A CONSTANT FORCE IN A CHANGING WORLD

For more information, Circle No 14




ACTIVE COMPONENTS

Leadtime Index

PRODUCT

DISCRETE SEMICONDUCTORS
Diode, switching
Diode, zener
Rectifier, low-power
Rectifier, power
Thyristor, low-power
Thyristor, power
Transistor, bipolar power
Transistor, bipolar signal
FET, power
FET, signal
Transistor, RF power

DISPLAYS
Fluorescent
Gas-discharge
Incandescent
LED
Liquid crystal
Plasma panel

ELECTRON TUBES
CRT, black and white TV
CRT, color TV
CRT, industrial
Industrial power
Light and image sensing
Microwave power

INTEGRATED CIRCUITS, DIG
CMOS )
Diode transistor logic (DTL) 12
Emitter-coupled logic (ECL
Low-power Schottky TTL
Standard Schottky TTL
Standard TTL

INTEGRATED CIRCUITS, LINEAR
Communications circuit 16
Data converter
Interface circuit
Operational amplifier
Voltage regulator

ITAL

Leadtimes are based on recent figures supplied to Electronic Business magazine by a composite group of

= PACKAGED FUNCTIONS

up PANEL METERS

MEMORY CIRCUITS
EPROM
PROM, bipolar
RAM, bipolar
RAM, CMOS
RAM, 4k MOS dynamic
RAM, 16k MOS dynamic
RAM, 1k MOS static
RAM, 4k MOS static
ROM, masked MOS

MICROCOMPUTER/MEMORY SYSTEMS
Core memory board
IC memory board
Interface board
Microcomputer board

MICROPROCESSOR IC’S
CPU, bipolar bit slice
CPU, 4-bit MOS
CPU, 8-bit MOS
CPU, 16-bit MOS
Peripheral chip

_ OPTOELECTRONIC DEVICES

Coupler and isolator
Discrete light-emitting diode

Amplifier, instrumentation
Amplifier, operational
Amplifier, sample/hold
Converter, analog/digital
Converter, digital/analog

Analog
Digital
POWER SUPPLIES
Custom
Enclosed modular

Open-frame module
‘Printed circuit

major manufacturers and OEMs. They represent the typical times necessary to allocate manufacturing
capacity to build and ship a medium-sized order for a moderately popular item. Trends represent changes

expected for next month.
32
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No compromise solutions.

The Tektronix S-3280 is the first test
system spe-
cifically de-
signed to test
ECL, LSl de-
vices. Every
S-3280 has
high-speed
drivers, giving
you a pulse
source for
every channel. *
Precision fixturing allows you to con-
nect the device to the tester with
minimum signal distortion. And there
are up to 64 channels of sampling for
waveform analysis, ensuring high
fidelity.

Flexibility.
Multiple pattern sources give you an
effective, flexible means of imple-
menting complex patterns. Choose

the method of pattern generation that
fits the device under test.

Compatibility

Only one language to learn. All Tek-

tronix S-3200
systems use
TEKTEST, a
test-oriented
language very
close to Eng-
lish. Your test
engineers will
quickly gener-
ate, edit, and
debug device- =
testing programs.

Proven performance.

Semiconductor test systems are no-
thing new to Tektronix, we've been
building them for years. In addition to
the S-3280 ECL, LSl tester, there's the
S-3270 for device characterization,

and the S-3250 for production testing.

Each has a 20 MHz clock rate. Our
wide variety of options allows you to
buy what you need now, and add to it
anytime.

Training.
We'll support your test engineers with
a comprehensive training program
and thorough documentation.

Worldwide support.

We’re a phone call away

To find out which S-3200 system and
its options best meet your needs, call
your local Tektronix representative.

Tektronix:

COMMITTED TO EXCELLENCE

Another first

fromTektronix. The
igh-speed solution for

subnanosecond
testing,

High-speed drivers.

Precision 50 ohm

W e
moving

ahead easy.

fixturing.

Waveform
analysis.

Copyright © 1979, Tektronix, Inc. All rights reserved. 848
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think small

switching
KEPCO/TDK power
NModules

0000000080000
%‘oocoooooooo
A LOCCCCUAA
A L CCLCUA
A OCULCALL
(YIL11 L

30- 300 WATTS
SINGLE / TRIPLE OUTPUT

AC to DC and DC to DC

HIGH EFFICIENCY SWITCHERS
5- YEAR WARRANTY

KE P C D e For complete specifications, write Dept. CPF-12

KEPCO, INC. - 131-38 SANFORD AVENUE - FLUSHING, N.Y. 11352 U.S.A. - (212) 461-7000 - TWX #710-582-2631 - Cable: KEPCOPOWER NEWYORK

For more information, Circle No 15




think small.er!/

KEPCO/TDK
Miniature
switchers

10- 12 WATTS
SINGLE / DUAL OUTPUT

UNENCAPSULATED, REPAIRABLE
HIGH EFFICIENCY

YWYEY

\

2A
sv
uo,{ s

v

KEPCO/TOK

K E p C D® For complete specifications, write Dept. CPF-12

KEPCO, INC. « 131-38 SANFORD AVENUE + FLUSHING, N.Y. 11352 U.S.A. - (212) 461-7000 - TWX # 710-582-2631 « Cable: KEPCOPOWER NEWYORK

For more information, Circle No 16



SIEMENS

Siemens Goes Ceramic.

Monolithic Ceramic Capacitors complete the quality Siemens line.

The Siemens tradition of uncompromising
quality and performance standards in components
continues. Epoxy coated, radial leaded capacitors

Siemens is the fifth largest electronics com-
pany in the world, producing some $700 million
worth of components annually in more than 50,000

are now available in five case sizes, three temper- different configurations.

ature coefficients (COG, X7R, Z5U), with capacities Contact your nearest Siemens representative or
ranging from 4.7 pF to 4.7 uF. They're for rapid authorized distributor.

delivery.

We can now offer a full line of ceramic, solid Siemens Corporation
tantalum, miniature aluminum electrolytic, film, Components Division

metallized polyester film, and stacked 186 Wood Ave. South, Iselin, N.J. 08830
metallized film capacitors. One respect- = 5. (201) 494-1000

ed name, one quality source.

In Canada: Siemens Electric Ltd., P.O. Box 7300, Point Claire, Quebec

£

Specify /
Siemens

and be
secure.

For more information, Circle No 17
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If you thought
Palnasomf_ d
- only supplie

g ’lytigs ftg'pTV...

FOR CONSUM
APPL| CATIONES

|~.eS SERIES (Aluminum)
\g Smaller Sizeg From 0.47,F
o A e 0
; Or radial leads.
range: —40°C to +gs°C sg’:}rgg'd
tolerance: —109, to +50%, 4

FOR GENERAL
APPLICATIONS

SQ SERIES (Tantalums)
These solid tantalum capacitors provide high sta-
bility, good humidity characteristics and long life.
They're available from 0.1.F to 220u.F and from
3.15 to 50 VDC. Resin dipped radial leads. Temp.
range: —55°C to +85°C. Standard tolerance:
+20% (+10% available).

A choice of packaging, too.

Panasonic offers you a wide line of aluminum and tantalum
electrolytic capacitors, plus the flexibility of bulk, reel or tape
packaging for axial and radial lead units, and lead forming or
crimping for both axial and radial units. And they can be
ordered from your local Panasonic distributor or our Secau-
cus headquarters. Panasonic Electronic Components, One
Panasonic Way, Secaucus, NJ 07094. (201) 348-7270

Panasonic.

just slightly ahead of our time

For more information, Circle No 18




Technology News

Automatic test generators
crank out programs quickly

Andy Santoni, Western Editor ,

Automatic- test- equipment makers
have developed versatile hardware
and software packages that help \
cut the time and cost involved in
writing programs to test devices

and pce boards. The advantage pro-
vided by such combinations is no small
matter: The cost (in programming
time, hence in programmers’ charges)
to amass a library of tests for all devices
and boards a company utilizes can easily outstrip

the cost of even the most expensive ATE system, N

which in turn can run more than $1 million.
The most complex — and expensive — of the automatic-

Group.

Fairchild's

77 A

matic test generator
keep track of all the necessary data.

approach to ATG is LEAD —
Learn, Execute And Diagnose. With the help of
this software, you write inputs to a device
in that device's assembly-
8 language mnemonics, rather than
b tediously producing columns of

under test

test - generation (ATG) programs help
check out LSI devices. “In the days of SSI
and MSI, it was still practical to write ONEs
and ZEROs by hand,” says Keiji Muranaga,
© technical director at Fairchild Test Systems
‘ But today’s LSI and VLSI devices
4 require huge numbers

precise control of timing parameters; an auto-
must thus develop and

Automatic test generators turn sim-
ple inputs into ready-to-run test
programs—without  putting you
through the wringer. (Photo courtesy
Zehntel Inc)

of test patterns and




Technology News

ONEs and ZEROs. And you can also
devise a language to generate input
test vectors for peripheral chips and
nonintelligent devices without
assembly languages of their own.

Once the inputs are written, you
utilize a known-good device operat-
ing in a “friendly” environment to
generate a set of “good” responses.
Testing of devices in worst-case or
true operating environments then
proceeds by comparing the devices’
responses with those of the
known-good unit.

This technique leaves the defini-
tion of “good device” up to the user,
explains Muranaga. It can merely
be one that has worked well in a
breadboard system, or one that has
undergone extensive functional and
parametric testing to verify that it
meets all data-sheet specifications
and any special requirements.

For complex devices, Muranaga
claims, LEAD can cut total
program-generation time from 6 to
2 or 3 months.

Simpler tests get help

While LSI devices benefit most
from automatic test generation,
even SSI- and MSI-device program
generation can profit from software
help, says Ken Lindsay, product
marketing manager at Tektronix’s
Measurement Systems Div. This
firm’s computer - aided program-
generation package helps cut
software-writing time for relatively
simple devices from a half-day to a
half-hour.

With the Tektronix package, you
tell the system a device’s family and
type and provide (in response to
prompts) a pin list and the
applicable parameters of forcing
functions and output measure-
ments. Software then generates the
instructions the test system’s
computer requires to test the device
for functionality, as well as dec
voltages, currents, rise and fall
times and propagation delays.

Such an ATG package saves time
because it stores parameters
common to all members of a device

EDN FEBRUARY 20, 1980
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Computer-aided program-generation software provides the skeleton for testing high
volumes of relatively simple SSI and MSI devices on Tektronix ATE systems, such as Model

§-3250.

family, such as the minimum and
maximum levels for input and
output signals from TTL gates.
Thus, you needn’t enter these
values into each program you write,
but you are free to alter them to
meet special requirements.

While Tektronix’s package is
aimed specifically at simplifying
test generation for incoming
inspection of SSI and MSI parts, it
can also be extended to other
applications and more complex
devices, says Lindsay. It comple-
ments Tektronix testers whose
prices start at more than $100,000
and run to $1 million.

Board-test writing grows easier

While it might be simpler to write
test programs for pe boards than for
LSI devices, pe-board testers can
also profit from program-generation
aids, says Ray Turner, manager of
simulation systems at Computer
Automation’s Industrial Products
Div. Thus, this firm recently
introduced its Capable 4814
automatic - test - generation and
logic-simulation system, a $110,000
hardware and software package
that can cut the average test-
program - generation time for a
75-IC pc board from a week or two
to less than a day.

The Capable 4814 analyzes a
software model of a circuit board,

calculates a list of conditions under
which the board might fail and
generates programs to test for
these faults. Older ATG programs
used for this purpose employ a
single algorithm to select a fault
pattern from a table of undetected
faults, determine a path that
propagates the fault to the edge
connector (where the tester can
observe a failure) and generate a
stimulus to drive the fault along
that path. (The algorithm might be
a backtracking technique from the
card edge to specific nodes, or it
might involve path sensitization
from the node outward.) By
contrast, the Capable 4814 can try
as many as four different algorithms
to guarantee that any fault on the
board propagates to the edge
connector and is detected.

The ATG system employs
functional gate and flip-flop models
and I/0 tables for larger scale
devices to determine how a signal
propagates along a path. It's
complex, and thus memory inten-
sive: The 4814 incorporates a Naked
Mini CPU with 320k bytes of
memory, a 256k-byte floppy-disec
drive and a 10M-byte dual-moving-
head rigid-disc drive.

Iterations automatic

Another board - test - generation
system, Teradyne’s Model LF780,

39




Technology News

Learn, Execute And Diagnose (LEAD) software simplifies writing programs for complex
device testing on Fairchild’s Sentry ATE systems.

employs a Digital Equipment Corp
VAX-11/780 CPU with 500k to 1M
bytes of memory, expandable to 8M
bytes. This system can handle as
many as eight rigid-disc drives, each
storing 176 M bytes.

Software for the LF780 compris-
es the LASAR test - generation
language, developed in the early
'70s by Digitest Corp, Dallas, TX.
(Teradyne acquired Digitest in June
1978.) The language’s latest version
includes an Automatic LASAR
Executive Control, which places all
of LASAR’s subsystems under a
single control to permit automatic
iterations of pattern - generation
tests. (In older versions, a test
engineer had to operate the
system’s software modules individu-
ally; iterations were painstaking.)

To supplement this automatic
pattern generation, though, a
Manual Pattern Processor permits
the user to write patterns by hand
at any time during a LASAR
sequence.

Virtually painless programming

Programming Teradyne’s L529
in-circuit automatic test system can
prove even simpler than using the
LF780. This system employs a
“self-learning” technique to deter-
mine the values of components on a
board and to set tolerance limits on
those values.

40

To generate an in-circuit test
program that checks for the proper
part and orientation at each location
on the board, you key in a list of all
components connected to each node.
The tester then makes resistance
and impedance measurements at
each node on a known-good board
and stores the results. As more
known-good boards run through the
system, it alters its program to
adjust the median value and
tolerance band for each measured
quantity whenever a new measure-
ment differs from previous data.

Specifically, the test system first

assumes a “default” tolerance of 5%
for each measurement. But the
wider the variation a functionally
acceptable board can have, the
wider the tolerance the tester
places on that measurement. In the
end, tolerance can reach 40% or
more.

Note the limitations

Despite the advantages of this
approach, using a known - good
board to generate test programs
also has drawbacks, says Karl
Knight, product applications man-
ager at Zehntel. Specifically, the
board chosen as representative
might not be. Thus, Knight prefers
to program a tester against a
board’s schematic, rather than with
respect to a known-good unit.

Zehntel employs its test station’s
own processor and floppy disc to
generate such test programs. You
tell the machine what components
are between each pair of pins on the
pe board, and you determine where
to locate the tester’s probe pins.
The tester then checks that all pins
are actually in place on the test
fixture and that all nodes in the test
program are available on one pin or
another.

You can install the probe pins so
that they correspond to convenient

Off-line test-program generation permits writing programs while a tester is used full-tilt for
production tasks. This Computer Automation Capable 4814 program-generation station helps
write functional board tests.

EDN FEBRUARY 20, 1980
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points on the board’s schematic, but
this approach often leads to'a bird’s
nest of wiring in the fixture that’s
hard to troubleshoot, says Knight.
As a better alternative, you can
position the pins at random but
convenient locations in the fixture
and wire them neatly to the
fixture’s interface connector. Then
you examine each connection of each
device on the board, and the
machine determines at which
fixture location that node is
available.

Program generation in this case
thus consists of walking through the
node list on the board; the tester
generates a program complete with
such peripheral information as
headings and power-on sequences.
Debugging this program is the most
time-consuming part of the job, but
even so, the total test-generation
process takes only about five
working days, says Knight.

Off-line programming

There’s yet another approach to
test - generation simplification: In-
stead of using a test system itself
for program generation—and per-
haps tying up an expensive piece of
equipment normally required on the
production line—you can employ
off-line programming stations like

Four programmers can share this GenRad 2290 in-circuit test-generation station.

EDN FEBRUARY 20, 1980

GenRad’s Model 2290. (This station
complements the company’s Model
2270 in-circuit test system.)

An off-line system can quadruple
in-circuit program productivity by
allowing simultaneous program
generation by up to four users,
claims Ralph Anderson, test-
systems product-line manager. As
an additional benefit, off-line
program generation can elim-
inate — or at least reduce — the
need for programming new-board
tests during second and third shifts
(in many cases, the only times when
a test system is not used for
production testing).

The $50,000 Model 2290 includes a
DEC CPU with 128k bytes of
memory, expandable to 256k bytes;
a Control Data Corp Hawk
fixed-head disc drive provides it
with 10M bytes of storage. One
CRT terminal is standard; in
addition to three more, options
include an additional disc drive and
line printers.

Simplifying programming
Hewlett-Packard’s Model 3060A
in-circuit tester utilizes an HP
Model 9825A desktop computer.
Thus, it, too, could function in an
off-line manner—you could develop
its programs on another 9825A

For more information...

For more information on the
automatic - test - generation prod-
ucts described in this article, circle
the appropriate number on the
Information Retrieval Service card
or contact the following manufac-
turers directly.

Computer Automation Inc
Industrial Products Div
2181 Dupont Dr

Irvine, CA 92713

(714) 833-8830

Circle No 443

Fairchild Test Systems Group
1725 Technology Dr

San Jose, CA 95110

(408) 998-0123

Circle No 444

GenRad Inc

300 Baker Ave
Concord, MA 01742
(617) 369-4400
Circle No 445

Hewlett-Packard Co
1507 Page Mill Rd
Palo Alto, CA 94304
Phone local office
Circle No 446

Tektronix Inc

Box 1700

Beaverton, OR 97075
(503) 644-0161
Circle No 447

Teradyne Inc

183 Essex St
Boston, MA 02111
(617) 482-2700
Circle No 448

Zehntel Inc

2625 Shadelands Dr
Walnut Creek, CA 94598
(415) 932-6900

Circle No 449

normally used for other tasks.

The 9825A employs the HPL
language, which borrows high-level
commands from BASIC, FOR-
TRAN and other languages and also
makes use of formatted read/write
commands to simplify data manipu-
lation. The tester’s Board Test
Language extends HPL to further
ease programming, adding 35
commands aimed specifically at
board - testing applications. An
in-circuit program-generation pack-
age then works from a board-
topology list to generate and store
the appropriate test program. EDN
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40 models to choose

It costs less to buy Mini-Circuits
wideband RF transformers. The
T-series (plastic case) and TMO
series (hermetically sealed metal
case) RF transformers operatewith
impedance levels from 12.5 ohms
to 800 ohms and have insertion
loss, 0.5 dB typ. High reliability
is associated with every trans-
former. Every production run is
100% tested, and every unit must
pass our rigid inspection and
high quality standards. Of course
our one-year guarantee applies
tothese units.

For complete specifications and performance curves

r Designer Kits Available

T1-1,72-1,T4-1,79-1,T 16-1
Specify TK-1 $32.00

2 TRANSFORMERS OF EACHTYPE

TMO 1-1, TMO 2-1, TMO 4-1
TMO 9-1, TMO 16-1
Specify TMK-2 $49.50

\

k N = Impedance ratio

refer to 1979-80 Microwaves Product Dat

a Directory pgs. 161 to

Price (10-49 qty)
.

from,

NEW MODELS

HIGH-LEVEL, PLASTIC CASE

Model Trl‘- }H T4';18H T9'; l‘H T lg. } H
Freq. range, MHz |8-300 8350 290 7-85
Impedance ratio 1 4 9 16
Max. insertion loss| MHz MHz MHz MH:z
3 dB 8300 835 290 785
2 dB 10-200 15-300 3-75 1065
1 d8 25-100 25-200 6-50 15-40
$495 $4.95 $545 $5.95

PERFORMANCE SATURATION CURVES T TH SEleVEw’SM(Vﬁ’F POWER & DC CURRENT AT WﬁtcH SIGNAL SATURATION BEGINS)
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10KHz-SO0MHZ
000 From

‘ (10-49)

$

T-H Series
T-Series
(Plastic case)

TMO-Series
(Metal case, hermetically sealed)

CENTER-TAPPED DC ISOLATED PRIMARY & SECONDARY Fig B

Model Metal case TMO 1-1T TMO 2-1T TM02.5-6T TMO3-1T TMO4-1  TMO 5-1T
Plastic case T1-17 T2-11 T2.5-67 T3-11 T4-1 T5-17

Freq. range, MHz .05-200 .07-200 .01-100 .05-200 .2-350 .3-300
Impedance ratio 1 2 25 3 4 5
Max. inserton loss MHz MH:z MHz MHz MHz MHz
3 dB .05-200 .07-200 .01-100 .05-250 .2-350 .3-300
2 dB 08-150 1-100 .02-50 .1-200 .35-300 .6-200
1 dB 2-80 5-50 .05-20 .5-70 2-100 5-100
Maximum Amplitude Unbalance, MHz
.1 dB .5-80 1-50 1-20 1-70 .5-100 10-100
.5 dB .05-200 .07-200 .01-100 .05-250 .2-350 -3-300
Maximum Phase Unbalance Degrees, MHz
]° .5-80 1-50 .1-20 1-70 5-100 10-100
5¢ .05-200 07-200 = .01-100 .05-250 .2-350 .3-300

Price (10-49) Model TMO $6.45 $6.75 $6.75 $6.45 $4.95 $6.75
Model T $3.95 $4.25 $4.25 $3.95 $2.95 $4.25

TMO13-1T
T13-11
3-120
13
MHz
3-120
7-80
5-20

5-20
3-120

5-20

3-120
$6.75
$4.25

DC ISOLATED PRIMARY & SECONDARY Fig A
Model Metal case TMO1-1 TMO15-1 TMO25-6 TMO4-6 TMO9-1 TMO16-1 |[TMO2-1 TMO3-1 TMO4-2 TMOS8-1

Plastic case T1-1 T1.5-1
Freq. range, MHz .15-400 .1-300

Impedance ratio 1 1.5

Max. insertion loss MHz MHz
3 dB .15-400 .1-300
2 dB .35-200 .2-150
1 dB 2-50 .5-80

Price, Model TMO $4.95 $6.75
(10-49) Model T $2.95 $3.95

71256 T4-6 T9-1 T16-1 T2-1 T3-1 T4-2 781
.01-100 .02-200 .15-200 .3-120 .025-600 .5-800 .5-600 .15-250
25 4 9 16 2 3 4 8
MHz MHz MHz MHz MHz MHz MHz MHz
.01-100 .02-200 .15-200 .3-120 .025-600 .5-800 .2-600 15-250
.02-50 .05-150 .3-150 .7-80 .05-400 2-400 .5-500 .25-200
.05-20 .1-100 2-40 5-20 .05-200 — 2-250 2-100
$6.45 $6.45 $6.45 $6.45 $5.95 $6.95 $5.95 $5.95
$3.95 $3.95 $3.45 $3.95 $3.45 $4.25 $3.45 $3.45

UNBALANCED PRIMARY & SECONDARY Fig C

T™MO 14-1
T14-1
2-150
14
MHz
2-150
5-100
2-50
$6.75
$4.25

Common specifications: Primary impedance, 50 ohms Total input power, 'z watt
TMO Series .025 cu. inches, .07 ounces T Series .02 cu. inches, .01 ounces
Jouble-Balanced Mixers

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200

A Division ot Scientitic Components Corp

For more information, Circle No 19

World s largest manulacturer of [
- [ - -
[JMini-Circuits
D ti I i
omestic and International Telex 125460 International Telex 620156 MINI-CIRCUITS LABORATORY
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We'll teach you in less than
a week what took us
more than five years to learn

Fairchild Microcomputer Learning Center's

unique seminar programs can teach you
everything you ever wanted to know
about the essentials of microprocessors in
five days or less. Once you've finished
our courses, you'll be able to continue
using our products to meet your needs
for a long time to come.
We're offering the following courses:

The 5-Day F8 and F3870 (F8TC-4)

Feb. 11-15, Apr. 21-25, Jun. 9-13
The 4-Day F6800 (F68TC-4)

Feb. 19-22, Apr. 29-May 2, Jun. 17-20
The 5-Day Bit-Slice (FBSTC-4)

Feb. 4-8, Apr. 14-18, Jun. 2-6

The 3-Day Data Communications (FDCTC-4)

Mar. 5-7, May 5-7, Jun. 23-25

For more information, Circle No 20

The price of each is $450. This includ
workbooks, manuals and training
equipment. Students in the F3870 course
may purchase the F387X PEP training a
development board for only $100.

We can also offer on-site training at
your own facility for 12 or more people.

To enroll, call (408) 224-7096 or send
check or money order to Fairchild Micro-
computer Learning Center, 464 Ellis St.,
Mountain View, CA 94042, M.S. 42-2120.

FAIRCHILD




Technology News

An 8-in.-hard-disc standard makes progress,
but ANSI committee disagrees on details

Carl Warren, Western Editor

Standardization has become the
watchword of the computer
industry—especially when it in-
volves mass-storage technology
such as the recently introduced 8-in.
rigid-disc systems (EDN, February
5, pg 104). Standardizing this type
of drive’s interface is particularly
important to avoid flooding the
market with dozens of uncompatible
units.

But standardization efforts reach
far beyond this obvious factor. In its
consideration of 8-in. drives, the
American National Standards Insti-
tute (ANSI) X3T9.3 committee
hopes to provide a standard inter-
face definition that meets the fol-
lowing criteria:

* Low cost (achieved by specify-
ing daisy-chain connections
rather than radial cables, for
example)

* Adequate speed to handle up
to a 10-MHz data rate

* Ability of drives to communi-
cate over their lowest
common denominator — an 8-
bit parallel command - and -
status bus.

Based on these simple goals, the
committee has accomplished a great
deal, primarily because all the
attendees have had common
interests. As a result, its first four
meetings produced a fairly clear
definition of the proposed interface.
Some problems in interface defini-
tion still exist, however.

Interface basics

ANSTI’s proposed 8-in.-hard-disc
interface is relatively simple and for
the most part meets the commit-
tee’s pre-established goals. Basical-
ly, it consists of nothing more than a
processor, a buffer, firmware and
some line drivers. This design
represents a vast improvement over

EDN FEBRUARY 20, 1980

Efforts at standardizing an interface for 8-in. rigid-disc drives (such as this Shugart
Associates SA1004) progressed quickly at first but now face contention among the many
manufacturers involved.

the storage-module-device (SMD)
interface, which requires a tremen-
dous amount of electronics.

The ANSI interface for up to four
drives sharing a controller defines
an 8-bit bidirectional command/
status bus, a bit-serial data bus, full
handshaking, daisy chaining and
specifications for one 50-pin ribbon
connector. Notably, the definition
applies only to higher capacity
drives—20M bytes and above. Even
so, it allows for upward expansion,
the lack of which is a drawback with
the SMD interface.

This expandability is apparent in
the interface’s proposed command-
structure definition. As planned,
command and control functions will
occupy two bytes: the first to
contain the command and the
second to specify the relevant
parameter. According to Pertec’s
committee member, Paul Toma, the
standard allows a possible 128
commands in and 128 out and
distinguishes between mandatory
and optional commands, thus

increasing the interface’s flexibility.

Because of the interface’s
bidirectional command/status bus
structure, the standard requires no
select lines. The drives’ unit-select

function is embedded in the
command, thus reducing the
number of interface lines and

consequently lowering cost.

Why isn’t the standard ready?

With all this progress and
apparent agreement among
committee-meeting attendees, you
might logically conclude that the
8-in.-rigid-disc standard is fully
defined. Unfortunately, however,
the proposed definitions represent
the thoughts of only a few
companies among the 39 listed on
the committee roster.

The apparent reason for this
discrepancy, explains Beau Vrolyk,
International Memories Inc (IMI)
committee member and acting
secretary, is that “most of the
companies on the committee didn’t
feel that things would move as fast

45




With .5% basic DCV accuracy and five full functions that
are all easy to use, the 130 has more than enough capa-
bility for you, but avoids ffashfi‘wpenswe—h‘llls
With a thick, .100” (2.5mm) high s
resistant case, the 130 is a rugged, hard—workmg DMM
designed to knock around in the
real world. The 0.6"

high digit dlsplay is
~shock
The display w

d w1st :4»

pnnted unde
plastic overlay
legends can't scra

or wear off.
OCke faceplate and rotary
e selection switches
for range and function help avoid acciden-
tal overloads.

The fuse and battery each have a separate,
externally accessible compartment with a simple, ,
snap-tight cover. And the 130 is convenient touse |
in or out of its optional carrying case. \

The 130 is 5 times more accurate than analog
VOMs, offers 1I0MS input impedance and features 10A
capability. With accessories the 130 is capable of
measuring 40KV, 200A and voltages up to 700 MHz.

Once you get your hands on a 130, you'll find it’s
not only a precision instrument—it’s also the right tool
for your job. Not too much. Not too little. Just right.

The 130 costs $99.

Contact your local Keithley distributor

KEITHLEY Beliisiissads

Keithley Instruments, Inc.
28775 Aurora Road/Cleveland, Ohio 44139/(216) 248-0400/ Telex: 98-5469 .
Keithley Instruments, GmbH
Heiglhofstrasse 5/D-8000 Miinchen 70/ (¢
Keithley Instruments Ltd.
1, Boulton Road/GB-Reading, Berkshire
Keithley Instruments, SARL

44, Rue Anatole France/F-91121 Pal

protected, the
130’s color-coded

714-40-65/ Telex: (841) 5212160
/(0734) 86-12-87/ Telex: (851) 847047

) 014-22-06/Telex: (842) 204188
tion, Circle No 21

News

as they did and didn’t bother to
come.”

The real battle over the standard
thus surfaced at the last meeting
(held in December), which was
attended by more than 33
representatives wanting to put in
their two cents’ worth.

One bone of contention at this
meeting was some designers’ desire
to specify minimum-cost designs
employing processors such as the
6801. Although this wP would serve
well if drive parameters don’t
change in the future, it could
narrow the expansion flexibility and
adaptability of the interface
electronics.

The choice of a processor has an
important effect on the timing of
events in a drive. When a controller
sends a command, each drive in the
chain must determine if it’s been
selected. Timing problems can occur
when this command is received,
however; the selected drive is
frequently involved in a seek
operation and might not have time
| to respond to the controller. Thus,
| designers must rely on clever
software to provide timing. “How-
ever,” notes Vrolyk, “no amount of
clever software will take care of the
lack of computing throughput.”

Surprisingly enough, almost the
| entire committee agreed on the
| general concepts proposed at the
December meeting. But decisions
still remain on whether the drive
should monitor the communication
bus all the time, which type of
processor would best suit low-cost
| requirements and how far away

drives can be placed from their

controller. Committee members will
| iron out these and a few other
| problems at a Deerfield, FL
| meeting on February 20.

‘ A surprise standard

Although the committee has
already invested a great deal of
work in the standard, what could
become the actual interface defini-

| tion might not originate from ANSI
| at all. When the X3T9.3 committee
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Solutions to tough connector problems are as close
as your telephone. We have thousands of standard
designs available off-the-shelf. Or. . .our engin-
eering and tooling teams can furnish special designs
at minimum cost and time.

Put our 30 years experience in furnishing reliable
connectors for military, telecommunications, in-
strumentation, and computer applications to work
for you.

EDN FEBRUARY 20, 1980

If you don’t see the connector you need in our cat-
alog. . .just give us a call.

7447 W. Wilson Ave.
Chicago, IL.60656
(312) 867-9600

For more information, Circle No 22




TENNEY JR.

BENCHTOP TEST CHAMBER

Small wonder it’s

the world’s most
popular benchtop
chamber. It gives you
so much for so little!

® 20 years of field-proven reliability

e Qutstanding, wide-range
performance, —80°C to 177°C

e Mechanical refrigeration
e Solid state SCR instrumentation

e Hermetically sealed, stainless
steel interior

e Uniform workspace environment
e 10,000 sold worldwide

“SMALL
WONDER”

Workspace: 16"W x 12'"H x 11"D
e Standard or custom designed with
over 30 available options
® Buy or lease
e Tenney one-year warranty

Here’s a special message to present Tenney Jr. owners: Contact us and we’ll
make an offer to buy it back or take as a trade-in on an updated model.

enney

ENGINEERING, INC.

¥
1090 Springfield Rd., Union, New Jersey 07083 e (201) 686-7870 e (212) 962-0332

For more information, Circle No 24
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Solid state rheostat? Yes! Acme Electric’s Programmable Solid
State Loads rid your test stand of all those expensive, bulky,
heat-producing resistor-relay banks and let you test power sup-
plies, regulators and transformers the precise convenient way.

PS%L Series Loads are available in 1000 and 500 watt, dissipative
models, both with load voltage range from 2 to 60 VDC. Use
them to test, calibrate and verify specifications such as load
regulation, transient response, current limit point and output
impedance. They can operate in either constant resistance
mode or constant current mode. The remote programming
feature accepts any wave shape for dynamic testing.

Inexpensive? Yes! Model PS2L-500 (500 watt) is $690, and
model PS2L-1000 (1000 watt) is $795, and both are in stock
for immediate shipment.

Circle the reader service number or write to receive the PS2L
Data Sheet featuring detailed electrical and mechanical
specifications.

For more information, Circle No 25
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was formed and its goals mapped
out, several of the companies
involved (BASF, IMI, Micropolis,
Pertec and Shugart, to name a few)
had already fairly well defined what
they wanted in an interface—a fact
that prompted the committee to
speed up its deliberations and
develop the specification to its
present state.

In the meantime, however, one
firm (IMI) has begun shipping more
than 200 drives a month, another
(BASF) is beginning to ship drives,
and almost every other manufactur-
er promises shipments in the third
quarter. In addition, BASF and IMI
offer similar interfaces that closely
resemble the proposed ANSI
definition. As a result, industry
observers feel that if the ANSI
standard is delayed for 6 months,
the IMI/BASF interface will
become the de facto standard.

3-level standard?

The industry could also play out a
third scenario, according to David
Krevanko of Fujitsu America:
“From what I can see, it looks like
there will be a threefold approach to
the interface question—there will
be a configuration based on a
modified floppy interface (like the
approach taken by Shugart), an
SMD-type interface and the ANSI
interface.”

Whichever possibility ultimately
comes about, most designers can
only hope for the best. As one
committee member moans, “I'm
sitting here with three-fourths of a
standard, with no idea what the
other 25% will look like. It’s
impossible to create a design
without that last bit of information.”

ANSI committee chairman Gary
Robinson requests that all inquiries
regarding the interface - standard
effort be directed to him at Datatrol
Inc, Kane Industrial Dr, Hudson,
MA 01749. You can phone him at
(617) 568-1411. And watch EDN for
the latest news in this key
computer-peripherals area. EDN
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It's a well known fact that the major
semiconductor manufacturers have
now copied the SEMIPACK®, the
original hybrid power module devel-
oped by SEMIKRON. The copy may
look-a-like but the similarity ends
when you look for performance and
price. Why?

SEMIKRON has: proven design e
larger power handling capacity « UL
approved electrical isolation « elimi-
nated thermal problems e the capacity
to sustain surge currents up to 2100A
at max junction temperature. Actually
it's all these features in addition to the
meticulous assembly and final testing
which insures the continuing excellent
performance.

Our prices are lower because of
SEMIKRON's progress along the
learning curve. For example our
SEMIPACK with 2 SCR’s, Model
SKKT-55/10 rated at 55A and 1000V,

the

formerly listed at $38.19 is now
priced at $29.65 — a reduction of 22
percent.

SEMIPACK, the modular building
block based on series connected
pairs of diodes, thyristors, or one
diode and one thyristor, is readily
assembled into single and three
phase bridges as in half-controlled,
fully controlled, diode bridges and ac
controllers. Typical applications in-
clude: phase and inverter motor con-
trollers; welding, plating and lighting
controls; power supplies . . .

For super-fast air freight delivery of
our extensive line of power semi-
conductors (diodes, SCR's, transistors,
bridges, SEMIPACKS) from our
modern centralized and computerized
inventory control system call — Toll
Free: Tel. 1-800-258-1308.

For complete information and support
on your specific project write or call
above number.

For more information, Circle No 26

The SEMIPACKS are available as components or
integrated in a completed assembly. The unit shown
above is a quad drive circuit employing 6 SEMIPACK.
Our engineers will design a custom assembly to
meet your specific need.

SEMIKRON

INTERNATIONAL INC.
11 Executive Drive/Hudson, NH 03051

verybodyis
S

Lea

..but not in
cuttlng price;




Your boss wants You want high
Op Amps at Iow cost. performance.

& L b

Harris has alot for

both of you.



A lot of economy.
Now Harris Semiconductor — your com-
petitive edge in data acquisition systems —
can give you a complete line of Op Amps in
eight-lead epoxy DIP packages at very anti-
inflationary prices.

100-up prices begin as low as $1.27. You
can pay two or three times that price else-
where and still not get the high performance
features you get with Harris.

A lot of performance.
Thisfamily is the epoxy version of our highly
successful line of HA-25XX and 26XX am-
plifiers. The charts on the right tell the
whole story.

Note the high slew rate and excellent
settling time performance of our HA-2507,
HA-2517 and HA-2527 models. With offset
current, bias current and offset voltage com-
patible with accurate signal conditioning
systems. And our wide band HA-2607 and
HA-2627 Op Amps feature a frequency re-
sponse that can be custom tailored to the
designer’s exact requirements by means of
an external bandwidth control capacitor.
HA-2607 is an ideal device for upgrading
designs currently using 74 1-type amplifiers.
Who else offers design versatility like that?

o8
5%

I+ L

SLEW RATE

*VALUES GIVEN ARE TYPICAL AT 25°C.

L 4 E
Alotofuses. &
With operating temperatures from 0°C to
+75°C, Harris Op Amps cover a wide range
of industrial and commercial applications in-
cluding: Laboratory-grade test equipment.
Automatic electronic test systems. Medical
patient monitoring systems. CRT displays.
Process control systems...and many more.

A lot of satisfaction. UNITY GAIN.
Harris epoxy Op Amps provide the highest

level of ac performance that is commercially
available in a monolithic form. They give the
designer a new degree of freedom without
cost concern; give the user a new measure of
economy without forfeiting performance.
And that should satisfy both you and your

.. boss. Get the happy story today by calling  *vALUEs GIvEN ARE TYPICAL AT 25°C.
2, the Harris Hot Line, or write: Harris

Semiconductor Products Division,

Box 883, Melbourne, Florida 32901.

HARRIS HOT LINE!
1-800-528-6050, Ext.455

In Arizona: 1-800-352-0458, Ext. 455

Call toll-free (except Hawaii & Alaska) for phone number
of your nearby Harris sales office, authorized distributor or
expedited literature service. Or check your IC MASTER
for complete product listing and specifications.

Harris Technology... Your Competitive Edge

HARRIS

SEMICONDUCTOR
PRODUCTS DIVISION

A DIVISION OF HARRIS CORPORATION

For more information, Circle No 27




' OF COURSE YOU NEVER
VOLTAGE CONVERTER .

+3V

ICL7660 —SsV
VOLTAGE
CONVERTER




1EARD OF A MONOLITHIC

NE JUST INVENTED IT.

+5V IN. =5V OUT.

Now, you can power your analog circuitry
from your digital power supply. With a single
chip. The ICL7660 monolithic voltage
converter generates the negative voltages
required by the analog functions in your sys-
tem. Or, one ICL7660 provides —5V for a
board-full of dynamic RAMs. +5V in.
—5Vout. Or, +1.5V to +10V in and —1.5V to
—10V out. Require higher negative voltages?
Cascade 7660’s. Need more current? Just put
’em in parallel.

EFFICIENCY PLUS.

Intersil’s MAXCMOS™ process brings you
another first. A monolithic voltage converter
with a voltage conversion efficiency of 99.9%
(R, = o0). Power conversion efficiency of
98% (R, =5K Q). And I, capability greater
than 40mA (R,,,=55Q). You simply can’t
beat it. Period.

NO MORE KLUGES.

One chip and two caps. Put ’'em wherever

you need ’em. And the ICL7660 virtually
eliminates EMI problems caused by inductive
converters.

GOOD NEWS.

o Monolithic

« Short circuit protection

 Latch-up proof

e 1.5to 10V operation

« Direct parallelling for more
output current

e Operates in simple voltage multipliers:
Vour = —0Vy.

MORE GOOD NEWS.

The ICL7660 monolithic voltage converter
costs just $1.95 in lots of 100 (8-pin epoxy
DIP). Be sure to ask for quantity prices.
THE SYSTEMS APPROACH.

The Intersil MAXCMOS™ process, coupled
with our broad experience in data acquisition

products, has led to a continuing series of
high performance, low-power analog and data
conversion products. Analog products that
operate from a =5V supply. And now,

a monolithic voltage converter that powers
analog functions from your digital supply.

MORE INFORMATION?

Call your Intersil Sales Office, Franchised
Distributor, or return the coupon below. The
ICL7660 is available now. In prototyping or
production quantities.

INTERSIL
SALES OFFICES:

CALIFORNIA: Sunnyvale (408) 744-0618 ,

Long Beach (213) 436-9261 « COLORADO: Aurora
(303) 750-7004 « FLORIDA: Fort Lauderdale
(305)772-4122 < ILLINOIS:Hinsdale (312) 986-5303
* MASSACHUSETTS: Lexington (617) 861-6220

* MINNESOTA: Minneapolis (612) 925-1844
*NEW JERSEY: Englewood Cliffs (201) 567-5585

* OHIO: Dayton (513) 866-7328 « TEXAS: Dallas
(214) 387-0539 « CANADA: Brampton, Ontario
(416) 457-1014

INTERSIL FRANCHISED

DISTRIBUTORS:

Advent (IND, IA) ¢ Alliance ® Arrow ¢ Bell Industries ®
CESCO ¢ Component Specialties * Components Plus
¢ Diplomat (FLA, MD, NJ) e Harvey (upstate NY) ¢
Intermark ¢ Kierulff e LCOMP ¢ Parrott * R.A.E. Ind.
Elect. Ltd. * RESCO/Raleigh ¢ Schweber * Summit

. Wyle e Zentronics Ltd.

INTERSIL

| ANALOG PRODUCTS—
| LINEAR CIRCUITS

10710 No. Tantau Ave., Cupertino, CA 95014
| Tel: (408) 996-5000 TWX 910-338-0171
I (800) 538-7930 (outside California)

I Gentlemen:
| +5V in and —5V out? Monolithic? Send me the details on your ICL7660.
I __ While you’re at it, send me your 20" x 24" Bertrand Russell poster.

I Name
| Company.
| Address
| City State Zip

| o 22080




Three ways digital storage makes
Biomation’s 8100 number one.

l- Capture one-time analog events.

There's no better way to record one-time events than
our 8100 Wavetorm Recorder. It captures analog
signals, converts
them to digital
data, then stores
that data in semi-
conductor mem-
ory, provides dis-
play, plot or digital
outputs of cap-
tured signals.

Digital storage
techniques enable us to give you “pre-trigger”
recording. You can actually begin recording a ran-
dom signal before you know it's going to occur, and
apportion the 8100's memory to record data both
before and after the trigger And set the trigger level
to prevent false triggers.

2- Complete Systems Integration

Our 8100 oftenacts .
as a fast frontend Wyl
for Automated
Testing. It pro-
vides full flexibility
by capturing the
analog signal and
outputting the
digital representa-
tion under full
program control.

3- Perform computer data analysis.

Digital storage
gives you maxi-
mum analysis
flexibility. You can
transfer the data,
already digitized,
to mag tape, disc
or other perma-
nent storage. Or
you can read the
data out directly to a programmable calculator or
computer system.

The 8100 features an 8 bit, 100 MHz ADC with
2048 word memory to help you capture and analyze
analog signals. Other Biomation products also enable
you to convert your scope to a “super scope” by
adding digital storage. For more information, or to
arrange a demonstration in your lab, call us at
(408) 988-6800. Or write us at Gould Instruments
Div, Santa Clara Operation, 4600 Old Ironsides
Drive, Santa Clara, CA 95050.

=5 GOULD

An Electrical/Electronics Company

. .

2
2 ¢

For more information, Circle No 28
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Technology News

Powercon 7 to feature MOSFET applications,
fast switchers and effective modeling

Bob Peterson,
Assistant Managing Editor

Stressing an analytical yet practi-
cal approach to optimizing power
systems, this year’s Powercon will
detail power-electronics technolo-
gy’s increased sophistication and
technical maturity. The Seventh
National Solid-State Power Conver-
sion Conference will present design
and application information on
equipment and components, organ-
ized in more than 40 papers, 70
exhibits, seven short courses,
several manufacturer’s clinics and
new material and device introduc-
tions of special importance to
power-system engineers (see table).

Modeling developments

To emphasize the value of careful
analytical design techniques as
opposed to seat - of - the - pants ap-
proaches, Powercon will include a
session (G) on modeling and
analysis as well as one (I) on
applying analytical methods. These
modeling presentations will cover
two aspects of the analysis process:
Models can function as conceptual
tools to aid the design effort in a
general sense, and they also allow
designers to experiment with many
different circuit values without
incurring the time and expense
involved in actually building all the
possible variations.

In a session G paper entitled
“The Modeling and Design of
Nondissipative LC Snubber Net-
works,” for example, William
Shaughnessy, manager of drives
design at the Superior Electric Co,
will deseribe an analytical tool that
allows you to predict turn-off load
lines and peak collector voltage, as
well as the effects of circuit par-
ameters on these characteristics.

And “Computer Modeling of the
PWM Converter,” by Dr Vincent

EDN FEBRUARY 20, 1980

Bello of Norden Systems, will
describe a FORTRAN subroutine
that models the power and control
portions of de and ac small-signal
and ac large-signal gain and phase
information. To utilize this subrou-
tine, you insert it into a standard
circuit-analysis program (such as
CSC TRAC or CDC SYSCAP II)
that accepts FORTRAN subrou-
tines; the model acts as the
transfer-function specification in the
standard program.

Bello’s subroutine requires only
one statement, indicating a convert-
er’s dc input, duty cycle, input node
and output node. At the conference,
he will also develop equations
relating a converter’s duty cycle to
its error amplifier’s control voltage,
storage time and dead time.

Providing a conceptual tool as
well as a hardware-applicable model
will be David Blough and Walter
Bradley, senior engineers in
transmitter design and develop-
ment and space and information
systems, respectively, at Westing-
house Electric. In their session G
paper, “Simplifying the Analysis of
Power-Conditioning Circuits with a
Straightforward Iterative Tech-
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LOW-NOISE POWER PROCESSOR

Reduce a switching converter’s high-frequency-noise generation by inserting
the switcher's elements into a filter ladder designed to attenuate at the main
switching frequency (the major source of noise). This approach will be covered in

detail in a Powercon 7 session H paper.

nique,” they will outline a modeling
approach that implements a
piecewise-linear approximation—a
method that deals with very short
time increments during which a
nonlinear circuit can be considered
“linear for analysis purposes.

By calculating a series of such
approximations, you can predict
how a circuit will operate. The
technique thus perfectly suits
computers’ iterative capabilities;
Blough and Bradley’s model even
runs on programmable calculators.

Powercon 7 also will include
papers on many applications that
could benefit from the use of
modeling techniques — especially
high - frequency switchers, which
virtually mandate modeling to
understand their operating charac-
teristics. Session A, for example,
will include “Applying Sine-Wave
Power-Switching Techniques to the
Design of High-Frequency Off-Line
Converters,” by D A Amin, a
project manager at Hewlett-
Packard. He will describe a 200-kHz
switcher designed at HP that
capitalizes on resonant circuits to
keep its output’s harmonic content
low and thus minimize EMI
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Technology News

generation.

Amin’s unit also demonstrates
that switchers can switch wave-
forms other than square waves.
Supplies that generate sine waves
offer advantages over square-wave
units because sine waves are usually
created by the interaction of
inductors and capacitors rather than

the brute-force method of turning a
switch on and off; thus, a reactive
sine-wave circuit never attempts to
conduct full current while turning
off full voltage (current follows a
resonant pattern, as does voltage).

Sine - wave switchers’ circuit
components can operate at much
higher frequencies than the devices

required in square-wave units, and
they fit in smaller packages. But
you do pay a price: Sine-wave
switchers produce a higher peak
current.

Topology advances

Another area of interest to
power-supply designers is a session

POWERCON®7 CONFERENCE PROGRAM

I Sessions will be held on March 24 through 27 in San Diego, CA at the Town and Country Hotel. Obtain additional information by
! contacting Powercon 7, Box 5226, Ventura, CA 93003. Phone (805) 985-6978 or (805) 486-5463.

TUES MARCH 25

WED MARCH 26

THURS MARCH 27

8:30 | SESSION A: HIGH-FREQUENCY SESSION D: SEMICON- SESSION G: MODELING AND
POWER CONVERSION DUCTORS FOR POWER ANALYSIS OF POWER
CONVERSION CONVERTERS
‘ Applying sine-wave power-switching tech- The power MOSFET as a switch, from a Switching-interval modeling in very high-
niques to the design of high-frequency circuit designer's perspective frequency, high-power MOSFET
off-line converters | A new bipolar high-frequency power- converters
Optimization of board-mounted high- | switching technology eliminates load- Simplifying the analysis of power-
frequency dc/dc switching regulators line shapin? conditioning circuits with a straight-
Designing a 400-kHz switching converter The effects of radiation on the character- forward iterative technique
for bidirectional output power istics of power MOSFETs Computer-modeling the PWM inverter
| Characterization and implementation of Modeling and design of nondissipative
\ power MOSFETs in switching converters LC snubber networks
_ —
1
10:30 | BREAK \ BREAK BREAK
11:00 | SESSION B: MAGNETICS FOR ‘ SESSION E: NEW CONVERTER SESSION H: NEW CIRCUIT-
| POWER CONVERSION CONFIGURATIONS DESIGN TECHNIQUES II
Optimization of energy-storage inductors Simplifying switched-mode-converter Optimizing dynamic behavior with input/
for high-frequency dc/dc converters design with a new variable-leakage output feedforward and current-mode
A new high-flux, low-loss magnetic transformer topology ) control
material for high-frequency applications A new coupled-inductor 2-phase switching Improving converter performance and
Detecting impending core saturation in [ regulator improves device utilization reliability with a new base-drive
switched-mode power converters | A new sine-wave-output power-converter commutation method
Designing a new low-distortion ferro- | topology eliminates reactive elements Designing high-power converters for very
resonant regulating transformer [ A new magnetic switching technique low output noise
| technique simplifies off-line-converter Improvirg the efficiency of low-output-
| design voltage switched-mode converters with
| synchronous rectification
1:30 LUNCH BREAK ‘ POWERCON 7 LUNCHEON LUNCH BREAK
e R e e !
3:30 SESSION C: HIGH-POWER } SESSION F: NEW CIRCUIT- SESSION I: REDUCING
o, | TECHNIQUES | DESIGN TECHNIQUES | ANALYTICAL METHODS TO PRACTICE
Optimizing the design of very high-power, | Designing optimal base drive for high- Modeling, analysis and design of a multi-
high-performance converters | voltage switchin:?; transistors output Cuk converter
A new base-drive scheme for transistorized | Circuit techniques for eliminating primary Practical techniques for analyzing,
| electric-vehicle propulsion | current unbalance in push/pull power measuring and stabilizing feedback
Designing high-power pulsers using VMOS converters control loops in switching regulators
transistors | Designing a low-cost intelligent inrush and converters
Circuit techniques for maximizing the | limiter for off-line converters Automating the measurement of converter
efficiency of solar-array power | Factors affecting the long-term reliability dynamic properties
processors ‘ of off-line converters Techniques for computer-aiding the design
of feedback and control circuits
6:30 ' INDUSTRY-SPONSORED
o | COCKTAIL PARTY

9:00 AM TO 1:00 PM

'MON MARCH 24

PROFESSIONAL ADVANCEMENT PROGRAM

TUES MARCH 25

3:00 PM

The “business end” of the business: Market awareness

Bob Boschert, Boschert Inc; John O'Boyle, Gnostic Concepts;

John Salzer, Salzer Technology; Alberto Socolovsky,
Electronic Business Magazine

2:00 PM TO 5:30 PM
Designing very high-frequency switched-mode converters

Rudolf Severns, Intersil

2:00 PM TO 5:30 PM
Designing compact high-voltage converters for reliable performance

2:30 PM TO 6:00 PM

Dennis Hunt and Richard Kanthack, Eldec

_ TUES MARCH 25

Techniques for optimizing the design and application of high-
frequency power magnetics

Steve Smith, Quatt-Wunkery; Charles Mullett, Mullett
Associates Inc

56

New devices and applications program

Characterization and load-line optimization of ultrahigh-power
switching transistors

Using the power-MOSFET internal reverse rectifier

A new ultrahigh-speed, high-voltage switching transistor

Selecting soft ferrite materials for power-conversion
frequencies to 1 MHz

Simplifying converter power-stage design with complementary
transistor switches

Using microprocessors to internally monitor power-subsystem
performance

6:30 PM TO 7:30 PM
Measurement clinic: Using spectrum analyzers for assessing and
tracing switching-power-supply noise

Dave Leatherwood, Tektronix Power-Supply Design Group

WED MARCH 26

8:00 AM TO 11:30 AM
Techniques for developing new converter topologies
Rudolf Severns, Intersil

THURS MARCH 27

8:00 AM TO 11:30 AM
Power-MOSFET technologies
Chairman: Dave Hoffman, Siliconix
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(OyAyn=E[ls INTaRSIIL
SBC-80 A/D-D/A

Boards

OURS.......$788
Exactly Replaces

INTEL'S i 1420

$625 SINGLES
$788 SINGLES

~ » Model ST-711: 325/16D A/D Channels,
$625 (Singles)

no D/A Channels

) Model ST-732: 325/16D A/D Channels,
~_ includes 2 D/A Channels plus current
’ , $788 (Singles)
_ ) Full mechanical, electrical, and pinout
' compatibility to Intel’s SBC-711/732
Analog 1/0 Boards.

) Operates with all Multibus and SBC-

Series compatible microcomputers ,
including the 16-bit SBC-86/ 12 (except
SBC-80/04).

» Works directly from Intel’s RMX—BD
Analog 1/0 Driver operating software.

» Includes program-gatable Pacer start
clock, 1 mS to 1 sec., crystal-controlled.

» A/D inputs accept up to 16 user-installed

shunts for 4-20 mA etc. current inputs.

» Ditferential amplifier for high gain up to
X1000 (10 mV full scale range).

- ST-711RLY16D.

ST-'I“I 1RLYSD. $683 SIHGLES
..51045 SiNGI.ES

(ISOLATED)

i } 8 or 16 differential A/D channels using

a “Flying Capacitor” relay muitiplexer for
_ high common mode noise rejection (126
_dB) and high isolation (+250V RMS).

» Complete hardware and software
compatibility to Multibus and SBC-Series
microcomputers. Uses identical pro-
gramming and register assignments to
SBC-711/732, and ST-711/732 AID-

D/A boards. ~

) 10 mV to 2V input ranges including
Programmable Gain Amplmer 12 binary
_bit A/D resolution.

) Includes Diagnostic Program for
immediate TTY or CRT printout.

» Includes 10-stage Pacer Start Clock.
p ST-711RLY8D (8 Channels) $683, singles

» ST-711RLY16D (16 Channels)
$1045, singles

» Includes Programmable Gain Amplifier. 7 $595 SINGLES
p Includes Diagnostic Program tape for ~ p 4 D/A Channels plus 4 4-20 mA current
immediate TTY or CRT print-out. loop amplifiers.
ST-711RLY8D » 12 bit binary conversion; 20 micrasecond p 12 binary bits, Multibus compatible.
ST-711RLY16D throughput period. '
Datel Intel*
ST-711, $625 SBC-711, $1180 *7/16/79
DutEI price suVIngs @ ST-732 s788 SBC-732, $1420 OEM prices, 1-9
ST-724, S595 SBC-724, S1105

| | 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617)339-9341 / TWX 710-346-1953 / TLX 951340
Santa Ana, (714)835-2751, (L.A.) (213)933-7256 e Sunnyvale, CA (408)733-2424 e Gaithersburg, MD (301)840-9490

), ﬂl][l: ® Houston, (713)781-8886 e Dallas, TX (214)241-0651 OVERSEAS: DATEL (UK) LTD—TEL: ANDOVER (0264)51055

® DATEL SYSTEMS SARL 602-57-11 « DATELEK SYSTEMS GmbH (089)77-60-95  DATEL KK Tokyo 793-1031
INTEL, MULTIBUS AND RMX-80 ARE TRADEMARKS OF INTEL CORP.

For more information, Circle No 29




A LOT OF WET. GRIME, DIRT,
DUST AND HARD KNOCKS—
THAT'S LIFE, SWEETHEART!"

It's survival, kiddo. You knew all along your delicate,
technical gear needed protection.

Well, Zero had the solution, but you weren't buying.
And now, you don't have a choice. Because someday, some-
where, you're gonna need Zero Centurion® protection.

And it doesn't cost a fortune if it's Zero's Valuline in deep
drawn aluminum, or the Logo-lite® line in ABS plastic. On
the other hand, if money’s no object the Elite line's first class
all the way.

