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2 • Circuit Board Testing Update/No. 2 in a series from Hewlett-Packard 

ACCEPTABLE PRODUCT YIELD IN FINAL TEST-THE BOTTOM LINE 
FOR A COMBINATION OF IN-CIRCUIT AND FUNCTIONAL TESTING. 

In-circuit testing is a powerful test 
approach. But today's complex prod-
ucts require more than in-circuit 
testing. Higher and higher PC board 
yields are required to maintain an 
acceptable product yield in final testing. 

Leverage product yield. 
The addition of advanced in-circuit 
test techniques, together with func-
tional testing, adds that extra increment 
to your PC board yield as shown below. 
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For example, in a five PC board 
product, increasing the PC board 
yield from 75% to 98% will leverage 
product yield from 23% to 90%. This 
can result in substantial savings, 
since the cost of fault detection in-
creases dramatically with each 
production step. 

What is advanced in-circuit 
testing? 
In-circuit testers contact each PC 
board node through a bed-of-nails 
fixture. The system switches from 
component to component and "in-
spects- for value, placement, etc. 
Today, the wide diversity of compo-
nent values, tolerances, com-
ponents, and interconnections, means 
that conventional in-circuit tech-
niques often leave some parameters 
untested. 

Circle 900 on reader service card 

On the other hand, the HP 3060A 
Board Test System ($78,000* for 
standard operational system) utilizes 
advanced techniques that allow 
component isolation in commonly 
found but difficult circuit config-
urations. For example, a .01 µF. 

capacitor can be measured to an ac-
curacy of 4% even when it is shunted 
by a 1000 Ohm resistor. The key to 
this measurement is a phase syn-
chronous detector. This is a valuable 
tool for measuring components and 
circuits with significant real and reactive 
characteristics. 

Functional testing makes 
the difference. 
The standard HP 3060A also has a 
useful set of analog and digital testing 
tools. It incorporates board level 
stimulus/response testing in order 
that components such as opera-
tional amplifiers, DACs and opto-
electric devices can be tested. This 
functional testing permits circuit para-
meters, such as frequency and 
period, to be measured and circuit 
adjustments made. The 3060A's 
functional testing capability extends 
to digital pattern, analog and com-
bined circuits. For example, the 
3060A can be used to test a D/A con-
verter by applying digital patterns 
and then monitoring the analog out-
put voltage. 

At-speed testing of micro-
processor boards. 
The big news in PC board testing 
is the microprocessor. Conventional 
digital testers do not have the mas-
sive data storage required to test micro-
processors. But the HP 3060A uses 
an HP developed technique called 
Signature Analysis to test these micro-
processor boards at operating speed. 
The 3060A collects lengthy bit streams 
at circuit nodes and converts them to 
short, four-character hexadecimal sig-
natures. Under test, the bit stream 
signature at each circuit node is com-
pared to the expected value, making 
it easy to locate nodes with faulty sig-
natures. This data compression tech-
nique makes microprocessor-board 
testing manageable. Company after 
company is becoming convinced 
that HP's signature analysis technique 
is the right solution to testing micro-
processor boards. 

For complete details. 
There are other benefits to PC board 
testing with the HP 3060A. For data 
sheets and application notes, write to 
Hewlett-Packard, 1507 Page Mill 
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) 
955-1500, Canada (416) 678-9430. 
*Domestic U.S.A. price only. 

HP Circuit Testers— 
The Right Decision 

HEWLETT 
PACKARD 
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The Data Link of the future 
is available from HP today. 

HP's new Fiber Optic System guarantees error free (R <10') data transmission from DC to 10Mb/s NRZ over 
distances up to 100 metres. This system is immune to electromagnetic interference, radiates no external signal and provides 

total electrical isolation between terminals. 
TTL compatible, our system includes a PC board mountable transmitter and receiver which operate from a single 5V power 
supply. Our low loss, single fiber connector/cable assemblies are available 
in five standard lengths from 10 to 100 metres. 

Applications include large computer installations, distributed 
processing, power plants, process controls and remote instrumentation. 

Prices start at $570* for the HFBR-0010, 10 Metre System. 
For more information or immediate off-the-shelf delivery, call any franchised 
HP distributor. In the U. S. contact Hall-Mark, Hamilton/Avnet, 
Pioneer Standard, Schweber, Wilshire or the Wyle Distribution Group 1507 Page Mill Road, Palo Alto, California 94304 

(Liberty/Elmar). In Canada, call Harnilton/Avnet or Zentronics, Ltd. 
U.S. Domestic Price Only. 

HEWLETT de PACKARD 

For assistance call: Washington r301) 948-8370, Chicago (312) 
255-9800, Atlanta (4041955-1500, Los Angeles (213)877-1282 
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Z-2H 

A 

Cromemco 

Low-cost hard disk computers 
are here 

11 megabytes of hard disk and 64 kilobytes of fast RAM in a 
Z80A computer for under $10K. Two floppy drives, too. 

Naturally, it's from Cromemco. 
It's a reality. In Cromemco's new 

Model Z-2H you get all of the above 
and even more. With Cromemco you 
get it all. 

In this new Model Z-2H you get 
not only a large-storage Winchester 
hard disk drive but also two floppy 
disk drives. In the hard disk drive you 
get unprecedented storage capacity 
at this price-11 megabytes unfor-
matted. 

You get speed—both in the 4 MHz 
Z80A microprocessor and in the fast 
64K RAM which has a chip access 
time of only 150 nanoseconds. You 
get speed in the computer minimum 
instruction execution time of 1 micro-
second. You get speed in the hard 
disk transfer rate of 5.6 megabits/sec. 

EXPANDABILITY 
You get expandability, too. The 

high-speed RAM can be expanded to 
512 kilobytes if you wish. 

And the computer has a full 12-slot 
card cage you can use for additional 
RAM and interface cards. 

BROADEST SOFTWARE SUPPORT 

With the Z-2H you also get the 
broadest software support in the 

microcomputer field. Software Cro-
memco is known for. Software like 
this: 

• Extended BASIC 
• FORTRAN IV 
• RATFOR (RATional FORtran) 
• COBOL 
• Z80 Macro Assembler 
• Word Processing System 
• Data Base Management 

with more coming all the time. 

SMALL, RUGGED, RELIABLE 

With all its features the new Z-2H, 
including its hard disk drive, is still 
housed in just one small cabinet. 

Hard disk drive at lower left carg be inter-
changed just by sliding out and disconnecting 

plug. Seven free card slots are available 
Z-2H includes printer interface card. 

Included in that cabinet, too, is 
Cromemco ruggedness and reliability. 
Cromemco is time-proved. Our 
equipment is a survey winner for 
reliability. Of course, there's Cro-
mennco's all-metal cabinet. Rugged, 
solid. And, there's the heavy-duty 
power supply (30A @ 8V, 15A @ 
+18 V, and 15A @ —18V) for cir-
cuitry you'll sooner or later want to 
plug into those free card slots. 

CALL NOW 

With its high performance and low 
price you KNOW this new Z-2H is 
going to be a smash. Look into it 
right now. Contact your Cromemco 
computer store and get our sales 
literature. Find out when you can 
see it. Many dealers will be showing 
the Z-2H soon—and you'll want to 
be there when they do. 

PRESENT CROMEMCO USERS 
We've kept you in mind, too. Ask 
about the new Model HDD Disk 
Drive which can combine with your 
present Cromemco computer to give 
you up to 22 megabytes of disk 
storage. 

OCromeinco 
I n e o r por a t e d 

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-7400 
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Cover: Electronics markets look hardy, 125 

That recession talked about for so long still 
looms, but the electronics markets should 
be relatively immune when it comes. Howev-
er, growth for U. S., Western European, and 
Japanese electronic equipment consump-
tion will slow to 10.2% this year, down from 
14.1%, according to Electronics' annual 
markets forecast. 

In a reversal of last year's pattern, Japan 
should lead with an expected growth rate of 
11.3% (p. 143). Next is the U. S., at 10.3% 
(p. 126). Lagging somewhat behind will be 
Europe, at 9.6% (p. 138). 
Cover is by Art Director Fred Sklenar. 

VHSIC set to roll, 81 

The military's $210 million six-year program 
for the development of very high-speed inte-
grated circuits has broken loose of the 
House Armed Services Committee. The first 
nine contracts, worth $10 million to $12 
million, will be awarded this month, out of a 
total of $30.4 million for fiscal 1980. 

LCD makes multiplexing easy, 151 

Improved material and packaging borrowed 
from integrated-circuit manufacturing make 
it possible to multiplex a 40-character 
liquid-crystal display simply and economi-
cally. What's more, the compact display 
interfaces easily with a microprocessor. 

Hamming up memory boards, 168 

The reliability of microcomputer systems is a 
growing concern, and error detection and 
correction can do much in memory to 
improve it. A Multibus-compatible series of 
8- and 16-bit memory boards uses a modi-
fied version of the Hamming code to correct 
1-bit errors and detect 2-bit ones. 

. . . and in the next issue 

Testing partial memories . . . a structured 
assembly language for microproces-
sors . . . a second-generation low-power 
Schottky family. 
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Publisher's letter 
T he New Year's celebrations are 

hardly over and the pundits are 
hard at work trying out labels for 
the 1970s. Some have already looked 
at the effects of the energy crisis 
triggered by the Organization of 
Petroleum Exporting Countries and 
tabbed it the sagging seventies. 

After the soaring sixties, the 
1970s do indeed look flaccid. But the 
same glib labels that observers 
following the national economy may 
tag on the 1970s do not necessarily 
apply to the electronics industries. 
For the most part, they have oper-
ated in their own waters—influenced 
by the economic ebb tides, but not 
left high and dry. 

Proof of this ability to keep ahead 
of the worst of the economic ills is 
demonstrated in the markets fore-
cast that appears in this issue 
(p. 125). Even though the economies 
of the United States, Western 
Europe, and Japan have slowed in 
the face of high energy costs and 
inflation, the electronics markets 
have continued to log very healthy 
growth. As the threat of recession 
has intensified, electronics compa-
nies seem to have become more 
confident that they can skip along, 
more or less immune to a general 
recession. 

Yes, the growth rate will slow this 
year as the long-anticipated reces-
sion finally settles over the economy. 
But a better than 10% increase in a 
general economic downturn is not so 
bad. The annual Electronics survey 
that is the basis of our markets fore-
cast indicates that much momentum 
has built up in the last few years. It's 
almost as though the industry is too 
busy to take notice of a recession. 

Leading the parade is the booming 
data-processing and office equip-
ment sector. Its impact is considera-
ble—not only is the market in inte-
grated circuits rocketing upward, 
but test instruments, too, are riding 
the coattails of the computer boom. 

Therefore, the 1970s were any-
thing but sagging for most sectors of 
the electronics industries. Even the 
consumer portion, which is weak this 
year, hit new peaks during the 
decade. Look, for example, at the 
plethora of new consumer products 
that are commonplace today thanks 
to the proliferation of low-cost ICs. 
At the beginning of the decade few 
expected to have speech-synthesis 
products in the hands of consumers. 
Indeed, these newer products will 
soon outpoint the traditional televi-
sion and hi-fi audio equipment sales. 
Ten years ago Electronics dubbed 

the 1970s the digital era and predict-
ed a decade of rapid growth for the 
computer industry. In 1970, Elec-
tronics pegged the computer and 
related equipment total at $5.3 
billion. This year this market should 
be worth $30.2 billion, according to 
Electronics' survey (p. 136). 

Given these results, it's awfully 
difficult to be pessimistic about the 
next 10 years. There are growth 
opportunities in every market seg-
ment, limited only, it seems, by the 
capital to invest in the opportunities 
and the availability of skilled people 
to carry out the expansion. 
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AM, FM, PHASE LOCK, 
SWEEP, 30MHz, 
AND MUCH MORE... 
You've Wished For It All In 
A Function Generator 

Once you've experienced the versatility of 
the new 2400 two-in-one function generator, 
others just won't measure up to your stan-
dards. Krohn-Hite has designed two truly 
independent generators in one package 
to make the 30MHz Model 2400 unique. 

You can use the main and auxiliary 
generators individually to produce sine, 
square, triangle, ramps, and pulses. 
You can combine them for phase lock 
outputs with phase shifting control. And 
you can also produce triggered, gated, 
pulse, and tone burst waveforms. 

The versatile 2400 is priced at $1495. 
(domestic price only). Put it to the test to-
day. Call Krohn-Hite for further information 
and look up our complete product listings in 
EEM and Gold Book. 

\ BC 01=1 F=P cF=1 icb. -rice 1\1 
Avon Industrial Park Avon, MA 02322 •16171580 1560 TWO 710 345 0831 

(DKrohn-Hite Corp. 1979 

Krohn-Hite . . . Benchmark of Value in Function Generators 

SALES OFFICES: AL., Huntsville (205)534-9771; AZ., Phoenix (602)279-1531; CA., Inglewood (213)674-6850, San Jose (408)292-3220; CO., Denver (303)773-1218; CT., Canton 
Center (203)693-0719; FL., Orlando (305)859-7450. Sunrise (305)742-2115; GA., Atlanta (404)455-1206; HI., Honolulu (808)941-1574; IL., Chicago (312)283-0713; IN., Carmel 
(317)844-0114; KS., Overland Park (913)649-6996; LA., Gretna (504)367-3975; MD., Towson (301)321-1411; MA., Wakefield (617)245-5940; MI., Detroit (313)961-3042: MN., Minneapolis 
(612)835-4818: MO., St. Louis (314)569-1406; N.M., Albuquerque (505)255-2330; N.J., Cherry Hill (609)482-0059, Englewood (201)871-3916; N.Y., Rochester (716)473-5720, Syracuse 
(315)437-6666. Vestal (607)785-9947; N.C., Burlington (919)227-3639; OH., Chesterland (216)729-2222, Dayton (513)294-2476: OK., Jenks (918)299-2636; OR.. Portland (503)297-2248: 
S.C., Greenville (803)271-8543; TX., Dallas (214)661-0400, Houston (713)688-1431; UT., Salt Lake City (801)466-8729; VA., Falls Church (703)573-8787; WA.. Bellevue (206)454-3400: 
WI.. Milwaukee (414)545-8400; CANADA. Montreal, Quebec (514)747-9747, Ottawa, Ontario (613)725-1931. Toronto, Ontario (416)625-0600. Calgary. Alberta (403)276-7567. 
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NEW! LOW PROFILE, TIGHT 
TOLERANCE DIP CRYSTAL 

OSCILLATOR 

• Any fixed frequency .05 MHz to 25 
MHz • Frequency tolerance: F 1 4C 
±.001%, OC to +50 °C; Fl4D 
±.0025%, 0"C to +65'C; Fl4E 
±.005%, —25'C to +75 C • 5 V dc 
± 5% supply, 100 ma maximum • TTL 
output logic 0 ≤ 0.4 V, logic 1 a2.4 V 
• Dimensions, 0.44" H x 0.49" W 
0.78" L. 

THE CONNOR-WINFIELD CORP. 

West Chicago, IL 60185, USA 
Phone: (312) 231-5270 
TWX: 910-230-3231 
Cable: CONWINWCGO 
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From Electronics 
Magazine Book Series. 
Zero-risk trial offer. 

Design Techniques 
for Electronics 
Engineers. 
Nearly 300 articles 
drawn from 
"Engineer's 
Notebook." A 
storehouse of 
design problem 
solutions. $15.95 

Electronics Book Series 
P.O. Box 669, Hightstown, N.J. 08520 

Send me_____copies of "Design 
Techniques for Electronics Engineers" 
at $15.95 per copy. 

Discounts of 40% on orders of 10 or more copies. 

I must be fully satisfied or you will refund 
full payment if the book is returned after ten-
day trial examination. 
D Payment enclosed D Bill firm C Bill me 

Charge to my credit card: 
American Express D Diners Club 
BankAmericard D Master Charge 

Acc't No Date exp.  
On Master Charge only, 
first numbers above name  

Name Title 

Company 

Street 

City State Zip 

Meetings 

Second Design and Finishing of 
Printed Wiring and Hybrid Circuits 
Symposium, American Electroplat-
ers' Society (1201 Louisiana Ave., 
Winter Park, Fla. 32789), San Fran-
cisco Hilton, Jan. 15-17. 

TV Mex, the TV Microelectronics and 
Microprocessing Exhibition, and 
IDEA, the International Domestic 
Electrical Appliances Exhibition, 
Montbuild Ltd. (11 Manchester Sq., 
London W1M 5AB., England), Na-
tional Exhibition Centre, Birming-
ham, England, Jan. 15-17. 

VHSIC —A New Era in Electronics, 
American Institute of Aeronautics 
and Astronautics (Box 91295, Dept. 
VHSIC, Los Angeles, Calif. 90009), 
Hyatt Regency, Cambridge, Mass., 
Jan. 21-22. 

Advanced Semiconductor Equipment 
Exposition, Associated Ad-Ventures 
Inc. (Suite V, 4546 El Camino Real, 
Los Altos, Calif. 94022), Convention 
Center, San Jose, Calif., Jan. 22-24. 

Annual Reliability and Maintaina-
bility Symposium, American Society 
of Mechanical Engineers, IEEE et al. 
(for information, contact N. Kutner, 
Burroughs Corp., Burroughs 
P1.-5F48, Detroit, Mich. 48232), 
San Francisco Hilton, Jan. 22-24. 

Embedded Computer Systems Acqui-
sition Management, American Insti-
tute of Industrial Engineers Semi-
nars (P. 0. Box 3727, Santa Monica, 
Calif. 90403), International Inn, 
Washington, D. C., Jan. 22-24. 

Third Annual SEMI Information Ser-
vices Seminar, Semiconductor 
Equipment and Materials Institute 
(625 Ellis St., Suite 212, Mountain 
View, Calif. 94043), Marriott Hotel, 
Newport Beach, Calif., Jan. 27-30. 

Software Quality Assurance and 
Configuration Management Seminar, 
The American Institute of Aeronau-
tics and Aeronautics (P. O. Box 
91295, Los Angeles, Calif. 90009) et 
al., Colonnade Hotel, Boston, Mass., 
Jan. 28-29, and International Inn, 
Washington, D. C., Feb. 21-22. 

Communication Networks '80, The 
Conference Co. (60 Austin St., 
Newton, Mass. 02160), Sheraton 
Washington, Washington, D. C., 
Jan. 28-30. 

Fifth Topical Meeting, Integrated 
and Guided Wave Optics, Optic 
Society of America (200 L St. 
N. W., Washington, D. C. 20036) 
and IEEE, Hyatt-Lake Tahoe, In-
cline Village, Nev., Jan. 28-30. 

The Automated Office, American 
Institute of Industrial Engineers, 
(P. O. Box 3727, Santa Monica, 
Calif. 90403), Statler Hilton Hotel, 
New York, Jan. 28-30, and Twin 
Bridges Marriott Hotel, Washing-
ton, D. C., Feb. 11-13. 

11th International Symposium for 
Mini and Microcomputers, Interna-
tional Society for Mini and Micro-
computers (P. O. Box 2481, Ana-
heim, Calif. 92804), Asilomar Con-
ference Grounds, Pacific Grove, 
Calif., Jan. 30-Feb. I. 

Export Administration Act of 1979, 
Law & Business Inc. (757 Third 
Ave., New York, N. Y. 10017), 
Mark Hopkins Hotel, San Francis-
co, Jan. 31-Feb. 1. 

Annual Television Conference, Socie-
ty of Motion Picture and Television 
Engineers (862 Scarsdale Ave., 
Scarsdale, N. Y. 10583), Sheraton 
Centre Hotel, Toronto, Feb. 1-2. 

Los Angeles Technical Symposium, 
Society of Photo-Optical Engineers 
(P. O. Box 10, Bellingham, Wash. 
98255), Sheraton-Universal Hotel, 
North Hollywood, Calif., Feb 4-7. 

Eighth Semiannual Conference on 
Federal ADP Procurement: New De-
partures, American Institute of In-
dustrial Engineers (P. O. Box 3727, 
Santa Monica, Calif. 90403), Shore-
ham Americana Hotel, Washington, 
D. C., Feb. 4-6. 

Third International Business Com-
puting, Word Processing and Infor-
mation Management Exhibition and 
Conference (Info '80), BED Exhib-

Signature 
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Garry 
Quad-Sprin 
fight bad 
connections 
4 ways. 

Don't settle for face-wipe. Or 
edge-wipe. Garry's new Quad-Springs* sur-
round the IC lead on ail four sides. They 
make contact with both the face and the 

Sedge at the same time. Provide 
machine contact reliability and 
wide lead chamfer for ease of 

automatic pin insertion, at stamped 
contact economy. 

The right prescription 
The face-wipe versus the edge-

wipe debate. Each side has a lot to offer, but 
with Quad-Springs, you get the best of both 
worlds. The tight-fitting Quad-Spring fea-
tures absolutely positive pin to socket con-
tact, providing lower resistance and a lower 
insertion pressure. 

Take two... 
The new beryllium copper Quad-

Spring contacts are available in a closed 
entry model socket of either thermoplastic— 
(GE Valox). Or in a high temperature thermo-
set Dially Phthalate FS-10 material, Dual-in-
line 8 thru 24 positions, and LSI sizes are 
offered. 

And call us for more 
infqrmation. 
Our new Quad-Springs surround 

the iead, to fight bad connections 4-ways. 
They're available off-the-shelf from us, or 
from your local Garry distributor. 

For more detailed specs, 
contact—Garry Manufacturing Company, 
P.O. Box 94, New Brunswick, N.J. 08902, 
(201) 545-2424. 
'patent pending 

Oar 
illY Manufacturing Co. 
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Electricity, 
lifeblood of a hospital. 

Plenco helps Hubbell 
help keep it flowing. 

Explosion-proof and Mobile 
X-Ray wiring devices are 
among the most critical com-
ponents in a modern hos-
pital's electrical system. These 
HubbellockR hospital ground-
ing plugs use parts made of 
our Plenco 741 Grey mela-
mine-phenolic compound 
molded by the Plastics Division 
of Harvey Hubbell Incorpo-
rated, Newtown, Conn. They 
provide an extra margin of 
safety in any area where unin-
terrupted power is essential, 
and meet hospital standards 
requiring special purpose 
plugs and receptacles. 
"Plenco 741 Grey," reports 

the company, "was chosen for 
its excellent electrical proper-
ties, impact resistance and 
compatible color." 

Whatever your own partic-
ular molding problem, you 
are invited to "plug into" Plenco 
selections, experience and 
service. Dial us now at (414) 
458-2121. 

FeLENCCD 
THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan, WI 53081 

Through Plenco research a wide range of 
ready-made or custom-formulated phenolic. 
melamine-phenolic, alkyd and polyester ther-
moset molding compounds, and industrial resins. 

Meetings 

itors Ltd. (Bridge House, Restmor 
Way, Wallington, Surrey SM6 7BZ, 
England), Cunard International Ho-
tel, London, Feb. 12-15. 

Southwestern Tool and Manufactur-
ing Engineering Conference and Ex-
position, Society of Manufacturing 
Engineers (P. 0. Box 930, Dearborn, 
Mich. 48128) and National Tool, 
Die, and Precision Machining Asso-
ciation, Albert Thomas Convention 
Center, Houston, Texas, Feb. 19-21. 

Alternate Energy Sources of the 
1980s Conference, IEEE, Town and 
Country Hotel, San Diego, Calif., 
Feb. 20-22. 

Word/Text Processing, American 
Institute of Industrial Engineers, 
(P. O. Box 3727, Santa Monica, 
Calif. 90403), Ambassador West 
Hotel, Chicago, Feb. 20-22. 

Diamond Jubilee Exhibition, Society 
of Automotive Engineers (400 Com-
monwealth Dr., Warrendale, Pa. 
15096), Cobo Hall, Detroit, Feb. 
25-28. 

Conference on Industrial Investment 
Opportunities in Morocco, Moroccan 
Industrial Development Office (821 
U. N. Plaza, Suite TM-606, New 
York, N. Y. 10017), Rabat, Moroc-
co, Feb. 25-29. 

Short courses  

Lasers and Applications, Feb. 5-7 
and May 20-22, Ramada Inn Ross-
lyn, Arlington, Va. Write to Society 
for Optical and Quantum Electron-
ics, P. O. Box 245, McLean, Va. 
22101. 

Modular Software Design, Feb. 6-8, 
George Washington University, 
Washington, D. C. Write to Con-
tinuing Education Program, GWU, 
Washington, D. C. 20052. 

Fundamentals of High-Resolution 
Lithography, Feb. II, and IC Tech-
nologies for the 80s, Feb. 12, Cabana 
Hyatt Hotel, Palo Alto, Calif. Write 
to U. of Calif. Extension, 2223 
Fulton St., Berkeley, Calif. 94720 
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The LOCO II, a new 
crystal clock oscillator 
at a new low price. 
For just $3.75" you get LOCO II. The new crystal-controlled, 
thick-film, DIP oscillator from Motorola. 

LOCO Il comes in three frequencies-16 MHz, 18.432 MHz 
and 19.6608 MHz. And these master clock frequencies 
are divisible to drive pPs and baud rate generators, or a 
combination of baud rate generators, pPs and LSI chips. 
All on the same micro-computer board—all from one 
master clock. Just think of the space that will save. 

LOCO Il gives you stability, too. It has a rating of 
± .05%. That includes calibration tolerance at 25°C, 
operating temperature, input voltage change, load change 
and aging. It's the ideal size as well—.820" x .520' with a 
seat height of .250'.' 

At $3.75, when you get LOCO II, you're getting the right 
oscillator at the right price. 

For price list, rep list and data sheet, call Barney Ill 
at (312) 451-1000. Or write Motorola, Component Products 
Department, 2553 N. Edgington, Franklin Park, IL 60131. 

• I .000 price. Motorola and LOCO II are trademarks of Motorola Inc. 

MOTOROLA INC. COMPONENT PRODUCTS 
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Take the MULTIBUS with 
us, Monolithic Systems 
Corporation. We've got 
a _-;omplete line of 
MULTIBUS compatible 
products on our route. 
Like our Z80A''' based 
shgle board computers. 
I/O and memory 
expansion boards, floppy 
d'sk controllers, video 
g-aphics controllers and 
R'AM/EPROM add-in 
memories. 

And to complete your 
sstem there's our 
MULTIBUS computer 
dhassis, power supply 
and extender and 
Lniversal boards. Our 
path is easy to follow 
because we offer an 
EPROM resident uniform 
monitor, EPROM resident 
operating system and a 
floppy disk resident Z80 
to 8080 macro file to 
guide you through. 

Our MULTIBUS 
compatible products are 
-he best route to a 
winning system. Check 
us out. We won't send 
you back to start. 

Our brochures tell 
all about our MSC 8004 
Z80A/Am9511 Single 
Board Computer and 
our complete line of 
MULTIBUS compatible 
products. 

For your free copies call 
or write Monolithic 
Systems Corp., 14 
Inverness Drive East, 
Englewood, CO 80112. 
Phone: 303/770-7400 
Telex: 45-4498 

MSC Foreign Sales Agents 

England 
Coldata, Ltd. 

3 & 5 London Road 
Reading Berkshire— RG1 5BJ 
England 

France 
ASAP 

62 Rue de Billancourt 
92100 Boulogne 
France 

"nr 

Holland/Benelux 
Riodelco Electronics 
V?.rrijin Stuarlaan 29 

2280AG Rijiswijk 
F-olland 

New Zealand 
David Reid Data Products. Ltd. 
1,7 H _iron Street 
TakaDuna, Auckland 9 
New Zealand 

Switzerland 
Amera Electronics 
Lerc:henhalde 73 
CH 8046 Zurich 
Switzerland 

West Germany 
Serr'co Computer 
Freidenstra (3e 9 
6200 Wiesbaden 
West Germany 

MSC Regional Sales Offices 

EASTERN REGION 
Ed Podsiadlo 
1101-B9 State Road 

Princeton. NJ 08540 
(609) 921-2240 

'CENTRAL REGION 
Bob McDowell 
7200 East Dry Creek goad 

Suite 4E3203 
Englewood. CO 80112 
(303) 773-1060 

WESTERN REGION 

Tom Winchester 
49 South Baldwin 
Su •te D 
Sierra Madre. CA 91024 
(213) 351-8717 

Vonoftic 
"ÙfteTif cop. 
MdLTIBUS is a trademarf of Intel Corp. 
Z60A is a trademark of 2/cg, Inc. 
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The 
shopper's answer 
for DEC LSI 
compatible 
I/O cards. 

When it comes to I/O functional cards 
for DEC LSI-11 microcomputers, ADAC has 
the biggest selection available. 

ANALOG I/O 
1012 16 channels, high level inputs, 12 bit 
1012EX 32-64 channel high level inputs, 

mux expander 
1014 16 channels, high level inputs, 14 bit 
1023 16 channels, high level inputs, 12 bit, 

LSI-11/23 interrupt compatible 
1023E1 32-64 channel high level inputs, 

LSI-11/23 interrupt compatible 
1030 16-64 channels, high level inputs, 

12 bit, 2 DACs 
1112RL 8-16 differential low level and 

thermocouple inputs, 12 bit 
1112RX 8-16 differential low level and 

thermocouple inputs, mux expander 
1113 8-16 differential low level and 

thermocouple inputs, 12 bit, 
LSI-11/23 interrupt compatible 

1113EX 8-16 differential low level and 
thermocouple inputs, mux expander. 
LSI-11/23 interrupt compatible 

1412DA 1-4 D/A channels, voltage or current 
loop outputs 

CLOCK CARDS 
1601CPT Programmable crystal clock/timer 

SERIAL I/O CARDS 
1750 Asynchronous line interface with 

two I/O ports 

DIGITAL I/O 
1604/0P1 2-4 optically coupled pulse-;nput 

channels 
1604/POC 2-4 pulse output channels 
1616CCI 16 discrete inputs, contact closure 

detect 
1616/MIC 16 discrete inputs with priority encoder 
1616/010 16 parallel outputs, optically isolated 
1616/011 16 parallel inputs, optically 

isolated, can cause interrupt 
1620111 16 latched inputs and outputs for 

DMA operation 
1616HCO 16 discrete outputs, high current drive 
1632HCO 32 discrete outputs. high current drive 
1632111 32 TTL I/O lines 
1664111 64 TTL I/O lines 

BUS INTERFACE 
16200MA Direct memory access contraler 
1900 Unibus to LSI-11 translator 
1950 Bus repeater 
1900CT Cable terminator card 

Whatever your DEC system —Unibus, Obus 
or Omnibus, write or call for full details on 
the industry's widest line of compatible cards 
and complete system enclosures. 

CORPORATION 

70 Tower Office Park • Woburn, MA 01801 
(617) 935-6668 

News update 

Skylab, the 85-ton United States 
experimental satellite, caused world-
wide anticipation, consternation, and 
something of a frenzy just before it 
came crashing back to earth in 
Australia last summer. Now 
Hermes, a communications satellite, 
has also ended its useful life, though 
scientists say that, unlike Skylab, it 
will never fall because of its consid-
erably higher orbit. 
Hermes was Canada's eighth such 

satellite. It was launched just about 
four years ago, on Jan. 17, 1976, and 
was the first domestic communica-
tions satellite to operate in the 14-
(up link)-to-12-(down link) -giga-
hertz band. This meant that earth 
stations smaller than ever before 
could be used to transmit and receive 
audio, video, and data signals. 

Regarded as the forerunner of the 
direct-to-home broadcast satellite, 
Hermes lived almost twice as long as 
the two years that were expected, 
and it performed well throughout the 
third and fourth years. Its final act 
was to carry out some rain attenua-
tion tests requested by the Austra-
lian government. But, says Canadian 
Minister of Communications David 
MacDonald, contact has now finally 
been lost. 

Hermes' faithful 200-watt travel-
ing-wave tube was supplied by 
Litton Industries and worked until 
the bird's final day. TWTs, despite 
recent developments in solid-state 
technology, continue to be the ampli-
fiers of choice in satellites because 
they offer high amplification factors, 
broad bandwidth, and, as was the 
case with that carried aboard 
Hermes, long life expectancy. 
Hermes now presumably joins the 

growing collection of other satellites, 
parts of satellites, and other Space 
Age detritus. This is much to the 
distress of the people who want to 
put other birds into orbit, only to 
find so much of the preferred park-
ing areas cluttered with floating 
leftovers. In fact, one aide of the 
National Aeronautics and Space 
Administration says, "if we don't 
change the way we do business in 
space, a broad belt of debris from 
collisions will form." [Electronics, 
June 21, p. 96]. -Harvey J. Hindin 
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The keyboard 
switch 
wMU s 

[lusr? 
cpg gElc{ 

...keeps your product WORKING 
year after year... after year. In your keyboard or ours, 

Cherry key switches just don't fail. The knife-edge contact area is so small 
(9 millionths of a square inch)... the contact pressure so great (about 5,000 psi) 
... the gold alloy so pure and film-free ... that you are assured of positive contact 
every time. For 50 million operations and beyond. (Which is probably beyond the 
life expectancy of your product!) 

Cherry "heart of gold" keyboard switches are available individually or with 
two-shot molded keycaps. Hopefully, you want keycaps. Because, we have keycaps 
. . in more legends, sizes, type faces than you're likely to find anywhere else. 
Sculptured keycaps? We've got 'em. Gloss or matte finish? We've got both. Colors? 
Lighted? Specials? Sure! Some -off the shelf': .. all at prices that make it obvious 
why the Cherry way is the economical way to put a heart of gold in any keyboard. 

CHE 
CHERRY ELECTRICAL PRODUCTS CORP., 

For free test sample switch 
and catalog, just 

TWX 910-235-1572 . 
or PHONE 312-689-7700 

Cherry switches now 
8 available locally from distributors. 

3608 Sunset Avenue, Waukegan, IL 60085 
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TRW Optron 
OPTICALLY COUPLED 

ISOLATORS 
NEW JAN 4N22A SERIES 

OFFERS 
HIGHEST RELIABILITY 

You can't buy a more reliable optically 
coupled isolator than one of TRW Op-
tron's new JAN 4N22A series. The 
popular JAN 4N22A, 4N23A and 
4N24A all feature fully qualified 
JANTX AND JANTXV ratings. 
These new TRW Optron isolators 

consist of a high efficiency, solution 
grown gallium arsenide LED and a sili-
con N-P-N phototransistor in a hermet-
ically sealed 6-pin TO-5 package. 
Minimum input-to-output isolation vol-
tage for the series is 1000 volts and 
minimum current transfer ratios range 
from 25% for the 4N22A to 100% for 
the 4N24A. 
New "A" version TRW Optron 

isolators are a significant improve-
ment over the older 4N22 series since 
the case is isolated from the sensor 
and LED to eliminate the need for an 
insulating spacer in many applica-
tions. 
TRW Optron also offers a new 

JEDEC registered series of high relia-
bility isolators in a 4-pin TO-18 pack-
age. The 3N243 series includes three 
devices with the same reliability and 
similar characteristics as the JAN 
4N22A TO-5 series, yet in a smaller 
package. 

TRW Optron's complete 
line of optically coupled 
isolators includes other 
immediately available stan-
dard devices in high-rel 
metal cans and low cost DIP 
and other plastic configura-
tions for almost every appli-
cation. 

Detailed technical information on 
optically coupled isolators and other 
TRW Optron optoelectronic products 
... chips, discrete components, re-
flective transducers, and interrupter 
assemblies... is available from your 
nearest TRW Optron sales represen-
tative or the factory direct. 

MWOPTRON 
A DIVISION OF TRW INC. 

3N243 

1201 Tappan Circle 
Carrollton, Texas 75006, US A 
TWX-910-860-5958 
214/242-6571 

People 

Lepselter sees more doubling 

of IC complexity each year 

With so many semiconductor manu-
facturers lamenting anticipated dif-
ficulties in producing very large-
scale integrated circuits, it is refresh-
ing to hear from an optimist. One 
such person is Martin P. Lepselter, 
director of the Advanced LS! Devel-
opment Laboratory at Bell Labora-
tories in Murray Hill, N. J. 

Lepselter is the 1979 winner of the 
Jack A. Morton Award of the Insti-
tute of Electrical and Electronics 
Engineers for his invention of beam-
lead ic technology and for his work 
on IC metallurgy, including the 
development of platinum silicide. 
While beam-lead technology has 
seen some use for challenging pack-
aging problems, refractory silicides 
such as PtSi are being increasingly 
hailed as one way to lower the resist-
ance of VLSI interconnections. 
Though some chip makers feel 

that Gordon Moore's "law" will be 
violated in the near future, Lepselter 
disagrees. Moore's law holds that IC 
device complexity doubles approxi-
mately every year; but even Moore 
himself, president of Intel Corp., 
feels the slope of the curve will soon 
level off to become less dramatic. 
However, "we will keep Moore's 
curves on line," insists Lepselter. 
"We can keep going with double the 
devices every year." 
He is a big booster of n-channel 

mos technology, believing it "can be 
pushed to 0.25-micrometer channel 
lengths," he states. Lepselter, a 
mechanical engineering graduate of 
City College of New York, also has 
faith in silicon despite the growing 
interest in gallium arsenide for high-
er speeds—no wonder, for he holds 
45 patents in silicon device technolo-
gy. "Silicon will be just as fast," he 
predicts. "When you go below 1-
micrometer line widths, you are not 
limited by mobility; RC time con-
stants become dominant." 
To keep Moore's law in line, 

Lepselter has been instrumental in 
the development of a complete high-
resolution X-ray lithographic system 
at the labs. It can resolve 0.5-iim 

Booster. Bell Labs' Lepselter believes that 

LSI complexity curve will continue to climb. 

geometries and it has a quick turn-
around time: "It has the potential to 
do 6-inch wafers in a couple of 
minutes and this exposure time can 
be improved by a factor of four with 
tricks," he says. He boldly adds that 
"0.5-1..tm will be the commercial 
technology of 1981." 

Chapman completes transition 

from marketer to top position 

It is rare for a company's top finan-
cial officer to shift into its marketing 
department, and even more rarely is 
such a transition successful. But 
apparently William E. Chapman has 
succeeded, for the former treasurer 
and marketing vice president at 
Litronix Inc., a subsidiary of West 
Germany's Siemens AG, is now exec-
utive vice president and chief operat-
ing officer of the Cupertino, Calif., 
optoelectronics producer. 
A 1960 graduate of Vanderbilt 

University with a bachelor's degree 
in business administration, Chap-
man spent his first 14 years in indus-
try with Westinghouse Electric 
Corp.'s financial sector before join-
ing Litronix as its treasurer in 
December 1974. Several months 
after Siemens' acquisition in Octo-
ber 1977 of the then-financially 
troubled Litronix, Chapman as-
sumed the top marketing spot 
because, as he puts it, "we needed to 
have some bottom-line orientation in 
our marketing function." 
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PDP11/23® 
ARRAY PROCESSOR SYSTEM 

FIRSTaR" 
1ILLrEDÏ1® FFIE ® 
¡AST C.uinv u ILK t.L.hiruKAiluN INTRODUCES A NEW 
CONCEPT IN COST EFFECTIVE HIGH-SPEED ARITHMETIC 
DRACFSMIdes vr5Trmt 

First Computer Corporation, one of the world's largest 
System integrators, has married Digital Equipment Corpora-
tion's advanced PDP-11/23 Computer Systems with the new 
Floating Point System's FPS-100 Arithmetic Processor. This 
complete packaged Array Processor System provides the 
power to tackle rough computational problems which were 
previously the domain of the "Super Computers". 

SPEr-
The FPS-100 is capable of up to eight million floating paint 
operations per second with on effective throughput of up 
to forty million operations per seccnd. 

E ENHANCEMENTS -= 

The FPS-100 is based on the proven parallel pipeline 
architecture of the FPS AP-12013. New enhancements such as 
extensive Real-Time capabilities provide maximum com-
putational efficiency with o minimum host computer interac-
tion. The cost-performance of the New FIRSTAR System is 
unbeatable in the universe. 

Ekst 
TM 

EXTENSIVE DEVELOPMENT SOFTWARE—SAVES 
PROG' 'NG COST 
With every FIRSTAR System you con select from on exten-
sive library of easy to use software consisting of an 
Assembler, Debugger, Simulator, Utilities, Math Libraries, 
Signal Processing Libraries, Image Processing Libraries, 
and Host Executives. It's easy to start using your FIRSTAR 
System quickly. 
trw REAL-TIMF PIF'FFI‘.-91!r"n 

This new Real-Time Supervisor permits the execution cf 
multiple 'Real-Time tasks on a priority basis. SUPER-100 ccn 
virtually place the FPS-100 in a stand-alone multi-tasking 
mode for the processing &multiple streams of input doto 
with c minimum of host computer dependency.. 
rwo-- nFr COW' ',rtkeT1Wir, SYVTFIVe 
Select the Digiral Equipment Corporation Operating System 
which best matches your application needs. FIRSTAR is 
available with either the RI-11 Real-Time Executive or the 
RSX-11M Resource-Sharing Executive. All Operating 
Systems are fully supported by Digital. 

,D FIELD SERVI( ' )WIDF rY !NF.0 
A. 
FIRSTAR Systems ore jointly installed and maintained by 
DEC's and FPS's own Field Service Organizations. No third 
perty maintenance to worry about. 

Registered -rodemork & Flooring Point Systems Inc. 

TWX NUMBER 910-651-1916 

computer corporatIon 
corporate square/825 north cass avenue/west-nont,i.linois 60559/(312) 920.1050 

ito I fq u i pm nr Corporation ,AP-

f 
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IADIRAN 
lithium 
Batteries 

11111» 

Using an inorganic electrolyte (thionyl chloride) and lithium anode 
and applying advanced cell technology, a battery has been 
developed that satisfies the demanding requirements of today's 
electronics technology. 

Long Shelf Life — Inert active ingredients and hermetic seal give 
ten-year shelf life. 

High Cell Voltage — 3.4 volts, higher than that of any other 
commercially available battery. 

High Energy Density — 800 mWh/cm' and 420 Wh/kg, sign ificantly 
better than other lithium systems. 

Stable Discharge Voltage — Very flat discharge curves throughout 
battery life make this cell system dependable for precision 
applications. 

Safe to Use — Will not explode or release corrosive or toxic gases 
even if short-circuited or heated to 150°C. 

Wide Temperature Range — Operates from -Seto +75°C, permitting 
use where other systems fail. 

Tadiran lithium batteries are ideal for a wide range of industrial, 
military, medical and scientific applications such as CMOS memories, 
data logging, control instrumentation, remote monitoring, low 
temperature devices, cardiac pacemakers, hearing aids, transmitters 
and advanced telephones. 

Also available: lithium battery types for PC board mounting and 
automatically activated reserve types for special applications. 

People 

At the top. Litronix' Chapman started as 

treasurer, is now chief operating officer. 

Now that Litronix is back in the 
black—it turned a profit in the fiscal 
year ended Sept. 30, 1979, according 
to Chapman—the 41-year-old offi-
cial intends to direct Litronix in 
addressing three big needs—im-
proved quality, greater productivity, 
and enhanced profits. One reason for 
this is the Japanese. Although not 
yet a big factor in the U. S. optoelec-
tronics market, Chapman says, "The 
Japanese will be here. We have to 
start now to be in a position to coun-
ter them, and better them, by being 
innovative in responding to the 
market's needs and getting our 
productivity and quality up." 
Although his ultimate goal is 

improved profitability for Litronix, 
Chapman says, "It is a time-
consuming process, and it is not done 
in one or two quarters." Rather, he 
believes Litronix needs to look at 
basics and, like European compa-
nies, "look at things from a more 
long-term viewpoint." 
One of the biggest challenges 

facing Chapman is to come up with 
a recipe to maximize resources for 
Litronix' growth. Two of the areas 
that contributed to the firm's growth 
in 1979 and enabled it to gain 
market share, and which Litronix 
will concentrate on, are intelligent 
displays and opto-isolators. "These 
two areas look very strong for the 
next five years, especially for differ-
ent types of products." Not to be 
overlooked, he continues, are the 
standard light-emitting-diode lamp 
business —"especially good right 
now" —and specialty products such 
as multicolor and flashing lamps. 

