
























































































































































































































































































































































































































































































































































































































































































































































Electronics/Computer 
Engineers: 

Looking for an alternative? 
Find it at EON! 

If you 're turned on by technology but want more 
variety and creativity than engineering can offer, 
consider applying your skills to technical journal­
ism. As an editor for EON , the leading electronics 
trade magazine, you 'll not only experience the many 
facets of electronics, you 'll also see the results of 
your work in print. 

EON needs motivated, talented EEs who can com­
municate clearly and who are willing to develop 
good journalistic writing and editing skills. We offer 
salaries that are competitive with engineering , and 
we give you variety, challenges and plenty of room to 
grow. 

Investigate our alternative. Send your resume and 
salary requirements to: 

Roy Forsberg, VP/Editorial Director 

EDN 
221 Columbus Avenue, Boston, MA 02116 

An Equal Opportunity Employer M/F. 

made10yoor 
COST - Our parts are consistently less expensive 
than most major manufacturers - in virtually any 
quantity from small lot to high volume. 
DELIVERY - Over 800/o of our orders are shipped 
from stock immediately. 
So if you're not buying electronic hardware from 
R.A.F., write or call for our free 150-page catalog. It's 
the one favor you should do for yourself right away. 

R.A.F. ELECTRONIC HARDWARE, INC. 
95 Silvermine Road, Seymour, CT 06483 (203) 888·2133 
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ENGINEERS/MGRS 
ATE Integrated Cln:uKs 
Softw1<1 Eloct. Plcklglng 
RF/ Mlcrowm Relllblllly 
Radar Analog/Digital 
Puwtr Supplies Image Processing 

Openings Nationwide. ALL FEES PAIO. 
Salaries S2S·60K . Computer. Aerospace , 
Coovnercial . and Defense industries. Send 
coolidential resume including current and 
desired salary, geographical preferences. 
houS1ng status to: 

EXECUTIVE RECRUITERS 
PERSONNEL AGENCY, INC. 

EXECUTIVE RECRUITERS BUILDING 
SUITE 100 

14 OFFICE DRIVE 
LITTLE ROCK, ARKANSAS 72211 

501-224-7000 

DESIGN/TEST ENGINEERS 
IBA Specializes in placement of Hardware, Soft· 
ware , Test , and Systems engineers with pres­
tige companies in the midwest and throughout 
the U.S. thru our 120 affiliated offices. Client 
companies pay all fees, interview and relocation 
costs. Send resume in strict confidence or call 
Jim Lakatos, IBA Tron ic-Search, 3040 
Charlevoix Dr. , SE, Grand Rapids, Ml 
49506 (616) 957-0010. 

A small ad here 
can attract 

a lot of attention . 

Call 617-536-7780 (East) 

213-826-5818 (West) 

to reserve space . 

Sunbelt and Nationwide 
ENGINEERING PROFESSIONALS 

Design Software Hardware 
Send Resume with Current Sa lary or Call 
SOO·S45·0436 (toll free) SOJ.572-3000 (in 
S.C.) 

Technical Careers 
2162 Credit Union Lane. Suite 504, Dept. B 

N. Charleston , SC 2941B 
All Fees Paid By Client Companies 

ENG I 
I I 

Software,.Hardware & QA 

Do You Qualify? 
We have more jobs than we can !ill !or graduate 
eng ineers with experience in the comput er. 
commun ications . aerospace an d mili tary 
electronics fields. Many U.S. locations. Interview. 
re location and agency lee paid by companies. 
Send resume & latest sa lary or cal l !or 
conf ident ial appl ication ... toll free . 7 days/ 
24 hours. (800) 523·2906. in PA (215) 735·490S. 

@ 
A.L. Krasnow. (USNA, MIT) 
Elect ronics Department 
Alomic Personnel. Inc. 