Well, that's it! You got yourself into this mess, now
Zero Centurion's the only safe way out. So take a dime pal,
call your local Zero distributor. He has cases ready for
immediate delivery. Or, for prompt assistance or our latest
catalog, call us direct, or circle your needs on the reader

service card.
ZEERO

WE MAKE YOU LOOK GOOD.

Zero Corporation « Burbank, CA 213/846-4191 « Monson, MA 413/267-5561

Call me, I'm interested. Circle no 52.
Mail catalog. Circle no 53.

News

(E) on new converter configura-
tions. A paper by Dr Hiromitso
Hirayama of TDK, for example, will
describe a variable-leakage trans-
former topology that reduces a
switched-mode supply’s cost; the
design regulates the supply’s
output voltage by means of a
low-level dc current in its output
transformer’s control winding.

Also in session E, Wally Rippel, a
member of the technical staff at the
Cal Tech Jet Propulsion Lab, will
introduce a 2 - phase switching
regulator that employs negative
coupling between its inductances to
improve switching-device utilization
and reduce inductor losses—yet
retains the low input and output
ripple characteristic of 2-phase
systems.

Session H will provide some
additional examples of new circuit
configurations: In “Optimizing
Dynamic Behavior with Input/
Output Feedforward and Current-
Mode Control,” project engineer
Richard Redl and president Nason
Sokal of Design Automation will
discuss current-load converters—
supplies that switch current sources
rather than voltage (an approach
employed widely in Europe).

This session will also include
“Designing High-Power Converters
for Very Low Output Noise,” by
Steve Smith, director of research at
Quatt - Wunkery. Smith suggests
that if you must design a very
low-noise power converter for an
application such as a radar
installation, you begin by eliminat-
ing the supply’s major noise
component before you design the
actual power sections.

In a 30-kHz switcher, for
example, the primary noise compo-
nent occurs at 30 kHz, so you would
first design a filter ladder that
attenuates signals at that frequency
(figure). Then you would insert the
power converter’s sections in series
with certain filter-ladder elements,
integrating the filter and converter
into one unit capable of limiting
noise to 100 dB down.
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And now
6-bit, 33nsec
A/D converter

onlyﬂeﬁ$93

We're doing it again. We shook up the
industry when we developed and
introduced our monolithic video speed
A/D converters. Now, because of
increased sales and production capa-
bilities, we're able to slash the price

of our 6-bit device, TDC-1014J to only
$93 (in 100s).

Because of its exceptional accu-
racy, no sample and hold requirement,
a 33nsec conversion time, and power
needs of only 750mW, the TDC-1014J

EDN FEBRUARY 20, 1980

has become popular in many video Let us show you how you can go

speed applications. digital...economically. Available from
This new low price will also make stock from Hamilton /Avnet. Forimme-

it interesting to designers who have diate information call (213) 535-1831,

been using 4- or 5-bit converters but or send coupon. TRW keeps you

have longed for higher resolution. ahead in digital signal processing.

TRW LSI Products Eatar

An Electronic Components Division of TRW Inc.
P.O.Box 1125
Redondo Beach, CA 90278

Please send data on the new TDC-10144J 6-bit monolithic video A/D converter.

Name

Company

Div/Dept Mail Code
Address

City

State Zip

TRW/ s probucTs

...for Digital Signal Processing
For more information, Circle No 30
59




If you
standardize on
BUCHANAN. i

you don't have to
standardize!

All you need is a BUCHANAN®
Terminal Block Catalog. You can
choose from the largest, most
diversified, most flexible line in
the industry: more types, sizes,
designs, and modules than you can
get from any other source —
including some that you can’t get
anywhere else. And large stocks
are always available near you,

at any of our 150 distributors

(far more than anyone else).

This 70-page catalog will show
you how to optimize your designs
without custom costs. How to
satisfy requirements exactly, from
standard, stock-model parts, at
the low prices made possible only
by our high-volume production
and distribution facilities. Here are
just a few of the solutions we
offer to your termination problems
— right out of the catalog:
® Unlimited terminal-capacity

accommodation, by assembly

of snap-fit modules.

@ Accept sizes from #30 AWG
through 600 MCM

" CONTROL PRODUCTS
, DIVISION

® Current ratings up to 455 Am-
peres; voltage ratings to 2 kV.

@ Service temperature ratings to
150°C (302°F).
e Fuse, switch, and circuit-breaker
blocks.

® UL Recognition, CSA listing.
Get your personal copy of this
invaluable catalog, and start saving
time, money, and stockroom space
immediately. Get to see the best
in termination technology — use
the Reader Service Card.

Amerace Corporation, Control Products Division, Union, NJ 07083 U.S.A.
BUCHANAN® Terminal Blocks, Barrier Strips, & 1/0 Connectors.
AGASTAT® Time-Delay Relays, Control Relays, & Programmable Switches.

For more information, Circle No 31

® Nylon, polypropylene, or phenolic
housings; UL flammability ratings.

|
' News

' Semiconductor

Bipolar marries MOSFET

One of the factors that make new
converter configurations possible is
semiconductor innovation. A ses-
sion D paper by staff engineer
William Skanadore of General
Industries Inc,
entitled “A New Bipolar High-
Frequency Power-Switching Tech-
nology Eliminates Load-Line Shap-
ing,” will introduce a device that
should initiate improved converter
designs. This component combines
the high-power -capabilities of
bipolar technology with MOSFETS’
high-frequency characteristics and
further features an insensitivity to
inductive load lines.

Several Powercon papers will also
report on the value of more
conventional MOSFETSs for power-
conversion purposes. Among these
offerings are “Characterization
and Implementation of Power
MOSFETs in Switching Convert-

rs” (describing how the devices
operate in actual circuits), by Cal
Tech’s Erickson, Behen, Middle-
brook and Cuk; and “The Power

| MOSFET as a Switch, from a

| Circuit

Designer’s Perspective”

| (describing the devices’ good and
' bad points), by Hewlett-Packard’s

Gyma, Hyde and Schwartz.
In addition to advanced-
semiconductor coverage, Powercon

| will also include the introduction of

“A New High-Flux, Low-Loss
Magnetic Material for High-
Frequency Applications” (session
B), by research engineer David
Nathasingh and project engineer
Carl Smith of the Allied Chemical
Corp. This amorphous metal/glass
alloy provides such characteristics
as a 16,100G saturation magnetiza-
tion and losses at 125°C equal to half
those of permalloy. Although the
material isn’t currently in produc-
tion, its low-loss attributes could
allow designers to develop much
smaller high-frequency converters
than are now possible. EDN
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Run SCOUT, run. /)

Oh, oh! See the red light?
It means SCOUT "does
not feel good. That can
sometimes happen with
minicomputers.

Oh, dear. This will cost
a bundle to fix, won’t it?

No, no. SCOUT has
ISOLITE: It lights ared |
light to tell which board |
is bad. Bad board!

. So all you do is .
replace the board S
@ with a spare quarter card.

It does not take a computer
genius to make SCOUT run again. All
it takes is three minutes.
Think how much money the OEM
_and the end user will save!
Are you an OEM or an end user?

as they are
very good.
Also, they are

You should buy lots of SCOUTS

PPt -

: See SCOUT run.

And save more time and money than you ever

a very good deal. B Geit hee comT
caicrl oy oo
CPU, 1/0, 32K RAM

and card cage. And Name Title

with ISOLITE, your Company

system is up more, Address

SO you get more run City State  Zip

for your money. ComputerAutomation

NAKED MINI® Division

Run SCOUT’ run. Where OEM’s come first.

‘SCOUT AND ISOLITE are registered trademarks
of Computer Automation, Inc.

18651 Von Karman, Irvine, CA 92713

e

For more information, Circle No 32
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perfection in the universe of power.




BUX48

Computer designed Refined SGS-ATES Quasi-planar base minimizes

geometry to optimize Multiepitaxial structure to electrical fields on surfaces to

speed and ls/b optimize Es/p. assure optimum voltage
ratings, thermal stability and
reliability.

Family features Complete range: BUX 48+
Vceo 300 - 450 V Es/b (Clamp) 10A at 450V

VcBo 400 - 900 V ton and tfaii 200 ns at 10A/2A 2N6546 BUW 44 BUW 46 BUX 14

Ic 15 (30 peak) A VCE (sat) 0.3V at 10A/2A 2N6547 BUW 45 BUW 76
PD125 . 175 W

BUX48 and a complete family of mesa-multiepitaxial transistors
from SGS-ATES for mains operated switching applications.
SGS-ATES has gained a position as a world wide authority in the field of
switch mode power supply transistors. We produce a range of devices -
both high voltage and high current, PNP and NPN, transistors and darlin-
gtons - that covers every application, including both mains and battery.

Not only the BUX48, but each member of the SGS-ATES switch mode power

supply transistor range provides the best balance between speed, rug-
gedness, saturation and cost.

Minute details matter.

SGS-ATES Semiconductor Corporation - Waltham, MA 02154 - 240 Bear Hill Road - Tel. (617) 890-6688 - Tix 923495 ¢ Des Plaines, IL 60018 - 2340 Des Plaines Ave -

Tel. (312) 296-4035 - Tix 28247. » Representatives: AL: REP INC - Huntsville (205) 881-9270 e« AZ: HECHT, HENSCHEN - Phoenix (602) 275-4411 « CA: KAPLAN - Carlsbad

(714) 438-4488 » CA: KOTTMEIER - San Carlos (415) 592-8333  CA: RICAL - Santa Ana (714) 557-6543 « CO: ELCOM - Englewood (303) 770-4400 e FL: DYNE-A-MARK -

Ft. Lauderdale (305) 771-6501 ® GA: REP INC - Tucker (404) 938-4358 e IL: GOTTLIEB - Chicago (312) 775-1151 e IN: LATTRONICS - Indianapolis (317) 846-5788 e KS: KEBCO -
Overland P. (913) 649-1051  MI: GREINER - Grosse Point (313) 499-0188 ¢ MN: GREEN - Minneapolis (612) 571-6738 ¢ MO: KEBCO - Maryland H. (314) 576-4111 e NY: J-SQUARE -
Westbury (516) 997-6210 » NY: EISS - Rochester (716) 328-3000 ® NC: REP INC - Raleigh (919) 851-3007 e OH: KRW - Cleveland (216) 741-4711 « OR: R & R - Portland

(503) 292-4406 » PA: NEWSON - Flourtown (215) 248-3377 e IN: REP INC - Jefferson City (615) 475-4105 e TX: WEST - Dallas (214) 661-9400 » UT: ELCOM - Salt Lake City

(801) 532-7940 « WA: R & R - Kent (206) 251-5396 « CANADA: ARMATEL - Toronto (416) 630-8463 « MEXICO: MEXEL - Mexico City (905) 575-7868.

For more information, Circle No 33




Want high performanceina

field-proven RAM tester?
Then test drive the new 1980 Macrodata M-1!

The big industry news last
year was the introduction of the
Macrodata M-1 memory device
tester. The big news this year is that
the 1980 version of the Macrodata
M-1 is even better and easier than
ever to use.

Look at these outstanding
features:
® with operator prompting, it's easy

for anyone to use — product
engineers, production test engi-
neers, maintenance engineers,
technical operators.

one-year solid operating base of
field experience.

fully automatic software calibra-
tion (Auto-Cal) without the need

for special jigs or fixtures.
available with wafer probe head
or automatic handler interfaces.
system now available with inter-
active shmoo package, 20-MHz
Raster Scan System, extensive
system diagnostics.
same powerful DEC LSI-11 com-
puter as used in the Macrodata
MD-207/11 memory board tester.
That's why we say, if you
haven't seen the Macrodata M-1
lately, you haven't seen anything in
state-of-the-art memory device
testers. Send for the new M-1 bro-
chure, or arrange to bring in your
favorite static RAMs (fast or slow),
16K or 64K dynamic RAMs, and test

For more information, Circle No 34

drive the 1980 M-1 today.

Eaton Corporation, Semiconductor
Test Systems Division, 21135 Erwin
Street, Woodland Hills, CA 91365.
Phone (213) 887-5550. Telex 69-8489.

Canada: (416) 678-1500

France: (01) 907 78 44

Germany & Switzerland:

(089) 903 73 73

Italy: (02) 4154 141/2/3

Japan: (03) 591 2261

Scandinavia: (08) 87 94 90

UK & Benelux: (0628) 32 336

E T N Ecmiconductor
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Technology News

Computerized copilot with advanced skills
could stem from control-system research

Recently initiated research might
someday lead to machines that can
understand, interpret and correct
problems. The project aims at
devising a computer that contains
not only the data needed to fly an
airliner, but also the knowledge
needed to monitor inputs and
interpret actual and potential
problems, thus providing invaluable
assistance to the flight crew.
Because the new computer would
combine its data and programming
into a single unit, it would be able to
apply its knowledge of the data
base, analyze a problem, compute
the solution, warn the pilot through
synthesized voice communication
and provide instructions to correct
the problem—all within a few
seconds. To obtain further informa-

tion, the pilot would merely voice a
request to the computer as though it
were a member of the crew.

4-level knowledge base

A team at the University of
Illinois, Urbana - Champaign, is
developing the experimental com-
puter system. Headed by Prof R T
Chien, director of the school’s
Coordinated Science Laboratory,
the group is attempting to produce
a comprehensive knowledge base
for a particular type of airplane
model so that the computer can
determine the correct procedure to
follow in unexpected situations.

The researchers have organized
this knowledge base into four
increasingly complex levels:

¢ Flight plan—The computer

must monitor this data from
take-off to landing.

e Aircraft aerodynamics—The
computer must not stress the
airframe beyond design limits.

« Aircraft controls—The com-
puter must adjust control
settings in response to chang-
ing environmental conditions.

¢ Aircraft mechanical and
electrical subsystems — In
addition to detecting malfunc-
tions as they occur, the
computer must monitor sys-
tem trends to predict failures.

The research group expects to

produce an operating laboratory
model of the computer within 3 yrs.
It will then turn over the design to a
private company for adaptation to
commercial use. EDN

HOW TO ADD

CONDUCTIVITY TO PLASTIC
HOUSINGS WITHOUT
ADDING A LOT OF COSTS.

You don’t need special sur-
face preparation, complicated
equipment or special training to
apply Xecote® Conductive Coat-
ing by Metex.

All you need is a standard
sprayer and a gallon of Xecote
per 270 square feet.

Xecote adheres to a wide
range of plastics. And, when
used with Xeprime® Primer, it
adheres to polyester substrates,
carbon fiber, Kevlar and iridited
aluminum.

No other shielding company
gives you that option. Then
again, no other shielding com-
pany gives you as many options
as Metex.

The producer of the largest
line of shielding products in the
world.
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So if you want a conductive
coating that’s as easy to use as
paint, write or call: Metex
Electronic Shielding Group, a
unit of Metex Corporation, 970
New Durham Rd., Edison, NJ
08817. (201) 287-0800.

Or 20437 S. Western Avenue,
Torrance, Calif., 90501.

(213) 320-8910.

For more information, Circle No 35

XECOTE®
SPECIFICATIONS:

Surface Resistivity: Less than 1 chm
per square at .002-.003 inches dry
per ASTM-D257.

Shielding Effectiveness: Better than
40db.

Adhesion: Passed crosshatch tape
test ASTM D-3359 after thermal
shock and humidity aging. Passed
48-hour salt spray test per MIL 202E.

Application: Use standard pres-
surized spray equipment.

Typical Substrates: Acrylics,
Polycarbonate, ABS, Polyphenylene
Oxide and similar plastics.

METEX

ELECTRONIC SHIELDING GROUP
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The recent escalations
in the cost of tantalum
materials concem
everyone who must
pay more for tantalum
capacitors. The
situation is very similar
to the oil crunch and
automobiles.

In both cases, the
true supply situation

Dr. John Piper
Manager of Research and is distorted by Spot
Development

Electronics Division shortages and

Union Carbide Corporation  gpeculation. Potential

substitutes for cars or tantalum capacitors are
often discussed but, in reality, are quite

unattractive. The intelligent way out is through
more exploration, expanded production and

TANTALUM
TECHNOLOGY:
CAN IT GIVE US
MORE CAPACITORS
PER POUND?

Now, the job is to get this innovation out of
the pilot plants, into production, and on to you.
We are in an excellent position to do the job,
because we have both KEMET Capacitor’s
own extensive research, development and
engineering staffs, plus the vast technical
resources of Union Carbide Corporation
backing us up.

KEMET technology is proud to play a
major role in easing the tantalum crunch.

Our work, together with expanded production
and new mineral exploration, will assure you
of a continuous supply of quality KEMET
solid tantalum capacitors to meet your
highest performance requirements at a
reasonable cost.

That’s our commitment to you.

greater conservation.

Conservation—more capacitors per pound
of tantalum—is where KEMET® Capacitor’s
R&D will make its biggest impact. We have, in
fact, surprised ourselves by making in the lab
solid tantalum capacitors with conventional
KEMET Capacitor quality, but using only
a fraction of the tantalum. The tantalum
savings are so great, they largely offset the
cost increases of materials during the last
two years.
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St e —

LI ELECTRONICS DIVISION
g COMPONENTS DEPARTMENT

Box 5928, Greenville, SC 29606

Phone: (803) 963-6300; TWX: 810-287-2536, Telex: 57-0496

In Europe: Union Carbide Europe, S.A. 5, Rue Pedro-Meylan,
Geneva 17, Switzerland. Phone: 022/47 4411 Telex: 845-22253
Union Carbide U K. Limited Phone: 0325 315181

KEMET is a registered trademark of Union Carbide Corporation

EDN FEBRUARY 20, 1980



Editor’'s Choice: New Products

500W open-frame switching supply
offers many features at low cost

Specifically designed to provide
power for large logic systems,
the 5J5 switcher furnishes many
standard features that competi-
tive units offer only as options.
These features (including a
logic - inhibit input, remote
voltage - adjustment capability
and a power-fail sense output),
coupled with high-efficiency
operation, suit the unit to
supplying solid - state - memory
power requirements.

One factor that helps the 5J5
achieve its high efficiency rating
(80%) is its cooling - system
design. This open-frame unit
doesn’t incorporate a fan—a
low-efficiency device when
operating in the voltage ranges
required by memory systems.
Instead, it utilizes a proprietary
heat-sinking arrangement that
involves no massive hardware.

The 500W supply accepts
either of two input-voltage
spreads—90 to 132V and 180 to
264V—and can operate in a 47-
to 63-Hz range. Available
output values include 5V at
100A, 12V at 41A, 15V at 34A
and 24V at 22A.

Status reassurance

Perhaps the most notable
special feature is a set of four
LEDs mounted on the supply to
display system status. These
indicators tell the user if ac
power is on, if dc output is on
and if the unit is locked out
because of an overtemperature
or overvoltage condition. The
LEDs primarily serve to
reassure users that a nonoperat-
ing unit is in a protective mode
rather than “blown.”

Among the other standard

Providing 500W of power to /large memory systems, the open-frame 5J5 switching
supply fits in the same space as similar boxed units. The four LEDs on the front display
the switcher's operating status.

features of the single - IC-
controlled supply are several
remote-sense and -adjustment
provisions. A logic-inhibit input,
for example, allows a TTL
signal to turn the unit on and
off —thus permitting you to
sequence several supplies. You
can also remotely adjust the
supply’s voltage via a pot
connected across the appropri-
ate terminals.

Dependable operation

To augment its remote-sense
capability and overvoltage
protection, the 5J5 incorporates
several features to assure
reliability. Foldback current
limiting, for example, protects
the unit against an overload or
short-circuit condition by sens-
ing both the output voltage and
a reference voltage. And a
thermal - protection function
shuts down the supply if its

temperature rises too high. (The
5J5 operates at full load
between 0 and 40°C.)

In addition to protecting
itself, the supply also helps
prevent memory loss when the
power-line voltage fails or falls
below preset limits.

The 5J5 incorporates filters on
both its input and output to
prevent noise from arising on
the power line and to avoid RFI
problems. And each supply in
the line is burned in and cycled
before shipping; the unit carries
an estimated MTBF of 100,000
hrs of continuous operation.

Because the switcher fits the
industry - standard footprint
(10x7.75%x4.94 in.), it can
directly replace existing units
without modification. $395.

Sierracin Power Systems,
20536 Plummer St, Chats-
worth, CA 91311. Phone (213)
998-9873. Circle No 453
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ONE (JIGAHERTZ

ReALTIME BANDWIDTH

See what you’ve

never seen before.

Now Tektronix proudly announces its
new 1 GHz real-time scope, the 7104.
Rise time: 350 ps. Plus a 10mV/div -
1V/div vertical sensitivity, and a 20 cm/ns
writing rate so any signal, single-shot or
repetitive, can be seen and photo-
graphed. A window into a world previ-
ously invisible.

As part of the Tektronix Plug-In family,
the 7104 is compatible with 7000-Series
plug-in units. Including several new
ones that take the 7104 to the limits of its
specifications. In addition, the 7104
opens a whole new world of technology,

Tekironix 704 OSCILLOSCOPE

both in circuit design and crt operation.

Throughout the history of science, im-
portant discoveries have been made pos-
sible by similar advances in instrumenta-
tion. We believe the 7104 represents such
an advance.

The Tektronix 7104 Plug-In Oscillo-
scope. See what you've never seen before.

Tektronix

COMMITTED TO EXCELLENCE

For literature, call (800) 547-1512 toll free.



Editor’s Choice: New Products

$205 hybrid A/D converter
sports 600-nsec conversion time

Hybrid circuit technology is a
means to an end, not an end in
itself. In the ADC-815, that end
is not small size, but speed.

The converter’s conductor
patterns, for example, are
precisely laid out to achieve
ultrahigh-speed operation. Also,
the hybrid components are
located as close together as
possible to minimize delays. The
result? A guaranteed 600-nsec
conversion time.

Interestingly, both the resis-
tors and the conductor patterns
in the data converter are
fabricated by means of thin-film
processes. The nichrome resis-
tor networks are deposited
directly on the 3-pin. ultra-
smooth ceramic substrate, then
actively laser trimmed to
achieve %-LSB max integral
and differential nonlinearity.

Stability with respect ‘to
temperature is good: Gain TC
measures 20 ppm/°C max over 0
to 70°C, zero drift is 100 wV/°C
max, and offset TC is 10 ppm/°C
max. The spec for long-term
stability equals +0.05%/yr typ.

Programmed input

In addition to its exceptionally
fast conversion rate (up to 1.67
MHz), the ADC-815 features
six pin-programmable input-
voltage ranges—+5, +10, +20,
*+2.5, =5 and =10V — for
maximum application flexibility.
A logic input switches the
converter from unipolar to
bipolar operation.

Output coding can be straight
binary, offset binary or two’s
complement. The converter also
provides outputs for serial data,
clock and status.

BINTEKIL

A/D CONVERTER

ADC-815GC
. MADE IN USA

Faster than a speeding starfighter? Not really, but the competitively priced ADC-815
claims a 50% or better speed increase over its competition. A complete
successive-approximation-type converter, the hybrid device incorporates program-
mable input ranges and output coding and specs 0.02%/% max power-supply

rejection.

Serves varied uses

Aimed at such demanding
applications as pattern recogni-
tion, telecommunications, fast-
servo and radar systems,
computer typesetting and high-
speed instrumentation and test
equipment, the ADC-815 comes
in a 24-pin hermetically sealed
ceramic DIP with 0.6-in. pin

rows. It requires *=15 and 5V
supplies.

Extended-temperature-range
versions and a slower 1-psec
model (ADC-825) are also
offered. Delivery, 8 to 12 wks
ARO.

Datel-Intersil, 11 Cabot Bivd,
Mansfield, MA 02048. Phone
(617) 339-9341. Circle No 454

JOB
SHOPPING?

Check EDN'’s Career Opportunities

EDN: Everything Designers Need

EDN FEBRUARY 20, 1980
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2 “TI conneclors help me
innovale with microprocessors.
And AMP makes more

1IF conneclors than anyone’

1. Large boards mate 2. ZIF Connectors 3. All board edges
easily without damage replace card guides can be used for I/O's

EDN FEBRUARY 20, 1980



AMP ZIF connectors—for Zero Insertion
Force—give you more ways than ever
to take advantage of microprocessor
technology. While providing you with
extra benefits of their own.

Benefits that allow you to design-in
such features as larger pc boards, higher
density packaging, and modular “add-
on” capability.

ZIF connectors will also eliminate
problems. Such as back panels, worn
contacts, and board damage during test
or insertion. And when you use ZIF con-
nectors as card guides, all four sides of
the board are available for interconnect,
SO you can shorten circuit traces, reduce
voltage drops, and separate power and
signal circuits, economically.

To help you accomplish all this,
AMP provides three principal types of
ZIF connectors: Rotary Cam Actuated

Edge connectors, Linear Cam Actuated
Edge connectors, and our exclusive
Stacking connectors.

All of them are designed to enhance
your interconnections while providing
easy board insertion. Just open the
contacts with the cam, slide in your
board from the edge or the top, and
close the contacts the same way. No
auxiliary devices or mallets. And later
access to the board is easier, too.

Of course, AMP ZIF connectors also
come with full engineering support for
technical assistance, whenever, or wher-
ever you need it.

For more information about the advan-
tages of ZIF connectors and how you
can use them in your innovative designs,
simply call or write us.

AMP has a better way.

connectors:
Rotary Cam Actuated

Some facts worth knowing about AMP ZIF

« 100" x.200" .125" x .250", or .156" x .200"
contact centers

* sizes up to 65-dual positions

¢ open or closed ended with pc board
registration lock

* available in versions that sequentially actuate
ground, power and signal circuits

Linear Cam Actuated

e 100" x.100" or.125" x .125" centers

« available as complete assemblies or separate
components

* sizes up to 140-dual positions

« high normal force design eliminates the need
for gold board edge fingers

« top or side entry for maximum design flexibility

Stacking

+ 100" x .100" centers, ideal for bus organized
circuits

« provides shorter electrical paths between
boards

» eliminates need for backplanes

 sizes up to 50-dual positions

Where to call: ZIF Connector Information Desk,
(717) 780-8400.

Where to write: AMP Incorporated, Harrisburg,
PA 17105.

AMP is a trademark of AMP Incorporated

5. Ideal for test

4. Stacking ZIF's
eliminate backplanes equipment

For more information, Circle No 36
EDN FEBRUARY 20, 1980




Ask vourself some
fitting questions
about test fixturing.

Teradyne L527
Assembly Inspector

ATEC
Series 55-150

Will ATEC test fix-
turing really fit into
my production scheme and solve my in-circuit and
functional test problems?
You bet it will. We've fixtured hundreds of
test sets for a variety of products. The
system works, and it works well.

" X
Is there a fixturing S )
system that fits per- N e
fectly with my present test set? >/'3/J
Yes. The ATEC Series 33. No matter what test set
you presently use, ATEC Series 33 has test
fixturing that fits. That means it mates
with the GenRad 2270, the Teradyne
L527, the Hewlett-Packard 3060A and,
of course, the ATEC Series 55 test sets.

The ATEC Series 33 fits perfectly with
these and many more.

Will the ATEC
@® Series 33 fit my
But will it fit different
product sizes?

Yes! The Series 33 Inter-

face Adaptor accepts

a variety of product sizes by
simply changing the test
head. There's no need to
purchase a different

adaptor for different

product sizes.

The Series 33 Inter-
changeable Test Heads

are configured to the

specific test point pattern

of your product. They can
accommodate products

up to 20 x 24 inches with up to
2048 test points.

3.

What if my  GenRad 2270 In-Circun
Functional Test System

budget?
Yes! It's cost efficient for both in-
circuit and functional test systems.
Besides, every moment you don't have
reliable test fixturing costs you money.
It also costs you time and frustration,
something nobody can afford.

HAROLD REDSHAW
Sales Coordinator
ATEC, Pomona

. Hewlett-Packard
HP3060A Board Test System

™
ATEC Does the ATEC Series 33 fit all

product my fixturing needs?

doesn’t fit the standard fixturing? /E\gifyh?é;ﬁgg;gcs);AﬂON Definitely. The Series 33 has been expertly
Give us a sample product or suitable artwork, engineered for reliability, skillfully assembled
and we’'ll build fixturing to fit it. No problem, 2887 NORTH TOWNE AVENUE for durability, economically priced for

no trouble, no big expense. We've been POMONA, CALIFORNIA 91767 affordability. For test fixturing that fits any
making custom test fixturing a long time, and 714 621-9511 test system you're thinking about, there’s no
we're good at it. TWX 910-581-3838 question about it. ATEC Series 33.

AN EVERETT/CHARLES COMPANY

U vEmETT CHARLES. /-

79 For more information, Circle No 37 EDN FEBRUARY 20, 1980



Editor’s Choice: New Products

Low-noise, low-distortion audio IC
packs its capabilities in an 8-pin DIP

Lacking only a very high-power
output stage, the MA-332-CP
audio operational amplifier
provides a nearly complete
high-fidelity audio amplifier in
one & - pin mini - DIP. This
monolithic IC incorporates a
low-noise bipolar differential
input stage and a true
complementary Class AB output
stage.

Operating at =24V, the
device can drive a 600Q) load to
+20V with a maximum total
harmonic distortion of 0.002%.
And its input characteristics are
equally impressive: With 1-kHz
spot-noise specs of 3.5 nV/VHz
and 400 pA/VHz, the chip
compares exactly with Signet-
ics’ low-noise NE5545 op amp.

DC coupling permitted

In true op-amp style, the 332
boasts typical power-supply and
common-mode rejection ratios of

100 dB. In addition, a 5-mV max
input offset voltage (trimmable
to zero by conventional meth-
ods), combined with a 1-pwA max
input bias-current requirement,
suits the unit to dc applications.

The usual tradeoffs required
among differential input-
impedance (100 kQ2), input-bias-
current and noise-performance
specs are well balanced in the
332. Input noise-voltage spec-
tral density typically amounts to
only 3.5 nV/VHz from 100 Hz to
100 kHz; below the 100-Hz knee,
a 1/f noise component appears,
and this spec rises at a
3-dB/octave (10-dB/decade) rate
to 7 nV/VHz typ at 30 Hz.

The knee of the input noise
current occurs at 300 Hz: From
this point up to 100 kHz, the
parameter reaches a maximum
of 400 pA/ VHz; below the knee it
also rises at a 3-dB/octave rate.
These values equate to a

A nearly complete high-quality audio system, the MA-332-CP combines a
3.5-nV/\JHz input-noise spec with a 100-dB open-loop gain and a =20V output drive
capability into a 600} load. Operating from =24V, it draws a quiescent current of only
5 mA and operates stably enough for dc applications.

broadband (20 Hz to 20 kHz)
equivalent input noise voltage
(referenced to 600€2) of only 529
nV rms—an impressive figure,
considering that a standard
phonograph cartridge typically
generates a 700-nV-rms equiva-
lent output noise over the same
bandwidth.

If high-speed capability re-
lates to low total harmonic
distortion, then the 332’s typical
0.00056% THD figure isn’t
unexpected: The chip also sports
a 20V/usec slew rate and a
30-MHz gain-bandwidth prod-
uct. An additional contributor to
low-distortion performance is
the device’s high dynamic
range—127 dB.

Applications abound

With these performance
specs, the 332 should find its
way into many sockets. Even
without additional outboard
power devices, it should work
well in many servo applications,
such as X-Y-recorder drivers
(for which both power and speed
are essential) and the control of
magnetic-tape and floppy-dise
heads.

The amplifier’s low input-
noise and high output-drive
capabilities will also interest
remote-instrumentation-system
designers — especially for
seismic-monitoring applications
that can employ the device in
direct - coupled arrangements.
And obviously, high-fidelity
audio-amplifier designs can put
the part to good use. $6.75 (25).

Analog Systems, Box 35879,
Tucson, AZ 85740. Phone (602)
299-9831. Circle No 455

EDN FEBRUARY 20, 1980
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Wedidn't

the

get tothe
most

8-bit

The record speaks for itself. An
independent survey revealedthat
during the first 9 months of 1979
General Instrument had topped all
rivals by delivering over two and
one-half million 8-bit microcom-
puters. That's more than twice as
much as our nearest competitor.
While it is a most impressive
record, to be sure, it's a direct reflec-
tion of the success and acceptance
of General Instrument’s philosophy:
To provide products of consistent
high quality, backed by comprehen-
sive support and customer service,
at competitive prices. Simply stated,
we deliver more 8-bit microcompu-
ters, because our microcomputers
deliver more to our customers.
Specifically, our popular PIC
family consists of the PIC 1650A with
512, 12-bit words of Read-Only-
Memory, 32, 8-bit bytes of RAM, 32
I/O lines, real-time clock counter
and two-level stack, packaged in a
40-pin DIP. The PIC 1655A is a
reduced I/O version,20 I/0O lines,
packaged in a space-saving 28-pin
DIP. Another version, the PIC 1656,
has both external and internal inter-
rupts, three-level stack and 20 I/O

|

8-BIT MICROCOMPUTERS SHIPPED
THE FIRST THREE QUARTERS OF 1979

COMPANY
A

lines in a 28-pin DIP. A development
microcomputer, without the ROM, is
also available.

All PIC series chips feature a
powerful 12-bit instruction set, in-
stead of the usual 8-bit instruction
word offered by other manufac-

COMPANY COMPANY
B C
Source: DATAQUEST
turers, which allows applications
with far less ROM.

So much for what we make.
What our customers make of it is
something else again. Our 8-bit
microcomputers have proven them-




iop by just delivering
microcomputers.

selves in a wide variety of applica-
tions, including vending machines,
consumer appliances such as wash-
ing machines and vacuum cleaners,
electronic games, keyboards, dis-
play drives, TV/radio tuning systems,
industrial timers, motor controls,
security systems and automotive
dashboard instrumentation. And as
long a list as we may come up with,
it still isn’t long enough, because

even as you rereading this, someone
is designing a PIC into yet another
challenging product application.

No matter how good a product
may be —and ours is second to
none — it needs the proper support
to realize its full potential. Which is
why we offer a complete, inexpen-
sive set of hardware and software
aids. This helps our customers in
their design, development, and eval-
uation of a particular application.

Software includes PICAL, a two-
pass assembler program, which
allows the use of mnemonics and
labels when writing the application
program. By attaching our PICES

In-Circuit Emulation System to any
host computer, you instantly have a
single-station PIC development sys-
tem. Rounding out the support
group is the PFD Series of PIC Field
Demo systems which emulates the
PIC Product Line, enabling the dem-
onstration of anapplication program
in the field before it's committed to
a masked ROM.

And, as you'd expect, we pro-
vide a complete library of informa-
tion documenting all there is to
know about our systems, including a
PICAL User Manual, PICES Data
Manual, PIC Handbook and PFD
Series Data Manual — all yours for
the asking. For more information,
write or call General Instrument
Microelectronics, 600 West John
Street, Hicksville, New York 11802,
orcall (516) 733-3107.

We help you compete.

GENERAL
INSTRUMENT




HIGH CAPACITANCE
PER CASE SIZE

Values as high as 7,400 .F @ 200 VDC in a 3" x 5.625" case.

HIGH RIPPLE CURRENT
CAPABILITY
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Curve plotted in gray shows ripple current capability for
capacitors rated at 200 VDC while curve plotted in blue shows
ripple current limits for capacitors rated at 250 VDC.
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Curve plotted in gray represents capacitors rated at 200 VDC.
Curve plotted in blue represents capacitors rated at 250 VDC.

A RATING TO MEET
YOUR NEEDS
>

| Sprague Type 623D Extralytic® Input Filter Capacitors are
available in 20 standard ratings ranging from 260.F to 7400 . F.

New Sprague Type 623D
Input Filter Gapacitors
for switched-mode power supplies

Sprague’s new Type 623D Extralytic® Capacitors have
been expressly designed to fit both tight space and
tight budget requirements ... plus provide superior
performance in off-line switching-type applications.

A few of the prime advantages of these new
capacitors are highlighted above. Most important,
though, is the fact that you can select from standard rat-
ings to zero-in on your power supply requirements

SEC i

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

without paying for costly specials that necessitate
slower deliveries.

For detailed technical data, write for Engineer-
ing Bulletin 3461 to: Technical Literature Service,
Sprague Electric Company, 491 Marshall St., North
Adams, Mass. 01247.

4SE-9115

THE MARK OF RELIABILITY

a subsidiary of GK Technologies

Incorporated

For more information, Circle No 38
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Edited by Ed Teja

uComputerist Corner

Interchange TRS-80 print statements

Henry G Riekers
Glen Burnie, MD

Interchanging PRINT (print to CRT) and LPRINT
(print to line printer) statements when writing,
debugging and documenting TRS-80 programs
sometimes proves necessary. Although many meth-
ods to accomplish this task exist, they risk loss of
program control and possible program loss as well.

Tag this routine at the end of your TRS-80 programs to provide
dynamic interchange of PRINT and LPRINT statement types.

The short routine shown in the figure, when located
at the end of a program, alleviates these concerns.
When activated, it searches through the program,
automatically making the required changes.

The routine searches for PRINT or LPRINT
commands followed by a space and makes the
necessary replacement. (The trailing space is
essential—it prevents the routine from becoming
confused by line numbers or stored data with values
equivalent to those of PRINT or LPRINT. Thus,
leave a space after those specific PRINT or LPRINT
statements you wish changed.)

Initiate the routine by typing RUN32000. When
the question mark appears, enter PRINT (to change
all LPRINTSs to PRINTS) or LPRINT (to change all
PRINTSs to LPRINTS). If you enter any other input,
the program automatically converts LPRINTSs to
PRINTS.

The routine edits in up to 4k of memory—in
approximately 1 min of CPU time. To extend the edit
to cover 16k, change line 32030 so that the larger
number is 32766. EDN

Circuit generates pseudorandom numbers

Edward L Cordell
Teledyne Electronics, Newbury Park, CA

A simple random-number generator, such as the one
outlined in Fig 1, provides 8-bit outputs; you can
rewire it to furnish longer words if necessary. Fully

8-STAGE SHIFT REGISTER
1 3 8

64-STAGE SHIFT REGISTER
= bl o TOTAL
STAGES =67

7-STAGE COUNTER \_ %

RESET TO
COUNTER

Fig 1—Pseudoindependent words appear in the 8-bit shift
register after every eight clock periods.

static and self starting, this circuit has a maximal-
length period of 1.7x10° yrs when clocked at 1 MHz.
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Fig 2—This CMOS circuit generates pseudorandom bits in a
continuous stream at each output of the 8-bit shift register.
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uComputerist Corner

The circuit randomizes by feeding the output of an
exclusive-OR gate to its input; its self-starting
capability comes from including a binary counter’s
seventh-stage output (this counter counts clock
pulses) in the feedback loop. The 64-stage shift
register’s 19th and 67th output stages OR together
to reset the counter. The shift register’s all-ZERO
condition permits the counter to count the clock
pulses—at a count of 64, ONEs enter the shift

register, filling its first 19 stages; the counter then
resets.

The actual circuit used to accomplish number
generation (Fig 2) obtains pseudoindependent 8-bit
words by clocking the shift register forward eight
bits, then halting the clock while a word is read. You
can also obtain longer words from any single
shift-register output: Use the output as a source of
continuous pseudorandom bits. EDN

EDN Software Note #44
Routines improve M6800

David C Pheanis
Arizona State Univ, Tempe

EDN Software Note #5 (March 5, 1978, pg 36)
detailed two subroutines (PSHX and PULX) that
save the M6800’s X register by means of the wP’s

s . SUBROUTINE PSHX PUSHES THE VALUE OF THE X REGISTER
6 s ONTD THE STACK AND REDUCES THE STACK PDINTER BY TWD TO

7 * ACCOURT FOR THE FACT THAT TWO0 BYTES HAVE BEEN PUSHED ONTD
8. * THE STACK SUBROUTINE PSHK THEREFORE AFFECTS THE STACK
? * AS FOLLOWS:

11 . BEFORE CALLING PSHX AFTER RETURNING FRON PSHX
12 o  Saiiiigamigecasi 00 eeceasioesssaciesssueodes
14 . 1 1 1 1
15, . 1 1 SP ---> 1 1
16. . 1 1 1 XR C(nsB) 1
17 * SP ---> 1 (UNUSED) 1 1 XR CLSB) 1
18 . I 1 s
28. . VHEN SUBROUTINE PSHX RETURNS CONTROL TO THE CALLING
21. * PROGRAN. THE VALUE OF THS X REGISTER WAS BEEN PUSHED

22 * ONTD THE STACK S INDICATED ABOVE. THE A ACCUMULATOR,
23. * THE B ACCUNULATOR, THE X REGISTER. AND THE CONDITION
24. * CODES ARE ALL PRESERVED

26. BEBE 34 PSHX  DES FIRST, DECREMENT THE STACK PDINTER
27. BEBl 34 DES TWICE TO RESERVE TWO BYTES ON THE

28 . STACK FOR THE RETURN ADDRESS

38, eBE2 36 PSHA SAVE THE R ACCUMULATOR ON THE

31. BBEB3 B7 A STACK, AND ALSO PUT THE CONDITION

32. 8BB4 36 PSHA CODES ONTO THE STACK

34, BEES FF BE22 STX  SAVEX SAVE THE VALUE OF THE X REGISTER,
35. pees 3¢ TSX AND SET THE X REGISTER FOR INDEXING
36 . INTO THE STACK

28, BBBY A6 B4 LDRA 4. X COPY THE RETURN ADDRESS FROM BYTES
33 BBBB A7 82 sTAA  2.X 4 AND 5 OF THE STACK INTO BYTES 2 AND
4B BBBD A6 BS LDRA S5.X 3 OF THE STACK SO WE CAN LATER PUT THE
41, BBBF A7 B3 STAR  3.X X-REGISTER VALUE INTD BYTES 4 AND 5 OF
42 . THE STACK

44 BEII Bs BB22 LDRA SAVEX NOV PUT THE X-REGISTEK VALUE INTO
$5. BA14 A7 B4 STAR 4.X EYTES 4 AND 5 OF THE STACK

46 BBI6 Bé BE23 LDRR SAVEX+]

47 BB19 A7 BS STAR  S.X

49, BBIB FE BBZ2 LDX  SAVEX FINALLY, RESTORE THE X REGISTER,
S8, BBIE 32 PULA THE CONDITION CODES. AND THE A

S1. BBIF B¢ ThP ACCUNULATOR. AND THEW RETURN TO THE
52. BB2@ 32 PULA CALLING PROGRAM

53, BE21 39 RTS

:: 8822 @s2 SAVEX RWE 2 THESE TWD LOCATIONS. WHICH NUST

. . RESIDE IN RAM. ARE USED FOR SAVING THE
s . VALUE OF THE X REGISTER

Ss END

Fig 1—Improve a typical PSHX routine to preserve all registers
and condition codes.

PSHX and PULX

stack. Fig 1 illustrates an improved version of PSHX
that preserves all registers and condition codes in
this manner. This program listing is self document-
ing, and instructions are grouped into logical
segments so that each group performs one small
function.

Fig 2 presents a listing of an improved version of
PULX. Because it preserves the A and B accumula-
tors and the condition codes, you can always use it
with no risk of unpleasant side effects.

Note that this PULX employs the same RAM
variable (SAVEX) used by the companion PSHX.
Sharing storage locations works because the two
subroutines never execute simultaneously.

THIS SUBROUTINE PULLS A VYALUE FOR THE X REGISTER

6 * FROM THE STACK. UPON EWTRY TO SUBROUTINE PULX THE STACK
7 * IS ASSUMED TO BE ORGANIZED AS FOLLOWS:

9 . 1 I

18 * STACK POINTER --->1 1 sP + @

11 . I PR CNSB) I SP + 1

12 . 1 PR CLSB) I SP + 2

13 . 1 XR CNSB) I SP + 3

14 . I XR (LSBY 1 SP + 4

15 . T o S i

17 . WHEN SUBROUTINE PULX RETURNS CONTROL TO THE CALLING
18 ¢ PROGRAM. THE PR AND XR VALUES HAVE BEEN POPPED FRON
19 * THE STACK, AND THE STACK POINTER HAS BEEW MODIFIED APPRD-
28 * PRIATELY THE A ACCUMULATOR, THE B _ACCUMULATOR, AND
21 * THE CONDITION CODES ARE ALL PRESERVED

23 s@ed 3¢ PULK  PSHA SAVE THE A ACCUNULATOR ON THE

24. pBB! B7 TPA STACK. AND ALSO PUT THE CONDITION

25, @@B2 3 PSHA CODES ONTO THE STACK

27 eae3 38 TSX GET THE X-REGISTER VALUE FROM THE
28 8BB4 EE B4 LDX  4.X STACK. AND PUT IT INTO LOCAL STORAGE.
29 BBBE FF BEIE STX  SAVEX

31 @ess 38 TSX NOV COPY THE RETURN ADDRESS FROM

32 BRBA A6 B2 LDAA 2.X BYTES 2 AND 3 OF THE STACK INTO BYTES
33 BBEC A7 B4 STRA 4. X 4 AND 5 OF THE STACK SO THE STACK WILL
34. BBBE As B3 LDRA  3.X BE CONFIGURED PROPERLY WHEN CONTROL

35, BB1B A7 85 STAA  5.X RETURNS TO THE CALLING PROGRAN.

37. BB12 FE BEIB LDX  SAVEX PUT THE X-REGISTER VALUE INTD THE X
38, B@1S 32 PULA REGISTER, RESTORE THE CONDITION CODES.
39, BBi6 B6 TaP AND RESTORE THE VALUE OF THE &
48 BE17 32 PULA ACCUNULATOR
42 BEiB 31 184S FINALLY. INCREMENT THE STACK POINTER
43 pa1s 31 NS TWICE TO CONFIGURE THE STACK PROFERLY.
44 BBIA 39 RTS AND RETURN TO THE CALLING PROGRAN

4 END

Fig 2—An efficient PULX for general applications, this routine
saves the A and B accumulators and condition codes.
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TIME SAVERS

LOW LEVEL DATA ACQUISITION SYSTEM

SDM858 = +0.025% Accuracy at 6 = 100
2 © 12-Bit Resolution

LOW COST Hgglns

12-BIT A/D CONVERTE] " it

ADC80  DACB862

e|nternal _ ©+0.01% Nonlinearity
Reference, “@ o Hermetically

Comparator, Clock Sealed

® 25.sec Conversion Time o From $24, 100's
B iaiony “12-BIT CURRENT-0UT
LOW COST 16-BIT D/A CONVERTER - D/A CONVERTER

DACT1
©10usec Settling Time
©+0.003% Nonlinearity
® From $45, 100’s

DAC863

e|nternal Reference

e Monotonic Over -55/+125°C
eFrom $29, 100's

DAC87

©+0.3% Accurate Over -55/+125°C
©DAC80/85 Pin Compatible

®From $93, 100's

LOW COST

12-BIT D/A CONVERTER

DACS80 12-BIT ANALOG INPUT SYSTEM
o |nternal Reference & Amplifier MP22BG

#+0.01% Nonlinearity

© 16 Analog Inputs
® Complete wP Interface
©$309 each

oFrom $20.90, 100's

COMPLETE
DATA CONVERSION PRODUCTS
THAT MAKE YOUR DESIGN
JOB EASIER

When you need 12- to 16-bit accuracy and conversion they don’t require external, active parts: plug in, power up
times from 0.3 to 25usec, you'll find complete, easily and go! Choose from a full line of A/D, D/A, V/F, F/V,
applied solutions in our family of data conversion and data analog input/output, S/H, MUX and data acquisition
acquisition products. products ... they're time savers!

These high performance products solve your design Learn much more - call, write Burr-Brown, Box 11400,
problems - save you time and installation costs, because Tucson, Arizona 85734.

BURR-BROWN

Putting Technology
To Work For You

BOSTON CHICAGO DALLAS HOUSTON LOS ANGELES NEW YORK SAN FRANCISCO TUCSON
(617) 444-9020 (312) 832-6520 (214) 823-2310 (713) 988-6546 (714)835-0712 (516) 466-2650 (408) 984-7700 (602) 746-1111

For more information, Circle No 41
EDN FEBRUARY 20, 1980
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Easy to mount.Easy to connect.
The RCA 25 amp triaccomes i i
in arugged new package. <«

Our new QuikOn triac package is Plus, we used quick-connect to the standard stud package.
designed for high-speed assembly  terminals that let you use solderless You can use the RCA QuikOn
line installation. snap-on connectors. triac to control AC loads in large

Top side terminals let you do all All of which can add up to lower appliances and other types of high
your mounting from one side, with assembly costs than with conven- current equipment.
fast self-tapping sheet metal screws. tional stud packages. For more information, contact
The device can handle 300 amps We've kept the price down too, your local RCA Solid State Distributor.

surge current. 2500 volts isolation by using a glass passivated chip in Or RCA Solid State headquarters
from any terminal to flange makes a molded plastic package. And in Somerville, N.J. Brussels, Belgium.
isolation hardware unnecessa there’s no loss of reliability compared Tokyo, Japan.

N

For more informa




uComputerist Corner

These two subroutines suit virtually any applica-
tion. Fig 3, on the other hand, illustrates an
innovative approach to PULX-—one that isn't
recommended for general-purpose use.

This PULX routine requires less ROM than the
one detailed in Fig 2, and it uses no RAM other than
the stack. Only one instruction (LDX) in the entire
routine isn’t a single-byte command. Furthermore,
except for the TAP instruction, the single LDX
command is the only one that alters the condition
codes; the appearance of so many consecutive
instructions that don’t change condition codes is
unusual. Finally, the subroutine’s somewhat devious
manipulation of the stack is interesting (although
potentially confusing).

Although this PULX subroutine works perfectly
in many applications, it doesn’t function successfully
in a system that supports external interrupts. The
stack-pointer manipulation, which makes the pro-
gram a clever one, also leaves it completely

vulnerable to an interrupt. EDN
S . THIS SUBROUTINE PULLS A VALUE FOR THE X REGISTEER

6 * FROM THE STACK UPON ENTRY TO SUBROUTINE PULX THE STACK
g * IS ASSUMED TO BE ORGANIZED WS FOLLOWS: ~

L * 1 1

18 * STACK POINTER --->1I ] 8¢ s R

11 - 1 PRICGHSBY 1 8F # 1

12 * I PR CLSBY 1 SP + 2

13 . I XR (WSB) I SP + 2

14 . I XR (LSB) 1 SP + 4

13 . Jimmmm e o 1

5% . VHEN SUBROUTINE PULX RETURNS CONTROL TO THE CALLING
18 s PROGRAM, THE PR AND XP VALUES HRVE BEEN POPPED FRONM
19 » THE STACK. AND THE STACK POINTER HRS BEEN MODIFIED APFROD-
28 * PRIATELY. THE A ACCUMULATOR, THE B ACCURULATOR. AND
21. s THE CONDITION CDDES ARE ALL PRESERYED

23 . CAUTION: THIS SUBROUTINE IS NOT RECOMMENDED FOR USE
24 » IN SYSTEMS THAT SUPPDRT EXTERNAL INTERRUPTS BECAUSE IT

25 e FAILS IF IT IS INTERKUPTED AT CERTRIN CRITICAL TIMES

27. 88BE 36 PULY PSHA PUT THE A ACCUMULATOR AND THE B
28 egay 37 PSHB ACCUMULATOR ONTO THE STACK SO THEIR
28. » VALUES CAN BE RESTORED LRTER.

31 BBB2 38 TSX GET THE X-REGISTER VALUE FROM THE
32 eBe3 a7 TPA STACK INTO THE X REGISTER. NOTICE
33 BBR4 EE B4 LbXx 4.X THAT THE CONDITION CODES ARE TEMPOR-
34 BEBe Be ThAP ARILY SAVED IN THE A ACCUMULATOR AND
35 . ARE RESTORED FOLLOWING THE LDX

36 * INSTRUCTION

38 esp? 31 IRS INCREMENT THE STACK PODINTER TWICE TO
39 eags 31 INS SKIP OVER THE SAVED VALUES OF THE &

48 8889 32 PULR AND B ACCUMULATORS, AND GET THE
RETURN ADDRESS INTD THE ACCUMULATORS

41 BBBns 33 PULE

43 BBOE 31 INS INCREMENT THE STACK POINTEK TWICE.
44 eaec 31 INS AHD PUT THE RETURN RDDRESS INTD THE
45 8BBD 37 PSHE STACK WHERE THE X-RECISTER VALUE USED
46 BBRBE 3¢ FSHR T0 BE

48 BBBF 24 DES DECREMENT THE STARCKXK POINTER FOUF

9 eare 24 DES TIMES TO COMPENSATE FOR THE FOUR INS
58 8@11 34 DES INSTRUCTIONS THART HAVE BEEN EXECUTED
S1 BB12 34 DES

53 BB13 33 PULB RESTORE THE B ACCUMULATOR AND THE
54 BB14 32 PULR A ACCUMULATOR

56 8e1s 31 IRS FINALLY. INCREMENT THE STRCK POINTER
57. BBle 21 INS TUICE TO SKIP OVER THE ORIGINAL RETURN
58 BB17 39 RTS RDDRESS, AND RETURN TO THE CALLING

59 . PROGRAM

61 END

Fig 3—An innovative approach to implementing PULX saves
both ROM and RAM but doesn't work in systems that support
external interrupts.

521-9173

521-9165

.240”

) 521 SERIES T-13% LEDs for
maximum front panel density. Mounting clips
available for easy panel mounting. High luminous
intensity, low cost. Vibration/shock resistant.
Solid state for long life. Wide viewing angles.

559 SERIES MOUNTS IN 0.250” HOLE

0 625
MAX

OJ _L_’l }0.188" wax

0.190" pia

SNAP-IN MOUNT ‘ -n e
¥ | 468" h <~ 0.050" ReF
MAX. 275
MIN.

558 SERIES MOUNTS IN 0.156” HOLE

558 and 559 SERIES Avail-
able in red, green or yellow LEDs, with and without
integral current limiting resistors. Snap-in mount-
ing requires no additional hardware. Straight
terminals suited for wire-wrapping and/or solder-
ing. Low power requirements—15 to 20mA. High
brightness versions also available. Red, in 1000-

lot quantities each.
558-0101-001. . $.33 559-0101-001. .$.33

0.050" ReF.

559 SERIES
MOUNTS IN 0.250” HOLE 4

0.625"
MAX
0.210" max

o, S
J 0.188" max.
SNAP-IN MOUNT

558 SERIES \
MOUNTS IN 0.156"” HOLE

: . 558 and 559 SERIES Avail-
able with 6” wire leads, these red, green or yellow
LEDs are de51gned for quick positive insertion in
0.031” to 0.062” panels. Compact design allows
high density packaging. High brightness versions
also available. Red, in 1000-lot quantities each.

558-0101-003. . $.71 559-0101-003. .$.71




A Question of Law

Edited by Jesse Victor

Court upholds exchange agreement’s limit
on disclosure of confidential data

Professor H Newcomb Morse
Pepperdine University, Malibu, CA

Can a company disclose to another firm information
and technology acquired in confidence under a
technical exchange agreement once that agreement
is terminated, even though the agreement prohibits

- such disclosure for 24 months after termination?

In the early 1970s, Com-Share Inc filed suit
against Computer Complex Inc in US District Court
for the Eastern District of Michigan. The suit asked
injunctive relief in relation to Com-Share’s claim of a
breach of a contract providing for the sharing of
technical information between the two corporations
and for the nondisclosure to third parties of
information supplied under that agreement.

Both computer-service corporations offered the
use of computer systems on a time-sharing basis.
Both were also engaged in developing and marketing
computer software. The time-sharing business was a
fast-moving operation: Developments in and im-
provements to technology and software were
frequently made and were important not only for the
service of existing customers but in attracting new
ones.

Agreement provides for exchange of technology

The understanding between the two companies
and the subject of the dispute was entered into on
February 10, 1967 and termed the technical ex-
change agreement; the negotiations preceding this
agreement began on or around January 1967.
Computer Complex’s stated objective in concluding
such an agreement was to obtain workable systems
of time-sharing software and all enhancements to
and the maintenance of such software.

Briefly, Com - Share and Computer Complex
agreed to provide to each other during the term of
the agreement all information concerning hardware
(e g, specifications, designs, production drawings,
changes, improvements and new designs related to
computer components) and software that came into
the legal possession of either party. The exchange of
applications software in any way proprietary to a
user, however, was subject to the express permis-

sion of that user. Exchange of technology was to be
accomplished by means of magnetic tapes, listings,
printouts and other appropriate transfer media.

Consistent with the confidential nature of the
information and technology to be exchanged, Section
XI of the technical exchange agreement specifically
stipulated the following:

“Com-Share and...[Computer Complex Inc] each
agree not to lease, sell or otherwise divulge to any
third-party interest, without the prior written
consent of the other, any and all systems-software
developments supplied to it by the other.”

Further to safeguard the information and data
thus supplied, the agreement also provided, in
Section XII, paragraph (e), that:

“Notwithstanding the expiration or termination of
this agreement, the limitations set forth in Section
XI shall continue for a period of 24 months after such
expiration or termination.”