16 Circle 16 on reader service card Electronics/January 3, 1980 



THE TELEPHONE 
DESIGNERS' COLLECTION 

3 OF THE MOST INNOVATIVE 
TELEPHONE COMPONENTS 
IN THE WORLD 

Our designers at Mitel 
Semiconductor know the telephone. 
That's because they work side by side 
with Mitel Telecom engineers. The 
application of our semiconductor 
technology to the telephone has 
produced the most efficiently 
integrated phone components in 
the world. 

The MT4320 Pulse Dialer 
The MT4320 allows the rotary dial 

to be directly replaced by a push button 
pad. This pin for pin equivalent to the 
industry standard DF320 has an 
operating voltage range of 2 to 7 volts, 
250µW operating power dissipation, and 
a stand-by current consumption of less 
than 1µA. The MT4320 stores up to 
20 digits, has last number redial, pin 
selectable line break/make ratio and 
pin selectable impulsing rate of 10, 
16 or 20 PPS. 

The MT4325 
Programmable Dialer 

The MT4325 has all of the features 
of the 4320. In addition it has an audible 
key tone and access programming for 
automatic dialing pause in redial mode. 

The ML8204 Tone Ringer 
This replacement for the telephone 

bell, with a minimum of external com-
ponents, provides a pleasant warbling 
sound, and interfaces to the telephone 
line. The ML8204 has low power con-
sumption, an on-chip regulator, positive 
switch-on and is packaged in an 8 pin 
minidip. 

MITEL SEMICONDUCTOR, we've got 
the goods for you. 

MITEL SEMICONDUCTOR 
United States 1735 Jefferson Davis Highway, Suite 1009, Arlington, Virginia, U.S.A. 22202. Telephone 17031 243-1600 

1223 Westchester Pike, Havertown, Pennsylvania, U.S.A. 19083. Telephone (2151 449-5556. 
2321 Morena Blvd., Suite M, San Diego, California, U.S.A. 92110. Telephone 1714) 276-3421. 

Canada: P.O. Box 13089, Kanata, Ottawa, Ontario, Canada K2K 1X3. Telephone 1613) 592-2122, QUIP: (613) 592-2600, 
Telex: 053-4596, TVVX: 610-562-8529. 
18 Airport Blvd., Bromont, Quebec, Canada JOE 1LO. Telephone 15141 534-2321, Telex: 05-267474. 

Europe: Hamilton Road, Slough, Berkshire, England SL1 40.Y. Telephone 0753-36137, 0753-36138, Telex: 847730 
Fredericiagade 16, Suite 309, 1310 Copenhagen K, Denmark. Telephone (01) 119302, Home 102) 484083, Telex: 27246 

Asia: TST P.O. Box 98577, Kowloon, Hong Kong. Telex: 64235-Mite) HX Circle 17 on reader service card 





16K Speed Champ 
Intel's new 3636 bipolar PROM breaks the 16K speed barrier 

with 65ns access. It's a victory for bit slice designs. 

Streamlined performance 
is the whole point of today's 
advanced bit slice computers. 
High speed. High density. 
High reliability. Now Intel 
delivers the 16K 3636, 
manufactured with our new 
Stacked Fuse Bipolar* process 
to produce the highest 
performance microprogram 
memory yet. 

Design for speed 
and comfort 

Our 2Kx8-bit 3636 gives you 
four times the density of 4K bipolar 
PROMs with no speed penalty. 
The 3636's maximum access of 65ns 
makes it the ideal memory for fast, 
high density bit slice designs, as well 
as look-up table and other program 
store applications. 

Using the 3636 instead of 4K 
PROMs lets you reduce component 
count and microprogram board 
requirements up to 75%. By design-
ing program store on the CPU board, 
you can even save up to a full board 
slot for I/O or other functions. 

For designs requiring extended 
temperature ranges, our 8Ons military 
device, the M3636, is ideal. 
No matter what your application, 

you're certain to reduce power re-
quirements. Power consumption per 
bit for the 3636 is only one fourth 
that of most 4K bipolar PROMs and 
only half that of most 8Ks. 
Whether you're replacing 4K or 8K 

bipolar devices, the 3636 makes it 
simple. It's packaged in the industry 
standard 24-pin DIP, so you won't 
have to redesign in order to upgrade. 

And you can program the 3636 in 
seconds using Intel's UPP103 or any 
standard PROM programmer. 

Our formula: 
Stacked Fuse Bipolar 
The most efficient way to improve 

speed characteristics of bipolar 
PROM's is to reduce die size. Very 
simply, smaller geometries reduce 
capacitance, thus speeding access 
time. 

Intel achieved the 3636's high 
speed and dramatically smaller die 
size with a new "stacked" bipolar 
process. Stacked Fuse Bipolar 
combines Intel's expertise in Large 

Stacked Polysilicon Fuse 

Fuse 

Metal 
Fuse 

r-i—j-1--rj—r---\  

Si02 

Substrate 

Diode 

Cross Section 

Inters new Stacked Fuse Bipolar process 
allows a 30% reduction in the 16K cell size. 
This dramatic density improvement yields 
faster access speeds than ever before 
possible. The illustration shows the "stacking" 
of our polysilicon fuse over the diode instead of 
placing them side by side as in older designs. 

Scale Integration with dual layer 
metalization and polysilicon fuses. 
(See diagram.) The result is the 
highest density and performance 
ever in a 16K bipolar PROM. 

Intel's 3636 Bipolar PROMs 

3636-1 3636 M3636 

Maximum 
Access 
Time (ns) 

65 80 80 

Typical Power 
Per Bit (mW) 0.05 0.05 0.05 

Intel's 3636 also means high 
reliability. We've already proven 
the producibility and dependability 
of Stacked Fuse technology with our 
3625A 4K bipolar PROM. Hundreds 
of thousands of these components 
are already in operation, including 
military versions for hi-rel applica-
tions. In addition, millions of 
device-hours of tests with zero fuse 
failures confirm Stacked Fuse Bipolar's 
reliability. Further details on Intel's 
bipolar PROM reliability are found 
in our Summary Evaluation Report, 
RE1, available on request. 

Get on the fast track 
today 
Our high performance 3636 is 

available now. To order, or for com-
plete data and reliability information, 
contact your local distributor or 
Intel sales office. Or write Intel 
Corporation, Literature Depart-
ment, 3065 Bowers Avenue, Santa 
Clara, California 95051. Or call 
(408) 987-8080. 

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, VVyle/Liberty, 
LA.Varah and Zentronics. 

• Stacked Fuse Bipolar is a patented process of Intel Corporation. 
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"Engineers find 
computer systems powerful 

designing products." 

Why? 
Computation Power.Today's 
Hewlett-Packard desktop sys-
tems put big computer power 
under your personal control. 
You solve problems with up to 
449K bytes of user-addressable 
read/write memory, all available 
for your programs and data. 
Built-in operating systems in-
corporate HP Enhanced BASIC, 
a powerful super-set of ANSI 
Standard BASIC. Coupled with 
optional assembly language, HP 
Enhanced BASIC gives you 
optimum performance for time-
critical operations. Extensive 
libraries of HP software help turn 
weeks of setup and develop-
ment time into days. 
Powerfully Integrated. Each 
system is a functionally inte-
grated work station, from the 
keyboard and CRT display to the 
built-in processors and quiet 
printer. It provides everything 
you need to manipulate data, 
check interim results, perform side 
computations, explore varia-
tions and produce alphanumeric 
and graphic hard copies of your 
solutions. 
Systems Capability. Your sys-
tem can be augmented with a 
broad range of HP peripherals or 
front-end measurement instru-
ments. Interconnection is as easy 
as selecting interfacing cards 
and cables from one of four pro-

tocols available: HP-IB, Bit-
Parallel, BCD or RS-232-C. 
Desktop computers incorporate 
direct memory access (to ac-
celerate capture of real-time 
data from high speed devices), 
and vectored priority inter-
rupt. One model util-
izes dual processors for 
overlapped computa-
tion and I/O. 
Friendly. Together with 
the power to handle 
complex computational 
problems, today's systems retain 
the reliability and ease of use 
that have always characterized 
HP desktop computers. 



today's desktop 
tools for 

Digital Simulation 

Structura/ 
Analysis 

Visual Solutions 
Through Graphics. 
Graphic systems powered 

by HP desktop computes give 
you a wide variety of appli-

cation possibilities. With 
graphics options, plotted 

data becomes visible practi-
cally as fast as it is generated. 
Whether it's CRT graphics 

or hard copy from the printer 
or plotter, you work with ad-
vanced graphics software and 

unified commands through 
HP Graphics Language. 

Expand Your System. 
HP Desktop Computers have 

become the center of a growing 
family of input, output and stor-
age peripherals. You can tailor 
a system to suit your needs 

by choosing HP printers, plot-
ters, paper tape punches and 

readers, card readers, digitizers, 
flexible and hard disc drives. 
Choose fast, quiet thermal 

printers or multi-copy impact printing and 
disc capabilities ranging from 500K byte 

flexible to 120M byte hard discs. 

[ha 

A Choice 

We build a broad range of desktop 
computers, with one just right for your 
computational applications. System 45B 
provides advanced graphics (including 3D), 
449K byte read/write memory capacity 
and big system peripherals. System 35 
offers a low cost 250K byte read/write 
memory capability with optional assembly 
language programming and powerful 
interfacing characteristics for automatic 
measurement and analysis. 

A Growth Path. 
HP can meet expanding 
needs with data com-
munication links from 
desktop computers 
to HP 1000 com-
puters. For multi-
user, multi-
tasking applica-
tions, HP 1000 
computers offer a 
wide selection of 
compatible RTE 
operating systems 
with optional data base management, 
factory data collection and up to 64 
user terminals. 
For more information. Call 800-

821-3777, extension 119, toll-free day or 
night (Alaska and Hawaii included). In 
Missouri, call 800-892-7655, extension 
119. Or write 3404 E. Harmony Road, 
Fort Collins, Colorado 80525. 
For a demonstration. Call the HP 

regional office nearest you: East 201/ 
265-5000; West 213/970-7500; Midwest 
31Z255-9800; South 404/955-1500; 
Canada 416/678-9430. 

HEWLETT 
PACKARD 

•011/13E 
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Control Data: Committed to 
Control Data people, systems and services are 
helping manufacturers prepare for the '80's. 

Exemplifying what state-of-the-art CAD technology can do for manufacturers, Chrysler 
Corporation Chief Engineer Robert Brauburger reports dramatic gains in the speed and 
efficiency of their design process. Above: a Chrysler engineer uses a color graphics terminal 
to analyze piston performance. Below: the control room at Chrysler's Technical Computing 
Center, where an operator monitors four interconnected Control Datai CYBER 170 systems. 

22 

American manufacturers are 
challenged by spiraling inflatión 
and increasing competition. 
They must keep pace with 
productivity gains abroad to 
maintain market share and 
protect the jobs of their 
employees. 

In the U.S., the annual growth 
in productivity over the last ten 
years has been half of what it 
was over the previous two 
decades. Many manufacturers 
are turning to computer-based 
technology to reverse this trend. 

Over half the FORTUNE 500 
are using our products and 
services. 

Large scale Control Data 
computers are recognized for 
their outstanding ability to 
perform complex scientific and 
engineering computations 
rapidly and with great accuracy. 
Our systems are installed in 
major manufacturing com-
panies around the world. And 
Control Data's recently 
announced CYBER 170 Series 
700 continues in this tradition 
by offering increased per-
formance at reduced cost. 

Control Data also offers 
manufacturers a wide range of 
data services through some of 
the world's foremost data 
processing networks. 

Through our CYBERNET® 
Services we provide the benefits 
derived from processing on 
Control Data computer 
systems, along with sophis-
ticated application programs 
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the Manufacturing Industry 
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for structural, mechanical and 
electronic design and analysis. 

Through our Service Bureau 
Company, we provide a whole 
range of services for business 
planning, analysis and control, 
plus a complete interactive 
system for material require-
ments planning, production 
control and management 
information. 

In addition, many companies 
are training their personnel 
with our PLATO e computer-
based educational service. 

A new automated design and 
drafting system 

One of the most important 
ways Control Data is helping 
manufacturers make better use 
of human resources is through 
computer-aided design (CAD). 

Recently, we announced 
AD-2000? an automated design 
and drafting system which 
speeds the design process by 
eliminating many of the tedious, 
time-consuming tasks pre-
viously performed by hand. 
AD-2000 offers practical and 
up-to-date design and drafting 
capabilities while providing a 
link to numerical control and 
other computer-aided man-
ufacturing (CAM) functions. 

Coming from Control Data— 
a fully integrated CAD/CAM 
system 

The critical link between CAD 
and CAM is the effective 
control and flow of data among 
respective systems. Control 
Data has the products and 
expertise to allow the interface 
of design, analysis and manu-
facturing applications. 

And when our new CAD/CAM 
technology is available, manu-

Boeing, a long time user of Control Data computers, recently installed two CYBER 175's 
in a CAD/CAM center to assist in the design of its new generation of passenger aircraft. 

facturers will be able to go 
from a design on a CRT screen 
to a finished part—all with 
greater productivity and better 
use of resources than offered 
by the present technology. 

Control Data is committed to 
helping industry bridge the gap 
between the old and new 

OD 

technologies. Through our 
Manufacturing Consulting 
Services organization we are 
helping manufacturers plan and 
implement their CAD/CAM 
strategies through training, 
consultation and technical 
assistance. And through 
Commercial Credit Company, 
an important part of Control 
Data, we provide manufacturers 
with a whole range of financial 
services, including capital 
equipment financing. 

Systems. Services. Solutions. 
Measures of Control Data's 
commitment to the manu-
facturing industry. 

For further information, write: 
Control Data Corporation, 
Manufacturing Industry 
Marketing, HQW09F, Box 0 
Minneapolis, MN 55440. 

CONTROL DATA 
COKPOR,ATION 

`Developed by Manufacturing and Consulting 
Services, Inc., Costa Mesa, CA. Addressing society's major needs 
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Editorial  

Let's skip this recession 

We're optimistic—there, we've said it and 
we're glad. Like just about everybody else in 
the electronics industries, we got tired of 
waiting for the recession last year that Wall 
Street and various economists told us over 
and over was coming. 

Okay, it's 1980, and we're still waiting. 
Right now, our gut feeling is that the electronics 
industries are going to plow right through 
the year. The figures for this year's markets 
forecast show that there will be a slowing of 
growth and some genuine soft spots. 

But look at all the hot spots. There are 
just too many under-capacity items, even in 
the supposedly weak consumer sector, to 
start damping the production fires. As for 
unemployment —have you tried to hire an 
experienced engineer lately? Have you tried 
to hire anybody lately? 

Electro, Wescon, Midcon —and now, Southcon 

As another sign that recession warnings may 
be wrong, the electronic industries are about 
to get another convention —Southcon. Like 
Electro, Midcon, and Wescon, the new event 
will alternate between large cities in the same 
region, in this case Atlanta and Orlando, Fla. 
Southcon will make its debut Jan. 13-15, 
1981, in Atlanta. 
But the question is, does the electronics 

community need another show? At least on 
the face of it, it would seem not. After all, 
not only do we hear about an imminent 
recession, but there is the not-too-distant 
memory of shows that have come and gone, 
sunk by underwhelming support. However, 
in the instance of Southcon, that does not 
appear to be the case. 

First of all, what shows like this one indicate 
is that fast-moving electronics— now part of 
the mainstream of consumer, industrial, and 
commercial technology—is in need of better 

Inventories, too, appear to be in line. For 
some semiconductor products, there are no 
inventories—it's all being rushed into use. 
At the front lines, distributors are seeing 
signs of caution, but again, nothing resembling 
a major slowdown in ordering. 

It's time to shrug off the recession mentality, 
fire Chicken Little, and get on with keeping 
the electronics business as healthy as ever. 
We think the markets will do better than the 
10%-plus forecast by the survey respondents. 
We think the industrialized nations are 
learning to live with the Organization of 
Petroleum Exporting Countries. In addition, 
demand for electronics products—from 
components to computer systems—is expanding 
within the constraints of the general economy. 

Finally, it's an election year and that often 
does wonders for the economy. 

communications, and regional conventions 
serve that need best. Also, the Southeastern 
part of the country is one of the fastest-growing 
high-technology sectors in the nation. 

Finally, electronics conventions are thriving, 
as borne out by the unanimously positive 
responses from exhibitors at last year's Midcon 
in Chicago about the quality of exhibit 
attendees. Many of those exhibitors indicated 
that the attendees were more serious and of 
a more professional caliber. 

There's one positive omen about the 
Southeast that may bode well for 1981's 
Southcon. The application of electronics 
technology to industries not in the traditional 
sectors served by electronics is very high in 
that area of the U. S. Many members of these 
nonelectronic companies will certainly benefit 
from a major convention that expands their 
horizons, and Southcon could possibly be 
that event. It would be pleasant to think so. 
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Looking for 
these important 
advantages in 
microprocessor I/0s? 
Think Crydom 
Series 4. 

Color coded terminal 
blocks make it easy 
to identify voltage 
types: RED for AC, 
BLUE for DC. 

Input modules accept 
and convert field voltages 
to an isolated logic level. 
(TTL, CMOS, etc.) 

k\ 
;ed_.%.x 

Ir put modules are white, 
Output modules are black or 
metallic grey for quick identification. 

Gold plated pin terminals ass 
plug-in connection 

Built-in LED 
status indicators. 

No loose parts 
to mount. 

Integrated barrier type 
terminals meet all 
established safety requirements ... 
accept two #12 wires. 

Crydom Series 4. The completely integrated Input/Output 
interface modules for use between logic level microprocessors, 

programmable controllers, computerized machine controls, 
or other logic control systems, and outside field elements 

such as motors, solenoids, valves, or heaters. 
Write for details or contact your local Crydom Rep or Distributor. 

They're another reason why it pays to ' Think Crydom". 

I NTE RNATIONAL RECTIFIER 

Output modules incorporate 
internal transient protection 
in DC units, internal snubber 
networks on AC units. 

No external components required. 

High efficiency aluminum 
heat radiators enable output 
moiules to handle 4 Amps 
at 40"C without added heat sinks. 

Solid encapsulaticn proiuces rugged 
modules, environmentally protected 
for long-term reliability 

Modules plug intc your PC Board or 
an Interface Mounting Board we supply. 

CRYDOKA 
r:D I \.! I I o 

International Headquarters: 1521 E. Grand Ave., El Segundo, CA 90245. (213) 322-4987. TWX: 910-348-6283 

European Headquarters: Hurst Green, Oxted, Surrey, England. Te'ephone: Oxted 3215. TELEX: 95219 

Sales Offices, Agents and Distributors In Major Cities Throughout the World. 
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"SIL-PADS 400": 
THE SUPERB 
SOLID STATE 
HEAT SINK 
INSULATORS. 

TEST 'EM! 

UL 
FILE 
E59150 

*7 MIL 

(FOR MAX. HEAT DISSIPA-
TION) REDUCES THERMAL 
RESISTANCE BY 35% 

Since 1973, Bergquist has helped 
overcome heat-sink problems with 
"SIL-PADS". Eliminate messy 
grease and fragile mica or plastic film 
by using this exclusive development. 

"SIL-PADS 400" are thin, tough 
layers of thermally-conductive 
silicone-rubber and fiberglass (lami-
nated). Cut-through, tearing, break-
ing problems are gone. Assembly 
time is reduced; no solder bath 
contamination; consistent heat trans-
fer. 

Perhaps you've tested or are using 9 
mil. NOW . . . test both 7 and 9 mil, 
and you decide! 

"SIL-PADS 400" are successfully 
used in thousands of applications. 
Many standard configurations, plus 
custom capability. 

FREE SAMPLES, 
TECHNICAL DATA, 
and LITERATURE! 

BEROCIUIST 
5300 Edina Industrial Blvd. 
Minneapolis, MN 55435 
Phone (612) 835-2322 
TWX 910-576-2423 

The Personal 
Readers' comments Computing Book 

Advisory only 

To the Editor: A Washington News-
letter item referring to the National 
Council of Engineering Examiners 
and its model law [October II, 
p. 63] contains some erroneous in-
formation. The National Council of 
Engineering Examiners does, in fact, 
have a model law developed over 
many years and has attempted 
continually to reflect changes in 
state rules and regulations as well as 
in the practice of engineering. This 
law is promulgated by the National 
Council as a guide to state boards of 
registration for engineers or to state 
legislatures and is used only in an 
advisory capacity. It serves as a 
guide when changes are suggested 
either by state boards or by others 
who feel state statutes need to be 
updated. The model law is not "be-
ing submitted to state legislatures" 
to my knowledge, nor is that its 
purpose. Furthermore the NCEE does 
not take any role in promoting 
changes in state statutes. 

Morton S. Fine 
National Council 

of Engineering Examiners 
Seneca, S. C. 

Screened windmills 

To the Editor: Regarding "It's an ill 
wind for television, study finds" 
[Sept. 13, p. 96], interference with 
television reception caused by power 
windmills could perhaps be elimi-
nated or considerably minimized by 
constructing coarse-mesh electrical 
screening fences around the windmill 
to effectively prevent modulation of 
the ultrahigh-frequency signals. 
There may be only marginal reduc-
tion in the power available and the 
shadow affect may be within accept-
able limits. Might this be a cost-
effective solution? 

S. Krishna Rao 
Bangalore, India 

Correction 

Raytek Inc. 's Raynger II temperature 
gun (Dec. 20, p. 134) can display 
temperature readings either from — 20° 
to + 2,000°F or from — 30° to 
+ 1,100°C. A typo made the maxi-
mum Fahrenheit reading + 200°. 

peRsonal 
cçnpuflng 

haRawaRe 
and 
sofTwaRe 
basics 

I.3ectronics 
Ésbók Series 

Take the computer 
revolution into 
your own hands! 

More than 50 articles are presented 
from leading publications in the field 
to give you this up-to-date guide that 
answers all your questions on person-
al computing precisely and reliably. 

Hardware • Software • Theory 
• Applications • Helpful Hints 

Order today, and don't forget the other 
valuable Electronics Magazine Books 
listed in the coupon below. 

rElectronics Magazine Books 
P.O. Box 669, Hightstown, NJ 08520 

Send me... en • 
  copies of Microprocessors @ $8.95 

  copies of Applying Microprocessors 
@ $9.95 

  copies of Large Scale Integration 
@ $9.95 

  copies of Basics of Data Communica-
tions @ $12.95 

  copies of Circuits for Electronics 
Engineers @ $15.95 

  copies of Design Techniques for 
Electronics Engineers @ $15.95 

  copies of Memory Design: Micro-
computers to Mainframes @ $12.95 

  copies of New Product Trends in 
Electronics, No.1 @ $14.95 

  copies of Personal Computing: 
Hardware and Software Basics @ $11.95 

Discounts of 40% on orders of 10 or more 
copies of each book. 

I must be fully satisfied or you will refund full 
payment if the book is returned after ten-day 
trial examination. 

12 Payment enclosed E Bill firm Bill me 

Charge to my credit card: El American Express 

Diners Club El Visa p Master Charge 
Acct. No.   Date Exp   

On Master Charge only, 
fi?st numbers above name 

Name Title 

Company 

Street 

City 

Signature 

State Zip 
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MIcralugn® 200 Series... 
Higher throughput 
than step-and-repeat 
at a much lower price. 

Perkin-Elmer designed the 
new Micralign Model 200 to be 
the most cost-effective pro-
jection mask aligner available. 
In performance, it achieves 2-
micron geometries or better 
in production, distortion/mag-
nification tolerance of 0.25 
micron, and 4 percent uni-
formity of illumination. Options 
available include automatic 
wafer loading and automatic 
alignment. Soon to be available: 
deep UV optical coatings for 
still smaller geometries. 
Compared to the leading 

step-and-repeat aligner, the 
Micralign Model 200 delivers 
outstanding performance for 
not much more than half the 
cost. It takes about a quarter 
of the floor space. It provides 
consistently higher throughput 
regardless of die size. 
The Model 200's remarkable 

performance is the result of a 
number of major innovations. 

Improved optical design 
and fabrication 
We improved the optical design 
to provide increased resolution 
and depth of focus. Optical 
manufacturing tolerances are 
five times tighter to ensure 
precise overlay from aligner 
to aligner. 

Near-zero vibration 
We minimized vibration. We 
constructed the Model 200 
with two frames—one inside 
the other. The inner frame, 
which carries the projection 
optics and carriage drive, is 
completely isolated from the 
outer frame. 

Inner Frame 

Outer 
Frame 

Vibration 
Isolators 
(Isolated 
Structure 
Support) 

Projection 
Optics 

Is° atad 
Structure 

Vibration 'so ators 
(Inner Frame Support) 

We incorporated a superb 
linear motor carriage drive with 
air bearing slide. This drive 
does more than eliminate vibra-
tion.With the air bearing feature 
there's no contact and no 
wear. And no limit to carriage 
drive durability. 

Moving Coil 
DC Motor 

DC Tachometer 

Optical Encoder 

Built-in environmental 
control 
We provided the Model 200 
with a built-in environmental 
chamber. External air, supplied 
by you or from our optional air 
conditioning system, is blown 
through a I-EPA filter and 
heating elements but into the 
Model 200 topcover. A positive-
pressure, class 100 environ-
ment is carefully controlled to 
better than 1°F 

Air Bearing 
Slide 

Flexure 
Linkage 

Cooled Air 

Heaters 

HEPA 
Filter 

We included a separate ther-
mal control for the mask, to 
compensate for mask run-out. 

No mask contamination 
We designed a sealed mask 
carrier for the Model 200. You 
put the mask in the special 
carrier right in the mask depart-
ment. Seal it. When you load 
ihe sealed carrier in the Model 
200, the cover plates are auto-
matically removed. After use, 
the cover plates are automat-
ically replaced. 

Proven production 
capabilities 
Perkin-Elmer, the leader in 
projection mask alignmentsys-
tems, offers six years of proven 
production capability, with an 
excellent training and service 
record. 

Get all the facts 
These are just a few of the fea-
tures that make the Micralign 
Model 200 Series a completely 
new concept in projection 
mask aligners. Get more de-
tails on how these and other 
improvements in design can 
translate into improvements 
in your production. For litera-
ture, write Perkin-Elmer Cor-
poration, Microlithography 
Division, 50 Danbury Road, 
Wiffon, CT 06897. Or phone 
(203) 762-6057. 

PERKIN-ELMER 
Circle 27 on reader service card 
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"There is a tide in the affairs of men 
',Mich, taken at the flood, 

leads on to fortune:" 
. . 

"The most common commodity 
in this country 

is unrealized potential.' 

Microcomputers 

"I hold that man is in the right 
who is most closely 

in leagUe with the future' 

Memory Products Data Acquisition Products Low Power Products Linear Products 

"Nothing succeeds like success!' 

Memory Systems 

29 LEADING EDGE PRODUCTS IN '79. 

In 1979, Intersil introduced twenty-nine integrated cir-
cuits over 7 product lines. Twenty-nine technological 
firsts. CMOS op amps. Commutating auto-zero 
amplifiers. An inexpensive CMOS 12-bit AID con-
verter. 21 deliverable types of VMOS power FETs. A 
CMOS version of the industry-standard 555 timer. 
CMOS EPROMs and microprocessors. And, high 
speed, low power upgrades of the industry standard 
2147 Static RAMs. 

TWICE AS MANY IN '80. 

In 1980, Intersil will introduce more new high-tech-
nology devices than ever before. In processes from 
Bipolar to CMOS. Voltage converters with 98% effici-
ency. Monolithic CMOS AID converters with true 
14-bit accuracy and speeds approaching Bipolar 
devices. Drivers and counters for vacuum-fluorescent 
displays. VMOS power FETs to 450 volts. Single-chip 
CMOS microprocessor support systems. The new 
Intercept III microprocessor development system. And 
there's a reason for all this. 

"There is nothing more powerful 
than an idea whose time 

has come." 

Analog Switches VMOS Products 

WE'RE COMMUTED TO LEADERSHIP. 

This business is future-oriented, and so are we. We're 
committed to the leading edge. To systems thinking, 
lower costs and reliability. We're committed to ever 
expanding technological expertise. Expertise in inte-
grated circuits through our Semiconductor division. 
Expertise in Data Acquisition systems and subsystems 
through our Datel/Intersil division. And expertise in 
OEM mainframe memory systems and microsystems 
through our Systems division. 

WE'RE COMMITTED TO ANSWERS. 

We know the future is built on the past. That today's 
challenges are the groundwork for tomorrow's break-
throughs. Which is why we're committed to answers 
today. Tough, realistic answers to the critical demands 
of an industry that long ago departed from the beaten 
path in favor of regions hitherto unexplored. 

For any or all of the posters above, write us on your company letterhead. 

INTERSIL 
10710 No. Tantau Ave., Cupertino, CA 95014 Tel: (408) 996-50() 

TWX: 910-338-0171 (800) 538-7930 (outside California) 

Look to Intersil for answers. 
Circle 31 on reader service card 



Superior )(BY value. 
Now, a high performance X-Y recorder 
without a high price. Introducing 
the Gould 3054. the X-Y recorder with 
value superior to any other analog recorder 
in its price or performance ranges. It's the 
first of an all-new series of high performance 
X-Y recorders designed to handle a broad 
range of applications in industrial, scientific, 
and biophysical measurement. For a 
much lower cost than you'd expect, the 
new Gould 3054 gives you the fast, sensitive 
response needed to provide precise, 
permanent records of the relationships 
between two analog variables. 

The new Gould 3054 offers performance 
and features normally found only in 
much more expensive, less flexible 
instruments. The high speed drive system 
provides for high system fidelity with a 
minimum slewing speed of 85 cm/sec and 

accelerations of 7700 cm/sec2 in the Y-axis 
and 5100 cm/sec2 in the X-axis. Advanced 
X- and Y-axis preamps with sensitivities down 
to 200p V/cm ensure recorder flexibility. 

In use, a simple, disposable f ber-tip 
pen system provides a high quality fine line 
trace. Improved electronics servo protection 
ensures instrument reliability. Also included 
are calibrated zero offset a switchable 
low pass filter, and switchable input polarity 
reversal. Plus, an optional time base 
is available. 

Find out more today about what makes 
the new Gould 3054 superior to anything 
in its price or performance ranges by 
writing Gould Inc., Instruments Division, 
3631 Perkins Avenue, Cleveland, OH 44114. 

For brochure call toll-free: 800-331-1000. 
In 010ahoma, call collect: 918-664-8300. 
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Electronics newsletter 
Digital switching, 

interface hardware 

for cable coming 

HP's personal 

computer to make 

debut in Las Vegas 

Codec filter, 

2192-compatible, 

due from Mitel 

Controller features 

an all-purpose 

programming panel 

Ti seeks C-MOS 

experts, probably 

for teiecomm line 

The Digital Communications Corp. of Gaithersburg, Md., will soon 
introduce digital switching and interface hardware operable in convention-
al cable television networks. An obvious step toward "wired city" applica-
tions, the system would offer local networking, multiplexing, and self-
diagnostics. Packet-switched data rates would range from 1 to 1.5 Mb/s. 
Called Capac, the approach will use microprocessor-controlled communi-
cations-access processors to interconnect terminals and data processors 
with common-carrier data-transmission systems. In a CATV net, with 
average signal strength and noise, up to 511 communications-access 
processors and several times as many data devices could be interconnected 
without degrading normal TV transmission. 

The long-awaited entry of Hewlett-Packard Co. into the personal comput-
er field becomes a reality this weekend at tht Winter Consumer Electron-
ics Show in Las Vegas, which runs from Jan. 5 through 8. That's where HP 
will formally unveil its new HP-85, code-named Capricorn. Originally 
called Chestnut [Electronics, July 19, 1979, p. 33], the machine has a 
powerful central processor, typewriterlike keyboard, cathode-ray-tube 
display, thermal printer, tape cartridge, and interactive graphics capability 
all in a fully integrated system the size of a portable electric typewriter. 
The $3,250 personal computer system, three years in development, is 
programmed with English-like Basic language and is manufactured and 
marketed by HP's Corvallis (Ore.) division. 

Look for Mitel Semiconductors Ltd. of Ottawa, Canada, to introduce a 
codec filter in the last quarter of 1980. The switched capacitor device will 
be pin-compatible with Intel's 2912 codec filter, says Chris Bailey, Mitel's 
director of marketing and applications. The ± 5-v chip will dissipate only 
30 mw and draw 3 to 4 mi. It will be used in Mitel's private automated 
branch exchanges and digital switches and be available for sale to original-
equipment manufacturers. Bailey says that the chip will be made with 
Mitel's Iso-c-mos process. 

A new programmable controller from Gould Inc.'s Modicon division, 
Andover, Mass., to make its debut later this month, will work with a 
separate programming unit and will perform system diagnostics with 
cartridges that insert into the programmer. Designed for industrial 
process monitoring and control, the 584 controller will use complementa-
ry-mos memory and will be available in 4-, 8-, 16-, and 32-kilobyte 
versions costing $5,500 to $15,500 without input/output cards. Based on a 
16-bit bit-slice processor, the 584 will handle up to 4,096 I/0 lines. 

Complementary-mos technology may play an important role in Texas 
Instruments Inc.'s view of the telecommunications circuit market of the 
1980s. Ti's C-MOS offerings are currently limited to custom circuitry and a 
standard c-mos version of the TMS 1000 microcomputer. But a recent 
move to hire more engineers with c-mos expertise is seen by some to be 
indicative of the company's plans to use the process—possibly in combina-
tion with other process technologies on the same chip— for circuits aimed 
at the telecommunications marketplace. Ti's last public word on such 
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circuits came last year [Electronics, March 29, 1979, p. 48], when the firm 
announced plans to second-source Intel's n-mos coder-decoder. But its 
linear group is believed to be working on circuitry, including a subscriber 
loop interface circuit (sLic), that could need multiprocessing capability. 

Honeywell-NEC Nippon Electric Co.'s 17-year-old technical and business know-how 
exchange agreement with Honeywell Information Systems Inc. expired at 

exchange pact the end of the year, and neither side plans to renew it. A separate patent 
appears dead and licensing agreement continues until 1982 and both firms say that even 

without a formal agreement, they intend to continue their relationship. 
Observers note, however, that the agreement may not matter much to 
NEC, but that Honeywell may lose a source of technical inspiration. 

Micro Power Having dipped its toes into the complementary-MOs random-access 
memory waters with the introduction of 1,024-bit static devices earlier this 

to add 4-K chip year, Micro Power Systems Inc. is preparing to take a full plunge into the 
to Its RAM list market. The Santa Clara, Calif., firm is quietly supplying samples of the 

first of several 4,096-bit c-mos static RAMS planned for 1980 introduc-
tion. Its initial 4-K part, the 6504, is organized as 4 K by 1 bit and will be 
introduced before the end of the first quarter. Also in development is a 
1-K-by-4-bit part, the 6514, slated for fourth-quarter introduction. 

Fast, large Look for Monolithic Memories Inc. to introduce what is, perhaps, the 
fastest and largest first-in, first-out (FIR)) serial memory. Expanding its 

FIFO coming 67401, a 64-word-by-4-bit bipolar FIFO that operates at a guaranteed 
from Monolithic 10-MHz shift-in, shift-out rate and has hard-disk controller and telecom-

munication buffer applications, the Sunnyvale, Calif., firm will soon make 
available a 15-MHz version for digital video processing. Also planned for 
first-quarter 1980 introduction are 64-word-by-5-bit versions in which the 
additional bit will be used for a parity check. 

Laser link With its laser voice and data communicator now operating as a two-mile 
teletypewriter link in Trinidad, a small Santa Barbara, Calif., firm sees the 

called key start of what could be a new telecommunications market in Third World 
to new market nations. The equipment, built by American Laser Systems Inc., costs 

about $10,000 for two transmitters and two receivers, plus specially 
configured standard telephone interface modules. It replaces either micro-
wave links (about $40,000) or more expensive coaxial cabling. 

Addenda NV Philips Gloeilampenfabrieken of the Netherlands will consolidate its 
move into Silicon Valley when it breaks ground next week on a Sunnyvale, 
Calif., building to house both the Philips Research Laboratories, Sunny-
vale, and the Advanced Technology Center of its Signetics Corp. subsid-
iary. . . . Alexander Haig, former U. S. Army general and commander 
of North Atlantic Treaty Organization forces in Europe, has been elected 
president and chief operating officer of United Technologies Corp. in 
Hartford, Conn. He succeeds Harry Gray, who will remain as chairman 
and chief executive officer. 
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TRY THE 4K RAM 
YOU DON'T HAVE 
TO RETURN. 

Reliability spells the difference between "just an-
other commodity RAM" and the EA 2114 1K x 4 

static NMOS RAM. Reliability built-in with extra 
heavy lead frames that shunt more calories of heat 
away from your chip. Or IC circuitry painstakingly 
designed to provide ±-10% power supply tolerances. 
It's this kind of reliability that gives you more usable 
parts at incoming inspection, and measurably fewer 
field problems in your finished products. 

There's more. The EA 2114 comes in a variety of 
access speeds, including one of the fastest on the mar-
ket: 150 ns. Look 'em over. 
Then pick exactly the RAM 
you need, and buy it with 
confidence from Electronic 
Arrays. 550 East Middlefield 
Rd., Mountain View, CA 
94043, (415) 964-4321; Phil 
adelphia, (215) 643-1447; Chicago, (312) 858-8508. 

Part Number Access Time 

EA 2114L 450 nsec 

EA 2114L-30 300 nsec 
EA 2114L-25 250 nsec 
EA 2114L-20 zoo nsec 
EA 2114L-15 _ 150 nsec 

ELECTRONIC ARRAYS. 

RAMs. QUALITY RAMs. 

An 
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Pick the interface 
that really fits. 



Why compromise? MMI's broad line of LS and S octal interface 
lets you pick the exact part you need every time. 

With the industry's largest interface line-64 
devices in all—MMI can offer you the design 
options you need. Our line includes all the 
popular devices in the standard 74/54 line as well 
as compatible MMI designs. 

You can choose from standard devices 
including the 74LS373 latch or 74LS374 register. 
Or save a socket with our optional inverted-
output equivalents of these parts. A 32mA output 
option is available on several S latches and 
registers. 

Our broad selection of buffers includes the 
popular 74LS240 and 74LS241 and comes in both 
LS and S versions. Or gain additional noise 
immunity with our true Schmitt trigger option on 
the LS devices. 

And now... an octal transceiver. 
Good news. We're adding to our line of interface 
and have begun production on a drop-in replace-
ment for the popular 74LS245 transceiver. 

Plus, six-week delivery on 
MIL-STD 883B interface. 
Believe it! MMI can deliver most 54 LS and S 
parts, processed to MIL-STD 883B, in six weeks 
on orders of less than five thousand pieces. 

And, a low-priced interface selection for 
microprocessor designs. 
Cut your interfacing costs with a new line of 
interface devices, the 68 series, specially selected 
by MMI for microprocessor applications. 

Write for complete information. 
Let us tell you more. Write for complete 
information about MM I's line of interface 
devices. Please address your requests to: 
Applications Department, Monolithic Memories, 
Inc., 1165 E. Argues Ave., Sunnyvale, CA 94086. 

Memories 
Monolithic 
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Corcorn is the world leader 
in RFI pollution control\ 
Mae send you.. 
"Everything you alWays 
wanted to know about 
RFI Pow'er Line Filters, 

t know w ho to as 
but didn 

60048 

Corcorn Inc. 1600 Winchester Road Libe ille ,1Ilinois U.S.A. 

312-680-7400 TWX 910-684-3269 e 
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Electronics review  

Thin-film devices 
on silicon chip 
withstand up to 500°C 
by Roger Allan, Components Editor 

Resistors, capacitors 

fabricated from thin films 

can share substrate 

with MOS devices 

Using a low-temperature vapor-depo-
sition process, researchers at the 
University of Arizona, Tucson, have 
fabricated thin-film hybrid resistors 
and capacitors operating at tempera-
tures as high as 350° and 500°C 
respectively—much higher than is 
possible with components made by 
other solid-state processes. More-
over, the devices, together with the 
interconnections, may be deposited 
on the same substrate. 

Developed for instrumentation 
used in geothermal logging, the 
components can be made in a wide 
range of resistive and capacitive 
values. The key advantage of sub-
strate compatibility stems from the 
use of similar thin-film materials 
used in the process for the two types 
of passive components. 

In addition, because the process 
temperature is lower than that for 

moS fabrication, depositing resistors 
and capacitors on such a substrate 
causes no significant change in 
adjoining mos device characteris-
tics. For example, a high-tempera-
ture n-channel mos device can be 
fabricated by depositing tungsten to 
form the gate (see figure). Computer 
simulations show a drop of less than 
7% in its threshold voltage as a result 
of subsequent deposition of the 
passive components. 

Limited. Commercially available 
monolithic integrated circuits are 
limited to an operating temperature 
of about 1 50°C. Some custom ics 
are available, but they can operate 
only up to 300°C. 

However, the thin-film hybrid 
technology provides the stable mate-
rials needed for higher-temperature 
operation. Such components will be 
useful in instrumentation for mineral 
exploration and exploitation, coal 

All together. Vapor-deposition process pro-

duces resistors and capacitors that can with-

stand much higher temperatures than other 

solid-state passive components. This circuit 

has an n-channel field-effect transistor with 

power-supply resistor and output capacitor. 

gasification, and nuclear reactors. In 
describing their process at the High 
Temperature Electronics and Instru-
mentation Seminar held in Decem-
ber in Houston, Leonard S. Ray-
mond, Douglas J. Hamilton, and 
William J. Kerwin said they use 
oxidized substrates of silicon. 
The researchers place the sub-

strates in a quartz reaction chamber 
where they are heated by radio-
frequency induction to about 750°C. 
They then inject appropriate gases 
into the chamber through mass-flow 
controllers. The gases impinge upon 
the substrate's hot surface and 
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produce a chemical reaction that 
causes a conductive thin film to be 
deposited on the substrate. 

For resistors, the gases are tung-
sten hexafluoride and silane, produc-
ing a tungsten-silicon thin film. For 
capacitors, the dielectric and passi-
vation are produced by silane and 
ammonia gases that form a silicon 
nitride thin film. 
Next step. Metal interconnections 

for the components and capacitor 
plates are made from tungsten 
deposited from tungsten-hexafluo-
ride gas. Bonding pads are alumi-
num or platinum. 

Resistor film thicknesses of 250 
angstroms were achieved. The typi-
cal sheet resistance obtained was 
1,000 ohms/square; however, the 
researchers point out that sheet 
resistances of 100 to 5,000 9/sq are 
possible by varying the composition 
of the gas stream during deposition. 
A typical temperature coefficient of 
resistance of 50 ppmrC was ob-

tained, and no hysteresis was ob-
served during resistor temperature 
cycling up to 500°C in air. 

Capacitor film thicknesses rang-
ing from 2,000 to 4,000 À were 
made, with 2,000-À-thick metal ca-
pacitor plates. Capacitance values 
obtained were typically 20 nanofa-
rads per square centimeter. The use 
of standard photolithographic tech-
niques for pattern definition allows 
the fabrication of capacitance values 
from several picofarads up to 0.1 
microfarad. For a 0.1-µF capacitor, a 
surface area of 4 cm' is needed. 
The researchers are also develop-

ing thin-film resistors that can oper-
ate up to 750°C. They are using 
sapphire substrates and depositing 
on them tungsten silicon to form the 
very high-temperature resistors. The 
bonding pads are made of platinum. 
These resistors are for the high-
temperature ICs under development 
at the Los Alamos Scientific Labo-
ratory, N. M., they say. 