JiaJl Suite P·4. 1518 Walnut 
Im\ Ph il adelph ia. PA 19102 

Eng ineer"s Helping Eng ineers since 1959 

H/W & S/W Engineers & Mana­
gers We 've changed our address , 
why don 't you change yours? 

Search Northwest 
••• Associates 

Ports O'Call - Swan Island 
4505 N. Channel 
Portland, Oregon 97204 

Phone: (503) 285-6560 
Keith Nyman or Ooug Jansen 

All Fees Employer Paid 

Micromint will put both a computer 
development system and an OEM dedicated 

controller in the palm of your 
hand for as little as $105* 

"In quantities of 100 

ZB BASIC SYSTEM CONTROLLER 
(BCC11) . . $149 

NEW ZB FORTH SYSTEM 
CONTROLLER •••••• . (BCC21) .. S2SO 

NEW TERM-MITE ZB BUS COMPAT· 
IBLE INTELLIGENT TERMINAL 
BO ARO . •.. .. .. . . . . (BCC22) • . $284 

ZS Expansion Board 
w/SK memory . .... . .. . (BCC04) • . $1 BO 

ZS Mother Board 
w/ S gold connectors .... (MB02) .. S 69 

ZS EPROM Programmer . . (BCC07) . • S14S 
ZB Serial Expansion Board . (BCCOS) . . $160 
ZB BASIC A to D Converter (BCC13) .. $140 
ZS BASIC 16K Memory Expansion 

(BCC1S) . . S1SS 

ze CROSS ASSEMBLERS 

FROM ALLEN ASHLEY 
For TRS-80 Modal I (XAS01) . S 7S 
ror TRS·BO Model Ill (XAS02) $ 7S 
CP/M 2.2 8" (XAS03) .•. . •• $1SO 
Northstar SW' (XAS04) ... . S 7 S 

FROM MICRO RESOURCES 
CP/M 2.2 B" (MR01) .. ... . S 7S 
Apple II CP/M SY." (MR02) . • $ 7S 
6S02 based systems (MR03) . . S 7S 
IBM PC SY." (MR04) •. ... .. S 7S 

Ill == 
To Order: 
Call Toll Free 
1-800-645-34 79 
For Information Call : 
1-516-37 4-6793 

561 Willow Avenue 
Cedarh urst , NY 11516 
ZS is a t rademark of Zilog Inc. 
CP/ M is a trademark of 

D igital Research 
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New Coto 2900 Series Microminiature Reed 
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Relays switch fast digital pulses or R.F. frequen­
cies up to lOOOMHz with minimal insertion loss. 
Billion operation life tests have proven relays ideal 
for ATE Force/Sense applications and digital 
switching matrixes. Many contact configurations 
and coil resistances available. Contact Coto 
Corporation, 55 DuPont Drive, Providence, R.I. 
02907. Tel. : (401) 943-2686. In Europe, contact 

Rhopoint Limited, COTO 
Oxted, Surrey RH8 
OHG, England Tel 
(08833) 7988. CORPORATION 
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AUSTRIA 
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Elan Marketing Group 
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(212) 949-4447 
205 E 42nd St 
New York, NY 10017 

CAREER OPPORTUNITIES 
Jennifer Purinton 
Eastern Sales Representative 
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Western Sales Representative 
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Cahners Magazine Division 
J A Sheehan, President 
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William Platt , Executive Vice President 
Terry McDermott, Group Vice President/ 

Electronics/Computer Group 
Tom Dellamaria, VP/Production & 
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Kaoru Hara 
Trade Media Japan Inc 
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1-5-10 Roppongi, Minato-ku 
Tokyo 106 
Tel : (03) 587-0581 
Telex: J28208 MEDIAHS 
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Owen Wang, Gen Mgr 
Ace Marketing Inc 
Box 26-578 
Taipei , Taiwan 
Republic of China 
86-2-703-4272 
Telex: (785) 14142 

Circulation 
Denver, CO: (303) 388-4511 
Earl Mosley, Group Manager 
Barbara Pike, Manager 

Money savers eo11t1 ol light loads ... 
.. to 90 in. Ills. 