From approximately February 1967 through
November 1, 1970, therefore, pursuant to the terms
of the technical exchange agreement, Com-Share
supplied to Computer Complex, in confidence,
information, systems software and technology it had
developed. In addition, certain of Computer Com-
plex’s employees received extensive technical train-
ing under the technical exchange agreement at
Com-Share’s offices.

In particular, pursuant to an amendment to the
technical exchange agreement dated August 3, 1970,
Com-Share delivered to Computer Complex soft-
ware developments and technology pertaining to the
SDS 940 computer, while such information was in the
developmental stages prior to its release to Com-
Share’s customers.

The systems software supplied by Com-Share to
Computer Complex under the technical exchange
agreement included monitor and executive programs
that were unique and new. Com-Share also provided
a languages program, which allowed a user to
develop programs of his own. The cost of the
systems-software developments and technology
supplied by Com-Share to Computer Complex was
approximately $2 million.

Technical exchange agreement is terminated

Differences arose between the two parties, and
Continued on pg 89
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NATIONAL ANTHEM —

SEMICONDUCTOR NEWS FROM THE PRACTICAL WIZARDS OF SILICON VALLEY

niroducing XMOS processing.

A new, more practical approach to the 8049 ..C.

Introducing Amplifying on
STARPLEX™ current amplifiers
i ™
with L.S.E! The LM385 12,W
Universal active micropower reference
filters cut costs A hot new linear
MICRO-DAC™ temperature sensor
the easiest way CRT controller
fromDtoA does more with less
Showcasing What's new from the
w 100..sec A/Ds National archives?

Data Acquisition  Logic ~ Transistors ~ Hybrids ~ Linear  Inferface  Bubble Memory
RAMs/ROMs/PROMs  Transducers ~ Displays ~ Custom Circuitfs
Memory Boards ~ Microprocessors  Development Systems ~ Microcomputers ~ Modules




XMOS process a breakthrough

in single-chip ..Cs.

By combining their new XMOS fab-
rication process with a modularized
‘macro” approach fo chip layout,
National has produced a version of the
8049 uC that is smaller, faster and
consumes less power.

The new INS8049, which features
2Kx 8 ROM, 128 x 8 RAM and 27 1/0 lines
on a single chip, is currently available
in either 6MHz or 11MHz models. And due
to their leading edge XMOS technology,
National’s INS8049 1.Cs boast 2.5 and
1.36 usec cycle times forthe 6and 11MHz
Versions.

Transparent enhancements. There
is also a myriad of transparent improve-

ACTIVE SUPPLY CURRENT (WORST CASE) ~ 70mA (385mW)

CURRENT DRIVE
1. TTL DRIVE 125A @ 2.4V
2. OPEN DRAIN ( 101A MAX)

Practicality
comes to microcomputing.

ments that XMOS bestows upon the
INS8049. All of which result in considerable
reductions in systems costs.

The standby current for the on-chip
RAM is mask-programmable depending
on how much memoryis required. Standby
voltage is much less than on other
8049's, which results in a 12- fo 35-fold
reduction in standby power.

In addition, the INS8049 .C has two
mask-programmable port drive options:
TTL drive or open drain.

Also on-chip are a battery charging
circuit and a Schmitt-triggered interrupt,
making it ideal for sophisticated battery-
operated applications.

Meet the family. National's 8049
uC is but one of several Series 48 family
devices alreadyin production. The INS8048
uC features 1K ROM and 64 bytes RAM.
The readily available INS8039 and INS8035
uPs are ROMless versions of the 8049
and 8048.

The INS8050 is the largest member
of the 8048 family with 256 bytes of RAM
and 4K ROM. It eliminates the need for
external memory devices without any soft-
ware or hardware changes, letting you
add more features without adding more
components.The INS8040 P is a ROM-
less 8050.

See the coupon for additional liter-
ature or check with your local distributor
for National's INS8243 1/0 expander
and many other MICROBUS® compat-
ible peripherals.

National’s breakthrough XMOS tech-
nology gives you the kind of single-chip
practicality you've been waiting for. For
less than you ever thought possible.

MICROBLUS is a registered frademark of and
XMOS is a frademark of National Semiconductor Corporation.

TRANSPARENT ENHANCEMENTS
INS8049 OTHER 8049s

140mA (770mW)

STANDBY SUPPLY CURRENT MASK-PROGRAMMABLE 50mA @ 5V (250mW)
(WORST CASE) 9mA - 128 WORDS (20mW)
7mA— 96 WORDS (16.5mW)
5mA- 64 WORDS (11mW)
3mA- 32 WORDS (6.6mW)
MINIMUM STANDBY VOLTAGE 2.2V (2 NICAD CELLS) 4.5V (4 10 5 NICADS)
$150-$2.00 SAVINGS
BATTERY CHARGING NO EXTERNAL COMPONENTS NEEDED EXTERNAL NETWORK
INTERRUPT PIN SCHMITT TRIGGER WITH HYSTERESIS NO HYSTERESIS
PORT PINS MASK-PROGRAMMABLE ONE DRIVE CHARACTERISTIC

TTL DRIVE 100LA @ 2.4V

MICRO-DA

Series is the
easiest way
fromDio A

The DAC1000 is the first of a series
of 10-bit four-quadrant multiplying D/As
that are truly P-compatible. That's ‘
because each DAC looks like a memory |
locationoran I/O portandhas allcon- |
frol functions right on the chip. So you |
get easy interface with any 8- or 16-bit
datfa bus. 1

With National's “end point” linearity
spec only two adjustments are needed:
Zero and Full Scale. Set these, and the |
linearity specification is met. And linearity |
is maintained even with a 10-to-1 reduc- |
tion in reference voltage. 1

The MICRO-DAC 1000 Series can be
used not only for D/A conversion systems, |
but also as building blocks for digitally
controlled amps, alternators, active filters,
and even oscillators.

These DACs are also more flexible
than any other: 4-quadrant mulfiplying,
double buffered, single supply operation
from +5V to +15V, right- or left-justified
data format, micropower operation
(2mA max), and output current mode
sefting time of 500ns in a 20-pin DIP

For non-uP interfacing needs,
National has the DAC1020 and DAC1220.
These DACs are direct replacements for,
and are priced 30% to 300% lower than,
the AD7520, AD7521, AD7530, AD7531
orAD7533.

These inexpensive D/As start at $4.00
at 100 pieces. And because of National’s
volume capacity, no one can sell for less. 2

1

MICRO-DAC is a trademark of
National Semiconductor Corporation.




Introducing

STARPLEX wnth ISE.

The fully developed development
system.

The Practical Wizards have done
it again.

They've created an easy-fo-use devel-
opment tool that helps design engineers
do their whole job on the STARPLEX
development system.

STARPLEX can not only develop soft-

ware for 8080, 8048, 8049, 8050, 8070,

NSC800, 8085, and Z-80 microproces-
sors plus BLC/SBC Series 80 boards,
but now with ISE (in-system-emulation)
you can also fest, analyze and debug
prototype hardware/software for the
same products.

Multiprocessor capability.

The ISE module is a separate unit
incorporating its own CPU, 32K bytes
of user-programmable memory and
all the necessary logic for breakpoints,
tracing and memory mapping.

With ISE, you can simultaneously

run fwo prototype microprocessors (in
any combination). So for the first time,
you can have real-time emulation or
debugging in a multiprocessor
environment.

Better yet, since ISE does not share
the STARPLEX BUS, the system does not
have to compete for memory access
with its STARPLEX host. So ISE is the only
development tool available that offers
real-time emulation with 32K real-time
map memory.

There's ISE and there's ISE.

National’s easy-to-learn ISE software
comes completely integrated into the
STARPLEX system, including the unique
Automatic Testing or “In-File” capabil-
ity. In-File is an automatic festing mode
that will implement a predefined
sequence of tests. ISE can also record
those results to show exactly how
each part of the system performs during
the tests.

Our symbolic debugging capability
provides not only the usual breakpoint
conditions, but also a “coast” command
which allows you to confinue executing
a program after the breakpoint combina-
tion has been satisfied.

Look into our ISE.

ISE 8048 has all the 8080 features
mentioned above plus the ability to read
and disassemble internal ROM; make
pafches in assembly code; support 11
MHz components; support the entire
8048 family; and use prototype crystal
clocks.

The Z-80 ISE is a bus-compatible
board that plugs directly info STARPLEX.
It can support 2-4 MHz Z-80s; provide
4 tracing options; supply relational and
regional breakpoints; and provide refresh
for prototype memories.

STARPLEX with ISE offers features
not found in any other development
system, yet it costs substantially less
to own and operate than any compet-
ifive system.

Practical Wizards, indeed. a

STARPLEX and ISE are frademarks of
National Semiconductor Corporation

gy




Single-chip CRT controllers
need less support.

DP8350 Series of programmable
controllers most widely used among
major CRT makers.

National’s powerful CRT controllers
require considerably less support circuitry
than any ofher CRTC available. Due in
part to single-chip bipolar circuitry, the
DP8350 Series CRTCs serve as fully

dedicated CRT display refresh circuits
in 40-pin packages.

This, combined with the DP8350s
enhanced versatility provides an unprec-
edented ease of system design.

Single-chip versatility.

The DP8350 Series, which includes
the DP8350, DP8352 and DP8353
CRTCs, offers a wide range of program-
mability using internal mask program-
mable ROMs. In the character field, for
example, both the total number of dots
per field (up to a 16 x 16 dot matrix) and
the number of scan lines per character
may be specified. The number of charac-
ters per row (from 5 to 110) and char-
acter rows per video frame (from 1to 64)
may be programmed as well.

A complete set of video outputs is
available including cursor enable, pro-
grammable vertical blanking and pro-
grammable horizontal and vertical sync.

In addition, the DP8350 CRTCs fea-
ture an internal doft rate crystal controlled
oscillator. For those systems where a
dot rate clock is already provided, the
DP8350 Series may use an external

clock input. Either way, the buffered
dot rate clock output ensures system
synchronization.

The DP8350s also provide such
system sync and program inpufs as
50/60 Hz control, system clear, external
character/line rate clock and a charac-
ter generator program. Also featured
are three on-chip registers for external
loading of the row starting address,
cursor address, and fop-of-page
address. Twelve bits (4K) of bidirectional
TRI-STATE® character memory addresses
allow interface to character memory.

DP8350 at the heart of the best
designs.

The popular DP8350 Series has
already been designed into the terminals
made by nearly every major CRT terminal
manufacturer. Because the Wizards at
National not only offer superior control-
lers, they also produce a wide variety of
complementary design components.
Character generators, uPs, memory
products, just to name a few.

And what's more, it's all ready for
immediate delivery. |

Showcasing National’s new family
of 8-bit A/Ds.

National's 8-bit A/Ds not only inter-
face to any uP bus, they also feature
absolute or ratiometric operation, and
require just a single 5V supply at almost
no current at all.

Of all the 8-bit A/Ds on the market,
only National offers single-channel dif-
ferential analog input A/Ds in 20-pin
DIPs —the ADC0801/2/3/4. In addition,
their ADCO808/9 8-bit converters fea-
ture 8-channel analog input multiplexers,
each in a 28-pin DIP. The top-of-the-line
ADCO0816/17 each contain a 16-channel
analog input mux in 40-pin DIPs.

The new line of 100usec A/D con-
verters eliminates the need for external
zero and full-scale adjustments and
features an absolute accuracy as good
as =4 LSB.

National, the leader in innovative,
cost-effective data acquisition products,
now has the best price/performance
of any A/D available. In 100-piece lofs,
the ADCO804 costs only $2.95; the

ADC0809 a low $3.60; the ADCO80819
costs just $7.95.

|ADC&M/E
8BITA/D

8 ANALOG INPUTS

IEDMPARATDR

EEREERE

Practical Wizardry strikes again —all
the way down to the bottom line. a

START CcLOCK

Q INTERRUPT

8-BIT OUTPUTS

\

3-BIT ADDRESS

{11

\

ADDRESS o
LATCH ENABLE

Vee GND  REF(+)

REF(-) OUTPUT
ENABLE




LM335-hot newlinear
temperature sensor.

The LM335 is a two-terminal I.C. that
looks like a zener with a +10mV/°K
temperature coefficient. The
LM335 is rated for operation
over —55°C fo +150°C,
and has an over-range up
to +200°C. Initial accu- National's new series of
racies are available at = 5 temperature sensors have a
1°C, 3°C, 6°C but a third 7 . |ot going for them.
lead makes the LM335 At only $.95, it's
very easy to calibrate. Typi- 4 fime to starf sensing
cally, 1°C accuracy is achieved | temperature with I.Cs. 2
over the enfire range when |
it's calibrated at only one
temperature.

The low operating current
means low error even for
remote femperature meas-
urement. Further, the LM335
eliminates the need for
linearizing circuits, thus

making infterfacing fo a readout or to
contfrol circuitry even simpler still.
Whether you're designing
measurement control, protection
circuitry, solar heating, environ-
mental control or thermostats,

'New LM385 12,.W micropower
reference. The lowest power
reference available.

The new LM385 is yet another exam-
ple of National Semiconductor’s com-
DV ‘ DI mitment to supply high-performance

\ - references. Where power is a primary
concern (as in battery-powered equip-
M ment, portable meters, or general-
A/Ds Op Arr purpose analog circuitry with battery
Power Supplies life approaching shelf life), this device
provides performance unmatched by
traditional discrete devices.

For applications requiring other ref-
erence voltages or performance specifi-
cations, National Semiconductor has
the device you're looking for. For example:
—\Vref 2.5V; 5.0V, 6.9V; 10V
— Initial Tolerance as low as .01%

—TC max as low as 0.5ppm/°C

Is it any wonder that more and more
design engineers are looking to National
Semiconductors linear references to
solve problems? a

Regulators

LM385 Design Features
— operating current of 10uA to 20mA
—1% and 2% initial folerance
—low volfage reference (1.235V)
— stable under large capacitive loading
— low temperature coefficient
— low noise, good long-term stability
- 1Q) dynamic impedance
—replaces older devices with a tighter
tolerance

LM359 amplifies
on current

amplifiers.

When design engineers said they
needed a low-cost dual that was similar
to the quad LM3900, but with operation
in the video frequency range, the R&D
Group at National Semiconductor came
up with the answer. It's the LM359 Dual,
High Speed, Programmable, Current
Mode Norton Amplifier.

The primary design emphasis was
placed on high frequency performance
and providing user-programmable
amplifier operating characteristics.

Each ampilifier is broadbanded fo
provide a high gain bandwidth product,
(up to 400 MHz),a high 60V/usec
slew rate and stable operation. They're
designed fo operate from a single supply
and can accommodate input common-
mode voltages greafer than the supply.

The LM359 solves a lotf of applications
problems: general purpose video ampli-
fiers; high frequency, high Q active filters;
photodiode amplifiers; wide frequency
range waveform generation circuits.

Now design and application engi-
neers have what they need, thanks to
National Semiconductor. a




AF100 active filters-
a universal solution
to cost problems.

In the past, the easiest and least
expensive means of active filtering was
with discretes. But this is no longer the
case thanks fo National’s new AF100
universal active filters.

The AF100s are internally adjusted
to provide center frequency accuracies
of £2.5% (for the AF100-1CN model)
and =1% (for the AF100-2CN model).

And because of their small size and
low external parts count, the AF100
active filters lend themselves perfectly
for use in MODEMs and many other
telecommunications applications that
require lowpass, highpass, or bandpass
filter configurations.

But there's more fo the price/
performance story than just design ver-
satility and decreased manufacturing
costs. The AF100 universal active filters
are attractively priced as well. By way
of illustration, the AF100 is currently avail-
able in large quantities for less than
$3.00 each.

Just another example of Practical
Wizardry cutting your costs to the bone.Z

Data Acquisition-

A National perspective.
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A Question of Law

they agreed by letter dated November 30, 1970 that
the technical exchange agreement was effectively
terminated as of November 1, 1970. This letter,
drafted by Computer Complex, provided in part as
follows:

“This letter signifies mutual termination of the
technical exchange agreement dated February 10,
1967 between our two companies. This termination
shall be effective as of November 1, 1970, as of which
date neither company requires further performance
by the other under the said agreement.”

Com-Share’s request for a preliminary injunction
was triggered in large part by the circumstance that
on August 5, 1971, Computer Complex publicly
announced that it had entered into an agreement
with Tymshare Ine, a California corporation, to sell
substantially all of the assets and goodwill related to
its computer time-sharing operations to Tymshare.

Com-Share, obviously disturbed by the implica-
tions of this development with respect to its
confidential data, wrote to both Computer Complex
and Tymshare on August 10, 1971 and cited to them
the provisions of the relevant paragraphs of the
technical exchange agreement. The letter, in addi-
tion, stated that Com-Share presumed that Comput-
er Complex would not divulge to Tymshare any
information about or pertaining to the systems-
software developments that Com-Share had supplied
to Computer Complex. Shortly afterward, Com-
Share filed its suit.

District Court decides in favor of Com-Share

In 1971, the US District Court rendered a decree
in favor of Com-Share and granted injunctive relief.
The Court stated:

“It is our conclusion...that the disclosures we are
about to describe, made by defendant [Computer
Complex] were in willful and deliberate violation of
the terms of the technical exchange agreement...all
at the expense of the plaintiff [Com-Share]....As to
the relationship between the parties and the
materials furnished...the technical exchange agree-
ment established a confidential relationship between
plaintiff and defendant....The systems-software
developments supplied by plaintiff to defendant were
unique property that constituted trade secrets of
plaintiff and were supplied to defendant in confi-
dence under the restraints against sale, lease or
disclosure set forth in the technical exchange
agreement. The letter dated November 30, 1970
between the plaintiff and the defendant, which
provided that ‘termination shall be effective as of
November 1, 1970, as of which date neither company
requires further performance by the other under the
said agreement,” is interpreted to mean that as of
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RASTER DISPLAY SYSTEM DESIGN NOTE 2.

How to zoom,
pan and
interpolate
your way
around any
database

Lexidata

Lexidata
Lexidata

Lexidat

Zoom from 2X, 3X...
16X in integer increments.

Pan in all directions at any zoom
factor with constant image
overlays.

Do it with the Lexidata System 3400 image
and graphics processor.

If you're working with large
and complex image data-
bases, the System 3400 can
help you display the informa-
tion you need in a hurry. It
provides a variety of panning
techniques that let you quickly
scan the image memory, and a
powerful integer zoom feature
that makes it easy to take

a closer look at selected
image areas.

Zoom, with magnification
ranging from 2x to 16x in
integer increments, is select-
able over the entire screen
area. And, unlike some other
systems, zooming does not
destroy the original image
stored in the refresh memory.
Thus, the 3400 not only pro-
vides you with a high degree
of viewing flexibility, but also
significantly reduces host
computer processing over-
head. Also, on low resolution
systems, an optional hardware
interpolator can provide
automatic edge smoothing as
images are zoomed up to 4x.

Panning functions permit
independent movement, in
any direction, of selected
planes in the image memory.
Images, with or without wrap-
around, can be moved while
overlay information, such as
text, remains stationary. For
extra user convenience, you
can equip the system with an
interactive peripheral device
such as a track ball, joy stick,
light pen or data tablet.

Send For New Detailed
System Description

To find out more about the
System 3400, send for a copy
of our new 12-page system
description booklet. Or, if you
need information immediately,
call us at (617) 273-2700.

LEXIDATA
CORPORATION

37 NORTH AVENUE, BURLINGTON, MA 01803

For more information, Circle No 47




Insert Molded
Assemblies!

If you buy,
specify or

use them let
Tricon quote
on your heeds.

Let us take a hard look at your metal/plastics
combinations. We answer those two key
questions: ‘Is there a way to make them at

a lower cost?’ ‘Is there a way to make them
function better?’ Send us your prints, talk

to us or, for starters, let us send you our
handy booklets on Moided Assemblies and

Custom Switches.

TRICON INDUSTRIES, INC.
2325 Wisconsin Avenue
Downers Grove, IL 60515
Phone: (312) 964-2330

For more information, Circle No 48
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A Question of Law

November 1, 1970, neither plaintiff nor defendant
required the other to supply technology to the other
under the technical exchange agreement. The
provision in Section XII, paragraph (e) of the
technical exchange agreement continuing the re-
straint supplied against lease, sale or disclosure of
systems-software developments supplied by plaintiff
to defendant for a period of 24 months after
termination of the technical exchange agreement
was not extinguished or waived by the termination
letter dated November 30, 1970; this provision
survives the termination of the technical exchange
agreement and is interpreted to mean that defendant
is restrained from selling, leasing or disclosing
plaintiff's systems-software developments to any
third party prior to November 1, 1972. At this
moment, the first duty of this Court is to issue a
preliminary injunction as the only adequate means of
preserving the status quo. This injunction shall
provide that, to the extent, if any, that defendant is
unwilling or unable to extricate changes made by
defendant to any software supplied to it by plaintiff,
defendant cannot sell, transfer or disclose the whole
or any part of that portion of the technology which
defendant cannot or will not separate; that the
injunction shall restrain and enjoin defendant, its
directors, officers, employees, agents and all other
persons acting in concert with them who receive
notice thereof, pending the final determination of
this action and thereafter until November 1, 1972,
from leasing, selling, transferring or further disclos-
ing to Tymshare Inc, or to any other third party, any
of the systems-software developments and technolo-
gy supplied by plaintiff to defendant pursuant to the
technical exchange agreement.”

Computer Complex appealed the decision, but the
decree of the District Court was affirmed by the US
Court of Appeals for the Sixth Circuit. EDN

H Newcomb Morse, JD, LL M, FAAFS, received the
Juris Doctor degree from Tulane University and the
Master of Laws degree from the University of
Wisconsin. He was appointed by the late Mayor
Richard Daley of Chicago to the Mayor's committee on
organized-crime legislation and elected a Fellow of the
American Academy of Forensic Sciences. Formerly
Professor of Law at DePaul University and Memphis
State University, Morse is currently Professor of Law at
Pepperdine University. He is also a contributing editor
of the Lawyers’ Medical Cyclopedia and chief
contributing editor of Malpractice and Product Liability
Actions Involving Drugs.
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Power Basic

TTs fast new language for industry.
So easy you already understand it.

As readily as you read this ad, you can
use Power Basic language. It’s the
nearest to English of any high-level lan-
guage. Simple. Versatile. Low cost.
Fast.

Developed by TI for the 990/9900
Family. Power Basic products are de-
signed for those in industry who need
the benefits of microprocessors but
want to by-pass the difficulties of pro-
gramming in assembly language.

Fast, flexible
industrial control

Power Basic language achieves a speed
of execution and offers features ideally
suited to industrial control needs: 11-
digit accuracy ¢ 24 hour time-of-day
clock « Elapsed time measurements
down to 1/25th of a second * Interrupt

© 1980 Texas Instruments Incorporated

capabilities « EPROM programming ¢
String manipulation capabilities ¢ 3-let-
ter variables ¢ User-oriented editor for
program changes without rewriting en-
tire program « Direct call of assembly
language routines * Configurator for re-
duced memory overhead.

Pick the package you need

Three Power Basic versions let you se-

lect the capability and cost best suited

to your application. All versions make

TT’s 990/9900 Family even easier to use.

Choose from:

® Evaluation Power Basic — 8K bytes
of memory in four Solid-State
Software™ ROMs. For single micro-
computer module evaluation of Power
Basic language.

® Development Power Basic — 12K
bytes of memory in six Solid-State

TEXAS INSTRUMENTS

INCORPORATED
For more information, Circle No 49

Software ROMs. For medium to

large-size applications. Provides full

capability to design, develop and de-
bug Power Basic programs — plus

EPROM programming.

e Configuration Power Basic —
Floppy diskette package provides a
configurator which reduces programs
to minimal memory by eliminating
the portions of BASIC overhead not
required by your target system.

For an easy-to-understand Refer-
ence Guide on the language you can
write after an hour’s in-
struction, call your nearest
TI field sales office or au- o
thorized distributor. Or |Innovation
write Texas Instruments i
Incorporated, P.O. Box Z]
1443, M/S 6404, Houston,
Texas 77001.

Fifty Years

85579A




Total thinking

for microprocessor support . . .
MicroSupport™

The marvels of microprocessors are enough
to confuse any professional. Before you're
too far along, remember there’s more to your
job than just designing microprocessors
in your products.

You also need total microprocessor
support throughout your organization. It’s
more than just PROM programmers ...
emulators ... microprocessor development
systems and software.

Advant announces MicroSupport by
E-H.

The complete family of related support
equipment for design, development, test
and field service.

It’s the total approach to all of your
needs ... now and in the future.

ADVAIRT

for
MicroSupport™

2 ED)
696 Trimble Road
San Jose, CA 95131

(408) 946-9300

MicroSupportis a Trademark of E-H International MicroSupport products are ma

wide by Advant Corporation

MicroSupport is the highly efficient,
fast, economical and comprehensive line of
universal microprocessor support tools.

First, an improved line of universal
PROM programmers that can quickly and
easily program 4K-128K PROMs. .. using
software, not personality boards.
Regardless of where they are used—Ilab,
development, production or field service—
you can choose units that will let your
people change software in seconds.

Next, is a series of real-time, stand-
alone emulators for debugging hardware
and software. Your engineers and techni-
cians never have to be worried about being
tied to a microprocessor development sys-
tem to debug programs. Production test

will also find them useful.

Now in final test, is the most advanced
microprocessor development system you
canimagine. It offers significant hardware
and software advantages over other so-
called universal microprocessor-based
systems.

It will give you increased power and
dramatically expanded capabilities in a
very cost-effective package.

While you’re thinking about micro-
processors and their applications ... think
about total microprocessor support.

Call or write us today for more infor-
mation on MicroSupport.

Advant for MicroSupport by E-H.

I'm thinking about microprocessors and need to think about microprocessor
support. Send me information on:

____ Universal PROM

Programmers

__Real-Time Emulators

Economic, Universal micro- ______ I'm already using

processor development

systems

Company
Address

City ==
Phone ( )

microprocessors and need to
discuss MicroSupport right
away. Give me a call.

Microprocessors Used

Applications

For more information, Circle No 50
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An edge for versatility When timing is important

Dale .156"” Edgeboard Connectors Dale Clock Oscillators are ready
give you extra freedom in matching . from stock in a choice of prices
body materials, mounting e and profiles (as low as .200").
variations, contact plating ' b Functions include complementary
and termination styles. ; S 1 [/ output and enable/disable. All
Choose from double or e ; have 14-pin DIP configura-

single readouts, .140” { tion and TTL compatibility.

or .200” row spacing, 6 to 25 Standard frequencies from
contact positions. Instant 250 KHz to 25 MHz. Stability ¥
interchangeability with major from .005% to 2.5%. Temperature
connector manufacturers. compensated styles also available.
Phone 605-665-9301 or Circle 54 Phone 602-967-7875 or Circle 55

The many faces of Dale. -

Get to know them better.

DALE ELECTRONICS, INC., Box 609, Columbus, Nebraska 68601 A subsidiary of The Lionel Corporation
IN CANADA: Dale Electronics, Ltd. ® IN EUROPE: Dale Electronics GmbH, 8031 Puchheim, West Germany



Relax!

When you need
electronic equipment without waiting,
Leasametric can have it
on its way to you in minutes.

Whether your requirement is for a week, a month But renting from Leasametric means more than
or a year, theres one way to get the latest in electronic immediate possession. Its the one effective way to get
test equipment or terminals without waiting. Rent it the new equipment you need without going back to
from Leasametric. management for more money. Theres no major capital

Instantly, our nationwide on-line computerized investment with a Leasametric rental.
inventory system will check our dozens of regional Plus, renting gives you a chance to
inventory centers to pinpoint the unit closest to 7 check out the very latest models without
you. Within minutes, your order is being @] committing to one manufacturer’ hard-
processed and, in most cases, your equip- | | " ware. Our continuously expanding
ment will be in your hands in less than inventory includes a multi-million
24 hours. dollar rental pool of over 33,000
And, the Leasametric ®. items from the top 500 elec-
name means the equip- ' tronics manufacturers —
ment you rent is in working including most items from the
order when we ship it. Our HP and Tektronix catalogs.
regional maintenance lab- When you need itnow,
oratories are traceable to depend on Leasametric.
the National Bureau of To order, or for our latest
Standards and every rental catalog, call one of the
piece is thoroughly relaxing toll free Leasametric
calibrated before it goes numbers shown below. We'll
out the door. When you rent get the equipment you need
it from Leasametric, it works! on its way to you in minutes!

o b n\\\\\ﬂ—_@f@“\f{\‘“k :
.17 f= e uqﬁg L%
THHETRNEN

Rent it and relax.

In the West In the Central U.S. In the East
Call 800-227-0280 Call 800-3232513  Call 800-638-4009
In California, call (415) 574-4441 In lllinois, call (312) 595-2700 In Maryland, call (301) 948-9700

Leasametric

1164 Triton Drive, Foster City, CA 94404
ATrans Union Company

94 For more information, Circle No 51 EDN FEBRUARY 20, 1980



INTRODUCING

A NEW CONCEPT

N HIGH-EFFICIENCY
RECTIFIERS.

Atlast, switching power supply designers
can specify high performance without
specifying high prices.

The reason? Unitrode’s new low-cost
packaging for UES (Ultra-Efficient Switch-
ing) junction rectifiers.

Justlook at these prices. Our 8A 100V
single-chip version is just 90¢ in volume.
Our16A 100V center-tap, just $1.35.

Yetlook at the performance you get.
Performance that challenges a Schottky
costing $2 or more. Reverse recovery
times of 35ns. Forward voltage drops of
.895V at 100°C. And you can get that
performance up to 150V.

In addition, our compact TO-220 UES
rectifiers give you design advantages over
axial and studded packages, as well as
automatic insertion capability. So your
company can save a lot of time and money
in production.

Both our single-chip (UES1401-3) and
our center-tap (UES2401-3) are available
now. Off the shelf from our factory, or
from your local distributor.

For more information, call or write:
Unitrode Corporation, 5 Forbes Road,

‘ : € ' Lexington, MA 02173.
0-220 £ 7 Tel. 617-861-6540.

8Asingle-chip | J 4t A : ] 1

UNITRODE

UNITRODE POWER
RECTIFIERS

© Unitrode 1980

For more information, Circle No 56
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Progress in thin slices—that's the state of the art in linear ICs. With a
~ few notable exceptions, today’s devices’ improved performance is
the result of careful adjustments in current technology. (Photo
courtesy Advanced Micro Devices)

- George Huffman, Associate Editor

Despite the sometimes seemingly slow pace of product

development, linear ICs have come a long way in the
~ past 5 yrs or so—quickly and very quietly. Overshad-
owed by the fanfare that accompanies each new crop i : e
digital devices, some remarkable linear units— ‘improvements in today’s linear ICs—and hence the
L jmore ;ﬁmportant.ly, thexr design advantages—mlght broad range of their potentlal use:

1-kHz spot-noise eharaet ris
0.4 pA/IHz, are fairly

. EDN FEB JARY 2,
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‘:inEr op amp ca;a out.iant +30V'at

1460 hybmd
mA over a

/y be. A look at'some deszgn
the considerably increased
rt op amps and comparators.

10-MHz bandwidth. Signetics’ NE5539 proves
especially useful in video-amplifier circuits, and
Precision Monolithies’” BUF-03 stands out when
employed in a swift and stable unity-gain buffer.
Harris’ fast comparator, the HA 4950, boasts a
%-LL.SB resolution referenced to 12 bits—

extremely high stability for a device with a

40-nsec response time. And even faster compara-
tors (with correspondingly decreased accuracy, of
course) offer additional ingenious application
possibilities: Advanced Micro Devices’ Am687A
8-nsec device makes possible a 100M-bps pulse
repeater, and a design employing PMI’'s CMP-04
demonstrates how one 14-pin DIP can function as a

97




Slew rate doesn’t count at dc;
only stability does

versatile time-delay generator.

« Versatility is the featured spec of another group of
linear ICs. Not the fastest nor yet the quietest,
these devices nonetheless help solve those nig-
gling problems that always seem to crop up in an
otherwise neat design. Operation over a very
wide supply range, availability of an internal
reference voltage and excellent input characteris-
tics combined with a low slew rate are just three of
the design-flexibility features many of these chips
offer. For example, National’'s LMI11 makes
possible a clever self-balancing-amplifier scheme,
and the firm’s LM10 (EDN, February 5, 1979, pg
91) finds use in a wide-ranging thermometer.

+ Even the old standby 741 - type linear IC—
estimated by several manufacturers as the device
still being designed into at least 70% of all new
circuits—has been substantially improved. Now
available from at least 14 sources, it, too, exhibits
improved performance resulting from ongoing
refinements in materials and manufacturing
technology. These improvements span all key
areas: Lower noise, lower and more stable input
bias characteristics and higher slew rates and
gain-bandwidth products are the results.

The improved performance of today’s linear ICs
brings with it a potential design stumbling block:
Designers must be wary of merely plugging a
new-and-improved version of any device into an
existing design. For while lower noise or better
behaved bias performance seldom upsets a well-
designed amplifier or active filter, higher speed might
not prove so benign. The compensation employed in
such a circuit design hinges on the phase-gain margins
of the original device; a faster chip thus might well turn

an amplifier into an oscillator. You might even discover
that the original power-supply bypassing is no longer
adequate—tantalum capacitors are not particularly
effective at high frequencies, for example.

All of these considerations hammer home three key
interrelated facts: Linear ICs are better than ever; the
designs they permit are more ingenious than ever; the
care and knowledge required to implement those

OUTPUT

O
- 15V =

Fig 1—Configured just as is, this dc-power-amp design
sports an output offset of less than 10 mV—not bad,
considering that it runs at a gain of 100. And if even that's too
much offset, you can always balance the Fairchild p.A714 op
amp in the conventional manner.

VOUT

R

- O

+8V = —_8v

Fig 2—Color-video signals won't suffer when passing
through this Signetics NE5539-based amplifier. The stage's
gain equals 20 dB, and total differential phase shift is less
than 2°.

a
+15V +5V
8BIT ADC
ANALOG
INPUT TRW
TDC1007J
- 15V -6V

Fig 3—Driving a fast 8-bit ADC could prove as easy as the
block diagram (a) indicates. Both the leading and trailing
edges of the 10V pulse (b) slew at 300V/usec.

DIGITAL
OUTPUT

roresmman Ay~
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designs are more crucial than ever. And it’s this third
fact that makes effective application hints an indispen-
sable element of designing with today’s linear devices.

DC power amps are still hard to design

This need is more crucial in some areas of circuit
design than in others, of course. For example, the
basics of low-noise circuit design are familiar: good
signal shielding and grounding, careful attention to
thermal gradients, use of low-leakage components, etc.
Follow them in low-frequency settings and all you
usually have to do is plug in a quieter chip, sit back and
enjoy a better sounding audio system. One such quieter
chip is Analog Systems’ MA-332-CP high-performance
audio op amp, which includes 1-kHz spot-noise specs of
3.5 nV/\/Hz and 400 pA/VHz among its key characteris-
tics (see pg 73 in this issue).

Even in low-noise design, though, pitfalls can appear.
As Fairchild applications engineer Jeff Thompson
points out, “quiet isn't everything—not when total
harmonic distortion has (perhaps) been sacrificed.” The
investigation of the relationship between THD and
amplifier slew rate is one of Thompson’s present
projects, and his results should prove interesting.

An area where application hints are more critical,
however, encompasses dc power amplifiers. The
noninverting circuit shown in Fig 1 employs the very
low-noise Fairchild pA714, combining that device’s
very low offset with the 759's relatively high output-
current capability. Overall gain equals 100 (Rs/R.).
With the component values shown, output offset is less
than 10 mV, and the 759 can deliver as much as 100 mA
at 10V dc when equipped with suitable heat sinking.
You'll find a fairly standard method for reducing the
offset even further in the wA714’s data sheet.

Color-TV fidelity in a chip

If your designs call for higher frequency (1-GHz)
operation, you’ll appreciate Signetics’ Type NE5539.
This innocent-appearing 14-pin DIP boasts a 1.2-GHz

Fig 4—A pair of 8-nsec comparators occupy this 56-mil? chip from
Advanced Micro Devices. Providing direct interfacing to ECL and
500 lines, the Am687A is a capable pulse amplifier, too.

gain-bandwidth product and a 600V/usec slew rate.
However, if you're not already familiar with color-video
systems, coax-cable drivers or fast pulse amplifiers
(and therefore with VHF-circuit design), you might
have trouble taming this chip. Advanced Analog
Systems, Los Altos, CA, offers an evaluation kit
(circuit board, NE5539 and other components) to help
you get started.

Color fidelity in video systems is very sensitive to the
differential phase errors accumulated between trans-
mitter and receiver. The NE5539-based video-amplifier
design depicted in Fig 2 doesn’t exhibit this difficulty;
its overall differential phas i than 2°.
circuit is optimized for a 75() system at a voltage gain of
10 (20 dB), and if you're acquainted with broadband
ferrite -loaded transmission-line - transformer designs,
you've probably already thought up some interesting

The op-amp cross reference that almost was

In developing this Special Report,
we attempted to compile and
publish what would have been (as
it turned out) an industry first—a
completely up-to-date and unbi-
ased op-amp cross reference,
organized on a best-of-breed
basis. With the help of this
compendium, for example, if your
next design’s most critical per-
formance parameters were low
spot-noise voltage at 10 Hz and
high CMRR, you would have been
able to determine which devices
from which manufacturers best
meet those requirements, then

ascertain the tradeoffs involved in
employing them.

So much for idealism; unfortu-
nately, reality intervened. Our first
problem was lack of data; many
devices simply aren’t character-
ized thoroughly enough. For ex-
ample, their spec sheets might
contain noise-performance fig-
ures at two frequencies, but not at
(or near enough to) the frequency
of interest. And without knowing
where the knee of this noise-
performance curve is, a potential
user can’t even calculate the
values needed.

Our second problem in attempt-
ing to compile the cross reference
centered on the undefined test
methods often employed in ob-
taining what data is available.
Apparently, the industry has never
standardized many test methods
for op amps and other devices.
Alternatively, if such standards do
exist, they aren’t being faithfully
adhered to.

The bottom line? For now, if you
need data on the best op amp for
your design, perseverance and
the use of United Technical Publi-
cations’ /IC Master still seem to be
your best hope.
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RF circuit-design techniques are
a must with 1-GHz linear ICs

circuit modifications.

High-speed design can also pose other, equally
difficult problems—for example, when you must
interface a very high-impedance transducer with a
low-impedance ADC. With an input resistance of 10''Q,
an output resistance of only 2Q and a 55-MHz
bandwidth, PMI’'s BUF-03 gain-of-one buffer could be
the solution in such cases.

Fast (33-nsec) 8-bit ADCs similar to TRW’s
TDC1007J have an input impedance of 5 k() and 300
pF—difficult to drive with most op amps. The answer
to this dilemma could be as simple as the basic block
diagram shown in Fig 3a. The BUF-03 requires =15V

and the ADC +5 and —6V,; the circuit must be carefully
laid out and bypassed, of course.

Comparators come in two forms—both improved

High speed also plays a part in the latest comparator
product offerings: With a maximum propagation delay
of only 8 nsec, Advanced Micro Devices’ Type Am687A
dual comparators (Fig 4) are very fast indeed.
Operating from +5 and —5.2V supplies, these devices
sport complementary ECL outputs and can directly
drive 50Q lines. Flash converters are obvious applica-
tion candidates for these comparators; a very fast pulse
repeater is less obvious but also feasible.

In this latter application, alternate bipolar encoding
of standard serial digital information looks like the
input signal depicted in Fig 5: ZEROs are represented
by a zero level, but ONEs are indicated by either a
positive or negative level—the signal changes polarity

supplies, this design has achieved 100M-bps data rates.
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Fig 5—Balanced input and output make this fast pulse repeater simple to implement. Requiring standard ECL-level power

thermal tracking.
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Fig 6—Shown here as a multistage fixed-delay generator, this design could easily be modified to permit modulation of the various
delay times. The four comparators, from Precision Monolithics Inc, are all housed in the same 14-pin DIP—thereby ensuring excellent

NOTE: EACH IC 4 CMP-04

100

EDN FEBRUARY 20, 1980



each time a ONE occurs. Such encoding offers two
advantages. First, the spectral nulls that exist at both
de and the bit rate considerably simplify any subse-
quent signal filtering. Second, because dec restoration
isn’t required, ac coupling can be employed.

Detecting this type of code is simple: The compara-
tors’ inputs are biased and driven to form detectors for
the positive and negative pulses—rather like a
push-pull connection—and the outputs are wire ORed.
Broadband transmission-line transformers handle sig-
nal division and phase inversion at the input and signal
recombination at the output.

A low bias voltage (V) might prove necessary to set
the ZERO-discrimination level. Although nothing more
than a basic regenerative repeater, this circuit has

functioned successfully with 30 dB of flat (equalized)
attenuation at data-transmission rates up to 100M bps.

Another unusual comparator application appears in
Fig 6 and employs PMI's low-power quad unit, the
CMP-04. With input offset voltage spec’d at 1 mV max
and a 10-nA max input offset current, outboard offset
adjustments aren’t needed. Supply voltage can range
from 5 to 36V, and the required current remains 2
mA—a feature that’s very useful in battery-powered
equipment.

Where’s the tradeoff? In speed. Under standard test
conditions, the CMP-04 responds in 1.3 usec, as
opposed to the Am687A’s 8 nsec. In return for this
lowered speed, though, you get much lower input
offsets and total power requirements.

Don’t overlook instrumentation amps

As Analog Devices’ Jeff Riskin
points out in his A User’s Guide to
IC Instrumentation Amplifiers, “‘an
instrumentation amplifier is a pre-
cision differential-voltage-gain de-
vice optimized for operation in an
environment hostile to precision

measurement.” By providing
many of the classical cut-and-try
design functions in a ready-to-use
package, this class of linear ICs
can greatly simplify real-world
circuit design.

According to Riskin, such de-

sign is characterized by deviations
from the ideal: “Temperature fluc-
tuates, electrical noise exists and
voltage drops caused by current
through the resistance of leads
from remote locations are dictated
by the laws of physics. Further-

The classical approach to instrumentation-amp design involves utilizing op amps
with low input bias current. (Motorola's FET-input MC34022 achieves a 30-pA figure for
this spec.) In many cases, though, an IC instrumentation amp proves less troublesome.

more, real transducers rarely
exhibit zero output impedance
and nice, neat 0 to 10V ranges.
Induced, leaked or coupled elec-
trical interference (noise) is al-
ways present to some extent. In
brief, even the best ‘cookbook’
must be taken with a grain of salt.”

The classical approach to do-
it - yourself instrumentation-
amplifier design appears in the
photo—you combine several op
amps and resistors in the hope
that somehow everything will
track. Sometimes that's the only
way you can attain the required
performance.

However, sometimes all of the
hard work has already been done.
With Analog Devices’ AD521
instrumentation amp, for example,
gain is adjustable from 0.1 to 1000
by varying just two resistors. And
you can achieve this wide gain
range without upsetting the de-
vice's high (120 dB) CMRR and
3x10°%Q input impedance. Output
impedance equals 0.1Q, and
rated output swing is =10V into 1
kQ). Combined with a gain-
bandwidth product of 40 MHz,
these specs are hard to equal with
the classical approach.
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High-speed comparators provide
several design opportunities

Fig 6’s delay generator is very basic and therefore
very versatile. For example, you could choose the
threshold-determining resistors to provide any other
ratio of delays. Furthermore, the point marked A could
(instead of being referenced to the supply voltage) be
tied to some other reference source capable of
modulating the total delay time. The design possibili-
ties are numerous.

If all else fails, invent it

There’s no doubt about it: The newest crop of linear
ICs provides the specific characteristics—low noise,
high stability, high speed—often required to solve a
particularly tricky design problem. Indeed, plugging
the hard-to-fill gaps in a system block diagram can
actually be fun. All you need is an awareness of the
versatility of some of the available ICs—another case
for the importance of detailed application information.

One recent linear IC whose application potential has
been extensively documented is National’'s LM11 op
amp (EDN, February 5, pg 119). Indeed, the device is
so versatile that Bob Dobkin, the firm’s director of
advanced-circuit development, claims that “any (cir-
cuit) designer who requires the very highest stability
and performance from a low-frequency amplifier will
have to use it.”

The composite-amplifier scheme pictured in Fig 7
demonstrates this point. Intentionally employing the
LM11’s very low slew rate and its very high de stability
to control the LF351 wide-bandwidth FET amp’s offset
provides a best-of-both-worlds design. (Although not
shown, still better performance is achievable by

balancing out what little offset the LM11 does exhibit.)

Because the LM11 has a very low slew rate, it can
accommodate very fast input transients without
attempting to follow them and can therefore continu-
ously servo out the LF351’s offset errors. The result?
The composite amplifier’s range effectively extends
down to dc without any appreciable effect on its upper
frequency limit.

As another example of how you can exploit the
“hidden” features of some of today’s linear ICs,
consider the electronic thermometer depicted in Fig 8.
Even though the LM134 is usually described as a
3-terminal adjustable current source, it's also an
accurate temperature sensor. Although not tested
below 1.5V, it can generally operate down to 1V with
0.5°C accuracy. Furthermore, the LM10 op amp—in
addition to featuring low-voltage capability—contains
(and outputs) the stable voltage employed as the
reference in this design.

Useful over the —55 to +150°C range, the LM134
develops a current proportional to absolute tempera-
ture. The reference and op amp provide this output
with the desired zero offset (R,) and range expansion
(R3). The resulting direct readout is in degrees Celsius
(or degrees Fahrenheit if so calibrated). As shown, the
100-pA FS meter covers the 0 to 100°C span.

Further examples of linear ICs with “hidden”
versatility include operational transconductance ampli-
fiers such as the RCA CA3080 and 3280 and the
LM13600 from National and Exar (EDN, August 20,
1979, pg 70), and National’'s LM359 dual current-
differencing (Norton) amp (EDN, September 20, 1979,
pg 99). Yet another such IC is Intersil’s commutating
autozero (CAZ) op amp (EDN, September 20, 1979, pg
46).

The CAZ amp employs what amounts to an internal
sample-and-hold technique to achieve self balancing of

Re
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Fig 7—The low slew rate of the National Semiconductor
LM11 permits it to servo out the much faster LF351’s offset
voltages without compromising the latter device's speed.
Achieving even higher stability is possible by also balancing
out the LM11.
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Fig 8—Operating from a single D cell, this electronic
thermometer employs the National LM10 as both a reference
and an amplifier; the LM134 serves as a temperature sensor.
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Major linear-IC manufacturers

Information Retrieval Service card or contact the following manufacturers directly.

Advanced Micro Devices Fairchild Semiconductor Motorola Semiconductor Products Inc
901 Thompson PI 464 Ellis St Box 20912
Sunnyvale, CA 94086 Mt View, CA 94042 Phoenix, AZ 85036
(408) 732-2400 (415) 962-5011 (602) 244-6900
Circle No 404 Circle No 413 Circle No 423
Analog Devices Inc Ferranti Electric National Semiconductor Corp
Box 280 East Bethpage Rd 2900 Semiconductor Dr
Norwood, MA 02062 Plainview, NY 11803 Santa Clara, CA 95051
(617) 329-4700 (516) 293-8383 (408) 737-5000
Circle No 405 Circle No 414 Circle No 424
Analog Systems General Instrument Corp
Box 35879 Microelectronics Div g(;% t;"v:_:‘;:;?x Sasswa
Tucson, AZ 85740 600 W John St e v o i
(602) 299-9831 Hicksville, NY 11802 (408) 738-21.80
Circle No 438 (516) 733-3107 Circle No 425
Circle No 415
Beckman Instruments Inc ]
2500 Harbor Bivd Harris Corp Optical Electronics Inc
Fullerton, CA 92634 Semiconductor Products Div Box 11140
(714) 871-4848 Box 883 Tucson, AZ 85734
Circle No 406 Melbourne, FL 32901 (602) 624-8358
(305) 724-7407 Circle No 439
Burr-Brown Circle No 416
Box 11400 Intech/Function Modules Inc Panasonic
Tucson, AZ 85734 282 Brokaw Rd One Panasonic Way
(6,02) 746-1111 Santa Clara, CA 95050 Secaucus, NJ 07094
Circle No 407 (408) 244-0500 (201) 348-7000
Cherry Semiconductor Corp Circle 417 Circle No 426
99 Bald Hill Rd Intel Corp
Cranston, Rl 02920 3065 Bowers Ave Plessey Semiconductors
(401) 463-6000 Santa Clara, CA 95051 1641 Kaiser Ave
Circle No 408 (408) 987-8080 Santa Ana, CA 92715
Circle No 418 (714) 540-9979
Datel Systems Inc g Circle No 427
11 Cabot Bivd Intersil Inc
Mansfield, MA 02048 10710 N Tantau Ave
(617) 339-9341 Cupertino, CA 95014 Precision Monolithics Inc
Circle No 409 (408) 996-5000 1500 Space Park Dr
Circle No 419 Santa Clara, CA 95050
Dionics Inc Intronics Inc (408) 246:9002
65 Rushmore St 57 Chapel St Circle No 428
Westbury, NY 11590 Newton, MA 02158
(516) 997-7474 (617) 332-7350 Raytheon Co
Circle No 410 Circle No 420 Semiconductor Div
350 Ellis St
EG&G Reticon ITT Semiconductors Mt View, CA 94042
345 Potrero Ave 74 Commerce Way (415) 968-9211
Sunnyvale, CA 94086 Woburn, MA 01801 Circle No 429
(408) 738-4266 (617) 935-7910
Circle No 411 Circle No 421
RCA
Exar Integrated Systems Micro Power Systems Inc Solid State Div
Box 62229 3100 Alfred St Rte 202
Sunnyvale, CA 94088 Santa Clara, CA 95050 Somerville, NJ 08876
(408) 732-7970 (408) 247-5350 (201) 685-6000
Circle No 412 Circle No 422 Circle No 430

For more information on devices described in this article or on other linear ICs, circle the appropriate numbers on the

SGS-ATES Semiconductor Corp

79 Massasoit St
Waltham, MA 02154
(617) 891-3710
Circle No 431

Siemens Corp

186 Wood Ave South
Iselin, NJ 08830
(201) 494-1000
Circle No 440

Signetics Corp

Box 9052

Sunnyvale, CA 94086
(408) 739-7700
Circle No 432

Silicon General Inc
11651 Monarch St
Garden Grove, CA 92641
(714) 892-5531

Circle No 433

Siliconix Inc

2201 Laurelwood Rd
Santa Clara, CA 95054
(408) 246-8000

Circle No 434

Sprague Electric Co
645 Marshall St

North Adams, MA 02147
(413) 664-4411

Circle No 435

Teledyne Philbrick
Allied Dr at Rte 128
Dedham, MA 02026
(617) 329-1600
Circle No 436

Texas Instruments Inc
Box 5012, MS 84
Dallas, TX 75222

(214) 238-2011

Circle No 437

TRW Semiconductor
14520 Aviation Blvd
Lawndale, CA 90260
(213) 679-4561

Circle No 403

input-bias offsets and drift. The result? A de op amp sources of amplifier-noise and bias-stability problems.
with remarkable stability—input offset-voltage drift of 1In it, he also points out some of the common errors
200 nV/yr and 5 nV/°C. A 100-dB open-loop gainand a4 made in specifying and measuring low-noise devices.
to 16V operating supply range put the CAZ-amp family The paper is quite useful and is one more source of the
in a class by itself; Intersil’s ICL7600 and 7605 data key application data so necessary to apply today’s linear

sheets describe some interesting applications. ICs effectively.
Many of these new devices are second sourced. Micro
Power Systems, for example, produces most of the

premier units offered by PMI, Analog Devices, Harris, Article Interest Quotient (Circle One)
High 470 Medium 471 Low 472

Intersil and Siliconix and is probably working on the

rest. Furthermore, MPS president John Hall under-
stands low-noise-device technology and has written a
paper (available from the firm) that discusses the
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SAY HELLO TO OUR MODEL101.
AND GOODBYE TO CALIBRATION HASSLES.

Meet a new kind of instrumentation portable, One that comes with up to 32 data channels
one so self-contained that all the calibration —wideband or intermediateband, speeds
equipment you'll ever need is built right in. ' = | from 15/16t0 120 ips, programmable selec-
Just press AUTO TEST and Honeywell's ‘ &l tive track sequencing, and large reels for
new Model 101 checks itself and tells you 4 up to 32 hours of recording time.
what, if anything, needs adjustment. You can ’ Compare the Model 101 with your pre-
do a complete calibration in about half the sent tape system and see what a difference
usual time, and do it with only a screwdriver N a microprocessor makes. For details, or for
or simple tweaking tool. ] ademonstration of the Model 101, contact:
Butdon't think of the 101 as just a more portable Darreil Petersen, Honeywell Test Instruments Division,
portable. Because it's also a more advanced lab system. Box 5227, Denver,CO 80217. (303) 771-4700.

WE’LL SHOW YOU A BETTER WAY.

Honeywell

For more information, Circle No 57
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Fact is we’ve made over 55 million
miniature air variable capacitors since 1961.
Over five million in the last year alone.

That’s one reason most of our
customers rely on us to be their sole source.
That and our reputation for reliable
service, prompt delivery and quality
components.

So if quality components are what
you're after, give us a call. Before you take
your coffee break.

For a complete catalog of Johnson
Capacitors, circle the reader service
number at the bottom of this page.

X JOHNSON

E. F. JOHNSON COMPANY, WASECA, MINN. 56083

For more information, Circle No 58
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Whatever your ferrite requirements for power
conversion applications Ferroxcube has the size, shape
and material to fill your needs.

The power material 3C8 is produced in our full range of
standard configuration: Pot Cores, Toroids, E or

E-LAM Style E Cores, as well as EC Cores

complete with bobbins and mounting hardware.

All can be gapped for output choke applications. We've even
established standard “power gaps” for

Pot Cores and EC Cores.

- We've got it all and it's called The Power Line. If you'd like
|z more information about the most complete ferrite
L product line in the industry, Speak To The Specialists.

‘I PP— If we can't help you, chances are nobody can.

(3§ FERROXCUBE
Speak To The Specialists

Division of Amperex Electronic Corporation
Saugerties, New York 12477
TWX 510-247-5410

(914) 246-2811

A North American Philips Company




Programmable array processors
crunch numbers effortlessly

Special-purpose processors offer a low-cost alternative to expensive
scientific computers for manipulating large data arrays.

Sam Martin, Floating Point Systems Inc

Programmable array processors find use in performing
iterative computations on large data arrays because in
such applications, mainframe computers cost too much
and minicomputers possess restricted speeds. Inter-
faced to a general-purpose host computer, a dedicated
array processor furnishes fast throughput, wide
dynamic range and high precision—all under software
control—to accommodate diverse data-array handling
(Fig 1).

The combination of an array processor and host CPU
permits each machine to operate optimally on a
computational problem. The host supplies overall
system control, directing data flow and instructions
between the array processor and the I/0 devices. The
array processor in turn executes complex data calcula-
tions more than 100 times faster than the host can.

Despite these outstanding advantages, though, many
potential users avoid array processors because—at
least on the surface—they appear extremely difficult to
understand, utilize and program. But by grasping the
basic array-processor hardware and software funda-
mentals, you can readily bring these versatile and
flexible machines to bear on your intensive number-
crunching applications.

Synchronous units rate over asynchronous types

Array processors are either synchronous or asyn-
chronous machines. In a synchronous unit, all process-
ing, memory and control elements adhere to the same
clock cycle; in an asynchronous machine, various
elements run at their own individual rates. In principle,
an asynchronous machine possesses a throughput
advantage because its inherently faster elements run
unimpeded by its slower ones.

In practice, though, coordinating the operation of
these asynchronous elements becomes complex; you
must write a separate program to control each
asynchronous function. Furthermore, the number of
states in an asynchronous machine defies definition,
making it difficult if not impossible to write a simulator
for such a machine. Thus, you can only debug programs
on the machine itself and therefore can’t develop an

EDN FEBRUARY 20, 1980

application library in parallel with an asynchronous
array processor’s hardware development.

In contrast, synchronous array processors eliminate
the need for programmer coordination of machine
elements. Because you can write an exact simulator,
program development gets a head start. Thus, the
program libraries for synchronous array processors
generally exceed those for asynchronous types.

Precision depends on bit format

A key factor underlying array-processor hardware
centers on the achievable precision of calculations. In
scientific computing, the required number of bits of
accuracy depends on the application: Some uses call for
the double precision (64 bits) commonly associated with
large-scale scientific computers, while others need only
24 bits (six decimal digits). In the latter case, using
either the entire data word (in an integer machine) or

| KEYBOARD I

HOST
COMPUTER
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CONTROL DATA
y Y
[ pro | oma |inTerFace
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Fig 1—Combining a host computer with a programmable
array processor results in precise, fast, repetitive numerical
calculations on large arrays of data. Bidirectional DMA
transfers programs and data between the host and array
processor, and programmed input/output (P1/O) enables the
host to control the array processor.
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Synchronous array processors
optimize hardware utilization

its mantissa portion (in a floating-point machine)
provides the necessary precision.