Computer-aided design 

Silicon compiler extends CAD, 

can design VLSI circuitry 
A trail-blazing software concept 
from the California Institute of 
Technology aimed at extending com-
puter-aided design to very large-
scale integrated circuits is already 
catching the attention of industry 
heavyweights. Called a silicon com-
piler, the approach begins with a 
high-level language description of an 

then performs computations nec-
essary to implement almost the 
entire design of the chip. 
An entire mask set can be 

produced from a two-page high-level 
description of the IC, says David 
Johanssen, the Caltech graduate stu-
dent closely associated with the 
development. The only user input is 
a definition of circuit core elements 
and parameters that go into making 
up the basic cell level of the chip. 
The Caltech approach is a three-

pass compiler that begins with 
construction of the chip's core (see 
figure), which contains data-process-

ing elements, based on user input 
and low-level cell definitions. A 
control pass adds the instruction 
decoder and creates pad connections. 
The final layout pass adds the pads 
to the chip perimeter and routes 

them to proper connection points. 
The silicon compiler employs ici, 

a high-level, graphics-oriented 1c 
design language that allows users to 
generate new data structures at any 
time. At the moment, the system is 
limited to an architecture Caltech 
chose earlier for a 16-bit microcom-
puter, but Johanssen says it can be 
adapted to others. 

Reaction. Industry interest in the 
concept is high, says Craig Mudge of 
Digital Equipment Corp. It is "a 
seminal development," stimulating 
further advances in automated de-
sign, he believes. 

Manager of the Maynard, Mass., 
company's VLSI advanced develop-
ment group, he gives financial 
support to the Caltech project. "Jo-
hanssen's [structural] descriptions 
lead to better use of silicon— in chip 
area, performance, and power," he 
says. DEC is working on its own 
version of the silicon compiler, call-
ing it a chip assembler. 
The Caltech program was started 

as a debugging tool, but "it was 
apparent we had what could become, 
with more work, an actual system 
for compiling silicon," Johanssen 
says. He calls it the "bristle block" 
system because the connection points 
between cells "resemble the toy 
blocks that have bristles to snap 
them together." 

Johanssen draws a sharp distinc-
tion between the Caltech silicon 
compiler and commercial CAD sys-
tems. The latter "are little more than 

CORE 

DECODER 

PADS 

UPPER BUS 

CORE E LEMENTS 

t 

LOWER BUS 

CONTROL SIGNALS 

t t t 

MICROCODE 

t t 

Designing. Silicon compiler starts with a data-processing core (left), then an instruction 

decoder. In the logic format (right), each core can communicate with either bus. 
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fancy filing cabinets that help orga-
nize data of submodules composing a 
chip," he says. 
Such CAD systems usually do not 

provide computations of chip layout, 
he notes, and they require the 
designer to generate each cell graph-
ically over and over, supply physical 
dimensions, and specify interconnec-
tions. "Our goal is to free the design-
er from concern with these mechan-
ics," he adds. 
The compiler can optimize design 

rules for a layout size within ± 10% 
of the area possible with human 
design. Moreover, it takes only about 
4 minutes to generate the data to 
produce a small chip and 10 to 15 
minutes for a large one. 

Left. In the year or so of work on 
the program, about 80% of it has 
been completed. The remaining 
chores are adding a virtual memory 
for large systems, as well as general 
ly cleaning it up, Johanssen says. 
"Then it's mainly documenting it 

so that users can take it from there," 
he adds. Three researchers will 
spend full time on it as part of the 
school's silicon structures project. 
The industrial sponsors of the SSP 
could have a full compiler by 
summer's end. -Larry Waller 

Solid state 

Josephson device 

eschews junction 
An experimental Josephson-effect 
circuit element has dimensions best 
measured in nanometers. Called the 
nanobridge, it is the latest feat of the 
Yorktown Heights, N. Y., research 
arm of the IBM Corp. 

In fact, with widths and thick-
nesses of only 100 to 200 atomic 
diameters, the stripes of the bridge 
represent the most minute circuit 
elements ever controllably fabricated 
and tested. The circuit may lead to 
extremely short switching times, pos-
sibly just a few picoseconds. 
Though the nanobridge can be 

modified to function as a switching 
element, its operation would be 
different from that of the Josephson 

SILICON NITRIDE 
MEMBRANE 

NIOBIUM NANOBRIDGE 

BONDING PAD 

WIRE 

SILICON SUBSTRATE 

Junctionless. IBM researchers have devised a nanobridge circuit element (colored, above) 

that serves as a vehicle for the study of submicrometer Josephson switching effects. 

tunnel junctions at present being 
adapted at IBM and elsewhere for 
computer logic gates and memories. 

Tunnel junctions are formed by 
sandwiching a thin insulator between 
two superconducting metal layers. 
Electron tunneling through the insu-
lator is controlled by the magnetic 
field generated by an overlapping 
control line. 
No junctions. In contrast, the 

nanobridge has no junctions. In-
stead, its narrow stripes (colored in 
the figure) act as constrictions, or 
weak links, between larger, micro-
meter-sized superconducting thin-
film pads. 
One possible way to use the bridge 

as a switch would be to bias it with a 
dc current near that required for 
superconduction; then a pulse would 
be applied to it for switching. The 
lengths of the stripes in the nano-
bridge were chosen to be just longer 
than the smallest distance necessary 
to support this kind of behavior. 
The IBM researchers had made 

devices with larger bridges, but they 
decided to shrink the dimensions in 
hopes that the shorter device lengths 
would be less sensitive to heating 
effects—the larger bridges did not 
dissipate enough of the heat gener-
ated in switching from the supercon-
ducting to the normal state. 

This excess heat was absorbed in 
the chip, and switching characteris-
tics were affected. But the nano-
bridge is so small that heat is imme-
diately expelled and performance is 
not degraded. 
To make the device, 80-nanome-

ter-thick superconducting niobium 
bonding pads were first patterned 
using an electron-beam direct-write-
on-wafer system. Then a 30-mm-
thick film of niobium was deposited 
over the entire chip. 
The niobium film was coated with 

silicone oil using vapor deposition. 
The bridge pattern was then traced 
with an electron beam, polymerizing 
the oil in its path. Finally, ion mill-
ing removed the remaining niobium, 
leaving the pads linked with the 
superfine bridge. 
Window. As the figure shows, the 

device is constructed with a window 
in the silicon substrate directly below 
the bridge. Robert B. Laibowitz, one 
of four IBM researchers responsible 
for the device, says it serves two 
purposes. 

First, without the window, the 
beam would strike the substrate, 
scatter back, and expose the resist 
from the other direction, making 
such fine resolution impossible. Sec-
ond, the hole in the substrate allows 
the researchers to employ transmis-
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sive electron microscopy to view the 
specimen. The sample was simply 
too small to view in detail with a 
scanning electron microscope. 

Laibowitz says that he would like 
even smaller dimensions. "To study 
tunneling you wouldn't mind making 
planar electrodes that are separated 
by a tunneling distance. This length 
depends upon the material chosen, 
but 40 to 50 angstroms would be 
interesting." 

Also, with even finer features, 
atomic behavior and quantum me-
chanics could be investigated. "We 
think we can get to the region where 
atomic states might come into play," 
he predicts. -John G. Posa 

Packaging & production 

AMD process uses 

oxide isolation 
The oxide-isolation bandwagon is 
getting another rider. Advanced Mi-
cro Devices Inc. has developed a 
version of the technology that 
shrinks die size without requiring 
scaled-down lines. Called imox, for 
implanted micro-oxide, the new pro-
cess is already in use in an AMD 
bipolar random-access memory. 
Many semiconductor firms are 

looking at the switch from diffusion 
isolation to oxide isolation as a 
means of shrinking bipolar inte-
grated circuits, following Fairchild 
Camera and Instrument Corp.'s lead 
with its Isoplanar process. AMD 
appears to be farthest along in 
taking dead aim at what has been 
pretty much a Fairchild market. 

Smaller chips. With imox, transis-
tor size is 39% that of the device 
fabricated with standard diffused-
isolation processes, says Ralph Cog-
nac, bipolar memory marketing 
manager for the Sunnyvale, Calif., 
firm. Thus, in transistor-dominated 
RAMs, overall chip size drops by 
50%. In fuse-dominated program-
mable read-only memories, chips are 
a third smaller. 
Now in limited imox production 

is the 93415, a 1-K-by-I -bit static 
RAM with open collector outputs and 
the three-state-output 93425. Their 
45-nanosecond access time is not 
quite as fast as the newest 1-K-by-
1-bit devices Fairchild is making 
with its scaled oxide-isolated Isopla-
nar S [Electronics, Dec. 6, p. 137]. 
AmP's oxide-isolation process is 

like the basic Fairchild Isoplanar 
technique in that both begin with an 
n-type epitaxial substrate and walled 
emitters that extend out to the isola-
tion oxide. "It will take us a couple 
of years to get to the level of sophis-

tication that Fairchild has in the 
bipolar RAM field," Cognac says. 
"But the potential is there." 

Moreover, the process will be used 
in other AMD parts, such as the 
recently announced AM29116 16-bit 
microprocessor [Electronics, Aug. 16, 
p. 42]. Coming in the second quarter 
is the AM27S184/5, a 2-K-by-4-bit 
programmable read-only memory 
expected to have a maximum access 
time of 50 nanoseconds. Such speed 
is much better than similar parts in 
other processes, and AMD expects 
even faster speed-selected versions. 

Design rules. Initially, the new 8-K 
PROM is going to be fabricated with 
standard 5-micrometer processing. 
"As time goes on, there's a lot of 
room to go faster and improve over-
all performance with scaling," Cog-
nac notes. 

Itself an active region, the diffu-
sion-isolated area is replaced with 
the inactive oxide area, so that no 
depletion space is needed. "This 
allows us to build the transistor right 
up to the wall of the isolation area," 
Cognac says. The result is smaller 
transistors and cells that lower 
capacitance and increase speed. 

It takes a process like this to 
create high-density products like 
the forthcoming 32-K and 64-K 
PRoms and higher-density RAMS, 

says Cognac. The company expects 

Stacked. AMD is getting into the oxide-isolated bipolar game with its version of the process, IMOX, in which many techniques for fast 

operation and high density are brought together. Besides an n* buried subcollector, it uses Schottky diodes and an implanted base region. 
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SCIENCE/SCOPE 

A gyroscope based on integrated optics technology promises to find important 
uses in missiles, aircraft, and the Space Shuttle. The new fiber-optic rotation 
sensor is less expensive, more compact, and longer lasting than conventional 
devices. It consists of a coil of fiber-optic cable and a one-inch-square chip 
containing a laser, beam splitters, a modulator, detectors, and data-processing 
circuits. The sensor detects motion by sensing changes in the path of light 
going in and out of the fiber-optic coil. Hughes is developing chips for NASA's 
Jet Propulsion Laboratory. 

Sensitive missile electronics can now be protected from searing heat by a device 
with no moving parts or electrical connections. The device, a thermal diode 
heat pump, is a closed metal tube containing metal mesh that circulates fluid 
via capillary action. During subsonic flight, the heat pipe cools missile 
electronics by pumping heat to the skin of the missile. Air flow carries the 
heat away. During supersonic flight, the heat pipe protects the internal 
electronics by absorbing heat from the hot surface of the missile. The thermal 
diode, built by Hughes, is being installed in the U.S. Air Force's High-speed 
Anti-Radar Missiles (HARM). 

Using special temperature-controlled chambers, NASA scientists will create 
clouds for study aboard Space Shuttle flights in the early 1980s. To properly 
form clouds in the weightlessness of space, the chambers, which are flat-plate 
heat pipes, must be extremely level over a large area (2'xYx3/4") and uniform 
in temperature to within .01°C. Neither requirement has ever before been met 
in a heat pipe of this size. Hughes, under contract to General Electric, is 
developing eight isothermal vapor chambers to form the inner walls of the Atmos-
pheric Cloud Physics Laboratory. The project is managed by NASA's Marshall 
Space Flight Center at Huntsville, Alabama. 

Hughes has career opportunities for engineers and scientists to design and build 
infrared sensors, imaging systems, lasers, electro-optical systems, optical and 
holographic systems, computers, microprocessors, servos, and control systems. 
We need electronics and mechanical engineers, optical and control systems engi-
neers, computer hardware designers, computer software developers and scientific 
programmers, electronic components and materials specialists, circuit designers, 
product design engineers, and systems engineers. Rush your resume to Profes-
sional Employment, Dept. SE, Hughes Electro-Optical and Data Systems Group, 
11940 W. Jefferson Blvd., Culver City, CA 90230. Equal opportunity M/F/HC. 

Very thin solar cells now being developed for use on spacecraft promise break-
throughs in weight and power generation capability. The new wafers of silicon 
and metal measure a paper-thin 0.05 millimeters thick. Virtually as efficient 
as current production cells in converting sunlight into electricity, they are 
one-quarter the thickness and one-quarter the weight. In addition, the new 
cells are more tolerant to the effects of outer space radiation effects. Spec-
trolab, a Hughes subsidiary, is developing these cells under NASA contract. 

Creating a new world with electronics 

HUGHES il 

HUGHES AIRCRAFT COMPANY 
CULVER CITY.CALIFORNIA 90230 
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imox to become "the workhorse 
process of bipolar products in all our 
divisions," he says, and is developing 
several iterations—including some 
scaling and reconfigurations—that 
will yield further improvements in 
speed and density. -Bruce LeBoss 

Computers 

'Yardstick' measures 

computer work 
Ever since the days of the vacuum-
tube computer, engineers have been 
seeking a standard tool to measure 
computing power, and now a Palo 
Alto, Calif., software consulting firm 
has devised what may be another 
benchmark. Developed for compar-
ing IBM-compatible central process-
ing units, it aims at comparisons 
among all mainframes, minicomput-
ers, and microcomputers. 
The new unit of measurement 

comes from the Institute for Soft-
ware Engineering Inc., which claims 
that its brainchild is independent of 
both instruction sets and operating 
systems. Dubbed simply "work," the 
unit stands for the movement of 1 
byte of information between main 

Feerst suit against IEEE postponed 
The suit for $1.13, that is $1.13, brought against the Institute of Electrical 
and Electronics Engineers by Irwin Feerst goes back to the Civil Court of New 
York County on Feb. 25. Feerst, long-time IEEE critic and past candidate for 
its presidency, is suing for what he calculates is the portion of his yearly dues 
that pays for the IEEE's expanded public relations activities [Electronics, 
Nov. 8, p. 92]. 
On Dec. 17, the IEEE filed a motion to dismiss the case, claiming not only 

that it had no merit but also that the Civil Court lacked jurisdiction. Feerst, 
who had subpoenaed "all books and records pertaining to the present public 
relations activities," is scaling his request down to just those records dealing 
with the hiring by the institute of Ruder & Finn Inc., New York, as its public 
relations consultant. 
According to Feerst, New York State law puts tight limits on how nonprofit 

corporations are allowed to spend their funds. Choosing Ruder & Finn 
without competitive bidding and paying it sizable fees violate those limits, he 
alleges. 

In any case, the court action is costing the IEEE a pretty penny in lawyers' 
fees. The firm of Donovan, Leisure, Newton and Irvine of 30 Rockefeller 
Plaza, New York, is defending against the suit. -Alfred Rosenblatt 

storage and CPU, between main stor-
age and mass storage, or from one 
CPU to another. 

Comparison. As the figure shows, 
the basis of comparison is mega-
works per second. These figures are 
obtained by calculating the number 
of work units required to execute 
each instruction and multiplying 
that total by the number of times 
this instruction is executed. To 
obtain work, the products for each 

Power. Amdahl and IBM computer comparison is on basis of kernals optimized for decimal 
calculations (C05, color), a scientific mixture (S01, gray), and sorting routines (C01, black). 

instruction are added together. That 
sum is divided by the time required 
to perform them to obtain the figure 
for CPU power. 
"The problem with traditional 

approaches to benchmarking the 
cPus has been the variation in 
instruction mixes," asserts Kenneth 
W. Kolence, president of the insti-
tute (a commercial enterprise). Such 
benchmarking necessarily depends 
on the nature of the instructions used 
in the test program and upon the 
way the operating systems imple-
ment the instructions. 

Criticism. Proponents of tradition-
al benchmarking note, however, that 
it is similar to test-driving an auto-
mobile, whereas Kolence's work 
measurement is analogous to merely 
measuring the horsepower of the 
engine. Such a horsepower measure-
ment by itself, these proponents 
note, does not give as true an indica-
tion of how the auto—or the 
computer—will perform in actual 
use, as does on-the-road testing. 

But computer makers use other 
benchmarking for only relative com-
parisons, Kolence argues. Model Y 
is simply reported to be three times 
as powerful as model X, and "this 
makes it difficult for the user to 
answer such simple questions as 'at 
what point do I really need to 
upgrade?' " he says. 

Kolence is a veteran software 
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Introducing mass 
storage for micros. 

It costs like a tape, but 
thinks like a disk. 

á ioor 
mamma IDE TA PF II 

Digital's 512Kb TU58 cartridge tape 
subsystem. At $562 in 100's, it's priced like 
a tape device. But with random-access 
block addressing, and EIA serial interfac-
ing, it's like no other tape drive on the 
market. 

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 
TU58's small size— the board measures 
just 5.2" x 10.4" (13.2 cm x 26.5 cm)— 
makes it easy to design into your product. 

The TU58 cartridge tape, 
single or dual drive. It's the first 
sensible answer to micro mass 
storage problems. 

And 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 
Way, Marlborough, 
MA 01752. Or call toll-
free 800-225-9220. (In 
MA, HA, AL, and Can-
ada, call 617-481-7400, 
ext. 5144.) Or contact 
your local Hamilton/ 
Avnet distributor. 

In Europe: 12 ay. des Morgines, 
1213 Petit- Lancy/Geneva. In Canada: 
Digital Equipment of Canada, Ltd. 

It took the minicomputer company 
to make micros this easy. 
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engineer. He founded his present 
company in 1975 to serve as consul-
tants on software engineering meth-
odology, to teach software courses, 
and to perform related services. 
"The great advantage [of mega-

works per second] is that it allows 
the user to perform CPU capacity 
management and thus make his own 
throughput predictions," he claims. 
"We make all our experimental 
parameters available so that he can 
duplicate our measurements using 
his own operational mix of pro-
grams. This gives him an absolute 
basis upon which to make an 
upgrade decision." 
No single number. However, the 

user must be careful to avoid over-
simplification. "The upgrade deci-
sion is not a one-number answer," 
cautions one institute subscriber, 
Robert S. Wilson, marketing support 
product manager for the V/7 com-
puter at Amdahl Corp., Sunnyvale, 
Calif. "One must also take into 
account secondary factors such as 
the sequence of instructions and 
their effects upon the different archi-
tectures." To help accomplish that, 
the institute plans to devise two 
additional sets of measurements to 
supplement the present two. 

Most of the company's work is 
performed on a continuing basis for 
clients, but nonclients can subscribe 
to the yardstick study —"The CPU 
Power Analysis Report" — for $275 a 
year. Initially, it covers the IBM 370 
and 303X series, the Amdahl main-
frames, the National AS/3, /4, /5, 
and /6, and the Control Data Corp. 
Omega 480 series. Later this month, 
the IBM 4300 series will be added, 
according to Kolence. 
The report includes measurements 

of the effect of various instruction 
mixes and of pipeline architectures 
as a function of input/output load. 
Measurements of the power of the 
central processing unit as a function 
of different buffer hit ratios will be 
added this month, showing the effec-
tiveness with which different memo-
ry hierarchies match memory speeds 
to CPU speeds. Coming in the spring 
are measurements of the effects of 
virtual address translation as a func-
tion of vo load. -Martin Marshall 

Communications 

Missing satellite 

brings woes 
In a recent James Bond film, an 
American satellite was gobbled up 
by a cannibal satellite. Officials at 
RCA American Communications Inc. 
are quite certain that was not the 
fate of their missing communications 
bird, Satcom III, but beyond that 
they cannot say. 
Cable TV hurts. It is likely that 

Satcom III self-destructed, which 
spells bad news for RCA's customers, 
especially for operators of cable tele-
vision systems who had already 
negotiated to take advantage of the 
substantial increase in cable Tv 
capacity to be provided. 

Lost soon after a successful 
launching on Dec. 6, Satcom III was 
entering its synchronous orbit by 
means of controlled firings of its 
apogee kick motor when it disap-
peared from observers' radar 
screens. At the same time, radio 
communication stopped. 

RCA has no spare satellite ready 
and will have to rush to prepare 
what was to be Satcom IV for 
launching soon, but the earliest 
launch date possible is June 1981. 
The replacement will have its 24 
transponders assigned to distribute 
programming to cable Tv operators. 
In the meantime, the operators are 
left with a shortfall and are scram-
bling for space that may be available 
on other satellites. 
The spacecraft and its Delta 

launch rocket were insured for $50 
million and the lost business for an 
additional $20 million, so that RCA 
at least will not take a financial 
bath. The real problems will come 
later when the company and other 
launchers of payloads try to get 
insurance, which typically comes 
from underwriter consortiums. 

Insurance going up. What with 
aircraft coming down everywhere 
and the space shuttle missions esti-
mated to cost anywhere from $50 
million to $100 million per launch, 
premiums in the edgy aerospace 
insurance business will probably go 
as high as the satellites themselves. 
Already, say several insiders, there 
are too few insurance companies 

No language barrier at consumer show 

The Consumer Electronics Show in Las Vegas this weekend will signal the 
establishment of what might be called the hand-held computer market, 
based on products introduced over the past year as language translators. 
The latest example, bowing at the show, is Quasar Co.'s Information Proces-
sor, which will translate a dozen languages while serving as a four-function 
calculator complete with metric conversion tables. 

Other programs available include nutrition, calorie, wine selection, and 
bartending guides. The Matsushita subsidiary is considering developing 
tables of generic drug substitutions and such specialized programs as a 
listing of radio frequencies for airports accepting private planes. 

Equally prominent will be voice-actuated and talking products. Quasar will 
have a microwave oven programmed to deliver appropriate announcements 
to the cook. Toshiba Corp. will show voice-actuated television and stereo-
system prototypes. 

Moreover, the TV set can even respond (with either "okay" or 
"repeat") and can recognize 30 words covering power, volume (in levels 
from 1 to 10), and channel selection (1 through 12). Using the hand-held 
remote unit, the user can program the set to respond to his or her voice. 
The stereo component system will respond only to its master's voice, 

performing any of 19 operations in response to a spoken command, made 
up of up to 15 different basic words. The circuitry includes a voice-analyzer 
unit, a pattern-matching unit that digitizes the sampled characteristics of the 
voice, an 8-bit Toshiba microprocessor, a 2-kilobyte read-only memory, and 
a 3-kilobyte random-access memory. Benjamin A. Mason 
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OICI's latest 
watch circuit breakthrough 
will be music to gour ears. 

Multifunction timekeeping 
with melody. 
The OKI 6-digit MSM 5016 
features the latest in timekeeping functions—month, date, 
day, hour, minutes and seconds for two different time 
zones. Also included are stopwatch functions—start, stop, 
reset and split—and an alarm for either selected time 
zone. A very special alarm which replaces the usual 
buzzes and beeps with a bright electronic melody. 

OKI keeps you in tune with the times. 
The 5016's alarm can be programmed by OKI to play the 
most complicated melodies with remarkable fidelity. Think 
of the possibilities: theYellow Rose of Texas,Reveille, your 
school fight song, anything from the Halls of Montezuma 
to Deck the Halls. Just the kind of technical advance 
you'd expect from OKI, developers of new low power 
CMOS techniques and DAM multiplexed circuits with 
fewer bonds per chip. 

Send for a free wall chart of the OKI 
watch/clock family. 
OKI wants you to have a list of our comprehensive line of 
watch and clock circuits and a way of keeping up to date 
on our latest circuit developments. We've created a 

special wall chart with 
stick-on updates for 

new circuits as they are 
introduced. For the wall 
chart and 5016 Melody 

Watch stick-on update, write or call OKI Semiconductor, 
1333 Lawrence Expressway, Santa Clara, CA 95051, 

phone (408) 984-4842. 

To: OKI Semiconductor, 1333 Lawrence Expressway, Santa Clara, CA 95051 

D Send OKI's FREE Watch/Clack Product Line Chart Design Guide. 

D Add me to your list to receive update stick-ons on the brand new MSM 5016 
melody watch circuit and all future OKI developments. 

I'd like to know about other OKI LCD watch circuits. Send data sheets on: 
D BASIC circuits ID MULTIFUNCTION circuits D CHRONOGRAPH circuits 

Name  

Company 

Address 

Title  

City   St ate Zip 

Phone _ 
EL  !Da) 
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Needless trouble 
with 

static electricity 

It's a fact that many of the 
components that have made 
possible the recent boom in the 
electronics industry are the ones 
most susceptible to damage from 
static charge — MOS/FETs, 
Bi-polar transistors, ECL devices 
and others. 

From fabrication to assembly, to 
transportation and normal 
operation of the finished product 
— the danger of static is always 
present. It is a randomly occurring 
problem causing a high rejection 
rate. And, it is the unrecognized 
cause of many of the "unexplained 
malfunctions" experienced by end 
users. 

There's no getting away from it. 
Static is generated in all sorts of 
weather, and under all kinds of 
conditions. 

Static control for product 
reliability, fewer rejections, less 
degradation, fewer service calls 
Traditional quality control programs 
concentrate on detecting 
destroyed components. 
Unfortunately, even products 

which have undergone complete 
and rigorous testing can 
experience premature field failure 
due to static-degraded 
components, resulting in 
expensive in-field service calls and 
product recalls. 

In other words, defect detection 
can never be as complete, nor in 
the long run, as economical, as 
defect prevention. 

If you think your company and 
your customers can benefit from 
fewer static-related rejects and 
in-field failures, investigate a 
system to solve the totality of the 
static problem. A system based on 
two simple principles: 

1. Handle all static-sensitive 
components at a static-
safe work area 
A static-safe area is any area 
that is capable of controlling 
static charge on conductive 
materials, people and 
nonconductive materials 

2. Transport all static-sensitive 
components in static shielding 

containers or packages 
A static shield must be capable 
of protecting from static 
discharge as well as static 
fields. 

A complete static control pro-
gram requires a total static control 
system, and only 3M manufactures 
such a system. 

• Grounding devices for draining 
the static charge from people 
and conductive materials 

• Ionized air blowers to neutralize 
the static charge on 
nonconductive materials 

• Static shielding products to 
protect static sensitive devices 
during delicate transportation. 

In addition, only 3M has the 
static analysts with the expertise to 
design a complete static control 
system to meet all of your specific 
needs. These are trained 
specialists who can help keep the 
clouds out of your exciting future. 

For information on contacting 
the static analysts nearest you, see 
the listing on the facing page. 

TOTAL CONTROL OF THE STATIC IN YOUR BUSINESS 
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For total control, contact your 
nearest 3M static analyst 
Each analyst can provide you with ani; 
swers and systems, as well as statiC 
control training for your personnel. 
Movies are also available to support; 
your trainin effort. 

Boston 
Robert ri (61 
William Larkin (617)449-0300 

Chicago 
Leslie Hall (219)289-2331 
Robert Mishur (312)496-6553 
Larry O'Neill (312)496-6553 

Cincinnati 
Michael Vos (513)242-2313 

Cleveland 
William Pellegrin (216)267-1800 

Dallas 
Gregory Baker (214)324-8101 

Denver 
Frank Tatum (303)534-1122 

Detroit 
Gilbert Koss (313)477-5000 

Hartford 
Ann DeStefano (212)285-9600 

High Point 
Ben Montgomery (919)886-7181 

Houston 
Brian Abrams (713)667-6561 

Los Angeles 
William Boyd (213)726-6424 
George Grokhowsky (213)726-6424 
James Walsh (213)726-6424 

Minneapolis 
Jeffrey Mackenstadt (612)733-3285 

Newark 
Ronald Pugaczewski (212)285-9600 

New York 
Frank Cartisano (212)285-9600 

Orlando 
Cal Warriner (404)447-7000 

Philadelphia 
Michael Esposito (215)728-5300 
David McHenry (215)728-5300 

St. Louis 
John Lohse (314)997-8500 

St. Paul 
Richard Coerber (612)733-3285 

San Francisco 
William Newton (415)761-1155 
Dallas Peterson (415)761-1155 

Syracuse 
Edward Hughes (315)422-1929 

Washington, D.C. 
Pete Levendis (202)331-6900 

In Canada: 
Montreal 

Wallace Rowcliffe (514)483-2060 
Toronto 

Jim Paton (416)449-8010 

Or write: Static Control Systems, Dept. 
ETC-010, 3M Company, St. Paul, MN 
55101. 

New Static Report 
Ask for a free copy of the new report 
on a simple model for static protection, 
prepared by Donald M. Yenni, Jr. and 
James R. Huntsman. 

3M 
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interested in such high risks. 
The developers of satellite com-

munications for the office-of-the-
future boom expected in the 1980s 
are especially wary of the increased 
costs. Any hike will drive the elec-

tronic office business tab even higher 
than it is now. The high reliability of 
communications satellites, which 
generally last years beyond their 
design time (see p. 21), offers small 
comfort. -Harvey J. Hindin 

Industrial 

Radio-frequency energy to get tryout 

in mining oil from underground shale 
Recovery of oil from underground 
oil shale deposits, an industry that 
nearly disappeared with the discov-
ery of crude oil over a century ago, 
may be revived in the 1980s by the 
use of radio-frequency energy to 
convert the organic material in shale 
to oil for extraction. The Raytheon 
Co. technique potentially rivals 
crude oil production in cost-effec-
tiveness, according to sources at the 
Lexington, Mass., firm. 
Untapped reserves. The payoff 

could be tremendous. Industry esti-
mates place the oil content of U. S. 
shale deposits at over a trillion 
barrels, which is 40 times the 

amount of current American re-
serves of liquid crude oil. 
The earliest oil shale operations 

mined shale, heating it above ground 
to convert kerogen, the organic 
compound it contains, into oil and 
gas. In addition to requiring huge 
amounts of water for cooling, the 
system amounted to strip mining, 
produced pollutants, and was ulti-
mately too expensive to compete 
with crude oil production. Ray-
theon's method would convert the 
kerogen underground, with minimal 
environmental impact, and will 
be cost-effective, it claims. 
A network of antenna rods sunk 

New oil rig. Raytheon Co. plans tests of a system that applies rf energy to underground 

shale, melting the organic components that make up oil. The pump then brings the oil up. 
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News briefs 

Microprocessor-controlled PBX is a hit 
By all indications, the EMS automated private-branch-exchange system that 
Siemens AG introduced in early 1979 is turning into a hot-selling item. During 
the past nine months, the company has received orders for some 2,000 EMS 
(for electronic, microprocessor, and stored-program-controlled) systems, 
worth $170 million, from 13 countries around the world. Siemens is counting 
on an additional 1,000 orders to come in during the next three months. Prime 
customers for the system [Electronics, April 12, p. 63] are banks, insurance 
and utility companies, and large automobile firms, as well as international 
agencies such as the European Economic Community headquarters in Brus-
sels and the European patent office in Munich. 

RCA to second-source Motorola's communications chips 
RCA Corp.'s Solid State division and Motorola Inc. settled on a joint present 
just before Christmas: RCA will second-source the latter's family of telecom-
munication integrated circuits, and Motorola will supply the division with 
masks and design information. Included in the agreement are the comple-
mentary-MOS MC14406/7 coder-decoder, the MC14414 filter, and other 
chips that the companies would not disclose. Other announced second-
source alliances on telecommunications chips include Intel and Texas Instru-
ments [Electronics, March 29, p. 48], Mostek and Fairchild Camera and 
Instrument [Electronics, July 5, p. 54], and Mostek and Standard Microsys-
tems Corp. [Electronics, Nov. 8, p. 34]. 

IBM sets new time frame for System/38 
International Business Machines Corp. is apparently ironing out the bugs in 
its System/38 small-business system. The company's General Systems 
division now says deliveries will start next July, with customer training to 
begin in February. Last August, when deliveries were originally scheduled to 
start, the Atlanta division said more time was needed to test and integrate 
the systems programming [Electronics, Aug. 30, p. 88]. Following the trend 
to increased memory capacity, the System/38 will be available with more 
main memory—the model 3 can now hold 50% more for a total of 1.5 
megabytes, and the model 5 is a third larger with a new maximum of 2 
megabytes. Earlier last month, the company's Data Processing division 
doubled the main memory capacity of its 8100 distributed-processing 
system to 1 megabyte. 

Small-business systems bow at Zilog 
Zilog Inc., the Cupertino, Calif., affiliate of Exxon Enterprises Inc., is entering 
the small-business computer marketplace with four new microcomputer 
systems. Two of the systems, the $6,990 desktop MCZ-1/ 20A and the 
$16,925 rack-mounted MCZ-1/ 25A, are modular building blocks with no 
display or software included. Both incorporate a Z80 microcomputer with 
64-K bytes of random-access memory, interrupt-driven console capability, 
and a floppy-disk controller. Two complete systems, the $8,460 desktop 
MCZ-1/ 50 and the $18,240 rack-mounted MCZ-1/ 70, also are available. 
Optional communications and multiterminal Cobol packages permit the 
high-end systems to be used in distributed-processing environments. 

National will sell Hitachi computers in the U. S. 
National Advanced Systems Corp., the recently formed subsidiary of Nation-
al Semiconductor Corp., will be the U. S. marketer of the IBM-compatible 
mainframe computers manufactured by Japan's Hitachi Ltd. The Hitachi line 
was marketed in the U. S. by tel Corp.'s Data Products group, which also 
sold IBM-compatible computers made by National. The money-losing Itel 
group was acquired by National [Electronics, Oct. 11, p. 89] and along with 
the Santa Clara, Calif., company's Computer Products group formed the 
core of the new subsidiary. Price and availability information on the Hitachi 
line will be disclosed later this month. 

into the ground transmits radio ener-
gy in two stages from large rf gener-
ators (which Raytheon will describe 
only as "typical") to a portion of the 
shale formation. The first stage, 
using signals of about I megahertz, 
quickly raises the formation's tem-
perature to over 100°C. Free water 
in the shale then evaporates, fractur-
ing the rock and escaping through 
the fissures to surrounding areas. 

In the second stage, rf energy in 
the 100-kilohertz-to-100-MHz range 
heats the shale over a period of hours 
or days. The water evaporation has 
left the shale less able to absorb 
energy; the kerogen, however, 
changes as it heats, forming interme-
diate compounds that are increasing-
ly absorbent. 
The resulting heat differential 

allows the kerogen finally to become 
oil. The shale itself remains cool 
enough to maintain the fissures, 
through which the now-liquefied oil 
can flow, as pumps pull it to the 
surface. 

Temperatures. Controlling tem-
perature in the shale formation is 
crucial to the operation, since too 
much heat can cause unwanted 
chemical reactions, hindering or 
stopping the process. The Raytheon 
technique uses phase-shifting signals 
so that rf waves from various anten-
na rods cancel one another out to 
varying degrees, as well as injection 
of cool gas or liquid through the rods 
to cool surrounding regions. 

Thermocouples contained in the 
rods monitor temperature and signal 
the rf generators to shut down if the 
heat exceeds the proper limits. A 
central amplitude-timing and phase-
control unit drives the generators, 
which receive their power from 
conventional three-phase high-volt-
age lines. 
The company and its Cambridge, 

Mass., subsidiary, the Badger Co., 
are teaming up with Texaco Inc. for 
field tests in Utah of the method, 
pioneered in the 1960s. Just begun, 
testing should take about a year. 
Raytheon sources would say only 
that it will be "a multimillion-dollar 
project," but the hope is that the new 
process will be feasible for general 
use by the mid-1980s. -Linda Lowe 
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"THE 8086 IS 
HERE TODAY!" 
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r-  r 

Electronics/January 3, 1980 Circle 51 on reader service card 51 



Wur 

Sitirol 

Well, Intel's still out there shouting about the 
8086. Still making lots of claims, still running 
pages and pages of advertising, still forgetting 
to mention one little fact: 
The 8086 isn't the best 16-bit CPU. 
The AmZ8000 is. 
The AmZ8000 has a more advanced, more 

powerful, much more flexible architecture 
than the 8086. It has more addressing modes, 
more general purpose registers, more powerful 
instructions. It can even accommodate more 
data types. It has better I/O capability, larger 
addressing spaces, and a lot higher through-
put using standard NMOS, than the 8086 
using HMOS. 

y 

What about availability? We're shipping pro-
totype quantities right now. 
What about support? Glad you asked. 
Our new System 8/8 was designed especially 

for the AmZ8000. It beats Intel's development 
system hands down. 

System 8/8 can be directly upgraded to a 
16-bit system by changing one card. Intel's 
can't. System 8/8 can translate 8080/8085 
and Z80 programs. Intel's can't. System 8/8 
has a PASCAL compiler that produces object 
code for the 8080 and AmZ8000. Intel's doesn't. 
System 8/8 comes with 8080/8085, Z80, and 
AmZ8000 macroassemblers. Intel's doesn't. 
System 8/8's in-circuit emulators include, in 



"So is the AmZ8000. 
And it's better!' 

addition to the AmZ8000, the 8080, 8085, 
8048, and the Z80. Inters doesn't. And we let 
you buy our System unbundled. 

To demonstrate the capability of the 
AmZ8000 we developed a fully assembled and 
tested Evaluation Board. It's got the AmZ8002 
CPU on it, along with RAM, EPROM, and I/O. 
It plugs right into System 8/8 and can execute 
the assembler or PASCAL object code. Ask for 
it by name: AMC96/4016. 

Just one more thing: We know it hurts to drop 
Intel for somebody else. We've been through it 

ourselves. But it's going to hurt a lot more next 
year. By then your competitors could be so far 
ahead of you, you might never catch up. 

Call Advanced Micro Devices and we'll send 
you everything we've got on the AmZ8000. Or 
come to one of our seminars. Or sign up for a 
course on the AmZ8000. 

Better yet, buy an AmZ8000. Check it out 
for yourself. Put it through its paces. Compare 
it with the 8086. 

Intel can beat their chests all they want. 
But they can't beat the AmZ8000. 

Advanced Micro Devices CI 
901 Thompson Place, Sunnyvale, CA 94086 
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Data integrity 
A write-protection notch 

prevents accidental erasure. A 
stepper motor gives accurate 
head positioning. A special 
head configuration ensures 
precise read/write operation. 
And a voltage sensing circuit 
prevents spurious writes. 

Double track density 
design 

The FD-50C employs a 
single-sided, double track density 

design for even higher capacity 
than a double-sided disk, 

with less maintenance headaches. 

Twice 
the Track. 

Half the Headache. 

Brushless motor 
The FD-50C uses a noiseless, 
reliable brush less motor which 

runs continuously, thus 
eliminating motor start-up time. 
Track-to-track access time is 25 

ms, settling time is 10 ms. 

TEAC FD-50C Mini Disk Drive 

Large capacity 
The track density of 100 tpi 
provides greatly increased 

capacity in FM, mFM and m2FM 
recording modes, as compared 

to conventional mini disks. 

And more 
Up to four FD-50C mini disk 

drives can be daisy-chained to 
a single controller. And a door lock 

mechanism protects disks 
from accidental damage. 

TEAC CORPORATION: 3-7-3 Naka-cho, Musashino, Tokyo, Japan Tel: (0422) 53-1111 

•U S A TEAC Corporation of America, Tel (213) 726-0303 *Canada R.H. Nichols Co., Ltd., Tel: (416) 661-3190 *Hongkong Dah 
Chong Hong Ltd., Tel: 5-261111, 5-226258 *Australia & New Zealand Jacoby Mitchell Ltd., Tel. 6307400 *South Africa Mayfair 
Sales (Pty) Ltd., Tel. 011-834-2131 *Belgium & Luxemburg Simac Electronics S.P R.L •Denmark Danbit, Tel: (03) 141515 *France 
Tekelec Airtronic S.A, Tel. (027) 7536 *Holland Simac Electronics B.V, Tel . 040-533725 *Italy A.E.S.S.E. SRL, Tel: 54.64.741-2-3 

•Switzerland Wenger Datentechntk, Tel 061-34 50 96 *Spain Atajo Ingenieros S.A, Tel: (215) 3543 *Sweden Scantel AB, Tel: 08-
24 58 25 *West Germany & Austria nbn Electronik Stamberg, Tel. (08151) 13036 
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Washington newsletter  
Postal rate unit 

wants open competition 

for electronic mall 

ITC urged to 

continue controls on 

color TV Imports 

Broad and continuous competition will be the hallmark of electronic mail 
if the U. S. Postal Service's board of governors adopts this month the 
3-to-2 recommendation of its overseer, the Postal Rate Commission. That 
would permit interconnection of any common carrier chosen by the mailer 
to transmit computer-generated messages to any of 25 regional post 
offices for delivery. The rate commission's plan, a product of its public 
representative, differs from the electronic computer-originated mail 
(Ecom) proposal of the Postal Service in that it would circumvent a 
jurisdictional dispute with the Federal Communications Commission. 

The FCC's role under the new plan "would end at the front door of the 
post office," according to rate commission chairman Lee Fritschler, who 
hailed the policy recommendation as the most important in the commis-
sion's 10-year life. Advocates of the plan, who believe it will nullify 
pending FCC court action against the Postal Service over jurisdiction, say it 
will not require terminal standardization, only standard protocols. 

The remaining seven American-owned domestic manufacturers of color TV 
receivers "will disappear within a very few years" unless controls on 
imports from Japan, South Korea, and Taiwan are extended beyond their 
June 30 expiration by the International Trade Commission. That is the 
dire prediction in a year-end petition to the ITC by the industry and labor 
union lobby known as Compact—the Committee to Preserve American 
Color Television — which contends that Orderly Marketing Agreements 
negotiated with the three Pacific nations to limit TV shipments have 
provided U. S. makers "a scant 10 to 11 months of import relief instead 
of the three years given us by the President." The three-year agreement 
with Japan that went into effect July 1, 1977, spurred "an avalanche" of 
imports from Korea and Taiwan that was not controlled until separate 
agreements took effect early in 1979, Compact argues. 

But even though the ITC may favor the petition, Government insiders 
say the White House might let the Orderly Marketing Agreement with 
the three nations expire in return for a reciprocal concession in another 
trade area. Moreover, Compact concedes that domestic color TV output 
rose 35% to 8.6 million sets in the second year of the import restraint 
program from 6.4 million the year before it became effective; plant 
capacity use was up to 46% in 1978 from 38% in 1976; capital outlays rose 
to $42 million in 1978 from about $30 million in 1976 and 1977; and 
research and development spending also improved to $112 million in 1978 
from $70 million in 1975. U. S. productivity also is up, says Compact. 

Goodyear to build An ultrahigh-speed computer for processing satellite images will be built 
and delivered in May 1982 by Goodyear Aerospace Corp., Akron, Ohio, 

massive processor under a $4.7 million contract from the National Aeronautics and Space 
for NASA pictures Administration. Called the massively parallel processor (mPP), the system 

will use Hughes Electronics' silicon-on-sapphire custom chips, each 
containing eight processors. They can perform a total of 6,553 million 
floating-point additions—or 1,861 million floating-point multiplications— 
per second, according to David H. Schaefer, computer development 
section chief at Goddard Space Flight Center, Greenbelt, Md., where the 
M PP will be installed. Simultaneous processing of picture elements, or 
pixels, will be from 10 to 100 times faster than is now possible, Schaefer 
says. 
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Washington commentary  

Getting VHSIC's designers into the field 

The challenge before prospective contractors for 
the triservice research and development pro-
gram in very high-speed integrated circuits 
makes the Department of Defense's problems in 
rationalizing VHSIC to the Congress seem very 
small. It is the problem of selling military users, 
the field commanders, on the program, which is 
to be inaugurated this month (see p. 81). 
The nature of the problem is illustrated by an 

army field chief's observation that "the best is 
the enemy of the good." That is a very real 
concern to Army commanders charged with 
being ready to fight tomorrow when told that 
the latest and best (and probably most expen-
sive) technology will be ready to provide them 
with a whole new class of zippity-doodah weap-
ons beginning about 1990—if VHSIC goes well. 