The new FA series is your design option for protection of sensi­
tive equipment. Better than springs, bumpers and mechanical 
stops. And at a surprisingly low cost. 

Available in several models and optional mounting hardware, 
the FA series non-adjustable shock absorbers provide you with 
consistent hydraulic deceleration. Just select the effective weight 
range for your application, match it to the model, install it and 
forget it. They are temperature stable. They are leak-proof and 
tamper proof. Rod end buttons on all models suppress noise. 

For more information, write ACE Controls, Inc .• P.O. Box 71 , 
Farmington, Ml 48024. Or call 313/476-0213. 
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LOOIZING AHEAD 
Engineers increase use of . 
EEPROMs, NVRAMs 
Engineers currently making limited 
use of EEPROMs and nonvolatile 
RAMs will significantly increase 
their use of such memory circuits in 
the near future, according to an 
EEPROM benchmark study con­
ducted by EDN. The study polled 
the opinions of EDN readers, many 
of whom specify and use EEPROM 
and nonvolatile-RAM circuits sport­
ing a wide variety of system densi­
ties and organizations. 

Approximately one-third (32.9%) 
of the respondents have a design in 
production that uses EEPROMs. 
More than half (52.5%) anticipate 
incorporation of EEPROMs in cir­
cuit designs within the next six 
months to two years. Approximate­
ly 19% of the respondents are cur­
rently using nonvolatile RAMs, but 
within the next two years, 40.8% 
plan to develop new designs that 
require quantity purchases of the 
nonvolatile memories. 

Readers indicated that second 
sourcing, 250-nsec access times and 
low power consumption were the 
most important features attracting 
them to EEPROMs. Required sys­
tem densities span 256x8 to 1Mx8, 
with 64kx8, 16kx8 and 8kx8 at­
tracting 29.1, 34.6 and 35.8% of the 
respondents, respectively. Nonvola­
tile-RAM users plan to employ a 
variety of system densities, from 
256 bits to 64k bits. The 16k-bit 
densities were more popular than 
the rest, garnering a 14.5% re­
sponse when readers were asked 
which densities they plan to use. 

PLANNED PRODUCT TYPES 
FOREEPROMs 

AND NONVOLATILE RAMs 
% 0FUSERS" 

INDUSTRIAL-CONTROL SYSTEMS 22.3 
TEST AND MEASUREMENT EQUIPMENT 20.1 
COMMUNICATIONS EQUIPMENT 16.2 
MICROCOMPUTERS 16.2 
AIRCRAFT, MISSILES, SPACE 12.8 

AND GROUND-SUPPORT EQUIPMENT 
COMPUTER PERIPHERALS 11 .2 
NAVIGATION/GUIDANCE EQUIPMENT 10. 1 
MEDICAL ELECTRONICS 6. 1 
OTHER 19.0 

"TOTAL EXCEEDS 100% DUE TO MULTIPLE RESPONSES 
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EEPROMs and nonvolatile RAMs 
will find their way into a wide varie­
ty of products. The most popular 
are industrial-control systems, test 
and measurement equipment, com­
munications equipment and micro­
computers. The principal uses of 
EEPROMs in such equipment will 
be configuration storage, program 
storage and user-defined functions. 

Optical-recording market 
to reach $5. 7B by 1990 
The market for optical-recording 
technology, today at approximately 
$1. 5 billion, wip reach $5. 7 billion by 
1990, according to Strategic Inc, a 
market-research firm based in San 
Jose, CA. Strategic reports that the 
advantages of high-density optical 
recording and fast access of image 
and digital data will have a signifi­
cant impact on conventional record­
ing technology. 