Because scientific calculations in general span large
dynamic ranges, floating-point array-processor archi-
tecture clearly wins over the integer configuration. In
this respect, many common array processors adopt the
standard 32-bit minicomputer word, usually divided

into 24 bits for the mantissa and eight for the exponent.
The result is a dynamic calculation range of 10=%.
Obviously, this 32-bit hardware costs much less than
a 64-bit double-precision configuration, but its 6-digit
precision does lack adequacy for many applications.
Therefore, a compromise solution of 38 bits employed in
some array processors utilizes an extended-precision
format. This approach divides the 38-bit word into a
28-bit mantissa and a 10-bit binary-encoded exponent to
obtain 8-decimal-digit precision and a dynamic range of
10°®—a marked performance improvement for a
moderate increase in hardware complexity. And if full

Choosing an array processor

An array processor augments a
host computer by providing the
host with increased throughput
and precision. But only if such an
array processor offers at least a
38-bit data word (assuming a
floating-point format) can it offer
improved precision and dynamic
range compared with a 32-bit
minicomputer equipped with a
floating-point-arithmetic option.
The degree of improvement in
real working throughput by means
of an array processor depends on
whether the host computer, oper-
ating alone, is /O bound or
computation bound. If I/O opera-
tions consume the bulk of total
processing time, with only a
limited portion of that time spent
on computation, an array proces-
sor won't help. On the other hand,
it will speed throughput in cases
where the bulk of the host's time
involves iterative computations on
large arrays of data. Such
throughput improvements typical-
ly range from 10 to 200 times,
depending on host speed, the
characteristics of the chosen array
processor and the application.
Array processors range in ca-
pability from 24-bit integer or
block - floating - point machines
to 38-bit extended - precision
floating-point models with sophis-
ticated architecture and software.
In terms of flexibility, they encom-
pass machines that are dedicated
to a single host and provide no
user programmability, as well as
units that adapt to a variety of
hosts and present a choice of

programming modes. Prices
range from $7500 to nearly $1
million; most processors cost less
than $50,000.

Under these circumstances, no
one array processor suits all
applications. The nearby check-
list, however, will serve as a
useful guide in choosing a proces-
sor suitable for your needs.

Before purchasing a specific
array processor, run a benchmark

test. Pick a problem typical of your
most difficult or most common
software program and request
that potential vendors code and
run the program on their array
processors. Compare throughput,
accuracy, cost/performance and
other factors of particular impor-
tance to your application. You can
also search the literature for
benchmarks on problems similar
to your own.

Key questions in array-processor evaluation

[0 Will an array processor help your ap-
plication? Is your present (or potential)
minicomputer computation bound or
1/0 bound?

[ Will the contemplated array pro-
cessor handle general scientific-com-
puting applications or only a restricted
subset such as signal processing?

O Is the array processor designed to
operate with a variety of hosts or con-
strained only to one?

[0 Is the data format true floating point,
block floating point or integer?

[J Are precision and dynamic ranges
adequate for the intended applica-
tions?

[ Is the real working throughput ade-
quate for the intended applications?
[J Will the vendor perform a benchmark
test for your application?

[J Is the memory size adequate to han-
dle anticipated problems? To what de-
gree can it be extended?

[0 Is the memory access time fast
enough to assure adequate throughput
in anticipated applications?

[J Do bottlenecks arise in the process
of transferring data between memory
and arithmetic units?

[0 Does the array processor offer direct
high-speed 1/0 capability for applica-
tions in which the delay involved in in-

terfacing through the host cannot be
tolerated?

[J Does the array processor offer real-
time control capability?

[J Does the array processor have a resi-
dent operating system for extended
operation independent of the host?

O Can you write your own programs?
How easy is the machine to program?

[0 How extensive is the processor’s
math library?

0 How are programs debugged? Does
an exact simulator exist?

O Is the price for a complete operating
system low enough to allow dedicated
(nontime-shared) use in your applica-
tion?

[J Does the quoted price include all op-
tions needed for your application, such
as fast memory, real-time control,
direct 1/0 and software?

[0 What is the processor’s reliability
rating (MTBF)?

[ If yours is an OEM application, does
the array processor meet your needs in
terms of size, modularity, power con-
sumption and supply voltages?

[J Is the array processor easy to ser-
vice?

[0 What support does the vendor offer?
O Is there a training program? Who
pays for it?
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Glossary of array-processor terms

This glossary assumes that you
are familiar with basic computer
terminology. Listed terms relate
only to array processors and
scientific computing or else pre-
sent uniqgue meanings in those
contexts.

Array processor—A relatively
low-cost computation machine
that performs fast, precise and
repetitive calculations on the large
data arrays commonly associated
with scientific calculations. This
dedicated machine interfaces to a
general-purpose host minicom-
puter or mainframe, which han-
dles the necessary file manipula-
tion and most I/O tasks. Generi-
cally, the term “array processor”
refers to a processor capable of
computations on large arrays of
data and not to an array of
processors, such as the llliac IV.

Block floating point—A data
format that normalizes all num-
bers in a set with respect to the
same binary number. This format
conserves memory hardware be-
cause only one common expo-
nent must be stored for the entire
set. However, block floating point
loses precision in the smaller
numbers of the set because of the
large number of leading zeroes it
introduces in those numbers.

Hardware pipelining—A tech-
nigue that enhances a multistage
ALU’s throughput by flow-

streaming calculations.

Megaflops — A throughput
measurement of an array proces-
sor's floating-point ALU; equiva-
lent to one million floating-point
operations per second.

Mips—A measure of a comput-
er's execution rate; equal to one
million instructions per second.
This measurement encompasses
all machine operations (such as
data fetches, address calcula-
tions, stores and I/O operations),
not just floating-point-arithmetic
operation.

Multiprocessor—A  machine
that consists of more than one
processor (eg, an array of proc-
essors such as llliac 1V).

Parallel-processing hard-
ware—Hardware elements that
operate simultaneously to in-
crease throughput. These ele-
ments need not be entire proces-
sors, but they do encompass such
items as multiple floating-point-
arithmetic units, multiple memory
units, separate control arithmetic
units and multiple data paths
connecting the various elements.
In many popular array processors,
a separate command field in the
instruction word controls each
element.

Parallel processor—A compu-
tation system that performs more
than one arithmetic operation
simultaneously.

Potential throughput — The
maximum rate at which an array
processor (or other scientific com-
puter) completes basic floating-
point calculations. For a synchro-
nous machine, this rate equals the
product of the machine’s clock
rate and the total number of
results produced by the floating-
point-arithmetic units during each
clock cycle.

Real application through-
put—The rate at which an array
processor (or other scientific com-
puter) performs calculations in a
given application. The degree to
which this rate falls below the
potential throughput depends on
the application, the array-
processor design and the soft-
ware program'’s efficiency.

Software pipelining—A pro-
gramming concept that resembles
the throughput technique of hard-
ware pipelining. It structures par-
allel command fields in the ma-
chine’s instruction word; when an
instruction loop performs itera-
tions of the same calculation on a
large data array, software pipelin-
ing permits closing the loop
around a reduced set of instruc-
tions after the “pipe” is filled.

Uniprocessor — A processor
that fetches an instruction word
from a single memory and exe-
cutes the instruction during a
single machine cycle.

double precision becomes mandatory in applications
involving such hardware, you can derive the necessary
software routines in short order.

Between the integer and various floating-point
approaches in terms of complexity lies a third format:
block floating point. This approach normalizes the data
words in a set with respect to a single binary number
and assigns a common exponent to the set. Only when
calculations cause an overflow are set renormalization
and exponent changes required. The advantage? Cost
savings result from the use of only one set of exponent
hardware as opposed to including the exponent in each
memory word.

However, employing a common binary normalization
point leaves some numbers in the set with so many
leading zeros that their precision deteriorates beyond
usefulness. In fact, this lack of precision contaminates

EDN FEBRUARY 20, 1980

other data after repeated calculations. Block-floating-
point architecture thus achieves accuracy if you are
certain that all the numbers involved lie within a small
dynamic range. But in that case, you'd be better off
utilizing an inexpensive integer machine.

Parallel hardware promotes high throughput

Whatever its overall hardware configuration, an
array processor minimizes hardware idle time by means
of careful determination of the numbers and types of
parallel elements and provision of multiple parallel data
paths (Fig 2). Why the need for such parallel paths? A
computer system performs multiple operations during
each machine cycle: It locates and interprets an
instruction, finds and transfers data to the central
processor, performs arithmetic operations, stores
intermediate results, returns the final results to
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Multiple parallel data structures
provide high processing speed

memory and controls I/0 functions. If only one data bus
exists, each of these functions occurs in sequence, thus
limiting overall processing speed. Multiple parallel data
paths, though, coupled with a subdivided 64-bit
instruction word (Fig 3), allow up to 10 functions (such
as data fetch, program index, add, multiply, data store
and I/0) to take place simultaneously.

Consider the specific cases of multiplication and
addition. By employing separate adder and multiplier
hardware, an array processor can perform these two
floating-point operations simultaneously. For while
complete floating-point additions require two clock
cycles and floating-point multiplications need three,
pipelining the hardware elements permits one floating-
point - addition operation and one floating - point-
multiplication task to occur during each clock cycle.

For example, examine the floating-point multiplica-
tion cycle. Its three steps are (a) begin product of
fractions, (b) add exponents and complete product of
fractions and (c¢) normalize and round result. Without
pipelining, the hardware idles for two of these three
steps; with pipelining (Fig 4), it remains virtually
active at all times. Specifically, during clock cycle 1,
step 1 of the first multiplication completes, and its
results move to the step 2 hardware. During clock cycle

2, a second multiplication begins in the step 1 hardware
simultaneously with step 2 of the first multiplication. A
third multiplication starts in the step 1 hardware
during the third cycle; multiplication 1 moves to the
step 3 hardware, and multiplication 2 moves to the step
2 hardware. After cycle 3, a result emerges at the end
of each cycle. :

The throughput advantages of such an approach are
obvious. An array processor’s clock usually runs at 4 or
6 MHz, depending on the logic family employed. A
6-MHz rate translates to a 12M-operations/sec compu-
tational throughput because of the simultaneous nature
of the floating-point additions and multiplications. And
that’s for only two parallel operations. Because up to 10
functions can execute simultaneously, you can program
an array processor to perform up to 60M operations/
sec.

Performance demands high-speed memory access

This throughput improvement in turn calls for fast
memory access, because fast floating-point-arithmetic
units require high-speed delivery of arguments from
memory and fast channeling of results back to memory.
For example, in the architecture depicted in Fig 2, four
arguments execute during each cycle—two for the
adder and two for the multiplier. At a 6-MHz clock rate,
a 24M-word/sec data-transfer rate supports the inputs
to the floating-point-arithmetic units. Because the
adder and multiplier operate simultaneously, another
12M-words/sec operation transfers the results back to

PERIPHERAL
DEVICE

HOST
COMPUTER

PO | DMA

| PROGRAM |
| MEMORY

v [ v ]
“stace 1 |

STAGE 3

INTERFACE .

SCRATCH- |
PAD |
X :

Elg 2—An array processor’s high throughput stems primarily from parallel arithmetic devices, memories and data paths. You can
time-overlap all processor operations to achieve execution speeds consistent with scientific computations.

1/0 PROCESSOR

CONTROL
ALU
(INTEGER)

SCRATCH- |
PAD -
. Y '
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memory. Thus, the array processor requires a mini-
mum 36M-word/sec memory-transfer rate—without
considering such management activities as program-
memory transfers. (Because each 38-bit word equals
4.75 bytes, this rate corresponds to a 171M-bytes/sec
transfer rate.)

If 10M words/sec represents a substantial memory-
transfer rate, 36M words/sec signifies an intensive
design effort. However, array-processor designers
solve this problem by providing separate memories for
data, programs and control, avoiding memory-access
conflicts, providing multiple parallel data buses be-
tween memory and arithmetic elements and avoiding
bus conflicts.

A further technique for speeding memory access
provides two scratchpads, each containing 32 high-
speed accumulators. These scratchpads function like
cache memories in a minicomputer, supplying two
arguments and storing two intermediate results during
each machine cycle. The design restricts the number of
parallel floating-point-arithmetic units to two in order
to avoid compounding the memory-access problem, but
it still allows very high throughput.

Software considerations involve three approaches

The foregoing hardware considerations represent
only half of the array-processor story. The other
half—software—focuses on programming ease, effi-
cient coding and the number of available debugged
subroutines covering standard mathematical opera-
tions. In general, a tradeoff exists between the first two
factors: Higher level languages provide greater
programming ease, but such compilers rarely achieve
the coding efficiency possible by programming in the
machine’s assembly language.

For some less critical applications, though, quickly
developed programs are more important than realizing
maximum throughput. In others, a need for maximum
throughput readily justifies the expenditure of time and

|
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CONTROL ALU GROUP ADDER GROUP BRANCH GROUP

DIRECTS OPERATION OF DIRECTS OPERATION DIRECTS
16-BIT CONTROL ALU AND OF FLOATING-POINT CONDITIONAL
ASSOCIATED REGISTERS ADDER BRANCHES
i
a2 33]as 35[36 37 assa 40 41]42 3 44‘45 % 47[43 49 50 [o1]52 53[54 55]56 s7lss 59]50 mlsz 63
MULTI-
ACCUMULATOR GROUP PLIER MEMORY
GROUP GROUP
DIRECTS FLOW OF INTERMEDIATE DIRECTS CONTROLS
RESULTS TO AND FROM 64 OPERATION MEMORY
ACCUMULATOR REGISTERS OF ADDRESSING
FLOATING-
POINT
MULTIPLIER

Fig 3—A 64-bit instruction word permits up to 10
simultaneous control, memory and arithmetic operations. In
conjunction with a 6-MHz clock, this instruction word directs
up to 60M operations/sec, thereby ensuring that the floating-
point units’ throughput potential of 12 megafiops is realized.
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Fig 4—Hardware pipelining achieves a factor-of-three
increase in throughput for sequential floating-point multipli-
cations by means of time-step overlapping.

effort necessary to obtain tightly coded programs.
Thus, the availability of several programming options
is desirable.

The array processor depicted in Fig 2 provides three
programming alternatives, listed in order ranging from
the easiest to implement to the most efficient to code:

* Program in FORTRAN and use a host-resident

FORTRAN compiler for conversion to the array
processor’s assembly language.

* Use a series of FORTRAN calls issued by the

host.

» Program directly in the array processor’s assem-

bly language.

Using the first alternative’s FORTRAN compiler
requires a knowledge of conventional FORTRAN
programming. This compiler automatically converts to
FORTRAN statements all aspects of the array
processor’s assembly language; it also implements
transformation from the straight-line coding (one
instruction per line) of conventional FORTRAN
programs to the parallel coding appropriate for the
array processor’s subdivided instruction word. Coding
efficiency varies with the application but is high enough
for you to employ this alternative for all but the most
throughput-critical and/or frequently used programs.

The second programming alternative offers ease of
use, but its software programs execute slowly because
the host and array processor must communicate on each
call. For example, a simple program needed to perform
a complex fast Fourier transform (FFT) includes:

CALL APINIT Initialize array processor
CALL APPUT (as---a,) Transfer data from host to array
processor
Perform complex FFT
Transfer results from array processor to
host.

Where maximum possible throughput is required,
the third alternative—programming directly in the

array processor’s assembly language—provides the

CALL CFFT (a;---an)
CALL APGET (a;---a,)
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Software tradeoffs involve
coding ease and efficiency

best application choice. This selection, of course,
requires mastery of the language. However, experi-
ence shows that you can learn the basics of such
assembly language in a few hours and attain reasonable
proficiency in a few days.

Programming an array processor in assembly
language achieves the coding-efficiency advantages
usually associated with a program written in assembly
language. Additionally, this hand coding typically
results in more efficient use of the subdivided
instruction word.

Both the FORTRAN and assembly-language pro-
gramming approaches offer application simplicity and
efficiency in cases where you have access to an

TABLE 1 — ASSEMBLY-LANGUAGE
PROGRAM FOR C,=A?2 + B
LOOP: FETCH A,
NOP
NOP
SAVEX A,

FETCH A,

FETCH B
NOP
NOP
SAVEY B,

FETCH B,

FMUL A, A;
FMUL
FMUL
SAVEX A2

FORM A2

FMUL B, B;
FMUL
FMUL
SAVEY B

FORM B2

FADD
STORE C;

FADD A2 B2
FORM C;=Aj+ B2

DECN

l DECREMENT LOOP COUNT
BGT LOOP

AND BRANCH IF COUNT >0
DONE:

RETURN EXIT WHEN COUNT =0

extensive library of tightly coded, thoroughly de-
bugged subroutines for standard mathematical
functions. Such functions include real and complex
vector operations, vector maximum/minimum and
filtering tasks, matrix operations, FFTs and signal
processing.

Software pipelining reduces loop time

Beyond the three basic programming alternatives, an
array-processor consideration concerning both hard-
ware and software centers on the means whereby a
processor’s subdivided instruction word permits a
code-compression format termed software pipelining.
This format overlaps (in time) the instructions for
repetitive operations—just like the floating-point adder
and multiplier hardware-pipelining technique.

You can more easily grasp the nature of software
pipelining by tracing through a program example
demonstrating the code compression made possible by
the array processor’s combined hardware and software
parallelism. Begin by noting the following instruction
definitions:

* NOP—No operation (allows time to complete a

multicycle operation)
« FETCH A—Fetch operand A from memory
« FMUL A,B—Perform floating-point multiplica-
tion of A and B

« FADD A,B—Perform floating-point addition of A
and B

« SAVEX A—Save operand or intermediate result
in seratchpad X

* SAVEY A—Save operand or intermediate result
in scratchpad Y

+ STORE C—Store result C in memory

+ DEC N—Decrement loop counter

* BGT LOOP—Branch to LOOP if loop count (N) is

greater than zero; continue to next statement if N
is equal to or less than zero.
When instructions FMUL and FADD lack operands,

TABLE 2 — SHORTER PROGRAM
WITH HARDWARE AND SOFTWARE PARALLELISM

FETCH MULTIPLICATION ADDITION
PHASE PHASE PHASE
LOOP: FETCH A,
FETCH B;
NOP
* SAVEX A,
FMUL A;, A;; SAVEY B,
FMUL B, B;
FMUL
FMUL; SAVEY A2
FADD B2 A
FADD
DEC N

STORE C;; BGT LOOP
DONE: RETURN

TABLE 3 — MINIMUM EXECUTION TIME WITH SOFTWARE PIPELINING

FETCH MULTIPLICATION ADDITION
PHASE PHASE PHASE

[FETCH A, |

: FETCH B, :

l NOP I

: SAVEX A, l

[FETCH . A:;_I| FMUL A, A; SAVEY B, |

| FETCH B,; | FMUL B, B, |

: NOP; : FMUL :

LSAVEX Aj : FMUL; SAVEY A,? {

LOOP: |FETCH A; | FMULA,_, A SAVEY B, , |FADDBZ, AZ, |
:FETCH B;; | FMUL B,_;, B_q; :FADD |
: NOP; : FMUL; :DEC N 1
Lsf\iEii“ 'f@_ui SAVEYAZ,; :STORE Ci_z BGT LOOP_I'

DONE: RETURN
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Feeling the

Bl
heat? ?

Cool it with new Switchpower’
transistors from General Electric

If you're “feeling the heat” from
competition and tight design goals, you
need the “Cool Performers,” General
Electric Switchpower transistors.

Switching speed, efficiency and
secondary breakdown are the prime
factors you must consider when
selecting transistors for improved
performance in high-frequency, off-
line, switching power supplies. New
Switchpower transistors are optimized
to provide you with the best combina-
tion of high voltage, ultra low switching
losses and wide safe operating area
(SOA). The result is a cooler operating
device with improved reliability and
greater circuit efficiency.

Switchpower transistors incorporate
an innovative emitter design which
significantly reduces inductive
crossover time (t;) and fall time (t)
while maintaining high gain and low
Vce (SAT).

They have excellent high current
characteristics without excessive base
drive and inductive turn-off SOA
extending to maximum rated voltage
and current. Best of all, these features
are fully characterized at 25°C and
100°C to give you good predictability
under “Worst Case” conditions.

|a1 =|sz =|c/5
75V INDUCTIVE LOAD
Tc=25°C

150ns=

.5V

100Ns -

N
QG?'@P

=25V

5015 -

FALL TIME (t¢)

75%

Switchpower transistors are
available in five current ranges with
Vcev ratings of 400 to 650 volts. in TO-3
are Ic(cont) 15 Amps D64VS3-5 and
2N6676-8, 7.5 Amps D64VP3-5, and 5
Amps D64VE3-5. Also available in
plastic TO-220AB are Ic(cont) 4 Amps
D44TE3-5 and 2 Amps D44TD3-5.

For more information, contact your
nearest GE Sales Office, authorized GE
Distributor, or write: General Electric
Company, Box 44A, West Genesee
Street, Auburn, NY 13021. 222-17

GE SWITCHPOWER TRANSISTORS

The Cool Performers for
hot new ideas in switching.

25% 50% 100%
2 M 2

Percent of max rated collector current

GENERAL (%) ELECTRIC




LEC-TROL
VARI-PACK
REED RELAYS

NOW! A NEW LINE OF LOW-COST
OPEN AND SEALED REED RELAYS

ElecTrol now offers a line of Vari-Pack Reed Relays featur-
ing both low-cost open units and inexpensive sealed units.
The sealed units are about the same size as the former en-
cased models, and the new open units have narrower bobbins
and are smaller than previous models for improved packing
density. Both models are available with coil ratings of 5, 6,12,
24, and 48 VDC; and they retain all the electrical performance
characteristics of ElecTrol's former open and encased lines.
Terminals are 0.1” grid by 1", center-to-center. Height: .375"
Vari-Pack relays are offered with dry reed contact forms A,
B, and C, and mercury-wetted contact form A, in single and
multiple pole versions. All form B relays are furnished with
magnetic shielding, which is available as an option on form A
and C relays. The new sealed versions sell for approximately
309% less than former encased units, and the new open versions
are priced about the same as ElecTrol's previous line of open relays.
For more information, use the reader service card. For samples
or off-the-shelf delivery, contact your Elec-Trol distributor.
ElecTrol, Inc., 26477 N. Golden Valley Road, Saugus, CA
91350. (213) 788-7292, (805) 252-8330. TELEX 18-1151.

ELEC-TROL

For more information Circle No 69

ELEC-TROL
RELAYS

SEALED REED RELAYS
AT LOWER COST

ElecTrol's new commercial grade,
form A Blue Boy Reed Relays
are now offered in production
quantities for as low as 59¢, and
both commercial and instrument-
grade units are available from
distributor stock. Although com-
pletely sealed against hazardous
environments, production clean-
ing solvents, and rough handling,
these Blue Boys cost far less than
standard sealed units. For more
information, contact your local
distributor.
Try our free samples.

AUTHORIZED DISTRIBUTORS

ALABAMA HUNTSVILLE

Component Distributors, Inc. (205) 883-7501
ARIZONA TEMPE

Acacia Sales, Inc. (602) 894-2874
CALIFORNIA [RVINE

Acacia Sales, Inc. (714) 549-0954,

(213) 971-2428

CALIFORNIA SAN DIEGO

Acacia Sales, Inc. (714) 565-4365
CALIFORNIA SUNNYVALE

Acacia Sales, Inc. (408) 745-7200
CALIFORNIA VAN NUYS

Patane Avionics, Inc. (213) 988-4455
COLORADO LAKEWOOD

Acacia Sales, Inc. (303) 232-2882
FLORIDA CLEARWATER

Diplomat Electronics, Inc. (813) 443-4514
FLORIDA FORT LAUDERDALE
Component Distributors, Inc.(305) 971-4950
ILLINOIS BENSENVILLE

Diplomat Electronics, Inc. (312) 595-1000
MASSACHUSETTS HOLLISTON
Diplomat Electronics, Inc. (617) 429-4121
MICHIGAN FARMINGTON

Diplomat Electronics, Inc. (313) 477-3200
MINNESOTA MINNEAPOLIS
Diplomat Electronics, Inc. (612) 788-8601
NEW JERSEY EDISON

Brothers Electronics, Inc. (201) 985-3000
NEW YORK MT. VERNON

Kin -Tronics, Inc.

(914) 668-9885

OHIO SOLON (CLEVELAND)

Repco (216) 248-8900

PENNSYLVANIA

HUNTINGDON VALLEY

Shap Electronics, Inc. (215) 322-7150
TEXAS IRVING

Solid State Electronics Co. of Texas, Inc.
(214) 438-5700

TEXAS HOUSTON

Harrison Equipment Co. (713) 652-4750
Solid State Electronics Co. of Texas, Inc.
(713) 772-8510

UTAH SALT LAKE CITY

Diplomat Electronics, Inc. (801) 486-4134

For more information Circle No 70



Hardware and software pipelining
achieve megafiop throughputs

they execute simple multiplication and addition push
instructions, respectively, to complete arithmetic
operations requiring multiple clock cycles.

To perform the repetitive calculation C;=A?*+B? (i=1
to N), the conventional straight-line-coded program
shown in Table 1 calls for 21 instructions. For a 6-MHz
machine clock (167 nsec/cycle), each of the N iterations
executes in 3.5 usec. Taking advantage of the array
processor’s hardware parallelism and pipelined arith-
metic units (as well as the machine’s instruction-word
parallelism) permits reducing the loop’s program to 12
instructions (Table 2) and the execution time to 2 usec
for each iteration.

Thus far, hardware and software parallelism applies
to only one of the N iterations at a time. Software
pipelining, however, substantially compresses the
loop’s execution time by overlapping the N iterations
(Table 3). Observe that the second -calculation
(Co=A,%+By?) starts without waiting for completion of
the first (C;=A,*+B;?. This time-compressed program
still requires 12 instructions, but the first eight simply
fill the “software pipe.” After the pipe is filled, the loop
closes around only the last four instructions to perform
iterative calculations.

The offset organization of the three blocks of
instructions in Table 2 facilitates comparison with the
corresponding blocks in Table 3. For the Table 3
program, execution time further reduces to 668
nsec/iteration, compared with the 3.5-usec iteration of
the straight-line-coded program. Thus, throughput
increases 5.25 times without a corresponding increase
in hardware speed. EDN
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educational-services manager
for Floating Point Systems Inc,
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hardware and software cours- |
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array processors. Sam earned
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Polytechnic University.
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Introducing

The Most Complete

Microcomputer
Available :
Today!

TCB-85/
Total Computer Board

One Board Does It All. . . This powerful single-board
microcomputer uses the Intel 8085A CPU and is
capable of supporting CP/M and PASCAL.

Compatible with Intel’s Multibus, the TCB-85, com-
bines an impressive variety of features: 64K Memory,
Dual-Density/Double-Sided Floppy Disk Controller, Pro-
grammable CRT Controller with up to80 ASCII or custom
characters by 25 lines, Serial I/O Port, Printer Interface
and Strobed or Scanned Keyboard Interface.

A New High

Resolution

Graphics
System.

SVB-80P/
Soft Video Board Prototyping Knt

Featuring Dual-Board/Stand-Alone capability, this
completely new prototyping package combines
the SVB-80/Soft Video Board and the MIB-85/Memory
Intensive Board in an Intel Multibus configuration. . .

The SVB-80 displays 640 x409 or 576 x455 pixels,
Alphanumeric characters displayed over 80 x40 or
72 x44 lines, Intermix of characters with graphics.

The MIB-85 uses Intels’s 8085A CPU with up to 32K
PROM and 4K Static RAM, Programmable Keyboard
Interface, Serial [/O Port, Programmable Interrupt
Controller and Monitor Software to go “On-Line”
immediately.

GET ALL THE DETAILS.
Newman at: (516) 621-6640

EIL ot

OEM PRODUCTS DIVISION
175 [.U.Willets Road - Albertson, New York 11507
For more information, Circle No 61

. .Contact Alexander
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' Announcing the Amé6012.
The lowest priced
12-bit DAC you can buy.

Advanced Micro Devices new Am6012
12-bit monolithic DAC is only $9.95 in
100-up quantities.

But if you think it’s just a stripped down
DAC, think again. The only thing we
trimmed on the Am6012 was the price.
And we mean that literally.

The Am6012 is the world’s first mono-

~lithic DAC produced with diffused, rather
than thin-film, resistors. It requires no
active trimming of individual devices.

It’s the only 12-bit monolithic DAC to
spec =% LSB (13-bit) differential non-
linearity over the entire temperature range.
The only one to spec NL and DNL at both
+5V and +15V supplies. It even offers
high-output impedance plus high-voltage
compliance: —5V to +10V.

Thanks to the Am6012’s innovative
design, it is inherently monotonic and fast.
It has a 250ns typical settling time.

Thanks to Advanced Micro Devices, you
get MIL-STD-883 for free.

If youre looking for the best 12-bit DAC
at the best price in town, call or write
Advanced Micro Devices. And ask for the
Am6012.

The only thing we trimmed was the price.

Advanced Micro Devices cl

901 Thompson Place, Sunnyvale, CA 94086, Telephone: (408) 732-2400

For more information, Circle No 62
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...and get detailed information
on an expanded line of single,
dual, and triple output power
supplies including: Mini modules
(both PC-mounting and
chassis-mounting types). General
purpose modular supplies with
outputs to 200 Vdc, current
ratings to 32A. Narrow profile
supplies only 1.68" thick. Plug-in
supplies. MIL-tested supplies.
Unregulated supplies, for
economically driving relays and
displays. Laboratory benchtop
supplies. Rack-mounting power
supplies, multiple-output power
systems, and redundant-output
power systems.

The catalog also includes pricing

information and details Acopian’s
long-standing policy of “shipment
3 days after receipt of order.”

i

i

JEODIAN

/14 @@WI/@I//Z Corp., Easton, PA 18042  Toll free number: (800) 523-9478

For more information, Circle No 63




Dynamic power-factor correction
cuts switcher input-current drain

Excessive peak input current often limits the power-supply capacity

that a standard 15A ac circuit can handle. But correcting a
supply’s PF to near unity lets you raise the allowable rating.

Derek Chambers and Dee Wang, Sorensen Co

You can use a modified flyback circuit to increase an
off-line switching power supply’s power factor (PF)
from its typical value of 0.65 to near unity. The
resulting improvement can prove especially important
when you must power loads greater than 500W from
conventional wall outlets.

Improving PF allows delivery of more useful power
to a load without increasing rms input current.
Operating with a near-unity power factor also reduces
the peak current drawn from the line, causes less line
drop, lowers cable losses and makes the overall
installation less expensive.

As an example, consider a 1000W load connected to
an off-line converter operating at 70% efficiency. With
115V input, line current equals approximately 19A at a
PF of 0.65 but decreases to 13A if PF is 0.95. A
standard 15A wall outlet can operate the converter in
this latter case, but special circuits are required to
furnish the necessary extra current when the PF is
0.65.

Why is PF so low?

Basically, the poor PF of conventional off - line
capacitor-input supplies stems from input-current wave
shape: Current is drawn from the line in relatively
narrow pulses occurring at the peaks of the line
waveform.

Fig 1 depicts a typical input circuit; in this circuit,
large storage capacitors C, and C; (~1000 pF each)
charge through the bridge rectifier and thermistors
RT, and RT,. If the impedance of the power-line,
rectifier, thermistor and capacitor elements is low, the
repetitive peak line current into the supply can be
excessively high, causing high rms input current and

This article is based on a paper presented at |
POWERCON 6, the Sixth National Solid-State
Power Conversion Conference, Miami Beach, FL,
May 2-4, 1979.
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Fig 1—A typical off-line switcher input charges large
storage capacitors C, and Cs, which provide the dc to be
chopped at a high frequency.
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Fig 2—Input line voltage and current waveforms differ
dramatically without (a) and with (b) dynamic power-factor f

correction.
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PF correction changes pulsed
line-current inputs to sine waves

low power factor. In most practical applications, the
input circuitry contains sufficient series resistance to
limit the repetitive peak current into a supply to a value
between two and three times what would flow in a
purely resistive circuit.

Achieving a high PF requires a new approach
Because the poor PF of conventional off-line supplies
results mainly from the pulsed current waveform they
draw, any improvement must correct this condition; it
must spread out the power drain over the entire cycle
and make the input current both sinusoidal and in phase
with the voltage. Essentially, the current wave shape
must approach that of a resistive load. Fig 2 shows the
relationship between input voltage and current for a
typical off-line converter, with and without such
dynamic power-factor correction. (Note the obvious
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Fig 3—In this simplified power-factor-correction circuit, |
note that the waveform to be chopped is not dc—rather, its |
essentially an unfiltered full-wave-rectifier output. 1}

e —

visual improvement in current wave shape after
correction.)

Achieving dynamic power-factor correction involves
adapting the well-known flyback (up-chopper) circuit to
chop the rectified line current at a high frequency—20
or 40 kHz. The basic system, shown in simplified form
in Fig 3, takes the rectified but unsmoothed line
voltage, chops it and applies the resulting high-
frequency pulses'to a flyback inductor (L).

Note that C,, the capacitor preceding this choke, does
not produce dc to be chopped. Instead, it provides only
enough energy storage to supply the high-frequency
eurrent pulses into the flyback inductor. Furthermore,
C. also smooths out these flyback-current pulses and
helps prevent noise from feeding back into the line. It’s
this concept of chopping a rectified line voltage, rather
than the use of de stored in large electrolytic capacitors,
that makes possible the PF improvement.

Details show how to implement the concept

In Fig 3's circuit, power transistor Q; operates at the
switching frequency, and base-drive pulse width is held
constant during a line cycle. Thus, the peak current at
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Fig 4—These typical current waveforms in a PF-corrected
| circuit were captured near the peak of a rectified line-voltage
! excursion.

the end of each chopping pulse varies directly with the
full-wave-rectified line voltage applied to the flyback
inductor. As in a conventional flyback circuit, energy is
first stored in the inductor during the transistor ON
time, then released through the output rectifier to the
output load and smoothing capacitor during transistor
turn-off.

Applying feedback sensing from the output to control
the transistor’s base-drive pulse duration achieves
regulation of the dc output voltage against line and load
changes. A large time constant for the feedback control
helps satisfy the requirement for essentially constant
chopper pulse width over a line cycle.

Fig 4 illustrates typical flyback-current waveforms
through the circuit’s inductor (L), transistor (Q;) and
output diode (D;), captured near the peak of the
rectified line voltage. Similar waveforms apply near the
line-voltage trough, except that the current rise is
slower and the output rectifier’s flyback-current time
decreases. The energy transferred to the output load
during each flyback pulse is %Li,* joules, where iy is
the peak value of the current at the instant of turn-off.

Peak flyback current in the inductor directly relates
to the applied voltage from the line, assuming constant

=

RECTIFIED
LINE

VOLTAGE,
V.

CHOPPER-
TRANSISTOR
CURRENT, i¢

| Fig 5—The modulated envelope of chopper-transistor
| current faithfully follows the rectified line-voltage wave
| shape.
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Measuring power factor

Power factor is the ratio of input
power (measured in watts) to the

MEASURES
RMS INPUT CURRENT

er, can pose problems. The pre-
ferred method of measuring cur-
rent (see figure) employs a true-
rms DVM to read the voltage drop
across a calibrated low-resistance
current shunt placed in series with

product of rms voltage and cur- TRUE-
rent. Measuring the values neces- WATTMETER RMS
sary for this calculation can re- DVM }
quire some care. = =
Determining a supply’s rms Py POWER
input voltage poses few problems, SUPPLY LOAD
because the input waveform is
usually sinusoidal and can be o § |
accurately indicated by a conven-
tional ac voltmeter. MEASURES MEASURES
Current measurement, howev- 'NPUT(VE;)WER RMS INPUT VOLTAGE

POWER FACTOR =

Power-factor measurement requires relatively simple instrumentation.

INPUT POWER IN WATTS
RMS VA

the input line.

The familiar concept of defining
power factor by means of the
phase angle between voltage and

current doesn’t apply to switching
supplies because their
current waveforms are far from

sinusoidal. For this same reason,
connecting capacitors across the
line doesn’t improve switcher PF.

input-

width of the chopper-transistor drive pulses during a
line cycle. Therefore, input-current draw occurs all up
and down the slopes of the rectified input-voltage
waveform applied to the inductor, and its magnitude is
proportional to the line voltage. Fig 5 depicts this
relationship; note particularly that the modulated
current envelope closely follows the rectified line-

voltage waveform and that current is drawn through-
out the line cycle—satisfying the conditions necessary
for producing a high PF. '

Values for the required inductance and the resulting
peak current for a particular output power are readily
calculated. Peak current is a function of the instantane-
ous value of the full-wave-rectified line voltage (V;) and

BIAS
SUPPLY
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Fig 6—Main current-flow paths (bold lines) help illustrate the nature of the power-factor-correction scheme.
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Adding windings to the flyback
inductor yields isolated outputs

has magnitude
ipk=V;t/L
where t equals chopper ON time. Power available at the
system output then becomes
P=1%L(i,/V2)*f watts
where f represents the chopping frequency (40 kHz in
this case).

A practical 800W high-PF example

In a design illustrating the foregoing PF-correction
technique (Fig 6), the main current-flow path appears
in bold lines. Four power transistors are driven in
parallel; their choke outputs add through individual
output rectifiers to feed the 500-pF smoothing
capacitor and load. Input filtering comes from L,, L,
L;, C, and C,. The latter, a 10-pF unit, provides
sufficient capacitance to handle the switching-choke
currents and prevent noise from feeding back into the
line. (As noted, it has a very minor smoothing effect on
the full-wave-rectified line voltage chopped at 40 kHz.)

Voltage sensing, taken from the output dc bus, feeds
input to the circuit controlling the pulse width at the
base of each chopper transistor, providing regulation
against both line and load variations. Under normal
conditions, the voltage feedback handles regulation,
but to control and limit the pulse width when excessive
peak currents occur, the drop across current-sensing
resistor R, furnishes a second control input. Under
current-limit conditions, the current signal is compared

- —

RECTIFIED
LINE
VOLTAGE

OUTPUT
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Fig 8—Out-of-phase relationship between ripple on the dc
output of the PF-correction circuit and the rectified line
voltage mandates cancellation of the feedback signal's
ripple component.
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Fig 9—Adding a secondary winding on the flyback choke
provides isolation along with any desired output voltage.
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with the clamped input voltage and used to keep
voltage and current in phase and to maintain a high PF.

Control and base-drive elements of the 800W system,
shown as the PWM Control Circuit block in Fig 6, are
detailed in Fig 7. The control circuits, employing a quad
comparator IC (top left) are conventional. This
comparator serves as a 40-kHz oscillator, ramp
generator and pulse-width modulator.

Modulator outputs IC,c and IC,p supply a multiple-
output driver section that feeds Q, through Q, of Fig 6.
(Each of these 2N6547s handles up to 200W, so four are
needed for the 800W load.) For normal control, a
sample of the output voltage is compared with the =5V
reference, and IC,c amplifies the sample’s de component
for application as the pulse-width modulator’s control
signal.

Ripple on the system’s dc output (hence on the Volt
Sense input) must be removed because it’s not in phase
with the rectified line voltage (Fig 8). (If allowed to
remain, it would introduce a phase shift in input current
relative to the line-voltage waveform, which would
degrade the supply’s PF.) The necessary ripple
cancellation results from inverting the feedback voltage

OFF-LINE-CONVERTER INPUT-POWER MEASUREMENTS

WITHOUT PF CORRECTION POWER LEVEL

INPUT CURRENT (A RMS) 156 286 4.18 538 660 7.82 9.00 10.2
VOLT-AMPERES 178.2 3316 485.1 624 764.7 ©05.3 1039 1174
INPUT WATTS 100 200 300 400 500 300 700 800
PF (W/VA) 0.561 0.603 0.618 0.641 0.653 0.662 0.672 0.681

WITH PF CORRECTION
INPUT CURRENT (A RMS) 124 218 322 416 516 6.16 7.18 8.22
VOLT-AMPERES 141.5 2525 372.3 482.1 596.9 711.3 828.5 947.6
INPUT WATTS 130 238 353 460 570 679 790 901
PF (W/VA) 0.918 0.942 0.948 0.954 0.955 0.955 0.954 0.951

in ICyg and summing the ac component with the original
signal in IC,p. Should excessive line current occur, the
output of IC,y goes HIGH and overrides the voltage
mode, narrowing the drive pulses in the output
transistors.

The nearby table illustrates the 800W supply’s
operation both with and without dynamic power-factor
correction. In both cases, PF increases somewhat as
the load increases—a feature attributable to current
being drawn over a larger portion of the power-line
cycle. Additionally, note that although the line input
current decreases greatly with PF correction, the total
input power increases somewhat because of correction-
circuit power consumption.

Want different output voltages?

Because the PF-correcting scheme just outlined is
based upon a flyback circuit, the dec output voltage
always exceeds the peak input-voltage value. Thus,
with a 115V input, the system normally delivers a 250
to 325V dc output, corresponding to the input-voltage
requirements of off-line converters intended for
115/230V operation.

EDN FEBRUARY 20, 1980

Adding secondary windings to the switching inductor
(which now becomes a transformer; see Fig 9) can
produce almost any desired output voltage of either
polarity. These secondary voltages are isolated from
the primary circuit, allowing the output voltages to
float.

With isolation accomplished and any desired output
voltage easy to achieve, the PF-correction circuit
becomes a complete off-line switching supply. Feedback
for voltage regulation still comes from the output but
now requires an added optoisolator.

Look at the drawbacks

This PF-correction system can prove valuable when
high PF is your prime consideration. Its major
handicaps stem from the requirement for ripple
cancellation in the feedback loop—this need lengthens
response time and restricts usable loop gain. Thus,
regulation, ripple and response time tend to be inferior
to those of more conventional off-line switchers. And
efficiency drops because of the power consumed by the
added circuits. However, the method’s reduction in
peak load current suits it for high-power applications
where fuse rating, wire size or peak demand current
are the limiting factors. EDN
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WIRE -WRAPPING
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$49°

BATTERIES NOT INCLUDED
BIT & SLEEVE NOT INCLUDED

MODEL BW928

@ BATTERY OPERATED @ BACKFORCE OPTIONAL
(2) Standard "C"” Ni Cad Batteries (not included) Model BW928-BF $52.95

@ INTERCHANGEABLE BITS&SLEEVES @ POSITIVE INDEXING
ol T @ LEIGHT WEIGHT

@ REVERSIBLE ROTATION *LEXAN "' Housing
For unwrapping, reverse batteries
*LEXAN'" GENERAL ELECTRIC

©JIC) 0K MACHINE & TOOL CORPORATION

3455 Conner St., Bronx, N.Y. 10475 ¢ (212) 994-6600 » TELEX 125091
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Litronix Intelligent Displays™ are now in plentiful
supply at your local distributor and ready for harvesting.
Our labor-saving, space-saving Intelligent Displays are just what
you've been waiting for to start your microcomputer “talking” inawhole
new way in words, numbers and even sentences. Everything you
need is included in a single package, including a 4 character LED
display and a built-in CMOS IC with on-board ACSII decoder,
multiplexer, memory and driver.

Wait no longer. Intelligent Displays are here—ready to be
scooped up at your local distributor. Just check the chart:

Horizontal | Vertical Price

Part Character Row Row | Viewing |Character | Character| 1000
Number | Features Height Spacing |Spacing | Angle | Positions |Segments| Qty
DL-1416 | General .160" .250" 1.200" *25° 4 16 $18.75

Purpose

Display
DL-1414 § Compact 112" 75" .800" *40° 4 17 $13.00

Display

For Hand

Held

Equipment|
DL-2416 § Premium .160" .250" .800" +50° 4 17

Display

New

Rugged

Package

Dig in. Grab a handful of whichever new Litronix
Intelligent Displays turn you on. When you need large characters

and low cost, choose the DL-1416. For smaller, hand-held and
battery applications, there's the DL-1414. With it, you can cram 20
characters side by side into a 3}-inch space. DL-1414

Or scoop up some of our DL-2416 premium displays
offering larger alphanumeric characters and a viewing angle
of =50° And all three models interface like a RAM, operate
from a single 5 volt supply and are TTL compatible.
You've probably got a microcomputer raring

to do some fast talking. So, hurry to your nearest

.. distributor for your fair share of these Litronix

- Intelligent Displays. And don't forget your

bushel basket,
litronix

AN AFFILIATE OF SIEMENS

£

i
#

4, =

19000 HOMESTEAD ROAD
CUPERTINO, CA 95014
408-257-7910

U.S. DISTRIBUTORS: Advent, Aimac Stroum, Arrow, Component Specialties, Gerber, Hamilton-Avnet, Harvey, Kirkman, Lionex, Marshall, Moltronics, Pioneer-Standard, Summit, Zeus

CANADIAN DISTRIBUTORS: Electro Sonic, Future, Hamilton-Avnet, C.M. Peterson, L. A. Varah

*Intelligent Display is a Trade Mark of Litronix

For more information, Circle No 65
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Power/Mate’'s new Econo/Mate open frame linear pow
supplies now pack a bigger punch. They offer up to 33
more power from the same case size than many competitiv
models, at no increase in cost. That means you can achiev
even greater reliability from the Econo/Mate by operatir
at a percentage of full load. Or, alternatively, pack mor
power in a smaller space.

You get more features as standard. OVP on all 5 volt ou
puts, standard. Dual 105-125/210-250 VAC inputs on &
supplies, standard. Remote sense capability on all supplie

Econo/Mate.
More power for
power

] is standard, except EMA-A and ETA-B.
Fifty Econo/Mate models from 5 to 24 VDC, up to 2
Amps. Single, dual, and triple outputs including the popule
disc drive supplies. Think of them as the new old standby
Single Output Supplies Dual Output Supplies Triple Output Supplies
Model Output Price Mode! Output Price Mode! Output 1 Output 2 Price Mode! Output 1 Output 2 Output 3 Price
EMA-5AV 5ve 12A $ 2700 | EMA-12/15C 12V 30A $ 5900 | ETA-5BV 5V@12h  SV@l2A $ 48.00 ETR-142EV 5V @6A 1Va15A  12ve15A $115.0¢
EMA-5BV 5ve 30A $ 3500 V@ 2.8A ETA-5CV 5V@30A 5V@30A $ 68.00 dva@l2A 15Va@13A
EMA-5CV 5va 6.0A $ 5900 | EMA-12/15CC 1ZV@60A $ 7400 | ETA-50V 5V@60A 5V@6.0A $ 96.00 5V @0.8A
EMA-5CCV 5V@11.0A $ 7400 15V @5.0A ETR-122EV 5V @6A +12V@154 —12V@15A $1150
EMA-50V 5V@15A $9400 | EMA-12/150 12V@B8A $ 9400 | ETA-5158V 5V@12A 12V@05A $ 48.00 +15V@13A —15V@1.3A
EMA-5FV 5V @ 25A $149.00 15V @8.0A 15V @ 05A ETR-132EV  5V@6A 18V@10A 12V@15A $115.0¢
EMA-12/15F 12V@ 16A $14900 | ETA-515CV  5V@30A 12V@15A $ 68.00 20V@10A 15V@13A
EMA-6A Ve 1A $ 27.00 15V @154 15V@1.3A 24V@1.0A
EMA-68 Ve 28A $ 3500 : oy ETA-5150V 5V @6.0A :gv@ggﬁ $ 96.00
EMA-6C V@ 554 $ 5300 | EMA-18/20A 18V@04A $ 27.00 @ : : 2 tpu
EMA 0. v e o8 $ o4 88 8/20C %gg e g'gﬁ ETA-524BV  5V@12A 24V@04A $ 48.00 skt o i
EMA-6D 6V@13A $ 94 EMA-18/ @ $ 5900 - @ @ P
EMA-6F 6V @ 224 $149.00 20V @23 ETA-5240V  5V@30A 24V@10A $ 6800 | Model  Outputi Output 2 il
EMA-18/248 18V@12A $ 3500 | ETA-524D0V  5V@60A 24V@23A $ 9600 | ED-512AAV +12V@11A(AY) +5V@0.7A $ 41.00
EMA-9/10A 9V @075 $ 2700 20V@10A +1V@1.7A(PK)
10V@0.75A 24V@1.0A ETA-12/158 1%3@83 :gv@ggﬁ $ 4800
EMA-9/108 v@i8A $ 3500 | EMA-18/24CC 18V@4.5A $ 7400 15V @0 @ . x 2 2
10V @184 20V @ 4.0A EA12/150 1Ve 1A 12Vel s 800 | Disk Drive Power Supplies, Triple Output
EMA-9/10C vV@3sA $ 59.00 24V @38A 15V@13A 15Ve -
10V@36A EMA18/240 18V@1 1A $ 9400 | ETA-12/150 12V@30A 12V@30A $9500 | Model  Outpet1 Output 2 Output 3 f:rico
EMA-9/10CC  9V@BA $ 7400 20V@7.0A 15V@28A 15V@28A ED-524BV 24V@15A(Av) +5V@1A —5V@05A $ 7200
10V@ 754 24V @6.5A 24V @ 1. 7APK) E
EMA-9/10D 9V @ 105A $ 9400 ED-524CV g%%ggﬁ'é'{(’ +5V@25A —5V@05A $ 9400
> -24 4 4 $ 27.00 @ (PK)
e Em-gaé SJSM $ 59.00 ED-524DV 24V @5A (AV) +5V@3A —5V@06A $125.00
EMA-12/15A 12V@05A $ 2700 | EMA-24F 24V@12A $149.00 24V @ 6A (PK)
15V @ 0.5A
EMA-12/158 12Vrﬁ>15A $ 35.00
15V@1.3A
o - e
Econo/Mate Specifications
AC input. 105-125/210-250VAC at 47-63 Hz. Derate output current Storage Temperature. —50°C to +85°C. Mounting
10% for 50 Hz operation Temperature Coefficient. =0.005%/°C typical. +0.02%/°C Model ~ Surfaces Dimensions
DC output ratings. See Voltage/Current rating chart. Adjustment range maximum. EMA-A 2 378"x3.03"x2.15"
=+ 5% minimum Transient Response. Occurs within 50 microseconds for a 50 to 100% EMA-B 3 487" x4.00" x 2.07"
Line Regulation. 0.05% for a 10% input voltage change. load change. EMA-C 3 562" x4.87" x 2.95"
Load Regulation. =0.1% for a zero to full load change. Short Circuit and Overload Protection. Self-restoring current limiting EMA-CC 3 7.03"x4.90" x 3.23"
Stability. 0.05% for 24 hours after warm up (foldback type). EMA-D 4 9.00"x4.87" x 3.20"
Output Ripple. Better than ImV RMS: 3mV peak to peak typical Overvoltage Protection. OVP is standard on all 5V outputs, set at ETA-B 2 490" x4.03"x2.25"
Remote Sense. Standard on all Econo/Mate supplies except EMA-A 6.2V =0.4V. OVP modules are available for all other output voltages. ETA-C 4 790" x4.03" x 2.93"
and ETA-B cases UL Recognized. Econo/Mate Supplies are listed as a recognized ETA-D 4 940" x4.90" x 3.23"
Polarity. May be either positive or negative with respect to ground component in Underwriters' Laboratories recognized component ETR-E 4 11.00" x 4.90" x 3.23"
or ‘floating’ up to 300 VDC index. (UL 478, File No. E 45485). EMA-F 3 16.75" x 4.87" x4.94"
Overshoot. No voltage overshoot on turn-on, turn-off or power failure. CSA Recognized. Econo/Mate supplies are listed as a certified ED-AA 3 6.50" x 4.00" x 2.07"
Temperature Rating. 0°C to 40°C full rated power, derated linearly component in Canadian Standards Association's recognized ED-B - 10.25" x 4.00" x 2.95"
to 60% at 71°C for EMA ETA and ETR. and full rated 0°C to 50°C component index. (LR 34-518). ED-C 4 11.00" x4.87" x 3.20"
derated linearly to 50% at 71°C for ED supplies ED-D 4 11.00" x 4.87" x 3.20"

514 S. River St./Hackensack, New Jersey 07601/(201) 440- 3100/TWX (710) 990 5023
3308 Harbor Blvd./Costa Mesa, CA 92626/(714) 957-1606/TWX (910) 595-1766

The world’s largest supplier of quality power supplies.

For more information, Circle No 66



Exploring 16-bit uCs

The MC68000 — A 32-bit uP
masquerading as a 16-bit device

The latest entry in the 16-bit-uP market sports 32-bit registers
and an instruction set that facilitates the compilation and
execution of block-structured languages such as PASCAL.

Robert Grappel*, Consultant,
and Jack Hemenway, Consulting Editor

In the previous two installments of this series (EDN,
November 20, 1979, pg 185 and January 20, pg 119), we
examined the Zilog Z8000. Now we turn to an
investigation of the Motorola MC68000, making use of
the general procedure outlined in the November 20
article to delve into the innards of this second-
generation 16-bit pP.

First, a general description: The MC68000 (Fig 1) is

*Robert Grappel is vice president of Hem-
enway Associates Inc, Boston, MA.

the first advanced 16-bit wP with a 32-bit internal
architecture and the first with 16M-byte nonsegmented
direct memory addressing. Its 32-bit registers include
eight for data and seven for addressing, plus a program
counter and two stack pointers (user and supervisor).
All address registers can function as stack pointers, and
all data and address registers can also serve as index
registers. The pP’s six basic addressing modes are
actually equivalent to 14 when you consider all
variations among them. These addressing modes,
combined with the device’s data and instruction types,
provide more than 1000 useful instructions.

Because all I/0 is implemented via memory mapping,
the MC68000 requires no I/O instructions; any
memory-reference instruction can perform I/O if a
peripheral resides at the specified address. An 8-MHz

PASCAL and the MC68000

implement common PASCAL constructs.
Procedure calls

Push parameters,
address

Call procedure
Establish local
environment

Save a subset of
registers

Reload saved registers
Re-establish
environment

Return from procedure
Restore the stack

RETURN

The MC68000 provides several instructions that ease the task of generating code in such high-level
block-structured languages as PASCAL. Here’s how the wP performs some of the operations required to

The 68000 employs a stack, pointed to by one of the address
registers, to build the nested environment.

The MOVE instruction pushes data, and the PEA instruction pushes
calculated addresses onto the stack.

Jump to Subroutine

The LINK instruction saves the old contents of the frame pointer on
the stack, points the new frame pointer to the top of the stack and
subtracts the local-storage need from the stack pointer.

Move Multiple Registers (MOVEM to memory)

Move Multiple Registers (MOVEM from memory)
UNLK undoes the work of LINK.

Add Immediate instruction applied to the stack pointer

EDN FEBRUARY 20, 1980
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A single address register
implements stacks

clock rate, combined with pipelining and the device’s
32-bit internal registers, provides a system throughput
of up to two million instructions and data transfers per
second.

The wP supports five basic data types: bits, BCD
digits, bytes, words and long words. It features a 16-bit
nonmultiplexed data bus, a 24-bit address bus, an
asynchronous bus for MC68000 peripherals and memo-
ry and a synchronous bus to accommodate MC6800
peripherals and memory. It also provides hardware-
and software-interrupt capabilities, implements a

Trace for software debugging, supports multiproc-
essing and can run in either supervisory or user states.

Data and address registers are 32 bits wide

In all, the CPU contains 17 32-bit registers (15 data
and address registers plus two stack pointers), plus the
32-bit program counter and a 16-bit status register (Fig
2). The eight data registers support data operands of
one, eight, 16 or 32 bits: Bit operands occupy any bit
position, byte operands the low-order eight bits, word
operands the lower 16 bits and long-word operands the
entire 32 bits.

The address registers and stack pointers each hold a
full 32-bit address. But address registers don’t support
byte-sized operands, so when such a register functions
as a source operand, either the low-order word or the
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DTACK ] 10 8501 D,,
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Fig 1—Housed in a 64-pin package, the MC68000 requires a single 5V power supply.
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Fig 2—Register complement of the MC68000 includes 18
32-bit configurations and a 16-bit unit.

ability to implement exception processing—a deviation
from normal processing arising from either an internal
instruction or error condition or an external request or
error condition. The internal triggers come from
instructions (TRAP, TRAPV, CHK, DIV), address
errors or the Trace mode; the external types, from
interrupts, bus errors or a reset. The wP implements
seven prioritized interrupts, and 192 vectored address
vectors are available (see table). Traps function to
catch improper operation and serve as software
interrupts.

To further aid in program development, the MC68000
includes a facility to allow instruction-by-instruction
tracing. In the Trace state, forcing an exception after
each instruction is executed allows a debugging
program to monitor the execution of the program under
test (see box, “Tracing software bugs”).

Memory-addressing range—same as the IBM 370’s

The MC68000 can directly address (without segmen-
tation) more than 16M bytes of memory. This large
address space is managed on a word or byte basis;

entire long-word operand is used, depending on the
operation size. And when an address register serves as
a destination operand, the entire register is affected,
regardless of the operation size.