The skeptical users 

Using commands are entitled to view VHSIC 
with some skepticism, for they have seen such 
programs before. And more of them have failed 
than succeeded. That point was well made here 
last month by Eugene E. Yore, Army deputy for 
science and technology to the assistant secretary 
for research, development and acquisition. "At 
present we are technologically inferior to the 
USSR in almost every major fielded system," he 
told an audience of Government and industry 
advocates of VHSIC. "At one point we used a 
technology quality argument to rationalize 
inferior quantities. Now, however, we are both 
inferior technologically and inferior numerical-
ly." Is it any wonder, then, that many field 
commanders have yet to be convinced of 
VHSIC's promise? 
A second threat to VHSIC's success is the 

proposal to introduce it by means of "technolo-
gy insertion" into ongoing weapons system 
programs throughout the military. The Army's 
Yore correctly labels this "a tricky process," 
explaining that if the technologies are not ready 
and "miss the critical windows, by the very 
nature of the program manager's job and char-
ter, he must go on with an existing or old and 
out-dated technology." 

Persuading military program managers to 
stop and make changes in a weapons system is 
difficult enough in itself, as a VHSIC buff at the 
Naval Air Systems Command is quick to point 
out. Successful promotions, after all, are won by 
bringing programs in with good performance, on 
time, and within budget. Any of those goals can 
be skewed by change. 

But perhaps the biggest challenge of translat-

ing VHSIC technology into successful opera-
tional weapons systems that will work when 
needed and can be quickly fixed when they go 
down is one that no discussion of this latest DOD 
effort has addressed to this point. It is the 
industry's widespread ignorance of the ultimate 
user's limited capabilities. 

Electronics engineering managers can identi-
fy the problem by asking themselves when, if 
ever, they or their superiors and subordinates 
visited and spoke with a soldier, sailor, or 
airman who is supposed to be able to operate 
and maintain the systems and subsystems 
produced by their companies. 
Those few engineers who have made such 

visits to an operating ship, submarine, airbase, 
or army field unit should be aware of the young 
enlisted men and officers that characterize the 
all-volunteer peacetime force. Although many 
of them have not completed secondary school, 
they are expected to maintain and operate 
computer-driven command, control, communi-
cations, information, and guidance and naviga-
tion systems that even their developers find 
demanding despite their advanced degrees. 
Moreover, say military commanders, those 
recruits who are successfully trained are all too 
often lost to private industry at enlistment's end. 

Knowledge at first hand 

None of these problems is easily resolved in a 
free society as long as it remains at peace. But 
programs such as VHSIC and others like it could 
make a beginning at a solution by requiring 
contractors and a representative group of engi-
neers to visit with field users of the proposed 
equipment to learn from them what they want 
and what would be of most use to them in 
combat. Procurement commands must not be 
bypassed in this educational process, for it 
should give them, too, some insight into how to 
shorten the decade-long cycle between begin-
ning R&D and the widespread deployment of an 
operational weapon. Many military procure-
ment managers could benefit from a refresher 
on what it is like to be the ultimate customer for 
their purchases—and for the spares that never 
seem to arrive on time or in sufficient quantities. 

VHSIC will never be a panacea for the using 
command's problems; it was never represented 
as one. Nevertheless, it might do much more 
than it already promises if engineers could gain 
a first-hand appreciation of their ultimate 
customers and the kind of conditions in which 
they must operate. -Ray Connolly 
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&UPDATE 

POWER INTERFACE ICs 
TO MIL-STD-883 

e rli>” 
Take the shortcut: The quickest and easiest route to obtaining MIL-Spec ICs 

can be to check Sprague first. Shown below is a brief listing of recently-developed 
Sprague products and applicable engineering bulletins. 

For the engineering bulletins of interest to you, write to: Technical Literature 
Service, Sprague Electric Company, 35 Marshall St., North Adams, Mass. 01247. 

For application engineering assistance, write or call Walter Sullivan or Paul 
Emerald, Sprague Electric Company, Semiconductor Division, 115 Northeast Cutoff, 
Worcester, Mass. 01606. Telephone 617/853-5000. 

For the name of your nearest Sprague Semiconductor Distributor, write or 
call Roger Lemere at Sprague Products Company, North Adams, Mass. 01247. 
Tel. 413/664-4481. 

Device Series Package 
Max. Output 

Voltage 

i 

Output "1" 
Engineering 

Bulletin 

Quad Power Drivers 
UHC- & UHD-400, 
401-1,500 

14-pin DIP 
or Flat-Pak 40 to 100V to 250 mA 29300.1 

7-Channel Darlington Arrays ULS-2000H 16-pin DIP 50V 95V to 500 mA 29304.1 

8-Channel Darlington Arrays ULS-2800H 18-pin DIP 50V/95V to 500 mA 29304.4 

Quad High Current Darlingtons ULS-2064H to 2077H 16-pin DIP 50V/80V to 1.25 A 29305.1 

Quad Peripheral Drivers UDS-5700H 16-pin DIP 80V to 300 mA 29306.1 

Dual Peripheral Drivers UDS-5710H 8-pin DIP 80V to 300 mA 29307.1 

Dual Peripheral Drivers UDS-3600H 8-pin DIP 80V to 300 mA 29308.1 

8-Channel Source Drivers ULS-2980H 18-pin DIP 50V/80V to 350 mA 29310.1 

Quad PIN Diode Power Drivers UDS-5790/91H 16-pin DIP 120V to 300 mA 29315.1 

FOR FAST INFORMATION, CALL YOUR NEAREST SPRAGUE SALES OFFICE: 
ALABAMA, Sprague Electric Co.. 205883-0520. ARIZONA, Sprague Electric Co . 602'244-0154: 604.966-7233 • CALIFORNIA. Sprague Electric Co.. 213,649-2600: Sprague 
Electric Co.. 714,549-9913; Wm. J. Purdy Co 415347-7701; • COLORADO. Wm. J. Purdy Co.. 303 777-1411 • CONNECTICUT. Sprague Electric Co.. 203261-2551: Ray 
Perron .1 Co.. Inc.. 203/268-9631 • DIST. OF COLUMBIA. Sprague Electric Co (Govt. sales only). 202-337-7820 • FLORIDA, Sprague Electric Co.. 305,831-3636 • ILLINOIS. 
Sprague Electric Co . 312296-6620 • INDIANA, Sprague Electric Co.. 317 253-4247 • MASSACHUSETTS. Sprague Electric Co.. 617,899-9100; Sprague Electric Co . 
413664-4411 • MICHIGAN. Sprague Electric Co., 517/787-3934 • MINNESOTA, HMR. Inc.. 612/831-7400 • MISSOURI. Sprague Electric Co.. 314,781-2420 • NEW 
HAMPSHIRE, Ray Perron 8 Co.. Inc.. 603742-2321 • NEW JERSEY, Sprague Electric Co., 201/696-8200; Sprague Electric Co.. 609/795-2299; Trinkle Sales Inc. 
609795-4200 • NEW MEXICO, Wm. J. Purdy Co.. 505,266-7959 • NEW YORK, Sprague Electric Co.. 516,234-8700; 914,834-4439; Wm. Rug, Inc 914,834-855S. Sprague 
Electric Co., 315437-7311: Mar-Corn Associates. 315437-2843 • NORTH CAROUNA. Electronic Marketing Associates, 919/722-5151 • OHIO, Sprague Electric Co. 
513 866-2170; Electronic Salesmasters. Inc.. 800/362-2616 • PENNSYLVANIA, Sprague Electric Co.. 215467-5252: Trinkle Sales Inc.. 215922-2080 • TEXAS, Sprague 
Electric Co., 214.235-1256 • VERMONT, Ray Perron 8 Co.. Inc.. 617-762-8114 • VIRGINIA, Sprague Electric Co.. 703-463-9161 • WASHINGTON. Sprague Eectric 
206,632-7761 • CANADA. Sprague Electric 01 Canada, Ltd.. 416/766-6123 or 613238-2542 
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All 
pre40sion 
resistors 

as stable as 0.05% AR with tolerances to ±0.005% and 
TCR of ±-0.6ppmrC... Only a Vishay is! 

There's more to resistor precision than meets 
the eye. The three basic types of precision 
resistors — Wirewound, Metal Film, and Bulk 
Metal® — look alike on the surface and may 
often have similar purchased specifications. 
But beneath the surface, all three are made 
differently, and inherent design and 
processing will strongly influence electrical 
performance, so that all three behave 
differently in use. These differences will 
become apparent as temperature changes, 
as the effects of load-life, moisture, and 
other environmentals take their toll with 
time, and as circuit requirements become 
stricter for signal to noise ratio and pulse 
response. Thus, some precision resistors 
turn out to be not nearly as precise as you 
might expect. 

Vishay Bulk Metal' resistors are virtually 
insensitive to destabilizing factors. Their 
element is a solid alloy that displays the 
desirable bulk properties of its parent 
material, thus it is inherently stable and 
noise-free. The alloy and matched substrate 
form a single entity with balanced temperature 
characteristics for an unusually low and 
predictable TCR. Resistance patterns are 
photoetched to ensure that temperature and 
stability characteristics remain identical from 
resistor to resistor and are not subject to 
process variations. 

Vishay Bulk Metal® is the modern 
generation of precision resistors. Their design 
gives you a unique combination of 
characteristics found in no other single 
resistor — and they're all standard! 



On moi STABILITY FOR 2,000 HOURS — 
w /0 Vishay load-life stability is 0.05% AR 

max. under full rated power of 0.3 watts at 125°C (0.6 
watts at 70°C) for 2,000 hours; typically it's 0.02% AR, 
10,000 hour stability is 0.5% AR max. Shelf-life 
stability is 0.0025% AR max. after 1 year; 0.005% AR 
max. after 3 years. 

_0.6ppm/o C NOMINAL TCR — 
0°C to +25°C 

+0 6 ppm¡°C 

+25°C to +60°C -55°C to +25°C +25°C to +125°C 

-0.6 ppmi°C •• 2 2 ppmrC -1.8 ppm.'C 

5110911111111 /or.% VISHAY STANDARD TCR 
— • 16...SPREAD FROM NOMINAL 

VISHAY STANDARD VISHAY MAXIMUM 

0"C to +60°C -55°C to +125°C WC to 60°C -55°C to +125°C 

-'1.5 ppm ,"C +2 0 ppm ,'C 2 5 ppmrC +2 3 ppm/°C 

This is accomplished automatically, without 
selection, regardless of the resistance value, or the 
date of manufacturing — even if years apart! 
Selected TCR tracking is available to 0.5ppm1°C. 

m0/ TOLERANCE — Vishay 
—0.00*.i /0 resistance tolerance is as 
tight as ±-0.005% — standard! -±0.001% available. 

l RISE TIME — Vishay rise time is as fast as ns ins @ lkfl typical and only increases to a 
few ns for other values. Operation in the M Hz range 
is assured by low inductance of 0.1 p.1-i max. and 1.0 
pF max. capacitance — both factors due mainly to 
the leads. 0.08 pH and 0.5 pF respectively are typical. 
By design, adjacent current 
pathways carry current in 
opposing directions 
eliminating inductance; 
capacitance is lumped 
in series. 
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C— 

<0.025µV(RMS)/ Volt; 
NOISE — Vishay current noise is <0.025µV(RMS)1Volt 
of applied voltage (-32 dB or better). Test equipment 
resolution is —40 dB. 

0.5 /IV/Or% THERMAL EMF — Vishay 
/ 16.0 Thermal EMF is 0.5p. VI°C 

max. difference in lead temperature, typically it's 
0.3m VI°C. 

<0.000r/0/Volt VCOOLETFAFGICEI ENT 
— Vishay voltage coefficient is <0.0001°/01Volt, which 
is the resolution of existing test equipment. 

Before you specify a precision resistor, take a hard 
look at how the three different types of precision 
resistors are made and test them to see how they 
will perform in service. Because one kind — the 
Vishay Bulk Metal® Resistor — will clearly 
outperform the others. 

Finally, there's value. As the developer of Bulk 
Metal® Resistors, we know these unique devices 
give you lasting value. The precision, stability, and 
reliability you pay for today, you still have years 
from now. And what you pay for today is a lot less 
than you think. By taking advantage of the overall 
stability and reliability of Vishay Bulk Metal® 
Resistors, you can often cut circuit error budgets in 
half, and reallocate the savings to other circuit 
devices which may be purchased with looser 
tolerances at less cost — while overall circuit 

performance is 
measureably improved. 
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2.3 pprreC 

215-644-1300 
Want to know more about 
what makes a Bulk Metal® 
precision resistor precise? 
Call or write today for the 
complete story. 

Vishay Resistive Systems 
Group of Vishay 
Intertechnology, Inc., 63 
Lincoln Highway, Malvern, 
PA 19355 

VISHAY 
...to be precise 

Hermetically Sealed, ERMIL, Industrial, Aerospace, and Power Resistors • Chip Resistors — Trimmers — Networks — Conceptual Products 
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Serious professional engineers 
will be there. 
Join them! 

Three times in 1980, thousands of serious electronics engineers will attend 
one of the three largest high-technology electronics conventions in the 
United States -- Wescon, Midcon, or Electro. 

They'll see hundreds of exhibits featuring state-of-the-art products, in four 
distinct categories: Components & Microelectronics; Production, 
Packaging, & Test Equipment; Instrumentation & Control Systems; Mini & 
Micro Computers & EDP Peripherals. Truly, four shows in one! 

They'll attend many of the 120 plus Professional Program sessions 
presented by highly qualified industry technologists. And, they'll attend in 
major electronics centers — Wescon in Southern California, Midcon in 
Dallas, Electro in Boston. 

If you are an electronics engineer, your 1980 schedule should include one 
(or more) of these shows. You owe it to your professionalism. Seriously. 

›,e Electro aD) 
May 13, 14, 15, 1980 
Boston, Massachusetts 

COD Wescon _%)D Midcon ee) 
September 16, 17, 18, 1980 
Anaheim, California Dallas, Texas 

November 4, 5, 6, 1980 

For more information, contact: 
Electronic Conventions, Inc. / 999 N. Sepulveda Blvd. / El Segundo, CA 90245 • 213/772-2965 
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FUJITSU: 
READILY 

BLE 

World famous for design and 
quality, these Fujitsu components 
are available now. 
And through our national net-

work of distribution. This means the 
most popular configurations are in 
stock and as near as your tele-
phone. You'll find that Fujitsu com-

ponents not only have the reliabil-
ity others can only hope to attain 
but that they are competitively 
priced as well. Just contact your 
local distributor. Should you need 
technical help, don't hesitate to 
call on Fujitsu direct. 

111111 i' llIIIIPMIIIIVIIM" FUJITSU 

FUJI'IsSU AMERICA. INC. 

111111111111111l111111111111111111111111111111111111111111 

You'll quickly see why Fujitsu has 
the products, quality and the ser-
vice tna- is known around the 
world as the finest. 

I COMPONENT SALES DIVISION 
I 910 SHERWOOD DRIVE-13 LAKE BLUFF. ILLINOIS 60044 TEL (3121 295.2410 TELEX 206196 

f_M PleCCEg B) UMIIMM 
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Heinemann has it. NOW! 
Precision pr t eh() • 0.01-250A 

Heinemann has it—in ratings. With the 
widest choice of current ratings in the 
industry, it's no wonder Heinemann is 
number 1 in OEM circuit breakers. Whatever 
you need in circuit protection, you'll find it in 
a Heinemann breaker—in a variety of voltage, 
current, and frequency ratings. 

Heinemann has it—in styles. No one has more 
breaker styles than Heinemann. Whether you 
need one pole or six, time delays, or special 
internal circuits, Heinemann has what it takes. 
Our Types I and AM are the most popular 
OEM circuit breakers ever made. And you won't 

find a better E-frame magnetic breaker than our 
low-cost CF Series—at any price. The 3-pole GH breaker is 

UL-listed for 14,000A interrupting capacity at 480Vac and 
10,000A at 250Vdc, while our GJ Series has an interrupting 
capacity of 18,000A at 240V 50/60 Hz and 25,000A at 65Vdc. 
For low-current requirements, we've got a direct replacement 
for those old-fashioned glass fuses and fuseholders—the 
resettable Re-Cirk-It protector. This inexpensive pushbutton 
breaker, available in current ratings to 15A, fits in the same 
panel ;pace as conventional 5/8" cylindrical fuseholders. 

Heinemann has it—in stock. The most popular circuit breakers 
are in stock for immediate shipment from our nationwide 
network of authorized Heinemann distributors. And our factory 
"Jet Line" program gets things moving fast on special-order 
models.1-leinemann has what you need in a circuit breaker. To 
learn more, call our toll-free number 1-800-257-9590 or request 
Bulletin 305, our "Quick Guide to Overcurrent Protection." 

The only independent manufacturer of fully-magnetic circuit breakers. 

We serve you better. 

HEINEMANN 
TRENTON, NJ 08650 

0 Heinemann Heinemann worldwide: Factories in U.S.A., Canada, Europe, South Africa, and Australia. 
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International newsletter 

Schlumberger protects Researchers at Schlumberger Ltd. have found a way to protect mos 
MOS devi ces from devices from electrostatic charges and are believed to be incorporating the 

new technique in a bank and credit card [Electronics, Nov. 22, p. 63], 
electrostatic charges although the company will not discuss details. Six French banks and the 

telecommunications branch of the French postal authority last month 
called for bids for intelligent, controlled-access cards for both on-line and 
off-line systems. The Schlumberger entry, to be made by the Franco-
American group's Flonic subsidiary, in the Paris suburb of Montrouge, is 
believed to contain some 150 logic gates and 4 K of programmable 
read-only memory on a single custom mos chip. 

Hitachi gets OK Hitachi Ltd. says it has received approval from CoCom, the Coordinating 
Committee of the North Atlantic Treaty Organization and Japan, to 

to ship computerized deliver a $4.4 million banking system to China that includes 11 Hitac 
banking system to China M-150 medium-sized mainframe computers and 21 L-320 office comput-

ers. Shipments will start next March and continue for 11/2 years. The 
computers, to be installed on the premises of the Bank of China, the 
People's Bank of China, and the People's Insurance Co. of China in major 
cities, will be used for domestic and foreign banking business and for 
handling freight insurance. 

Hitachi will also supply China with a $12.5 million color TV plant 
featuring the most up-to-date automated equipment, to be installed in 
Shanghai. With an annual capacity of 200,000 sets a year, it will be the 
largest in China. The plant will join two others being supplied by Japanese 
firms—the Victor Co. of Japan and Matsushita Electric Industrial Co. 

French optimistic Officials of France's government-owned television broadcasting authority, 
Télédiffusion de France, are optimistic over the chances for acceptance of 

about adoption of the first digital television standards at the European Broadcasters Union 
digital TV standards meeting in April. They say most major European broadcasting agencies 

have already agreed not to require black-and-white compatibility in digital 
color TV production equipment. There is also general agreement that 
image quality should be determined by television broadcast criteria, in 
contrast to U. S. interests seeking quality standards that would permit 
large-screen projection of video images and even video quality equal to that 
of 35-mm film. 

IBA removes roadblock So-called surround sound systems, which use four speakers to heighten the 
listener's illusion of hearing the original sound, have lacked compatibility 

to surround sound with established monaural and stereo systems. But with its newly patented 
standards MSc (for mono-stereo—compatible) system, Britain's Independent Broad-

casting Authority claims to have overcome this problem. The three-
channel system, which has already been evaluated in experimental broad-
casts, is based on the Ambisonics surround-sound studio technology 
patented by Britain's National Research and Development Corp. The IBA 
says the success of this or any other system depends on the establishment 
of an international standard and agreement between the record companies 
and broadcasting authorities. Impetus for these could come with the 
advent of high-quality digital disks; in the interim, the IBA is contributing 
its results to European Broadcasting Union discussions on surround sound. 
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IC drivers for dc In a move to exploit the low-cost potential of dc electroluminescent 

flat-panel displays, the Royal Signals and Radar Establishment, Malvern, 
electroluminescent has placed a contract with Swindon Silicon Systems Ltd., a custom design 
displays on the way house in Swindon, for two high-voltage integrated-circuit drivers that 

operate in push-pull fashion. The front- and back-panel drivers will be 
manufactured using Plessey Semiconductors Ltd.'s high-voltage process 
and will be able to deliver the 150 y needed for electroluminescent panels. 
Used as building blocks, they will be capable of driving panels with up to 
480 or 960 characters. These sizes and smaller panels are either in 
production or under development at Phosphor Products Ltd. and GEC's 
Hirst Research Laboratories [Electronics, Sept. 14, 1978, p. 63]. The row 
driver incorporates an 8-bit shift register, an output latch, and an output 
driver; the column driver is a three-to-one decoder with clock. First 
samples are expected in 12 months. 

ITT Semiconductors ITT Semiconductors is banking heavily on the sales boom for semiconduc-
tor memories to continue unabated. The Freiburg, West Germany—head-

ups 1980 memory quartered company, which claims to be Europe's biggest memory maker, 
production goals plans to increase production of 4-K random-access memories from about 5 

million units in 1979 to roughly 6 million in 1980. For 16-K RAMS, a much 
steeper rise is targeted— from 1.5 million devices in 1979 to well over 8 
million in 1980, a more than fivefold jump. Also, the company will start 
up a production line for 4-K static RAMs. All memory devices are made at 
ITT Semiconductors' Memory Development and Production Centre at 
Footscray, near London. 

Motor-drive chip SGS—ATES Componenti Elettronici spA will add to its catalog this year a 
switched-mode bridge amplifier that can supply up to 100 w to a dc 

from SGS—ATES motor. The Italian company, based in Agrate in the Milan area, maintains 
handles 100 W that that is the highest output power achieved so far for a chip integrating 

both the output transistors and the control circuitry. The 400-mil' driver 
circuit and two companion chips that make up a precision positioning 
system were originally designed for an Olivetti electric typewriter, but 
Olivetti's exclusive rights to the chip set have now expired and SGS—ATES 
expects it will find applications in many other kinds of hardware. 

Addenda Mitsubishi Electric Corp. announced last month a new top-of-the line 
mainframe, the Cosmo model 90011, with three times the processing 
capacity of its previous model 900. The unbundled hardware rents for 
$29,000 to $104,000 a month, which puts it in the IBM 3031 class, but 
Mitsubishi says the performance is in the IBM 3032 class. Furthermore, 
the operating system is designed for Japanese-language processing. The 
computer features new emitter-coupled-logic devices with a propagation 
delay time of 0.7 ns and up to 250 functions per chip. . . . Prime 
contractor for the European Space Agency's large communications satel-
lite, L-Sat, to be launched in 1984 will be the British Aerospace Dynam-
ics group. The 10-kw satellite—several times more powerful than the 
European communications satellite— will be able to transmit TV broad-
casts at high power for direct reception by individual houses equipped with 
small rooftop antennas and can carry a considerable volume of telephone 
and data traffic. 
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Let light rule! 
The Zeiss Light-
Section Microscope 

A narrow beam of light profiles 
a surface whose characteristics 
you wish to measure. Then, you 
fine-tune a reference line and 
read heights or widths directly, 
in 1/2 -micron steps. 

Fast, accurate, 
non-destructive 

You can easily obtain direct 
readings of heights and widths 
ranging from 1 micron to approxi-
mately 400 microns. It's so simple 
even an inexperienced technician 
can learn how in minutes. And 
because there's no physical 
contact with the surface, there's 
no chance of damage or false 
readings. It's as accurate as only 
measurements made with light 
can be. Nationwide service. 

The great name in optics 

ZEINN 

West Germany 
Circle 65 on reader service card 

Carl Zeiss, Inc., 444 5th Avenue, New York, N.Y. 10018(212)730-4400. Branches: Atlanta, Boston, Chicago, Houston, Los Angeles, 
San Francisco, Washington, D.C. In Canada: 45 Valleybrook Drive. Don Mills, Ontario. M3B 2S6. Or call (416) 449-4660. 

MEASURE AND 
INSTANTLY DOCUMENT: 

Step differences on circuit 
boards and chips 

Thickness of photoresist 

Thickness and width of 
gold leads 

Depth of scratches 

Thick-film hybrids 
(wet & fired) 

Glaze thickness 

Thickness of magnetic 
layer on GGG 



Use our 532 stand-alone. Or with a scope. Operate it from a terminal. It's portable. 

The best way to troubleshoot a microcomputer is with another 
microcomputer. Ours. 
The Paratronics Model 532 looks like a logic state analyzer. 

But it's more. It's really a powerful microcomputer programmed 
to perform logic analysis functions. 
With 32 channels, 21 triggering modes, and a deep, high-

speed trace memory, you can debug systems based on 8-bit or the 
latest breed of 16-bit microprocessors. 

Since the Model 532 is a microcomputer, it's smart and easy 
to use. For example, you can store your tests in RAM or a set of 
UV PROMS for automatic playback. Our analyzer even 
remembers front panel settings so you don't have to. 

But that's not all. Software signature analysis on 32 channels 
is a standard feature. Options include RS-232 and IEEE-488 
interfaces, a serial communication test probe, and additional 
program space for defining special functions. 
Our Model 532 will solve your design, production test, and 

servicing problems. Contact us for a no-obligation evaluation 
unit from one of our local sales offices. Or write for our free, 
illustrated booklet, "Check It Again, Sam." See for yourself how 
our microcomputer can help yours. 

Paratronics Inc., 122 Charcot Ave., San Jose, CA 95131 
(408) 263-2252/TWX: 910-338-0201 
Outside California—Call Toll Free: (800) 538-9713 

PARATRONICS INC. 

DEBUGGING 
MICROCOMPUTERS? 

It takes one to know one. 

The Model 532 Logic State 
Analyzer, a full blown 
micrarouter for only £1950.• 
(pie pees and options) 
.U.S. price only 
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Electronics international_ 
Significant developments in technology and business 

Universal functional 
board, system tester 
mimics any instrument 
by Kevin Smith, London bureau manager 

Naked single-function 

modules replace standard 

instruments; CRT display 

presents mock front panel 

Setting up automatic test equipment 
should be as simple as the manual 
procedures the equipment replaces, 
according to ATE engineers at Mar-
coni Space and Defence Systems 
Ltd., who have come up with the 
concept of the virtual instrument. 
They first defined the concept some 
three years ago and have now real-
ized it in hardware with the Grad-

uate universal functional tester. 
The Graduate replaces standard 

test and measurement instruments 
with naked single-function instru-
ment modules that mimic any test 
configuration with the aid of power-
ful resident software. Any needed 
test instrument front panel is pre-
sented on the tester's cathode-ray-
tube display, and with the aid of a 
keyboard the engineer can select test 
functions and set test levels as easily 
as if he were turning the knobs on a 
real test instrument. 

Power. To make the software 
work, the firm needed a powerful 
minicomputer with a big address 
capability, so the Graduate is de-

signed around a 24-bit bit-slice pro-
cessor with a jumbo-sized, 1-mega-
word address capability. At the same 
time, it threw out conventional test 
instruments and developed a range 
of single-function test modules. 
When introduced last month at 
Automatic Testing '79 in Brighton, 
the low-frequency—up to 3 mega-
hertz—test modules had been read-
ied [Electronics, Dec. 20, p. 55], but 
the digital test modules and the 
radio-frequency to microwave-fre-

Changeable. The Graduate's naked single-

function modules enable the user to reconfi-

gure it for different needs. Shown is the back 

of a two-kernel system. 



Electronics international 

quency modules are scheduled for 
the last quarter of the year. 
The Graduate can functionally 

test printed-circuit boards, missile 
equipment, digital telephone ex-
changes, and other systems by apply-
ing digital or analog test patterns to 
the system under test and checking 
the response. Conceived both to meet 
an in-house need to check out mili-
tary equipment and to win for the 
company a slice of the booming 
market for commercial functional 
testers, it will be marketed by sister 
company Marconi Instrument Ltd., 
St. Albans, alongside the in-circuit 
Autotest 80, introduced last year, 
and has already received $4 million 
worth of orders. 

Strong points. Daniel S. Grune-
berg, manager of MSDS'S ATE divi-
sion, sees several big advantages in 
his company's ATE philosophy. Fore-
most is reconfigurability, or the abil-
ity to assemble a test system for 
different requirements from stan-
dard building blocks spanning the 
entire frequency spectrum. This ca-
pability cuts hardware costs by elim-
inating redundant instrument front 
panels, knobs, and displays—and 
more importantly, redundant instru-
ment functions. It also allows for 
easy system expansion and caters to 
advances in the technology. 

Technological obsolescence is a 
real problem, Gruneberg explains, 
because instrument manufacturers 
have no vested interest in retaining 
compatiblilty between models—the 
ATE market, after all, is only 10% of 
their business. He cites one example 
where a new instrument differed 
from its predecessor in capabilities, 
range, interface standards, and size. 

Consequently, Marconi engineers 
set out to define a set of single-
function stripped-down modules con-
forming to standard dimensions and 
electrical characteristics from which 
any test requirement could be assem-
bled. For low-frequency applica-
tions, they have developed just eight. 

For example, a waveform genera-
tor with offset is built from a func-
tion generator, a precision voltage 
source, and a selective waveform 
assembly network. The last is a key 
element and can combine up to four 

waveforms. It incorporates a pro-
grammable attenuation stage, and a 
built-in random-access memory can 
switch the output to create pulses 
from a dc source or sine-, square-, or 
triangular-waveform bursts from the 
function generator. 
A frequency-response analyzer 

can be assembled from program-
mable gain, fast comparator, and 
universal counter-timer modules. 
Completing the low-frequency line-
up are the digital voltmeter and 
universal timer modules. 

All modules have been reduced to 
two standard sizes, a single-width 
unit with three pc boards and a 
double unit with six. The units are 
made of extruded aluminum. 

Kernels. The modules click into a 
kernel comprising four shelves with 
space for eight double-width units 
per shelf. Up to four kernels can be 
assembled into a complete system. 
Nineteen-inch racking provides for 

disk drives and other standard equip-
ment. As each module slides into a 
standard shelf unit, it mates with 
standard services, such as cooling, 
power control, and signaling, piped 
through each kernel. 

Each functional module affords 
the appropriate handshaking and 
data-decoding and -checking facili-
ties. Deviations from standard per-
formance are stored in program-
mable read-only memory within 
each module at calibration time. 
Thus stimulus outputs and measured 
inputs can be automatically correct-
ed within the ATE'S computer when 
the tester is running. 
When a user sets up his test 

requirements, the Graduate's com-
puter tells him which modules are 
needed and where to insert them so 
as to obtain the best performance. 
The Graduate costs between 

$100,000 and $240,000, depending 
on configuration. 

Israel 

Abnormal electrical properties 

betray breast tumors to scanner 
A desktop instrument called a mam-
mo-scanner may offer a safe, inex-
pensive method for detecting breast 
cancer early. It measures and dis-
plays the differences in electrical 
properties between healthy breast 
tissue and tumors. 

Present methods all have draw-
backs. Palpations by a doctor are 
often not sensitive enough to pick up 
very small tumors. Thermography, 
or surface temperature measure-
ment, does not detect small, deep-
seated growths. X rays—mammo-
grams—are costly and can them-
selves be a cause of breast cancer if 
administered repeatedly (they are 
therefore not used in the U. S. for 
women under the age of 55). 

Another drawback is that 1 centi-
meter is the lower limit of tumor 
detection by mass-screening methods 
(excluding X rays). At that size, the 
tumor has been growing in most 
cases for approximately four years. 
If cancerous, it is generally removed 

by radical surgery of the breast. 
Earlier. Of the 14 women out of 

100 in the U. S. who contract breast 
cancer at some point in their lives, 7 
die of it. Oncologists believe that 
earlier detection, well below the 1-
cm level, would materially lower the 
death rate and perhaps reduce the 
necessity of surgery. 
The mammo-scanner, developed 

over the past four years by Ephraim 
H. Frei and Bruce Sollish of the 
Weizmann Institute of Science in 
Rehovot, Israel, is a computerized 
device that safely and quickly scans 
breast tissue by measuring, two key 
electrical properties, the breast's 
conductivity and dielectric constant, 
and how they vary over the organ. 
The theory behind the device is 

that the capacitance of tissues at low 
frequencies is based mainly on the 
capacitance of the cell membranes, 
because the interior of the cell 
behaves essentially as a conductor. 
The dielectric constant of a tumor is 
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NATIONAL 
POWER PRODUCTS 

"Can you give me a 
Switcher with no derating 
from 40°C to +71°C?" 

Yes we can 
Let the ambient tempera-

ture inside your system climb 
to +71°C. Our family of S1/S2 
single output, off-line switch-
ers will keep delivering full 
output power with extremely 
low noise characteristics. 
We've developed this switcher 
series to cure your derating 
problems, and we've designed 
in features for maximum 
operating efficiency. Over-
voltage and overcurrent 
input/output circuitry 
protects your system. Soft-
starting and remote shut-
down ensure safety and 
control. Every unit in the 
S1/S2 series operates at 
greater than 75% efficiency 
over a full 2:1 input-voltage 
span. And our units are de-
signed with unique integral 
channels for greater design 
flexibility in any of four 
mounting planes. 

Reliability. Efficiency. 
Choice. 5V, 12V, 24V, and 
48Vdc are available up to 60W 
in the Si series and up to 
125W in the S2 series. The Si 

series is unit priced at $240, 
the S2 at $270. (U.S. price 
only.) 
Each switcher and each 

unit in our long line of modu-
lar, encapsulated power 
sources proudly carries the 
"No Derating" feature ... be-
cause you need cool opera-
tion. We are a Semiconductor 
Circuits Company. Call on us 
for problem solving. Look to 
us for innovation. See our 
product listings in EEM and 
Gold Book and ask for a free 
wall chart of our products. 

Problem Solving 
Through Innovation 

SEMICONDUCTOR 
CIRCUITS 

218 River Street 
Haverhill, MA 01830 

(617) 373-9104 
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Safe, simple. Mammo-scanner from Israel's Weizmann Institute of Science detects breast 

tumors by measuring dielectric properties. Hand-held probe contains 64 sensors. 

higher because tumor cells are larger 
than normal ones; therefore, there 
are fewer cell membranes, and 
consequently the measured capaci-
tance and dielectric constant are 
larger in cancerous tissue. 
The mammo-scanner comprises 

two parts: a unit the size of a desktop 
computer containing the basic elec-
tronics, a cathode-ray-tube display, 
and a keyboard; and a hand-held 
probe. It can thus be operated on a 
desk or a small table in a clinic or a 
mobile medical unit. 
The probe contains 64 sensors, 8 

on a side, each 7.5 millimeters 
square. Each sensor forms one plate 
of a capacitor. The breast is the 
dielectric medium, and a common-
ground electrode forms the second 
electrode of the capacitor. 

Low-level. A very low voltage is 
applied to the breast. The voltage is 
regulated by a self-adjusting circuit 
so that the maximum current flow-
ing is below 100 microamperes per 
square centimeter. At that level, 
nothing can be felt nor is there any 
damage to the tissue. By measuring 
the current flowing to each of the 64 
sensors, the impedance of the tissue 
beneath each one and the spatial 
variations from element to element 
can be calculated by the micropro-
cessor-based system, which uses 64 
kilobytes of random-access memory. 

Within seconds, a 16-level gray-

scale presentation of variations in 
the dielectric constant in the region 
examined is displayed. Each sensor 
is represented by one square, and the 
64 together present a picture of one 
quadrant of one breast. Thus eight 
scans must be made for a full exami-
nation. Points or squares with abnor-
mal conductivity and dielectric con-
stant appear brighter, indicating sus-
picious areas that should be investi-
gated more closely. 

Displayed. Besides portraying the 
dielectric values of the section being 
examined, the screen shows the 
patient's name or other identifica-
tion and any additional data entered 
by the physician via the keyboard. A 
photo of the screen documents the 
examination, and an optional floppy 
disk can store other records, as well 
as make data from previous exami-
nations instantly accessible. 
The instrument, now being clini-

cally tested at Meir Hospital in Kfar 
Saba, Israel, and the Frauenklinik in 
Zurich can detect tumors as small as 
7 mm. Smaller sensors would yield 
finer resolutions. 
At this stage, malignant tumors 

and some benign growths cannot be 
differentiated. However, the design-
ers hope that refinements using the 
analytical power of the microcom-
puter will reveal sophisticated corre-
lations between electrical properties 
of benign and malignant pathologies. 

But for mass screening, the instru-
ment's ability to give a simple indi-
cation of breast masses is sufficient. 
The patient may then be referred to 
a surgeon for final diagnosis. 

Manufactured under license by 
Agar Electronics of Kibbutz Gino-
sar, the mammo-scanner will proba-
bly be on the market within a year. 
The company says it will be less 
expensive than other mass-screening 
devices. -Arthur Kemelman, 

McGraw-Hill World News 

The Netherlands 

Thin-film audio head 

goes magnetoresistive 
Although it has been known for 
more than a century, the magnetore-
sistive effect—the change in resist-
ance of certain metals under the 
influence of an external magnetic 
field—has only recently captured the 
attention of electronics engineers. 
The reason for their interest: in 
recording applications, magnetore-
sistive read heads can be made more 
compact and are more sensitive than 
the widely used inductive types. 

What's more, since they lend 
themselves to simple thin-film fabri-
cation, they are relatively inexpen-
sive to manufacture. However, al-
though the increased compactness 
and sensitivity make the heads well 
suited for reading out data from 
high-density magnetic-tape or other 
magnetic-storage devices, the noise 
and distortion they produce all but 
prevent their use in audio gear. 

Highly linear. Solving this prob-
lem is a design from the Philips 
Research Laboratories in Eindhov-
en, the Netherlands. There, Edmond 
de Niet has developed an experimen-
tal read element that, by virtue of 
magnetic feedback, provides the 
high linearity necessary for obtain-
ing distortionless sound reproduction 
from an audio tape recorder. In fact, 
the linearity is so good that "the ele-
ment may even find uses in high-
fidelity applications," de Niet says. 
He has already demonstrated his de-
vice in a cassette recorder. 
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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 
are now available in five case sizes, three temper-
ature coefficients (COG, X7R, Z5U), with capacities 
ranging from 4.7 pF to 4.7µF. They're for rapid 
delivery. 

We can now offer a full line of ceramic, solid 
tantalum, miniature aluminum electrolytic, film, 
metallized polyester film, and stacked 
metallized film capacitors. One respect-
ed name, one quality source. 

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

Contact your nearest Siemens representative or 
authorized distributor. 

Siemens Corporation 
Components Division 
186 Wood Ave. South, Iselin, N.J. 08830 
(201) 494-1000 
In Canada: Siemens Electric Ltd., P.O. Box 7300, Point Claire. Quebec. 

Specify 
Siemens 
and be 
secure. 
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AEG-Telefunken electronics feel the loss 

The losses of more than half a billion dollars incurred this year by AEG-
Telefunken, West Germany's second-largest electrical and electronics 
producer, that recently led a consortium of 25 banks to launch one of the 
biggest rescue packages in the country's economic history is also affecting 
the firm's electronics operations. Although they did not perform badly—in 
contrast to the firm's power engineering activities—some electronics sectors 
are to reduce their personnel drastically, streamline production, and radically 
revamp operations to help get the $8 billion company back on its feet. 

For example, Telefunken GmbH, the $1 billion entertainment electronics 
division, is to pare its domestic work force from 8,700 to 6,200 by the end of 
1981—a cut of nearly 30%. Also, it is to retreat from the relatively lucrative 
British market. The office equipment sector is to give up its activities in 
Sweden and Northern Ireland, reduce those in Brazil, and put more emphasis 
on producing electronic typewriters and copying machines. 
As for the components field, the $530 million rescue package provides for 

AEG-Telefunken to stop the production of certain types of capacitors and 
program memories and push the fabrication of commercial vacuum tubes. 
Color TV tube production, on the other hand, will henceforth be handled by a 
joint venture of France's Thomson-Brandt group and Telefunken. 

Finally, in a move to restructure its operation in industrial process-control 
technology, the company is acquiring 25% of the U. S. firm Modular Comput-
er Systems Inc. (Modcomp) and 75% of its West German subsidiary, Modular 
Computer Systems GmbH. By April 1, the latter will be reorganized as a joint 
venture that will entirely absorb AEG-Telefunken's activities in the process-
control field. 

Meanwhile, AEG-Telefunken is expanding its production facilties for 
comunications equipment, a sector whose 15% growth last year lifted the 
company's 1979 telecom sales to about $340 million. -J. G. 

By itself, magnetoresistance is a 
highly nonlinear effect. To some ex-
tent, this nonlinearity can be com-
pensated for by applying a constant 
magnetic field to the element. For 
high-fidelity applications, though, 
much better linearity is required. It 
is obtained by simultaneously apply-
ing a constant magnetic field and 
using magnetic feedback. 

In fabricating the new element, de 
Niet uses thin-film technology. A 
layer of the magnetoresistive materi-
al, nickel-iron, is deposited on a sili-
con substrate. The element has the 
shape of a rectangular strip about 20 
micrometers wide and roughly 600 
gm long, the latter corresponding to 
the width of a track on casette 
recorder tape. The strip's thickness is 
some 50 nanometers. 

Feedback. Magnetic feedback is 
effected by applying part of the ac 
output signal of the equipment's 
read amplifier to a thin-film conduc-
tor running alongside the strip. This 
feedback conductor, which is made 
of gold, is about 0.3 eim thick. The 
constant magnetic field needed to 

improve the linearity is obtained by 
applying a direct current to it. 

Under the influence of the tape's 
magnetic fields, the element's resist-
ance varies. These variations are 
sensed by another direct current, this 
one flowing through the element 
itself. The element output, then, is a 
voltage alternating in accordance 
with the variations in resistance. 

Besides contributing to high lin-
earity, magnetic feedback also re-
duces the so-called Barkhausen 

Around the world 

noise. This noise is caused by the 
abrupt movements of the magnetic-
domain walls that occur when the 
magnetization changes in a multi-
domain magnetic sample. 
So designed, the element attains a 

linearity good enough for high-fideli-
ty sound reproduction. The overall 
signal-to-noise ratio with tape in the 
recorder is about 60 decibels when 
measured according to National As-
sociation of Broadcasters standards. 
Without tape in the recorder, the 
S/N ratio rises to some 70 dB. 

Barber pole. Instead of using a 
constant magnetic field to shift the 
operating point, a different kind of 
magnetoresistive element can be em-
ployed. The alternative element, 
which Philips has already realized, 
uses a so-called "barber pole" design 
that obviates the need for a direct 
current to set up the constant field. 
The barber-pole element, too, con-

sists of a silicon substrate with a thin 
layer of nickel-iron on top. Deposited 
obliquely on that layer are a number 
of bands made of a highly conduc-
tive material like gold, giving rise to 
the name "barber pole." 

Since the conductivity of the nick-
el-iron is much lower than that of 
the gold, the input current does not 
flow in the direction of the strip's 
long axis but at an angle with the 
strip—in this case, 45°. Because the 
nickel-iron layer is premagnetized in 
the direction of the strip's long axis, 
the current in the barber-pole device 
also makes a 45° angle with the 
magnetic field to be read out. The 
result is good linearization and high 
element sensitivity. -John Gosch 

Philips joins with Brown, Boyen i to make LCDs 
NV Philips Gloeilampenfabrieken of the Netherlands and Brown, Boveri & 
Cie., Baden, Switzerland, have formed a 50/50 joint venture to develop, 
produce, and sell liquid-crystal displays starting Jan. 1. BBC currently 
manufactures LCDs at plants in Lenzburg, Switzerland, and Hong Kong. 

French avionics firms talk merger 
At the behest of France's defense ministry, two of the country's avionics 
equipment makers, SFENA and Crouzet SA, are considering a merger. The 
two firms already operate a joint subsidiary, SV2, a research and develop-
ment company specializing in sophisticated autopilots and navigation equip-
ment. such as laser gyros, mostly for military applications. 
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SENTRY VII. 
IF IT WEREN'T SO FAR AHEAD, 

LSI WOULD BE 
A LOT FARTHER BEHIND. 