WORLD MARKET 
FOR OPTICAL-RECORDING 

TECHNOLOGY 
DIGITAL ARCHIVAL -20% 

IMAGE 
ARCHIVAL 

-20% 

DIGITAL 
AUDIO 

DISK-10% 

CONSUMER 
VIDEODISK 

-5% 

OTHER -5% DIGITAL ON-LINE 
1990 SYSTEMS-15% 

$5.7 BILLION 
(SOURCE: STRATEGIC INC ) 

Current applications of optical­
storage technology are limited to 
adaptations of existing uses, such as 
digital audio, entertainment video 
and archival storage. Future appli­
cations, however, are touted as lim­
ited only by the imagination. 

The field's most successful compa­
nies, says Strategic, won't be those 
that attempt to replace magnetic 
technology, but rather those that 
envision new applications, such as 
interactive video and CAD/CAM. 
The well-established technology of 
magnetic data storage should hold 
its ground against the optical-stor­
age techniques. 

Edited by George Stubbs 

Artificial intelligence 
attracts business users 
Though the commercial introduction 
of artificial intelligence (AI) is only 
as recent as 1983, the US market for 
AI systems by 1990 could reach $11 
billion. So says Karl M Wiig, chief 
architect and director of the AI pro­
gram at Arthur D Little Inc, a 
consulting and research firm based 
in Cambridge, MA. 

Business management's increas­
ing awareness of Al's value stems 
from the successful use of knowl­
edge-based systems, or "expert" 
systems, as they are also known, in 
solving problems in a broad range of 
fields, from banking to medical diag­
nosis and oil exploration. These sys­
tems represent, store and manipu­
late the knowledge of human 
experts in a given field of study. 
The systems are called upon to 
apply such knowledge to a given 
situation and evaluate courses of 
action. 

Wiig believes that AI could ac­
count for as much as 4.5% of the 
projected $267 billion in 1990 com­
puter-industry revenues. Contrib­
uting to the growth are the decreas­
ing cost of computer hardware, 
improvements in workstation tech­
nology, the emergence of software 
packages accommodating the needs 
of the "uninitiated,'' and in-house AI 
development programs. 

There are, however, barriers to 
rapid growth. It takes a long time to 
develop and implement an AI sys­
tem; knowledge representation and 
manipulation is a science still in its 
infancy. Also, the $10,000 to $20,000 
capital investment required to pro­
vide an AI workstation for each 
"knowledge worker" may be prohib­
itive. One thing business managers 
are discovering is that these work­
ers require highly integrated work­
station environments. The costs in­
volved may compel them to settle 
for interim solutions. 
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Radial-Lead Precision Film Resistors from Caddock 
combine high values and tight tolerances with a 
choice of two high-power densities or three low TCs. 

Type MK Radial-Lead Precision Power. Film Resistors 
II I I \\\ \II 

MK 132 and MK 632 MK 120 and MK 620 
10 ohms to 100 Megohms 30 ohms to 40 Megohms 

\\ \\ \\ \~ 
Type MK Radial-Lead Precision Power Film 
Resistors utilize CBddock's Micronox® 
resistance films to achieve high power density 
and an extended range of resistance values: 

Available in two rectangular radial-lead packages that include values 
as high as 100 Megohms, these high-density film resistors permit 
electronic circuit designers to optimize packaging and PC board layouts 
with resistors that meet all these specifications: 

• Resistance 
Range 

• Resistance 
Tolerance 

• Wattage 

• Voltage 

• Temperature 
Coefficient 

• Package Size 

MK 120 l MK620 J MK 132 l MK 632 

30 ohms 2.1 Megohms 10 ohms 5.1 Megohms 
to 2 Megohms to 40 Megohms to 5 Megohms o 100 Megohms 

__ ±1.0% is standard, to±0.1 % on special order, __ 
depending on vi lue and model. 

0.5 Watt -- 0.75 Watt -
200V 200 v 400 v 400V 

50 PPM /° C 80 PPM /° C 50 PPM /°C 80 PPM /° C 
Temv Range: -15°C .!£. +105° C, ref. +25° C. 

.250" squar~, .100" thick .300" square,. .100" thick 

These full-size photos comparing the 
Type MK resistors to "RN" style axial­
lead resistors show that the largest Type 
MK, which is rated at 3/ 4 watt, requires 
less board space than the 1/ 20 watt 
"RN 50". 