Implementing stacks and queues

The MC68000 supports stack and queue data
structures by means of address-register-indirect post-
increment and predecrement addressing modes. That
is, employing a single address register, you can
implement stacks that get filled starting at high
memory locations and proceeding to low ones, or vice
versa. Utilizing a pair of address registers allows you to
implement queues that get filled similarly. (This
process requires two registers—the put and get
pointers—because queues are pushed from one end and
pulled from the other.)

Address register A; is the system stack pointer (SP),
functioning as either the supervisor stack pointer (SSP)
or the user stack pointer (USP) depending on the state
of the S bit in the status register. The program counter
is saved on the SP stack at the start of subroutine calls
and restored from the SP on returns. When processing
traps and interrupts, the pP saves and restores both
the program counter and the status register on the SP
stack.

The status register (Fig 3) contains the MC68000’s
interrupt mask (eight levels available) as well as its
condition codes: extend (X), negative (N), zero (Z),
overflow (V) and carry (C). Additional status bits
indicate that the pP is in a Trace (T) mode and/or a
supervisor (S) state.

Performing efficient context switching
An interesting characteristic of the MC68000 is its

EDN FEBRUARY 20, 1980

MC68000
EXCEPTION-VECTOR ASSIGNMENT

Vector Address
Number(s)  Dec |Hex |Space Assignment
0 0 |000 | SP |Reset: Initial SSP
4 004 SP | Reset: Initial PC
2 8 |008 | SD | Bus Error
3 12 |00C | SD |Address Error
4 16 | 010 | SD |lllegal Instruction
5 20 | 014 | SD |Zero Divide
6 24 | 018 SD | CHK Instruction
7 28 |01C | SD |TRAPV Instruction
8 32 | 020 | SD |Privilege Violation
9 36 024 | SD |Trace
10 | 40 l028 | SD |Line 1010 Emulator
11 | 44 |02C } SD | Line 1111 Emulator
12* 48 | 030 | SD |(Unassigned, reserved)
13* ' 52 | 034 | SD |(Unassigned, reserved)
14* 56 | 038 | SD | (Unassigned, reserved)
15° | 60 |03C | SD |(Unassigned, reserved)
16-23* | 64 | 040 | SD |(Unassigned, reserved)
95 | 05F ' —
24 96 | 060 SD | Spurious Interrupt
25 100 | 064 SD |Level 1 Interrupt Auto-Vector
26 104 | 068 SD |Level 2 Interrupt Auto-Vector
27 { 108 |06C | SD | Level 3 Interrupt Auto-Vector
28 112 | 070 | SD |Level 4 Interrupt Auto-Vector
29 ]116 074 | SD |Level5 Interrupt Auto-Vector
30 120 | 078 | SD |Level 6 Interrupt Auto-Vector
31 124 107C | SD |Level7 Interrupt Auto-Vector
32-47 | 128 | 080 | SD |TRAP Instruction Vectors
191 |0OBF -
48-63* | 192 |0CO | SD [(Unassigned, reserved)
| 255 |OFF | —
64-255 | 256 (100 | SD |User Interrupt Vectors
l1023 3FF | | —

*Vector numbers 12 through 23 and 48 through 63 are re-
served for future enhancements. No user peripheral devices
should be assigned these numbers.

NOTE: Memory layout is 512 words long (1024 bytes); it starts
at address 0 and proceeds through address 1023, providing
255 unique vectors (some of these are reserved for traps and
other system functions). Of the 255, 192 are reserved for user
interrupt vectors. However, there is no protection on the first
64 entries, so user interrupt vectors may overlap at the
discretion of the system designer.
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Exception processing aids
software debugging .

operand size is specified in the instruction. The use of
Upper Data Strobe (UDS) and Lower Data Strobe
(LDS) signals provides easy access to high-order bytes,
low-order bytes or words.

Motorola also provides a memory-management unit
(MMU) to implement address relocation and memory
protection. This MMU permits definition of multiple
segments; each segment defines a logical-address
segment location, an offset to a physical address and the

EXTEND
NEGATIVE
ZERO
OVERFLOW
CARRY

SYSTEM BYTE

USER BYTE

15 43

{OiESIge 7. 4 0
T s R RN x[N[Z] V][]
=

TRACE MODE _, '
SUPERVISORY

INTERRUPT
MASK

Fig 3—Unused bits in the MC68000 status register are
ZEROs and are reserved for future expansion.

Mode Generation
Register Direct Addressing
Data register direct EA=D,
Address register direct EA=A,

Absolute Data Addressing

Absolute short

Absolute long

Program Counter Relative Addressing

Relative with offset

Relative with index and offset

Register Indirect Addressing

Register indirect

Postincrement register indirect

Predecrement register indirect

Register indirect with offset

Indexed register indirect with offset

Immediate Data Addressing

Immediate

Quick immediate

Implied Addressing

Implied register

NOTES:

EA = Effective address

A, =Address register

D, = Data register

X, =Address or data register used
as index register

SR = Status register

PC = Program counter

( )=Contents of

EA =(Next Word)
EA =(Next Two Words)

EA=(PC)+dys
EA = (PC) + (X,) + dg

EA=(A,)

EA=(A,), Ax=A, + N
A=A, —N,EA=(A,)
EA =(A,) +dqg
EA=(A) +(X,) +dg

Data = Next words(s)
inherent data

EA =S8R, USP, SP, PC

dg = 8-bit offset
(displacement)

Dy¢ = 16-bit offset
(displacement)

N =1 for byte, 2 for
words and 4 for long
words

< =Replaces

Fig 4—Considering variations, the \wP’s six basic address-
ing modes actually consist of 14 types.

Mnemonic Description
ABCD Add Decimal with Extend
ADD Add
AND Logical AND
ASL Arithmetic Shift Left
ASR Arithmetic Shift Right
BCC Branch Conditionally
BCHG Bit Test and Change
BCLR Bit Test and Clear
BRA Branch Always
BSET Bit Test and Set
BSR Branch to Subroutine
BTST Bit Test
CHK Check Register Against Bounds
CLR Clear Operand
CMP Compare
DBCC | Test Cond, Decrement and
Branch
DIVS Signed Divide
DIVU Unsigned Divide
EOR Exclusive OR
EXG Exchange Registers
EXT Sign Extend
JMP Jump
JSR Jump to Subroutine
LEA Load Effective Address
LINK Link Stack
LSL Logical Shift Left
LSR Logical Shift Right
MOVE Move
MOVEM | Move Multiple Registers
MOVEP | Move Peripheral Data
MULS Signed Multiply
MULU Unsigned Multiply
NBCD Negate Decimal with Extend
NEG Negate
NOP No Operation
NOT One’s Complement
OR Logical OR
PEA Push Effective Address
RESET | Reset External Devices
ROL Rotate Left without Extend
ROR Rotate Right without Extend
ROXL Rotate Left with Extend
ROXR Rotate Right with Extend
RTE Return from Exception
RTR Return and Restore
RTS Return from Subroutine
SBCD Subtract Decimal with Extend
SCC Set Conditional
STOP Stop
SuB Subtract
SWAP | Swap Data Register Halves
TAS Test and Set Operand
TRAP Trap
TRAPV | Trap on Overflow
TST Test
UNLK Unlink

Fig 5—Consisting of 56 basic types, the MC68000’s in-

struction set is very regular.
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Tracing software bugs

The MC68000’'s Trace mode per-
mits instruction - by - instruction
tracing of software by a debug-
ging program. The nearby figure
illustrates this operation.

IF T =1
STATUS REGISTER

ADDRESS OBTAINED
FROM VECTOR TABLE

AFTER EACH
INSTRUCTION

MAIN
PROGRAM

RETURN TO

INSTRUCTION

1. IF, UPON COMPLETION OF AN INSTRUCTION,
T=1, GO TO TRACE-EXCEPTION PROCESSING.

. EXECUTE TRACE-EXCEPTION SEQUENCE.

EXECUTE TRACE-SERVICE ROUTINE.

AT THE END OF THE SERVICE ROUTINE,

son

EXECUTE RETURN FROM EXCEPTION (RTE).

Instruction
Type Variation Description
ADD ADD Add
ADDA Add Address
ADDQ Add Quick
ADDI Add Immediate
ADDX Add with Extend
AND AND Logical AND
ANDI AND Immediate
CMP CMP Compare
CMPA Compare Address
CMPM Compare Memory
CMPI Compare Immediate
EOR EOR Exclusive OR
EORI Exclusive OR Immediate

Fig 6—Variations on the basic instruction types complete
the wP's instruction set.

Instruction
Type Variation Description
MOVE MOVE Move
MOVEA Move Address
MOVEQ Move Quick
MOVE from SR |Move from Status Register
MOVE to SR Move to Status Register
MOVE to CCR |Move to Condition Codes
MOVE USP Move User Stack Pointer
NEG NEG Negate
NEGX Negate with Extend
OR OR Logical OR
ORI OR Immediate
SUB SUB Subtract
SUBA Subtract Address
SUBI Subtract Immediate
SuBQ Subtract Quick
SUBX Subtract with Extend

necessary address-space parameters for memory pro-
tection. Segments can have variable lengths (256 to 16 M
bytes in 256-byte increments), and you can cascade
multiple MMUs for greater segment definition.

The MC68000’s 14 flexible addressing modes (Fig 4)
include six basic types:

* Register Direct

* Register Indirect

* Absolute

* Immediate

* Program Counter Relative

* Implied.
Included in the Register Indirect mode is the ability to
perform postincrementing, predecrementing, offset-

TERMINAL HOST COMPUTER
ACIA, MC68000 ACIA,
Y A \ A A A A 4 A
ADDRESS v
A
VL DATA \ Y
4 A A A A A A A
CONTROL
A \ A
, . S Y Y Y Y Y Y Y Y Y Y Y Y Y Yy Y A
PROGRAMMABLE 16-BIT 16-BIT BUS 32k BYTES MACSBUG EXTRA
TIMER PIA PORT PIA PORT INTERFACE RAM MONITOR ROM/EPROM
EXORCISER
BUS
Fig 7—A powerful single-board computer, the MC68000 Design Module permits evaluation of the pP.
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One mnemonic serves byte,
word and long-word use

ting and indexing operations. Program Counter
Relative mode can also be modified via indexing and
offsetting.

By means of hardware and software interlocks, the
MC68000 also supports multiprocessor systems. The
wP contains bus-arbitration logic for use in a shared-bus
and shared-memory environment (that is, shared with
other MC68000s, with DMA devices, and so forth).
Multiprocessor systems are also supported by means of
software instructions (for example: TAS, the Test and
Set operand).

A highly regular instruction set

The MC68000’s instruction set appears in Fig 5; some
additional instructions are variations or subsets of
these basic commands and appear in Fig 6. The
instructions fall into the following categories:

+ Data movement

+ Integer arithmetic

+ Shifts and rotates

+ Bit manipulation

* Binary coded decimal

« Program control

e System control.

Each instruction—with few exceptions—operates on
bytes, words and long words, and most instructions can
utilize any of the wP’s 14 addressing modes. As a key
advantage, no separate instructions are required for
operation on bytes, words and long words—you
remember just one mnemonic for each type of operation
and merely specify the data size and source and
destination addressing modes.

The MC68000 instruction set contains several
instructions (unique to the wP world) that aid the
generation of code from high-level block-structured
languages (see box, “PASCAL and the MC68000”). Two
of these instructions, LINK and UNLK, maintain a list
of local data and parameter areas on the stack for
nested subroutine calls.

LINK takes an address register and an immediate
constant as its parameters: The constant specifies the
number of stack bytes to reserve, and the address
register functions as the pointer to the data area. The
SP is then adjusted to clear the space, and the previous
value of the address register is stacked. UNLK
reverses this process, reclaiming the stack space and
restoring the pointer value.

A single LINK instruction at the head of a subroutine
sets up the storage for the subroutine and provides
addressing. A single UNLK instruction at the subrou-
tine’s end restores the stack and the addressing
pointer. Thus, you can nest procedures as desired;
LINK and UNLK automatically accommodate local
data addressing. Procedures using LINK and UNLK to
allocate variable space are re-entrant, and data
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COMMAND DESCRIPTION

reg# Print a register

reg# hexdata Put a hex value in the register

reg# ‘ASCII’ Put hex-equivalent characters in register

reg#: Print the old value and request new value

class Print all registers of a class (A or D)

class: Sequence through—print old value request new
DM start end Display memory, hex-ASCIl memory dump

SM address data
OPen address
SYmbol NAME value

Set memory with data
Open memory for read/change
Define and print symbols

W# Print the effective address of the window

W#. 1en EA Define window length and addressing mode
M# data Memory in window, same syntax as register
Go Start running from address in program counter
Go address Start running from this address

Go TILL add Set temporary breakpoint and start running
BReakpoint Print all breakpoint addresses

BR add: count Set a new breakpoint and optional count
BR—address Clear a breakpoint

BR CLEAR Clear all breakpoints

TD Print the trace display

TD reg#. format Put a register in the display

TD Clear Take all registers out of the display

TD ALI Set all registers to appear in the display
TDA. 1D1 Lie Set register blocks or line separator

T Trace one instruction

T count Trace the specified number of instructions
T TILL Address Trace until this address

*(CR) Carriage return—trace one instruction
OFfset address Define the global offset

CV decimal Convert decimal number to hex

CV $hex Convert hex to decimal

CV value,value Calculate offset or displacement

REad ; = text Expect to receive ‘S’ records

VErify ; =text Check memory against ‘S’ records
PUnch start end Print ‘S’ records (tape image)

FOrmat hex Programl/initialize an ACIA

NUII hex Set character null pads

CR hex Set carriage return null pads

TErminal baud Set terminal null pads to default values
CAIll address JSR to user utility routine

P2 Enter transparent mode

*..data.. Transmit command to host
Break The BREAK key aborts most commands
CTL-A The control A key ends transparent mode
CTL-D The control D key redisplays the line
CTL-H The control H key deletes the last character entered
CTL-W The control W key suspends output until another
. character is entered
CTL-X The control X key cancels the entire line
Rubout The RUBOUT key deletes the last character entered
Del The DEL key deletes the last character entered

Fig 8—Perhaps the most powerful and comprehensive u.C
monitor yet developed by a chip manufacturer, MACSBUG
occupies 8k bytes.

addressing is position independent.

Another instruction that simplifies the use of the
stack is PEA (Push Effective Address). This command
permits passing any addressable data to a subroutine
by putting the subroutine’s address on the stack. Using
PEA with the wP’s rich set of addressing modes makes
subroutine parameter passing easy.

The MC68000's MOVEM (Move Multiple Registers)
instruction also reduces subroutine-call programming
overhead; it permits moving (via an effective address)
multiple registers specified by the user.

The checking of array indices against boundary
values, or other range checking, is a frequent task
required of compiled code. To aid in this task, the CHK
(Check) instruction causes a trap if a data register is
either less than zero or greater than some specified
value (which may be defined as an effective address).
This single instruction does the job of several
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y Uesign Module communicates standard RS-232C data terminal to communicate with a

through two ACIAs

commands on other uPs.

Finally, the MC68000’s proprietary microcoded
structure offers the possibility of producing specialized
versions of the WP while retaining the device’s basic
structure. Rumor has it that Motorola has already
implemented floating-point arithmetic by means of this
microcoding.

Design Module permits device evaluation

The MC68000 Design Module (DM) (Fig 7) consists of
a single-board pC and sports the following features:

« Exorciser-compatible bus

» 32k bytes of dynamic RAM

« 8k bytes of system monitor

» Extra ROM/EPROM user sockets

« Downloading host-computer port

» Two 16-bit parallel I/0 ports

e Three 16-bit timers

» User wire-wrapping area

+ Extensive debugging routines (monitor).

Communications to the DM occur through two
asynchronous communications ports (ACIAs); one of
these ports is configured for connection to a standard
RS-232C terminal, while the other is configured as a

host computer. This arrangement permits placing the
DM in series with a terminal and a host; a Transparent
mode then bypasses the DM and allows creation of a
program on the host and downloading of that program
into the DM for execution and debugging—without
reconfiguring the system’s cabling.

The DM’s programmable timer module (PTM) can
time the execution of routines because it runs either at
the fixed frequency of one-tenth the pwP clock speed or
from an external source. The PTM also permits
variable frequency generation, pulse-width measure-
ments and variable pulse-width generation.

The board’s bus interface implements system expan-
sion; the Exorciser bus accommodates a wide range of
peripherals and memories. Specifically, the bus pro-
vides for a 16-bit data path and a 128k-byte address
range and permits accessing of both asynchronous and
synchronous peripherals.

On the software-support side, the DM’s MACSBUG
monitor (Fig 8) is an 8k-byte firmware program that
provides for memory examination, program loading and
controlled program execution. You also have the option
of inserting three pairs of additional user ROMs; the
board’s four pairs of sockets have jumper options that
accommodate a variety of EPROMs and masked
ROMs. EDN
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than you'll find anywhere
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dard sizes in between.
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tenance-free rechargeable
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are noted in the in-
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tional models.
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ables feature immo-

bilized electrolyte
technology. Guar-
anteed to deliver
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on first cycle, unlike

\ gels. None of the

memory problems of
nickel cadmium. That’s
why Carefree® immobil-
ized electrolyte tech-
nology is becoming the
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Specify it in your next
design.
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8088: Twin Reality

Intel unveils the ultimate 8-bit CPU. Powerful.
Practical. Beneath the surface, the heart of an 8086.

True beauty is never skin deep.
Such is the case with our new
8088 microprocessor. On first
impression, you'll see a powerful
third generation CPU with the
convenience and practicality of an
8-bit bus. Look closer and you'll
discover the remarkable 16-bit
internal architecture, megabyte
addressability and advanced
instruction set of our 8086.

The 8088 is both. Therein
lies its ultimate beauty.

When we introduced
the 8086 family more
than 18 months ago we

called it a new begin-
ning, a microcomputer
system architecture so ad-
vanced it would deliver a
dramatic increase in system
sophistication, performance
and expandability. Now

the 8088 delivers the same
performance increase for

8-bit designs.

8088: Designed with
reality in mind.

We built the 8088 to perform
in the type of systems you're
designing today and well into the
future, too.

Advanced arithmetics, in-
cluding 8- and 16-bit multiply
and divide, boost computational
thruput for your most complex
mathematical and control applica-
tions. But the 8088 is much more
than a superb number cruncher.

Its byte-wide orientation
and extensive string-handling in-
structions give it unprecedented
capabilities—block moves, string
comparisons, data scans and trans-

lations— that make the 8088
EDN FEBRUARY 20, 1980

the ideal CPU for your business-
oriented applications as well.

The 8088 addresses up to a
megabyte of memory, in 64K byte
segments. Segmentation and effi-
cient register utilization enabled
us to build in the capability for
such minicomputer-like features
as instruction pre-fetch, re-entrant
code, position independent code
and dynamic relocation. And 64K
[/O space and indirect [/O simplify

programming even further.

Make your own reality.
Any way you look at it, the
8088 is a tantalizing prospect. If
you are upgrading your 8080, 8085
or Z80 design, the basic 5SMHz
8088 delivers two to five times

1/0
Processors

Multiple
Processors

Special
Application™ ™
Processors

Memory
Management

the performance, yet preserves
your entire hardware investment.
And with the CONV-86 code
converter and PL-M/86 compiler,
your software can be easily up-
graded, too.

The 8088’s 100% software
compatibility with its 16-bit twin
ensures the smoothest possible
transition to any future 16-bit
processor needs.

Its 16-bit internal architecture
For more information, Circle No 71

and elegant instruction set are
super efficient for implementing
high-level, block-structured
languages such as Pascal or
PL-M/86.

Etched into its HMOS* cir-
cuitry, the 8088 allows compatible
interface to multiprocessing
configurations with the 8086 and
Intel’s new generation of 1/O pro-
cessors, math processors, memory
managers and distributed intelli-
gence configurations.

For more space—and cost-
sensitive applications, though,
four other readily available Intel®
bus multiplexed peripherals
combine with the 8088 for a
complete 8-bit system of
unprecedented performance.

The future has arrived.
Because the 8088 shares the

instruction set and object code of
her more powerful sister, the same
Intellec® development system
and software package you use for
8086 program development fully
support the 8088, too.

Put some true beauty into
your new designs. You can order
the 8088 support components and
development system from your
local Intel distributor, or with a
single call to your Intel sales office.
Or write: Intel Corporation,

3065 Bowers Avenue, Santa
Clara, CA 95051. Or call (408)
987-8080.

*HMOS is a patented Intel process.
- ® l E
intal delivers.
Europe: Intel International, Brussels, Belgium. Japan:
Intel Japan, Tokyo. United States and Canadian distributors:
Arrow Electronics, Alliance, Almac/Stroum, Component
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial

Components, Pioneer, Wyle/Elmar, Wyle/Liberty,
L.A.Varah and Zentronics.
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Put on the versatile coating
that lets your product give
an all-star performance:

Elastoplastic silicone resin.

W [

Flexibility, tough- e ’;" ' Y

., dielectric properties are excellent, and

ness, versatility—you'll ‘ gl consistent, even in applications
discover that Dow where high humidity is a factor.
Corning elastoplastic Possible leakage is reduced,
silicone resin has it all— S\ 4

everything it takes to ' is extremely low.

Brush, flow coat or dip

: f because moisture permeability
on...as you like it.

protect product depend-

o : ;
ability. Check these "W on ﬂ‘e Q“aliﬁed ad

advantages, with your / . Apply coating easily, as

product in mind: L«) Md“ct I.ISt fﬂl’  thick or thin as you need itﬁ Its
Super when it's ‘mm= L noncorrosive cure can match your

sizzling...or frigid. / \/Mll Spec l'46058- process, at room temperature or

J ') under heat acceleration. The
P4 coating’s repairable, so compo-
nents are easy to fix or replace,

wiake theneas -~ Insulating compoun
Blastoplasticresin | @lectrical for coatin

coating withstaII;ds i d % it B 71 and rﬁllcoat. 0
heat up to 390 F/ } nte | any places to use Dow
200 C, remains stable | pl'l circu V] Corning elastoplastic resin

over a wide tempera- | - boal'd assembly- | coating? You bet.

ture range. Put on the Want to know more?
same coating when it’s J_v g '\ Get a sample!
cold! At —85 F/—65 C, AW \
it does the job!
All that stretch...
and no stress. »
Elastoplastic silicone has
a lot to give. Even harsh envi-
;onrr}e'n’tlgl}!l condit}ilons won't " ]
aze 1t! 1'he tough, yet | BN
/ E}/} G

smooth clear coating resists |
dirt pickup, so your product/ £
stays clean; resists effects ,
of weather and ultraviolet' /)

llght, too. I Please tell me more about Dow Corning -}
1t may be the heat, |v I ﬁl?::tr:)%z;nri)zl,hcone resin, and about how I
or the humidity, but— | O Send complete product literature. |
neither will affect the ]Ob " B [ | O :est]:'a sales;;]e;ﬁ;esentative to call me about |
: b ing a sample.

From microwave to power ' I {

frequencies, s
| |
- I Title I
4 f : Company :

oo 5, -

S | Address |
: City — _State Zip I
MWASHINGToN | Telephone , l
DOW CORNING el L —
| Dept. E-7539 |
P —— I Midland, Michigan 48640 |
_ [ ©Copyright Dow Corning Corporation 1978 _I
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Meet the toughest
in the shop.

Disc Model 702 shaft-position encoder just took the title away
from Frank, the top machinist.

Our new champion takes on the toughest jobs in the
toughest environments. Jobs from simple readout to sophisti-
cated automatic machine tool positioning. Environments loaded
with moisture, lubricants, dust, metal chips. Heavy vibration
and shock up to 50 G's. And for ultimate reliability, it features
a 100,000 hour LED light source and conservatively rated
class 5 ball bearings.

It's 16 ounces of pure brawn. All at a price competitive
with the encoder you've been using. Six-week delivery on
all standard resolutions.

Find out how tough we are. Write or call
our Machine Tool Encoder Dept. for
details. Disc Instruments is a leader in
optical encoder technology.

AWy,
o ",

Dis¢ [nstroments Ins

%, &
Yag  WHOLLY-OWNED SUBSIDIARY OF FINNIGAN CORPORATION

102 E. Baker St.

Costa Mesa, Calif. 92626

Phone (714) 9795300

TWX: 910-595-1987 DISC CSMA
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The most significant
price breakthrough in
DOUBLE-DALANCED MIXERS!

\/,,V:\/

1 M

et o
e
@ <

000 pieces

$3.95 (1049)

For demanding industrial

and commercial applications,

where low-cost and high-performance

are critical; model SBL-1 will fill your need.

Don't let the low price mislead you. As the world’s number

one manufacturer of double-balanced mixers, Mini Circuits’

has accumulated extensive experience in high-volume production

and testing, a key factor in achieving a successful low cost/high per-
formance line of products.

Model SBL-1.
metal case, non hermetic-seal

Frequency Range. MHz

LO 1-500 RF 1-500 IF _DC-500

Conversion Loss. dB Typ. Max. The tough SBL-1 covers the broad frequency range of 1-500 MHz with 6 dB conversion loss and

One Octave from Band Edge 'S isolation greater than 40 dB. Only well-matched, hot-carrier des and ruggedly constructed

Total Range 8.5 transmission-line transformers are used. Internally, every component is bonded to the header

Isolation. dB : : for excellent protection against shock, vibration and acceleration.

Lower Band Edge to LO-RF 50 35 Here are some of the steps taken to ensure quality: Every SBL-1 is RF tested two times, every solder

;:1.::4 gf::“u:; Higher ll[!‘iRFF 3 connection is 100 per cent inspected under a high power microscope, all transformer leads are
- Hang ‘L“ i ? double-wrapped, and all components are rated for more than + 85 'C operation.

Upper Band Edge to LO-RF Of course. our one-year guarantee applies to these units.

One Octave L LO-IF

Signal. 1dB Compression Level

Impedance. All Ports 50 ohms i o ‘ it e - o ' -
Electronic Attenuation Min (20mA: 3d M ln . c I rcu Its
-
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 MINI-CIRCUITS LABORATORY
Domestic and International Telex 125460 International Telex 620156 A Division of Scientitic Components Corg

atives: [] AFRICA: Afitra (PTY) Ltd., P.O. Box 9813, Johanm sburg 2000 uth Africa. [] AUSTRALIA: Ge | Elect romr Service, 99 Alexander St., N
EASTERN cANADA B.0. Hummel, 2224 N u 5 [] ENGLAND: Dale Electronics Ltd., Dale House, Wharf Road. Frimley Gr
[ NCE 0 - | RMANY, AUSTRIA SWITZERLAND DENMARK: |
orf Mai, }\Iubnr‘vnsw 14, West Germany. : v ) 8 aha Mz mbay 400 026, India. [ ] ISRAEL:
[] JAPAN: Densho Kaisha, d., Equchw E\nldmg 81 ome, Ha & 0 ] Japan. [] NETHERLANDS LUXEM OURG BEL-
s COIMEX, P.O. Box 19, 8050 AA Hattem ostboks 111, BRYN, C 6 e
Norwa iy 2 Trading Co. (PTE) Ltd., Suit C13, c22 (1st Floor), Pws ent Hotel omplex, 181 K
Republic of Singapore El E onic AB, Box 43 S-182 51, 2
U.S. Distributors: [] NORTHERN CALIFORNIA Pen Stock, 105 Fremont Ave., Lo CA 940: (415) 948-6533. [] SOUTHERN CALIFORNIA ARIZONA: Crown Electronics, 11440
Ilins St., Hollywo CA 91601. Tel: (213) 877-3550 METROPOLITAN NEW YORK, NORTHERN NEW JERSEY, WESTCHESTER COUNTY: Microwave Distributors, 61 Mall Drive,
ack, NY 11725. Tel: (516) 543-4771. [] SO. NEW JERSEY, DELAWARE & EASTERN PENNSYLVANIA: MLC Distributors, 456 Germantown Pike, Lafayette Hill, PA 19444 (215)
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Phase/frequency-locked loops
handle random inputs

Now you need no longer suffer with the problems of phase-locked
loops to accommodate random input data; phase/frequency-loop
circuits offer narrow bandwidth and wide lock range.

Sid Ghosh and Christian Foster, TRW Vidar

Bandwidth and pull-in (acquisition) range pose two key
considerations in the design of a phase-locked loop. The
circuits presented here reflect these considerations,
improving on basic PLL design in terms of both factors.
To understand the concepts underlying the designs,
start by considering some basics.

Loop bandwidth is given by (Ref 1):

B, - 2 ( P+ 41_,)) ,
and lock-in range equals

Awy, = 2pw,.
These equations indicate that the two parameters are
directly proportional.

When a PLL’s input is random data, some applica-
tions require loop bandwidth to be extremely narrow in
order to reject input jitter and maintain lock in the
presence of long strings of ZEROs or ONEs. But with
such a narrow bandwidth, the loop generally cannot
acquire lock unaided. Several design schemes deal with
this problem.

Take advantage of frequency detection

One frequently employed technique complements the
usual phase comparator with a frequency comparator in

the loop (Fig 1). When the loop is out of lock, the input
and VCO frequencies don’t agree, and the frequency
comparator’s output helps the phase-comparator output
achieve acquisition. Once the loop achieves lock,
however, the frequency-comparator output vanishes,
and the circuit operates like a standard PLL.

A simple discriminator suffices for the frequency
comparator when both the input and VCO output are
sinusoidal. Most practical digital data-transmission

T
f; s
— COMPARATOR
ouT
A AR ¢
Ofo_ Q,
[
(a)
R I TR N N |
S T
I
S T T T P

| PHase V1= Rel0)—0a)
COMPARATOR
\ 6,
" | LOOP
i 6 D>—4 veo |« LOOF
\}wo, o

Ly FREQUENCY
COMPARATOR

Vy=Kelwi— wo+ 6;— 8o)

Fig 1—In a phase/frequency-locked loop, an added
frequency comparator inside the loop aids acquisition. Once
the circuit achieves lock, the frequency-comparator output
becomes zero.

FREQUENCY
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Fig 2—Increased performance results from the dc compo-
nent available at the output of this digital phase/frequency
comparator. The dc component allows you to make loop
bandwidth small while ensuring that the loop is able to
achieve lock. Compare the comparator’s transfer character-
istics (c) with those of a simple phase comparator (d).

COMPARATOR
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Jitter rejection calls for
very narrow bandwidth

systems, however, employ digital phase/frequency
(¢/F) comparators (Refs 2, 3). The implementation and
transfer characteristics of such a circuit appear in Fig
2, along with a typical phase comparator’s transfer
characteristics.

The phase-comparator output (Fig 2d) is bipolar,
alternating in polarity at twice the local-oscillator beat
frequency. For a simple PLL to achieve unconditional
lock, its bandwidth must be wide enough to pass the
fundamental component of this bipolar waveform with
virtually no attenuation. In contrast, the digital ¢/F
comparator shows remarkable output characteristics:
When the loop is out of lock, the correction voltage has
a dec component. Thus, the loop bandwidth can be
arbitrarily small, yet the loop is still able to achieve
lock.

Despite its advantages, though, Fig 2’s &/F compara-
tor exhibits one problem. Under a lock condition, every
transition of the input clock must coincide with a
local-clock transition to ensure proper operation of the
loop. Essentially, the circuit doesn’t function at all if its
input is synchronous random data.

PHASE-
COMPARATOR
OUTPUT

RZ DATA

T-24T |<—
0<r<T—-2AT
RZ DATA <
by
CLK
—
= Ti
CLK+
i i
CLK- o1 l
ot -
I
27— (64 +6,) | |

o |
- FREQUENCY-
COMPARATOR _|
OUTPUT : TaT 6
(OUT OF LOCK) L o, =341 .

T
T=2AT 2

A 9,

<ty b=

fi>fo
Fig 3—Frequency-comparator output serves as an out-of-
lock indicator, which you can employ to temporarily increase
loop bandwidth.
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Bandwidth manipulation solves the problem

A technique that proves useful in handling such
random input data involves increasing the bandwidth
when the loop is out of lock and then considerably
reducing it once the loop achieves lock (Ref 4). One
previously published implementation of the technique
does indeed result in a &/F-locked loop suitable for
handling random input data (Ref 5); this scheme
requires analog multipliers. There are, however,
alternative schemes—including designs that are totally
digital.

In the digital frequency comparator used in one such
scheme (Fig 3), two additional clocks (CLK™ and CLK")
are derived from the loop clock (CLK), which gates the
comparator. Relative to CLK, CLK" and CLK™ are
advanced by AT; and delayed by AT, respectively.
While AT, and AT; need not be equal, assume that they
are. The RZ data—whose width must be less than
T—2AT —is clocked into two flip flops by CLK™ and
CLK™, and the comparator output reflects the differ-
ence in the two flip-flop outputs.

If the circuit is in a lock condition, the output of the
frequency comparator is zero; hence the phase
comparator controls the loop. Now suppose that an
increase in the data rate causes the loop to lose lock. As
the data advances relative to the clock, any input ONE
clocks Q: HIGH and @, LOW. Over the interval 6;, the
frequency comparator’s output is thus positive. As the
input data’s phase advances, aninput ONE is clocked
into both flip flops, and the comparator output goes to
zero. After a further interval 6,, the flip flops reverse
state, resulting in a negative comparator output.

In summary, the frequency-comparator output is
zero in a lock condition and alternating when the loop is
out of lock. You can thus add this output to that of the
phase comparator to help achieve loop acquisition.
Unfortunately, because the frequency - comparator
output is bipolar, the loop filter bandwidth is still a
constraint with respect to acquisition range. However,
making R; very small results in a relatively large
bandwidth under out - of - lock conditions. You can
therefore consider the frequency-comparator output as
an out-of-lock indicator, usable to temporarily increase
loop bandwidth.

Modification adds dc component

While this performance might prove adequate in
many applications, the presence of a dc component in
the frequency-comparator output under out-of-lock
conditions also proves highly useful, and you can modify
Fig 3’s circuit to produce such a de output component
(Fig 4a). Now, the two flip-flop outputs trigger two
monostables, which in turn set two latches. The
latching sequence depends on whether the input clock is
faster or slower than the local clock, but once the first
latch sets, the other is disabled.

The latches reset only when both monostable outputs
are ZERO. And once triggered, a monostable doesn’t
change state—even when the input data contains a long
series of ZEROs. Therefore, once one of the latches

EDN FEBRUARY 20, 1980
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Fig 4—Handle random data easily with this modified frequency comparator (a), whose transfer characteristics appear in (b). An
alternative design (c) proves more appropriate for handling high-speed data.
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Fig 5—Complete freedom in the choice of bandwidth is a prime feature of this phase/frequency-locked loop. However, the circuit |
does call for compromises between jitter rejection and acquisition time. R,, R;, C, and Cs are selected to provide pulse length I
greater than the maximum time of all-ZERO input data; typical values are shown. i
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A dc frequency-comparator
component proves useful

sets, the frequency-comparator output doesn’t disap-
pear until the phase comparator takes over and both
flip-flop outputs are ZERO for an extended period.

Here’s how to compute the design value of this
monostable delay period. Start by letting
T = 0.65 psec (1.544M-bps bit rate)

7 = 0.35 psec

AT= 0.1 psec

Af = 300 Hz (frequency difference between input data
rate and local clock).

To ensure that the output won’t change with an input

string of 16 ZEROs, the minimum delay must equal

16T=11 psec. The maximum delay required to

guarantee that any data bit in the phase-comparator

region is not forced past that region is thus

(T—7—2AT)/TAf =500 wsec.

The monostable time constant, therefore, is not
critical. For high-speed data, however, the alternative
frequency-comparator design shown in Fig 4c¢ might
prove more convenient. Here, a divide-by-n counter

replaces the two monostables. With this arrangement,
the latches (once set) are reset when both flip flops are
clear for n successive bits.

Putting theory into practice

A practical implementation of a ¢/F-locked loop
embodying the foregoing principles appears in Fig 5. To
evaluate its performance, a test circuit generated RZ
data with large low-frequency jitter. Test results (Fig
6a) show the ¢&/F-locked loop’s jitter-rejection charac-
teristics for a loop configuration with a very narrow
bandwidth. The output of a basic PLL, with filter
bandwidth adjusted to ensure lock, also appears (Fig
6b) for comparison. The ¢/F-locked loop’s performance
improvement is obvious.

While the frequency comparator’s dc output under
out-of-lock conditions provides complete freedom in the
choice of loop bandwidth, you must consider acquisition
time and noise rejection when determining filter
bandwidth. For a PLL, the former quantity is
approximately (Ref 1)

4.2(Af)?
=T

For the &/F-locked loop with dc output, however, if the

for p = 0.7.

Fig 6—Jitter reduction in recovered clock (bottom trace) is greater in the phase/frequency design (a) than in a simple phase-locked
loop (b). Acquisition behavior is also shown for phase-locked (c) and phase/frequency-locked (d) loops.
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e wouldn't
dare enter

eUS.scope
market if we
didn’t have a
better product

Take our Model 5630, for example.
It will do everything that Tek's 935A
will do . and a lot more. This
portable, 35 Mlz, dual channel
scope offers alternate time base
switching, a 500 KHz chop fre-
quency versus 250 Kz, an "ADD”
mode, channel two polarity, AC and
DC coupled trigger and a combina-
tion of other performance features
and characteristics that you won't
find in other scopes in this

price range.

And there’s a lot more that
doesn’t meet the eve, like our war-
ranty and service policy. First of
all, sales are made on a 30-day
“satistaction-or-vour-money-back”
basis. Order one and (ry it for 30
davs. If vou don’t like it, just send
itback. If you keep it and we're sure
vou will, vour KIK-scope comes
with a 2-vear warranty (CRT, one
vear). That's twice as long as the
warranty from most manufacturers.

As for service, vour KIK-scope
is completely modular All com-
ponents are on plug-in boards. In
the event of trouble, just send us
the: taulty board and we'll send you

a new one by return mail. This
SWap-out program assures fast
maintenance turn-around and
minimum down-time.

In addition to the Model 5630,
there are nine other KIK-scopes in
the Iine from 10 Mz to 50 MIz.
They're described inour new cata-
logs along with our lab power
supplics and other instruments.
Write for them. They're frece. Kikusui
International Corp., 17121 South
Central Avenue, Unit - 2M, Carson,
California 90716. (213) 638-6107.

® Kilusui

INTERNATIONAL CORP.
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Sensitivity:| 6 Operational 5X Dual Trace 500 KHz Alternate Channel B Delay Sweep Time:
5mV/div to Modes Magnification Chop Frequency Sweep Calibrated Time 0.1 u/sec/div
5V/div Mode Sweep Delay Base /

in 10 Steps Control n 21 Steps

—
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Trigger
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5 ways tomake
abetter product-

and Ryton’
does them all.

Keep it heat-resistant—Ryton® polyphenyl-
* ene sulfide resins have UL 94 V-O and 5V
flammability ratings, without additives.

2. Keep it stable—Ryton engineering plastics

* have excellent dimensional stability—the
only thermoplastic molding compounds with a
UL Temperature Index as high as 240°C. (and
documented performance in temperatures to
260°C.).

3. Keep it arc-resistant—Where high voltages
are a requirement, Ryton resins with high
arc resistance and low tracking rate are available.

4. Keep it chemical resistant—Ryton has no
known solvents under 200°C.

5. Keep it all—There is no waste to Ryton.

Simply recycle your sprues and runners.

You save many dollars in raw materials costs.

Dollars you can reinvest in R&D or further prod-
uct refinements.

_~—_Ryton engineering plastics are avail-

able in 5 standard colors and an

unlimited number of custom var-

iations. And, as always, Ryton

technicians stand ready to help you

make the most out of your Ryton ap-

plications. For quick action from the Ryton Sales

Engineer nearest you call our Phillips Engineering

Plastics Office toll free ... 800 231-3630 (In Texas

800 392-3716).

Ryton engineering plastics perform.

Phillips also produces K-Resin® butadiene
styrene polymers and Marlex® polyolefin
resins. Call toll free 800 231-1212 (In
Texas 800 392-2078).

PHILLIPS CHEMICAL COMPANY
A DIVISION OF PHILLIPS PETROLEUM COMPANY

For more information, Circle No 76




Performance improvements with
the design are obvious

filter amplifier must change by V to acquire lock, the
acquisition time (assuming the amplifier remains linear
during the entire acquisition period) is

Ty = %(ZR’CI).

Note that the filter bandwidth is determined by R, R,
and C;—not by R'. You can therefore make R’ very
small to achieve rapid acquisition.

The difference in acquisition behavior for a simple
phase-locked loop and a &/F-locked loop is also shown
(Figs 6¢ and 6d, respectively). For practical reasons,
both loops were underdamped (p=0.1). EDN
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HIGH VOLTAGE POWER SUPPLIES

e Photomultipliers and other detectors e CRTs
e Lasers e Microwave Tubes e Precipitators

e lonization gauges and other vacuum applications
e Bias voltages e Isolated filament supplies

e Metered Lab Supplies and Modules

e Lab use and general High Voltage applications.
Outputs from 150 volts to 50 Kilovolts. 3 watts to
250 watts. DC and AC-line inputs. Tight regulation
or unregulated. Low ripple, programmable and
other features.
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“How did we
By working like madmen”

We worked days and nights, weekends
and vacations to develop the intelligent
analog peripheral.

It was time well spent.

Because now we can offer you a
complete microcomputer data acquisition
system on a single Multibus™board.

Decentralizing your computer function
has finally become a practical possibility.

You see, this intelligent analog
peripheral pre-processes data without
involving the host CPU.

And thanks to a unique DMA con-
troller, this peripheral also acquires ana-
log data independently, at rates up to
125KHz.

Our new peripheral can function as
an intelligent A/D slave. Or as a stand-
alone microcomputer with A/D capabili-
ties. Or as a remote system, transmitting
data via a serial line.

Convenient? Our peripheral even
includes a system monitor in prepro-
grammed ROM to communicate with the
board, debug, and access A/D
conversions.

He Ll
ACQUISITION
M1ODULE l :

8085A

g1l
Our intelligent analog peripheral features: A dual port memory
controller. A 8085 CPU. Four PROM sockets. Two programmable
timers. A baud rate generator. A complete priority interrupt control-
ler. 12 bit A/D with 125KHz throughput to memory. A 16K byte dual-
ported dynamic RAM. A self-contained four-channel multi-mode
DMA controller. And quite a bit more.

DATA TRANSLATION

tobe first with intelligent analog peripherals?

Fred Molinari, President

In short, we have brought high-speed
capability down to low-end computers.
And, we might add, we are the first
to do so.

Working like madmen has its advan-
tages. We hope you'll let us work like
crazy for you.

We can be reached at 4 Strathmore
Road, Natick, MA 01760. Or by phone at
(617) 655-5300. Telex: 948474. In Europe:
Data Translation Ltd., Reading, Berkshire/
England. Phone (0734) 669-335;

Telex: 847482.

SALES OFFICES: AZ 602-994-5400,CA 213-681-5631; CO 303-371-2422; FL 305-791-9292, 813-725-2201; GA 404-455-7222; IL 312-960-4054; MA 617-655-5300; MD 301-636-1151;
MN 612-441-6190; NC 919-723-8102; NJ 609-428-6060; NM 505-292-1212, 505-523-0601; NY 516-488-2100; OK 405-528-6071; OR 503-297-2581; PA 412-327-8979; TX 512-451-5174,

214-661-0300, 713-780-2511, 512-828-2251; UT 801-466-6522; WA 206-455-5846; CANADA 416-625-1907
For more information, Circle No 78
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Many Electronic Design Problems
Could Benefit From a Little
Cool Thinking

Herewith are a few modest examples:

Circuit miniaturization:
Often, power dissipation is the limiting parameter

Thermoelectric modules are available in a wide
variety of shapes and sizes, with or without (air or
water) heat sinks, power supplies, or temperature
controllers. We also maintain a custom design

in electronic circuit miniaturization. Solution:

Aetligalsimp thoibioat ot of the ciccih paskacs. laboratory where customers bring challenging cool-

ing and temperature regulatory problems everyday.
Let us tell you more about thermoelectric

modules and their applications. Call or write

for our new catalog 300:
thermoelectrics.

Hot environments:

Circuits operating in hot environments overheat
and malfunction. Solution: Refrigerate these cir-
cuits. Cool them to acceptable operating levels.

Noisy, drifting amplifiers:

Amplifiers are noisy at high temperatures and, in
some, critical parameters drift, excessively, with
temperature change. Solution: Regulate amplifier
operating temperature to a fixed, cool level.

But design philosophy is not all we have to offer.
We have the hardware too. They're called thermo-
electric modules. Sandwiched between your
circuit package and a suitable heat sink,

the thermoelectric module can heat or
cool your electronics package and
keep it at any preset operating
temperature in the range of
ambient +70°C.

ro
Tamperatys
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~. 5 CAMBRIDGE THERMIONIC CORPORATION
1 ®
N CAMBIOH

445 CONCORD AVENUE, CAMBRIDGE, MASSACHUSETTS 02238

TWX (710) 320-6399
Cable CAMBION

Telephone (617) 491-5400
TELEX 92-1480

West coast office: Cambridge Thermionic Corporation, 2733 Pacific Coast Highway, Suite 308, Torrence, Cal. 90505 Tel. (213) 326-7822, 7823, 7824
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The
Transient
Iniic

Microprocesrors

Deor Dr foork:

My microprocesor
Ore experiencing

both uoret ond

failure from stotic s

dirchorge ond line k.
transients.”

“Dear Customer:
Static discharge is characterized
by very fast rise times (2,000 volts
per nanosecond) and peak volt-
ages to 20,000 volts. CMOS
circuitry can fail with transients
as low as 25 volts for 100 nano-
seconds. Our TransZorb® transient
voltage suppressors have a proven
track record of protecting inte-
grated circuits in a transient
environment. For your micropro-
cessor protection application, we
recommend our MPT series of
TransZorbs. A new 4-page designer
data sheet is now available . . .”

4 GENERAL
¢ > SEMICONDUCTOR
2C. INDUSTRIES, INC

2001 West Tenth Place * P.0. Box 3078 « Tempe,
Arizona 85281 * 602-968-3101 « TWX 910-950-1942

TransZorb ® is a registered trademark of General Semiconductor Industries, Inc

For more information, Circle No 81



When multiplexing analog inputs,
avoid error traps

Connecting transducer lines to multiplexers presents inherent
pitfalls that could undermine an A/D system’s performance.
Corrective design approaches help avoid potential
signal-noise and interference hazards.

James V DiRocco, ADAC Corp

Effective design of front-end multiplexers for high-
speed data-acquisition systems calls for careful investi-
gation of the source, strength and effects of stray
signals in addition to the expected range of transducer
output levels. Performance problems generally arise
from noise radiation, normal-mode pickup and lack of
common-mode rejection, all of which exist in industrial
and process-control A/D-conversion environments.

Indeed, even simple wiring and interconnection
resistances demand strict attention, because common-
ground returns and extraneous voltage drops add to a
system’s error budget. Resolving these widespread
signal complexities involves taking advantage of proven
grounding, source-impedance and cable-capacitance
design techniques.

Proper grounding eliminates current loops

The most common complication in interfacing analog
inputs to multiplexers concerns grounding. You can

easily degrade a data-acquisition system’s integrity by
improperly grounding the input sources and their
shielded lines.

Most computer-based systems require tying the
computer power supply’s return firmly to system power
return, further complicating grounding considerations.
Specifically, because the A/D converter communicates
with the computer, designers generally connect the
analog return to the digital return and the latter to
power return—a scheme that minimizes digital-
interference problems within the converter but increas-
es the deleterious effects of ground loops.

Successful grounding in this case involves recalling a
fundamental concept: A voltage exists across two
points, not just one. A system measures the sum of the
desirable source voltage plus any voltage induced in its
leads to the multiplexer. Thus, you must keep
extraneous currents from flowing in the signal-return
lead as well as the signal-“hot” lead.

Fig 1 shows a single-ended-input source connected by
shielded cable to a MUX (see box, “Multiplexers handle

|

e e

SHIELDED MUX |
CABLE CHANNELS 1
‘ e CONNECTOR
POWER- INPUT o—(X)
SUPPLY  SOURCE = = p
VOLTAGE  VOLTAGE (T = <
; © S CHANNEL IN B\ ) ‘
i I ) &, T
- AMP LOW IN \ — b TO SAMPLE AND HOLD
AC IN = —>> s l AND A/D CONVERTER
—l l
[ © E { _POWERRETURN |
| | g \7 1A
______ —_
A
- - COMMON

NOTE:

CONNECT CASE TO POWER RETURN
ONLY IF CASE IS NOT CONNECTED

= GROUND

TO 3RD-WIRE GROUND. i

Fig 1—To prevent ground loops in a single-ended-input MUX configuration, connect a shielded flat-ribbon cable to power return at ﬂ

only one point.
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Inadequate grounding tops the
list of analog-input problems

varied input modes”). To minimize ground noise
between this source and the MUX, use a flat-ribbon
input cable with a copper mesh laminated to one side
and a plastic insulating material laminated over the
mesh.

The cable end that plugs into the data-acquisition
system’s board contains a mass-terminated connector.
Solder the shield to a wire at the input end and connect
this wire to the connector’s power-return terminal.
Then, at the system’s board end, fasten the shielded
cable’s power-return line to common ground.

Ideally, an input source such as that depicted in Fig 1
has isolated plus and minus output terminals and a
separate case potential isolated from ac neutral. You
should ground the source’s case to the power-return pin
to eliminate a possible power-frequency ground loop
and reduce 60-Hz pickup. But if the case must be
connected to ac neutral, don’t also connect it to the
power-return pin; otherwise, a ground loop develops.

When differential modes prove better

Whenever possible, do not join the input-source
return to the ac neutral or to the case because this
scheme forces the source to ride on any common-mode
voltage differences that might exist between the A/D
converter’s ground and the source’s ac neutral.
Operating a system in this manner, however, calls for
employing the pseudo- or fully differential mode (Fig
2). In this case, the system’s integrity hinges on a
differential amplifier’s ability to reject common-mode
signals.

In this respect, most 12-bit A/D converters provide
approximately 70 dB of common-mode rejection. Thus,
a 7.7V common-mode voltage results in a 1-bit error
(2.4 mV) in a system configured for operation at 0 to
10V FS. These parameters indicate that either the
pseudo- or fully differential mode proves better than

the single-ended-MUX configuration if you question the
source return’s integrity.

Unfortunately, operating in either of the differential
modes introduces another system constraint. For
example, consider a system where the sum of the input
signal and common-mode voltage cannot exceed 10.3V.
If the input source is truly floating (e g, a nongrounded
voltage), you must insert a resistor between the low
side of the source and the analog return. Why? Because
although the multiplexer presents a very high input
impedance (more than 100 M(2), a finite leakage current
still flows (1 nA at 25°C or 20 nA at 60°C).
Furthermore, because two input switch lines connect to
the source, you must furnish a resistive path from
source return to analog return to accommodate a 40-nA
current.

Thus, if the source voltage is 10V F'S, placing a
6.2-M() (max) resistor between the source’s low
terminal and the analog return meets the system
constraint.

High source impedance produces MUX deviations
Next to grounding, the most dominant problem

|

I >
I e}
‘ Rs CHAN A e
‘ >—®—1 b —> 12
| + 1k O%
| Ep=10v CHAN B ¢y 5F

& L 180 pF==Csg 50 pF
l : =10 =
+

Fig 3—Stray input-cable and MUX-mode capacitances, in
| conjunction with source impedance, determine the multiplex-
. er's settling time as it switches over the full input range.

SSETERCTy Sup— P "
e CONNECTOR o
POWER-  INPUT CGABLE Z s
SUPPLY" SOURCE | '\ . N smmeee
VOLTAGE ~ VOLTAGE £ \  CHANNEL
o CHANNEL IN
.:L © > T T TI l' @
AC IN = > AMPLOW IN ] 1A TO SAMPLE AND HOLD
£ ANALOG RETURN | | AND A/D CONVERTER
© >———— P
| ~___POWER RETURN Vil
| > T i
B o i z
O ‘; (®)
NOTE: }- COMMON
., DO NOT CONNECT =~ GROUND

Fig 2—For a grounded input source in either the pseudo- or fully differential MUX mode, insert a leakage-return resistor between
the analog and source returns to control the common-mode voltage.
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encountered in connecting analog inputs to multiplexers
involves high source impedance.

Standard data-acquisition systems connect the
source to the multiplexer by means of a shielded analog
cable. The multiplexer feeds a differential amplifier,
which passes the signals to a programmable-gain
amplifier, a S/H amplifier and an A/D converter.
Generally, a word or byte transfers from the comput-
er's memory to its multiplexer’'s address register
concurrently with the converter’s trigger signal. This
trigger usually sets up a fixed delay time that allows the
multiplexer and S/H amp to settle to within rated
accuracy. The shunt input resistance arising from the
differential amplifier imposes an impedance greater
than 10°Q on the source. However, stray capacitance
can present the limiting factor governing the amount of
source impedance tolerable before significant errors
occur.

For worst-case considerations, assume that the
multiplexer output resides at one full-scale extreme and
then switches to the other extreme for several samples.
The difference between the first digitized result after
switching and any successive readings at the same

MUX

SHIELDED CABLE
L CHANNEL

Rs Ne= [k

0TO 10v

CEIEIRETV)
NOILVLNIWNYLSNI
oL

(a)

(b)

+15V -15V

(c)

Fig 4—Properly delaying the A/D converter's trigger after
MUX-channel selection for narrow signal bandwidths
involves overcoming source-impedance and stray-
capacitance detriments by either connecting a 4.7-uF
capacitor across a unipolar source (a), tying two 4.7-pF
capacitors across a bipolar source (b) or inserting a buffer
amplifier in series with a bipolar source (c).

EDN FEBRUARY 20, 1980

ANALOG
INPUT 1

COMMON-
MODE
VOLTAGE

En=En1+Ecm @ (RAC + ARC)

Fig 5—Microvolt- to millivolt-level multiplexing calls for
incorporating extensive shielding on the source signal lines
and operating in either the pseudo- or fully differential-input
MUX mode to overcome undesirable common-mode voltage.

input voltage indicates the potential problems caused
by excessive source impedance.

Fig 3 depicts this input condition. Cs is the stray
capacitance to ground of all cabling from the source to
the multiplexer, and Cy is the stray capacitance of the
multiplexer node. Before selecting MUX channel A,
assume that channel B is ON, thereby charging Cy to
—10V. When channel A activates, an initial charge
redistributes itself between Cg and Cy. Then both
capacitors charge toward 10V with a time constant
equal to the source resistance times the sum of Cs and
Cu. Approximately 10 time constants later, the system
has charged to within 0.01% of maximum voltage.

Assume that the cable’s capacitance equals 30 pF/ft;
thus, a 6-ft input cable has Cs= 180 pF. A typical value
of Cy is approximately 50 pF, and assume that Rg totals
10001). For these conditions, the initial redistribution
causes .the voltage across Cy to jump to 5.6V and then
to further rise to 10V with a 230-nsec time constant.
Achieving full charge requires 10 time constants or 2.3
wsec. Of course, the system’s operation deteriorates if
you use longer input cables or if the source impedance
increases.

The need for a separate trigger

Certain applications call for triggering the A/D
converter separately from the command that selects a
multiplexer channel. Specifically, you transfer the
multiplexer channel first and then (after an appropriate
time delay) trigger the A/D converter.

One approach to combat source-impedance and stray
capacitive effects in this case involves attaching a large
capacitor across the source to reduce the effective
source impedance. For unipolar sources (Fig 4a), a
single 4.7-pF epoxy tantalum capacitor works well
(bipolar sources call for placing two such capacitors in
series (Fig 4b)). When you select a given channel, the
multiplexer nodal capacitance draws its charge from the
tantalum capacitor. Because this capacitor’s value is so
large, a negligible (~100 wV) change occurs in its
voltage.

This filter-capacitor solution, of course, works only if
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Multiplexer output differences
result from high source impedance

the measured signal bandwidth is low. With a 10-kQ
source impedance, the 4.7-pF capacitor creates a 3-Hz
filter, which bandwidth-limits the MUX channel.

Another solution to the source-impedance problem
involves buffering the source impedance via a unity-
gain follower amplifier (Fig 4c¢). This approach lowers

the effective source impedance seen by the multiplexer
without affecting the bandwidth, but it presents

difficulties in mounting parts on the data-acquisition-
system pc board.
A third solution calls for increasing the amount of

In data-acquisition systems, ana-
log multiplexers (MUXs) scan
multiple signal sources—such as
the high-level (1 to 10V FS)
outputs of signal-conditioning am-
plifiers and the direct low-level (10
to 500 mV FS) outputs of thermo-
couples and strain gauges—in a

Multiplexers handle varied input modes

time - sequential manner. They
then route these signals to instru-
mentation amplifiers for subse-
quent sample-and-hold and A/D-
converter processing.