Fairchild's Sentry VII is the most 
advanced general-purpose LSI test 
system available any-
where. There are 
more of them 
used in - 
device 
develop-
ment labs 
today than 
any other test 
system. And most 
important, virtually 
every LSI device de-
signed over the past 
four years has been 
developed on one. 
THE STUFF STANDARDS 
ARE MADE OF. 

Sentry VII has truly become the 
industry standard. And for some 
pretty good reasons. 

It's at home anywhere. Whether 
handling complex engineering char-
acterization, keeping a close check 
on production standards at the manu-
facturer, or scrutinizing incoming com-
ponents at the end user 

Its flexibility in testing a broad 
range of device types and tech-
nologies is unmatched. Sentry VII 
routinely handles microprocessors, 

peripheral chips, bit slices, RAMs, 
ROMs, shift registers, UARTs and 
digital hybrids in technologies such 

as NMOS, PMOS, CMOS, 
ir HMOS, XMOS, SOS, ECL, DTL, 

TTL and I2L. 
In addition, Sentry's 

exclusive 
modular 
architecture 
allows you 

to choose 
from a 

variety of high-
performance options to suit your 
needs. One module gives you real-
time data logging and analysis. 
Another enhances the timing capa-
bility of the system. There's a module 
that expands the system's analog 
capability And another that lets you 
perform subnanosecond time mea-
surements with a resolution of ten 
picoseconds. Add to all this the IEEE 
bus for external instrumentation and 
you've got the most versatile LSI test 
system you can find anywhere. 
LOTS OF EXTRA BENEFITS. 

When you buy a Sentry VII, you 
get a lot more than just hardware. 
Like program compatibility within the 
Sentry family Most Sentry software 

developed over the past 10 years will 
run on a Sentry VII. That helps protect 
your software investment and allows 
you to draw from a vast number of 
programs for just about any LSI 
device ever made. 

You also get a product with prov-
en reliability and the best uptime 
record in the industry. Not to mention 
service, training and applications 
support unsurpassed by any other 
test system manufacturer. 

But don't take our word for it. 
Just ask anyone who uses a Sentry 
VII. If it weren't so far ahead, they 
might not be, either 

For more information, give us a 
call at (408) 998-0123. Or write 
Fairchild Test Systems Group, 
Fairchild Camera and Instrument 
Corporation, 1725 Technology Drive, 
San Jose, California 95110. 
TWX: 910-338-0558. 

RCHI LD 

TEST SYSTEMS GROUP 

The first family 
of ATE. 





The new HP 64000 Logic Development System helps 
you speed microcomputer development and cut costs 
several ways. First, it uses a universal, rather than a 
dedicated, approach to microcomputer development. So 
you can use the HP 64000 to develop an 8080-based 
system today, and then a 6800-based system tomorrow. 
Or you can use it for different types of microprocessors 
in the same product, without paying the price of sep-
arate development systems for each. What's more, HP'S 
powerful 64000 architecture is independent of processor 
type, bus-width or speed. So you'll be able to use this 
same basic system with future developments such as 
16- and 32-bit processors. 

Teamwork means faster system development. 
Second, the HP 64000 can help shorten development 
schedules through efficient teamwork. HP's shared peri-
pherals approach means that a number of operators share 
a common disc. This common data base serves up to 
six development stations. A powerful file manager en-
courages teamwork. Each user can work with his own 
copies of files, while a master set is maintained separately. 
Now, several programmers can work at the same time. 
Or designers can perform emulation, while programmers 
debug software. 
The disc's high speed means each user is independent 

of, and essentially transparent to, every other. And all 
users have immediate access to the latest software for 
more efficient operation. 

Up to 6 development stations 

p.m 

This HP approach is superior to a single-station, dedi-
cated system for two other important reasons: With 
today's growing emphasis on microprocessor-based 

products, it's unlikely that any single system will provide 
the flexibility and growth path you'll need in future years. 
What's more, the 64000 offers significant savings when 
multiple development stations are contemplated (see 
chart below), and provides a practical way for you to -- --
obtain high-performance peripherals. . 

2 3 4 6 

NUMBER OF DEVELOPMENT STATIONS 

An accelerated path to market. 
Third, because the HP 64000 has a powerful user-oriented 
display editor, rather than a teletype editor, it becomes 
a user-oriented system that speeds editing and debugging. 
Its advanced real-time emulation shows you precisely 
how your system will perform at speed, to help eliminate 
potential production problems and ptoduct entry delays. 

In short, the HP 64000 ($25,500* for a minimum 
operating system) provides a way for you to optimize 
the efficiency of your development team, plan for the 
future, and expand development capabilities. Because 
the system is backed by Hewlett-Packard, you also enjoy 
the benefit of on-site service during the initial 90-day 
warranty period. Then, if you wish, you can get a com-
plete HP service contract tailored to your needs that 
can also include on-site service. 
To get complete details, write to Hewlett-Packard, 

1507 Page Mill 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) 955-1500, Canada (416) 678-9430. 
*Domestic U.S.A. price only 

/41.1 HEWLETT 
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When it comes to connector innova-
tion. TRW Cinch picks up the gauntlet! 
Take our newest single-r optic con-
nector. OPTALIGN.* for exampie. fibe 

A patented fiber alignment system re-

stricts light losses to less tha n 1 db. 
We've developed an alignment element 
that's compatible with most commer-
cially availabie fibers. The element is 
based on a four-rod glass array that is 
clean. inert and stable and mates fi-
bers in a manner that yields excellent 

shock and vibration immunity. 

This glass array does not require preci-

sion tolerances. yet assures ultra-
precise fiber alignment to achieve low 

m light losses. This eans lower costs 
and fast. precise connections without 
using time-consuming epoxies. in fact. 
OPTALIGN can be field-assem bled in 

less than four minutes. Anotsive inter 

mp. secures in the 

her TRW 

Cinch innovation. the exclu -

nal scissors cla the fiber. 

strength members. and jac ket  

lightweight aluminum OPTALIGN 

housing. 
Compact OPTAILIGN plugs and recep-
tac les are idea,l for computers. CATV. 
telecommumcations. medical. in-

strumentation and military appl 
tions. Dimensions are bi diameter x 

1 in length. 
if you reqire a miniature singie-fiber 

u 
optic coupling. we've got that too. ff's 
our new Light Line" SMA Connectol. 
another innovative. high-value offeri ng 

from TRW Cinch. 
These are just two new products from 

tne n Cinch. Well thin conne 
-Innovation- 

whenew it comes to meet W Elec-
ing your 

tor challenges. too! Call your TR 
tronic Components Sales Office . • • 
listed in EEM. TRW Cinch Connectors. 

A Division of TRW Inc.. 1501 Morse 
Avenue. Elk Grove Village. IL 60007. 

(312) 439-8800. 

the challenge 
innovation-

TRW CINCH CONNECTORS 
See us at NEPCON West, Booth No. 1021 Circle 77 on reader service card 



Make Fluke your partner 



in automated testing. 
Buying automatic test 

equipment is an important 
investment with long range 
effects on profitability and 
efficiency. We recognize the 
magnitude of this decision and 
offer you not just a product but a 
partnership. It's a partnership 
dedicated to your test needs, 
based on trust, confidence, and 
unwavering high-performance. 
You're in good company. 

When you buy a Fluke 
system, you join the ranks of 
companies like IBM, Philips, and 
Olivetti. In fact, our customers 
include the top electronics 
manufacturers throughout the 
world. Why do these companies 
choose FAS? Because our 
systems offer solutions backed by 
years of experience in solving 
tough test problems. And 
because we've reduced their 
testing costs by one-third. 
A close look at testing. 

Deciding when to test is as 
important as how. With an 
overall goal of high end-product 
turn-on rates, PC board 
functional testing is the best 
approach. It offers comprehensive 
testing to locate faults across the 
entire fault spectrum, from 
production faults to dynamic 
operational errors. 

Deciding how to test comes 
next. You need to consider a wide 
range of factors including PC 
volume, board types, test yield, 
production yield and anticipated 
new products. You also need to 
take a look at the true costs of 
the system including initial 
capital expense, programming 
and diagnostic costs and the kind 
of service you'll get when every 
moment of downtime costs 
thousands. 

Take a close look at Fluke 
Automated Systems. You'll find 
some surprisingly simple answers 
to these complex questions. 
Making every dollar count: 
time proven techniques. 

We pioneered the concept of 
reference board testing. Over the 

years, it has proven to be the 
fastest, most economical means 
of board testing, producing 
higher throughput and superior 
test confidence. 

FAS systems are designed to 
make test program generation 
fast and easy to learn. Over 700 
automatic stimulus patterns can 
be selected with the push of a 
button. For sequential logic, our 
high level language uses efficient 
data compression techniques, 
allowing a user to quickly 
generate massive stored sequence 
stimuli. Both techniques can be 
interleaved "on-the-fly" gaining 
the advantages of each. 

The key to testing is 
comprehensive test programs. 
Fluke's test techniques enable 
exhaustive test sequences to 
operate at real-time speeds. 
Extensive test response patterns 
are data-compressed into a single 
output signature. Consequently, 
operation is not limited by disk 
capacity or access times — 
problems that plague 
simulator-based systems. 

After test program 
development, the Automatic 
Fault Emulator Option verifies 
comprehensiveness by emulating 
fault types — from simple 
"Stuck-at" faults to complex 
single-bit errors. 

Production throughput with 
a FAS test system is increased by 
a full spectrum of diagnostic 
methods. They range from 12 
manual aids (including 
Faultrack0 and a built-in logic 
analyzer for LSI) to a powerful 
computer diagnostic package 
called Autotracke 
> 98% Uptime. 

The John Fluke Company is 
founded on the commitment to 
provide products and services 
that yield the highest return for 
your investment dollar. The 
success of our equipment and the 
innovative contributions we've 
made to the industry prove this 
has not been an empty promise. 

Innovative designs are 

implemented by our 
manufacturing professionals. 
Materials are exhaustively 
screened. Precision components 
crucial to test performance are 
100% tested. In-process inspections 
are made throughout. The end 
result: greater than 98% uptime. 
Hundreds of experts 
supporting you. 

After a system is delivered, a 
Fluke Customer Engineer moves 
in as your consultant to set up 
your system, give programming 
assistance and lead hands-on 
training sessions. He's there to 
assure that you get maximum 
utilization of your test system. 
And he's never more than a 
phone call away. 

For service, you can rely on 
Fluke Service Engineers working 
out of 45 service centers around 
the world. They're dedicated to 
solving your repair problems in a 
minimum of time — locally. 
Talk to us — we listen. 

We solve test problems by 
listening to you — to what you 
need, what your problems are. 
Call us at (800) 426-0361 or use 
the handy coupon below. Make 
Fluke your partner in automated 
testing. 

FLUKE 

AUTOMATED SYSTEMS 

IN THE US. AND NON-
EUROPEAN COUNTRIES: 

Fluke Automated Systems 
E30 Clyde Avenue 
Mountain View, CA 94043 
(415) 965-0350 
TWX 910-379-6573 

IN EUROPE: 

Fluke (Holland) B.V. 
P.O. Box 5053,5004 EB 
Tilburg, The Netherlands 
(013) 673 973 
Telex: 52237 

Tell me more about automated testing. 
Ei Send me a literature package. 
D Let's not mess around — arrange a demo. 
D I'm a competitor — How'd you make testing 

so easy anyway? 

Name 

Title Mail Stop 

Company 

Address 

City State 

Telephone ( 

Zip 

Ext. 
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FLEXIBILITY 

One instrument. 
Multiple measurements. 

Tektronix Plug-In oscilloscopes com-
bine a number of diverse measurement 
functions in the same instrument. And in 
combinations you require. One instru-
ment takes the place of many. You get 
maximum measuring power with a 
minimum of instruments. 
How? By choosing from the continu-

ally evolving 5000 and 7000 families of 
Plug-Ins. Already there are 14 main-
frames and 21 plug-ins in the 5000-
Series; 19 mainframes and 35 plug-ins in 
the 7000-Series. (With them, you can 
also use compatible logic and spectrum 
analyzers plus other special purpose 
plug-ins.) Choose from a family provid-
ing up to 8 input display channels. 
Analog and digital delayed sweeps. 
Sampling displays. Digital interconnec-
tions. And differential inputs.Just to 
name a few. 

No matter what your test and meas-
urement situation, we offer a Plug-In 
oscilloscope that fits. From circuit design 
to plasma physics research. From bal-
ancing rotating machinery to measuring 
the accuracy of D to A converters. With 
every scope representing the same 
superior research and engineering you 
expect from Tektronix. 
What about your own particular situa-

tion? Are your measurement capabilities 
confined by monolithics? Contact the 
Tektronix Field Office near you and get 
your hands on the kind of flexibility that 
only a Plug-In scope can deliver. 

Tektroni'x 
comtarriEo TO EXCELLE_NCE 

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



Probing the news_ 
Analysis of technology and business developments 

VHSIC finally gets untracked 
Six-year $210 million program gets over congressional hurdle 

with first nine contracts of Phase Zero to be awarded this month 

by Ray Connolly, 

After a year-long struggle for con-
gressional approval, the $210 million 
.six-year military program to develop 
very high-speed integrated circuits is 
set to begin with $30.4 million for 
fiscal 1980. "We don't see any basis 
for interruptions after this point," 
says Thomas Hahn, counsel for the 
House Armed Services Committee. 
VHSIC was initially stalled in that 

committee while the Department of 
Defense was asked to show how it 
would maintain tight central man-
agement of the triservice effort. It 
also had to convince legislators that 
the research and development effort 
would not unbalance competition in 
the semiconductor industry. 
The Pentagon's response was to 

tighten management controls under 
Larry W. Sumney, VHSIC program 
manager in the office of the under 
secretary of defense for research and 
engineering [Electronics, Sept. 28, 
1978, p. 12]. The Defense Depart-
ment also will require VHSIC con-
tractors to license any technology 
and data coming out of the program 
to other U. S. semiconductor makers 
for Government applications. 

Target year is 1986. The goal of 
the program is to come up in 
1986-87 with silicon circuits in auto-
mated pilot-line production that 
have up to 250,000 gates, with the 
minimum dimension as small as 0.5 
micrometer on a single large chip — 
400 mils on a side [Electronics, Sept. 
14, 1978, p. 81]. The resultant size 
and power requirements of weapons 
system would be reduced sharply 
while system speeds would be up 
several orders of magnitude from 
today's levels. VHSIC chips will also 
have to have a built-in test capabili 
ty to qualify. 

Washington bureau manager 

The first nine contracts, totaling 
$10 million to $12 million, will be 
awarded for VHSIC Phase Zero 
before January is over. Winners of 
the nine-month-long awards will 
have to show that they have the 
expertise required to take part in 
specific weapons programs. They 
also will have to delineate the archi-
tecture and design of the system 
itself and of the integrated circuits to 
be developed for the systems. 
These selections will be made 

from 14 proposals involving nearly 
30 companies. Reportedly leading 
the competition are corporate teams 
headed by Hughes Aircraft (with 
Signetics), Raytheon Co. (with Fair-
child Camera and Instrument), TRW 
(with Motorola, Sperry Univac, and 
GcA), Westinghouse Electric (with 
National Semiconductor, Control 
Data, and Carnegie-Mellon Insti-
tute), plus the go-it-alone proposals 
of General Electric, IBM, Rockwell 
International, Texas Instruments, 
and Western Electric, which is the 

manufacturing arm of AT&T. 
Phase 3 of VHSIC, embracing a 

multiplicity of supporting functions, 
comes next, with first awards sched-
uled for this spring, program man-
ager Sumney says, noting that the 
timetable is consecutive only for 
Phases 0, 1, and 2. Phase 3, a 
continuing effort that will run as 
long as the program does, is 
budgeted to consume about one third 
of the $210 million total and is 
expected to have "a very sharply 
rising funding curve" in the years 
ahead, he says. 
More than 200 Phase 3 proposals 

submitted in mid-December are now 
being evaluated, he continues. "They 
come from industry and universities 
and cover just about every kind of 
support you can think of, ranging 
from R&D on lithographic tech-
niques and devices to management-
assistance programs." This phase 
will be characterized by a "broad 
base dealing with key program areas 
and should get us off to a fast start," 

TABLE 1 DEVICE AND CHIP CAPABILITY, LSI AND VLSI 

Parameter 

Feature size (gm) 

Gates/chip 

TpD = propagation delay (ns) 

Gate power-delay próduct (pJ) 

Maximum frequency, f max (Y+ Tpo ) (MHz) 

Chip area (mil2) 

Typical device type 

Throughput ((r. X gates/chip) 

1979 capability 

Silicon 
MOS 

2.5 

5,000 

25 

2 

50 

250 x 250 

n-MOS 

5 x 104 

Silicon 
bipolar 

2.5 

5,000 

5 

2 

50 

250 x 250 

npn 

2.5 x 105 

Mid-1980s capability 

Silicon 
MOS 

0.5 

250,000 

5 

0.02 

50 

400 x 400 

n-MOS 

1.25 x 107 

Silicon 
bipolar 

0.5 

250,000 

1 

0.08 

250 

400 x 400 

npn 

6.25 x 107 

SOURCE: DEPARTMENT OF DEFENSE 
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predicts the Pentagon's Sumney. 
First awards for Phase 1, which 

has been separated into two parts, 
are expected in early 1981, after 
about a three-months evaluation of 
the performance of Phase 0 contrac-
tors. "Phase IA will develop every-
thing needed for pilot-line produc-
tion of circuits with features reduced 
to 1.2 gm," Sumney explains. 
"Phase 1B will deal with developing 
the pieces [of technology] needed for 
later production of circuits with 
submicron features" that will take 
place in Phase 2. 

Phase 2, also in two parts and 
scheduled to begin in 1983, will push 
ahead with improvements developed 
in the first phase. "The program will 
be over," he says, "when we can 
come up with successful automated 
pilot-line production of VHSIC cir-
cuits with submicron features" and 
the other characteristics of high-
speed, low-power, multiple-system 
applications and high reliability 
through built-in testing. "It is not 
going to be easy," Sumney adds, in 
what could be an understatement. 

Barriers identified by Pentagon. 
Seven principal barriers to success-
fully developing VHSIC technology 
have been identified by the pro-
gram's managers. Circuit technology 
is one of them, although several 
contending manufacturers attending 
a VHSIC symposium in Washington, 
D. C., last month lean toward corn-
plementary-m0s. The Pentagon 
ranks technology as a second-order 
priority, noting that there are several 
contenders. 

Bigger barriers, in the Defense 

Department's view, are alignment 
and exposure of circuit patterns, 
development of resist patterns, and 
metalization. VHSIC program man-
agers see electron-beam and X-ray 
lithography techniques as likely solu-
tions to the alignment and exposure 
problem, but they see no answer 
emerging from today's technology to 
the metalization issue. 

Problems galore. Second-level 
problems facing the VHSIC program 
include material removal from cir-
cuits, expected to be resolved 
through dry processing, and automa-
tion of process integration, the solu-
tions to which are seen as coming 
through evolution. Oxide quality, 
ranked third in importance in the 
Pentagon's list of barriers, is also 
expected to improve with evolution. 
As for the other third-order chal-
lenges of doping and epitaxy, VHSIC 
program leaders look to ion implan-
tation and annealing techniques to 
deal with the doping obstacle and 
low-temperature processes to take 
care of annealing. 

Lithography for VHSIC devices 
with features below I p.111 is seen as 
one of the program's biggest chal-
lenges, since registration and process 
control will have to be on the order 
of 0.1 ean to achieve 0.5-gm resolu-
tion. Defect densities of not more 
than one defect per square centimet-
er will be another target of the 
lithography investigators. 

Beyond electron-beam and X-ray 
lithography, the VHSIC program will 
explore deep ultraviolet light ap-
proaches to contact printing and 
projection printing, ion-beam writ-
ing, direct stepping on wafers using 
optical techniques, and electron pro-
jection. 

Applications already laid out. Pro-
gram manager Sumney and other 
VHSIC advocates lay great stress on 
the fact that the effort is "systems-
driven" by weapons applications that 
each of the services has already iden-
tified. Four Naval Air Systems 
Command system candidates, for 
example, are upgradings of the 
airborne early-warning radar on the 
E-2C Hawkeye command and con-
trol aircraft; the F-14 Tomcat air-
superiority fighter's multisensor pro-
cessor under the effort Cilop (for 
"conversion in lieu of procure-
ment"); a new fighter attack-inte-
grated radar; and the Tactical Infor-
mation Exchange System (TIES) 

planned to provide aircraft with a 
totally integrated package linked to 
multiple antennas and able to per-
form a variety of functions. 

VHSIC should help Navair improve 
its existing inventory of weapons, 
since the prospect of acquiring new 
airframes "is pretty bleak," says 
Elizabeth Reggs, Navair's technolo-
gy administrator for command, con-
trol, and guidance. The challenge 
within the services, she says, "is to 
convince [weapons system] program 
managers that VHSIC will help 
them" without introducing unac-
ceptable slippages into their closely 
watched time, cost, and performance 
schedules. 
Army program candidates include 

a new multimode fire-and-forget 
missile, a highly mobile integrated 
electronic warfare weapons system, 
an advanced target-acquisition and 
fire-control system, and the tactical 
Battlefield Information Control Sys-
tem (BIDS) and its affiliated Battle-
field Information Control System 
(Bics), says Eugene E. Yore, science 

TABLE 2: OPEN-ENDED ADVANCED MILITARY SYSTEM REQUIREMENTS FOR HIGH-SPEED VLSI 

Application 

Army tactical signal intelligence 

Cruise missile terminal guidance 

Data correlation for over-the-horizon targeting/fire control 

Airborne radar (SAR) 

Early warning radar pulse processor (1-10 megapulses/second) 

Antijam low-power spread-spectrum communications 

Wideband data links (1 Gb/s) 

Undersea global search (Sosus) 

Electronic intelligence/electronic support measures 
processor (10-Hz digital spectrum analyzer) 

Platform 

land-based mobile 

small missile 

ship- or land-based 

aircraft or spacecraft 

aircraft or spacecraft 

small missile, remotely piloted 
vehicle, aircraft or spacecraft 

spacecraft 

ship- or land-based 

aircraft or spacecraft 

Signal-processing required 
(millions/instructions/second) 

Current 

0.4 

0.1 

1.0 

3.0 

2.0 

5.0 

10.0 

0.5 

10.0 

Future 

40 

50 

50-100 

100-500 

200-300 

500 

500 

2,000 

10,000 

SOURCE: DEPARTMENT OF DEFENSE 
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Run SCOUT, run. 
Oh, oh! See the red light? 

It means SCOUrdoes 
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 a red 
light to tell which board 
is bad. Bad board! 

So all you do is 
replace the board 
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? 

You should buy lots of SCOUTS 

as they are 
very good. 

Also, they are 
a very good deal. 
Under $1000 for 
CPU, I/O, 32K RAM 
and card cage. And 
with ISOLITE, your 
system is up more, 
so you get more run 
for your money. 
Run SCOUT, run. 

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

See SCOUT run. 
And save more time and money than you ever 
imagined. It's all in our how-to-save-on- mainte-
nance primer. Get your free copy with this 
coupon and a business card. Or, for immediate 

information, call 714/833-8830, Ext. 455. 

Name Title 

Company 

Address 

City State Zip 

(MomputerAutomation 
NAKED MINI Division 

Where OEM's come first. 

18651 Von Karman, Irvine, CA 92713 
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and technology deputy to the assis-
tant secretary for research, develop-
ment, and acquisition. 
The fire-and-forget concept is an 

interesting one. It is exactly what the 
name suggests: the crew firing the 
weapon would actually be able to 
drive away from the launch site 
before the missile hit its target. At 
present, not too many of its class are 
actually deployed. 
The Army VHSIC effort is being 

managed by the Electronics Re-
search and Development Com-
mand's K. H. Zaininger at Fort 
Monmouth, N. J. Although VHSIC 
devices will not provide the Army 
with "commonality across all four 
systems," Yore says, "we ought to be 
able to get standard semiconductor 
memories and microprocessors." 

Stiff requirements. The fire-and-
forget missile, for example, must 
resist radiation, perform infrared 
imaging of targets and lock-on, 
employ millimeter-wave frequencies, 
and be a candidate for a multimode 
seeker. The high-mobility electronic 
warfare system has "the very de-
manding assignment" of being able 
to locate, identify, and target enemy 
emitters. The newer BIDS, being 
designed for deployment in the 
1990s, is expected to tie together 

such diverse intelligence and weap-
ons systems as reconnaissance satel-
lites, scout helicopters, remotely 
piloted vehicles, helicopter gunships, 
tanks, and ground troops. 
The Air Force, whose VHSIC effort 

is directed by John Blasinghame at 
the Avionics Laboratory at Wright-
Patterson Air Force Base in Dayton, 
Ohio, also has a bagful of candidate 
systems. The shopping list includes 
both upgraded versions of existing 
system and programs that are still in 
development. 

Aircraft on-board signal proces-
sors for a variety of advanced func-
tions come at the top of the laborato-
ry's list. These include a program-
mable processor for the old reliable 
E-3A Airborne Warning and Con-
trol System, a multifunction radar 
signal processor, communications 
signal processors for the joint tacti-
cal information display system 
(Tips) to coordinate air and ground 
forces, and guidance processors lead-
ing to an autonomous air-launched 
cruise missile. 

Overview. Though it seems unlike-
ly that the VHSIC program can satis-
fy all of these optimal military goals 
with just a handful of standard 
circuits before the decade is out, 
there are common military require-
ments that the Pentagon's Sumney 
believes the program can fulfill. A 
flexible general-purpose video-signal 

VHSIC goals. The push for finer lithography in the VHSIC program is evidenced by this 

speed-power curve. At 0.5-gm dimensions, power-delay products drop a hundredfold. 

processor is one example (see fig-
ure). A forward-looking infrared 
system (FuR), for instance, could 
benefit by having the number of its 
circuits reduced to between 7 and 13 
from today's 800, its weight cut to 
10 pounds and size to 1 cubic foot — 
a two-thirds reduction—and its pow-
er consumption lowered to only 40 
watts instead of 400. At the same 
time, the new FLIR system's correc-
tions would be enhanced down to 10 
gray-scale levels with automatic 
maximization of the image. 

For nose-mounted fighter-aircraft 
radar, the promise of the program is 
at least as bright, Sumney says, 
citing the prospect of a single system 
performing up to 11 functions. He 
identifies 5 in the air-to-air mode 
alone, including long-range search, 
noncooperative target recognition, 
target tracking with a look-down 
capability, threat assessment, and 
fire control. The 6 air-to-ground 
functions could be even more critical 
in tactical situations, since they 
range from area search, terrain 
following and avoidance, navigation 
updating, target detection and track-
ing, to precision weapons delivery. 

Perhaps the greatest commonality 
made possible by the program will 
come with the development of a fast 
low-power microprocessor that is 
reprogrammable for many special-
ized applications, according to Sum-
ney. As envisioned by the Defense 
Department, the new one-chip pro-
cessor—up to 100 times faster than 
existing multichip devices—would 
have a 200-megahertz clock, a read-
only memory of 20,000 by 16 bits, a 
random-access memory of 12,000 by 
16 bits, and four direct-memory-
access channels of 2 megabits each. 
Not only would such a device be 

reprogrammable for flexibility, but 
furthermore, the Defense Depart-
ment argues, the chip would permit 
more efficient design, "since the 
increased data rate is compatible 
with digital signal-processing sys-
tems." 

After vHsic? Despite the fact that 
the VHSIC program is just formally 
getting under way, the Pentagon is 
already looking beyond to UHSIC— 
ultrahigh-speed integrated circuits— 
says Richard Reynolds of the De-
fense Advanced Research Projects 
Agency. As the Darpa Materials 
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Sciences Office's assistant director 
for electro-optical materials and 
devices, he notes that his organiza-
tion is looking past VHSIC'S concen-
tration on silicon circuits toward 
longer-term programs involving gal-
lium arsenide and such combinations 
of materials as aluminum, boron, 
and indium phosphide. 

Yet Reynolds admits that Darpa's 
budget for R&D on ultrahigh-speed 
circuits is small. It amounts to $8 
million to $9 million for fiscal 1980, 
but is programmed for a 25% 
increase the following year. Nev-
ertheless, these efforts, plus spinoffs 
from Darpa's $500 million total for 
funding all technologies, are ex-
pected to produce advances that may 
be applicable to VHSIC's later 
phases. 

For example, Reynolds notes that 
a classified program at the Massa-
chusetts Institute of Technology's 
Lincoln Laboratory in which Darpa 
made "a substantial investment in 
the past three or four months" is 
aimed at developing deep ultraviolet 
lasers for use in "space-based 
defense systems. That technology, if 
successful, could be employed in 
controlling lc surface processing in 
order to make localized connections 
or disconnections at the 1-µm level — 
a VHSIC goal. A 1-iim connection 
already is achievable. 
uy laser photochemical processing 

not only promises submicrometer 
surface processing, but also allows 
one-step localized doping of semi-
conductor surfaces. Such laser heat-
ing of surfaces has already produced 
pn junctions on indium phosphide, 
Reynolds says. 
Added dimension. The MIT lab "is 

just now beginning to explore three-
dimensional integration [of ICs] by 
graphio-epitaxy" that Reynolds 
notes "is one of our fondest dreams" 
for advancing the state of the art. 
Darpa's fiscal 1981 budget increase 
will include more funds for pursuing 
3-d ics, including nonvolatile ran-
dom-access memories, already dub-
bed NVRAMs, and switch structures 
requiring less than 1.5 volts, well 
below the 5-v state of the nonmilita-
ry art [Electronics, Oct. 11, p. 1 1 1]. 

Whereas the VHSIC effort is prin-
cipally industry-based, the Darpa 
executive notes that "submicron 
technology is almost all university-
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Basic block. A common processor built with VHSIC technology could be used with future 

military imaging systems employing either television, infrared, or radar signals. 

based," citing the MIT efforts and 
other work at California's Stanford 
University on laser-beam annealing, 
some of it performed in cooperation 
with Texas Instruments. Lincoln 
Lab is also continuing a three-year 
program pursuing hetero-epitaxial 
growth techniques that promote 
growth of silicon single crystals on 
amorphous substrates, as well as use 
of laser annealing to recrystallize 
amorphous silicon on fused silica. 

But Darpa is also following, and in 
some cases funding, industry efforts 
to advance the state of the art, 
Reynolds says. Among them is the 
Department of Energy's multimil-
lion-dollar contract for electron-
beam processing of photovoltaic cells 
at Spire Corp., Bedford, Mass. 
Reynolds says Darpa "is building on 
that program" for possible VHSIC 
applications using low-temperature 
electron-beam technology for an-
nealing 3-inch silicon wafers. Under 
the six-month-old program, Spire's 
"research results are excellent," he 
says, producing high-quality crystal 
structures. 

Reynolds also indicates that Texas 
Instruments' R&D efforts make it a 
prime VHSIC contender. It has devel-
oped a vertial anisotropic etching 
process that has produced a polysili-

con gate measuring 1,500 ang-
stroms, "smaller than anything else 
anyone has ever made," he says. 
Computer interest. The gallium 

arsenide technology being pursued 
for the longer-term VHSIC effort is 
generating the most industry re-
sponse from mainframe computer 
producers like IBM, rather than from 
signal-processing manufacturers, 
Reynolds contends. Computer mak-
ers, he says, are interested in such 
products as GaAs metal-semicon-
ductor field-effect transistors. IBM 

demonstrated under an Air Force 
R&D contract several years ago that 
MES FETs can be six times faster 
than their silicon counterparts. 
Moreover, computer makers are 
excited about gallium arsenide's 20 
to 50 times lower power require-
ment. 

In other action on the gallium 
arsenide R&D front, the Darpa exec-
utive also discloses that Rockwell 
International has just started fabri-
cating a 2-by-32-bit shift register 
with approximately 550 logic gates 
that works very well up to tempera-
tures of 200°C "with essentially no 
change in power dissipation or 
speed" and "is, God willing, ex-
pected to be working [in reproduc-
ible form] by about April or June." 
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Probing the news 

Instrumentation 

Can new bus codes do the job? 
Attempt to sharpen IEEE-488-1978 gets into device areas, 

with result that some still find too many generalities 

by Richard W. Comerford, Test, Measurement & Control Editor, 
and Martin Marshall, West Coast Computers & Instruments Editor, 

Engineers who have sweated to 
implement the instrument interface 
defined by the Institute of Electrical 
and Electronic Engineers' Standard 
488-1978 have learned the hard way 
where that document fails to provide 
guidance. Now the group that origi-
nated that standard, the subcommit-
tee on instrumentation and computer 
interfaces, is about to begin balloting 
on a new document that may clear 
some of the haze around the general-
purpose instrument bus—though 
some experts deny it goes far 
enough. 

It should be noted that the 488 
bus standard, as it is known, does 
cover in good detail the portions of 
the bus that it set out to describe— 
the mechanical, electrical, and func-
tional requirements for linking units 
that use it. But such definitions 
establish only the beginning of 
communication, the picking up of 
the phone when it rings, so to speak. 
The actual form of communica-
tion — the language that flows 
through the receiver—has not been 
codified. 

In trying to formalize communi-
cating conventions, the subcommit-
tee enters a highly device-dependent 
area, one in which individual manu-
facturers may be unwilling at pres-
ent to accept dictates. In its draft of 
a recommended practice for such 
conventions, therefore, it lays down 
very few absolutes. Instead, it 
couches its delineations in terms of 
"preferred" or "recommended" op-
tions. As with the origin of many 
other standards, industry demand 
for a common practice may strength-
en these recommendations beyond 
their present weight, so that the 
recommended procedures may have 

far-reaching consequences. 
Most of the proposal describes the 

alternative header, numeric, and 
separator (or delimiter) data fields 
to be used in transmitting measure-
ment, program, status, and display 
data. In general, the document 
recommends but does not insist on 
the elimination of spaces in fields. 
For example, the preferred header 
field is simply two uppercase alpha-
betical characters. 
As alternatives, one or three 

alphabetical characters are allowed, 
as are letters plus spaces and letters, 
spaces, and special characters. The 
special character set excludes plus 
and minus signs, the decimal, the 
comma, and alphanumerics in order 
to avoid confusion with other fields. 
Headers are required for program, 
or control, statements but are 
optional for measurement state-
ments. 
To clarify the alternatives it pres-

ents, the document uses a special 
form of diagram called a syntax 

diagram. The one illustrated on page 
88 represents one of the three allow-
able types of numeric fields. 
The proposal recognizes all three 

types of numeric field representation 
as preferred: fixed field or implicit 
point (NR1), floating point (NR2), 
and exponential (N R3). In each type 
of representation, the use of spaces is 
again disdained but not disallowed; 
the use of a plus sign for positive 
quantities is preferred, but optional, 
whereas the use of a minus sign on a 
zero value is disallowed. If exponen-
tial notation is used, the practice 
recommends that the exponents used 
be multiples of 3 with the mantissa 
adjusted accordingly. 

Suffix or not. The designer is also 
given the option of attaching a suffix 
to any of the three numeric formats 
when specifying program data only. 
The suffix, expressed as alphabetical 
characters, specifies a range multi-
plier in units such as megahertz or 
kilovolts. 
One recommendation that may 
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Probing the news 

prove internationally significant is 
the use of the decimal point as a 
radix. To Americans who are accus-
tomed to its use this may seem triv-
ial, but Europeans have commonly 
used the comma as a radix point and 
the decimal as a separator. Thus this 
recommendation represents a major 
agreement between the two conti-
nents, one that may eventually unify 
notation in engineering. 
Having designated the decimal 

point as a radix, the proposal goes on 
to define the comm. a as the preferred 
intrarecord separator (SRI), with 
the semicolon as an alternative. SRI 
is used to separate individual mea-
surements in a set and does not take 
the instrument out of the talker-
active state, TACS. A separator is 
required for a measurement state-
ment but is optional for a control 
statement. 

Separated sets. Sets of measure-
ments are separated by an SR2 
delimiter, which can be either a 
carriage-return (CR) followed by a 
line-feed (1F) character or simply a 
new-line (NL) character. Both are 
given equal preference in the docu-
ment, and the ASCII code for LF and 
NL are identical. When SR2 is used, 
an instrument can be called on to 
shift from the TACS state or it may 
send another series of measurements 
at a later time without intervening 
action by either the controller or 
another device. 
With the sending of the SR3 sepa-

rator, the instrument signals that no 
more measurements will be forth-
coming until it receives another 
control statement. The preferred 
SR3 format is an end message sent 

onto the end-or-identify (Eoi) line 
concurrently with the last data byte 
in a sequence. Alternative methods 
are to send the end message concur-
rently with an NL character or to 
send a CR followed by the end 
message concurrently with an LF 
character. 
The definition of the status byte 

used in serial polling of instrumenta-
tion by the controller is further 
expanded in the proposal. The 
IEEE-488-1978 states that one and 
only one status byte will be recieved 
from each instrument and that bit 7 
of that byte is the service request 
(RQs) channel. The proposal strong-
ly recommends that bit 5 of the 
status byte be used to signal that the 
respondent is either busy or ready 
and that bit 6 indicate whether its 
status is normal or ab000rmal. Defi-
nition of the remaining bits is left to 
the designer, but the proposal rec-
ommends that bits 1 through 4 be 
used before bit 8. 
The proposal as it now stands 

represents many hours of dedicated 
effort by conscientious men. But the 
question still remains whether it will 
provide the industry with the guid-
ance it needs now. 

Keep it loose. Don Loughry, inter-
face engineer for Hewlett-Packard 
Co.'s Computer Systems group in 
Cupertino, Calif., is secretary of the 
subcommittee that generated the 
document. He explains that the 
rationale adopted in generating the 
document was to provide a general-
ized format without restricting the 
designer. "For example," he says, "if 
we were to say that numerics always 
have to be sent in exponential form, 
we would probably make everyone 
angry." Pointing also to the status 
byte as an example, he says the 

New picture. Syntax diagram, counterpart of 488's state diagram, makes clear the choices 

of format for a particular data field, NR1. Highlighting is added to show preferred format. 
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document describes it in such terms 
to give "as much freedom as possible 
so that designers can solve prob-
lems." He adds that, "though it may 
not answer all problems, it is a 
significant increase in the informa-
tion interchange between manufac-
turers." 
Hugo Draye, product planning 

manager for control products at 
John Fluke Manufacturing Co. in 
Mountlake Terrace, Wash., is also a 
member of the subcommittee. He 
agrees with Loughry that the pro-
posal should offer a high degree of 
freedom for the designer. "At this 
point," he says, "it is too early to try 
and firmly fix codes and formats; too 
much is happening in the design of 
instrumentation for it to be rigidly 
tied to specific forms." Like Lough-
ry, he feels that the document should 
form a basis for growth rather than a 
hard-and-fast standard. 
Not too loose. But Maris Graube, 

corporate interface engineer for Tek-
tronix Inc. of Beaverton, Ore., 
another member of the subcommit-
tee, feels that what is needed is firm-
er direction. "In one respect there is 
already a de facto standard, because 
people are doing things a standard 
way and we're simply putting them 
down on paper." But he also sees 
some areas that need to be addressed 
more firmly. Referring to the end 
message, he says, "You have to have 
a single, universally agreed-upon 
convention—for example, about 
when you execute something after 
you receive it, since otherwise data 
can be misinterpreted or acted upon 
too soon." He suggests that design-
ers adhere as strictly as possible to 
the preferred options noted in the 
new practice. 

Nelson Urdaneta agrees. As engi-
neering product manager for Racal-
Dana Instruments Inc. in Irvine, 
Calif., he feels that more decisive 
recommendations are needed. "If 
you have to make allowance for all 
possible forms of communication in 
a design, you may never get a prod-
uct off the bench," he says. Urdane-
ta, who has of late been /closely 
involved with implementing bus de-
sign, believes that if firm guidelines 
are not provided, instrument design-
ers will probably come to an agree-
ment on their own, rallying around 
the strongest proponent. 
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Probing the news 

Communications 

Chip market overestimated, says ITT 
One of the biggest potential customers calls maker's figures 

'incredibly exaggerated' even under ideal conditions 

by Harvey J. Hindin, Communications & Microwave Editor 

"Solutions to problems facing tele-
communications equipment manu-
facturers—how to get the results of 
large-scale integration into their 
products—will not be forthcoming 
rapidly from Silicon Valley. This 
will be especially true when the 
semiconductor people begin to temp-
er their research and development 
decisions with a realistic view of the 
marketplace." 

That's the viewpoint of Interna-
tional Telephone and Telegraph 
Co.'s Tim Smith and Wit Riner. 
Smith is telecommunications prod-
ucts marketing manager and Riner 
is director of marketing, sales, and 
business development at ITT North's 
Microsystems division in Deerfield 
Beach, Fla. What's more, says 
Riner, "incredibly exaggerated esti-
mates of market size for telecommu-
nications chips on the part of some 
suppliers are only drawing more 
people into the market and adding to 

the confusion." He and Smith are 
referring to such statements as "$1 
billion in open market IC sales in five 
years" and "a market of $450 
million to $700 million" or "$100 
million market for codecs within a 
few years." 

ITT believes that even if the most 
optimistic assumptions about the 
telecommunications market place 
are made, these market figures 
cannot be supported in any way. 
"Suppose," Smith says, that "the 
entire industry agrees on standard 
components for the telecommunica-
tions line card. This would include 
codecs, filters, and subscriber-line 
interface circuits (sLics). Let's fur-
ther say that none of the telecommu-
nications manufacturers have de-
cided to use their own captive 
suppliers for component fabrica-
tion." And adding another supposi-
tion—that the semiconductor manu-
facturers have learned the ins and 

LOCAL CENTRAL OFFICE EQUIPMENT MARKET 
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Total market 
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1,761 

1,015 

1,015 
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1,803 

2,154 
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351 
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400 
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418 
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Note: The available market is the entire independent market plus a varying percentage of Bell System market as the 
less-than-5,000.1ine digital market becomes accessible to general trade manufacturers between 980 and 1985. 

SOURCE: THE YANKEE GROUP 

outs of the specialized telecommuni-
cations manufacturers and the par-
ticular and unique ways they do 
business—ITT estimates that 
4,080,000 total available digital lines 
(see the table for the central office 
component of this figure) will be 
available for digital switching in 
1985 to be shared among the erst-
while suppliers. 
To support this estimate, ITT 

points out that the independent esti-
mates achieved by the Yankee 
Group, a market research firm in 
Boston, are very similar to theirs. 
"This is hardly a vast monolithic 
marketpace," says Riner. In fact, he 
explains further, there is barely 
room for more than two suppliers if 
equal market shares are assumed. 
To make matters even worse, on 

top of the original assumptions it 
must be remembered that, in the 
telecommunications world, a custom 
chip is in actuality the standard 
approach since typical system archi-
tecture varies widely among manu-
facturers. And, while equal market 
share is perhaps remotely possible, 
some telecommunications equipment 
makers already have "captured" 
component capability that they will 
surely utilize. 

Possible error. If the market is 
nowhere near the size that has been 
mentioned, what can the semicon-
ductor people have in mind? ITT 

feels that perhaps in some cases the 
total Bell System has been included 
in the available market figures. This 
would be, says Smith, a serious 
market-research error, since only 
varying proportions of this market 
can be expected to be open given the 
present structure of the industry and 
regulatory situation. And any 
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gives you thousands of choices. 

And saves you money. 
The number of design choices offered 
with one of our Single In Line Package 
Capacitor Networks is staggering. 
Consider this: Just one SIP can accom-
modate a variety of circuit designs— 
enabling you to select from a wide 
choice of capacitance values and 
dielectrics to reduce your assembly 
costs. 
One of our 11 standard patterns will 
probably meet your circuit require-

Vitramon Limited (London) 
Vitramon GmbH (Stuttgart) 
Vitramon France S.A.R.L. (Paris) 

ments. If not, choose a 12th —your own. 
Send us your requirements and we'll 
put our designers to work for you. (Or 
send today for your free copy of our 
handy Designer's Guide --and design 
your own package.) 
The point: We'll make your SIP 
Capacitor Network the way you want 
it —and give you the high reliability 
our expertise in capacitor manufactur-
ing guarantees. 