And within their voltage ratings, both 
sizes of Type MK resistors can replace 
five sizes of "RN" resistors, including 
the I / 2 watt "RN 70" which requires 
10 times the 
board space 

.,......, ''"-""'·•·""' o f t h e 
~!::l:::i:illiDnf~~ MK 132 ! 

This combination of higher power rating 
and smaller size can also lower procure­
ment costs by replacing many sizes of 
axial-lead resistors with Type MK 
resistors that have a 'standard' size 
and mounting dimensions. 

Type TK Temp-Stable Precision Film Resistors 
I ll Ill Ill II/ 

TK 121 and TK 621 TK 133 and TK 633 TK 139 and TK 639 
1 Kohm to 2 Megohms 1 Kohm to 10 Megohms 1 Kohm to 10 Megohms 

ff II ff I I Q 
Type TK Temp-Stable Precision Film Resistors 
with Caddock's Tetrinox® resistance films 
combine a choice of TCs of 5, 10 or 20 PPM/°C, 
a wide resistance range and tight tolerances. 

Type TK Temp-Stable Precision Film Resistors provide a com­
bination of performance advantages that are unique in a miniature 
resistive component : 

• Three Standard Temperature Coefficients: 
5 PPM / ° C, 10 PPM /° C or 20 PPM / ° C 
over the temperature range from -55° C 
to +125°C. (+ I05° C max. for values 
above 500 Kohms or 1.5 Megohms, 
depending upon model.) 

• Resistance Range: I Kohm to 10 Megohms. 

• Precision Tolerances: ±1.0% is standard, 
and tolerances as close as ±0.05% are 
available on special order. 

• Load Life Stability: 0.05% maximum ~R 
after 2000 hours at full power at+ 125° C. 
(0.2% max . for values above 500 Kohms 
or 1.5 Megohms, depending upon 
model.) 

• Two Power Ratings: .2 watt and .3 watt . 

The Model TK 121 , TK 133 and TK 139 precision film resistors have 
demonstrated performance which meets the requirements of Mil-R-55182/9 
for thermal shock, moisture resistance, shock and vibration, dielectric 
withstanding voltage and low temperature operation. 

Caddock's high-thru-put manufacturing tech­
niques combined with our advanced Tetrinox® 

resistance film technology provide this cost­
effective way to match the needs of tempera­

ture stable circuitry. For price and delivery 
information on both production and eval­

uation quantities, contact Caddock's 
main offices in Riverside, California. 

Discover how easily these problem-solving resistors can improve the performance and reliability of your equipment, too. 
For your copy of the latest edition of the Caddock 24 page General Catalog, and specific technical data on any of the more than 

150 models of the 13 standard types of Caddock High Performance Film Resistors and Precision Resistor Networks, just call or write to -