Because most A/D converters
have single-ended inputs, such
multiplexers must present them

(a) MUX

ANALOG
INPUT 1

CHANNELS
170 n
IA VW-¢
ANALOG ) A
INPUT 1 \EIN1 . =
TO SAMPLE AND HOLD
= AND A/D CONVERTER
ANALOG
INPUT n
®) MUX
CHANNELS
170 n

ANALOG
INPUT n

COMMON-
MODE
VOLTAGE

(c) MUX
CHANNELS

ANALOG
INPUT 1

TO SAMPLE AND HOLD
AND A/D CONVERTER

170 n
COMMON-

(E )ANALOG
INnJ \NPUT n

MODE )
VOLTAGE 1

COMMON-MODE Ecmn
VOLTAGE n

the number of channels.

TO SAMPLE AND HOLD
AND A/D CONVERTER

In the single-ended MUX mode (a), all inputs refer to the system board’s analog
ground. The pseudodifferential MUX mode (b) maintains the benefit of common-mode
rejection and offers the same number of channels as the single-ended mode. Finally, the
fully differential MUX mode (c) floats each input on a common-mode voltage but halves

with accurate representations of
the input voltages—even when
the input sources are returned to a
ground that resides at a potential
different from that of the A/D-
converter ground. The magnitude
of this potential difference
(common-mode voltage) usually
dictates the multiplexer's input
configuration (figure).

For example, input sources with
a common return essentially at the
potential of the A/D converter's
common return (within %2 LSB)
call for operating the MUX in the
single-ended mode. A typical
single-ended-mode application in-
volves several signal-conditioning
amplifiers mounted in a chassis
with a common power supply.
Making this approach work well
involves physically locating the
chassis as close as possible to
the data-acquisition system.

For this same application, but in
cases where the chassis must be
physically remote from the sys-
tem, employ the pseudodifferen-
tial configuration. This arrange-
ment differs from the single-ended
mode in that you do not directly
ground the sources’ common
return. Thus, the system rejects
any common-mode-voltage differ-
ences, yet does not sacrifice
input-channel capacity.

Finally, signal sources located
remotely from one another as well
as from the A/D system call for
operation in the fully differential
mode. In this case, you connect
half of the MUX channels to each
side of the instrumentation ampli-
fier. Because both sides of each
input are switched, the number of
multiplexer channels reduces by
cne-half, but each channel re-
ceives common-mode rejection.
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settling time allowed for the multiplexer. In many
applications where conversion time is not critical, this
approach proves the optimum choice.

Low-level multiplexing demands thorough design

Many transducers generate microvolt and millivolt
outputs, which resist direct handling by standard
high-level multiplexers. To complicate this additional
multiplexer-design problem, these transducers gener-
ally operate in harsh environments that superimpose
these low levels upon large common-mode voltages.

For low-level, high-bandwidth transducers (such as
accelerometers), the solution lies in the use of a
signal-conditioning amplifier for each channel and in
multiplexing the resultant higher levels. However, for
low-level, low-bandwidth transducers (such as load
cells, strain gauges and thermocouples), direct signal
multiplexing requires only one high-gain amplifier to
serve all MUX channels in front of the A/D converter.

Low-level multiplexing produces significant reduc-
tions in cost as well as power and space requirements,
and input filtering rejects unwanted signals on each
channel. As another advantage, you can program the
- multiplexer output amplifier’'s gain to control the
system’s characteristics on a channel-to-channel basis.

But because of the extremely low signal levels
involved, handling a transducer’s direct output requires
careful design to prevent source-signal contamination
by extraneous power-line and RFI noise. For example,
you must configure source signals in a differential-
MUX mode and shield the signal wires to minimize
pickup and preserve data integrity.

Fig 5 illustrates the input-cabling method required to
bring true low-level signals to an A/D system. The Ecy
term represents the difference in grounds or common-
mode voltage. Resistors R and R+AR represent an
unbalanced source resistance, arising from the differ-
ence in lead resistivity of thermocouple extension wires
or from an unbalanced condition in a bridge circuit.

The unbalanced capacitance to ground is indicated by
C and C+AC. Because the shield connects to the low
side of the input source (and to the common-mode
voltage), capacitance from either input lead to shield
doesn’t affect system operation. However, leakage
capacitance to ground does.

The unbalanced impedances in the input lines convert
common-mode voltages into normal-mode noise, which
then becomes difficult to separate from the true
signals. For high source resistance (and its resultant
imbalance), the capacitance between each input line and
ground increases the problem’s severity.

Calculate CMRR

The equation in Fig 5 states that the system’s input
voltage (Ex) equals the signal (Eg) plus an unwanted
component proportional to the value and frequency of
the common-mode voltage and the sum of the
unbalanced input time constants. Optimum system
design calls for making the second term approach zero.

The system’s ability to reject the unwanted

EDN FEBRUARY 20, 1980

common-mode voltage is measured by the common-

mode rejection ratio (CMRR):
CMRR=20log[(CMV/Equr)/A] dB

where CMV is the common-mode voltage, Eour is the

change in the amplifier output voltage arising from this

common-mode voltage and A is the amplifier gain.

Assume that a 1-k() source imbalance exists and that
the common-mode frequency equals 60 Hz. Thus, only 3
pF of unbalanced stray capacitance causes the CMRR
to deteriorate below 120 dB. Keeping stray capacitance
below this level usually requires sophisticated and
expensive double-shielding techniques. One low-level
multiplexing technique useful in such cases switches
three lines for each input; e g, two signal lines plus the
shield.

Because stray capacitance to ground creates’ prob-
lems, you should connect the system’s shield to the
source of the common-mode voltage, then tie the
switched shield to a guard surrounding the input
amplifier. If the common-mode voltage is approximate-
ly 10V or less, this approach works well with solid-state
switches and a differential-in, single-ended-out input
amplifier. However, if the common-mode voltage
reaches several hundred volts, the approach becomes
extremely difficult and expensive to implement.

A simpler and more effective method of eliminating
the common-mode-voltage effect for large values of
CMV utilizes a flying - capacitor - type multiplexer
(EDN, May 20, 1979, pg 169). Besides doing away with
common-mode voltage from the input signals, the flying
capacitor provides a low ac impedance across the source
terminals, thereby reducing the effects of source
resistance and resistive imbalance. Therefore, the
system’s common-mode rejection approximately equals
the ratio of the flying-capacitor value to that of the
stray capacitance to ground. EDN
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March 24-27,1980
Town & Country
Hotel

San Diego, California

Over 85% of the attendees at a
POWERCON conference are prac-
ticing power electronics engineers
and engineering managers.

POWERCON conferences,
seminars and tutorial exhibits are
designed by practicing power con-
version technologists, like you.
That means we know what you
need most.

A POWERCON must be experi-
enced, for the value of even the
most exemplary technical presen-
tation cannot begin to compare to
the catalytic effect of being among,
and comparing notes and experi-
ences with, the hundreds of your
contemporaries who attend.

The participation in POWERCON
has increased phenomenally over
the past 4 years (see for yourself,
below). And we frequently sell out.

1000 —

POWERCON 3 POWERCON 4 POWERCON 5 POWERCON 6

POWERCON. Once a technical
luxury. Now a professional and
practical necessity.

Seventh in a series of annual
national technical conferences
devoted exclusively to the practical
design and application of solid-
state power conversion equipment
and components. Emphasizing the
modern trend to switched-mode
and other “non-dissipative” techno-
logies, the POWERCON 7 confer-
ence offers a comprehensive and
intensive examination of the latest
and most important developments
in the power electronics field.

® Three full days of technical
presentations.

® Over 40 papers, presented by
outstanding power conversion
technologists.

® Ten sessions, chaired by distin-
guished experts.

® New VMOS FET “know-how" ..
important new inverter and
converter topologies. .. micro-
processor-based power systems
...controlled-resonant conver-
sion...power electronics circuit
modelling . .. reliability . . . ultra-
high conversion frequencies
...computer-aided design and
evaluation techniques...dynamic
performance...pulse power
techniques. .. motor control
...high voltage. .. plus much,
much more.

Informal tutorial and “hands-on”
(fully instrumented and working)
demonstration exhibits presented
by technologists from over 60
suppliers in and to the power
electronics field. Each exhibit is
specifically configured to enhance
your technical expertise through
improvement of your detailed
knowledge of the supplier's tech-
nology and processes.

® |nvestigate working circuits and
waveforms.

® See new devices in action.

® See working demonstrations of
exciting new power conversion
topologies.

® See new instrumentation and test
equipment for power electronics.

® Magnetics. Capacitors. EMI. Heat
transfer. IC’s and hybrids. Com-
plete power supplies, inverters
and systems. Motor controls.

® And much, much more. [
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Plus...an expanded
Professional Advancement
Seminar Program

Designed to provide in-depth
coverage of those topics most
essential to the power electronics
specialist, POWERCON 7
Professional Advancement Semi-
nars offer designers, managers
and users a comprehensive selec-
tion of invaluable learning oppor-
tunities under the direction of some
of the world’s leading authorities.
Topics to be presented include:

® Power converter circuit modeling,
analysis, and measurement.

® New converter topologies.

® Assessing and controlling power
converter EMI.

® Designing high frequency
magnetics and active magnetic
circuitry.

® Ultra-high frequency power
converter design.

® High-voltage power electronics.

® Using microprocessors in power
electronics systems.

...and for those in the “business
end” of the field, a special market
awareness seminar.

In the interest of providing a
quality learning experience, seminar
registrations will be limited, and
may not be available to last-minute
registrants.

— 3=

POWERCON is a registered service mark of POWER
CONCEPTS. INC (Ronald |. Birdsall, President), an
independent consulting and educational firm
dedicated to the advancement and dissemination of
power conversion technology

For more information, Circle No 137

Hotel Headquarters for POWERCON 7
- e TTEEREEER @ ~

facilities, and San Diego’s famous
year-round sunshine, the Town &
Country promises a memorable
POWERCON 7 experience.

Special room rates for POWER-
CON 7 attendees extend from 2
days prior to the conference until
2 days after.

Singles: $30-$%40
Doubles: $35-3%45

HOTEL

Only 10 minutes from San Diego
International Airport, this world-
famous resort hotel is located in a
relaxing, peaceful and out-of-town
area within easy driving distance
of downtown San Diego and the
Pacific Ocean. Combining the
ultimate in pleasant surroundings
with 4 heated pools, saunas, jacuzzi,
tennis, sophisticated conference

For further information concerning POWERCON 7, please call:
(805) 985-6978 or (805) 486-5463.

r-----------

Power Concepts, Inc.,PO Box 5226, Ventura CA 93003
Gentlemen: Please rush complete POWERCON 7 program and
registration information.

Name

Title

I Company l

Div./Dept.

Address

City, State, Zip
Some of my colleagues may be interested in attending POWER-
CON 7. Please send them invitations:

I Name Title .
Name Title ‘
h-----------

©Power Concepts, Inc., 1980 \

M

.

, "/)//\’E;:,r/ : /7’/" |
§\\\\\ \ \{// /,///W} \‘l




What to do with

Intolerable
Card Englosures:

The
Planter

S O Eae

-
4

Electro-Space Fabricators
has a suggestion. Next
time you receive a ship-
ment of card enclosures
that are too tight or too loose,
misaligned or just plain out of
tolerance, why not use them for
planters? Ridiculous? Not nearly so
ridiculous as the money you waste on
racks that don’t meet your needs.

The result is a unit which
meets your exact specifica-
tions...along with greater
strength and real structural
integrity. Most important,
you enjoy complete design
flexibility and the resources
of the leader in card enclosure
manufacturing...all at costs well
below off-the-shelf racks.

At Electro-Space, the right enclosure
begins with in-depth value analysis,
a free service of our design group.

If you want a planter, go to a green-
house. If you want card enclosures that
are totally tolerable, come to us.

Electro-Space
Fabricators, Inc.

Call 215-682-7181

The Tolerance People, West High Street, Topton, PA 19562

£ For more information, Circle No 83
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Pioneer'’s switching power supplies.

We’ve been straightening out the
power company for years.

In 1958, Pioneer Magnetics invented one of the first switching
power supplies. And ever since, our switchers have been keep-
ing utility power sources on the level. Reliably and efficiently.

Look around and you'll find field proven Pioneer
switchers delivering brownoutproof reliability. With regu-
lated output at full load over broad input line fluctua-
tions from 92 to 138 or 184 to 250 VAC. And on the low
voltage side, you can depend on an extra margin of
reserve when inputs drop to 80 or 160 VAC.

When input fails, our dependable power sup-
ply holds up for over 30 milliseconds, enough
time to either complete an orderly shutdown.
Or transfer to an optional battery back-up.

All of these capabilities are built into
every rigorously tested, energy saving

Pioneer unit. Included in our complete

i t SINGLE OUTPUT MODELS
fam1ly are standard models that glve AC INPUT(1) PM2496A PM2497A PM2498B  PM2499  PM2500
you output voltages ranging from 2 e e — —
s/ l “ i OUTPUT 300W 750W 1500W 1100W
to 48 Wlth Output power to OUTPUT VOLTAGE OUTPUT CURRENT
2,500 Watts. 2 100 200 400 300
. . 200
Recognized to UL478, sin- < i . - o el
gle and multiple configura- 5 60 o A L
. . . 12 25 1
tions are available with i b o e %
plenty of options, too. o - - . #
The Pioneer switch- 48 8 16 32 24
i 3 : Px8Yx11" lS"le“xll" I 5"xS"x15"|5”x8”xl]"
lng pOWer supply CASE SIZE: 5"x8"x11
Count on it to keep MULTIPLE OUTPUT MODELS
AC INPUT(3) PM2675A PM2676A PM2677A PM2678A PM2679
the power Company DC INPUT(4) PM2775(4) PM2776(5) PM2777(6) PM2778(7)
i MAX.TOTAL OUTPUT 375W 600W 750W 850W 1000W
on the Stralght MAIN CHANNEL OUTPUT VOLTS 2i 3. 5. 12, 15, 18, 21, 24, 28, 48VDC
and narrow. MAX. POWER 250W 500W 600W 750W 875W
2nd & 3rd CHANNEL OUTPUT VOLTS 8. 12, 15, 18, 21 24, 28VDC
OUTPUT CURRENT 10 10 10 Check Factory
4th CHANNEL OUTPUT VOLTS 5, 12, 15. 18. 21. 24, 28VDC
OUTPUT CURRENT 4 4 4 4 4
CASE SIZE: 5"x8"x11" 1 5"x8"x12%¢" | 5"x8"x15"
SINGLE OUTPUT

1) 92 to 138 or 184 to 250 VRMS single input
2) 24 (to 375 Watts), 48, 120 or 240 VDC
MULTIPLE OUTPUT

®
3) 92 to 138 or 184 to 250 VRMS single input.
Ioneer 4) 24 (to 375 watts) 48, 120 or 240 VDC.
5) 48, 120, 240 VDC
®

6) 120, 240 VDC

Magnetlcs i

The switching power supply
people since 1958,

For more information, Circle No 84

Pioneer Magnetics, 1745 Berkeley Ave., Santa Monica, CA. 90404 (213) 829-6751
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EDN CARAVAN

Eastern Show Tour

Harris Semiconductor
Siemens Corporation
Hamlin, Inc.

Belden Corp., Electronic Div.
Raytheon Semiconductor Division
Dialight

Sorensen Co.

Master Specialties Company
Stackpole Carbon Company
Carlingswitch, Inc.

Analog Devices Inc.

Multiwire Div., Kollmorgen Corp.
Mepco/Electra, Inc.

Omron Electronics, Inc.
Brand-Rex Co., Electronic Products Div.
Mupac Corporation

Methode Electronics, Inc.

Cherry Electrical Products Corp.

Please check the itinerary for the date we visit you.




1980 EDN CARAVAN ELECTRONIC SHOW TOUR
February 18 to March 18 (first half)

DATE TIME SITE

2/18 Monday COULTER ELECTRONICS

AM 9-11 590 W. 20th St, Hialeah, FL

2/18 Monday SYSTEMS ENGINEERING LABS

PM 1-2:30 1800 NW 66th Av. Plantation, FL

2/18 Monday HARRIS COMPUTER SYSTEMS

PM 3:15-4:30 2101 W. Cypress Creek Rd, Ft. Lauderdale, FL

2/19 Tuesday IBM CORPORATION

AM 8:30-11 2000 NW 51st St, Boca Raton, FL

2/19 Tuesday MODULAR COMPUTER SYSTEMS

PM 1-2:30 3101 SW 12th St, Pompano Beach, FL

2/19 Tuesday BENDIX CORPORATION

PM 3-4:30 2100 NW 62nd St, Ft. Louderdale, FL

2/20 Wednesday HARRIS ELECTRONIC SYSTEMS

AM 8:30-12 PALM Bay Rd, Palm Bay, FL

2/20 Wednesday STROMBERG-CARLSON

PM 2-4 1291 N Hwy 17/92, Longwood, FL

2/21 Thursday E-SYSTEMS,

AM 9-11:30 ELECTRONIC COMMUNICATIONS INC.

1501 72nd St, N, St. Petersburg, FL

2/21 Thursday HONEYWELL, INC.

PM 1:30-4 13350 Hwy 19, St. Petersburg, FL

2/22 Friday MARTIN MARIETTA AEROSPACE

AM 8:30-11 E Sand Lake Rd, Orlando, FL

2/22 Friday GENERAL ELECTRIC CO.

PM 2-4 1800 Volusia Av, Daytona Beach, FL

2/25 Monday CHRYSLER CORP., ELECTRONICS DIV.

AM 8:30-10 102 Wynn Dr, Huntsville, AL

2/25 Monday UNIVERSAL DATA SYSTEMS

AM 11-12 4900 Bradford Dr, Huntsville, AL

2/25 Monday SCI SYSTEMS, INC.

PM 2-4 8600 S Memorial Prkwy, Huntsville, AL

2/26 Tuesday SCIENTIFIC-ATLANTA INC.

AM 8:30-10 3845 Pleasantdale Rd, Doraville, GA
11-12 4386 Park Dr, Norcross, GA

2/27 Wednesday NCR CORPORATION

AM 9-11 3325 Platt Springs Rd, W Columbia, SC

2/28 Thursday IBM CORPORATION

AM 8:30-11:30 Research Triangle Park, Durham, NC

PM 1-2 2520 North Blvd, Raleigh, NC

2/28 Thursday ITT TELECOMMUNICATIONS

PM 3-4:30 2912 Wake Forest Rd, Raleigh, NC

2/29 Friday WESTERN ELECTRIC CO.

AM 8-9 204 N Graham Hopedale Rd, Burlington, NC

2/29 Friday WESTERN ELECTRIC CO.

AM 10-11:30 Mt. Hope Church Rd, MclLeansville, NC

2/29 Friday WESTERN ELECTRIC CO.

PM 2-4 3300 Lexington Rd, Winston-Salem, NC

3/3 Monday ITT NORTH ELECTRIC CO.

AM 8:30-9:30 Gray Station, Johnson City, TN

3/3 Monday TEXAS INSTRUMENTS INC.

AM 10:30-12 1923 Erwin Hwy, Johnson City, TN

3/3 Monday SPERRY_ UNIVAC

PM 2-4 Univac Rd, Bristol, TN

3/4 Tuesday GENERAL ELECTRIC CO.

AM 9-11:30 1501 Roanoke Blvd, Salem, VA

DATE TIME SITE
3/4 Tuesday GENERAL ELECTRIC CO.
PM 2-4:30 Mountainview Rd, Lynchburg, VA
3/5 Wednesday GENERAL ELECTRIC CO.
AM 9-11 G. E. Dr, Waynesboro, NC
* 3/5 Wednesday SPERRY MARINE SYSTEMS
PM 1-2:30 Rt 29 N, Charlottesville, VA
I
3/5 Wednesday GENERAL ELECTRIC CO.
PM 3:15-4:30 865 Rio Rd, Charlottesville, VA
3/6 Thursday IBM CORPORATION
AM 8:30-11 9500 Godwin Dr, Manassas, VA
3/6 Thursday E-SYSTEMS MELPAR
PM 12:30-2 7700 Arlongton Blvd, Falls Church, VA
3/6 Thursday LITTON SYSTEMS, AMECOM DIV.
PM -4:30 5115 Calvert Rd, College Park, MD
3/7 Friday IBM CORPORATION
AM 8:30-9:30 18100 Frederick Pike, Gaithersburg, MD
3/7 Friday BENDIX CORPORATION
AM 10:30-12 E Joppa Rd, Baltimore, MD
3/7 Friday WESTINGHOUSE ELECTRIC CO.
PM - 1111 Schilling Rd, Hunt Valley, MD
* 3/10 Monday RCA CORPORATION
AM 9-11:30 Front & Cooper St, Camden, NJ
3/10 Monday RCA CORPORATION
PM 2-4 Marne Hwy, Moorestown, NJ
* 3/11 Tuesday BURROUGHS CORPORATION
AM 8:30-9:45 Boot Rd, Downingtown, PA
3/11 Tuesday BURROUGHS CORPORATION, CSG
AM 10:30-12 Swedesford Rd, Paoli, PA
*.3/11 Tuesday HONEYWELL INC.
PM 2-4 1100 Virginia Dr, Ft. Washington, PA
* 3/12 Wednesday LEEDS & NORTHRUP CO.
AM 8:30-12 Sumneytown Pike, N Wales, PA
3/12 Wednesday SPERRY UNIVAC
PM 2-4:30 Union & Jolly Rd, BlueBell, PA
* 3/13 Thursday FISCHER & PORTER CO.
AM 9-11 125 E County Line Rd, Warminster, PA
3/13 Thursday BELL LABORATORIES
PM 1:30-4:30 Holmdel & Roberts Rd, Holmdel, NJ
* 3/14 Friday LOCKHEED ELECTRONICS CO.
AM 9-11:30 US Hwy 22, Plainfield, NJ
* 3/14 Friday BELL LABORATORIES
PM 1:30-4 600 Mountain Av, Murray Hill, NJ
*.3/17 Monday BENDIX CORPORATION
AM 9-11:30 Rt 46, Teterboro, NJ
3/17 Monday ITT AVIONICS
PM 1-2:45 390 Washington Av, Nutley, NJ
3/17 Monday ITT DEFENSE COMMUNICATIONS
PM 3:15-4:30 492 River Rd, Nutley, NJ
* 3/18 Tuesday SINGER KEARFOTT DIV.
AM 9-12 150 Totowa Rd, Wayne, NJ
* 3/18 Tuesday BELL LABORATORIES
PM 1:30-4:30 Whippany Rd, Whippany, NJ

*

Indicates site closed to outside visitors. Exhibitor personnel only




What's TRW up to now?

The performance

IS noble.
~The metals aren’t.

TRW

808-\—-473‘C’
7935

New! TRW Series 800 Single-in-line
Thick Film Networks.

TRW’s cermet thick film networks
perform like they were made with
precious metals. Except that our
system is totally non-noble, eliminating
gold, silver and platinum group
metals entirely.

Take our patented TanTin™ resis-
tive material. It's a tin oxide system
fired in inert N, at 1000°C. Our
own thick film copper conductors
are also fired at very high tempera-
tures, producing an exceptionally
rugged, stable resistor network.
And an IR100 award winner.*

:‘:(TM) TanTin (a TRW trademark), received Industrial Research
Development Magazine award as one of the top 100 industrial

product developments of 1978.

Our new series 800 SIP’s come in a
transfer molded package in 6, 8,
and 10 pin configurations, dimen-
sionally clean and saving PCB real
estate.

For example, 808-1 7 resistor SIP
uses < 46 mmz2. That’s less than
one discrete 2W resistor laying flat
on the board.

Now, you can get noble perform-
ance, without noble metals. Look:
Resistance Range = 33Q-1
Meg, £ 2, 5% tolerance laser
trimmed.

Schematics include N-1 com-
mon, N/2 isolated resistors.

For more information, Circle No 85

Power Ratings are 1.5-2.7W/
package, 0.3-0.5W/resistor.

TCR Tracking is = .005%/°C.
+ .02%/°C absolute TCR.

TCR Slope provides excellent hot
to cold side differential.

See EEM '79-'80 Master Catalog
pp 3644-45

Also ask for our low profile SIP and
DIP configurations.

For more information contact your
local TRW/ECG sales office or
TRW/IRC Resistors, an Electronic
Components Division of TRW Inc.,
Greenway Road, Boone, N.C.
28607. Dept. N, (704) 264-8861.

TR w IRC RESISTORS

A DIVISION OF TRW INC.



Design Ideas

Edited by George Huffman

Simple alarm saves both engine and battery

Larry Smeins
Hewlett-Packard Co, Loveland, CO

The Design Idea “Reminder Circuit Saves Car
Batteries” (September 20, 1979, pg 138) can easily be
expanded to not only warn when lights are left on
but also of engine overheating, a broken fan belt, loss
of oil pressure and other conditions usually flagged
by warning lights.

The basic circuit, as in the original, utilizes a 555 in
a multivibrator configuration; however, the power
busing is rearranged to sense the additional fault
conditions. Additionally, the ground or low-level side
of the circuit is no longer connected to the ignition
bus; rather, it’s diode ORed to the fault conditions
indicated by closures to ground, i e, oil pressure,
temperature, alternator, etc. (The alternator light
senses the difference between the battery and
alternator output, providing the effect of a switch
closure when the alternator is inoperative.) The
high-level side of the circuit is diode ORed to the
parking-light bus and the switched-ignition bus.

During normal engine operation, positive power
goes to the circuit from the ignition bus via D..
Ground to the circuit is supplied via D;, D, or D;
when a fault occurs, thus producing a loud buzz. If
the lights are on with the ignition off, positive power
is supplied via D; from the parking-light bus, and
ground is supplied via D, and D; by the oil-pressure
switch and alternator, both of which are normally
low when the engine is not running.

A delay added to the 555’s reset pin allows 10 to 20
sec for starting the engine before the alarm is
activated. And an added kill switch permits
servicing the automobile without the annoyance of
the warning buzzer; an LED indicator comes on
when this switch is activated to warn that the
system is inoperative.

Additional warning functions can be sensed by
adding more diodes to either the high or low side of
the circuit, depending on the nature of the sensed
fault. EDN

To Vote For This Design, Circle No 450

ADDITIONAL
SWITCHES O— — ¢— _T
TEMP-LIGHT b
SWITCH (5 S . e
OIL-LIGHT !
switcH © ¢ D 1
ALTERNATOR

LIGHT D
(ALT/REG END) 3

+ 4 VL)
TO SPEAKER O——) —AWW—

5 uF

20V

e

BASIC WARNING CIRCUIT

DELAY-AND-KILL
SWITCH

| NOTE: ALL DIODES 1N4002

Save your car battery and engine with this expanded alarm circuit. Diode ORing monitors the headlights and idiot lights and

signals faults through the radio speaker.

EDN FEBRUARY 20, 1980
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Design Ideas

Duty-cycle converter doubles frequency

Robert A Pease
National Semiconductor, Santa Clara, CA

A square wave of frequency f can be converted to a
pulse train of frequency 2f by means of an
exclusive-OR gate. But a pulse train of a given
frequency cannot normally be converted to one of a
higher frequency because there is no way to predict
when a pulse should occur. The circuit described
here, however, can convert any pulse train or sine or
square wave to a precise 50.0%-duty-cycle square
wave. This square wave can then be converted to a
pulse train of twice the frequency. And the process
can repeat to provide pulses at quadruple or higher
frequencies.

As shown in the figure, the LM311’s output at pin
7, fed through resistors and a diode, turns Q. on and
off. The duty cycle at pin 7 depends on the relative
values of the average voltage at pin 3 and the
nominal triangle wave at pin 2. Thus, if the duty
cycle is too low, Q. stays OFF for a longer time, and
the voltage at pin 3 falls until the duty cycle becomes

50%. Resistor R,, a fine-adjustment pot, trims the
collector current of Q. to a value double that of Q;,
thereby acting as a duty-cycle trimmer.

In practice, the duty cycle of the pin 7 output
varies no more than +0.01% from 50.0% as the input
frequency changes by a factor of 10 or as the input
duty cycle changes from 10 to 90%. The pin 7
output—a precise square wave—can be used directly
and can also go to an MM74C86 or CD4070 XOR,
which puts out a pulse train of frequency four=2fx.
The second section of the XOR merely sharpens the
output rise times.

The component values in this circuit are not too
critical, but stability of the resistors labeled 1% is
necessary to achieve good duty-cycle stability. Of
course, if the collector current of Q; is n times larger
than that of Q;, the output duty cyecle is 1/n; thus, you
can choose duty cycles of 10%, 25% or other values.

For the circuit values shown, the output responds
accurately (when Vx=15V p-p) over a frequency
range of 200 Hz to 200 kHz when the input duty cycle
lies between 40 and 60%. When the input duty cycle
is between 10 and 90%, frequency spans 800 Hz to
100 kHz for the same Viy. To accommodate higher

+15V O—

1N914

FN
+11V F§ O—WV

100 pF

10k
SYM ADJ
3.01k 20k
1% 1%
8
31
24k ¥ >\
65 ~ 5
047,F T | Lmatt
22k & . TN
4

b
Te 3
g o PULSE OUTPUT
5 four =2fiy
Q
3.01k
1% 49.9k _O SQUARE-WAVE
1% NOTES: OUTPUT
Q,=ANY NPN SILICON tovr=Til
Q,=ANY PNP SILICON 0V =LOW
Gy, Gp= Y 74C86 OR CD4070 15V =HIGH

-15V O

@ A

Accommodating a wide range of input-duty-cycle pulses, the LM311 voltage comparator controls a current source (Q,) to
establish a symmetrical square wave, which the XOR gate then frequency-doubles.

164
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MODEL TFM- 2
$11.95 (6-49)

increase your packaging density, and lower your costs. . .
specify Mini-Circuits new microminiature TFM series. These tiny units,
0.5" x 0.21"x 0.25” the smallest off-the-shelf Double Balanced Mixers
available today, cover the 40 kHz - 3 GHz range and offer
isolation greater than 45 dB and conversion loss of 6 dB.

Each unit carries with it a 1-year guarantee by MCL. Upgrade
your new system designs with the TFM, rapidly becoming the
 new industry standard for high performance at low cost.

Model TFM-2 1-1000 MHz | $1195

Model TFM-3  0.04-400 MHz | $19.95

Model TFM-4 5-1250 MHz | $19.95

Model TFM-11 1-2000 MHz | $39.95

Model TFM-12  800-1250 MHz | $39.95

P
Actual size Model TFM-15  10-3000 MHz | $59.95

Simple mounting options offer optimum circuit layout.

Use the TFM series to solve your tight space problems. Take Model Frequency. MHz Conv. loss, dB Isolation.dB Cost
advantage of the mounting versatility—plug it upright on a PC 0"';%,.[,“' it LM'R?%T! Edge Upper B‘:ﬂd Edge
board or mount it sideways as a flatpack. Band fdge  Range Decade Higher Mid Range Octave Lower
X ! ¥ 3 LO-RF L0-IF LO-RF LO-IF LO-RF LO-IF
Mode! No ] RF IF Typ. Max Typ Max | Typ. Min. Typ Min | Typ Min Typ Min. | Typ.Min_ Typ Min | Quantity Price

TFM-2 | 1-1000 1-1000 DC-1000/ 6.0 75 7.085 50 45 45 40 | 40 25 3525 30 26 25 20| 649 §11.95
TFM-3 | 04-400 04-400 DC-400|537.0 6080 60 50 5540 50 35 4530 | 3525 35 25| 549 $1985
TFM-4 | 5-1250 5-1250 DC-1250/ 6.0 7.5 7585 50 45 45 40 | 40 30 3525 | 30 25 25 20| 549 $1995
TFM-11| 12000 1-2000 5-600 | 7.0 85 759050 45 4540 | 35 25 27 20 | 25 20 25 20| 124 $39.95
TFM-12 |800-1250 800-1250 5090 | — — 6075|3525 3020 | 3525 3020 | 3525 30 20 6 1-24 83995

* TFM-15110-3000 10-3000 10-800 | 63 7.5 6.590/30 20 30 20 | 30 20 30 20 | 30 20 30 20| 1-9 $59.95

Signal. 1 dB compression level +1 dBm. Impedance, all ports 50 ohms. Total input power 50 mW. Total input, current
peak 40 mA. Operating and storage temperature —55°C to +100°C. Pin temperature 510°F (10 sec)
*LO power +10dBm. 1dB compression +5dBm

Worlg s largest manutacturer of Double-Balanced Mixers

® = @ -
2625 East 14th Strget Brooklyn, New York 112_35 (212) 769-0200 m M ln l'Clrcu Its

Domestic and International Telex 125460 International Telex 620156 A Division of Scientific Components Corp

International Representatives: [] AFRICA: Afitra (PTY) Ltd., P.O. Box 9813, Johannesburg 2000, South Africa. [] AUSTRALIA: General Electronic Service, 99 Alexander St., New South
Wales, Australia 2065. [] EASTERN CANADA: B.D. Hummet 2224 Maynard Ave., Utica, NY 13502. [J ENGLAND Dale Electronics Ltd., Dale House, Wharf Road, Frimley Green, Cam-
berley Surrey, United Kingdom. [] FRANCE: S.C.|.E.-D.I.M.E.S., 31 Rue George-! -Sand, 91120 Palarseau, France. [J GERMANY, AUSTRIA, SWITZERLAND, DENMARK: Industrial Electronics
GMBH, 6000 Frankfurt Main, Kluberstrasse 14, West Germany. D INDIA: Gaekwar Enterprises, Kamal Mahal, 17 M.L. Dahanukar Marg, Bombay 400 026, India. [] ISRAEL: Vectronics Ltd.,
69 Gordon St., Tel-Aviv, Israel. [0 JAPAN: Densho Kaisha, Ltd., Eguchi Building 8-1 1-Chome, Hamamatsucho Minato-Ku, Tokyo, Japan. [] NETHERLANDS, LUXEMBOURG, BEL-
GIUM: B.V. Tachmsche Handeisonderneming, COIMEX, P.O. ch 19, 8050 AA Hattem, Holland. [] NORWAY: Datamatick As, Postboks 111, BRYN, Oslo 6, Ostensjoveien 62,
Norway. [] SINGAPORE & MALAYSIA: Electronics Trading Co. (PTE) Ltd., Suites C13, C22 & C23 (ist Floor), President Hotel Shopping Complex, 181 Kitchener Road, Singapore-8,
Republic of Singapore. [] SWEDEN: Integrerad Elektronic AB, Box 43 S-182 51, DJurshoIm Sweden

U.S. Distributors: [[] NORTHERN CALIFORNIA Pen Stock, 105 Fremont Ave., Los Altos, CA 94022, Te( (415é 948-6533. SOUTHERN CALIFORNIA, ARIZONA: Crown Electronics, 11440
Collins St., N. Hollywood, CA 91601. Tel: (213) 877-3550. METROPOLITAN NEW YORK, NORTH W JERSEY, WESTCHESTER COUNTY: Microwave Distributors, 61 Mall Drive,

gzom:;"a;k' NY 11725 Tel: (516) 543-4771. [0 SO. NEW JERSEY, DELAWARE & EASTERN PENNSYLVANIA MLC Distributors, 456 Germantown Pike, Lafayette Hill, PA 19444 (215)
5-3177.

B32/REV D

For more information, Circle No 86
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Design Ideas

frequencies, you can reduce C, and C,’s values; for
lower frequency ranges, increase them.

In general, the ratio of the widest input pulse
width at low frequency to the narrowest input pulse
width at short duty cycles and high frequency should
not exceed to 1000:1 for best results. The input

signal can have any nominal level, but for the widest
frequency range, make it large (20V p-p is better
than 3V p-p). EDN

To Vote For This Design, Circle No 451

Accurately count async-gated clock pulses

Marian Stofka
Bratislava, Czechoslovakia

Errors can occur when counting asynchronously
gated free-running clock pulses with cascaded
synchronous 4-bit IC counters—particularly when
the gating signal terminates so as to narrow the
input pulse to a value below that required to reliably
trigger the counters (Fig 1).

A pulse applied to a counter system’s input when
several of the system’s least significant 4-bit IC
counters are in their maximum states causes a
ripple-carry pulse to propagate through the ICs. The
carry pulse—whose width is determined by the clock
pulse—causes successive state transitions from
maximum to zero in the least significant counters,
while incrementing by one the state of the first, more
significant counter (previously in a nonmaximum

PULSE TRAIN

TO COUNTER

[ L1

FREE-RUNNING -
CLOCK OUTPUT
) O 70 COUNTER
ASYNC GATE O———|

AND GATE

Fig 1—This gating circuit can truncate the last pulse and cause
cascaded synchronous counters to miss a beat: The ripple carry
might not propagate through all of the counters before the
shortened pulse disappears.

Q OUTPUT
TO COUNTER __._

FREE-
RUNNING O¢-
CLOCK L J)
S
o o [
ASYNC TP i s
GATE © ¥ * 10
. i D  |counTer
GATE INVERTERS
- D
FLIP FLOP

Fig 2—A single D flip flop restores the last pulse to its original
width. Additional circuit delay might be required if the flip flop
recovers faster than the AND gate.

state). However, if the applied input pulse is less
than the minimum (critical) width, the correct state
transition might not result.

For example: In a hex-decade BCD counter, a false
transition with result 009XXX might occur instead
of the correct 999XXX->000(X+1)XX. (Here, each
character denotes a state of the corresponding 4-bit
IC counter, and X denotes a number other than
nine.) The states of the two least significant counters
have changed as desired, but those of the third and
fourth counters have not—the carry has frozen in.
The maximum error appears if a counter with the
state 99..9X receives an input pulse of the critical
width and changes state to 00..0X instead of the

166 .
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Create the right pulse and

bring life to your new
circuit ideas.

Designing anew circuit is always chal-
>nging, but turning an on-paper design
nto a functioning prototype is where the
un really begins. Signal substitution is an
xcellent way to speed this process and
ind potential design faults. For digital
pplications, the B&K-PRECISION
Alodel 3300 pulse generator is the ideal
ignal source, because its capabilities are
1s wide ranging as your applications.
The versatile 3300 lets you indepen-
lently control pulse period, delay and
vidth. The controls for these functions
1ave seven discrete steps plus continuous
sernier adjustment to allow easy selection
n the 1Hz to SMHz frequency range and
|00ns to 1 second delay and width ranges.
Io prevent a control setting that could
sverlap pulses and create a continuous
DC output, an OVERLAP LED signal
the operator of an incorrect control
setting. Four separate outputs are
featured: 600 ohms for general purpose

3&K-PRECISION
Aodel 3300 $325

work, 50 ohms for a 15 nanosecond rise
time, a convenient TTL output and
a trigger output.

For solving family compatibility prob-
lems, the 3300 can be used as an interface
device to shift pulse levels of two bread-
boarded circuits of uncommon logic
families. Distorted pulse outputs can also
be reconstructed so that a clean signal can
be fed to a second stage or device. A
pulse-burst capability allows the 3300 to

OVERLAP

also be used as a signal source for testing
counters and shift registers. You can even
frequency-shift key a function generator,
such as the B&K-PRECISION 3010

or 3020.

Ifyour current project is microprocessor
based, the 3300 can prove useful as a
substitute clock-pulse generator. It’s
capable of driving several related instru-
ments or circuits independently. One of
the most interesting applications for this
instrument is to transform an ordinary
triggered sweep scope into a delayed-
sweep scope. We’ve designed in a
fixed delay mode for quick set-up of
scope delay.

The Model 3300 pulse generator is
available from stock at your local
B&K-PRECISION distributor.

> DYNASCAN
A< precision PoMAE SN

6460 W. Cortland Street < Chicago, IL 60635 - 312/889-9087
International Sales, 6460 W. Cortland Street, Chicago, IL 60635 USA: TELEX: 25-3475
Canadian Sales, Atlas Electronics, Ontario




Outpost 11 has OEM
written all over it. Get it
into your system.

TANO’s Outpost 11
is a hlghly flexible, easily adaptable
microcomputer capable of handling virtually any control,
communications, or stand-alone small business computing application.
Two points make it the outstanding choice for incorporation into OEM systems:
Cost. TANO’s high-volume production means Outpost 11 is avallable at

a most attractive price, with multi-unit discounts.
Reliability. Modular design using
military/industrial grade components yields 6060-hour MTBF performance.
Add to that the finest software tools and a variety of interface options
(serial line, parallel, digital acquisition or analog acquisition) and you have
the most versatile microcomputer in its price range.
If you're an OEM, Outpost 11 has your name written all over it.

See your nearest TANO representative and get it into your system.
TANO Corporation, 4301 Poche Court West, New Orleans, La. 70129

For more information, Circle No 88
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Design Ideas

proper 00..0(X+1). The resulting error—10" for an
n-decade counter—is indeed large.

A similar problem arises in down counting—if the
counter is reversible. In this case, a borrow pulse
must propagate through the least significant count-
ers if they have previously stored a zero state and a
pulse has been applied to the down - counting
input. Instead of the expected transition
(000YYY=>999(Y—-1)YY, for example) a false one
could be observed: 999YYY (Y is a nonzero number).
Here, the maximum possible error is %o the capacity
of the BCD counter. With a synchronous binary
counter, an error as large as Y%is of counter capacity
is possible.

The primary cause of error—the truncation of the
last-in pulse—can be prevented by means of the
simple circuitry shown in Fig 2. The added hardware
replicates the pulse train (which is gated as before)
and restores the width of the last-in pulse to its
original value. The D flip flop is clocked to ZERO by
the leading, positive-going edge of each pulse in the
gated train and preset to ONE by the LOW
interpulse level of the free-running clock pulses. The
result is a glitch-free output. For proper circuit
operation, the flip flop’s preset recovery time must
be less than the propagation delay of the AND gate.
If it isn’t, increase the delay by adding a pair of
inverters. EDN

To Vote For This Design, Circle No 452

Readers have voted:

Ban Shin Bong cowinner
of the January 5, 1979 US
Savings Bond Award. His
winning design is “Com-
parator provides pP
power-up.” Mr Bong is with
Collins GTG, Rockwell In-
ternational, Cedar Rapids,
IA.

Lt Glenn Prescott cowinner of the January 5,
1979 US Savings Bond Award. His winning
design is “MOSFETs convert triangles to sine
waves.” Lt Prescott is with the Air Force

Communication Department at Scott AFB, IL.

Design Entry Blank

$25 Cash Award for all entries selected by editors.
An additional $50 U.S. Savings Bond Award for
winning design each issue, determined by vote of
readers. Additional $1000 Bond Award for annual
Grand Prize Design, selected among semimonthly
winners by vote of editors.

To: Design Ideas Editor

EDN

Cahners Publishing Co.

221 Columbus Ave., Boston, MA 02116
| hereby submit my entry for
EDN’s DESIGN IDEAS PROGRAM.

Name

Title

Phone

Company.

Division (if any)

Street
City

State Zip

Design Title

Print full name (no initia?s) and home address on
lines below for mailing of your bond if chosen
monthly issue winner. Also, please include your
Social Security number.

Social Security No.
Entry blank must accompany all entries. Design
entered must be submitted exclusively to EDN,
must be original with author(s), must not have been
previously published (limited-distribution house
organs excepted), and must have been constructed
and tested.

Exclusive publishing rights remain with Cahners
Publishing Co. unless entry is returned to author or
editor gives written permission for publication
elsewhere.

In submitting my entry, | agree to abide by the
rules of the Design Ideas Program.

Signed

Date

Your vote determines this issue’s winner. All
designs published win $25 cash. All issue winners
receive an additional $50 U.S. Savings Bond and
become eligible for the annual $1000 U.S. Savings
Bond Grand Prize.

Vote now, by circling the appropriate number on
the reader inquiry card.

Submit your own design, too. Mail entries to
Design Ideas Editor, EDN, 221 Columbus Ave.,
Boston, MA 02116.
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Now...1 watt output from
:‘K‘E BR r “g P generﬂtﬂlﬁi

0.04-1000 MH:=
from $1 99

Need more than the 10 mw available from
your signal/sweep generator or synthesizer
tor system and subsystem testing?

Just add a MiniCircuits’ ZHL wideband
amplifier and boost the 10 mw level to 1
watt or +30 dBm. Also, there’s an additional
benefit ... as much as 40 dB isolation will
be added between the generator and the
system under test. And VSWR is less than
2:1 over the full frequency range.

Upgrade your present generator now ...
check the specs and low prices below and :
order your ZHL wideband amplifier today T . . 1§
... and we will ship within one week!

-

MODEL | FREQ. | GAIN GAIN MAXIMUM | NOISE |INTERCEPT| DC POWER PRICE
NO. MHz FLATNESS POWER FIGURE | POINT
OUTPUT dBm
1-dB 3RD ORDER

dB dB COMPRESSION | dB dBm  |VOLTAGE|CURRENT| $ EA. | QTY.
ZHL-1A | 2-500 | 16 Min.| +1.0 Max. +28 Min. 11 Typ. | +38 Typ. +24V 0.6A |199.00| (1.9)
ZHL-2 | 10-1000 | 16 Min.| +1.0 Max. +29 Min. 18 Typ. | +38 Typ. +24V 06A |349.00| (1.9)
ZHL-3A | 0.4-150 | 24 Min.| +1.0 Max. 29.5 Min. 11 Typ. | +38 Typ. +24V 06A |199.00| (1.9)

Total safe input power +20 dBm, operating temperature 0° C to +60° C, storage temperature —55° C to +100° C, 50 ohm impedance, input and output VSWR 2:1 max
For detailed specs and curves, refer to 1979/80 MicroWaves Product Data Directory, p. 364-365 or EEM p. 2970-2971

World's largest manufacturer of Double Balanced Mixers

k=3 - = u s .2,“’»‘ L
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 @ M I n ig C “ reu E‘S

Domestic and International Telex 125460 International Telex 620156 " MINI-CIRCUITS LABORATORY
A Division of Scientific Components Corp
R45/0rig

For more information, Circle No 89
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Feature Products

Computers’ operator control panel
increases their appllcatlon flexibility

Meeting their manufacturer’s
goal of producing easier-to-use
computers, units in the Point 4
minicomputer series can incor-
porate a control panel that
offers:

* Removability (the panel
can be used as a hand-held
unit)

* Provision of all the displays
and switches necessary to
monitor the processor
(including two octal dis-
plays for address and data
and eight LEDs that show
processor status)

*+ Memory examination and
access capability

*+ An Automatic Program-
Load switch.

The front panel is thus a key
option for the minicomputers,
providing systems houses with
an important tool to employ
when preparing systems for
end users.

A detachable control panel puts all the Point 4 minicomputer's necessary system
controls—including Automatic Program Load—at operators’ fingertips.

Indeed, options such as the
operator panel are more the rule
than the exception with Point 4
machines. Such features as the
IRIS operating system, battery
backup and an interprocessor
bus also contribute to the units’
flexibility.

And in addition to flexibility
benefits, these 16-bit machines
also furnish performance advan-
tages. For example, they
perform a complete arithmetic
or branch instruction in only 400

nsec—faster than DEC’s PDP-
11/45 or Data General’s Eclipse,
according to the manufacturer.
This speed is important, the
company feels, because it
provides systems houses with a
more powerful machine for
two-thirds the price of similar
minis. Less than $5000 in a

minimal configuration.
Educational Data Systems,
1682 Langley Ave, Irvine, CA
92714. Phone (714) 556-4242.
Circle No 456

Cartridge-disc-drive controller

suits personal-computer systems

Although the Apple and TRS-80
are primarily intended for
personal computing, you can
also adapt them to business use
by adding mass-storage capabili-
ty. The DC-500 cartridge-drive
controller allows you to accom-
plish this adaptation by interfac-
ing to such popular hard-disc
drives as Control Data Corp’s
Hawk or Ampex’s DM-448.
With industry interest cur-
rently focused on 8-in. Winches-
ters, why choose a cartridge

drive? The controller’s manufac-
turer feels that a removable
storage medium is the key:
Business systems must provide
“grandfather” capabilities (some
means of permanently storing
computerized data), and tape
storage sometimes can’t meet
this need.

No need for modifications
The AMD 2910-based DC-500

acts as an intelligent interface

that responds to commands

from a host CPU. To accomplish
this function, however, it must
attach to the computer’s bus in
some manner.

To avoid modifying the
computer’s bus structure—an
especially important considera-
tion for Apple and Radio Shack
systems—the controller utilizes
adapters that bring out the
necessary signals through exist-
ing ports. The Apple adapter
connects to an open slot on the
system’s mother board, and the

EDN FEBRUARY 20, 1980
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Feature Products

TRS-80 device plugs into the
port designed for the uC’s
screen printer.

DMA functions

In operation, the DC-500's
intelligence allows you to
sequence commands from the
computer to the drive. When the
interface is advised that it has
control of the data bus, it can
read and write data directly to
and from memory in DMA-type
operations.

The controller incorporates a
512-byte data buffer with
look-ahead capabilities that
permit one transfer to continue
while preparing the next
512-byte block. $1500 for
controller and one adapter
(OEM discounts available).
Delivery, 45 days ARO.

(Special business software is
also available for TRS-80

Adapting cartridge-disc drives to personal computers (Apple and TRS-80
systems) via plug-in adapters, the Cameo Data Systems DC-500 controller allows
these systems to serve business applications.

systems employing the control-
ler. Contact LaSalle Computing
Inc, Box 116, Blue Bell, PA
19422; phone (215) 825-5524.
exploits the
storage available on the hard-
disc system, providing full-

This software

screen editing and fill-in-format
functions.)

1626 Clementine, Anaheim, CA
92802. Phone (714) 535-1682.

Cameo Data Systems Inc,

Circle No 457

A breakthrough in wet tantalum capacitor capability

E.S.R., and a higher ripple current handling capability
than its silver cased counterpart. Moreover, Puritan has
a reverse voltage capability of 3 V. d.c. at 85°C.
Capacitance range 2-5to 1200 mfd ; 6 to 100 Volt.
Write or ‘phone for further data.

This unique product eliminates the primary problem
inherent in silver cased wet tantalum capacitors
namely, the interaction between the silver case and the
electrolyte. The Puritan Type AT all tantalum capacitor
offers a far better capacitance stability and lower

Tansitor Purilan capacitors

|

4 times larger than life

Tansitor Electronics, Inc.
West Road, P.0O.Box 230, Bennington,
Vermont 05201 Phone: (802) 442-5473
TWX: (710) 360-1782

Tansitor — reliable in so many ways

172

For more information, Circle No 90
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Your Marketing department wants a new black box
design. They want it to handle 37 bytes of informa-
tion. It has to be solar energized. It has to fly. It has
to speak. It has to reproduce. Naturally, it’ll need
special cable configurations. Call Belden.

We've developed workable wire, cable and cord
answers for a lot of extraordinary new products.
In fact, a lot of designers have found that working
with Belden in the early stages of a design project
usually pays dividends in compatibility, workability
and lower overall costs.

And once your product is rolling, we’re ready to
dig in to wire processing, assembly and installation

- problems to help insure that your idea makes it to

market economically.

You see, Belden’s capabilities in wire, cable and
cord are comprehensive. Sure, we make thousands
of standards, but we can also provide just about any
custom that you can imagine. And our technical
knowhow ranges from innovative packaging to in-
depth value analysis.

Just imagine a wire, cable or cord—and we’ll
come through with it. Belden Corporation, Elec-
tronic Division, P.O. Box 1327, Richmond, IN 47374;
317-966-6661. Out West, contact our Regional Sales
Office in Irvine, CA at 714-833-7700.

8-7.9B

Your special designs

need a special

wire source

BELDENWD

Coming through...

For more information, Circle No 87

with new ideas for moving electrical energy



New Products

ICs & SEMI-
CONDUCTORS

—
|

TEMPERATURE SENSORS. Capable of
directly reading out temperature in
degrees Kelvin, LM135 Series monolithic
ICs are accurate to within 1°C and
operate over a —55 to +200°C range.
They provide 10 mV/°K output, and
require only two wires for operation,
minimizing wiring to remote locations.
The units are available with initial
accuracies of =1, =3 and =6°C, but by
adding a pot you can easily calibrate
them to better than 1°C accuracy.
Suitable for heating and cooling
control and for instrumentation and
automotive applications, the sensors act
as shunt regulators with the output
voltage proportional to temperature. At

25°C or 298°K, the voltage is 2.98V;
operating current can range from 0.5 to 5
mA with no change in electrical
performance.

LM135 comes in a hermetic TO-46
package; the commercial version,
LM335, comes in a TO-46 or TO-92
plastic package. LM335, $0.95 (100).
National Semiconductor, 2900 Semi-
conductor Dr, Santa Clara, CA 95051.
Phone (408) 737-5856. Circle No 221

MULTIPLYING DACs. MP7530 and
-7533 10-bit and -7531 12-bit monolithic
devices are second-source replace-
ments for the AD7530, AD7531 and
AD7533. The 16-pin-DIP -7530 and the
18-pin-DIP -7531 are DTL/TTLCMOS
compatible, have a nonlinearity TC of 2

Low Cost, High Performance
Operational Amplifier

e High Gain Bandwidth 350 MHz
e High Slew Rate 300 V/us
o Wide Operating Bandwidth 40 MHz
e Fast Settling 110 nsec to .1%

150 nsec to .025%

Full 10 V, 20 mA output
e Low Cost: $38.00 (100's)

Teledyne Philbrick’s 1437 is a new commercial
(0°C to +70°C) hybrid operational amplifier
offering a price/performance ratio that’s hard
to beat! Also available in full temperature
(-55°C to +125 °C) and MIL-STD-883 versions.

“"TELEDYNE PHILBRICK

2 Allied Drive at Route 128, Dedham, Massachusetts 02026
Tel: (617)329-1600 TWX:(710)348-6726 Telex: 924439

For more information, Circle No 93
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ppm of FSRFC and 20-mW power
dissipation (including the ladder net-
work). Typical applications for the -7530
and -7531 include digital/analog multipli-
cation, CRT-character generation and
programmable power supplies; uses for
the -7533 include digitally controlled
attenuators and programmable-gain
amplifiers. MP7530JN or MP7531JN,
$7.90; MP7533JN, $5.80 (100). Micro
Power Systems Inc, 3100 Alfred St,
Santa Clara, CA 95050. Phone (408)
247-5350. Circle No 222

QUAD SWITCHES. SW-01, -02, -03 and
-04 spst overvoltage-protected units
combine an innovative circuit design with
JFET technology immune to static-
discharge destruction to provide
temperature-compensated channel ON
resistance of 1002 max (achieved by
on - board amplifiers) and 0.03%/°C
TC—an eightfold improvement over
CMOS devices relative to Ron Vs
temperature.

Specified maximum turn-on and
turn-off times for the 16-pin-hermetic-DIP
devices are 400 and 300 nsec,
respectively. Address inputs are TTL and
CMOS compatible without external
resistors. -01 and -03 models are
normally closed; -02 and -04, normally
open. MIL-grade (—55 to +125°C) units,
from $13.50; industrial-grade (—25 to
+85°C) models, from $8.50 (100).
Precision Monolithics Inc, 1500 Space
Park Dr, Santa Clara, CA 95050. Phone
(408) 246-9222. Circle No 223

64k EPROM. The MCM68764 is an
8kx8-bit n-channel silicon-gate MOS
unit that uses one 5V supply and comes
in a standard 24-pin ROM package. The
use of 24 pins rather than 28 is made
possible by placing a dual function on pin
20—during programming it handles the
25V programming pulses, and in read
operation it serves as the chip enable.
Access time is 450 nsec, and the unit
dissipates <880 mW in active mode
(<140 mW in standby). $164; -68A764
(350-nsec access time), $196 (100).
Motorola Inc, 3501 Ed Bluestein Blvd,
Austin, TX 78721. Phone (512)
928-6660. Circle No 224
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Who debug
debuggin

Test & Measuring
Instruments

For more information, Circle No 94
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AC POWER LINE
PROTECTION

g3 e—

LED
FAULT

LOAD

INDICATION

MEDIUM DUTY EQUIPMENT PRO-
TECTION of 148, 3¢ line, Delta or
WYE service, 50/60/400Hz for loads

up to 6 KW.

MCG’s line of medium duty AC line
protectors are designed to protect
individual instruments or an entire
rack of equipment from damaging
transients that appear on the AC
power lines. When used at the local
service panels it can protect several
pieces of equipment simultaneously.

Operating in nanoseconds, these
units will protect by switching rapidly
to a clamping state, whenever a tran-
sient, of either polarity, exceeds the
clamping threshold. Recovery is
automatic when the transient passes.

Response time:

50 nanoseconds

Operating temp.: —40°C to +85°C

Service: 50/60/400Hz, 14, 3¢

34g, 4 WIRE, WYE

For Immediate Answers

Call Mike Coyle

ELECTRONICS, INC.