Vitramon North America 
Division of Vitramon, Incorporated 
Box 544, Bridgeport, Conn. 06601 
Tel: (203) 268-6261 

Vitramon Pty. Limited (Sydney) 
Vitramon Japan Limited (Tokyo) 

Vitramon do Brasil Ltda. (Sao Paulo) 
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Probing the news 

changes, even if they are made, 
would take years to implement. 
Perhaps, ITT feels, the decision to 
enter the telecommunications mar-
ketplace has been based on other 
strategies. These strategies might 
include direct line card sales to tele-
phone companies, direct PABX man-
ufacture, or getting into the office-
of-the-future business. 

Still more problems. Aside from its 
size, there are several other consider-
ations that are unique to the tele-
communications market. An under-
standing of these factors, says Riner, 
is critical to gaining a toehold there. 

In the first place, the market is 
conditioned to a second-source ap-
proach. There is just too much at 
stake to take the risk of a product 
failure due to silicon problems. 

Also, it is evolutionary rather than 
revolutionary: with some exceptions, 
it can hardly be said to be driven by 
technology. Myriad regulations gov-
ern the use of anything that goes into 
the system. Typically, new products 
are tried on a very small scale, evalu-
ated, modified, and then reapplied 
again on a slightly larger scale. 
There are many iterations of this 
process before anything resembling 
product adoption is seen. 

Related to the evolutionary nature 
of the market is the fact that most 
LSI applications in telecommunica-
tions—unlike other markets—must 
interface with an existing system 
that has evolved over generations. 
And, finally, ITT claims that 

premature product offerings, which 
Silicon Valley has often been ac-
cused of, are not well received in the 
telecommunications market. Such 
techniques, says Smith, which have 
been used in the data-processing and 
consumer markets, will only destroy 
product and technology credibility. 

Hard-to-find specs. A major diffi-
culty that would-be suppliers of tele-
communications chips face is deter-
mining just what the industry needs. 
It is difficult to ferret out the needed 
information for codecs, for example, 
as well as other chips, say Smith and 
Riner. 

Echoing this viewpoint is Christo-
pher Bailey, marketing and applica-
tions director of Mitel Semiconduc-
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tor Corp., Ottawa, Ont., Canada. 
Mitel manufactures both the semi-
conductor chips and telecommunica-
tions equipment. One of the prob-
lems, Bailey says, is that typically 
the codec is just one part of an elabo-
rate system that has an overall 
system specification budget. "So just 
what the codec needs to do is not 
always clear or even well definable. 
There are lots of tradeoffs to be 
made." 
The semiconductor houses have 

learned this to a large extent and 
have hired, or are trying to hire, 
engineers with inside knowledge of 
the telephone industry. Those that 
have succeeded have made it well 
known to the telecommunications 
equipment manufacturers. 

Another big problem for Silicon 
Valley is test software and special-
ized equipment for hardware test. 
Again this requires not only major 
investments in material, but in 
skilled personnel who are in short 
supply. 

Lots of bucks. If a dollar value is 
assigned to the codecs, SLICs, filters, 
and few discrete components that go 
into the 4-million-line market, a $50 
million total value is estimated by 
ITT for the available U. S. market. 
That is hardly the stuff of which 
fortunes are made. And, of course, 
by 1985 the telecommunications 
industry may well see excellent 
filters and codecs combined on one 
chip as well as other developments, 
thus reducing this figure even fur-
ther, say Smith and Riner. 

If the U. S. market for these chips 
is small, the worldwide situation is 
even worse, says ITT. In France, for 
example, less than 30% of the popu-
lation even has a telephone. The 
figure is somewhat higher in West 
Germany, but even that is still not at 
U. S. levels. 
As for the Third World, that is a 

big if: no one knows the size of that 
market. In Brazil, the biggest South 
American market, LM Ericsson of 
Sweden seems to have the inside 
track with the telephone industry. 

Finally, there is Japan, and the 
difficulties of selling into that mar-
ket —though not impossible to over-
come—are well known. ITT has 
already gotten a foot in the door and 
supplies Oki Electric with tone 
receivers. Lii 
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Probing the news 

141116.- 

Automotive electronics 

Detroit wants higher quality 
Semiconductor makers agree that added costs will be repaid 

in better processes and production for other products 

The medicine is expensive and tastes 
terrible, but the domestic semicon-
ductor manufacturers are almost 
eager to swallow the castor oil treat-
ment prescribed by their Detroit 
customers. To improve their quality 
image relative to offshore auto 
makers, the domestic giants now 
insist on higher quality electronic 
components to make auto electronic 
systems more reliable than military 
or aerospace hardware. 

All sides agree that, in the long 
run, fewer returns or field repairs 

by Larry Marion, Chicago bureau manager 

will more than compensate for high-
er initial chip costs due to upgraded 
semiconductor fabrication processes, 
housekeeping, and material controls. 
While device makers say the im-
provements are costly and tie up 
valuable engineering manpower, 
they concede that all the electronics 
industries will profit from the pres-
sure from Detroit. Explains Frank 
Schneider, vice president of the 
automotive division of Signetics 
Corp. in Sunnyvale, Calif., "The 
production changes we made to 

accommodate the automakers will 
improve other Signetics products, 
though it's hard to measure the 
benefits." Another supplier notes 
that the improved quality of power 
transistors used in industrial applica-
tions is directly traceable to pressure 
from Detroit. 
About $1 billion in electronic 

components for the 1981 cars will 
soon be shipped to General Motors 
Corp., Ford Motor Co., and Chrysler 
Corp., and they will feature higher 
quality levels than ever But auto 

perate actuation, are avail-able in a wide 
of AC and DC voltages. Class A (105° C) insulation 
and .187" quick connect terminals are standard. 

And when a standard solenoid won't do, 
P&B will design one specially 
to meet your requirements. 
Special terminations, 
mountings, plunger end 
configurations, duty cycles 
and intermediate voltages 
are but a few of the options 
available. We can also 

design special solenoid 
assemblies for a wide range of 

applications. 
Potter & Brumfield Division, 
AMF Incorporated, 200 Richland 

Creek Drive, Princeton, Indiana 
47671. (812) 386-1000. 

Potter&Brumfield 
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makers are not yet satisfied and are 
shooting for more than an order of 
magnitude improvement from the 
new level: 200 part failures per 
million pieces of delivered compo-
nents is the mid-1980s goal at Cm, 
while Ford expects to halve the 0.1% 
level within three years. 

Acceptable quality levels of in-
coming parts over the past few years 
have ranged from four failures per 
hundred to the current 0.1%, to the 
dismay of auto makers. "We can't 
stomach the wide range of failure 
rates," notes Jerome G. Rivard, 
chief engineer for Ford's Electrical 
and Electronics division, Dearborn, 
Mich., because of disrupted produc-
tion schedules and the duplicated 
testing and inspection costs when the 
buyer must check vendor screening. 
The problems are not isolated to a 

few manufacturers or a handful of 
special items: "We've gotten some 
huge headaches from major sup-
pliers" over delayed shipments due 
to poor quality, he notes. 
Weak die or wire bonds and lack 

of oxide integrity are the kinds of 
problems that frustrate assembly 

Where GM does its shopping 

The biggest of Detroit's Big Three auto makers, General Motors, buys its 
electronic components through its Delco Electronics division in Kokomo, Ind. 
For the 1981 model year, Delco is purchasing components for use in radios, 
engine controls, climate controls, and other electrical/electronic systems like 
dashboard instrumentation. Also, Delco makes some of its own integrated 
circuits, such as some microprocessors, based on Motorola designs. 

It and other auto makers buy other microprocessors from Motorola, 
Hitachi, Texas Instruments, Mostek, and Fairchild and low-power Schottky 
logic from TI, Signetics, National, and Fairchild. They get analog-to-digital 
converters from National and TI, and bipolar linear circuits from those two, 
Fairchild, and Signetics. Motorola, RCA, National, and Hitachi supply Detroit 
with complementary-MOS digital gates. Programmable read-only memories 
in U. S. cars come from Signetics, Fairchild, and TI; those three along with 
Motorola and Hitachi supply read-only and random-access memories. Delco 
will also make its own MOS memories for 1982 models. 

operations at GM's Delco Electronics 
division, Kokomo, Ind. Contamina-
tion during wafer processing plagues 
the suppliers too: "We've seen prob-
lems with almost every kind of 
metallic ion," says Frank E. Jaumot 
Jr., director of advanced engineering 
at Delco. 

Bounties paid. To help their 
suppliers upgrade product quality, 
Gm and Ford paid bounties to 
Motorola Inc., Signetics, National 

Semiconductor Corp., and others, to 
help them find and correct weak 
points in the process. Explains 
Schneider of Signetics, "We found 
that it was very important to auto-
mate much of the production line in 
order to eliminate human error. We 
also significantly improved the 
cleanliness of the manufacturing 
environment and our materials con-
trol." Motorola went the same route, 
says Joseph Flood, Motorola Semi-

...and other solutions to your 
tough design problems are found in 
1113's growing product line. 

NEW Rocker 
Actuated Mini-
Mag Circuit 
Breaker. Serves 
as both panel 

switch and circuit protector. 
Trip-free operation. Maxi-
mum operating voltage 
250V AC or 50V DC. Wide 
variety of trip curves, ratings 
from 0.2 to 30 amperes. UL 
Recognized; CSA Certified. 

Circle 95 

NEW 5-Pole KH Relay. 
5 form C version of 
popular KH relay is only 
slightly larger than 
present 4 form C model. 
Rated 3 amps at 30V DC, 
resistive, or 120V AC. 
100,000 operations 
minimum. Available 
with plastic dust cover 
or hermetically sealed 
in a steel case. 
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NEW 4-Pole KU Relay. 
UL Recognized relay with 
switching capacity for an 
additional circuit in the 
same space as present 
3-pole KU. 5 and 10 amp 
contacts available on both 
open and enclosed versions. 
Ideal for use where switch-
ing for extra circuits is 
needed, but additional 
space is not available. 
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NEW K10 General Purpose 
Relay. Space-saving relay 
has contacts rated 10 amps 
at 28V DC or 120V AC, resis-
tive, 100,000 operations 
minimum. Contact arrange-
ments to 2 form C Ruggedly 
constructed for use in alarm 
systems, control assemblies 
and other applications re-
quiring 10 amp switching 
in a limited space. 
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Programming 
IEEE 488 (GP/IB). 

or 
Binary 

or 
Parallel/Serial 

Resolution (lppm) 
24 Bits (BCD) 

or 

20 Bits (Binary) 

Range Control 
±-0.1µV to ±-1000Vdc 
±-10nA to 10 Amps dc 

Local/Remote 
Program lines 

remain connected. 
Uninterrupted 

program up-date. 

[ Prices* start at 

1895 
Output Specifications 

Accuracy: ±-0.005% 
Speed: 50µS 
Isolation: 109il, 130pf, 500 Vdc 
Stability: -0.0005% 

100 mV Range: 0.1µV to 100 mVdc 
200 V Range: 100/ to 200 Vdc 
1000 V Range: 1011V to 1000 Vdc 
100 mA Range: 104iA to 100 mA 
10 Amp Range: 10µA to 10 Amps dc 

BCD or Binary, Parallel or Serial entry, 
ASC II Code, IEEE 488 (GP/IB) 

U.S. Basic Price, Options. Accessories and 
Auxiliary Instruments additional. 

Call Bob Ross for additional information. 

ELECTRONIC 
DEVELOPMENT 
CORPORATION 

11 Hamlin St., Boston, MA 02127, Tel: (617) 268-9696 

Probing the news 

conductor Products Group manager 
of reliability and quality assurance, 
and, in addition, re-evaluated design 
margins. 
To meet the 0.1% level for the 

1981 cars, semiconductor makers 
shoot for significantly lower failure 
rates to avoid last-minute problems 
with the auto makers. For example, 
Donald L. Denton, Delco division 
quality assurance manager at Texas 
Instruments Inc. in Dallas, says its 
production will have an overall 
0.065% failure rate. However, con-
cedes Gene McFarland, assistant 
vice president and marketing man-
ager for automotive consumer prod-
ucts, TI is not meeting all of the 
requirements in all types of compo-
nents at present, particularly the 
more complex chips. 

Language talk. High volume and 
tight specifications require closely 
calibrated test instrumentation, and 
semiconductor makers report exten-
sive discussions with their customers, 
just trying to talk the same 
language. "When you're talking 
about such a small percent [rejection 
rate], you must have really good 
electrical correlation between their 
test machines and ours," says Den-
ton. McFarland reports that up to 
six weeks is required after start-up to 
focus on the right test parameters. 
Smoothing out the test parameters 

now is a key factor in the future of 
the marriage between device makers 
and auto assemblers—the huge 
number of integrated circuits or-
dered by Detroit to meet fuel econo-
my and emission control precludes 
100% testing. "Our big hope is to 
put more of the testing burden on 
the supplier, because the cost of 
double inspections is very high," 
explains Rivard of Ford, and other 
auto makers share his outlook. To 
phase out in-house inspections with-
in three years, Ford wants vendors to 
generate inspection reports and cer-
tify that products meet the specifica-
tions. Currently, Ford does lot sam-
pling with 100% inspections of lots in 
which a bad component is found. 
Over at GM, large-scale ics are 

now undergoing 100% testing, in-
cluding burn-in at three tempera-
tures. However, notes Robert Costel-
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Fluke Portable Test Instruments 

"Engineering designed 
this new counter with all the features 
our production people asked for." 

You'd expect our production 
management to be biased in favor 
of our new 7250A Universal 
Counter/Timer. But when we 
challenged them, they told us why 
Fluke Counters are becoming 

favorites on lines everywhere. 
"This new Universal Counter 

is just what we asked for. A 
bench-top basic function 80-MHz 
instrument with the measurement 
modes our people use most. A 

built-in switchable filter and a X1 
to X100 continuously adjustable 
attenuator eliminate unwanted 
triggering. The input amplifiers 
feature the accuracy and reliability 
that only Fluke-designed thick-film 

hybrid circuits can provide. And 
Fluke's commitment to quality 
insures maximum uptime at a 
price that's right for the line — 
only $675 U. S'.' 
Built for ONE* 
system automation. 

"We're installing new 
automated test procedures. And 
the 7250A Universal Counter 
fits right in. By adding the 
1120A Translator and the 
7250A's talk-only interface 
option, we can build an 
inexpensive IEEE-488 system. 
The 7250A also uses the unique 
Fluke Portable Test Instrument 
(PTI) design for latching our 
instruments together in a neat, 
uncluttered package:' 
Convincing evidence. 

Our production managers 
are sold on our new 7250A. How 
about you? For more 
information call toll free 
800-426-0361; use the coupon 
below or contact your Fluke 
sales office or representative. 

FLUKE 

IN THE U.S. AND NON-
EUROPEAN COUNTRIES: 

John Fluke Mfg. Co., Inc. 
P.O. Box 43210 MS * 2B 
Mountlake Terrace, WA 96043 
(206) 774-2481 
Telex: 32-0(113 

IN EUROPE: 

Fluke (Holland) By. 
P.O. Box 5063, 
5004 EB Tilburg, 
The Netherlands 
(013) 673 973 Th: 52237 

Please send 7250A specifications. 
D Please send information on Fluke's 

125-MHz 7260A and 7261A Counters. 
D Please send IEEE-488 Translator info. 
D Please have a salesman call. 
Name 

Title Mail Stop  

Company  

Address  

City State Zip 

Telephone ( ) Ext. 

For technical data circle no. 97 
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Controlled 
Circuit Tester 

Control Console: 
1. Key Pad 
2. Diskette Drive 
3. Address Displays 
4. Alphanumeric Printer 

Switching Console: 
5.128-Termination Switching Modules 
6. 4096-Termination Capacity Plugged for 2048T 

CRT Operator Console: 
7. Data Base Edit 

Price Performance Factors Of Model 1042 Bring Test/QA 
Cost Savings To Areas Where Costs-To-Test Previously 
Were Marginal Or Prohibitive. 

Model 1042 is a fully automatic, micro-
processor controlled, high speed, 
solid stale, self-programmable circuit 
tester featuring... 

• Test program printout in both 
analyzer and (JUT language. 

• Piuggable solid state switching 
expandable to over 16,000 T 
capacity. 

• Diskette test program storage. 
• Data base edit capability. 

• Product error printout. 
• Test program listing on printer. 
• Self program and playback 

• Assynchronous communications link 
with host computer and port for 
download batch transfer of test 
program. 

The Model 1042 price-performance 
factors result in a highly cost 
effective test system. Coupled with 
a DIT-MCO "PREMIER LINE" access 
fixture it provides a test package 
offering the speed, versatility, 
flexibility, and overall test 

performance to sharply reduce 
throughput time and re-work costs. 

Call or write now to see how your 
testing problems can be solved, 
economically, fast, and with a 
quick pay-back on equipment 
investment. 

DIT-MCO INTERNATIONAL 
CORPORATION 
The Difference in Testing! 

5612 Brighton Terrace • Kansas City, Missouri 64130 • Telephone: (816) 444-9700 
Telex Number 42-6149 

European Technical Representative, RADIX HOUSE, Central Trading Estate, Staines Middlesex, TW18-4-XA. 
England, Telephone: (0784) 51444 

TEL Shihjuku Nomura Bldg, 26-2, 1-Ch ome, Nishishinjuku, Shinjuku-ku, Tokyo 160, Japan. Tel (03)343-4411 

Probing the news 

lo, director of purchasing at Delco, 
"there's not enough inspection 
equipment in the world to do 100%" 
of future volume. 

If semiconductor makers can de-
liver the volume and quality levels 
Detroit wants for the 1981 model 
year—the year GM converts all of its 
annual production of 5 million cars 
to microprocessor-based engine con-
trols—then auto makers will be a big 
step closer to dismantling their 
incoming inspection stations. How-
ever, Rivard of Ford and others are 
not yet convinced that the relation-
ship between the two industries has 
matured to that level of intimacy. 
Time needed. Schneider of Signe-

tics says it will take time, perhaps 
longer than Ford or GM now envi-
sion, for consistent high-quality pro-
duction to obviate the need for 
buyers to inspect incoming parts: 
"This question is analogous to the 
question of when one stops counting 
his change in a department store 
checkout line. Eventually you build 
up faith in the process and you just 
pocket the change. We agree with 
the goal of dropping incoming inspec-
tion. When will they be ready?" 

In the courtship days between the 
auto makers and the electronics 
companies, each side criticized the 
other for not understanding the 
existing cost and pricing structures. 
After a few years of working 
together, though, buyers and sellers 
are much closer together. For exam-
ple, Jaumot of Delco says "We are 
willing to pay for increased reliabili-
ty, if we can get it. It is painful to 
pay for higher-reliability parts, but 
in the long run it saves us money in 
lower production costs." A Motorola 
official confirms the new philosophy: 
"Detroit now does life-cycle costing, 
and they see that it is worthwhile to 
pay extra for increased quality." 

In fact, Rivard says Ford is willing 
to pay 10% to 50% more for higher-
quality electronic components. 
Schneider of Signetics notes that 
going to 0.1% from 1% added about 
20% to the cost. "There's no agree-
ment on what is the next step down 
from the 0.1% level," he says, "but 
when we get there I suspect the cost 
factor will become significant." rl 
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Fluke Portable Test Instruments 

Quiclec:hange artist vs. the thinker. 
Either way you win. 

Meet Fluke's new thermal 
instrument printers. They answer 
printing problems with intelligence 
and unsurpassed flexibility. 
Whether you choose the 2030A 
Computing Printer or the 
2020A Universal 
Printer, you'll find 
that suddenly, 
printing is easy. 

Five easy interfaces. 
For printing flexibility or that 

one special job, the 2020A 
Universal Printer, starting at just 
*$745, is for you. Five 
interchangeable interfaces make it 

compatible with IEEE-488, 
RS232C, parallel ASCII, BCD or 
pn polling for Fluke's line of 
Portable Test Instruments (PTI). 
Choose one, or all five interfaces. 
With just a screwdriver you can 

reconfigure the quick-change 
artist in minutes. 
The thinker in control. 

For an intelligent printer to 
match up with Fluke's PTI 
voltmeters, counters, and 
thermometers, choose the 2030A 
Computing Printer. At just 
*$995, it's long on performance 
features, including multiple-
instrument scanning, seven 
print modes, math computa-
tions and alarms. It even plots 
trends with a graphic trace. 
Simple systems 
without software. 

Both printers are part of 
Fluke's growing PTI family. 
Modular packages and simple 
interfacing let you quickly stack 
and latch single instruments 
into economical printing 
systems without writing 
software or buying an expensive 
IEEE-Controller. 
The rest of the story. 

For the whole story, give us 
a call at 800-426-0361 or com-
plete the coupon below. We'll 
make printing easy for you. 

• U.S. prices only. 

FLUKE 

IN THE US. AND NON-
EUROPEAN COUNTRIES: 

John Fluke Mfg. Co., Inc. 
P.O. Box 43210 MS *2B 
Mountlake Terrace, WA 96043 
(206) 774-2481 
Telex: 32-0013 

Tell me more about easy printing. 
D Send me a literature package. 
D Let's not mess around — arrange a demo. 
D I'm a competitor — How'd you make printing 

so easy anyway? 

IN EUROPE: 

Fluke (Holland) By. 
P.O. Box 5053,5004 EB 
Tilburg, The Netherlands 
(013) 673 973 
Telex: 52237 

Iblephone ( ) Ext. 

For literature circle no. 99 
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Rental Electronics, Inc. 
(800) 227-8409 

MI MMMMMM min am mi im am MMMMMMM MMMMM 

O Send me a copy of this book. Soon, please. In O I understand you have scads of dataterminalsand 
these inflationary times, my company would like to printers for rent off-the-shelf. Send me a brochure. I 
save money. Your 1979-1980 Rental Catalog might O I need immediate assistance. Have someone 
help. phone me quickly here: 
13 I'd like a copy of your 1979-1980 Equipment Sales (A.G.) (number) (ext.)  
Catalog, too. 

I have specific interest in the following electronic 
I'm interested in desktop computers. Send me a 

copy of your Hewlett-Packard Desktop Computer equipment: 
rental brochure. 

I'd like to see a brochure on Intel's Intellec8 
Microcomputer Development Systems now for rent. 

NAME   TITLF 

ORGANIZATION 

ADDRESS MAIL STOP  

CITY/STATE/ZIP   

PHONE   

Please complete thls coupon and mall to: Rental Electronics, Inc /19525 Business Center Dr./North/idge, CA 91324 

Rental Electronics, Inc 1980 
mid 

Circle 72 on reader service card 



Probing the news 

Photovoltaics 

MIS spells solar cell hope 
Metal-insulator-semiconductor technology should be cheaper 

than pn junction because it requires less processing 

by Martin Marshall, San Francisco regional bureau 

Metal-insulator-semiconductor tech-
nology is generating some excite-
ment in the solar-energy field. 
Although there are still major ques-
tions on mis's adaptability to pro-
duction and its field reliability, it 
may become the solar-cell technolo-
gy of the late 1980s. 
That possibility rests upon the fact 

that there are fewer manufacturing 
steps involved in MIS technology 
than in pn junction technology, and 
thus it should be cheaper to produce. 
In fact, the formation of a pn junc-
tion is itself eliminated, because the 
metal on silicon forms the needed 
barrier. 

"Theoretically, MIS technology 
should have an advantage over pn 
junction technology when thin-film 
polycrystalline material or amor-
phous thin-film silicon is used," 
notes Kris Koliwad, manager of 
technical development for the low-
cost solar array project at the Jet 
Propulsion Laboratory in Pasadena, 
Calif. "That is because pn junction 

Metal's the key. In an MIS solar cell, successive layers of silicon dioxide and metal form a 

Schottky barrier junction, giving a strong inversion at the base-semiconductor interface. 

technology is not easily adaptable to 
thin films. We don't even know how 
to dope pn junctions in amorphous 
silicon." 

Since polycrystalline and amor-
phous silicon are the cheapest forms 
of silicon for solar cells, coupling 
these materials with the fewer man-
ufacturing steps involved in MIS 
technology seems all the more prom-
ising. Koliwad hastens to add, how-
ever, that it will be at least 1986 
before MIS has passed even the inter-
mediate reliability benchmarks. 

Others are hoping that the time-
table can be accelerated. Rajendra 
Singh of Colorado State University 
in Fort Collins points out that the 
MIS technique is not new. "These are 
the same techniques used in metal-
nitride-oxide-semiconductor memory 
devices today," he notes. "The 
difference in photovoltaics is the 
thickness of the oxide layer." 
Key to the sample MIS cell shown 

in the figure is the growth of a sili-
con-dioxide layer over the doped 

polysilicon substrate, followed by 
deposition of a semitransparent 
chromium layer. These ultrathin 
layers become a Schottky barrier 
junction and are topped with a 
copper layer reducing device resistiv-
ity, a chromium oxidation barrier, 
an aluminium grid, and a silicon 
dioxide antirellective coating. 

Efficiencies. So far, the best km 
solar-cell efficiency obtained has 
been an impressive 17.6% (peak 
watt) obtained by Martin Green of 
the University of New South Wales, 
Australia. This cell, however, used a 
very fine grid layer and single-crys-
tal silicon, both considered too 
expensive for mass production. 
A more practical result is the effi-

ciency of 9% (peak watt) obtained 
on polycrystalline silicon by Wayne 
Anderson of the State University of 
New York at Buffalo. This result 
approaches the 10% to 11% efficien-
cy targeted by the Department of 
Energy for 1985 solar cells. 
A proposed automated factory 

geared toward the production of MIS 
photovoltaic cells may help them 
meet the DOE's 1985 cost target. The 
detailed proposal is based upon the 
Jet Propulsion Laboratory's model-
ing program for solar-array—manu-
facturing industrial costing stan-
dards (Samics). Singh and his co-
workers presented it last month at 
the Miami International Conference 
on Alternative Energy Sources. 
"From a fabrication point of view, 

the structure is one of the simplest 
possible with a minimum of steps 
involved," asserts Singh. "It has six 
steps, instead of the eight to ten for 
conventional pn processes." 

Questions. Two dark clouds hang 
over this rosy picture of future MIS 
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The ubiquitous Spectrol dials 
and the universal Spectral pot 

Models 15 8i 16 Dials/Model 534 Pot 

Two of the industry's most popular turns-countinz, dials 
are Spectrol's Model 15 digital and Model 16 concentric. And you will 

often find these "ubiquitous" dials backed-up behind the panel by Spectrol's 
Model 534 "universal" pot. It's a winning combination worth looking into-easy 

reading dials that look good on everybody's panel, plis a versatile, 
wirewound, precision potentiometer available in so many 

standard and special variations it will fit almost 

everybody's application. Call or 

send for data sheets. 

SPECTROL ELECTRONICS GROUP 

UNITED STATES Spectrol Electronics Corporation P.o. Box 1220, City of Industry, Calif. 91745, U.S.A. • (213)686-1280 • Twx (910) 584-1314 

UNITED KINGDOM Spectrol Reliance Ltd. Drakes Way, Swindon, Wiltshire, England • Swindon 21351 • TELEX: 44692 

ITALY SP Elettronica SpA Via Carlo Piscane 7, 20016 Pero (Milan) Italy • 35 30 241 • TELEX: 330091 

GERMANY Spectrol Electronics GmbH Oberauerstrasse 15, woo Munich 70 West Germany • (089) 7145096 • TELEX: 05-213014 
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wanted to see the whole universe of power, 
but your insert wasn't there for the taking. 

Rush me another to this address: 
Name  
Title  
Company  
(Incl. Division if any)  
Address (Ind. Post Code)  
Country  

Mail to: 
SGS-ATES Semiconductor Corporation - Waltham, MA 02154 - 240 Eear Hill Road - 

Tel. (617) 890-6688. 
SGS-ATES Componenti Elettronici SpA - Via C. Olivetti, 2 - 20041 Agrate Brianza 

(Milan) Italy - Tel. (039) 6555-1. 

Probing the news 

photovoltaics. One is the delicacy of 
processing and handling the cells. 
"Since these are surface-type de-
vices, the applications of the metalli-
zation layer to the cells—and espe-
cially applying the interconnections 
between the cells—is a very tricky 
process," explains JPL staff scientist 
Richard Stirn. "The cell is also diffi-
cult to handle in that we can't weld 
it and in that it requires low-temper-
ature solder." 
The second question is the cells' 

durability in the field. Atmosphere 
contaminants such as water vapor, 
oxygen, and even smog can modify 
the oxide-semiconductor interface 
properties. Such contaminants can 
make the oxide insulator layer grow 
thicker, thus decreasing light absorp-
tion and increasing the series resist-
ance of the layer. This resistance, in 
turn, progressively decreases the 
efficiency of the cell. 

In defense of the process, Ander-
son points out that an epoxy-based 
silver paste has been developed that 
will cure at low temperatures and 
that may be used instead of nickel-
coated low-temperature solder. He 
also argues that high-temperature 
processing costs more. 
As for reliability, he notes that 

"varying reliability results have been 
obtained, because they depend 
greatly upon the fabrication tech-
niques. If the proper encapsulation 
techniques are used, a great many 
reliability problems are avoided." 
He acknowledges, however, that 

much more study and experimenta-
tion is needed before mis photovolta-
ic technology can give pn junction 
technology any real competition. 
On this point Koliwad agrees, 

noting that JPL has set aside Nils 
photovoltaics because it is concerned 
with meeting objectives in 1985 and 
that pn junction technology is far 
enough along to give hopes of meet-
ing those objectives. He speculates, 
however, that "in the late 1980s, MIS 
photovoltaic technology may have 
passed enough benchmarks to have 
proven itself reliable. At that time it 
will be a replacement technology, 
but it is not worth holding up today's 
pn junction programs simply for that 
eventuality." 

Electronics/January 3, 1980 
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2N5038 NPN 150 90 20 1 12 0.5 12/1.2 140 TO-3 
2N5039 NPN 120 75 20 1 10 0.5 10/1 140 TO-3 
2N5671 NPN 120 90 30 0.75 15 0.5 15/1.2 140 TO-3 
2N5672 NPN 150 120 30 0.75 15 0.5 15/1.2 140 TO-3 
2N6032 NPN 120 90 50 1.3 50 0.5 50/5 140 TO-3• 
2N6033 NPN 150 120 40 1 40 0.5 40/4 140 TO-3 • 
2N6354 NPN 150 120 10 1 10 0.2 5/0.5 140 TO-3 
2N6496 NPN 150 110 15 1 8 0.5 8/0.8 140 TO-3 
BUR20 NPN 160 125 50 1.2 50 0.3 50/5 200 TO-3• 
BUR21 NPN 250 200 40 1.6 25 0.4 25/3 200 TO-3' 
BUR22 NPN 300 250 40 1.5 20 0.5 20/2.5 200 TO-3• 
BUR5O NPN 160 126 70 1.5 70 0.7 70/7 350 TO-3• 
BUR51 NPN 250 200 60 1.5 50 0.6 50/5 350 TO-3• 
BIJR52 NPN 300 250 60 1.5 40 0.6 40/4 350 TO-3• 
BUX10 NPN 160 125 25 1.2 20 0.3 20/2 150 TO-3 
BUX11 NPN 250 200 20 1.5 12 0.4 12/1.5 150 TO-3 
BUX11N NPN 220 160 20 1.5 15 0.5 15/1.88 150 TO-3 
BUX12 NPN 300 250 20 1.5 10 0.5 10/1.25 150 10-3 
BUX40 NPN 160 125 20 1.6 15 0.4 15/1.88 120 TO-3 
BUX41 NPN 250 200 15 1.6 8 0.8 8/1 120 TO-3 
BUX41N NPN 220 160 18 1.6 12 0.8 12/1.5 120 TO-3 
BUX42 NPN 300 250 12 1.6 6 1.2 6/0.75 120 TO-3 

• These transistors are in a modified TO-3 package with a special thick 
flage and thick copper pins 
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BU326S 
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BU910 NPN 400 350 8 1.8 2.5/0.05 - 75 TO-220 
BU911 NPN 450 400 8 1.8 2.5/0.05 - 75 TO-220 
BU912 NPN 500 450 8 1.8 2.5/0.05 - 75 TO-220 
BU920 NPN 400 350 15 1.8 7/0.14 - 125 10-3 
BU921 NPN 450 400 15 1.8 7 /0.14 - 125 TO-3 
BU922 NPN 500 450 15 1.8 7/0.14 - 125 TO-3 
BU930 NPN 400 350 20 1.8 10/0.300 - 150 TO-3 
BU931 NPN 450 400 20 1.8 10/0.3 - 150 TO-3 
BU932 NPN 500 450 20 1.8 10/0.3 - 150 TO-3 

')N41115 
2N4896 
2N4897 
2N4898 
2N4899 
2N4900 
2N4910 
2N4911 
2N4912 
2N5151 
2N5152 
2N5153 
2N5154 
2N5336 
2N5337 
2N5338 
2N5339 
2N5415 
2N5416 
2N5427 
2N5428 
2N5429 
2N5430 
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* ic =50mA °T = 50°C t Ic =0.5A • Ic =0.25A 
FlVcE,--- 1V *Ic --- 5A Illic=2A 

*Ic = 20 mA. 
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BU406 NPN 400 200 10 1 5/0.5 0.75 5/0.5 60 TO-220 
BU406D NPN 400 - 10 1 5/0.65 0.75 5/0.65 60 TO-220 
BU406H NPN 400 200 10 1 5/0.8 0.4 5/0.8 60 TO-220 
BU407 NPN 330 150 10 1 5/0.5 . 0.75 5/0.5 60 10-220 
BU407D NPN 330 - 10 1 5/0.65 0.75 5/0.65 60 TO-220 
BU407H NPN 330 150 10 1 5/0.8 0.4 5/0.8 60 TO-220 
BU408 NPN 400 200 10 1 6/1.2 0.4 6/1.2 60 TO-220 
BU408D NPN 400 - 10 1 6/1.2 0.5 6/1.2 60 TO-220 
BU409 NPN 250 150 7 1 3/0.4 - - 60 TO-220 
B1.1606 NPN 400 200 10 1 5/0.5 0.75 5/0.5 90 TO-3 
BU606D NPN 400 - 10 1 5/0.65 0.75 5/0.65 90 TO 3 
BU607 NPN 330 200 10 1 5/0.5 0.75 5/0.5 90 TO-3 
BU607D NPN 330 - 10 1 5/0.65 0.75 5/0.65 90 TO-3 
BU608 NPN 400 200 10 1 6/1.2 0.4 6/1.2 90 TO-3 
BU608D NPN 400 - 10 1 6/1.2 0.5 6/1.2 90 TO-3 
BUY18S NPN 400 200 10 1 5/0.5 1 5/0.5 50* TO-3 
BU806• NPN 400 200 15 1.5 5/0.05 1 5/0.05 60 TO-220 
BU807* NPN 330 150 15 1.5 5/0.05 1 5 /0.05 60 TO-220 
BUW66* NPN 400 200 15 2.5 10/0.25 0.2 typ 5/0.05 90 TO-3 
BUW67• NPN 330 200 15 2.5 10/0.25 0.2 tvo 5/0.05 90 10-3 

D = Integrated damper diode tr Tc = 75°C • tottonly for TV horiz. deflection 

• Fast darlington with integrated speed-up diode 
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i76A 45 45 4 750 2.8 2 40 W-126 
78 60 60 4 750 2.5 1.5 40 10-126 
i78A 60 60 4 750 2.8 2 40 TO-126 
80 80 80 4 750 2.5 1.5 40 TO-126 
;80A 80 80 4 750 2.8 2 40 TO-126 
82 100 100 4 750 2.5 1.5 40 TO-126 
V24 45 45 6 750 2 2 50 10 220 
V24A 60 60 6 750 2 2 50 TO-220 
V24B 80 80 6 750 2 2 50 TO-220 
V24C 100 100 6 750 2 2 50 TO-220 
V94 45 45 12 750 2 5 80 TO-220 
V94A 60 60 12 750 2 5 80 10-220 
V94B 80 80 12 750 2 5 80 TO-220 
V94C 100 100 12 750 2 5 80 TO-220 
(54 45 45 8 750 2 3 60 TO-220 
(54A 60 60 8 750 2 3 60 TO-220 
(54B 80 80 8 750 2 3 60 TO-220 
(54C 100 100 8 750 2 3 60 10-220 
(86 45 45 10 750 2 4 100 TO-3 
(86A 60 60 10 750 2 4 100 TO-3 
(86B 80 80 10 750 2 4 100 TO-3 
(86C 100 100 10 750 2 4 100 TO-3 
(88 45 45 12 750 2 6 120 TO-3 
(88A 60 60 12 750 2 6 120 TO-3 
(88B 80 80 12 750 2 6 120 TO-3 
(88C 100 100 12 750 2 6 120 TO-3 
l00 60 60 8 1000 2 3 90 TO-3 
101 80 80 8 1000 2 3 90 TO-3 
1500 60 60 10 1000 2 5 150 TO-3 
1501 80 80 10 1000 2 5 150 TO-3 
E700 60 60 4 750 2.5 1.5 40 TO-126 
E701 60 60 4 750 2.8 2 40 TO-126 
E702 80 80 4 750 2.5 1.5 40 TO-126 
E703 80 80 4 750 2.8 2 40 TO-126 
034 40 40 4 750 2 2 40 TO-126 
035 60 60 4 750 2 2 40 TO-126 
036 80 80 4 750 2 2 40 TO-126 
053 60 60 8 750 2 4 100 TO-3 
054 80 80 8 750 2 4 100 TO-3 
050 60 60 12 750 2 6 150 TO-3 
051 80 80 12 750 2 6 150 TO-3 
;052 100 100 12 750 2 6 150 TO-3 
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EPITAXIAL BASE 

THERMAL 
OXIOE 

P-VAPDX AL 

TO-3 

GLASS 

NPN and PNP types 
(perfect complementary pairs) 
Medium VcE0 range (22 to 100 V) 
Medium switching speed 
Medium fr (2 to 20 MHz) 
High ruggedness 
Monolithic Darlington capability 

TO-39 

EPITAXIAL PLANAR 

THERMAL 
OXIDE 

P- VA PDX AL 

NPN and PNP types 
Good voltage capability (VcEs up to 400 V) 
Low saturation voltage 
Low leakage 
Very high f-r (up to 100 MHz) 
Very high speed 
Moderate ruggedness 
Total base-collector passivation 

TO-220 

MULTIEPITAXIAL PLANAR 

THERMAL 
OXIDE 

P - VAPO X AL 

NPN and PNP types 
lc range up to 70 A 
Good hFE linearity 
Very low leakage 
High switching speed 
High E5/1, capability 
Total base-collector passivation 

TO-126 

MULTIEPITAXIAL BIPLANARe 

THERMAL 
OXIDE 

P-VAPDX Al 

NPN only 
High voltage (VcEs = 400 to 800 V) 
Low leakage 
Good ruggedness 
High switching speed 
Total base-collector passivation 
Very high stability at high 
temperature and high voltage 

MULTIEPITAXIAL MESA 

GLASS AL THERMAL P-VAPDX 
OXIDE 

NPN and PNP types 
High voltage (VcElo up to 2000 V) 
High power 
Very good Is/b and Esib performance 
High switching speed 
High fr (20 MHz) 
Good stability 
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BDY90 NPN 120 100 10 20 1.5 10 70 60 TO 3 
BDY91 NPN 100 80 10 20 1.5 10 70 60 10-3 
BDY92 NPN 80 60 10 20 1 10 70 60 TO-3 
BFX34 NPN 120 60 5 40a 1 5 100 5 TO-39 
BSS44 PNP 65 60 5 45 typ 1 5 /0 5 TO-39 
BSW67 NPN 120 120 2 15 1.5 1 80 5 TO-39 
BSW68 NPN 150 150 2 15 1.5 1 80 5 TO-39 
BU100A NPN 150 100 10 40 typ 1.5 5 100 62 TO-3 
BU125 NPN 130 60 5 15 1 5 100 7 TO-39 
BU125S NPN 250 150 3 30. 1.5 0.5 15 10° TO-39 
BUX77 NPN 100 80 5 30 1 5 15 40 TO-66 
EiUX78 PNP 100 80 5 30 1 5 15 40 TO-66 
BUY24 NPN 120 60 5 40111 1 5 100 25 TO-3 
BUY47 NPN 150 120 10 15 1 5 90 7 TO-39 
BUY48 NPN 200 170 10 15 1 b 90 7 TO-39 
BUY49S NPN 250 200 3 40 1.1 0.5 50 10° 10-39 
BUY68 NPN 100 60 5 20 1 5 50 7 TO-39 
2N3418 NPN 8.5 60 3 15 0.5 2 40 15° TO-39 
2N3419 NPN 125 80 3 15 0.5 2 40 15" TO-39 
2N3420 NPN 85 60 3 30 0.5 2 40 15° TO-39 
2N3421 NPN 125 80 3 30 0.5 2 40 15' TO-39 
2N3439 NPN 450 300 1 40* 0.5 0.05 15 5 TO-39 
2N3440 NPN 350 250 1 40* 0.5 0.05 15 5 TO-39 
2N3440S NPN 300 250 1 40 0.5* 0.02 - 10 fo-39 
2N3867 PNP 40 40 3 25 0.5t 2.5 60 6 TO-39 
2N3868 PNP 60 60 3 20 0.5t 2.5 60 6 TO-39 
2N4150 NPN 100 80 10 40 0.6 5 50 10 TO-39 
2N4234 PNP 40 40 3 101: 0.6 1 3 6 TO-39 
2N4235 PNP 60 60 3 1011] 0.6 1 3 6 TO-39 
2N4236 PNP 80 80 3 10111 0.6 1 3 6 TO-39 
2N4237 NPN 40 40 3 15D 0.6 1 2 6 TO-39 
2N4238 NPN 60 60 3 1511 0.6 1 2 6 TO-39 
pN4239 I NPN ei39 11 90 lin 131 15D 91 1 2 6 10-39 
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BD135 BD136 45 45 1.5 25 0.5 0.5 10 TO-126 
BD137 BD138 60 60 1.5 25 0.5 0.5 10 TO-126 
BD139 BD140 80 80 1.5 25 0.5 0.5 10 TO-126 
BD175 BD176 45 45 3 15 0.8 1 30 TO-126 
BD177 BD178 60 60 3 15 0.8 1 30 TO-126 
BD179 BD180 80 80 3 15 0.8 1 30 TO-126 
BD233 BD234 45 45 2 25 0.6 1 25 TO-126 
BD235 BD236 60 60 2 25 0.6 1 25 TO-126 
BD237 BD238 80 80 2 25 0.6 1 25 TO-126 
BD375 BD376 50 45 2 20 1 1 25 TO-126 
BD377 BD378 75 60 2 20 1 1 25 TO-126 
BD379 BD380 100 80 2 20 1 1 25 TO-126 
BD433 BD434 22 22 4 50 0.5 2 36 TO-126 
BD435 BD436 32 32 4 50 0.5 2 36 TO-126 
BD437 BD438 46 45 4 40 0.6 2 36 TO-126 
BD439 BD440 60 60 4 25 0.8 2 36 TO-126 
BD441 BD442 ii30 80 4 15 0.8 2 36 TO-126 
BD533 BD534 45 45 8 25 0.8 2 50 TO-220 
BD535 BD536 60 60 8 25 0.8 2 50 TO-220 
BD537 BD538 80 80 8 15 0.8 2 50 TO-220 
BD663 BD664 45 45 10 20 1 2 75 TO-220 
BD/05 BD706 45 45 12 20 1 4 75 TO-220 ' 
BD707 BD708 60 60 12 15 1 4 75 TO-220 
BD709 RD710 80 80 12 15 1 4 75 TO-220 
BD711 BD712 100 100 12 15 1 4 75 TO-220 
BD905 BD906 45 45 15 15 1 5 90 TO-220 
BD907 BD908 60 60 15 15 1 5 90 TO-220 
BD909 BD910 80 80 15 15 1 5 90 TO-220 
BD911 BD912 100 100 15 15 1 5 90 TO-220 1 
BDW21 BDW22 45 45 10 15 1 4 90 TO-3 - 1 
BDW21A BDW22A 60 60 10 15 1 4 9 TO-3-...m 
BDW21B BDW228 80 80 10 15 1 4 90 TO-3 
BDW21C BDW22C 100 100 10 15 1 4 90  
BDW51 RDW52 45 45 15 20 1 5 125 TO-3 
BDW51A BDW52A 60 60 15 20 1 5 125 TO-3 
BDW51B BDW52B 80 80 15 20 1 5 125 TO-3 
BDW51C BDW52C 100 100 15 20 1 5 125 TO-3 
TI P31 TI P32 40 40 3 10 1.2 3 40 TO-220 
TIP31A TIP32A 60 60 3 10 1.2 3 40 TO-220 
TI P31 B TIP32B 80 80 3 10 1.2 3 40 TO-220 
T1P31C 11P32C 100 100 3 10 1.2 3 40 TO-220 
2N3055 BDX18 100 60 15 20 1/1.1 4 115 10-3 
2N3713 2N3789 80/60 60 10 15 1°/1 3 150 TO-3 
2N3714 2N3790 100/80 80 10 15 1°,/1 3 150 TO-3 
2N3715 2N3791 80/60 60 10 30 0.8°/1° 3 150 TO-3 
2N3716 2N3792 100/80 80 10 30 0.8°/1° 3 150 TO-3 
2N5190 2N5193 40 40 4 25 0.6 1.5 40 TO-126 
2N5191 2N5194 60 60 4 25 0.6 1.5 40 TO-126 
2N5192 2N5195 80 80 4 20 0.6 1.5 40 TO-126 
2N5877 2N5875 60 60 10 20 1° 4 150 TO-3 
2N5878 2N5876 80 80 10 20 1° 4 150 TO-3 
2N6121 2N6124 45 45 4 2,5 0.6 1.5 40 TO-220 
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THE STORY BEHIND 
THE UNIVERSE 
OF POWER 

A OMNI 
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SGS -ATES GROUP OF COMPANIES 

HEADQUARTERS 

SGS-ATES Componenti Elettronici SpA 
Via C. Olivetti 2 - 20041 Agrate 
Brianza (Milan) ITALY 
Tel.: 039-650341/4 - 650441/5 - 
650841/5 - Telex: 330131 - 330141 

INTERNATIONAL 

Benelux: Winston Churchill Avenue 
122 - B-1180 Brussels - Tel: 02-3432439 - 
Telex: 24149 B 
Denmark: Marielundvej 46 D - 2730 
Herlev - Tel: 02-948533 - Telex: 35280 
Finland: Kâântopiiri 2 - 02210 Esbo 21-
Tel: 90-881395/881396 - Telex: 123643 
France: 17 Avenue de Choisy - 75643 
Paris Cedex 13 - Tel: 5842730 - Telex: 
021-250938 
Germany: Haidling 17 - 8018 Grafing 
bei München - Tel: OÈ092-691 - Telex: 
527370 
Hong Kong:1329 Ocean Centre - Can-
ton Road, Kowloon - Tel: 3-662625 - 
Telex: 63906 ESGIE HK 
Norway: Stensberg gata 29 - Oslo 1 - 
Tel: 02-607222 - Telex: 17472 
Singapore: Lorong 4 & 6 - Toa Payoh - 
Tel: 2531411 - Telex: ESGIES RS 21412 
Sweden: Tingvallavaegen 9J - 19501 
Mârsta - Tel: 0760-40120 - Telex: 042-
10932 
UK: Walton Street - Aylesbury, Bucks - 
Tel: 0296-5977 - Telex: 041-83245 
Canada: Armatel - Toronto (416) 
630- 8463 
Mexico: Mexel - Mexico City (905) 
575-7868. 