Caddock Electronics, Inc., 1717 Chicago Avenue, Riverside, California 92507 •Phone (714) 788-1700 • TWX: 910-332-6108 
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C-Grid: the Molex .100" x .100" 
~~~j~~~!~2!1nection system. 

Tin plated for----·•' ' 
improved solderability 

C-Grid is the most advanced high density interconnection 
system Molex has ever designed for board-to-board , 
wire-to-board and wire-to-wire applications. It features 
selective plating , for the highest performance at the lowest 
cost, and offers you a wide variety of companion products 
for convenient design flexibility and reliability. 

The C-Grid system achieves its high density capability 
by using .025" (0,64mm) square pins for the male 
connector parts, set in a .100" x .100" (2 ,54 x 2,54mm) 
matrix. The pins can either be placed directly in the board 
or used in volume with wafer bodies. 

To load loose pins into the PC board , Molex offers a 
patented single- or Multi-Pinsetter® capable of up to 
156,000 insertions per hour - the fastest on the market. 

Shrouded and unshrouded headers are available in 
straight and right-angle wafer bodies. 

First in Customer Service ... Worldwide 

Segmented 
wafer body separates 
into smaller units 

IDT™ insulation displacerr 
terminal accepts discrete 

or ribbon c< 

.025" 
selectively 

gold plated-square 
-~ire pins· 

\ p;,,top 

Selective gol< 
plating on contao 
area of dual bea 

contact termina 

------ UL 94V-O 
material 

The #8676 dual-row, insulation displacement 
connectors are stackable, end-to-end, and feature IDT™ 
terminals with mass termination application tooling 
available to help you achieve greater cost savings 
in your assembly operations. 

Molex closed-or open-end shunts make it easier and 
less expensive to retrofit board circuitry by avoiding DIP 
switches. 

Molex also offers a female connector (7990-series) to be 
soldered to one board and mated with the .025" (0,64mm) 
pins on another. Its features include low mating force , eas 
of insert ion and improved solderability. 

For more information on our C-Grid interconnection 
system, contact the Molex office nearest you. 
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Corporate Headquarters: 2222 Wellington Court, Lisle, Illinois 60532 Phone: (312) 969-4550 Telex: 27-0072/25-4069 
European Headquarters: Molex House, Church Lane East, Aldershot , Hants, England GU11 3ST Phone: (0252) 318221 Telex: 851858988 

-Far Eastern Headquarters: 5-4, 1·Chome Fukami-Higashi, Yamato-Shi, Kanagawa Pref., Japan Phone: (462) 614500 Telex: 781-03872486 





Introducing the Data 1/0 156A 
In-Circuit Programming System. 

Data I/O's 156A is the first fully 
automated programming system spe­
cifically designed for in-circuit EPROM 
programming. It gives you all the relia­
bility and cost efficiencies of program­
ming fully loaded circuit boards in a 
single operation-instead of program­
ming batches of devices for stuffing 
into circuit boards later. 

Up to eight boards at once. 
Cost-efficiency is a major 

bonus with the 156A. It handles 
up to eight identical boards 
at a time, each with up to 
96 installed 27128s-or 
over 1.5M bytes per 
board. A 64-board 
software option will 

also be available. 
Devices in all kinds of packages 

can be programmed, including stand­
ard 600-mil-wide DIPs, chip carriers, 
hybrids and flat packs. 

A new way to reduce costs. 
Since the 156A programs EPROMS 

after they' re loaded, it reduces 
handling and eliminates 
the need to maintain 
an extensive and costly 

inventory of sockets 

and pre-programmed EPROMs. 
Programming in-circuit also lets 

you update, reprogram or change 
your product mix without removing, 
handling and reinserting devices. 
Even if you have only one EPROM to 
reprogram per board, the time and 
money you save by avoiding these 
steps can add up fast. 

Call toll-free 1-800-426-1045 
for more information. 

Talk to a Data 1/0 representa­
tive today about programming the 

whole instead of programming 
the parts. With the Data 1/0 

156A it's not only possible ... 
it's easy. 

Data 1/0 Corporation. 10525 Willows Road N E .. P. O Box 9 7046. Redmond. WA 98073-9746. For 1mmed1ate act ion. contact us DATA l~O 
directly, CALL TOLL FRE E: 1·800·426·1045. In Washington. Alaska and Hawa11. ca ll 206·881·6445 Europe Vondelstraat 50·52 . 

1054 GE, Amsterdam. The Netherlands. Tel · (20) 186855 Germany GmbH : Bahnhofstrasse 3. D-6453 Sehgenstadt, • 
West Germany, Tel (618213088. Japan . Ginza Orient Bu ilding 6 ·F, 8·9· 13, G1nza Chuo·ku . Tokyo 104. Japan, Tel : 1031 574·0211 . 
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