AC Line Clamp V Price
Voltage Model L-N (pk) (1-9)
120/208 2403Y 235V $178
220/380 3803Y 413V 200
277/480 4803Y 430V 255
5/16 1.D. T
4 holes ; ro cfh
e = A5 A SO
ST 3 | N —— y\ i ‘
35 ‘0‘ ‘
S —t 1 —— | | ‘L_
- 7.5 i et Ul SR

(516) 586-5125

160 Brook Ave., Deer Park, N.Y.

New Products

For more information, Circle No
176

95

200V POWER TRANSISTORS. Suited
for applications such as switching power
supplies, motor controls, inverters,
choppers, audio amplifiers and high-
energy pulse circuits, these additions to
the HexFET line furnish 4.5S typical
transconductance, 30-nsec delay-time
turn-on, 750-pF input capacitance and
250-pF output capacitance. TO-3
packaged, IRF230 models have a 200V
rating, 0.4() on-resistance and 7A drain
current; -231 types (with 150V ratings)
share the same ON-resistance and
drain-current specs. |IFR230, $18.30;
IRF231, $15.80 (10). International
Rectifier, Semiconductor Div, 233
Kansas St, El Segundo, CA 90245.
Phone (213) 772-2000. Circle No 225

NPN POWER TRANSISTORS. Rated at
up to 50A continuous collector current
(75A pk) with voltage ratings up to 450V,
TO - 83- packaged HPT540/ 545 and
-440/445 Series devices furnish switch-
ing speeds of 200 nsec at 50A. -540 and
-545 models feature Vcg sy Of 1V max at
50A, while -440 and -445 units provide
1V max at 40A. -545 Series units
dissipate 300W at 2°C case temperature
or 150W at 100°C case temperature.
Maximum operating and storage-
temperature range is —65 to +200°C.
HPT440, $91.60; HPT445, $108.30;
HPT540, $100; HPT545, $116.60 (10).
International Rectifier Semiconductor
Div, 233 Kansas St, El Segundo, CA
90245. Phone (213) 772-2000.

Circle No 226

CALENDAR/CLOCK CIRCUIT. For use
with any host u.C, the p.PD-1990C 14-pin
CMOS serial input/output unit measures
month, date, day of week, hr, min and

sec. Specs include timing-pulse outputs
of 64, 256 or 2048 Hz, a 32.768-Hz
crystal - oscillator - generated reference
frequency, 3.6V operating voltage and
100-pA max operating current (a 5V
version is also available). Operating
temperatures span —40 to +85°C. $3.50
(1000). NEC Electron Inc, 3120 Central
Expressway, Santa Clara, CA 95051.
Phone (408) 241-8222. Circle No 227

VOLTAGE REFERENCES. Using ion-
implant technology with low operating
currents, LM185/285/385 Series 1.2V
diodes operate from 10 pA to 20 mA with
virtually no change in performance.
Dynamic impedance is typically 0.5,
and on-chip trimming gives tight
tolerance. TCs typically equal 10 ppm.
The LM385 is a low-noise bandgap
voltage reference useful in battery-
powered applications where low voltage
(1.2V) and low power drain (12 uW)
extend battery life. LM185 dissipates 12
wW when operating with 10 wA. LM385,
available in 2-lead TO-46 hermetic
package or TO-92 (commercial) plastic

" package, from $1.20 (100). National

Semiconductor, 2900 Semiconductor
Dr, Santa Clara, CA 95051. Phone (408)
737-5856. Circle No 228

8-BIT MILITARY DACs. Military versions
of a series of monolithic multiplying units,
DAC-08 883 Series devices provide
direct interfacing to all widely used logic
families and full noise immunity furnished
by high-swing adjustable-threshold logic
inputs. For use in applications such as
1-usec ADCs, servomotor and pen
drivers and waveform generators, the
16-pin-plastic-DIP units have a power-
supply range of 4.5 to 18V with
essentially unchanged performance over
the range. Features include 85-nsec
output-current settling, 33 mW power
consumption at =5V and linearity to
0.1% over the -55 to +125°C
operating - temperature range. From
$1.70 (100). Signetics, 811 E Arques
Ave, Sunnyvale, CA 94086. Phone (408)
739-7700. Circle No 229
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Our 64K ROM
is like our 32K ROM is like our 1IGK ROM.

For new system designs and Synertek performs as a major
for upgrading existing systems, the MOS supplier of high volume parts
flexibility of our totally static 64K ROM  with advanced technologies and
gives you that extra edge. And it's techniques behind everything we
backed to the hilt with proven high make. ROMs. Static RAMs. EPROMs.
performance. Custom circuits. Single-chip Micro-

The SY2364 is the latest addi- computers. Systems. 6500 Micro-
tion to our family of 24-pin ROMs processors and Peripherals.

designed around a common industry

standard pinout. That means maxi- 5 SYNERTEK
mum system flexibility. All three— 16K,

S ; 3001 Stender Way, Santa Clara, California 95051
32K and 64K ROMs — can pluginto  {46gy588 =500 Twx: 910-338-0135.

the same socket. System upgrades
are just a matter of substituting the
new ROM for the old. With noincrease
in power.

We offer compatibility that's
more than pin deep. Allour ROMs are
fully static (no clocks to worry about),
so they all have the same timing
waveforms. If speed is your concern,
you can select one of our standard
450nsec versions or upgrade to our
high performance 300nsec versions.
All six are available now in quantity
production.

300ns 450ns
2K x 8 SY2316B-3 SY2316B
4K x 8 SY2332-3 5Y2332
8Kx8 SY2364-3 SY2364

No matter what your needs, we
have just the ROM for you. And that
includes the SY2316A, SY4600 and
SY23833 (pin compatible with the
2732/2732A 32K EPROM). For
further information, contact Memory
Product Marketing direct at (408)
988-5611. For Area Sales Offices and
distribution references, call Head-
quarters Sales direct at (408)
988-5607. TWX: 910-338-0135.

For more information, Circle No 96




hNew Products

8-BIT MONOLITHIC ADC. A military-
temperature - range version of the
company's video-speed TDC-1007J
ADC, TDC-1007J-M operates over a
case - temperature range of —30 to
+125°C and is also available tested to
any of the MIL-STD-883B environmental
test conditions. A replacement for bulky
discrete and hybrid circuits in high-
performance military radar and image-
acquisition systems, the 64-pin-DIP unit
can perform 30 million 8-bit conversions
per sec while drawing 2.5W. It utilizes a
fully parallel single chip that contains
20,000 closely matched bipolar compo-
nents. $781 (100); testing to 883B specs
is additional. TRW LS| Products, Box
1125, Redondo Beach, CA 90278.
Phone (213) 535-1831. Circle No 230

8-BIT DACs. NE/SE5118 and -5119
22-pin units feature +0.19 (-5118) and
+0.1% (-5119) accuracy, 200-nsec
settling time, zero-scale and gain TCs of
5 and 20 ppm/°C (independent of internal
reference), <10-pA loading of data
inputs, addressing capability and
complying logic levels. The unit includes
internal feedback and input resistors that
provide good thermal tracking character-
istics, and an on-chip low-TC short-
circuit-protected voltage reference. $6.95
(plastic); $7.95 ceramic (100). Signetics,
811 E Arques Ave, Sunnyvale, CA
94086. Phone (408) 739-7700.

Circle No 231

NONVOLATILE EAROMSs. Fully decod-
ed NC7051 (32x16-bit) and -7055
(64x8-bit) parts are second-source
replacements for NCR’s 2051 and 2055.
Minimum data retention is 2x10" read
cycles per word before refresh, and the
units provide unpowered nonvolatile data
storage in excess of 10 yrs at 70°C. Data
can be erased and rewritten in circuit
up to 10° times. Applications include
point - of - sale terminals, electronic

games, nonmechanical TV tuners and
automobile odometers. $8.75 in ceramic,
$7 (100) in plastic. Nitron, 10420 Bubb
Rd, Cupertino, CA 95014. Phone (408)
255-7550. Circle No 232

TRANSIMPEDANCE PREAMP. A 14-
pin-DIP unit, Model 9923 features a
5-nV/VHzmaximum spectral density with
a 100-GQ input impedance. Its
150V/usec slew rate makes it useful in

INTRODUCING...
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For more information, Circle No 97

AUDIO RESPONSE"
PLUS DIGITAL DISPLAY

0O 5 RANGE AUDIBLE SIGNALING FUNCTION
0O RUGGED FIELD SERVICE DESIGN

0O 0.5” LCD DISPLAY

0O 6 FUNCTIONS

WESTON INSTRUMENTS
THE MEASUREMENT PEOPLE® W
614 Frelinghuysen Ave., Schlumberger

Newark, NJ 07114
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ultrasonic, sonar, communication and
audio applications. Current noise is 30
fA/\Hz. The commercial-grade unit
operates over a —65 to +125°C range.
$31.50 (10). Optical Electronics Inc,
Box 11140, Tucson, AZ 85734. Phone
(602) 624-8358. Circle No 233

RECTIFIER DIODES. Diffused-junction
silicon fast-recovery devices with ratings
up to 400V, an average current rating of
6 to 30A and typical reverse-recovery
time of 100 nsec, the IN3879 through
-3913 Series of parts come in DO-4 or
DO-5 stud-type hermetic packages.
Typical Ve for 6A devices (-3879 through
-3883) is 1.0V; for 30A units (-3909
through -3913), 1.1V. Applications
include motor controls, dc/ac inverters
and high-frequency rectification. From
$2.14 (100). Delivery, 6 weeks ARO.
Ferranti Electric Inc, Semiconductor
Products, 87 Modular Ave, Commack,
NY 11725. Phone (516) 543-0200.

Circle No 234

DUAL WINDOW DETECTOR. TS-2000
consists of two independent high-speed
window detectors enclosed in a single
16-pin DIP to conserve space. Each
detector provides three digital outputs
(six outputs per package). Typically, the
device has 300-nsec response time,
4-mV offset voltage and 25-nA offset
current; it interfaces with TTL and/or
CMOS and provides variable output-logic
levels. Typical applications include
multidecision-point monitors, out-of-limit
indicators, feedback-controls, level de-
tection and automatic test systems.
$17.50 (100). Transistor Specialtys
Inc, 3 Electronics Ave, Danvers, MA
01932. Phone (617) 774-8722.

Circle No 235

| Digilec.

Iphanumeric
Printout
do YOU prefer?

Digilec’s popular
6400 Series Printers
now offer you a choice!

DigiTec has added two new thermal models to the tried and proven 6400 Series Alphanumeric
Printers. You can now choose thermal or electrosensitive printing and get all the DigiTec
benefits with either. Fewer moving parts than impact printers guarantee increased reliability.
Plus, non-impact means no hammers to clatter or wear out and no messy ribbons to change.
A built-in microprocessor provides the simplest 3
possible interfacing

Input configurations satisfy all the popular data
communication interfaces. The serial models are
programmable for either RS-232-C or 20 mA current
loop at either 110 or 300 baud while parrallel input
models accept data at rates up to 1000 characters
per second (higher rates optional)

These features combined with compact size
quiet operation and designer-styled goo 5
produce dependable printers that are perfect for
your application.

Choose either thermal or electrosensitive .. .if it's
DigiTec, you've made the right choice

Dimensions:
7%"Wx 5%"Dx2%"H
Weight: 3% Lb.

UNDER $300.

in OEM Quantities

UMNTeoD
SYSTEMS
CORPORATION

918 Woodley Road, Dayton, Ohio 45403
(51 251, TWX (810) 459-1728

Information only, circle no. 23 Demonstration only, circle no. 39







Our Solid Tantalum Capacitors are the perfect Rx
for healthy performance and longer life.

Get fussy.

Each new electronic product entering the
market — whether it’s a tiny watch or huge tele-
communications system—is only as reliable as the
components inside.

You must be as selective in ordering your
standard electronic components as you are in choos-
ing your new ICs or microprocessors.

Let’s face it. A failure is a failure. And a
leaky capacitor can work havoc on a “wonder pro-
duct’s” performance—no matter how fancy the

electronic brain-center happens to be.

NEC has earned a worldwide reputation
for delivering only the highest quality solid tan-
talum capacitors. During a 12-month period last year,
NEC Electron shipped over 23 million without a
single failure.

For immediate relief from all your capacitor
problems, call “Doc” Roger Ferreira of NEC. His tan-
talums will make your system healthier in no time.

For more information, Circle No 138

We build our tantalums to last. Each capac-
citor is burned in at 85°C at elevated voltages for
extended periods of time to eliminate high leakage.

Our NEC tantalum line is broad, includ-
ing: standard and miniature dips, bulk pack or lead
tape and reel, epoxy end-sealed axials, and two
types of chip capacitors. NEC tantalums feature
working voltages from 3 to 50 volts, and capaci-
tance ranges of .01 to 680 microfarads.

If you want your system to enjoy a long
and healthy operating life, choose the capacitors you
can specify with confidence. NEC solid tantalums.
For more details, please fill out the coupon and send
it to NEC today.

NEC

If you have designs on the future.

NEC Electron, Inc.

Mr. Roger Ferreira, Capacitor Product Manager
3120 Central Expressway

Santa Clara, CA 95051

Dear Roger:

I'minterested in giving my systemalonger
and healthier life. Please send me your capacitor
catalog, reliability data, and sample request
sheet as soon as possible.

Name
Title
Company
Address
City St Zip




'New Products

COMPUTER-SYSTEM
SUBASSEMBLIES

A/D BOARD. Designed for industrial
environments, and hardware and
software compatible with the DEC
LSI-11, LSI-11/2 and PDP-11/03/23
Series wuCs, the 12-bit ST-LSI-RLY
features eight differential A/D channels,
=1-LSB resolution, relay-isolated in-

puts, isolation of 250V rms to power
ground, 126-dB CMRR and half-quad
size. It can handle analog input signals
ranging from =10 mV to =1V (bipolar)
FSR (or 10 mV to 2V unipolar); overall
system throughput time equals 36 msec
sample to sample (28 samples/sec).
$695. Delivery, 4 to 8 wks ARO.
Datel-Intersil, 11 Cabot Blvd, Mansfield,
MA 02048. Phone (617) 339-9341.
Circle No 202

Hoffman free-standing
enclosures stand up to
oil, soil, dust, spray.

When you want big protection for controls, terminals, elec-
tronic instruments or relays, look into these big free-standing
Hoffman NEMA 12 enclosures. They feature such benefits
as heavy-duty continuous hinges; steel retainers for the oil-
tight neoprene gasketing; 3-point latching. One to five-door

models in broad range of sizes.

FREE BROCHURE describes the full line of Hoffman
enclosures. Ask for it.

HOFFMAN ENGINEERING COMPANY

Division of Federal Cartridge Corporation/Anoka, MN 55303 Dept. EDN 783

For more information, Circle No 101
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DTMF MODEM. Model 7900 is a
binary-coded unit in a 32-pin package
capable of interfacing directly between
existing hexadecimal wP buses (without
UARTs) for data-communication and
electronic PABXs. Either half-duplex
2-wire or full-duplex 4-wire DTMF
telephone data transmission can be
implemented; only one external 3.58-
MHz crystal is required. The modem
suits key-telephone systems, autodialing
applications and inexpensive handshake
communications. $125 (50). Telaris
Telecommunications Inc, 2772 Main
St, Irvine, CA 92714. Phone (714)
754-7566. Circle No 203

RAM BOARD. Fully compatible with
Intel's iSBC-80 Multibus, RAM-032
contains 32k of dynamic RAM and has a
memory-access time of 450 nsec. The
unit is burned in at 55°C for 168 hrs
before undergoing 16 hrs of reliability
testing and comes with a 3-yr warranty.
$950 (10). Electronic Solutions Inc,
5780 Chesapeake Ct, San Diego, CA
92123. Phone (714) 292-0242.

Circle No 204

LINE-PRINTER CONTROLLER. For use
with IBM Series/1 computers, this unit
can transmit 8-bit Japanese Industry
Standard (JIS) code to all Printronix line
printers as well as the Dataproducts
Model 2530 printer, thus permitting
printing of Japanese Katakana business
language in addition to conventional
ASCIl and EBCDIC graphics. The
controller translates EBCDIC codes into
the JIS codes, outputs them to the line
printer and furnishes the full graphics
capability available with Printronix line
printers. $1995. MDB Systems Inc,
1995 N Batavia St, Orange, CA 92665.
Phone (714) 998-6900. Circle No 205
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New Products

32k STATIC-RAM BOARD. This fully
static 32k RAM board for use with the
SS-50 (6800) and SS-50C (6809) bus
features four independently DIP-switch-
addressable 8k blocks; each 8k block
can be addressed to any 8k boundary or
disabled. The board can decode the four
additional address lines of the SS-50C
bus to allow memory decoding up to 1M
bytes. The unit uses low-power 2114L
RAM chips, typically draws 2A for 32k, is
designed for high noise immunity, comes
fully socketed and has gold bus
connectors. $548.15. Gimix Inc, 1337 W
37 PI, Chicago, IL 60609. Phone (312)
927-5510. Circle No 206

1-CARD CRT CONTROLLER. Ex-
orciser - bus compatible and fully
compatible with M6800, 6801E and
6809E pCs, MCG 6800 provides 128
characters (upper and lower case) and
an 80x24 screen format with a 25th line
for special command formats and queue
requirements. Features include eight
foreground and background colors; static
RAM sections for display, FAC-code and
graphics memory; 64 software dynami-
cally definable characters that can be
128 firmware EPROM characters if
required; and hardware control providing
for scrolling, cursor and light-pen
operation. An internal 16-MHz clock is
also provided. From $595. Phoenix
Digital Corp, 3027 N 33 Dr, Phoenix, AZ
85017. Phone (602) 278-3591.

Circle No 207

16-BIT ADC. Model ADC 1216 provides
14-psec conversion speeds, +0.003%
accuracy, 16 - bit - binary or 2's-
complement output and +0.0015%
linearity. Requiring no external
reference-voltage source or amplifiers, it

measures 5x4.5x1.5 in. and has an
operating-temperature range of 0 to
70°C. From $1495. Delivery, 30 to 45
days ARO. Phoenix Data Inc, 3384 W
Osborn Rd, Phoenix, AZ 85017. Phone
(602) 278-8528. Circle No 208

LONG-LINE ADAPTER. This parallel
long-line adapter box allows line-printer
controllers to operate almost any printer

for full-speed parallel data transmission
at distances up to 3000 ft. Suitable for
controllers for computers such as the
DEC PDP-8 and LSI-11 and IBM
Series/1 Models, the 10x6x3% in.
rack-mountable unit can also be used to
tie other peripheral devices such as card
readers to a computer over long
distances. $525. MDB Systems Inc,
1995 N Batavia St, Orange, CA 92665.
Phone (714) 998-6900. Circle No 209

EDN FEBRUARY 20, 1980

With alloy 770 terminails,
$47.00.

With gold-plated terminals,
$24.95.

Your breadboarding

Universal breadboarding elements
with 840 solderless plug-in tie points.
O Combines distribution system with
A”xA" matrix. O Compatible with all DIPs
and discretes with lead diameters up to
032”. Needs no special patch cords.

is a super-snap

with a solderless A P Super-Strip.

Build a circuit almost as fast
as you dream it up. Pull it
apart and do another—
everything's as good as new.
Our versatile Super-Strip
mini-breadboards give you
the same top-quality con-
tacts you get in our full-
scale ACE All-Circuit Evalua-
tors. Not so “mini,” either.
You can build circuits with

as many as nine 14-pin DIPs.

Instant-mount backing
and quick-removal screws
make stacking and racking
a snap, too.

Where to buy? Phone (toll-
free) 800-321-9668 for the
name of your local A P dis-
tributor. And ask for our
complete A P catalog, The
Faster and Easier Book.

\,o\nl'

AP PRODUCTS
INCORPORATED
1359 W. Jackson St.

Painesville, Ohio 44077

Tel. 216/354-2101

TWX: 810-425-2250

For more information, Circle No 102
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SOLID STATE
GYROS

just won't

Model RT03-0108-1
2.56 inches diameter

Model RT01-0102-1
1.0 inch diameter

¢ |Instant 20 millisecond startup
e Uses only 2 watts DC Power

e Guaranteed 10,000 hours

e .002 Hz to 7 Hz bandwidth

e Zero to 50° per second range

These solid state, single axis angular
rate sensors can be used as direct re-
placements for small diameter rate
gyros in many of today’s advanced
guidance and control systems . . . in-
cluding autopilots, radar and heli-
copter stabilization systems, and hun-
dreds of other instrumentation appli-
cations. They’re hermetically sealed,
rugged, and insensitive to accelera-
tion and vibration. They provide output
signals of +2.5 VDC. 3-axis Models
and units with ranges up to 3000°/
sec. also available. Write Humphrey,
Inc., Dept. EDN280, 9212 Balboa Ave.,
San Diego, CA92123.

Phone (714) 565-6631

WRITE FOR ENGINEERING
APPLICATIONS BULLETIN

Describes
various circuits
that can be
added to sensor
to allow use as
angular position,
rate, or
acceleration
transducer.

Manufactured under license from
Hercules, Inc., U. S. Patent 3,500,691

“‘ Humphrey ...

For more information, Circle No 103
184
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D/S CONVERTERS. The DSC40-PC-L-1
Series of 14-bit units can drive up to
three Size 11 torque receiver synchros
with =6" accuracy. These 4.5x9.25x1-
in. 400-Hz devices accept a 14-bit
natural binary angle and convert it into
3-wire synchro or 4-wire resolver signals;
output is short-circuit protected and
current limited, and loading of 5 VA is
standard. Available output voltages are
90 or 11.8V rms (60 or 400 Hz), digital
inputs are TTL/DTL compatible, and the
synchro output and reference are fully
transformer isolated. Less than $475
(OEM qty). Delivery, 4 to 6 wks ARO.
Computer Conversions Corp, 6
Dunton Ct, East Northport, NY 11731.
Phone (516) 261-3300. Circle No 210

CRT MONITOR. Displaying more than
1920 characters in either white or green
phosphor, HR-1500 provides 400 raster
lines with a horizontal scan rate of 25
kHz, a refresh rate of 50 to 60 Hz, vertical
step scan and dual intensity. The
nonreflective 15-in.-diagonal CRT screen
uses an etched, bonded faceplate to
eliminate glare and provides an 110°
deflection angle. $260 (OEM qty).
Delivery, 60 days ARO. Telex Computer
Products Inc, 6422 E 41 St, Tulsa, OK
74135. Phone (918) 627-1111.

Circle No 211

COMMUNICATIONS INTERFACE. A
single-board peripheral computer com-
patible with the DEC LSI-11 family, the
PCP-11L programmable communica-
tions processor furnishes a 24-linex40-
column display and supports any mix of
8-bit parallel asynchronous or synchro-

nous serial and color-video graphics.
Used with an optional dialer interface, it
can be programmed to provide
autoanswer and autodial support for any
serial-communications protocol. Data-
transfer rates >48k baud can be
employed. The board can be equipped
with a mix of up to 8k bytes of RAM
and/or 16k bytes of ROM. From $525 for
basic unit with parallel port, 2k EPROM
monitor and 1k of RAM. Nortek Inc,
2432 NW Johnson St, Portland, OR
97210. Phone (503) 226-3515.

Circle No 212

MEMORY PARITY CARD. For S-100-
bus systems, MP100 maintains a
continuous check on a computer's
memory integrity during execution of
software and halts a running program
when a single bit of erroneous data is
fetched by the CPU. Consisting of
parity-generation circuitry and on-board
RAM, the card features failed-location
read by CPU (two ports), high-noise-
immunity (Schmitt-trigger) bus interface,
read data sampled on the same clock
edge as CPU, board disable and force
error for functional verification and 5V
operation. $235. IPDI, 1708 Stierlin Rd,
Mt View, CA 94043. Phone (415)
969-6086. Circle No213
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New Products

COMPONENTS
& PACKAGING

MICROMIN INDUCTORS. For use in IF
and RF amplifiers, top-tunable ST Series
units measure 0.275x0.1x0.2 in. to
conserve space and permit denser
packaging. Equipped with an internal
adjusting screw, the devices are offered
with inductance from 10 nH to 6 mH;
typical Qs run from 30 to 50 over the
range, and typical tolerances equal
+10%. Encapsulated in high-tem-
perature molded epoxy, the units are
constructed of military-grade materials
and meet MIL-C-15305. From $2.33
(10k). Piconics Inc, 20 Cummings Rd,
Tyngsboro, MA 01879. Phone (617)
649-7501. Circle No 176

DISPLAY SYSTEM. A 1-line, 40-
character 5% 10 dot-matrix LCD unit that
can interface directly with wPs through a
single peripheral parallel-interface de-
vice, LX140 has on-board custom CMOS
LSl drive chips that incorporate an
integral RAM for all 2000 display
elements, with each dot addressable.
On-board circuitry also generates all
refresh signals, thus eliminating the need
for continuous data transfer to the display
module. Additional circuitry provides
temperature compensation and a dc/dc
converter for generating the required
internal voltage. Compatible with 5V logic
families, the system operates from one
5V power supply. $199 (100). Kylex,
420 Bernardo Ave, Mt View, CA 94043.
Phone (415) 969-5200. Circle No 177

F-O DRIVER/LED. 16-pin-DIP LDT-256
combines a standard 75451B TTL driver
chip with the manufacturer's pigtailed
IRE-160F etched-well LED. The control

circuit handles either NRZ or RZ codes;
NRZ data rates can range to 40 MHz and
RZ codes to 20 MHz. The IC drives up to
200 mA dc. The emitter couples >50
uwW of core power into standard
communication-grade fiber (55-um core,
125-pm cladding), and the LED provides
10-nsec typ rise and fall times and a
peak emission wavelength of 820 nm.
$395. Laser Diode Laboratories Inc,
1130 Somerset St, New Brunswick, NJ
08901. Phone (201) 249-7000.

Circle No 178

TIMING DEVICES. These digital SSD
Series timers employ CMOS IC circuitry
with on-board oscillators and come as
on-delay, off-delay, retriggerable single-
shot and interval-on units. All widely
used timing ranges from 10 min to 24 hrs
are available with a repeatable accuracy
of +£0.05%. Features of the plug-in series
include LED npilot lights, internal steel
frames for added RF shielding and an
operating-temperature range of —40 to
+175°F. Input voltages include 12V dc,
and output is accomplished with either a
10A dpdt electromechanical or 3A spdt
solid-state relay. From $65. Macromatic
Inc, 4700 W Montrose Ave, Chicago, IL
60641. Phone (312) 286-7977.

Circle No 179

QUIL ADAPTER SOCKETS. 64-, 48-
and 42-position units in the QUIL-15
Series convert any standard dual-in-line
sockets with 0.3-in. centers or universal
contacts in columns with 0.3-in. centers
to an 0.050-in. off-set quadruple-in-line
(QUIL) pattern. Model 664-QUIL-15 has
64 positions; 648-QUIL-15, 48; 642-
QUIL-15, 42. The sockets are Swiss-

screw-machined parts; contact sleeves.

are brass gold-plated over nickel with
4-tine beryllium spring clips, 25-pin. gold
plated over 50- to 100-win. nickel. $4.20

to $6. Garry Mfg Co, 1010 Jersey Ave,
New Brunswick, NJ 08902. Phone (201)
545-2424. Circle No 180

EDGE - MOUNTING LEDs. PCV125
Series devices mount on 0.245-in.
centers on the edge of a standard pc
board with straddled leads soldered to
opposite sides of the board; the units
project 0.305 in. beyond the board edge.
The 0.125-in.-diameter, 0.122-in.-thick
LEDs come in both standard and
superbright versions of red, amber and
green with clear and diffused lenses.
Operating voltages are 3.6 to 28V with an
external resistor required in most cases.
$0.32 (1k). Data Display Products, 303
N Oak St, Inglewood, CA 90302. Phone
(213) 674-5940. Circle No 181

POWER ATTENUATORS. Conduction-
cooled, flange-mounted PPA 50 units for
microstrip applications dissipate 50W at
a heat-sink temperature of 85°C. Rated
input power is 100W for the 3-dB unit,
75W for the 6-dB unit and 50W for 10-dB
or higher units. Specs include dc to
1000-MHz operation, 1.15 max VSWR
from dc to 500 MHz (1.2 max from 500 to
1000 MHz) and attenuation accuracy of
+0.3 dB from dc to 500 mHz and *=0.5
dB from 500 to 1000 MHz. $25 (100).
Delivery, stock to 6 wks. KDI Pyrofilm
Corp, 60 S Jefferson Rd, Whippany, NJ
07981. Phone (201) 887-8100.

Circle No 182

TEST SOCKETS. ZIF-connection LCS
Series devices allow testing of individual
leadless ceramic ICs meeting JEDEC
packaging standards. Burn-in of hermeti-
cally sealed ICs can be accomplished at
temperatures up to 220°C. Beryllium-
copper contacts are mounted inside the
units beneath their body surface to
prevent damage during repeated use; a
bottom hole in the base speeds
extraction. Sockets are available in 24-,
32-, 40-, 48-, 64- and 84-lead sizes.
$18.08 (100) for a typical unit. Delivery, 6
wks ARO. Robinson-Nugent, 800 E
Eighth St, New Albany, IN 47150. Phone
(812) 945-0211. Circle No 183
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4'2-DIGIT DPM. Model 479A provides
full-scale reading of +=19999 counts,
displayed by 0.56-in. LEDs in four ranges
from 200 mV to 200V; ratio operation is
optional. Reading error equals *=(0.005%
of reading+1 count) with zero stability of
+0.1 wV/°C. Bias current is typically 20
pA. BCD outputs, available as either
parallel or bit-character serial, are
buffered and latched with a 3-state
output for digital multiplexing or busing.

WENY A 16bit
microcomputer product
line that's been around
for years

Unless you work at GE, Chrysler, Dupont, Exxon or Litton, you
may never have heard of us, but while other 16-bit systems were in
the works, Technico has quietly been selling, developing and sup-
porting our own 9900-based microcomputer systems and modules.
We’'ve engineered applications, developed training courses and
written one of the most extensive packages of software available
for any micro (Tl liked our line-by-line assembler so much they
bought it for their own boards).

Our product line is mature, complete and debugged. We've got
CPU, RAM, EPROM, 1/0, video and A/D-D/A modules; everything
from single boards to complete multi-user systems with floppy disc
and applications software.

So if you need a micro with 16-bit mini performance, but don’t
feel good about climbing onto somebody else’s learning curve, con-
tact us. We’ll be happy to send you complete information on
Technico products that have been out there working — for years.

9051 Red Branch Rd.

TECHNICO & i ma 2104

INCORPORATED Phone301-995-1995

204 For more information, Circle No 104

——

Input power is 110/220V £ 20% (50 to 400
Hz); 5V-dc-powered models are also
available. From $139. Data Tech, 2700 S
Fairview St, Santa Ana, CA 92704.
Phone (714) 546-7160. Circle No 184

ACTIVE-FILTER MODULE. The cutoff or
center frequencies of this programmable
unit can be set with the aid of
binary-coded signals. Model AP-DP-8S-
5P is a 5-pole 30-dB/octave low-pass
filter, covering the cutoff-frequency range
of 10 Hz to 100 kHz; eight cutoff
frequencies can be selected in that range
at f,, 4f,, 8f,, 16f,, 32f,, 64f, and 128f,.
Response is maximum-flatness Butter-
worth, but an external switch can convert
it to the linearized-phase type preferred
in pulse work. The 3.5x2.5x0.5-in. unit
requires =17 mA with a =6V supply.
$255 (100). Delivery, 4 to 12 wks ARO. A
P Circuit Corp, 865 West End Ave, New
York, NY 10025. Phone (212) 222-0876.

Circle No 185

TELEPHONE KEYPADS. Additions to
the ET short-stroke line, these 12- and
16-key models have translucent keytops
that permit backlighting. Replacing
conventional opaque 2-shot-molded
keytops, the units feature a sublimated
legend transferred directly into their
surface. A patented screened-Mylar-
membrane technology provides crisp
tactile feel, a life rating of 10 million
operations per key and contact bounce of
<8 msec. The transparent membrane
circuit and plastic backer facilitate light
transmission to the keytops. From $3.75
to $5.35 (1k). Chomerics Inc, 77 Dragon
Ct, Woburn, MA 01801. Phone (617)
935-4850. Circle No 186
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Brite moments in American history.

September 14, 1716. Boston Light shines as America’s
first lighthouse. Originally illuminated by oil lamps, the
beacon commanded a majestic view of Boston Harl
During the Revolutionary War, British and American f
vied for control of the lighthouse. When the British
evacuated Boston in 1776, rather than yield the lighthouse
to the Americans, they blew up the tower, reducing itto
rubble. It was reconstructed on the same site, and, more
than 200 years later, Boston Light still shines bright.

Photograph Courtesy of the National Archives

Brite-Lites Stay Bright.

Our Brite-Lite LED lamps not only shine as bright as green; from 1.6 to 48 volts; from 10 to 30 milliamps.
incandescents, they shine longer—more than 10 And our LED lamps are American-made, so you're
times longer. At 20 milliamps, they'll shine at least 10 assured of dependable, prompt delivery

years. Continuous or pulsed, they operate without life When Digital Equipment Corporation conducted a
loss, using less than half the power series of tests for plug-compatible

of an incandescent. And they're 25 LED’s which had both the brightness
times brighter than other LED’s on the and long life they required, they chose
market. That's dependability in the = Brite-Lite LED'’s with solid state reliability

tradition of Boston Light

Whether installed in sophisticated
computer control panels or simple
telephone pushbuttons, our Brite-Lites
suit your requirements. Midget-flanged,
snap-ins, PC lites, and wide-angle
LEDY bugs,® are available in trans-
parent or translucent red, amber, or

to replace their incandescent lamps
For LED lamps that stay bright,
isn't it time you switched to Brite-Lites

Data Display Products
303 N. Oak St., Inglewood, CA 90302
(213) 674-5940 « TWX 910-328-7208

Proven better and brighter than the rest

m L

DISPLAY
PRODUCTS
For more information, Circle No 105 i
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WIRE-WRAPPING BOARDS. These
boards accommodate any combination
of standard DIPs and feature two 1/O
edge-connector positions (100 pins
each) that accept any ribbon-cable
edge-connector configuration; wire-
wrapping posts are on the component
side, requiring only one chassis slot.
WB9501 universal module can be used in
either the DEC LSI-11 or the PDP-11
computer and provides for up to 90
low-profile sockets or ICs with 14 to 40
pins. Power and ground decoupling pads
with plated-through holes are furnished
in the IC positions of this quad board.
M91WW dual /O module for PDP-11
computers provides for up to 28 sockets
or ICs. W9501, $175; M91WW, $75.
MDB Systems Inc, 1995 N Batavia St,
Orange, CA 92665. Phone (714)
998-6900. Circle No 187

DRY-REED RELAY. This Form 2A
epoxy-encapsulated unit provides good
EMF stability for low-signal switching
applications at <10 uV and comes in 5, 6
or 12V versions rated at 200V and 10W;
initial maximum contact resistance is
0.1€). Features include small package
size (0.44x0.38x1.2 in. with 100x 1-in.
grid), pc-board mounting and insulation
resistance of 10'2(). An electrostatic
shield is optional. <$3 (1k). Delivery, 4 to
6 wks ARO. Electronic Instrument &
Specialty Corp, 42 Pleasant St,

Stoneham, MA 02180. Phone (617)
438-5300. Circle No 188
RECTANGULAR LEDs. 521 Series

LEDs feature tinted and diffused
rectangular epoxy encapsulation and
can be stacked vertically or horizontally
for flush mounting. Three colors are
available: Series -9264 is a high-
efficiency red GaAsP-on-GaP Model;
Series -9265, a yellow GaAsP-on-GaP;
Series -9266, a green GaP. Maximum
ratings for all three lamps include power
dissipation of 120 mW and an average
forward current of 30 mA. Luminous

intensity typically specs at 2.5 mcd at 25
mA. $0.60 (1k). Dialight, 203 Harrison
Pl, Brooklyn, NY 11237. Phone (212)
497-7600. Circle No 189

DIP SWITCHES. For soldering onto pc
boards or optional use with standard DIP
sockets, these units are available in three
basic types: rockers, slides and piano
types with side actuation. They come in a
choice of 4- through 10-pole configura-
tions, either normally open or spdt.
Terminals and contacts are of beryllium
copper with heavy gold plate over nickel;
terminals are either molded-in or epoxied
to provide a full seal. Protective covers
are available with an actuator-lock
feature. Alco Electronic Products Inc,
Box 568, Lawrence, MA 01842. Phone
(617) 685-4371. Circle No 190

FREE..WALL CHART
POWER
ROTARY SWITCHES

- TARY S
seLEcTOR GUINE = BOTAL o

P BERN

SOLD

ER TERMINALS
low prices, fastest delivery,
highest quality...and more

® Snap-action . . . detent . . . and cam switches |

® Ratings from 10A-240V to 200A-600V
® Up to 75 poles

® Many standard & custom options

® Fast deliveries

ELECTRO SWITCH

Weymouth, Massachusetts 02188
Telephone: 617/335/5200 e TWX: 710/388/0377

For more information, Circle No 106
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standards in stock than anyone!

More than 25 years of know-how, the broadest line of
standards in the industry, a complete selection of plating
options . . . it all adds up to savings in costs and on-time
deliveries everytime. Got a special? Send us your print
and we'll respond instantly with price and delivery infor-
mation that will please and surprise you. Call us today.

PRECISION METAL PRODUCTS CO.

41 ELM ST.. STONEHAM, MASS. 02180
Telephone: (Area Code 617) 438-3650

For more information, Circle No 107
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ROMAID LETS YOU

CONTROL YOUR SOFTWARE

\__ PROBLEMS

<5
=
=

e EASY TO USE
. Simply connect N\

ROMAID's cable to

the PROM socket in

your circuit

e VERSATILE . . . Capable

of in-circuit PROM emulation

while maintaining maximum

reprogramming flexibility

® COMPLETELY PORTABLE .

Measuring only 7.5" x 3.5” x 1.6"

* QUICK . User selects one of 5

modes of operation: Duplicate, Find,

Verify, Edit or Run. Entries on Keyboard

are then fast 'n easy

The ROMAID PROM Simulator lets you put downtime at a
minimum when software problems arise. It features in-circuit
emulations of the most popular 1K x 8 and 2K x 8 PROMS and has
full 6 digit hexidecimal display for address and data information.

Ease of operation and program manipulation, portability and
versatility will make the ROMAID PROM Simulator the answer to
your software debugging problems.

And we're saving the best till last . . . Price! ROMAID costs less than
other PROM Simulators on the market today. Let us tell you more
about how this revolutionary software “debugger” can save you
time and money.

Write today to:

MICAGH Link '

CORPORATION

624 S. Range Line Road
Carmel, Indiana 46032
Phone (317) 846-1721

For more information, Circle No 108

WE’VE GOT
THE MERCURY
REED RELAY
YOU WANT...

No matter how small
a package you need.

DON'T
MISS OUT!!

If you’re reading a borrowed
copy of EDN, don’t gamble
on missing the next issue.
EDN publishes valuable, up-
to-date information at the
forefront of electronics tech-
nology; the person who
loaned this issue to you
might not want to part with
his- copy next time. To re-
ceive your own subscription
to EDN, take a few moments
to fill out the reader qualifi-
cation card at the front of
the magazine; if the card is
missing, request one from
EDN Subscription Office, 270
Saint Paul St, Denver, CO
80206. Phone (303) 388-4511.

EDN

Everything Designers Need

EDN FEBRUARY 20, 1980

The handful of styles

you see here represent
the widest range of mer-
cury wetted reed relays in the
industry today. Over 115 different

combinations of options and fea-
tures to meet the most demanding
requirements. All Gordos mercury reed
relays feature: mercury wetted contacts;
no-bounce switching; low and stable contact
' resistance and extremely high reliability over a long
‘ life. For high density packaging—our mini PCB
' models, the smallest in the business.

{ For complete specs send for free Bulletin RR409.
Call or write GORDOS CORPORATION, 250 Glen-
wood Avenue, Bloomfield, N.J. 07003. Telephone

| GORDOS

(201) 743-6800
TWX 710 994-4787.
For more information, Circle No 109
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New Products

RECTANGULAR DUAL LED. MV57173, grommet (MP73) simplifies assembly.
available in high-efficiency red, provides MV57173, $1.20; MP73, $0.11 (1k).
an 0.5x0.25-in. lighted area by using two General Instrument Optoelectronics
LED chips with separate anodes and Div, 3400 Hillview Ave, Palo Alto, CA
cathodes. End stackable, the 4-pin unit 94304. Phone (415) 493-0400.

uses 0.2-in. DIP lead spacing and Circle No 191

operates at temperatures ranging from
—40 to +85°C. Continuous forward
current per light (at 25°C) is rated at an
absolute maximum of 35 mA; power
dissipation, 200 mW. A special mounting

CLIP/PLUG ASSEMBLY. Model 4650
in-line unit consists of a Minigrabber,
flexible lead and a banana plug made of
spring 1-piece heat-treated beryllium
copper; the plug's brass body is nickel
plated and polypropylene insulated. The
Minigrabber has a gold-plated 20-AWG
beryllium-copper contact insulated with
glass-filled nylon. The assembly comes
in lengths of 12, 24, 36, 48 and 60 in.
$1.85 to $2.05. ITT Pomona Electron-
ics, 1500 E Ninth St, Pomona, CA

91766. Phone (714) 623-3463.

Specify insulators from Circle No 192
5 different materials, 15 case
styles —coated or uncoated

Insul-cote, available on all insulator materials. Insulators coated
with thermal grease, pre-packaged in heat sealed tape. Dispensed
one at a time in an automatic production dispenser.

Thermalfilm interface thermal resistance (Re) = .52° C/Watt*.
Will not chip, fracture, crack or peel. Resists cut-thru. Dielectric
strength 5400 v/mil.

Mica, Re = .34° C/W.* Max. operating temperature 550°C. Very
low cost, dielectric strength 3-6000 v/mil.

Aluminum Oxide Ceramic, Re = .31° C/W.* Combines high
mechanical strength with extreme hardness and high chemical resist-
ance. Dielectric strength 720 v/mil (0:010” thick).

SUBMINIATURE RELAYS. Series 1565

SO p W N =

Hard Anodized Aluminum, Re = .28° C/W.* Highly resistant SA po-Dgert Units deine i chalos of
to abrasion, corrosion, crazing and chipping. spdt, spst normally open or spst normally
Beryllium Oxide, Ro = .15° C/W.* Thermal conductivity com- closed switching configuration. Measur-
parable to aluminum but exhibits excellent electrical insulating ing 0.97x0.678x0.81 in. overall (includ-
characteristics. Low electrical capacitance. Dielectric strength 240 ing terminals), their molded nylon
v/mil (4" thick). enclosures keep contacts free from dust
*For a TO-3 device torqued to 6 in.-lbs. with thermal joint compound. and dirt. Terminals mount directly on a pc

For a free catalog on the entire Thermalloy line of semiconductor and PCB bo\a/rd. Spﬁcs Pnclude V?I:igei of(;sdto
accessories and/or product samples, contact your local distributor, 24V dc, coil resistances of 11 to 720Q2 dc,
Thermalloy representative, or: coil power of 800 mW nominal (450 mW
min), expected mechanical life of 20

"'herma"oy’ Inc. million operations and electrical life of

. : 200,000 operations at rated load.
Post Office Box 340839 « 2021 West Valley View Lane A "
Dallas, TX 75234 + (214) 243-4321 + TWX: (910) 860-5542 Guardian Electric Mfg Co, 1550 W
Carroll Ave, Chicago, IL 60607. Phone

(312) 243-1100. Circle No 193

Advanced technology in semiconductor accessories.

For more information, Circle No 110
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SIEMENS

The fastest
DIP Handler

you can buy...

plus friendly tester interface.

In both configurations, ambient and hot, it's the
fastest handler commercially available. A full 10,000
per hour (max.). Including 250ms of precious test
time. With eight output sorts.

Because Siemens manufactures both testers and
handlers, we designed the 1108 Series IC handlers to
interface with virtually all testers. You can’t expect
that expertise from people who just make one or
the other.

So if you need applications assistance, give us a
call. We're sure that we can solve your problem
quickly ... probably by phone. Which will give you
some idea of how nice it is to work with a single
source that can assume total responsibility for both
sides of the interface.

For complete information on the 1108 Series IC
handler, call or write Cliff Small.

Siemens Corporation

Measurement Systems Division

2 Pin Oak Lane

Cherry Hill, New Jersey 08034 (609) 424-9210

It’'s what you’d expect
from a leading tester manufacturer.

For more information, Circle No 111
EDN FEBRUARY 20, 1980 209
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COLE DOES New Products
A LITTLE SWITCH

Abrand new half-inch en- You may never want to oper-
closed rotary switch for high | ate your switches under
reliability aerospace/air- &= water—butthe COLE 1800is

craft, electronic and medi-
cal applications. The COLE
Series 1800 meets or ex-
ceeds MIL-S-3786 in all
requirements, and is rated

available with an optional,
unique internal seal that
makes it impervious to
water, contaminants. or TRANSDUCERS. For applications in
3 3 which the output circuit is floated, these
units contain built-in circuitry that

most solvents. Another

upto1 amp. atvarious ACTUALSIZE gseful option is printed provides +0.5% accuracy for true-rms
loads; current carrying capac- circuit terminals. Call COLE for volts, amps, watts and reactive
ity is 6 amp. The new half-inch a quick turnaround quote, or volt-amperes. They come in single-

miniature is offered in single or  write for full specifications on phase:2-wire amp and volt models and
single-phase 2-wire, 3-phase 3-wire and

douﬁb'le pole, 2 to .10, or2tob the new Series 1800. 3 phase d-wire drodels an wEHs B
positions, respectively. VARs. Other specs include current rating

of 5A, voltage rating of 150V ac, watts
and VARs rated for inputs of 5A/120V,

crest factors as high as 3 and 0 to 1-mA
dc output. Volt and amp units, $48; watt
and VAR models, $125 to $160.

INSTRUMENT CORP. Yokogawa Corp of America, 5

2650 South Croddy Way, Santa Ana, CA 92704 + (714) 556-3100 Westchester Plaza, Eimsford, NY 10523.
Phone (914) 592-6767. Circle No 194

For more information, Circle No 112

= - PRESSURE SENSORS. Potentiometer-
‘ ' type devices, Series 100 units provide a
! T™M :

(- n n l E S P B 130 choice of pressure ranges from 0 to 100

Frenchtown, N J 08825 psi to 0 to 5000 psi, gauge or absolute.

 ELECTRONICS, INC. Wi 5025501 The sensors furnish 1% accuracy, 0.1%

“ repeatability, 1% hysteresis and linearity

Headers ¢ Sockets ¢ Jumpers, etc., For Back Panel Packaging tolerances to 0.5% (independent). Al

units feature Resistofilm resistive
elements that provide infinite resolution
and operational-life expectancies of 25
million cycles. From $40. Delivery, 60
days ARO. New England Instrument
Co, Kendall Lane, Natick, MA 01760.
Phone (617) 875-9711. Circle No 195

ALPHANUMERIC DISPLAY. A com-
pact, 12V -dc - operated 10'2x5x4-in.

ELEVATDH SOCKETS 8-digit unit with minicomputer-based

= : . controller and 1-in.-high characters
lsjts:lm'a:: ::i;?n:“amvﬁlagl:wf?:n?m fr::mulr;‘q; to easily readable at 75 ft, Message Central
1Ys". Series 8000 with Aries bifurcated contacts has three colored lights mounted on its
available in 14 pin on .300 centers. Also available is top that can be programmed to flash for
complete line of elevator sockets with collet contacts attention or can be lighted in different

mounted in FR-4 base material, 2 to 64 pins. Specials

for any alpha-numeric display. combinations to communicate specific

instructions. Up to 256 individually
addressable units can be controlled from
a centrally located CRT, computer or
similar input device. One to eight
separate RS-232 interfaces are possible,
and an on-line display-lamp and circuit
check can be made without shutdown.
$990. SMS, 26 Olney Ave, Cherry Hill,
NJ 08003. Phone (609) 424-5220.
Circle No 196

¥ ‘1&‘ |
: >
L VISIT BOOTH G221 NEPCON WEST.

210 For more information, Circle No 113 EDN FEBRUARY 20, 1980




New Products

Ku-BAND SOURCE. A high-power,
solid-state microwave source, Model
DMS-12418-50 YIG-tuned broadband
oscillator covers 12.4 to 18 GHz and
furnishes 50 mW into 50Q (60 mW typ)
over the full band. Other specs include
frequency linearity of +£0.15%, —60-dBc
spurious output, a maximum harmonic
content of —20 dB and —10 to +50°C
operating-temperature range. $1800.
Delivery, 90 days ARO. Weinschel
Engineering, Box 577, Gaithersburg,
MD 20760. Phone (301) 948-3434.
Circle No 197

CHIP INDUCTORS. Supermicrominia-
ture Series C devices are 2- to 500-nH
gas-tight, ceramic -glass-encapsulated
thin-film units that furnish an inductance
TC <20 ppm°C and f, to 6 GHz. They
have been cycled from —196 to +450°C
with no change in value and are radiation
qualified for space applications. Avail-
able singly or in matched sets with 2%
tolerances, the units are suitable for
applications up to and including C Band.
Thinco, Hatboro, PA 19040. Phone (215)
675-5000. Circle No 198

THERMAL PRINTHEADS. Series DM
48256, 48288 and 69414 dot-matrix units
provide dot densities of 88, 91 and 100
dots/in., respectively, and printing
speeds to 5 Ips for alphanumeric text and
up to 0.5 ips for graphics. The
printheads, furnished with a soldered
PVC ribbon cable on a standard
heatsink, can be driven by simplified nC
interface circuitry using standard 10-bit
BiMOS-latched driver packages. Mini-
mum MTBF is rated at 100 million dot
pulses per dot element and 10 million
character lines. $79.45 to $105.90 (100).
Gulton Industries Inc, 212 Durham
Ave, Metuchen, NJ 08840. Phone (212)
548-2800. Circle No 199

that can be made with 14 segments.

PLANAR DISPLAYS. The SP-450-018
(screened-image) and HB-233-01
(raised-cathode) are 14-segment alpha-
numeric gas-discharge displays that
provide upper-case letters, numbers,
many special characters and any symbol

spacing), viewable at a 130° angle.
SP-450-018 features 20 0.5-in.-high
70-fL characters, visible over a 120°
angle. Mounting depth for the screened-
image unit (including tubulation) is 0.8
in., 0.5 in. for the HB-233-01. Beckman
Instruments, 350 N Hayden Rd,
Scottsdale, AZ 85257. Phone (602)
947-8371. Circle No 201

HB-233-01 features three 0.28-in.-high
500-fL neon-orange characters for
difficult viewing environments (expanda-
ble by threes on equal centerline

EDN FEBRUARY 20, 1980

See EEM pp. 1329-1332

WHY STRUGGLE WITH CAGE ASSEMBLY?
VECTOR-PAK DOES IT FOR YOU
COMPLETELY ASSEMBLED-READY TO USE

AND OFF THE SHELF

E /NS
N\%\NP‘-‘Y)ER

$146.15
COMPLETE

EFP MODULE CAGES

Cardmount Cage Assemblies - Cards
mount in 4 std. widths of L panels; 11
off-the-shelf cages; 13 module sizes.

Discrete Card Guide Cages -- Alumi-
num or plastic. 4-way adjustable connect-
or struts. 6 sizes off the shelf.

-~
CA87HP156 $42.56(1-9)

Multi-use Cage Kits--Maximum flexi-
bility, supplied unassembled in 4 different
models to house cards and/or modules.

CCK3 $39.62 (1-9)

Continuous Card Guide Cages-Alum.
plate style has 106, .077" wide card
grooves, .150" ctrs. 4 sizes off-the-shelf.

FOR EXPERT ASSISTANCE FROM THE PACKAGING PROFESSIONALS
CALL TOLL FREE 800-423-5659
]/ g@ﬂfoﬂ[c@ﬂ[/)[l/][/Qon YOUR PACKAGING PROBLEMS.

Itn tSt K b d to |
15460 Glaaitone Ave. IL) ocked by your distributor order

Sylmar, CA 91342 Pncessub]ect m cnange without notice. 721079

Circle No 98




Measure pulsed and CW electric
fields accurately, easily
and economically

The EFS-2 E-Field Sensor measures electric fields from 1 to 300
volts/meter, pulse or CW, in a frequency range of 10KHz to 220
MHz. A companion model, the EFS-3 also offers monopulse
capability; the EFS-3 can operate on a single pulse as narrow as 1
usec. No tuning or bandswitching is required. Self-contained and
powered by rechargeable batteries, the unit is physically small,
thus has only negligible effect on the field. Accessories
are available for remote readout or control, including fiber
optic data link. Write for com-
plete data on the EFS-2 and
EFS-3. These low cost instru-
ments offer maximum versa-
tility and accuracy for measur-
ing and monitoring electric
fields.

instruments For industry, inc.

151 Toledo Street ¢ Farmingdale, N.Y. 11735
516-694-1414 Cable: Electronic Hallandale, Fla. Telex: 51-43-32

New Products

For more information, Circle No 114

Momentary
pushbutton
switches
are asnap

C&K’s got them. All

kinds of snap-acting
momentary pushbutton
miniature switches. All you

need. In SPDT, DPDT,
3PDT, and 4PDT Models with
a variety of actuator
and termination options.

Models 8121 through 8421 have a 1 amp rating.
UL listing available.

Models 8125 through 8425 are rated at 0.4
Volt-Amps for dry circuit applications.

The Primary Source Worldwide &

C & K Components, Inc. c k

15 Riverdale Avenue, Newton, MA 02158

Tel: (617) 964-6400, TELEX: 92-2546, TWX: 710-335-1163

See us at Nepcon West Show, Booth # A1426

For more information, Circle No 115

COMPUTERS
& PERIPHERALS

r

VIDEO DISPLAYS. Suited for a wide
range of applications requiring high-
speed interactive communication, Dash-
er D100 and D200 display up to 1920
7x11 dot-matrix alphanumeric charac-
ters arranged in 24 lines, each containing
80 characters. All 96 upper- and
lower-case ASCIl characters can be
shown. D200 provides a main keypad, a
12-key screen-management keypad, a
14-key numeric keypad and a 15-key
function keypad. Model D100 combines
cursor and numeric keypads; certain
function codes can be generated by
depressing a combination of keys
simultaneously.

Screen-management features include
keys that move the cursor up, down, left,
right and back to its home position. For
information highlighting and forms
design, you can select user-defined
character attributes to differentiate
portions of the displayed text. The
block-fill cursor can be addressed either
directly from the keyboard or indirectly
from the processor to ease implementa-
tion of screen-oriented applications
software. Model 6106 D100, $1750;
Model 6108 D200, $1950. Delivery, 60
days ARO. Data General Corp, Rte 9,
Westboro, MA 01581. Phone (617)
366-8911. Circle No 214

PRINTER ADAPTER. Capable of driving
a printer with an RS-232 interface from
the Commodore PET I|EEE-488 bus,
ADA 1400 is addressable, works with
Commodore discs and prints upper- and
lower-case ASCIl characters. A PET
IEEE-type port is provided for daisy-
chaining other devices. The unit also
comes with a cassette tape with
programs for plot routines, data
formatting and screen dumps. $179,
including PET IEEE-bus cable, RS-232
cable, power supply, case, instructions
and software. Connecticut MicroCom-
puter Inc, 150 Pocono Rd, Brookfield,
CT 06804. Phone (203) 775-9659.
Circle No 215
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*Panelgraphic®901 provides Steel Wool &
Chemical Resistant properties.

PaNeLGraPHIC COrporation

10 Henderson Drive » West Caldwell, New Jersey 07006
Phone (201) 227-1500; TWX: 710-734-4367

For more information, Circle No 120

DON'T
MISS OUT!!

If you're reading a borrowed
copy cf EDN, don’'t gamble
on missing the next issue.
EDN publishes valuabie, up-
to-date information at the
forefront of electronics tech-
nology; the person who
loaned this issue to you
might not want to part with
his copy next time. To re-
ceive your own subscription
to EDN, take a few moments
to fill out the reader qualifi-
cation card at the front of
the magazine; if the card is
missing, request one from
EDN Subscription Office, 270
Saint Paul St, Denver, CO
80206. Phone (303) 388-4511.

Everything Designers Need

EDN FEBRUARY 20, 1980

Precision,
Monolithic,
Low Voltage
References.

THE FERRANTI ZN423 (1.26V) AND
ZN458 (2.45V)—for use in Instrumentation,
A/D-D/A Converter Systems,

Power Supplies, and as Low Power
Voltage Regulators

= Two terminal design allows positive or
negative operation

= AVo aslow as 30 PPM/ °C with any
combination of TC, line and load within
specified limits

= Wide reference current range:
ZN423,1.5t0 12mA; ZN458, 2to 120mA

= Low slope resistance:
ZN423,1.00 max.; ZN458,-0.20 max.

= L ow RMS noise, lessthan 10 pv

= Excellent long term stability,
10 PPM/1000 hrs.