USA 

SGS-ATES Semiconductor Corporation: 
Waltham, MA 02154 - 240 Bear Hill 
Road - Tel. (617) 890-6688 - Tlx 923495 
Des Plaines, IL 60018 - 2340 Des Plaines 
Ave - Tel. (312) 296-4035 - Tlx 28247 

Representatives: 

AL: REP INC - Huntsville (205) 881-9270 
AZ: HECHT -HENSCHEN- Phoenix (602) 
275-4411 
CA: KAPLAN-Carlsbad (714) 438-4488 
CA: KOTT MEIER -San Carlos (415) 
592-8333 
CA: RICAL- Santa Ana (714) 557-6543 
CO: ELCOM -Englewood (303) 770-4400 
FL: DYNE A-MARK-Ft. Lauderdale (305) 
771-6501 
GA: REP INC -Tucker (404) 938-4358 
IL: GOTTLIEB- Chicago (312) 775-1151 
IN: LATTRONICS -Indianapolis (317) 
846-5788 
KS: KEBCO -Overland R (913)649-1051 
MI:GREINER- Grosse Point (313) 
499-0188 
MN: GREEN-Minneapolis (612) 
571-6738 
MO: KEBCO- Maryland H..(314) 576-4111 
NY: J-SQUARE -Westbury (516) 997-6210 
NY: EISS -Rochester (716) 328-3000 
NC: REP INC-Raleigh (919) 851-3007 
OH: KRW- Cleveland (216) 741-4711 
OR: R & R- Portland (503) 292-4406 
PA: NEWSON- Flourtown (215)248-3377 
TN: REP INC -Jefferson City (615)475-4105 
TX: WEST-Dallas (214) 661-9400 
UT: ELCOM- Salt Lake City (801) 
532-7940 
WA: R & R -Kent (206) 251-5396 



If it communicates, 
General Instrument 

helps it work. 

lee se..A 

...Quietly 

SRP•300 Series 

Soft Recovery Fast 
Switching Refiflers rpm 

50.80r) volts at 3-amts. 
Switchinc ti -rwas 

to 150 ns. 

Now you can get a true fast recovery axial leaded 
rectifier that meets the most stringent noise standards and is 
ideal for those applications requiring low interfering voltages, where 
good switching performance is needed. Naturally, it is from one of the 
world's leading rectifier manufacturers, General Instrument. We call it 
our soft recovery rectifier...you will call it fantastic. So send for our 
new complete catalog, check the specifications, and see for yourself. 

You'll see why we say General Instrument rectifiers and bridges 
are built better to save you money. For your free catalog, 
contact your local authorized distributor or write: 

General Instrument Corp. Discrete Semiconductor Division 
600 West John Street, Hicksville, New York 11802 (516) 733-3333 
In Europe: Neumarkter Strasse 61, 8000 Munchen 80, 089/491004 

GENERAL 
INSTRUMENT 

Circle 117 on reader service card 
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"We can help lrou 
put quality behind 
your nameplate. 

"Our new OEM Product Selector shows you 
how we can do that. It's a representative cross-
section of our OEM product line, and it 
features some of our most popular products. 

"As one of the world's largest suppliers of OEM equipment, 
Control Data knows what your customer is looking for. 

"Quality, price, performance, reliability and support service. 

"Control Data products are built with high-quality components, 
designed with advanced technology and engineered for 
performance. 

"But prove for yourself that Control Data quality—built into 
every product we manufacture—delivers price/performance 
advantages that give your products the competitive edge. Test. 
Evaluate. Compare. 

"Then check our OEM Financing, Maintenance and Spare 
Parts—all designed to make it even easier to put our experience 
behind your Mmeplate. And to help you establish a quality 
marketing position for your entire line. 

"So send for your OEM Product Selector today. The sooner 
you do, the sooner we can work together on putting our quality 
behind your nameplate. Write us at HQN11I, PO. Box 0, 
Minneapolis, Minnesota 55440. Or call us at 612/853-76007 

@D CONTROL DATA COKPOKATION 

Addressing society's major needs 

Dale C. Showers 
Vice President O.E.M. Marketing Circle 119 on reader service card 





The First GPIB Network Analyzer. 
AO MHz to 34 GHz. 
It's a Wiltron. 

Introducing the Wiltron 560 Scalar Network 
Analyzer. Use it for easy, accurate, low cost 
measurement of transmission loss or gain, return 
loss (SWR) and absolute power. Use it 
manually or under GPIB control. 

Use it with a Wiltron 610D Sweeper or 
equivalent for a continuous dual display of loss 
or gain, return loss or power in dB or dBm in 
the 10 MHz to 18 GHz range. The 560 is delight-
fully easy to use. Controls are clearly marked 
and intelligently laid out. Built-in logic and 
memory virtually eliminate erroneous and 
uncertain test data. 

No other network analyzer has all 
these features. 

GPIB programmability with 0.01 dB 
resolution. • 66 dB (+16 dBm to —50 dBm) 
dynamic range. • Better than 40 dB directivity 
from 10 MHz to 18 GHz. • New WSMA Detector 
with 10 MHz to 34 GHz range. • Automatic 
power measurement calibration. • LED readouts 
— no mechanical type readout controls. 
• Sweeper marker display with TILT Control. 
• Memory-corrected output data. • Refreshed 
non-flickering display. • Broadband com-
ponents that make uninterrupted transmission 
measurements from 10 MHz to 34 GHz and 

return loss from 10 MHz to 18 GHz. • Makes 
measurements with wave guide components. 
• No modulation required 

40 dB directivity. 
For high accuracy, the 560 offers 40 dB 

directivity with reference calibration enhanced 
by memory that stores the average of reflections 
from a short and an open. System residuals 
are subtracted from test data leaving only the 
test device characteristics for display. For a 
permanent record, use a CRT camera or X-Y 
plotter or under GPIB control, drive an X-Y 
plotter or printer. 

Prices begin at $5900. 
For an instrument with so many applications, 

prices are remarkably low-57250 with GPIB or 
$5900 without. A fully automated turnkey system, 
the Model 5610 which includes all necessary 
hardware and software is also offered. 

For an early demo or full data on the 560 
or 5610, phone Walt Baxter, (415) 969-6500 or 
address Wiltron, 825 East Middlefield Road, 
Mountain View, CA 94043. 

WILT R.01•1" 

Circle 121 on reader service card 



You don't ju 
you buy 

PM3212 25MHz Dual Trace Scope PM3226 15MHz Dual Trace Scope 

PM3266 100MHz Storage Scope PM3263 100MHz Microprocessor-Equipped 
Scope with Digital Delay 

PM3243 50MHz Multiplier/Storage Scope 

PM3214 25MHz Delayed Time Base Scope 
with Alternate Time Base Display 

PM3540 10MHz Logic State Analyzer 
with 25MHz Dual Trace Scope 

PM3218 35MHz Delayed Time Base 
Scope with Alternate Time Base Display 

So make sure you've got the most innovative 
scope company on your side—Philips. We've been 
around since 1891. Our first scope was built in 1936. 
And with its introduction began our concept of 
human-engineering—utilizing logical design and 
control placement to speed both learning and using. 

Over the years we've made a lot of scopes— 
and more electronic gear in more fields than you 
could imagine. 
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PM3500 100MHz 16 Channel 
Logic Analyzer 

But what have we done for you lately? We 
just introduced a 100MHz logic analyzer. There isn't 
a faster one on the market. And when there is, we'll 
design it, manufacture it, and stand behind it! Right 
here in the USA! Now you know why Philips should 
be your scope company. 
For more information call 800-631-7172. except in Hawaii, 
Alaska, and New Jersey. In New Jersey call collect (201) 
529-3800, or contact Philips Test & Measuring Instruments, 
Inc.. 85 McKee Drive, Mahwah. New Jersey. 07430. 



PM3225 15MHz Single Trace Scope PM3207 15MHzi5mV Dual Trace Scope PM3216 35MHz Single Time Base Scope 

PM3262 100MHz Dual Trace Universal 
Scope with 3 Channel Display and 

Alternate Time Base 

Test & Measurin 
Instruments 

PM3244 50MHz 4-Trace Scope PM3265 15b11;1Hz Scope with 
100MHz Analog Multiplier 

PM3234 10MHz Dual Beam Storage Scope PM3233 10MHz Dual Beam Scope 

PHILIPS 
Circle 123 on reader service card 



Our1800 series keeps expanding: 
RCA Introduces a multiply/divide unit 
for only $36 (1K+). 

Our new low-cost CMOS multiply/ 
divide unit, the CDP1855, is another 
good reason to consider the RCA 
1800 series of microprocessors and 
memories for your designs. 
The new CDP1855 can increase 

your computation speed. By over 500 
times if you are using our 1802 
microprocessor. 
And your design time will speed up 

Circle 124 on reader service card 

too. Because with the 1855 less 
software is required. 

Here are even more reasons to 
choose our 1800 series. 
We've also added the CDP1851 

interface I /0 with 20 bit-program-
mable I/O lines. 

Plus these three new latch/ 
decoder interfaces, CDP1866, 
CDP1867 and CDP1868. 

Equally important, the entire RCA 
1800 series offers the CMOS advan-
tages: low power consumption, wide 
temperature range, and wide voltage 
tolerance. 

For more information, contact 
your local RCA Solid State Distributor. 

Or contact RCA Solid State head-
quarters in Somerville, New Jersey. 
Brussels, Belgium. Tokyo, Japan. 

Cascaded: 32 x 32 bits or 64-i-32 bits. 



E3 JAPAN 

IM WESTERN EUROPE 

Ell U. S. 

Market Impetus, 
though slowing, 
overcomes 
rocky economies 
Closing out a better-than-expected year, the electronics 
industries of the United States, Western Europe, and 
Japan entered the new decade in high gear. The slow-
down that was supposed to overtake these markets just 
did not materialize, as total electronic equipment 
consumption rose 14.1% to $130.7 billion. 

This year, however, the growth rate will slow to 10.2%, 
according to the annual markets survey conducted by 
Electronics. This increase will put total electronic equip-
ment consumption at a little over $144 billion. Individually, 
the U. S. equipment market will grow by just 10.3% 
compared with the impressive 16.6% jump last year. 
Western European countries should fall back to 9.6% 
growth following an 11.5% increase in 1979. Japan 
appears to be ahead of the rest in expecting a gain — 
11.3% for 1980 compared with 10.2% in 1979. 
The components markets in the three areas are not 

quite as healthy-looking as the equipment, according to 
Electronics' figures. At $30.65 billion last year, total 
components consumption, including semiconductors and 
passives, was 10.2% ahead of 1978. Growth of 9.8% is 
expected for 1980. 
The reason for the slowdown in electronics consumption 

is that the general economies of the industrialized nations 
are stumbling under the burden of inflation and energy 
costs, already high and still rising. In the U. S., economists 
spent the year rescheduling the recession until business-
men began to wonder if it was ever coming. 
The Wall Street Journal recently summed up this 

economic confusion with: "Well, now everybody can 
relax. In the not-so-distinguished view of a majority of 
often-wrong forecasters, the most widely anticipated 
slump in U. S. history has— finally —arrived." 

Indeed, the indicators are pointing down, with the auto-
mobile makers the most concerned. Yet even with the 
energy crunch and the softening of consumer markets, 
there is a great deal of momentum in the American econo-
my. In a highly regarded business survey conducted by 
the National Association of Purchasing Management, 54% 
of the firms contacted were concerned about the next 12 
months, but only 9% were worried or pessimistic. That 
means that 37% were optimistic, a rather high percentage 
for the opening of a recession. 
The same bullish attitude permeates the electronics 
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industries. Only the consumer sector is hurting, and even 
within this market there are pockets of prosperity in such 
areas as video cassette recorders and toys and games. 

Computers, communications, and test and measure-
ment instruments all expect double-digit growth this year. 
Also not to be forgotten is the $22-billion-plus that Uncle 
Sam will be plowing into electronics. On the whole, as far 
as U. S. companies go, all slumps should be this bad. 
Western European countries are not as sanguine. The 

general economies of these nations have not been as 
robust as that of the U. S. during the last decade. The 
blame rests firmly on the oil shortage, which has not 
improved despite conservation measures far more strin-
gent than anything the U. S. has considered. 
A major bright spot in Europe will be the computer 

sector. Growth of almost 13% is expected this year. Even 
in the United Kingdom, where the growth in the Gross 
National Product is on the minus side, data-processing 
equipment will enjoy a good year. The European consum-
er sector, on the other hand, is in for lean times, with only 
4.7% growth projected. 
As for Japan, its total dependence on imported oil has 

already produced a flap with the U. S. over the Iranian 
crisis. That dependence has greatly weakened the econo-
my of the island nation. And with no relief in sight, 1980 
looks to be another lackluster year industrially. 
Oddly enough, Japan's electronics equipment sector 

will not only outpoint its GNP—an easy enough task these 
days—but show a gain over 1979. The reason for this 
glitch can probably be found in the data-processing 
sector. Last year computer sales fell short of expectations, 
gaining only 3.7% instead of the 11.5% predicted. First 
waiting for the IBM Series 4300 and then adjusting to the 
price cutting it set off put a dent in the figures. This year 
data-processing equipment should be back on the 
track— Electronics projects a gain of 10.2%. 

Not to be forgotten in the market picture is the rest of 
the world's consumption of electronic equipment and 
components. Though much harder to get a handle on than 
the well-established areas, the figures for countries in 
Latin America, the Near East, and Asia are encouraging. 
For example, U. S. officials have estimated that the 
computers and peripheral equipment market in Argentina 
will reach $55 million by 1981. Consumption in Australia 
will top $480 million this year. Minicomputers are growing 
at 27% annually in Brazil. Even in Taiwan, the minicom-
puter market is expected to go from $1.7 million in 1977 
to $20 million by 1982, whereas peripherals will rise from 
$12.6 million to $59 million. In Israel, where the demand 
for data-processing equipment has been increasing by 
30% a year since 1977, the figure should be over $110 
million this year. 
Communications equipment has always enjoyed a solid 

market in the developing nations. The U. S. State Depart-
ment estimates, for example, that Brazil will have a market 
worth $1.7 billion by next year. Algeria plans to spend $1 
billion for communications projects over the next five 
years. Egypt has earmarked $17 billion for communica-
tions through 1999. And Venezuela will have a market of 
about $266.5 million next year. 

Estimates for these countries come from International 
Marketing Opportunities/Electronics, published in 1979 
by McGraw-Hill Inc. 

Reprints of this set of three market reports are available 
at $4 each. Write to Electronics Reprint Department, P. O. 
Box 669, Hightstown, N. J. 08520. Copyright 1980, Elec-
tronics, a McGraw-Hill publication. 

U. S. 
MARKETS 
As the decade ended, one recurring question in the U. S. 
electronics industries was: what happened to the reces-
sion? Except for a few soft spots, there was little sign of a 
decline as total equipment consumption for 1979 jumped 
almost 17% to $71.55 billion over the previous year. 

Now, as the new decade dawns, a second question is: 
will the recession hit in 1980? The situation is almost a 
replay of the outlook a year ago—there is enough 
momentum to carry the industry upward through the first 
half and maybe even the entire year, despite general 
economic uncertainties. The annual Electronics market 
survey puts the 1980 equipment total at $78.93 billion, 
which would be a 10.3% gain over 1979. Total compo-
nents consumption, including semiconductors and pas-
sives, should log $15.87 billion, or a 13.9% growth. 
These figures are pretty optimistic in view of the outlook 

for the general economy. Yes, it is an election year and 
incumbent presidents running for re-election do not like to 
send voters to the polls during a slump. Nevertheless, the 
view at present is rather gloomy. 
The McGraw-Hill Economics department predicts that 

there will be a recession with a decline of real Gross 
National Product of 1.5%. Making matters worse, the drop 
in GNP will be accompanied by a predicted inflation rate 
of 9% and a worsening energy crunch. Thus, with high 
inflation and high unemployment in the offing, the Carter 
Administration faces a policy dilemma that, if the past is 
any guide, will probably be settled on the side of fiscal 
stimulation at the cost of fueling inflation. 
The U. S. economy faces three depressing results of 

high and rising energy costs coupled with inflation: 
D Increased instability in international currency markets, 
raising the costs of doing business internationally. 
0 Depressed consumer confidence. 

Raised cost of domestic capital. 
All three of these factors will influence the electronics 

business, slowing somewhat the unexpectedly high growth 
rate set last year. The bad news is that the problems of 
high energy costs and inflation are long-term woes inhib-
iting strong economic recovery. The good news is that the 
electronics industries seem to be able to handle the down-
turns and still chalk up decent gains. 

So, a third question making the rounds these days goes: 
are the electronics industries recession-proof? A look at 
the Electronics tables (p. 136) provides an answer of 
sorts, which is, it depends. Certainly computers, with a 
growth of 12% expected, communications at 11%, and 
instruments at 12% are arguments for a recession-proof 
business. But the consumer sector with no growth, in fact, 
a loss when inflation is figured, is clearly going to suffer. 

Perhaps the best argument for recession-proof indus-
tries is the semiconductor sector (p. 134). The memory 
and logic products that were hot in 1979 are still going 
strong, with allocations and long lead times more of a 
factor than economic slowdown. Overall semiconductors 
will roll along at a 25.7% growth rate this year. 

Even the co,nponents area has a bright look. According 
to the Electronics survey, components will shrug off most 
of the effects :-)f the consumer products doldrums and 
come home w , • 7.2% increase to $9.50 billion. 
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COMPUTERS  

Growth despite the recession 
No matter what portion of the computer and peripherals 
industry is examined, the byword for the 1980s is "dou-
ble digits." The total U. S. market for data-processing 
and office equipment is the world's largest, topping 
$26.5 billion in 1979 and expected to reach $45.6 billion 
by 1983. By far, it is the largest portion of the U. S. 
electronics markets. 

Although the total 1979 figure is up about 29% from 
the previous year, it is expected to slow down to 14% 
growth during 1980—not bad for a recession year. Data-
processing manufacturers surveyed by Electronics do not 
see the growth falling below double digits between now 
and 1983, once again enforcing the belief that the indus-
try is somewhat recession-proof. 
The 14% growth hides a number of subcategories that 

will grow at notably better rates of between 20% and 
25% this year. Among them are small-business computer 
systems, Winchester hard disks, terminal and data-
communications equipment, and that perennial top 
performer, minicomputers, as well as minicomputer 
memory systems. In addition, floppy disks should grow 
by an impressive 35%. 

Ordinarily considered the entry-level system for the 
neophyte, small-business computers have received a 
technological shot in the arm in recent years. The advent 
of microprocessor-based systems and personal computers 
has expanded the low end of this market, while newer, 
more compact minicomputers and peripherals have 
increased the power and appeal of the high-end systems. 
Recent machines such as Tandy's TRS-80 model II and 
Hewlett-Packard's HP-300 are representative of the two 
extremes. IBM further stimulated the market this year 
with the introduction of its System/38 and the small 
model 4331 processor. With 1978 shipments of $1.2 
billion, the small-business market is expected to grow at 
some 200% to reach $3.6 billion by 1983. Worldwide, 
market consultants Creative Strategies International, 
San Jose, Calif., sees the market growing annually by 
34% to $9 billion by 1983 (see chart). 

Putting it on disk 

An indispensible component of all computer systems 
these days is the disk drive, a fact borne out by the 
market size. During 1978 some $1.9 billion of all types 
of data-storage subsystems were shipped—and to this 
amount can be added several million dollars more hidden 
in the figures for total systems shipments. 

Altogether, the worldwide market for 14-inch disk 
drives- was $3.6 billion in 1978, Creative Strategies says, 
and is growing at a rate of 19.5% a year, with tape drives 
accounting for another $423.3 million. By 1983, the firm 
estimates worldwide market consumption will be $8.88 
billion for disks and $1.94 billion for tape. 
Two of the most dynamic types of data-storage 

peripherals are floppy disks and small 8-in. Winchester-

style hard disks. Their use in the growing small-business 
systems, the acceptance of double-sided, double-density 
versions, and the popularity of the 5.25-in. minifloppies 
caused this total market to reach $477.4 million in 1978, 
according to James Porter's Disk/Trend report. Growing 
at a rate of 39%, they are projected to reach $1.77 billion 
worldwide by 1982. 
The 8-inch Winchesters, scaled-down versions of the 

sealed media drives popular with large-system users 
because of their increased reliability, are just going into 
production this year. But Creative Strategies estimates 
that by 1983 worldwide shipments of these drives and 
smaller versions could reach $298 million. 
Thanks to the increasingly popular trend toward 

distributed data processing, the market for data-commu-
nications terminals is growing by leaps and bounds. 
Many manufacturers, most notably IBM and Digital 
Equipment Corp., are finding it hard, if not impossible, 
to keep their manufacturing up with the estimated 32% 
growth in the market. At the same time, source data-
collection terminals, most of them specialized, are grow-
ing at a rate of 20% a year. 
As noted, minicomputers retain their place on the 

glamour list of market leaders. After several years of 
breathtaking 30% to 35% growth, however, there was a 
"mere" increase of nearly 27% between 1978 and 1979. 

The right stuff. Small-business computers are setting a blistering 

pace with new entries introduced at both the high and low ends of 

the market. Worldwide, the small-business market is expected to 

grow at a rate of 24% to reach in excess of $9 billion by 1983. 
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CONSUMER 

Little entertainment in the figures 
The transition from the 1970s to the 1980s will include 
landmark events in the consumer electronics market-
place—some profitable, some uncomfortable, but all of 
major importance to the bottom line for equipment 
manufacturers and their components suppliers. 

Several products made major sales gains in 1979 and 
will continue to make strides in 1980 despite the general 
decline expected in consumer spending. Long-standing 
products such as color television receivers, however, will 
go through severe profitability tests during the 1979-80 
recession. Overall, U. S. consumption of consumer elec-
tronics will rise by 1%, to $12.79 billion this year, 
according to Electronics' survey. 

First the bad news: color television sales to dealers will 
record their second straight drop in units sold. From the 
halcyon year of 1977, with sales of more than 10 million 
units, the industry dropped to an estimated 9.7 million in 
1979. And with the recession taking hold, a drop of 5% is 
expected overall for 1980 compared with 1979. Sales to 
dealers will probably not exceed 9.2 million units. Total 
sales of $3.37 billion are forecast for 1980, compared 
with $3.58 billion in 1979. 

However, the interesting news in TV sales for 1980 will 
be the nature of the marketplace: imported sets are no 
longer the aggressive predators. Imports were down 
about 50% in 1979 compared with 1978, thanks to the 
Orderly Marketing Agreements negotiated by the U. S. 
Government, although production of Japanese-brand 

Changing times. Though the traditional entertainment products— 

color TV and hi-fi audio gear—drag along at a relatively flat dollar 

value, the relatively new products in the consumer sector, like VCRs, 

games, and microwave ranges, will zoom to $5.2 billion this year. 

sets in U. S.-based plants increased. Industry sources 
believe that the most intense price competition over the 
next year will come among the domestic-brand compa-
nies as they struggle for increased market shares through 
rebates, special sales, and additional advertising and 
promotion activities. Though 1978 and early 1979 were 
marked by relatively strong earnings for some of these 
manufacturers, 1980, as noted, will not be as lucrative. 

Another important transition to anticipate over the 
next decade: the American consumer is using color tele-
vision increasingly as the display device for nonbroadcast 
entertainment. However, prospects for 1980 are not very 
encouraging. Video cassette recorder sales are exception-
ally vulnerable to the recession because of the large 
number of first-time purchasers who could postpone 
buying until better days. A healthy increase of 24% from 
1979's sales level of $336.6 million is probable. 
Video disk players, though lower-priced than the 

VCRs, will not make much of a showing this year. 
Magnavox Corp. has been marketing the Philips-MCA 
optical system on a region-by-region basis and expects to 
be selling nationwide by the end of the year. And RCA 
Corp.'s Consumer Electronics division has announced 
that it will not be ready to market its capacitance player 
until 1981. The Japanese, too, will make a big splash 
when they finally decide to jump into this competition. 

On the road 

The automotive electronics market looks ready to roll, 
despite the downturn in car sales. The reason for the 
expected growth is that more electronics is going into 
each car. In 1978, only a handful of American automo-
biles contained electronic engine-control systems, but 
almost all 1981 model year cars will be equipped with at 
least one microprocessor, assorted memory chips, and a 
half dozen or more solid-state sensors in systems 
intended to boost fuel economy and reduce harmful 
emissions. In addition, the market for more powerful 
stereo radios, cassette players, and other high-quality 
components will be a $1.4 billion cut-throat arena in 
1980. Altogether, the value of auto electronics will jump 
22%, even though overall auto sales will slump. 

Another high-growth area for electronics is the game 
and toy industry. In 1977, manufacturers' wholesale 
revenues from electronic games were about $12 million, 
but by 1979 hand-held football, baseball, astrology, and 
skill games accounted for $417.8 million, with demand 
far outstripping the capacity of the toy makers and their 
semiconductor suppliers. In fact, the demand for elec-
tronic games in 1979 exceeded any other single toy 
product category, including stuffed animals, board 
games, and even Christmas trees and ornaments. But the 
phenomenal 300% increase in sales chalked up between 
1978 and 1979 will slow to a merely terrific 70% growth 
level in 1980, again limited by production. 
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COMMUNICATIONS 

Bits and birds catch on 
As 1979 rolled along, the oft-predicted economic reces-
sion was repeatedly postponed. And now with the 
pundits still unsure about a bona fide recession, the 
consensus in the communications industry is that, 
barring a major slump, another good year will chalk up a 
sales total of $4.7 billion, 11% above 1979. 

For this sector of the electronics industries the 1980s 
appear promising, with various forms of information 
teleprocessing from office automation to satellite 
communications expected to blossom. 
As in 1979, it is expected that the trail leader in 1980 

will be the continued growth of digital communications. 
This field is being driven by the ever-growing use of 
large-scale integration technology. 

In one of the major moves of the year from the 
viewpoint of the office-of-the-future industry, American 
Telephone & Telegraph Co., plagued by software, hard-
ware, and regulatory problems, stopped attempting to 
get its Advanced Communication Service on the road, at 
least for the near future. While competitors Satellite 
Business Systems Inc. and Xerox Corp. were gleeful, 
their happiness was overshadowed by their own problems 
with Federal agencies. 

Further stirring the brew, the attempt by the Congress 
to overhaul the Federal Communications Commission 
and the 1934 Communications Act, which sets the rules 
for who does what in the communications industry, fell 
on its face for lack of support. No one was sure whether 
some definitive action would occur in 1980. Neverthe-
less, nonmonopoly businesses and even mostly monopoly 
AT&T were cheered by indications from the FCC that it 
intended to encourage free and open competition in as 
many areas of communications as possible. 

Meanwhile, AT&T and the non—Bell telephone compa-
nies continued to grow in most departments. According 
to the FCC common carrier statistics, 1979 saw a 4% unit 
growth rate and 1980 will see one of 3.5% for a total of 
almost 182,000,000 telephones by the end of the year— 
this in spite of increased competition from such other 
suppliers as the growing interconnection industry (see 
figure). 
The increase in the use of digital technology in both 

satellite and terrestrial communications is helping manu-
facturers of digital devices do almost a land office busi-
ness. For example, satellite earth stations and associated 
equipment manufacturers should reach a $150 million 
total this year. In contrast, the makers of slow analog 
modems will see a flattening of demand. On the bright 
side, high-speed digital devices operating in the 4,800-
and 9,600-bit-per-second range will see a 12% growth. 
This reflects the increased need for higher-speed data 
handling throughout the communications industry. 
The ability to put intelligence in almost every piece of 

communications gear from facsimile machines to private 
branch exchanges has led to the growth of communica-

tions teleprocessing as a discrete industry. In the systems 
manufactured by companies in this business, it is diffi-
cult to define whether the device is a computer or simply 
a data-generating or data-handling machine with a 
communications capability. This industry will experience 
substantial growth in the decade of the 1980s. By 1985 
the digital telecommunications market alone should hit 
$1.5 billion, according to the Yankee Group, a market 
research firm in Cambridge, Mass. 

A braking effect 

Tempering the optimistic outlook for the industry is 
the fact that conversion of already installed large 
communications systems into integrated digital systems 
is a costly and time-consuming process. Such a change-
over is driven not by technology, but by depreciation 
economics. Often enough, users are not in a hurry to 
convert to digital or fiber-optic technology until initial 
system investment costs have been recovered. 

Fiber-optic systems with their environmental and 
bandwidth advantages will continue their explosive 
growth in 1980 though the "experimental" installations 
are still only a drop in the communications industry 
bucket. Sales in this area, almost nonexistent a few years 
ago, are expected to be up to $90 million in 1980, 
according to the Electronics survey. 

1977 1978 1979 1980 1981 1982 1983 1984 1985 

SOURCE, NORTH AMERICAN TELEPHONE ASSOCIATION . 

Lots of hookups. The interconnect industry is carving out its own 

niche in the special-telephone marketplace. As the curve shows, the 

growth is expected to be even sharper in the next 6 years than it has 

been in the last 10. 
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TEST AND MEASUREMENT  

Automation stars 
The test and measurement industry bade a fond farewell 
to the departing decade as overall sales, totaling $2.7 
billion, jumped 18% in 1979. The threatened slowdown 
never materialized, so that the industry's growth was 6% 
better than anticipated at the end of 1978. 
As they looked to the new decade, however, executives 

were still wary, in spite of their sizable backlogs of 
orders and plans for numerous product introductions. 
Conservatively, they see a growth of 11% for the next 
four quarters, putting the industrywide factory-level 
sales total at nearly $3 billion by the end of that period. 
Yet even the spectre of recession is unable to darken the 
prospects for growth for certain sectors of the market. 

Concern for increased production and productivity is 
most visible in the area of automated test equipment. All 
facets of the ATE market are likely to shine this year. 
Sales of equipment destined for U. S. manufacturers will 
enrich the coffers of ATE companies to the tune of 
$451.1 million, or 16% more than last year. Leading the 
ATE pack with a growth rate of 21% will be loaded-board 
testers—the broadening base of electronic applications 
will catapult these sales to the $203.3 million level. In 
addition, a sharp growth of 16% is expected in the sale of 
bare-board testers as multilayer and other more complex 
techniques of board fabrication reduce the role of visual 
inspection as a viable means of catching manufacturing 
defects. Behind board tester sales in growth but outpac-
ing them in dollars are those for automated device 
testers. The requirements of faster parts as well as 
complex analog-digital integrated circuits will boost 
1980 sales in the U. S. by 12% to $234.2 million. 
As for the market in discrete instrumentation, the 

microprocessor and the IEEE-488 bus are the leading 
sales factors. The microprocessor continues to be a 
twofold blessing. On the one hand, it expands the market 
for digital test instruments, and on the other, it makes 
the instruments themselves more capable. The IEEE-488 
bus, too, accounts for many instrument sales since more 
and more companies want to automate bench and 
production measurements to reduce the drain on engi-
neering talent. 

Microprocessor development system sales, which leapt 
an astounding 41% in 1979, will continue to grow but at 
about half the pace. Likewise, sales of logic analyzers, up 
40% last year, will forge forward more slowly. MDS sales 
should rise 20% this year to push the $200 million mark, 
while logic analyzers are predicted to bring in 27% more 
than last year for total sales of $73.5 million. And sales 
of dedicated IEEE-488 bus controllers are expected to 
rise 20% to $56 million in 1980. Pulse generators, too, 
will enjoy healthy sales, up by 13%. 

Still the king among individual instruments in dollar 
value is the oscilloscope. While the rate of sales growth 
for scopes, at 12% both last year and this, may not be as 
dramatic as for logic analyzers and development 

Everybody needs It. Automatic test equipment will feel demand 

from users to test both components and complete assemblies, with 

growth 12% for component testers and over 20% for completed 

assembly testers. The market will near $800 million by 1983. 

systems, the scope will still bring in a healthy $276.5 
million this year. Plotter and recorder sales, likewise 
undramatic, will still represent a healthy $206.9 million 
in 1980. 

Healthy traditions 

For drama in traditional instrumentation, market 
watchers will have to keep their eye on low-end digital 
multimeters, temperature-measuring equipment, spec-
trum analyzers, and function and sweep generators. 
Multimeters with 31/2 digits or less should score a 17% 
sales growth this year, but the increase in competition, 
most notable in the market in hand-held meters, may 
dampen that projected growth —to $37.3 million—with 
unit cost cutting. Temperature-measuring equipment, 
accounting for $20.2 million in sales last year, seems 
headed for a 14% increase this year. 
Of the last three dramatis personae, sweep generators 

sales promise to show the most presence, growing by 
14% to $70.8 million in 1980. But spectrum analyzer and 
function generator sales will not be upstaged by much; 
the former will grow by 13% to $74.7 million while the 
latter gains 12% to bow out at $41 million by year's end. 
The market for analytical instruments grew slowly last 

year, with overall sales increases of 10% in 1979. This 
trend should continue through 1980, with gas chroma-
graphic equipment proving the exception. 

In the medical arena, X-ray equipment seems to be 
succumbing slowly to ultrasound for noninvasive diagno-
sis. In general, the medical instrumentation market 
should enjoy a cautious growth of 12% in 1980. 
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SEMICONDUCTORS  

Demand surging ahead of growth 
If the 1980s come in the way the 1970s went out, the 
U. S. semiconductor industry has no worry, except how 
to get capacity up to meet demand. Last year, producers 
found themselves unprepared for the increased 
demand—some 29% overall—in face of what was sup-
posed to be a slowdown. 
The bubble has not burst yet, as overall growth will 

continue this year at nearly the same level, according to 
Electronics' survey. The 26% total gain for semiconduc-
tors to $6.4 billion in 1980 will be fueled primarily by 
sales for integrated circuits— up 32% to $4.9 billion. 

Essentially, as Michael Krasko, vice president at 
Merrill Lynch Pierce Fenner & Smith, New York, 
points out, it is "no longer reasonable to link the semi-
conductor industry's fate to that of the general econo-
my," because of the expanding applications. As proof, 
the order backlogs of the computer and instruments 
industries, which together consume more than half of all 
semiconductor production, show none of the sequential 
changes that would point to a downturn, he says. 

However, the industry may no longer be capable of 
supporting its own rapid growth, as exemplified by the 
TTL families of small- and medium-scale integrated 
devices. These so-called "glue" parts, needed for nearly 
every digital design, will see shipments rising 18% to 
$833.3 million, still short of demand. Low-power Schott-
ky TTL will have the greatest increase by far —38% to 
$294.4 million. 

Swinging singles. Thanks to electronic toys, games, and microwave 

ranges, single-chip microcomputer sales will increase at a healthy 

rate, especially for 4-bit units. According to research firm Frost & 

Sullivan, shipments of these chips will pass 8-bit units by 1982. 

Thanks to computer and automotive demands, TTL 
memory will enjoy enormous growth this year. Indeed, 
half of last year's bipolar fuse-link programmable read-
only memory sales will be required again this year just to 
satisfy Detroit; total bipolar PROM sales will be up a 
whopping 48% to $206 million. 

Emitter-coupled logic, too, is on the upswing, the total 
market rising 31% to $74 million as designs of smaller 
systems headed for higher speed appear. Still, nothing 
can compare with the demand for mos memory, most 
notably the 16-K dynamic random-access memory. The 
unanticipated demand for it last year rocketed sales 
122% over the previous year to $290 million, and that 
trend can be expected to continue. The requirements of 
new, larger computers and add-on memories for them, as 
well as those of the growing personal computer market, 
coupled with IBM's recently announced merchant-market 
requirements for the 16-K chips, will boost 1980 sales 
90% to the limits of industry production —$550 million. 

64-K RAMs await takeoff 

Since only a few manufacturers are currently 
supplying samples of 64-K dynamic RAMS, the market 
has not yet emerged. By the end of this year, however, 
sales of the devices should reach $35 million. 

Static RAMS will enjoy great growth, both fast parts 
for computers and bit-slice processors and slower ones 
for microprocessor-based systems. The total will rise 
33% to $443.7 million. 
The ultraviolet-light—erasable PROM will see growth of 

44% to $318.5 million and will remain unchallenged for 
years as the popular read-only storage element for 
microprocessor systems. However, the electrically erasa-
ble PROM, emerging this year in several microprocessor-
oriented forms that complement earlier devices, will 
begin its road to dominance in 1983, when its sales will 
reach $220 million. 

Finally, bubble memories, still in infancy, will rack up 
respectable sales of $55.5 million this year, as quarter-
and full-megabit chips enter the production phase. By 
1983, that figure should rise to $136 million. 
Toys, games, and appliances are predominantly 

responsible for the dramatic increase in single-chip 
microcomputer sales, up 122% this year to $205.5 
million. As for standard microprocessor types, growth in 
8-bit devices will be steadily above 30% per year, where-
as the recently introduced 16-bit types will swell the 
market by $37.5 million next year. 
As the demand for microprocessors continues to 

skyrocket, so, too, will the demand for related linear ICs, 
particularly data converters, coder/decoders, sensors, 
and interface products. Sales for linear ICs will be up 
almost 10% from last year to $746.4 million this year 
and will grow to a total of $1.2 billion by 1983, albeit at 
a somewhat slower rate. 
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COMPONENTS  

Unaggressive growth in store 
Undaunted by all the talk about an upcoming recession, 
components sales closed out the decade well, rising to a 
total of $8.87 billion last year, up 11% from 1978's 
totals. Still, projections are that slowdowns in the auto-
motive, consumer, and some industrial sectors will temp-
er component growth going into the 1980s to an increase 
of only 7% by the end of this year. This growth should 
pick up, however, once the expected slowdown in the 
economy ends, and by 1983 component sales should be 
up by about 26% over 1980 sales. 

Passive components like resistors and capacitors 
should track the overall electronic equipment market 
trend of higher sales. Last year, resistors and capacitors 
registered 11% increases each over 1978 sales. Resistors 
are expected to increase by about 4% to $760.1 million, 
and capacitors by about 7% to $1.05 billion by the end of 
this year. By 1983, resistors will be a $917 million 
market and capacitors a healthy $1.32 billion market. 
About half of all resistor and capacitor sales will go to 
the industrial and commercial sectors. 
Some resistor sales are expected to flatten out and 

drop slightly this year. Fixed resistor sales for 1980 
should remain virtually flat, whereas composition and 
metal-film types will register slight increases, but these 
will be offset by small decreases in deposited-carbon and 
wirewound resistors. The largest increases for 1980 will 
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Still growing. Components such as capacitors and resistors are 

expected to grow along with the electronic equipment market at an 

even pace. However, readout devices will benefit from large gains in 

computers and hybrids will ride coattails of microprocessors. 

be enjoyed by thick- and thin-film resistor networks, 
which are expected to climb 12% this year and another 
36% by 1983 for a $268.5 million market by then. 

Sales of film, mica, glass, and vitreous enamel capaci-
tors for 1980 will also feel the general economic down-
turn expected this year, dropping slightly. Glass and 
vitreous enamel capacitor sales will continue to drop by 
small amounts into 1983, while mica capacitors will 
register only modest gains by then. Large gains will be 
posted by chip capacitors as hybrid circuits increase in 
use. Chip capacitor sales jumped last year by 17% over 
1978 sales and are projected to increase another 13% this 
year and a further 55% by 1983. As more switching 
power supplies become available, electrolytic capacitor 
sales will benefit, posting another 8% gain for 1980 atop 
the 9% gain registered last year. By 1983, electrolytic 
capacitor sales should soar to a total of $435 million. 
The industrial market segment is expected to garner a 

greater share of the total relay market as electronics 
penetrates more plants and factories to improve lagging 
U. S. productivity. The total relay market will expand to 
$559 million by the end of this year. This represents a 
10% increase over last year's sales of $508 million. By 
1983, an impressive 19% increase can be expected in 
total relay sales over those of 1980. 