CIRCUIT DIAGRAM

|

2 LEAD TO-18

better by design

FOR COMPLETE SPECIFICATIONS, CONTACT:

FERRANTI ELECTRIC, INC.,/ SEMICONDUCTOR PRODUCTS

87 MODULAR AVENUE, COMMACK; NEW YORK 11725
PHONE: (516) 543-0200

For more information, Circle No 121




Now-Analyze,
Monitor, & Record
Disturbances on
both the AC Line
and 2 DC Levels
simultaneously

Fantastic new version of the
original Series 606 micro-
programmed line-disturbance
monitor, the Series 616
senses impulses, sags/surges,
and slow-average variations
in one AC and two DC levels,
simultaneously. Internal
processor prints out all data
on each type of disturbance,
with time signature; also
summaries, daily and on demand. Performs all
tests required to verify static and transient
behavior of power-supply systems, especially
UPS, at the factory and on-site.

0o OF ON

3 AC Lines
plus Frequency

simultaneously

The proven, industry-
standard way to analyze
power-line behavior now
adds over/under frequency
monitoring to its 1, 2, or

3-phase voltage monitor-
ing — Series 606 with
Option 101 . . . a must for
power-line-critical
installations!

Come see

the complete
Dranetz Line of
Power System
Instruments at
PowerCon 7

We’ll be on the exhibit floor,
and participating in the
technical program, too!

or send

for full
data

Use the inquiry number,
call, or write for
comprehensive data file.
DRANETZ ENGINEERING
LABORATORIES, INC.,
2385 South Clinton Avenue,
South Plainfield, N.). 07080.
(201) 755-7080.

For more information, Circle No 99

New Products

DISKETTE HARDWARE. This
Multibus-compatible system is hardware
and software compatible with Intel's
MDS-800 and Series |l computers.
ZX-710/720 provides a complete
bulk-storage system that can operate
with single- or double-density recording
formats and replaces Intel's' MDS-710,
-720, -2DS, -DDS and SBC-201, -202,
-211 and -212 systems. Shugart SA801
drives are housed horizontally in a 19-in.
rack-mountable chassis. $3900. Zendex
Corp, 6398 Dougherty Rd, Dublin, CA
94566. Phone (415) 829-1284.

Circle No 216

BAR-CODE WAND. Designed to scan
bar code and output a logic-level
pulse-width representation of the bars
and spaces, HEDS-3000 digital unit has
a push-to-read switch and fits applica-
tions in portable data entry and
microperipherals. The heart of the unit is
a precision optical sensor that reads all
common bar-code formats printed with a
minimum bar width of 0.3 mm (0.012in.).
Signal-conditioning circuitry in the wand
includes an analog amplifier, a digitizing
circuit and an output transistor.
Logic-level outputs are TTL and CMOS
compatible. $99.50. Hewlett-Packard
Co, 1507 Page Mill Rd, Palo Alto, CA
94304. Phone (415) 856-1501.

Circle No 217

8086/8088 SOFTWARE. A relocatable
macroassembler, linking loader and
simulator for the 8086/8088 wP, these
programs are written in ANSI-standard

FORTRAN IV and run on any
general-purpose computer, = including
16-bit minicomputers. Assembler fea-
tures include conditional assembly,
macroassembly and a symbol or
cross-reference table; the object-module
output can be in a relocatable format or
produced directly in Intel's hex format.
Program, data, stack and common
segments are provided. Assembler and
linking loader, $1250; simulator, $1000;
manual for any of the programs, $15.
Microtec, Box 60337, Sunnyvale, CA
94088. Phone (408) 733-2919.

Circle No 218

TAPE SYSTEM. Model 2101 GPIB-
compatible unit uses '%-in. tape and
provides transfer rates in excess of 100k
bytes/sec and a dual buffering capacity
to 16,384 bytes. A dedicated Z80A uP
manages bus-interface, formatter and
tape-transport functions within the
system. Systems can be 7 or 9 track and
NRZI, phase encoded or dual mode in a
variety of reel sizes, with or without code
conversion. From $7995. Dylon Corp,
3670 Ruffin Rd, San Diego, CA 92123.
Phone (714) 292-5584. Circle No 219

CLUSTERED SYSTEM. For general
office applications requiring more than
one workstation, Mini Cluster
information-processing system performs
data, communications and word/text
processing with a common file structure
for the word, data and communications
data bases. The standard storage
module combines a New World
Computer 2M-byte Winchester hard disc
with an 8-in. floppy disc. The standard
system consists of a CPU, the New
World Intelligent Information Storage
Module, an NEC printer and up to four
secondary processors. $27,000 to
$45,000. Xmark Corp, 3176 Pullman St,
Costa Mesa, CA 92626. Phone (714)
556-9210. Circle No 220

EDN FEBRUARY 20, 1980




“Smart force” power

PROBLEM:

As electroluminescent lamps age, their brightness
drops off considerably. Until now, this characteristic
has stymied many engineers who sought the exciting
design advantages offered by EL technology.

OLD SOLUTION:

“Brute force” — continually increase voltage sup-
plied to lamp to sustain EL brightness over lamp life
duration. Method often contributed to premature
lamp failure. And componentry was expensive!

NEW SOLUTION:

“Smart force” — achieve essentially constant EL
brightness through self-correcting DC-to-AC power
inversion. Energy-efficiency at /ow cost!

Initial brightness vs. time:
[

= =]

0°1"2 3 4 &5 6 78790
hrs. x 100

Luminescent Systems #20014-2 EL

lamp (16 IN?) and ERG E613 - E0003
inverter (VIN = 12V).

ERG DC-to-AC
inverter
Patent pending

EL power
starts here!

A=A

ERG spearheads the EL power breakthru!
From Endicott Research Group comes an exciting
new development in electroluminescent power
technology! An economical, yet reliable, power
source which overcomes the problem posed by
EL aging.

Because it automatically adapts its own voltage
and frequency over the course of EL lamp life, our
“smart force” E600 DC-to-AC inverter delivers con-
stant power output, maintaining essentially
constant brightness.

“ERG”opens the door to the EL universe

Our E600 helps you open the door to almost
limitless design options made possible by electro-
luminescence. Use EL to backlight LCD’s, mem-
brane switches and “dead-front” panels. Or put EL
to work for lighting, for signalling, for decorating,
in a host of consumer, industrial and military
applications!

Tell us about your EL power needs

Our E600 has met the economy and reliability needs
of the auto industry! And now, we can tailor EL
power to your needs.

Let us know your: 1. EL surface area to be excited;
2.type of EL phosphors; and 3. brightness level
desired.

Call or write today!

Subsidiary of Endicott Coil Co., Inc.
P.O. Box 128 Westview Station, Binghamton, N.Y. 13905
.« 607-798-7846 TWX 510-252-0155

r--*e Endicott Research Group.Inc.

For more information, Circle No 117
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£Electrocube capacitors

FOR SWITCHING
POWER SUPPLY
APPLICATIONS

*TM DuPont

Look into Electrocube’s Series 230Z
subminiature 35VDC Mylar* wrap-and-fill and
epoxy case capacitors for your switching
power supply applications. Save up to 50% on
PCB real estate, and realize smaller regulation
circuitry, higher operating frequencies, less DF
loss and lower cost. Choose from three
configurations, and wide selection of
capacitances ... 0.0010 to 100 mfd. Call the
Cube to discuss your switching power supply
applications at (213) 573-3300... or write
Electrocube, 1710 S. Del Mar Ave., San Gabriel,
CA 91776.

New Products
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For more information, Circle No 118

New ...
Improved Design!

Costly 1/Cs Need Our
iZero-Insertion-Force”
Production Sockets!

Improved socket opens easily, retains device
with 50% greater force than original design!
No tools — or screwdrivers — necessary for
opening or closing socket.

I/Cs literally ‘‘drop’ into open socket — no
lead damage!

Positive-wiping, dual-leaf contacts provide
true reliability when socket is closed.

New design now available for 24- and 40-lead
production applications.

See our full line at
NEPCON/WEST
Booth No. 314.

WELLS ELECTRONICS, INC., 1701 S. Main, So. Bend, IN, USA

For more information, Circle No 119

INSTRUMENTATION
& POWER SOURCES

MOTOR CONTROLLER. Manufactured
under license from NASA, these Power
Phaser versions of the NASA induction-
motor controller (EDN, September 5,
1979, pgs 185-189) can reduce motor
operating cost up to 70%, improve power
factor and extend operating life.

Model A1110C single - phase, 1-hp
120V/15A rms max (50 or 60 Hz) unit
connects to any grounded 120V
receptacle and measures 5x2.6x2 in.;
the motor to be controlled plugs directly
into it. Model A1110 has the same ratings
but wires into the motor circuit.

Single-phase 5x5x2-in. Model A5220
also wires directly into a motor circuit but
can handle 240V/30A rms max (50 or 60
Hz). A 3-phase unit will be available in
the near future. A1110C (consumer
grade), $29.95; A1110 (industrial grade),
$49.95; A5220 (industrial grade), $89.95.
Delivery, 6 to 8 wks ARO. Lincomm
Corp, Box 543, Bel Air, MD 21014.
Phone (301) 838-8293. Circle No 166

MEGOHMMETER. MG2A provides
direct-reading measurements of high
resistances and insulation resistances
from 30 kQ to 10° MQ (1 TQ) in 18
ranges. Features include three constant
test voltages (50, 250 and 500V dc),
adjustable time constant, built-in guard
terminal, automatic discharge after
measurement and battery check. The
unit comes with batteries, (six AA cells),
a line-voltage adapter for 120/220V ac
power and test leads. $738.50. AEMC
Corp, 729 Boylston St, Boston, MA
02116. Phone (617) 266-8506.

Circle No 167
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We just devalued
the uA9708.
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It's now down to $1.89 per thousand.
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temperature. And 30-volt maximum  or write Linear Products at Fairchild
analog and digital input range. Semiconductor Products Group,

We'd like fo tell you more about P.O. Box 880A, Mountain View,
our remarkable produc! pE——T T California 94042,
at a remarkable price.  EAIRC H I LD Telephone: (415) 962-4903.
For a data sheet and an ISR \V/X: 910-379-6435.

For more information, Circle No 116
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New Products

HIGH-VOLTAGE SYSTEM. With installa-
tion of any combination of up to 16
high-voltage modules and accessories,
the B-HiVe enclosure allows full control
of as many as 32 different and
independent outputs. A dedicated nC
and ROM-based software furnish
remote-computer or front-panel control of
output voltage and output current limit as
well as front-panel or remote digital
monitoring of output voltage and current.
Available positive- and negative-polarity
modules have output-voltage ranges up
to 7.5 kV and output-power ranges up to
30W. From $6500. Bertan Associates
Inc, 3 Aerial Way, Syosset, NY 11791.
Phone (516) 433-3110. Circle No 168

DATA MONITOR. CMC232LT provides
an in-line status display and true 3-level
monitoring for EIA RS-232 communica-
tion lines. Twelve dual-color (red and
green) LEDs indicate red for mark
(=+3V) and green for space (=-3V)
and remain unlit for signal levels
between +3 and -3V. The rugged,
pocket-sized, Lexan-cased unit is
powered from the communication lines,
eliminating the need for batteries. Each
signal line, except line 1 (protective
ground) contains a DIP switch that allows
it to be opened. $200. Carroll Mfg, 1212
Hagan St, Champaign, IL 61820. Phone
(217) 351-1700. Circle No 169

ISOLATION TRANSFORMER. The
PR57 Powerite 400W isolation trans-
former, line monitor and safety checker
allows you to vary the ac output voltage
from 0 to 140V and to check leakage
(with probe) to the high and low sides of
an ac line, reading it directly on a meter in
microvolts. You can also use the meter
(protected against overload should the
probe touch the ac line) to monitor

ac-voltage output from 0 to 150V, ac
current from 0 to 4A and wattage (in VA)
to 470W. The unit is protected by a
magnetic circuit breaker and fuse and
weighs 18 Ibs. $375. Sencore Inc, 3200
Sencore Dr, Sioux Falls, SD 57107.
Phone (605) 339-0100. Circle No 170

DUAL-OUTPUT SUPPLY. Delivering
+18 to =24V at 2.4A, continuously
variable, the 115W HCC24-2.4 features
115/230V ac +10% input, =0.05% line
and load regulation and full protection
against short circuits and overload.
Maximum output ripple is 5 mV p-p, and
full-load operating-temperature range is
0 to 50°C, with derated operation to 71°C.
The unit meets MIL-STD-810C and
carries a 2-yr warranty. $79.95.
Power-One Inc, Power One Dr,
Camarillo, CA 93010. Phone (805)
484-2806. Circle No 171

DC/DC CONVERTERS. For vacuum-
fluorescent displays, these converters
operate from 5V 0.5V dc and provide a
regulated dc output voltage and a
regulated, isolated and floating ac output.
Ambient operating temperature range is
0 to 50°C. Two converter sizes (C-2, C-3)
are available based upon lamp power
requirements. C-2, $5.35; C-3, $9.90
(100). TDK Corp of America, 2041
Rosecrans Ave, El Segundo, CA 90245.
Phone (213) 644-8625. Circle No 172

MICRO DEVELOPMENT TOOLS. For
6500 Series nPs, MDT 1000 includes a
54-key keyboard and case, a 12-in. video
monitor, dual cassette interface, power
supply, EPROM programmer, a 4k-byte
static RAM board, a CPU board with both
serial and parallel printer interfaces and
a video interface. It also provides sockets
for four ROMs, system RAM AND ACIA
for serial communications and a 4-slot
mother board with two sockets installed.
Software support comes as 12k bytes of
ROM-resident firmware, a 4k monitor
with debugging features and an 8k-byte
assembler/editor which operates on

line-numbered text. $1495. Synertek
Systems Corp, 150 S Wolfe Rd,
Sunnyvale, CA 94086. Phone (408)
988-5690. Circle No 173

L

SCOPE PROBE. The SP100's ground-
reference switch position allows an
oscilloscope input to be grounded at the
probe tip, facilitating ground reference
location on the CRT display and also
serving as a positive means of trace
identification. A universal unit, the probe
can be used with Tektronix, Hewlett-
Packard, Philips and other scopes.
Features include rugged and flexible
construction, a 100-MHz bandwidth and
a 10- to 60-pF compensation range. $36
for the probe with sprung hook, trimmer
tool, BNC adapter, IC tip and insulating
tip. Test Probes Inc, Box 2113, La Jolla,
CA 92038. Phone (714) 459-4197.
Circle No 174

EPROM PROGRAMMER. Model 2778
programs 8k, 16k, 32k and 64k
EPROMSs, the 8748 pC and the 8755A
expansion memory. Operating with the
Intellec n.C development system, it does
not need personality modules; operation
is through normal console devices, using
software provided (on single and double
diskettes) with the programmer.
EPROMs that can be programmed
include the 2708, 2716 and 2732; TMS
2516, 2532 and 2564; 8741A, 8748,
8755A, Intel 2764 and Motorola MCM
68764. $1295. Delivery, 4 to 6 wks ARO.
Texas Microsystems Inc, 10530
Rockley Rd, Suite 108, Houston, TX
77099. Phone (713) 933-7503.

Circle No 175
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Announcing Split/Tran-

high isolation at prices
lower than standard
PC board transformers.
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Split bebbin design makes the difference

)

Inc., 500 Bayview Ave

Recognized Component
Underwriters Laboratories,

» 2500V RMS HIPOT + NON-CONCENTRIC WINDINGS New from Signal
—miniature PC board transformers with high isolation (2500V RMS HIPOT.
standard) and low capacitive coupling. All this and lower than standard
transformer prices, too. Split/Tran is available with single 115V or dual
115/230V primaries. Secondary windings are split, so they can be series or
parallel connected. Like all our other transformers and chokes, Split/Tran
is always ready for Pronto delivery. Write or call: Signal Transformer Co.,
.. Inwood, N.Y. 11696; Tel. (516) 239-7200.

PART NUMBER* PART NUMBER*
Single 115V| Dual 115/230V SECONDARY RMS RATING Single 115V| Dual 115/230V)| SECONDARY RMS RATING
6 Pin 8 Pin Series Parallel 6 Pin 8 Pin Series Parallel
ST 3-10 |DST 3-10 10V C.T. @ 0.25A| 5V @ 0.5A ST 3-28 | DST 3-28 28V C.T. @ 0.085A| 14V @ 0.17A|
ST 4-10 |DST 4-10 10V C.T. @ 0.6A 5V 1.2A ST 4-28 | DST 4-28 28V C.T. @ 0.2A 14V @ 0.4A
ST 5-10 |DST 5-10 1OVC.T. @ 1.2A 5V 2.4A ST 5-28 | DST 5-28 28V C.T. @ 0.42A | 14V @ 0.84A|
ST 6-10 |DST 6-10 10VC.T. @ 2A 5V 4A ST 6-28 | DST 6-28 28V C.T. @ 0.7A | 14V @ 1.4A
T 3-12 |DST 3-12 12.6V S.T, g 0.2A |6.3V g 0.4A ST 3-36 | DST 3-36 36V C.T. (% 0.065A |18V @ 0.13A
T 4-12 |DST 4-12 12.6V C.T. 0.5A |6.3V 1.0A ST 4-36 | DST 4-36 36V C.T. @ 0.17A | 18V @ 0.34A
ST 5-12 |DST 5-12 126V C.T. @ 1.0A |6.3V @ 2.0A ST 5-36 | DST 5-36 36V C.T. @ 0.35A | 18V @ 0.7A
ST 6-12 |DST 6-12 126VC.T. @ 1.6A |63V @ 3.2A | ST 6-36 | DST 6-36 36V CT @0.55A |18V @ 1.1A
ST 3-16 |DST 3-16 16VC.T.@ 015A| 8V @ 0.3A | ST 3-48 |DST 3-48 48V C.T. g 0.05A |24V @ 0.1A
ST 4-16 |DST 4-16 16V C.T. @ 0.4A 8V @ 0.8A ST 4-48 | DST 4-48 48V C.T. @ 0.125A | 24V @ 0.25A|
ST 5-16 |DST 5-16 16V C.T. @ 0.8A 8V % 1.6A ST 5-48 | DST 5-48 48V C.T. % 0.25A |24V @ 0.5A
ST 6-16 |DST 6-16 16VC.T. @ 1.25A| 8V @ 2.5A | ST 6-48 |DST 6-48 C.T.@ 04A |24V @ 0.8A
ST 3-20 |DST 3-20 20VC.T. % 0.12A| 10V % 0.24A | ST 3-56 | DST 3-56 56V C.T. % 0.045A | 28V @ 0.09A
ST 4-20 |DST 4-20 20V C.T. 0.3A | 10V @ 0.6A ST 4-56 | DST 4-56 56V C.T. @ 0.11A |28V @ 0.22A]
ST 5-20 |DST 5-20 20V C.T. % 0.6A | 10V % 1.2A ST 5-56 | DST 5-56 56V C.T. @ 0.22A |28V @ 0.44A]
ST 6-20 |DST 6-20 20V C.T. 1A | 10V@2A ST 6-56 | DST 6-56 56V C.T. @ 0.35A |28V @ 0.7A
ST 3-24 |DST 3-24 24V C.T. g 0.1A | 12V @ 0.2A | ST 3-120 | DST 3-120 [120V C.T. 0.02A | 60V @ 0.04A|
ST 4-24 | DST 4-24 24V C.T. @ 0.25A( 12V @ 0.5A ST 4-120 | DST 4-120 ([120V C.T. 0.05A |60V @ 0.1A
ST 5-24 [DST 5-24 24V C.T.@ 0.5A | 12V 1.0A ST 5-120 | DST 5-120 [120V C.T. @ 0.1A |60V @ 0.2A
ST 6-24 |DST 6-24 24V CT. @ 0.8A | 12V 1.6A ST 6-120 [ DST 6-120 |120V C.T. 0.16A | 60V @ 0.32A
*Explanation of Part Number: Series—ST; Size 4. Series Secondary Volts—36
Special variations will be quoted and shipped promptly. NET PRICES (1-9 pes.) DISCOUNT SCHEDULE
& ALL ALL 10-24 25%
ST-3 $6.04 DST-3 $7.14 25-49 35%
ST-4 6.18 DST-4 7.29 50-99 43%
ST-5 6.77 | DST-5 7.96 100-249 51%
smna ST-6 8.48 DST-6 '9.69 250 Over Quote
TRANSFORMER

For more information, Circle No 122




Sales Offices

H Victor Drumm
Executive Vice President
and Publisher

Boston, MA 02116

(617) 536-7780

NEW YORK CITY 10017

George Isbell, Regional Manager
Bill Segallis, Regional Manager
205 E 42nd St (212) 949-4423

BOSTON 01880

Richard Parker, Regional Manager
Hal Short, Regional Manager

1 Lakeside Office Park

Wakefield, MA 01880

(617) 246-2293

PHILADELPHIA 19087

Steve Farkas, Regional Manager
George Isbell, Regional Manager
999 Old Eagle School Rd

Wayne, PA 19087

(215) 293-1212

CHICAGO 60521
Clayton Ryder, Regional Manager
Charles Durham, Jr
Regional Manager
15 Spinning Wheel Rd
Hinsdale, IL 60521
(312) 654-2390

CLEVELAND 44115
Charles Durham, Jr

Regional Manager
1621 Euclid Ave
(216) 696-1800

DENVER 80206
John Huff, Regional Manager
270 St Paul St (303) 388-4511

SAN FRANCISCO 95008

Hugh R Roome, Vice President,
Northwest Regional Manager

Sherman Bldg

3031 Tisch Way, Suite 1000

San Jose, CA 95128

(408) 243-8838

LOS ANGELES 90036
Ed Schrader, Regional Manager
Charles J Stillman, Jr
Regional Manager
5670 Wilshire Blvd
(213) 933-9525

TOKYO 106 JAPAN
Tomoyuki Inatsuki

TRADE MEDIA JAPAN INC
R212, Azabu Heights
1-5-10 Roppongi, Minato-ku
Tel: (03) 585-0581

Telex: J28208 MEDIAHS

CAREER OPPORTUNITIES
Eastern US

Art Wilson

205 E 42nd St, New York
NY 10017 (212) 949-4451
Western US

Diane Smith

5670 Wilshire Blvd

Los Angeles, CA 90036
(213) 933-9525
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Maximize printing rate
of thermal printheads

Application Report No 10 illustrates how
you can maximize the printing rate of
thick-film thermal printheads by using
external compensation for the physical
properties of the printing element.
Increasing pulse power and decreasing
pulse width offers one solution, which is
discussed. The note also explains the
use of a positive-temperature-coefficient
disc thermistor bonded directly to the
back of the heat sink to control
temperature. A simple circuit decreases
the power in successive print pulses so
that a relatively constant print-element
temperature can be maintained. Gulton
Industries Inc, Hybrid Microcircuit Dept,
212 Durham Ave, Metuchen, NJ 08840.

Circle No 236

Analysis techniques for
troubleshooting minis

“Minicomputer  Analysis Techniques
Using Logic Analyzers” includes theory
and examples of procedures for software
evaluation, code optimization, perform-
ance analysis and troubleshooting
complex digital systems. Ten applica-
tions illustrate the use of logic analyzers
with system crashes, complex program
tracing, asynchronous buses and turn-on
failures. Hewlett-Packard Co, 1507
Page Mill Rd, Palo Alto, CA 94304.
Circle No 237

Learn the basics
about bubble memories

“Bubble Memory Devices” explains the
principles of the magnetic - bubble
memory and the technology developed
by this company. Chapters include an
explanation of what a bubble memory is,
what magnetic bubbles are and how to
use them for memory applications. The
16-pg booklet also details loop
organization and the peripheral circuitry
necessary for bubble memories to
function. Fujitsu America Inc, Compo-
nent Sales Div, 910 Sherwood Dr-23,
Lake BIuff, IL 60044.  Circle No 238

Heat sinks for cooling
electronic devices

Catalog #1 contains 45 pgs of
information and specs for heat sinks that
dissipate 10W or more, while the 45-pg
Catalog #2 covers devices for applica-
tions where less than 10W must be
dissipated. In addition to ordering
information on a wide selection of heat
sinks and extrusions, each catalog
contains a compendium section on
heat-sink selection and heat-sink
performance under both forced and
natural convection conditions. The
accessories section describes hardware,
coatings and thermal compounds used
with the company’'s devices. EG&G
Wakefield Engineering, 60 Audubon
Rd, Wakefield, MA 01880.

Circle No 239

A line of high-efficiency
switching power supplies

Brochure 146-1396 covers in detail the
RMK/RMX line of single-output designs
with output ranging from 30 to 300W. The
4-pg sheet provides input and output
characteristics, data on both built-in and
add-on EMI-suppression devices, con-
structional details and outline dimension-
al drawings. Kepco Inc, 131-38 Sanford
Ave, Flushing, NY 11352.

Circle No 240
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6800/6801
MICRO SOFTWARE

* * * CROSS SOFTWARE * * *

6800/6801 assembler ....$ 800
PL/Wcompiler .......... $1400
crosslinker ............. $ 400
math/science ........... $ 500
SHAUIBTOT Lo e vim s sn s w0+ $ 800
***RESIDENT SOFTWARE * * *
editor/assembler ......... $ 95
industrial 4AKBASIC ....... $ 95

IMR@M: L s $299

A WINTEK
Corp

317-742-8428
1801 South St., Lafayette, IN 47904

For more information, Circle No 124

NOISE FILTERING & HIGH CURRENT INDUCTORS.
Ideal for switching power supplies and regulators
pwr. ampl.,, SCR or Triac circuits, etc. The low-
cost std. SKP series spans 30-150 uH & -carries
2, 3 and 5 Adc ratings. The SKC high current
series covers 30-200 xH and handles 5-40 Adc.
Specials can be economically developed. Availa-
bility of popular types is on an off-the-shelf to
6-weeks basis. For specific pricing, delivery and
design criteria details contact Pan-Magnetics Int.,
Inc., 137 Eucalyptus Dr., EI Segundo, CA 90245.
213-322-1075.

For more information, Circle No 125

WRITE OR CALL FOR SAMPLE

”

Put a low cost temperature
gauge on everything.

The center spot on a Tempilabel® Temperature Monitor turns black
when the surface to which it is affixed reaches the specified tem-
perature for that label. Reliable Tempilabel® monitors are available
with single spots or with multiple spots with pre-determined incre-
ments of ratings for monitoring safe operating temperatures.
Tempilabels ° are self-adhesive and may be removed and attached
to reports for permanent records. Temperature ranges: 100°F
(33°C) to 600°F (316°C). 1% accuracy guaranteed. Monitors
with1, 4, 6 or 8 ratings on each withvarious increments. Priced as
low as 10¢ each. Write or call for free sample. Circle number below

for catalog & prices. 910
Temp

Division, Big Three Industries, Inc.
So. Plainfield, NJ 07080. (201) 757-8300. Telex 138662.

For more information, Circle No 126

Literature

Comprehensive source for
optical components

Divided into 10 product categories, this
152-pg handbook details optical benches

and accessories; lasers and accessories;
precision positioning devices; light
sources; monochromators; radiometers
and detectors; pulsed-light systems;
optical filters; polarizing optics; and
optical components and coatings.
In-depth specs, features, photos, pricing
information and application data combine
for complete product descriptions. Oriel
Corp, 15 Market St, Stamford, CT
06902. Circle No 241

Details on IEEE-488
programming procedures

App Note 401-1 explains the principles of
programming instrument systems under

the control of the company’'s HP 1000
computer systems, interconnected by
means of the HPIB. Chapters discuss
how to get started, system preparations,
bus status and configuration utility,
performance measurements and assign-
ing logical unit numbers. The publication
also lists 21 other available app notes,
each of which gives specific details on
programming an HPIB-interconnected
computer system for use with a particular
instrument. Request this app note on
company letterhead. Hewlett-Packard
Data Systems Div, 11000 Wolfe Rd,
Cupertino, CA 94014. INQUIRE DIRECT

RENT
THIS
SPACE

EDN 1/9-page ads feature:
e Color border highlighting
e Always next to editorial

e Rate: $400 per insertion
e Reaches over

100,000 engineers

For details contact:

Donna DiChiara
EDN

221 Columbus Ave.
Boston, MA 02116

For more information, Circle No 127

5 8 L o,
Q/PAC™ power distribution elements
obsolete decoupling capacitors, eliminate
on-board power and ground traces and
extra board layers. Q/PAC elements
maximize packaging density; minimize
signal interconnection problems. Ca-
pacitance values to 0.05 uf per inch;
lengths to 16”. Contact Q/PAC product
specialistat ROGERS CORPORATION,
Chandler, AZ 85224, (602) 963-4584.
EUROPE: Mektron N.V., Gent, Belgium
JAPAN: Nippon Mektron, Tokyo.

For more information, Circle No 128

High Voltag
Interconnection
Problem Solvers

We design and manufacture
sophisticated connectors and
cable assemblies for contin-
uous performance and relia-
bility in extreme industrial
and military environments.
Voltages to 200 KV. Temps
from -85°C to R00°C. Altitudes
thru 70,000 ft. All corona-
free.-Our QC systems exceed
MIL-I-45208 and are
approved by many aerospace
prime contractors.

We’ve solved hundreds of
tough interconnection
problems. Test us with yours.
Pictured

E-2C (40 KV series)

ALQ-131 (RMC series)

AWG-10 (JA series)

ALQ-94 (RLA series)

. ALQ-126 (Sub-miniature series)

Call or write: Dept.
)
o8/

s ® Cable A ® Electronic Products
6225 Benore Road, Toledo, OH 4361R, (419) 729-9761.
West Coast Office (408) 997-0157 or (213) R35-2070.

For more information, Circle No 129
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MULTIBUSTM DISPLAY
You can save time & money by seeing
what your MULTIBUS is doing during
hardware debug & software integration.
The ZX-906 Display plugs directly into
MULTIBUS and gives you a latched 20-
Bit Address and 16-Bit Data Hexadecimal
Display according to IO/MEM addresses
=, > , < set value. $250 each from stock.
ZENDEX Corporation, 6398 Dougherty Rd.,
Dublin, CA 94566 (415) 829-1284.

For more information, Circle No 130

When shoul you
use Mini7Bus?

Board is crowded, you need more room
for signal interconnections, want to
avoid multi-layers. Use MINI/BUS® PC
Chandler, AZ 85224

board bus bars.
Phone: (602) 963-4584

EUROPE. Mektron N.V., Gent, Belgium JAPAN: Nippon Mektron, Tokyo

Rogers Corporation

For more information, Circle No 131

SWITCH-MODE
~ POWER SUPPLY

50 WATTS —4 OUTPUTS.

ALTERNATE SOURCE FOR BOSCHERT OL-50. Designed to
meet UL, CSA, BSI, SEVand VDE. No REL filter required.
120/240 VAC input, 5V-6A, +12V-25A, -12V-1.0A, -5V-1A,
50 Watts Max. 16ms hold-up. 7.75"” x4.25"x 2.25" 1.36 Ibs
27 Watt version and OL-65 also available.

SIX YEAR GUARANTEE.

CONVER.....

10631 Bandley Drive Cupertino, CA 95014 (408) 255-0151

For more information, Circle No 132
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Questions and answers on
automated network analyzer

This 4-pg brochure answers frequently
asked questions about the company's
automated network-analyzer system for

microwave test applications over the
10-MHz to 18-GHz range. It includes
details on operation, accuracy, test
times, programming, training and prices.
Graphics illustrate controls, test se-
quence, hard-copy output, accuracy
characteristics, test setup and system
components. Wiltron Co, 825 E
Middlefield Rd, Mt View, CA 94043.
Circle No 242

New products highlight
data-conversion handbook

A 384-pg revised book contains
information on A/D and D/A converters,
data-acquisition systems, computer
analog /O peripherals, sample/holds,
analog multiplexers, op amps, power
supplies, dc/dc converters, digital panel
meters and printers, digital voltage
calibrators and data-logging instruments.
Tabular selection guides categorize the
broad line of data-conversion devices by
performance. In addition, complete data
sheets detail key products. Datel-
Intersil, 11 Cabot Blvd, Mansfield. MA
02048. Circle No 243

Real-time executive

for popular pCs

A 60-pg introductory paper covers
organization, design concepts, data
structures and major facilities of the
REX-80 real-time executive for 8080,
8085 and Z80 microcomputers. It
discusses advantages of the real-time
executive approach and gives several
application examples. $5. Systems and
Software Inc, 2801 Finley Rd, Dowrers
Grove, IL 60515. INQUIRE DIRECT

20,000 ELECTRONIC COMPONENTS AND
HARDWARE Specifications, tech. drawings
and features proliferate in the new, H.H.
Smith Engineering Reference Guide. The
104 page catalog details Smith’s state-of-
the-art component line and its new Ter-
minal Blocks, Binding Posts, Test Leads,
Adapters, Plugs, Jacks. Parts cross index
is included. For free copy write: Herman
H. Smith, Inc., 812 Snediker Ave., Brook-
lyn, N.Y. 11207, (212) 272-9400.

For more information, Circle No 133

INDUSTRY’S LOWEST-COST SCR TRIG-
GERS. Trigate® pulse transformers . . . de-
pendable enough for industrial equipment,
yet priced for high-volume commercial use.
Balanced pulse characteristics and eneray
transfer. Increased energy transfer effi-
ciency. Fast pulse rise time. Axial lead and
pre-molded case designs. Single-ended
units with pin leads for printed boards also
available. Write for Bulletin 40003B to
Sprague Electric Co., 491 Marshall St.,
North Adams, Mass. 01247. (413) 664-4411.

For more information, Circle No 134

People
of allages die of
heartdisease
and stroke.

American
Heart

" Association
WE'RE FIGHTING FOR YOUR LIFE

For more information, Circle No 135




CAREER OPPORTUNITIES

To place an advertisement in this section contact:
ART WILSON, Recruitment advertising manager
Cahners Publishing Company, 205 East 42nd Street, New York, NY 10017
Direct Phone (212) 949-4451—Direct Telecopier (212) 949-4428
Rates: $60.00 per column inch, commissionable to advertising agencies

Scientific Programmers GET

Some companies offer you only a job;

Thiokol in Utah offers you a way of life. R E S U LT S
Located in the beautiful mountain country of Northern Utah, Thiokol
Corporation has opportunities for individuals with B.S. in Math, Com-
puter Science or Engineering Sciences. These positions require a
minimum of 2 years’ experience programming technical engineering -
applications on IBM 360-370 series computers. Experience should in- WIth

clude stress analysis, CAD/CAM, data reduction or aerothermo ap-
plications.

Thiokol is a solid company and a progressive leader in Aerospace
Technology. Our modern facility provides a professional atmosphere
where you have the opportunity to progress to the upper limits of
your ability. For your family, a community where the social and en-
vironmental problems of today’s society are virtually non-existent,
and recreational activities are unlimited. Reasonable housing costs
still exist here.

For consideration, please send resume, including salary history and

requirements to Professional Employment, Dept. EDN-220, P.O. Box career
524, Brigham City, Utah 84302. U.S. citizenship required. An equal op-
portunity employer m/f.

Thiokolf Opportunities

WASATCH DIVISION Advel‘tlsing

When you advertise in EDN magazine, you can be sure of reaching only
the people you are trying to recruit. Every reader is a potential employee.

We reach the highest percentage of all significant personnel in our in-
dustry. That is why you must consider EDN for your recruitment advertis-
ing. You’'ll find us not only effective, but a more economical magazine.
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ELECTRONICS

As specialists in the Electronics In-
dustry, we are representing several com- |

Investigate a career
in Sales/Marketing

TRW LSI Products, a state-of-the-art manufacturer of
large scale integrated circuits, needs BSEE degreed
personnel experienced in the application, sales or
design of digital circuits. This is your opportunity for a
$34-40,000 career offering travel in the U.S. and/or abroad, ad-

panies looking for good talent in elec- |
tronics. Below is a brief listing of the
career positions we are offering.

Manager Hardware/Firmware ..$32-37,000
Manager High Reliability

Design Engineering ................ $30-38,000
Manager Custom IC Design $34-38,000
Manager Electronic Test and

Inspection ..... $34-40,000
Manager QE Ele
Manager Electronic

Reliability QC ............. - 5

e R B vancement opportunity with a “Fortune 500" company,
o] ter_Services ........... $28-34,000 i

Wt B Rl Sr el and an excellent wage and benefits package.

Supervisor System Hardware ....$25-30,000

Solid State Physicist 7'$25-35.000 IMMEDIATE OPENINGS NOW FOR:
Robotics Engineer $25-33,000
Supervisor of Mechanica

Engineering Electroni i
Enginering Electionic 0 e Regional Sales Manager
Engineer/Hardware $20-26,000

$20-55.000 e Sales Engineers

Engineer/Software

Salaried, Fee Paid.
Call or submit resume to:

e Marketing Research & Development
Engineers

R. J. EVANS & ASSOCIATES

26949 Chagrin Blvd.
Beachwood, OH 44122
216-464-5100 |

| Send your confidential resume and salary history to:

| TRWLSI PRODUCTS

2525 E. El Segundo Blvd.
El Segundo, CA 90245

An Equal Opportunity Employer M/F

Employment Specialists

Michigan‘s Leading Electronic
and Computer Placement Service

We Need:

Systems Analysts i
Programmers
Electronic Technicians

All Fees Paid By Employers
Never a Fee Charge to an
Applicant

LSI PRODUCTS DIVISION

Send Complete Resume |
Stating: Education, Job \
Experience and Salary

ALL FLORIDA

SRR fo: { RoaG_E/R—ﬂ/—eﬁq—qu Daytona Beach
: ‘ 4 PERSON%E{‘ I"(‘!:NG J Mfg. Engr. .......... High Speed Assy.
Jack Gray, President ¢ 518,000~ $40.000 2 Orlando
. y v ) Production Supv. .......... N.C. Drillin
Professional Personnel Inc. B e e T Fort Walton' i
gers and King Personnel is a major 4
P.O. Box 1127 r(‘ re%ru,i‘ter of Engineers in Pennsylvania j E iaEaFdEng”}eer ------------------ Hands On
an ew Jersey. O auderdale
Battle Creek, Ml 49016 f’ Opportunities that exist are in the areas .)l [ A.D. ENGINGOT . .cccivivrsssisnirsmnizarinncs R.F.
616-968-9393 ¢ of E'sctromagnetics Control Systems, RF, i | Orlando
tf‘ /C\nalog, Digital Telecommunications, j ‘ Methods. vienissmens P.C. Boards
i omputer Engineering, Digital Circuit Salaries Range — 20-33.000 .Multiple
Design, Hard /Soft Int t £ 4 %
W‘v and‘gSystemasr ;’racagramommgre S -’ openings: Some_do .nOt require a qe'
ST e e Send resume plus salary history, objec- | gree. For confidential consideration
p tives and location restrictions to J. Rogers & send your background or call (317)
~at our New Jersey office: 2500 Route One, ﬁ 783-7812. Don Pergal, Dunhill Execu-
F tive Search, 7460 South Madison Ave.,

Lawrenceville, New Jersey 08648
[ ] SEARCH NORTHWEST, INC. o S Ky S A
A Professional Recruiting Agency
S.W. 5th—Suite 825

620
PORTLAND, OREGON 97204
(503) 222-6461

;
P

Indianapolis, Ind. 46227.

PACIFIC NORTHWEST OPPORTUNITIES

Chief Engi 40K

Marketing Mngr. ............cccocieceennens 35K+

Prod. Manag 30K+

Electronic Sales ............ccccoeueenenene 20 to 30K ELECTRONIC CAREERS

Design Eng ; ! 20 to 35K Immediate nationwide design, test & pack-
- (muitiple openings) aging positions in electronics, aerospace,

Mechanical Engineers ...................... 20 to 30K communications, instrumentation & applica-

FORWARD YOUR RESUME tion technology. For immediate confidential

FOR CONFIDENTIAL CONSIDERATION response call or send resume w/salary his-

OR PHONE: tory to Glenn English, President, GLENN
ENGLISH AGENCY, 7840 Mission Center
Court, San Diego, CA 92108 (714) 291-9220.

KEITH NYMAN (503) 222-6461
All fees paid.

OUR SEARCH FEES ARE EXCLUSIVELY
EMPLOYER PAID
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ELECTRONIC

ENGINEERS &

PHYSICISTS
$20 to $40K

This is the Applied Research Situation you
have been waiting for! Our clients’ basic and
lasting product lines are imagination,
creativity, technical excellence, dedication to
accomplishment and responsiveness to
technological needs.

Although the scope of activities is both broad
and sophisticated, the regard is for people
and for their abilities to effectively initiate
new technologies.

If this is the kind of atmosphere you want and

if you are a bright engineer endowed with

solid engineering fundamentals, have the

ability to tackle a variety of different

problems, and can solve them, then we want

tYoodiscuss CAREER OPPORTUNITIES with
Ut

Opportunities include:

CAD DESIGN ENGINEERS

Experience in CAD Development.

TEST ENGINEERS

Experience in Testing of Semi-Conductor Devices
including Random Logic, Memory & Micro-
processors.

SYSTEMS/SUB-SYSTEMS DESIGN
ENGINEERS

Experience in EW, ESM, Advanced Communications,
AJ, APL, Secure, Narrowband Speech, High
Performance Modems, Advanced Processors Design
for FLIR & Imagery Systems, Radar, Missiles and
Emulation of various computers.

ARCHITECTURE DEVELOPMENT
ENGINEERS

Experience in Processor Architecture Design.
(Explore advanced concepts in VHSIC Technology)

CIRCUIT DESIGN ENGINEERS

Experience in Design, Simulation and Layout of
Complex LS| Devices.

ELECTRICAL ENGINEERS

Image processing research, Video Compression,
Target Cueing, Signal Analysis, etc.

SYSTEMS ENGINEERS

Experience in Analysis in Programming, in
Atmospheric Effects & Infrared or General Electro-
Optical Systems.

CALL COLLECT TODAY
BRUCE PALMER, V.P.
201-777-6900
Or send resume in confidence to:
Bruce Palmer, V.P.
Eastern Executives Associates
881 Allwood Road
Clifton, New Jersey 07012

Sz EASTERN EXECUTIVE
S ‘»ﬁ ASSOCIATES
ASSOCIATES
“Professionals Placing Professionals”

EDN FEBRUARY 20, 1980

TECHNICAL WRITERS
$16 - $35K+
SOFTWARE/HARDWARE

Career positions available with top corporations if you
have six months experience or MORE.

PARTIAL LISTINGS OF AREAS OPEN:

CALIFORNIA D.C. AREA MASSACHUSETTS
ARIZONA OHIO NEW JERSEY
SO. CAROLINA FLORIDA PENNSYLVANIA

(OTHER LOCATIONS AVAILABLE)

Call Michael Dunn For Above Positions

ENGINEERS and PROGKAMMERS

ALL DISCIPLINES—NATIONAL COVERAGE
Call George Haal For Above Positions

Use our professional, confidential and personal consult-
ing service. Many of our positions are listed with us on
a exclusive basis. Select the location and opportunity
YOU WANT.

Call Michael or George Collect:
813-877-7000

(Or send resume with salary requirements).
YOU will be contacted immediately.

JUDGE, INC

Two Bala Plaza Bala Cynwyd, Pa. 19004

(CALL NOW!)
For a professional interview

STATE OF THE
ART TECHNOLOGY, CAREER
ORIENTED OPPORTUNITIES,
FLORIDA LIVING

i

Frank Leonard Personnel knows what's important to you.

Yes, the proper experience and capabilities are
important, but Frank Leonard Personnel places people,
not paper. Our work with people means working with
personalities, individual goals, families — all the
things your resume can't tell us. We know our client
companies very well, now we'd like to know you.

Design Engineers: BSEE/MSEE at least 2 years
experience, Digital Design TTL, ECL, CMOS. To work in
circuit design, high speed digital modems.

Continuation Engineers: Person to follow new and
custom designs from engineering to production. Test digital
systems to chip level and solve hardware/software
problems.

Test Engineers: Person to work in production test, ATE
Design and instrument calibration.

A~ ’ \ Phone (813) 872-1853
g ﬁ frank leonard personnel
o | R

Suite 100-A, 1211 North Westshore Blvd., Tampa, FL 33607




(T ATTENTION
= ALL CREATIVE
HARDWARE / SOFTWARE
ELECTRONIC ENGINEERS

The Milton Bradley Company, located in Springfield, MA, the home of
Simon, Big Trak, Microvision, Comp IV and a host of other highly successful
electronic games and toys, is seeking to fill, due to dramatic growth, a
number of exciting electronic product development positions. If you are one
of those individuals who either in your current position or in your wildest
dreams, has contemplated the desire to utilize your professional and
technical knowledge in a game and toy oriented environment, we ask that
you seriously consider the Milton Bradley Company and the exciting open-
ings described below:

ELECTRONIC PRODUCT DEVELOPMENT
HARDWARE ENGINEERING

Senior Project Engineer

The successful candidate for this position will have a BSEE and MSEE with
a minimum of 10 years experience in hardware electronic product engineer-
ing preferably in a consumer goods environment.

Manager Electronic Design Packaging

The successful candidate for this opening will have a BSME with 10 years
mechanical design in a high volume consumer goods electronics with a cur-
rent working knowledge of micro-electronic packaging techniques. This
should include an understanding of chip and wire bonding directly to PC
boards.

Electronic Development Engineer :
This position requires a BSEE and 3-5 years experience in electronic con-
sumer product development.

ADVANCED ELECTRONIC RESEARCH

Senior Project Engineer

This position requires a highly conceptual electronic product development
engineer who possesses a BSEE, MSEE, or the equivalent degrees in com-
puter science. Experience and knowledge of both micro-electronic hard-
ware and software is essential. This key slot functions in a highly creative
and forward looking atmosphere.

Project Engineer

The incumbent in this position will possess a BSEE or equivalent thereof
and will have had experience in a highly conceptual electronic consumer
goods environment. 3-5 years experience is desirable.

The Milton Bradley Company, as indicated above, is located in suburban
Springfield, MA in the heart of the Berkshire Hills. The quality of life in this
area is extremely high. The area offers significant advantages in terms of
recreational, cultural, social and academic pursuits.

If you feel you have both the necessary qualifications and interest in any of
the above positions, please submit your resume and salary history in con-
fidence to:

Director of Professional Recruiting
Milton Bradley Company

P.O. Box 288

Springfield, MA 01101

An Equal Opportunity Employer

Cahners Publishing Company

The Cahners Magazine Divi-
sion publishes the following
business magazines and di-
rectories:

e Appliance Manufacturer

e Brick & Clay Record

e Building Design & Construction
e Building Supply News

e Ceramic Industry

e Ceramic Data Book

¢ Construction Equipment

¢ Design News

¢ Design News Directories

e EDN

e Electronic Business

¢ Foodservice Distributor Salesman
* Foodservice Equipment Specialist
e |nstitutions

e Mini-Micro Systems

e Modern Materials Handling

¢ Modern Railroads

¢ Package Engineering

e Plastics World

e Professional Builder/
Apartment Business

e Purchasing

e Service World International
e Specifying Engineer

e Traffic Management

e U.S. Industrial Directory

The Cahners Exposition Group
is the largest producer, oper-
ator and manager of trade and
consumer shows in the United
States...with 28 shows,
2,000,000 square feet of exhibi-
tion space and total annual at-
tendance of over two million.

Cahners Publishing Company
221 Columbus Avenue
Boston, MA 02116
(617) 536-7780
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Microcomputer
Design Courses

Hardware, software, systems design. You can
now learn about all aspects of microcomputers
through EDN'’s exclusive design courses.

—NEW 1979 Microcomputer Systems Reference Issue (over400 pages) ............... $6.00
Features: EDN’s 6-chapter “Software Systems Design Course” (a step-by-step
tutorial for a 16-bit uC disc operating system), uP Directory, uC Support Chip
Directory, uC Board Directory.

—1978 Microcomputer Systems Reference Issue (420 pages). . ... ......ccvviniennnnns $5.00

Features: EDN’s 7-chapter “Software Systems Design Course” (a step-by-step
tutorial for a uC disc operating system), uP Directory, xC Support Chip
Directory, uC Board Directory.

—1977 Microcomputer Systems Reference Issue(314pages)..............ccoeuenn... $4.00
—Microcomputer Design Course (11 chapters,83pages) .............ccciviiinnnnnn.. $5.00
—EDN Software Design Course (90 pages). .. ... covveiiirrnnnrnnnennscnsnrnnnnnnns $5.00

(Add $1.00 to each of the above for Canada)
(Add $2.00 to each of the above for non-USA)

Buy in combination and save even more
e Any two items—Deduct $1.00 ¢ Any three items—Deduct $2.00 e Any four items—Deduct $3.00
NOTE: Prices Effective April 5, 1979
Payment must be included with your order. Make checks payable to: EDN Reprints

Send to: uC Reprints/EDN Magazine/ 221 Columbus Ave./Boston, MA 02116

Please send: copies 1979 uC Systems Reference Issue—$6.00
copies 1978 nC Systems Reference Issue—$5.00
copies 1977 .C Systems Reference Issue—$4.00
copies nC Design Course—$5.00

copies EDN Software Design Course—$5.00

Total $ (Non-USA, add $2.00 to each item, Canada add $1.00 to each item)

Check or money order must accompany each order. No COD. MA residents add 5% Sales Tax.

Name Title

Company
Address
City State Zip Code




Desngner S
Guide

to FIBER

OPTICS

A Designer’s Guide to

FIBER

This comprehensive, authoritative
guide covers all aspects of fiber-optic
systems. Totalling 60 pages, it
provides full understanding of the
components, their key parameters
and how they relate to fiberoptic
system design.

¢ Part 1 — Understanding glass
fibers and their parameters

¢ Part 2 — Matching sources and
detectors to the fibers

¢ Part 3 — System-design
considerations

¢ Part 4 — Building a fiber-optic
system

e Part 5 — What’s available today:

Fibers, connectors, sources and
detectors

228
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Send to:

B Fiber Optic Reprints g
EDN Magazine

B 221 Columbus Ave [

8 Boston, MA 02116 4
Please send copies of

L Designer’s Guide to Fiber Optics ¥

P $4.00($5.00 Non-USA) 3

¥ Check or money order must accom- %
pany each order. No COD. MA

§ residents add 5% sales tax. #

J Sendto: &
Name

H Title ¥

g Company £

] Address |

B City 7
State Zip

L--------J
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Looking Ahead: Trends and Forecasts

US power-semi shipments
to top $1B in 1983

US power-semiconductor ship-
ments to world markets will rise
from $894 million last year to
$1.1 billion in 1983. Worldwide
consumption, however, will
increase at an even faster
clip—between 10 and 12%
annually, predicts Frost &
Sullivan Inc.

The causes underlying these
impressive gains, according to
the New York City-based
market-research firm, are mani-
fold: strong industry backlogs,
technology advances exempli-
fied by the success of RF
transistors in the 15-GHz range,
improved product yield and
many new applications.

Two major electronics market
sectors will contribute heavily
to the industry’s growth.

« Power supplies: This mar-
ket, which stood at $2.2 billion in
1978, will jump to $5 billion by
1984. Switching power supplies,
in particular, will see a 25%
annual growth rate.

POWER-DISCRETE SHIPMENTS
BY US COMPANIES
TO WORLD MARKETS

($ MILLIONS)
1979 1983
POWER TRANSISTORS
GENERAL PURPOSE 286 | 370
RF AND MICROWAVE 74 95
RECTIFIERS
0.5TO 3A* 160 | 200
3TO 35A 67 87
OVER 35A 63 83
THYRISTORS
0 TO 55A 100 | 126
OVER 55A 70 | 104
ZENER DIODES 102 | 104
TOTAL POWER DISCRETES 894 |1130
*INCLUDES RECTIFIERS OVER
1A, ALL THYRISTORS

POWER-SUPPLY MARKET
FOR POWER SEMICONDUCTORS
($ MILLIONS)
1979 |1984

POWER TRANSISTORS
(INCLUDING DARLINGTONS)125 | 245

DIODES/RECTIFIERS 55 90
THYRISTORS 38 65
ZENER DIODES 32 45

SOURCE: FROST & SULLIVAN INC

+ Automotive electronics:
The automobile market for
nonentertainment  electronics
will rise from $267 million last
year to $517 million in 1982.

Despite these significant
gains, though, power-semi users
will feel a price pinch. Costs will
climb along with raw-materials
prices, yielding annual price
increases between 3 and 5% for
established power products over
the next 2 or 3 yrs.

Regulations won't stifle
printer-paper market

The US computer - printer-
supply industry (including
producers of paper and ribbons)
will grow dramatically over the
next 5 yrs, reaching nearly $7.5
billion in 1984. And while
alternative output forms such as
microfilm and magnetic media
will play an important part in
office communications, paper
will remain the primary tool in
the 1980s, according to Creative
Strategies International.

The printer-paper market will
continue togrow, along with that
of printers. However, most
paper mills that produce the
grades used as printer paper are
already operating close to
capacity. The San Jose, CA-
based market-research firm
projects only a 2 to 2%%
increase in this capacity over the
next 5 yrs, while demand for
printer paper is expected to
grow 8 to 10%.

Environmental  regulations
that control air and water
pollution will affect this market
growth; large capital outlays are
necessary to reduce pollutants.
In addition to causing an
increase in the overall capital
costs of paper production, the
regulations raise energy re-
quirements.

New laser applications
will spur market growth

Portions of the laser market—
the reprographics, biomedical,
communications, research and
point-of-sale sectors—are pre-
paring for imminent and rapid
expansion stemming from myri-
ad new applications for these
devices.

Gas - laser shipments will
undergo significant growth,
predicts Frost & Sullivan Ing;
carbon-dioxide lasers alone will
double in market growth,
reaching $67 million during the
5-yr period from 1978 to 1983.

The solid-state-laser market,
pegged at $11 million last year,
will also more than double,
reaching $25 million in 1983. In
addition, the market for the
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Nd:YAG laser, which Frost &
Sullivan describes as “a main-
stay” in the commercial/
industrial marketplace, will rise
in total dollar value at an 18%
annual rate.

Frost & Sullivan warns that
semiconductor lasers will pose a
long-term threat to HeNe-
instrument business growth; it
predicts that the former units’
current $5.5 million market will
approach a 35% annual growth
rate through the early 1980s,
reaching $20 million in 1983 and
$60 million in 1986.
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Reduce ‘With a handful of Powercube’s Cirkitblock®
modules and a few clip leads, you can quickly syn-
thesize an infinite variety of custom power supplies.

ustcm Cirkitblock modules have demonstrated

capability to meet most design needs and are packaged
P within a 1" x 1" x 2" basic building block format so
ower you can assemble supplies of any complexity to any
form factor appropriate in building block fashion.

Design time to operating prototype can be
reduced by more than 50% because conventional
breadboarding is eliminated. Your quickly assembled
“breadboard” of modules becomes your operating
prototype.

Cirkitblock modules utilize space
technology but are specified and priced for industrial
as well as military applications. They can substan-
tially reduce the “as installed” power supply costs
in airborne and ground based instruments such as
receivers, navigational systems, displays, stores
management systems, and communication gear.

Cirkitblock functional modules not only
save design time and money; they are also a lot of fun
to work with.

Circle the reader service number to learn
more about Powercube’s Cirkitblock functional
modules. Send for free catalogues describing the
entire Cirkitblock module family and packaging
styles for complete power supplies.

POWERCUBE CORPORATION

EIGHT SUBURBAN PARK DRIVE
b POWERCUBE - - oo

A SUBSIDIARY OF UNITRODE CORPORATION 6171 667-9500

For more information, Circle No 123




Your choice of either wirewound or hybrid conductive
plastic/wirewound elements: If your precision pot
application requires a low tempco, tight linearity and
excellent resistance stability, choose the Model 3540
wirewound potentiometer. If you also need extremely
long operational life, infinite resolution and excellent
output smoothness, choose the Model 3541 Hybritron®
potentiometer. Both models are field-proven, 10-turn,
78" diameter precision potentiometers, with a range
of resistance values to satisfy the most demanding
applications.

Wirewound — The Model 3540 pot offers very

good stability of total resistance with time and
temperature changes. Tempco is 50 ppm/°C maximum.
Design concentricity permits linearities from our
standard 0.25% down to 0.1% for special orders.

Hybrid — The Model 3541 pot features our exclusive
Hybritron resistance element, combining the best
features of both wirewound and conductive plastic.

5 million shaft revolutions, provides essentially infinite
resolution and output smoothness of 0.015% maximum.
It's priced just slightly higher than the wirewound
version.

Both the Model 3540 and 3541 pots are available
with a variety of special electrical and mechanical
options for additional design flexibility. Whether your
choice is wirewound or hybrid, Bourns provides
worldwide availability and fast delivery through your
local distributor. For your specific requirement, call
our design-experienced applications engineers today.
Or, see us in EEM, Volume 2, pages 3775 and 3776.

PRECISIONS DIVISION, BOURNS, INC.,
1200 Columbia Avenue, Riverside, CA 92507.
Phone: 714 781-5122. TWX: 910 332-1252.

European Headquarters: Bourns AG, Zugerstrasse 74 6340 Baar,
Switzerland. Phone: 042 33 33 33. Telex: 78722.

For Immediate Application—Circle 100 For Future Application—Circle 200