Traditional hardware components like switches will 
hold their own and then some. An expected increase in 
electronic products across the board from computers to 
instruments will bring the total switch market to $711 
million by the end of this year. This is only a 10% 
increase over last year's total of $645 million and a 
smaller growth rate than the 1978-79 period of 14% and 
reflects the general softening if not downturn of the 
economy this year. By 1983, the total switch market 
should climb by about 37% over this year's sales to $975 
million. Part of this rapid switch growth will be borne by 
keyboard assemblies, which will shoot up by more than 
50% by 1983. 

Digital influences 

The trend toward the use of semiconductor memory 
for computers is indisputable and is taking over a bigger 
chunk of the once-dominant magnetic-core memory 
market. Last year's core memory sales of $63 million 
represented a 10% decrease from 1978 sales of $70 
million and should decrease by another 21% by the end 
of this year to 1980 totals of just $50 million. By 1983, 
core-memory sales should drop by a huge 80% from 
1980 sales, down to a mere $10 million. 
As more electronic equipment permeates information 

handling, the need to display this information will mean 
a boom in readout devices. Last year, this market grew 
25% to nearly $230 million. Another 20% increase is 
expected this year, and by 1983 this market will hit $391 
million, a 41% increase over 1980 sales. 
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INDUSTRIAL  

Electronics to the rescue 
There was little real economic growth in 1979 and the 
likelihood is for recession and decline in 1980, concludes 
a survey of all types of American businesses conducted 
by the economics department of the McGraw Hill Publi-
cations Co. But for industrial electronics companies 
contemplating specifics, the picture is not nearly as 
gloomy. Particularly bright areas seem to be those tied 
to improving productivity and to energy conservation. 
The machine tool business was "fantastic" in 1979, 

according to a spokesman at the National Machine Tool 
Builders Association, McLean, Va. For the first 10 
months of 1979, orders were 34% ahead of 1978, and 
that year was 45% ahead of 1977. That's good news for 
makers of numerical controls for the tools. 
"We're pretty much solidly booked for next year," 

says Charles Britton, marketing manager at the Elec-
tronics Systems division of Cincinnati-Milacron Inc. in 
Lebanon, Ohio. "The backlogs in the machine tool areas 
are very strong." 

Big orders are coming in from U. S. automobile 
makers, despite their declining sales. The reason is that 
they must add new controls as they convert their lines to 
the smaller, more fuel-efficient models, points out Theo-
dore F. Fluchradt, manager of the Industrial Automa-
tion department, Westinghouse Electric Corp., Orlando, 
Fla. Aerospace firms and makers of off-the-road vehicles 
are buying too, he says. And he looks forward to penetra-
tion of industries like woodworking as microprocessors 
get more capable and prices of numerical controls drop. 

But even faster growth is being experienced by manu-
facturers of programmable controllers, the computer-
like replacements for hard-wired electromechanical and 
solid-state relays on things like transfer lines and large 
machines. "It was another excellent year for program-
mable controllers," says John A. Blaeser, vice president 
and general manager of Modicon division of Gould Inc., 
Andover, Mass. He believes the market expanded by 
50% in 1979, and he looks forward to similar growth in 
1980, even "if capital spending is flat." 
Systems for managing energy and controlling facilities 

in buildings and factories will continue in 1980 as a "hot 
new market," according to a study released late last year 
by Frost & Sullivan Inc., the New York—based market 
researchers. The study pegs the market at $205 million 
in 1980 and • predicts it will grow at an 8% average 
annual rate to $350 million in 1988. Such systems could 
save $5 billion a year, according to the study. 

Also related to increasing productivity, process control 
equipment will sell well in 1980. "The recessionary 
impact is ahead of us yet," says James W. Turner, 
director of strategic planning at Honeywell Inc.'s 
Process Control division, Fort Washington, Pa. "And 
should there be a recession, we will lag behind it by six to 
nine months because of the long-range commitments 
that are made by our customers." In particular, he points 
to chemical and petrochemical plants as strong buyers of 
digital process-control systems, with the basic metal 
industries having difficulties. 

Federal   

Savoring of SALT-2 
The magic number of $22.2 billion for Federal electron-
ics expenditures in calendar 1980 represents a 10% gain 
from last year despite the fact that 1979 outlays rose 
more than initially forecast to top $20 billion. Inflation 
represents the biggest reason for the increases in both 
years, but there are others that Federal budget special-
ists in most agencies agree are just as important. 

Projected defense expenditures of $20 billion, for 
example, will account for more than 91% of the Govern-
ment total. While the gain in military outlays is expected 
to be much larger after October, when the Federal fiscal 
year 1981 begins, the last three quarters of fiscal 1980 
that began this month will produce a significant share of 
military electronics' growth. The Defense Department's 
fiscal 1980 spending program is pegged at 3% "real 
growth" after an inflation factor of 7.5%. Fiscal 1981 
outlays, however, are expected to show 5% "real 
growth," reflecting President Carter's agreement with 

Senate leaders to spend more as a condition for their 
support of ratification of the Strategic Arms Limitation 
Treaty (SALT-2) with the Soviet Union. 
The three-way split of funds among military procure-

ment, research and development, and operations and 
maintenance will not change much in 1980 from last 
year. But the respective shares of 48%, 34%, and 18% for 
each of the three categories for the full year do tend to 
mask the heavy increases to come in the accounts for 
RDT&E and ci&N4 in the fourth quarter when fiscal 1981 
begins. Contractors are already gearing up for more 
Federal R&D funds, as well as more money for mainten-
ance as the DOD pushes to keep a larger proportion of its 
weapons operational for longer periods of time. 
The coming DOD supplemental budget request could 

push 1980 spending even higher. But some of the DOD's 
gains will come at the expense of other agencies, notably 
the National Aeronautics and Space Administration. D 
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U. S. MARKETS 
FORECAST 1980 
Market estimates represent industrywide consump-
tion (at the factory level) of goods shipped by U. S. 
and foreign manufacturers for the U. S. market. 
Some product categories have been added, deleted, or 
redefined. Therefore, these totals are not directly 
comparable to those of previous years. 

(millions of dollars) 

COMPONENTS, TOTAL 
Resistors, total 
Fixed, total 
Composition • 
Deposited-carbon 
Metal-film 
Wirewound 

Variable, total 
Potentiometers, wirewound 
Potentiometers, nonwirewound 
Trimmers, wirewound 
Trimmers, nonwirewound 

Thermistors 
Resistive networks, total 

Thin-film 
Thick-film 

Capacitors, total 
Paper 
Film 
Electrolytic, total 
Aluminum 
Tantalum 

Mica 
Glass and vitreous enamel 
Ceramic, except chips 
Variable 
Chip 

Relays, total 
General-purpose 
Telephone-type 
Crystal-can 
High-sensitivity 
Rf 
Reed 
Stepping and impulse 
Time-delay 
Solid-state 

Switches, total 
Small-movement snap-action 
Lighted 
Push-button 
Toggle 
Slide 
Rotary 
Coaxial 
Thumbwheel 
Dual in-line 
Keyboard, single-key 
Keyboard, assemblies 
Solid-state (including Hall-effect) 

Magnetic, total 
Computer memory cores 
Transformers, chokes (except TV), total 

Laminated 

COMPONENTS 

1978 1979 1980 1983 

7,982.0 8,873.2 9,501.0 11,929 
660.0 730.7 710.1 917 
218.5 229.4 229.1 258 
60.0 62.3 62.6 63 
21.5 23.1 22.0 26 
75.0 79.0 81.0 99 
62.0 65.0 63.5 70 

239.5 267.2 272 318 
38.5 43.0 43.0 50 
98.5 109.7 109.0 130 
22.5 24.5 25.5 28 
80.0 90.0 94.5 110 
53.0 56.5 60.2 72 
149.0 177.6 198.2 269 
69.0 79.0 88.0 114 
80.0 98.6 110.2 155 

8829 979.5 1047.1 1317 
88.2 89.3 90.4 98 
110.0 119.0 115.0 123 
320.9 349.0 377.8 435 
153.0 176.0 200.0 220 
167.9 173.0 177.8 215 
32.0 34.0 33.0 36 
5.4 5.4 5.2 4 

265.4 310.7 346.4 509 
22.9 27.7 29.0 34 
38.1 44.4 50.3 78 

465.11 507.5 559.2 865 
148.0 152.8 170.0 220 
30.0 34.0 36.7 41 
73.5 78 90.2 102 
29.0 32.0 35.0 46 
88.0 97.0 98.6 104 
35.0 41.5 45.0 55 
5.0 4.6 4.2 4 

28.8 31.1 35.5 41 
28.5 36.5 44.0 52 

586.8 644.7 711.0 975 
80.5 84.5 88.5 103 
78.0 89.0 94.0 141 
91.0 100.0 109.4 131 
28.5 30.2 33.2 44 
28.0 32.2 36.1 48 
99.0 121.0 130.7 181 
19.3 22.0 25.1 37 
23.5 26.0 28.5 38 
25.0 30.6 36.2 49 
5.0 5.2 5.2 8 

70.0 80.0 95.0 143 
19.0 24.0 29.1 52 

795.2 452.1 872.0 984 
70.0 63.0 50.0 10 

269.0 299.0 316.0 382 
172.0 193.0 205.0 237 

(millions of dollars) 

Toroidal 
Pulse transformers 

TV components 
At coils 

Electron tubes, total 
Receiving 
Power and special-purpose, total 
High-vacuum 
Gas and vapor 
Klystrons 
Magnetrons (including cross-field amplifiers) 
TWTs (including backward-wave) 
Light-sensing tubes 
Image-sensing (including TV camera 
and image-intensifier) 

Storage 
Cathode-ray (except TV) 

TV picture, black-and-white 
TV picture, color 

Microwave harehrero, total 
Mixers 
Detectors 
Amplifiers 
Passive components, total 
Waveguide 
Coaxial and strip-line 

Switches, total 
Waveguide 
Coaxial and strip-line 

Ferrite devices, total 
Isolators 
Circulators 
YIG devices 

Power limiters 

Readout devices, total 
Discrete, total 

Incandescent 
Fluorescent 
Light-emitting diode 

Multidigit, total 
Gas-discharge 
Segmented 
Dot-matrix 

Fluorescent 
Electroluminescent 
Light-emitting diode 
Liquid-crystal 

Transducers, total 
Pressure 
Temperature 
Motion, linear 
Motion, angular 
Torque 
Vibration 

Crystals, total 
Discrete crystals, total 
Communications 
Color TV 
Watches 
Filters 

Assemblies (including mounts and ovens) 

Passive filters and networks, total 
Rectifier assemblies 
LC filters 
Electromechanical filters, total 

Crystal 
Ceramic 
Other 

At and emi filters 
RC networks 
Delay lines 

Hybrid and modular components, total 
Operational amplifiers 

1978 1979 1980 1983 

57.0 62.0 65.0 80 
40.0 44.0 46.0 65 
171.4 176.4 177.0 200 
15.8 14.7 13.0 10 

1,220.7 1.306.3 1,369.0 1,520 
111.6 104.0 96.0 34 
398.6 411.8 436.3 515 
75.7 77.0 81.0 94 
17.2 18.5 22.5 26 
48.0 51.2 54.3 60 
50.0 53.5 57.2 70 
97.5 98.7 105.0 130 
14.8 16.0 17.3 20 

35.9 38.6 41.2 51 
14.0 11.0 8.6 6 
45.5 47.3 49.2 58 
30.5 30.5 29.0 18 

680.0 • 762.0 807.7 953 

139.6 155.5 176.9 241 
10.7 11.5 12.4 40 
6.2 7.3 8.6 10 

25.3 29.6 34.6 42 
37.6 41.2 45.1 52 
8.6 9.2 9.8 12 

29.0 32.0 35.3 40 
29.3 33.0 37.6 56 
10.0 11.0 12.5 19 
19.3 22.0 25.1 37 
25.1 26.6 31.1 34 
7.5 8.6 12.6 14 
11.8 12.7 13.7 17 
5.8 5.3 4.8 3 
5.4 6.3 7.5 7 

143.2 229.8 274.6 391 
44.8 49.1 53.8 69 
4.5 4.8 5.0 6 
a 1 2.3 2.6 3 

38.2 42.0 46.2 60 
138.4 180.5 222.8 322 
68.0 85.0 102.0 153 
36.0 45.0 54.0 81 
32.0 40.0 48.0 72 
3.7 4.3 5.0 6 
3.1 4.2 5.2 7 

46.7 53.2 60.6 76 
16.9 33.8 50.0 80 

192.0 217.4 240.5 331 
45.0 53.0 58.3 80 
29.2 36.9 44.3 77 
30.3 31.8 33.4 39 
28.0 30.0 32.1 39 
21.4 22.1 22.8 25 
39.0 44.0 49.6 71 

105.11 109.4 113.4 130 
46.8 47.4 49.8 61 
28.3 31.9 36.0 44 
2.7 2.8 2.9 3 
11.0 7.6 5.5 7 
4.8 5.1 5.4 6 

59.0 62.0 64.0 70 

320.2 336.5 357.7 420 
169.0 175.0 180.0 200 
40.8 41.6 42.0 44 
45.0 46.3 51.2 .60 
34.0 34.5 39.0 44 
8.0 8.5 8.7 11 
3.0 3.3 3.5 5 

38.4 44.4 53.2 75 
12.0 13.0 14.5 19 
15.0 16.2 16.8 22 

144.3 171.6 214.3 311 
30.0 35.0 37.0 50 
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(millions of dollars) 1978 1979 1980 1983 

Instrumentation amplifiers 5.0 6.0 7.0 11 
Isolation amplifiers 2.0 2.5 3.0 5 
Data conversion, total 78.5 9E3 117.5 240 

D-a converters 42.0 53.3 68.0 126 
A-d converters 30.0 35.0 40.0 100 
Multiplexers 2.5 3.0 3.5 6 
Sample-and-holds 4.0 5.0 6.0 8 

Data-acquisition boards 5.0 10.0 13.0 20 
Functional circuits 11.0 13.0 14.0 16 
Signal sources (including oscillators) 2.4 2.6 2.8 4 
Active filters 8.4 10.2 12.0 16 
Miscellaneous custom functions 2.0 4.0 8.0 20 

Connectors, total 978.1 1,110.0 1,181.8 1,488 
Coaxial, total 72.5 77.0 78.5 98 
Standard size 53.5 55.5 56.0 66 
Miniature 19.0 21.5 22.5 32 

Cylindrical, total 194.5 207.0 214.5 260 
Standard 64.0 66.0 67.5 72 
Miniature 85.0 88.0 89.0 101 
Subminiature 45.5 53.0 58.0 87 

Rack-and-panel 190.0 214.0 234.0 300 
Fused 16.0 17.0 18.0 23 
Printed-circuit, total 310.0 380.0 389.0 483 

Card-insertion 200.0 245.0 252.0 311 
Two-piece, metal-to-metal 110.0 135.0 137.0 172 

Flat-cable 53.0 64.0 73.0 123 
Fiber-optic 2.1 4.0 6.0 15 
Flexible-circuit 6.0 7.0 7.8 9 
Special-purpose 132.0 140.0 141.0 175 

Printed circuits and 
interconnection rotor», total 821.5 935.0 1,094.0 1,391 
Printed circuits, total 532.5 611.0 669.0 834 

Rigid boards, total 474.0 548.5 602.0 743 
Single-sided 70.0 76.0 76.0 86 
Double-sided 253.0 277.5 302.0 359 
Munilayer 151.0 195.0 225.0 298 

Flexible circuits 58.5 62.5 67.0 91 
Interconnections, total 289.0 324.0 365.0 557 
Sockets and socket panels for DIPs 182.0 200.0 220.0 335 
Backplanes 107.0 124.0 145.0 222 

Wire end cable, total 
Coaxial cable 
Flat cable 
Hook-up wire 
Multiconductor, shielded 
Multiconductor, unshielded 
Fiber-optic cable 

507.0 517.0 814.0 782 
155.0 175.0 185.0 225 
120.0 145.0 160.0 210 
105.0 113.0 115.0 126 
70.0 77.0 80.0 89 
50.0 53.0 53.0 57 
7.0 14.0 21.0 75 

SEMICONDUCTORS 

(minions of dollars) 1978 1979 1980 1983 

SEMICONDUCTOItS, TOTAL 
Discrete semiconductors, total 
Diodes 
Seal 
Rectifier 
Arrays 
Zener, total 

Voltage regulator 
Reference 

Special-purpose, total 
Microwave 
Varactor (less than 1 GHz) 
Tunnel 

Transistors, total 
Bipolar, total 

Smalksigul (less than I W) 
Power (1 W or more) 
Duals and arrays 
Rf and microwave 

Field-effect, total 
Junction, total 

Small-sigul (less than 1 W) 

3,937.6 5,061.7 6,360.5 11,074 
1,035.6 1,137.1 1,202.2 1,523 
370.2 398.2 421.9 548 
45.5 46.8 48.0 50 
179.8 195.1 215.5 258 
11.2 14.0 14.0 17 
90.8 111.1 113.5 162 
69.8 87.3 90.5 135 
21.0 23.8 23.0 27 
42.6 45.2 47.9 61 
34.0 36.0 38.0 50 
7.5 8.1 8.7 10 
1.1 1.1 1.2 1 

533.9 606.6 640.4 788 
489.9 558.5 584.6 716 
167.5 179.8 184.5 198 
228.7 274.7 287.7 377 

9.0 10.0 9.0 9 
84.7 94.0 123.4 132 
44.0 48.1 55.8 72 
25.5 26.7 27.8 34 
25.0 26.0 27.0 33 

(minions of dollars) 1978 1979 1980 1983 

Power (1 W or more) 0.5 0.7 0.8 1 
NOS, total 18.5 21.4 28.0 38 

Small-sigul (less than 1 W) 14.5 15.4 16.0 18 
Power (1 W or more) 4.0 6.0 12.0 20 

Thyhstors 114.5 115.0 122.4 162 
Protection devices (including varistors) 17.0 17.3 17.5 25 

Integrated circuits, total 2,694.5 3,684.1 4,876.3 9,121 
Standard logic families, total 813.1 1,011.0 1,192.8 1,784 
RTL 4.8 4.2 4.0 4 
DTL 24.6 20.0 16.0 10 
TTL, total 568.5 707.5 833.3 1,129 
Standard Tn. 364.0 408.0 428.5 485 
Schottky TTL, total 204.5 299.5 404.0 644 
Standard (S) 66.8 85.7 110.4 180 
Low-power (LS) 137.7 213.8 294.4 464 

ECL 49.0 56.5 74.0 115 
C-MUS 166.2 222.8 265.5 526 

Microprocessors and microcomputers, total 210.9 330.8 532.4 1,506 
CPUs, total 105.4 133.3 191.4 626 
MUS, total 94.0 114.6 163.0 580 

8-bit 75.5 90.6 125.5 285 
16-bit 18.5 24.0 37.5 245 

Bipolar, total 11.4 18.7 28.4 46 
Bit-slice 7.0 11.2 15.9 24 
Fut CPU 4.4 7.5 12.5 22 

One-chip microcomputers 40.0 92.5 205.5 515 
LSI peripheral chips 65.5 105.0 135.5 365 

Dedicated LSI circuits 95.5 155.0 210.5 595 
Memories, total 850.3 1,289.7 1,922.2 3,560 
Random-access, total 480.4 719.5 1,050.2 1,924 

Dynamic, total 234.8 385.6 636.5 901 
p-MUS 4.3 2.1 1.0 
n-MUS, total 230.5 383.5 635.5 901 
4-K 100.0 91.5 50.5 16 
16-K 130.5 290.0 550.0 485 
64-K 0.0 2.0 35.0 400 

Static, total 245.6 333.9 443.7 1,023 
Bipolar 83.6 95.1 107.5 163 
n-NOS 140.5 197.3 260.7 675 
C-PAUS 21.5 41.5 75.5 185 

Read-only, total 322.5 510.6 750.5 1,455 
Mask type (MUS) 115.5 136.3 185.0 360 
Fusible-link (bipolar) PROM 112.0 138.8 205.5 330 
Erasat4e programmable type 95.0 235.5 360.0 765 

Ultraviolet (E-PROM) 86.0 220.5 318.5 545 
Electrical (EE-PROM) 9.0 15.0 41.5 220 

CCDs 12.7 14.5 21.5 32 
Magnetic-bubble devices 14.0 27.4 55.5 136 
Shift registers 20.7 17.7 14.5 13 

Linear ICs, total 594.7 681.1 746.4 1,158 
Analog switches 32.0 37.1 39.0 49 
Operational amplifiers 103.0 116.0 128.5 181 
Instrumentation amplifiers 4.5 6.0 7.9 18 
Comparators 22.0 23.0 24.0 29 
Voltage regulators 45.5 52.0 59.4 83 
Timers 42.0 48.0 52.0 70 
Other 9.5 12.0 13.9 28 
Data conversion, total 99.2 115.0 125.7 210 

D-a converters 50.7 58.5 63.5 88 
A-d converters 29.7 33.0 37.5 84 
Multiplexers 13.0 15.5 15.5 21 
Sample-and-holds 5.8 8.0 9.2 17 

Interface 74.0 90.0 105.0 198 
Communications 48.0 60.0 69.0 109 
Entertainment 115.0 122.0 122.0 183 

Consumer product ICs, total 130.0 216.5 272.0 518 
Calculator chips 55.0 54.0 52.0 50 
Watch chips 55.0 60.5 66.0 80 
Game chips 25.0 50.0 75.0 188 
Other 25.0 52.0 79.0 200 

Optoelectraiic devices, total 
Photovoltaic (solar) cells 
Photoconductive cells 
Liet-emitting diodes 
Laser diodes 
Photodiodes (including arrays) 
Phototransistors (including arrays) 
Optically coupled isolators 

207.5 240.5 282.0 430 
12.0 15.0 17.0 35 
8.0 9.5 11.0 21 

120.0 140.0 170.0 240 
1.5 3.0 4.5 10 
8.0 9.0 10.5 18 

16.0 17.0 18.0 25 
42.0 47.0 51.0 81 
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INDUSTRIAL AND COMMERCIAL MARKETS 

(millions of dollars) 1978 1979 1980 1983 

INDUSTRIAL AND COMMERCIAL, TOTAL 31,185.9 38,784.2 43,919.9 65,033 
Test, meowing, and analytical 

instruments, total 2,837.4 3,308.0 3,667.6 5,424 
Test mid measuring equipment, total 2,277.3 2,689.6 2,989.0 4,557 
Analog voltmeters, ammeters, multimeters 19.4 20.8 21.0 25 
Digtal multimeters, total 74.3 81.9 90.9 118 
31/2-dicjt and below 28.7 31.9 37.3 52 
41/2 -digit and above 45.6 50.0 53.6 66 

Muttimeter probes and accessories 2.8 3.7 4.1 7 
Panel meters, total 108.3 116.5 123.2 143 

Analog 78.8 82.2 85.7 93 
Diçital 29.5 34.3 37.5 50 

Counters, time and frequency 62.5 70.3 78.4 104 
Microprocessor-development systems 115.3 163.0 195.3 295 
Logic analyzers 41.3 58.0 73.5 131 
Logic probes 3.9 4.4 4.9 6 
Word generators 3.9 4.7 6.1 13 
Osciloscopes 219.7 246.7 276.5 379 
Network analyzers 19.9 23.5 26.4 45 
Spectrum analyzers 53.7 66.0 74.7 112 
Frequency synthesizers 42.6 48.7 52.3 84 
Funcbon generators 30.0 36.6 41.0 60 
Signal generators 54.2 62.9 69.1 107 
Sweep generators 53.2 62.1 70.8 88 
Pulse generators 15.0 17.9 20.2 30 
Oscillators 17.0 18.5 18.5 25 
Waveform analyzers, distortion meters 35.7 40.7 45.5 59 
Power meters, below microwave frequencies 3.7 4.4 4.9 6 
Caleators and standards, active and passive 26.1 28.8 30.8 41 
Noisemeasuring equipment, 8.3 9.9 11.4 16 
Temperature-measuring instruments 17.5 20.2 23.1 30 
Phase-measuring equipment 25.0 28.1 31.2 42 
Amplifiers 35.5 43.0 47.0 57 
Impedance bridges 130 13.5 13.5 15 
Recorders and plotters, total 170.3 191.0 206.9 244 

Strip- and circuiar-chart 65.0 73.3 81.0 101 
X-Y 36.4 42.5 47.3 61 
Magnetic-tape 68.9 75.2 78.6 83 

Component testers, manual 30.6 31.0 31.0 28 
Component testers, automatic 152.5 208.9 234.2 405 
Pc-board testers, total 128.4 179.9 216.9 412 

Bare-board 8.4 11.7 13.6 24 
Completed assemblies 120.0 168.7 203.3 388 

l(LE-488 bus controllers 38.2 46.9 56.3 91 
Microwave impedance-measuring equipment 20.1 22.1 24.2 32 
Microwave-power-measuring equipment 7.8 8.9 9.8 13 
Microwave waverneters 0.8 0.8 0.7 1 
Microwave, modulators 1.4 1.8 2.0 3 
Specialized test equipment, total 625.4 703.5 752.7 1,294 
Automotive diaçnostic equipment 294.0 297.0 304.0 474 
Communications test equipment 283.0 352.0 387.0 741 
Nuclear spectrometers 26.4 31.0 34.1 40 
Radiation-detection and -Monitoring, total 22.0 23.5 27.6 39 

Analytical Instruments, total 
Chromatographs, total 
Gas 

Spectrophotometers, total 
Infrared 
Ultraviolet-vistle 
Atomic absorption 
Other 

Mass spectrometers 
Nuclear magnetic-resonance spectrometers 
pH meters and ion-selective electrodes 
Thermal analyzers, total 
X-ray analysis 
Other 

Aideenollee electrodes, total 
Voltage regulators 
Emission-control systems 
Electronic ignition systems 
Fuel-injection systems 
Fuel-metering systems 
Safety systems 

560.1 618.4 678.6 867 
139.8 165.0 195.6 270 
93.8 105.0 120.0 150 
46.0 60.0 75.6 120 
186.6 202.3 219.4 274 
35.2 38.1 40.7 45 
54.0 59.0 65.0 86 
37.4 41.2 45.7 61 
60.0 64.0 68.0 82 
40.0 44.0 48.0 68 
18.5 21.0 22.0 24 
27.0 32.0 33.0 45 
17.2 18.1 19.6 24 
47.0 50.0 52.0 63 
84.0 86.0 89.0 99 

2,1.0 WO 421.1 914 
23.0 20.0 18.8 27 
105.0 145.0 203.0 355 
115.0 117.0 106.3 120 
26.0 28.0 30.0 45 
14.0 30.0 60.0 230 
8.0 9.0 8.0 137 

(millions of dollars) 

Data-processing systems, peripherals, 
and Mice equipment, total 

System shipments, total 
Desktop computers 
Small (less than $100,000) 
Medium ($0.1 to $1 million) 
Large (greater than $1 million) 

Micros and minis, total 
OEM microcomputers 
OEM minicomputers 

Memory systems, total 
Mainframe add-on systems 
Minicomputer add-in/on systems 
OEM systems 
Core 
Semiconductor 

Data-storage subsystems, total 
Disk pack 
Fixed-disk 
Combination fixed/cartridge disk 
Flexible-disk 
Reel-type magnetic-tape 
Cassette and cartridge magnetic-tape 

Input/output peripherals, total 
Card-read/punch 
High-speed line printers 
Medium-speed printers 
Low-speed serial printers, total 
Impact 
Nonimpact 

Large nonimpact printers 
Computer output microfilm 
Optical readers 
Magnetic-ink readers 
Electromechanical plotters 
Digitizers 
Paper-tape devices 

Key entry 
Data terminals, total 

Teleprinter terminals 
CRT terminals, total 

Intelligent 
Other 

Graphics terminals, total 
Storage and refresh 
Raster-scan 

Remote batch terminals 
Source data-collection equipment, total 

Point-of-sale systems 
Banking systems 
Industrial data-collection systems 
Other specialized terminal 

Office equipment, total 
Nonconsumer calculators 
Word processing 
Dictation 
Copying 
Facsimile 
Electronic typesetting 

Communications equipment, total 
Rack, total 

Aviation mobile (including ground support) 
Marine mobile (ship and shore stations) 
Land moble (mobile and base stations) 
Amateur 
Citizens' band 
Microwave (complete system, incl. antennas) 
Analog 
Deal 

Broadcast 
Satellite earth stations 

Navigation systems 
Telemetry (industrial only) 
Voice switching system, total 

Central office 
PABX 

Fber-optic communications systems 

1978 1979 1980 1983 

20,605.5 26,505.7 30,222.8 45,594 
9.842.5 12,303.0 13,782.0 19,440 
262.5 540.0 725.0 1,400 

1210.0 1540.0 1,852.0 3,615 
3,030.0 3,360.0 3,862.0 4,918 
5,340.0 6,863.0 7,343.0 9,507 
953.5 1,207.9 1,500.7 2,810 
155.5 209.9 268.7 678 
798.0 998.0 1,232.0 2,132 
657.5 719.4 793.7 1,289 
338.0 396.0 467.0 748 
67.5 77.4 93.7 157 

252.0 246.0 233.0 384 
158.0 120.0 84.0 53 
94.0 126.0 149.0 331 

1,868.6 2,360.2 2,717.3 4,164 
726.0 839.0 869.0 915 
310.0 525.0 656.0 1,279 
385.0 400.0 415.0 457 
168.0 227.0 306.0 530 
254.0 318.0 395.0 873 
25.6 51.2 76.3 110 

1,908.3 2,327.4 2,634.5 4,148 
114.0 103.0 93.0 57 
112.1 145.8 179.1 309 
560.0 700.0 781.0 1,225 
416.2 539.6 645.5 1,018 
340.9 435.0 502.3 670 
75.5 104.6 143.3 348 
91.0 114.0 140.0 275 
161.0 185.0 208.0 315 
315.0 378.0 403.0 675 
20.0 19.0 18.0 15 
79.0 99.0 119.0 198 
13.0 15.0 16.8 24 
27.0 29.0 31.0 37 

282.6 275.3 256.6 215 
1,477.0 1,828.5 2,230.0 3,482 
156.0 191.0 226.0 300 

1,069.0 1,295.0 1,580.0 2,325 
486.0 595.0 780.0 1,025 
583.0 700.0 800.0 1,300 
202.0 295.0 380.0 820 
161.0 229.0 300.0 600 
41.0 66.0 80.0 220 
50.0 47.5 44.0 37 

1,092.0 1,335.0 1,533.0 3,234 
368.0 419.0 465.0 623 
177.0 234.0 268.0 371 
82.0 93.0 110.6 183 

465.0 589.0 690.0 1,057 
3,477.0 4,149.0 4,775.0 7,772 
240.0 298.0 358.0 787 
769.0 1,090.0 1,398.0 3,240 
249.0 276.0 305.0 422 

1,936.0 2,140.0 2,300.0 2,700 
38.0 48.0 59.0 103.0 

245.0 297.0 355.0 520 

3,530.7 4,222.6 4,703.3 6,464 
1,563.2 1,949.4 2,119.9 2,789 

49.0 54.0 64.5 84 
32.0 34.4 35.0 44 

1,050.0 1,181.7 1,259.0 1,617 
20.5 22.7 25.7 31 
66.0 69.3 73.2 78 
177.5 198.7 228.5 321 
160.0 175.0 197.0 257 
17.5 23.7 31.5 64 
46.0 51.0 55.5 66 
122.2 138.9 150.0 228 
154.0 162.0 169.0 190 
46.0 64.0 70.0 91 

398.0 443.0 494.7 673 
374.0 411.0 452.0 602 
24.0 32.0 42.7 71 
18.5 38.5 90.0 340 
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(millions of dollars) 1978 1979 1980 1983 

Pocket pagers 
Data-communications equipment, total 
Modems, total 

Hiei-speed (2,400 b/s and over) 
Low-speed (less than 2,400 b/s) 

Multiplexers 
Proçrammable concentrators 
Front-end communications processors 
Message-switching systems 

Facsimile terminais 
Television equipment 

Broadcast equipment, total 
Transmitters 
Antennas 
Cameras 
Auxiliary equipment 

CATV, total 
Studio and head-end 
Distribution 
Transmission lines and fittings 
Converters 

CCTV, total 
Cameras 
Monitors 

kidustrfal electronic equipment, total 
Motor controls (speed, torque), 
Numerical controls, total 
inspection systems, total 

Ultrasonic 
X-ray 
Infrared 
Ultraviolet 

Thickness gages and controls, total 
Photoelectric 
Radiation-based 

Data-logeg systems 
Process controllers 
Process recorders aid indicators 
Sequence controllers, total 
Proçrammable 
Hard-wired 

Ultrasonic cleaning 
Polution-monitoring 
Induction and dielectric heating and sealing 
Welting controls 
Process-control computer systems, total 
Deal 
Analog 

Energy management 

Power supplies, noncaptive, total 
Switching, total 
Pc-board-mountable (encapsulated) 
Open frame and card 
Rack-mountable and other system 

Nonswitching, total 
Pc-board-mountable (encapsulated) 
Open frame and card 
Rack-mountable and other system 
Benchtop 

Medical equipment, total 
Diagnostic, total 
Tomographic X-ray 
Other X-ray 
Electroencephalographs 
Electrocardiographs 
Ultrasonic scanners 
Automated blood analyzers 
Scintillation cameras and counters 
Audiometers 

Patient-monitoring systems 
Prosthetic, total 

Hearing aids 
Pacemakers 

Therapeutic, total 
X-ray 

44.5 56.0 61.0 91 
939.0 1,094.0 1,246.9 1,705 
177.0 189.0 208.8 282 
77.0 82.0 94.0 140 

100.0 107.0 114.8 142 
96.0 115.0 138.1 239 
88.0 114.0 131.0 174 

437.0 525.0 605.0 800 
141.0 151.0 164.0 210 
113.5 132.0 148.3 210 
254.0 283.7 303.5 375 
106.4 116.1 123.3 148 
15.8 17.0 18.3 23 
14.0 16.4 18.4 26 
32.2 34.6 36.3 42 
44.4 48.1 50.3 58 
107.6 121.3 128.9 155 
16.0 17.0 18.0 22 
36.6 45.0 49.5 66 
29.0 31.3 32.0 33 
26.0 28.0 29.4 34 
40.0 46.3 51.3 72 
27.5 31.3 34.1 46 
12.5 15.0 17.2 25 

1,692.8 1,910.9 2,115.5 2,770 
200.0 236.0 260.0 346 
318.4 344.7 361.0 417 
51.2 59.1 64.0 75 
16.0 18.2 20.2 25 
27.9 32.0 34.0 38 
5.5 6.8 7.4 9 
1.8 2.1 2.4 3 

111.2 121.0 130.0 146 
83.2 89.0 94.0 105 
28.0 32.0 36.0 41 
12.4 13.6 14.2 18 
90.5 97.0 102.0 123 
87.0 99.8 109.0 149 
112.0 159.0 218.0 404 
95.0 143.0 206.0 391 
17.0 16.0 12.0 13 
14.0 18.0 21.0 26 

225.0 241.0 265.0 320 
60.0 66.0 71.0 80 
16.0 21.0 24.0 28 

245.1 272.7 301.3 400 
204.5 228.8 256.3 346 
40.6 43.9 45.0 54 
150.0 162.0 175.0 238 

358.5 415.0 472.0 682.0 
106.0 135.0 175.0 355.0 

4.0 6.0 7.0 11 
31.0 42.0 58.0 156 
71.0 87.0 110.0 188 

252.5 280.0 297.0 327 
7.5 9.0 10.0 12 

94.0 110.0 122.0 195 
140.0 148.0 150.0 100 
11.0 13.0 15.0 20 

1,780.5 1,989.7 2,118.3 9,029 
1,083.0 1,191.8 1,316.0 1,854 
160.0 200.0 • 210.0 240 
625.0 650.0 725.0 1,000 
14.0 15.0 16.0 19 
39.0 44.0 48.0 62 
78.7 98.4 123.0 300 
87.3 99.4 105.0 134 
64.0 69.0 72.5 81 
15.0 16.0 16.5 18 

160.0 166.0 175.0 188 
415.4 461.2 534.5 738 
135.4 144.2 153.5 182 
280.0 317.0 381.0 556 
87.9 109.8 124.4 175 
30.7 43.4 48.2 56 

(millions of dollars) 1978 1979 1980 1983 

Diathermy, shortwave and microwave 9.4 10.4 11.7 15 
Ultrasonic generators 12.0 13.2 14.1 17 
Defibrillators 35.7 42.8 50.4 88 

Surgical support, total 34.2 40.9 46.4 68 
Blood-floiv meters 10.0 11.1 11.6 14 
Blood-pressure monitors 11.4 13.7 16.4 27 
Surgical lasers 12.8 16.1 18.4 27 

Lasers and related equipment, total 893 103.9 118.3 182 
Gas lasers 32.0 38.1 43.8 68 
Semiconductor lasers 6.0 7.0 8.0 11 
Other 23.0 25.0 27.0 31 
Laser power supplies 20.0 23.0 26.0 34 
Modulators 8.5 10.2 11.5 18 

FEDERAL ELECTRONICS 

(millions of dollars) 

FEDERAL ELECTRONICS, TOTAL 
Defense, total 
Procurement, total 
Communications and intelligence 
Aircraft, related ground equipment 
Missiles and space systems 
Mobile and ordnance 
Ship and conversions 

Research, development, test, and engineering 
Operations and maintenance 

NASA, total 
Transportation, total 
FAA procurement 
FAA research and development 
Highway and transit systems 

Health and Education agencies, total 
Education systems 
Health-care electronics 

Department of Energy, total 

1978 1979 1980 1983 

18,210 
16,487 
7,932 
1,317 
2,212 
2,541 
471 

1,391 
5,440 
3,115 
818 
421 
247 
111 
63 

397 
111 
286 
87 

20,112 
18,291 
8,746 
1,374 
2,311 
2,857 
544 

1,660 
6,275, 
3,270 
845 
452 
267 
121 
64 

425 
112 
313 
99 

22,222 
20,257 
9,705 
1,525 
2,557 
3,163 
610 

1,850 
6,922 
3,630 
887 
501 
296 
135 
70 

468 
118 
350 
109 

27,389 
25,054 
12,257 
1,921 
3,221 
3,985 
762 

2,368 
8,514 
4,283 
996 
632 
384 
172 
76 
554 
131 
423 
153 

CONSUMER ELECTRONICS 

(millions of dollars) 

CONSUMER ELECTRONICS, TOTAL* 
Television receivers, total 
Black-and-white 
Color 
Consumer audio equipment, total 
Radios, total 

Table, clock, and portable 
Automobile 

Phonographs and radio-phonographs 
Tape recorders and players 
Hi-fi audio components 
Hi-fi audio consoles 
Other consumer electronics products, total 
Antennas, TV, and radio 
Home video players/recorders 
Home video cameras 
Video projectors 
Electronic organs, other instruments 
Intrusion alarms 
Microwave ovens 
Smoke detectors 
Telephone-answering devices 
Electronic games, total 

Video games 
Nonvideo games 
Electronic toys 

Calculators, hand-held 
Electronic watches 
Dietal docks 

1978 1979 1980 1983 

11,984.9 
4,220.2 
542.4 

3,677.8 
4,082.2 
1,012.0 
480.0 
532.0 
492.4 

1,158.8 
1,252.0 
167.0 

3,682.5 
125.0 
251.5 
30.0 
150.0 
395.0 
200.0 
904.0 
73.0 
72.5 

284.0 
105.8 
148.9 
29.3 

662.5 
470.0 
65.0 

12,657.6 12,791.8 16,489 
4,133.2 3,890.4 4,628 
556.2 518.4 539 

3,577.0 3,372.0 4,089 
4,015.1 3,684.1 4,564 
962.5 896.0 1,151 
482.5 450.0 570 
480.0 446.0 581 
471.9 453.1 548 

1,170.7 1,010.0 1,305 
1,260.0 1,205.0 1,425 
150.0 120.0 135 

4,509.3 5,217.3 7,297 
122.0 119.0 127 
336.6 417.0 638 
53.0 67.0 117 

180.0 207.0 640 
441.5 480.0 530 
235.0 255.0 450 

1,045.0 1,082.0 1,522 
87.5 98.0 115 
88.0 115.0 195 

606.7 1,032.3 1,453 
110.0 137.5 211 
417.8 746.7 995 
78.9 148.1 247 

675.0 690.0 708 
564.0 570.0 682 
75.0 85.0 120 

'Includes domestic-made equipment. off-shore products sold under U. S. labefs, and domestic- and 
foreign-label imports. 
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EUROPEAN MARKETS 
DOnly a foolhardy forecaster would care to review the 
economic predictions for 1980 made a decade ago. Since 
reality almost always falls short of aspiration, the shortfall 
between real growth during the 1970s and the 5.5% average 
annual growth a lot of highly regarded forecasters said was in 
store for Western Europe is not surprising. The actual figure 
will be something like 3%. 

Yet who can fault the forecasters? All their predictions 
went by the boards when the oil-producing countries quin-
tupled their prices for crude oil nearly seven years ago. The 
skyrocketing energy prices sent country after country into 
decline; and because most Western European countries were 
beset by inflation, their governments could not counter the 
downturn through massive spending. Jittery currency 
markets and a wave of competitors from the Far East further 
skewed the growth curves. 
None of these major economic bedevilments can be 

banished in short order. What's more, the explosive condi-
tions in the Middle East compound the uncertainty that taints 
the business outlook today. So there is practically no chance 
that the plots of gross national product will bend upward this 
year. In fact, most forecasters figure to see further erosion of 
growth, whittling the 3% rise logged last year in GNP by 
Western European countries as a whole down to less than 
2.5% for 1980. 

Still, no one is talking about dire times. West German 
officials predict growth of 2.5% for their country's economy 
this year. To be sure, that figure is well below the 4% 
registered for 1979, but is enough to ensure a passable year, 
at least, for the dominant economy in Western Europe. 
France, number two, presumably will wind up with only a 
barely adequate gain of 2%. Italy, the way things look at the 
moment, will fare even worse, dropping below 2%. Worst off 
will be the United Kingdom, where Margaret Thatcher and her 
fellow Tories will have to cope with a shrinking economy— 
negative growth between 1.5% and 2%. The only relief from 
the overall drabness shows up in Sweden, which for the 
second year in a row should rank as Western Europe' t fastest 

WEST EUROPEAN ELECTRONICS 
(ml 

EQUIPMENT 
Ilions of U.S. dollars) 

1978 

MARKETS 

1979 1980 

West Germany 11,226 12,271 13,170 

France 7,939 9,003 9,960 

United Kingdom 5,687 6,536 7,354 

Italy 3,621 4,131 4,584 

Benelux 2,650 2,921 3,219 

Scandinavia 2,217 2,432 2,700 

Spain 1,937 2,069 2,190 

Switzerland 1,053 1,132 1,193 

Total 36,330 40,495 44,370 

growing economy with back-to-back increases of slightly 
more than 4%. 

Conditions have certainly changed, for what rates as the 
best GNP growth as the 1980s get under way would have 
been considered a lackluster performance a decade ago. 
One thing that still has not changed, though, is the ability of 
the electronics industries to pull something out of the hat that 
creates new markets. Obviously, sales of electronic equip-
ment and components cannot surge this year as they would 
with a balmy business climate. Yet, as always, they will 
outstrip the growth of the economy overall, this year growing 
nearly five times as fast, according to Electronics annual 
survey (see chart, p. 147). 
Conducted in October and November 1979, the 11-

country survey forecasts equipment markets for 1980 at 
$44.37 billion and components markets at $10.39 billion, 
with a falling growth rate for both. Equipment markets last 
year rose 11.5% to $40.50 billion, whereas the forecast for 
1980 works out to only a 9.6% gain. A quick glance at the 
charts explains the stunted growth. Near-stagnant markets 
for color TV sets have reduced consumer electronics, once 
the pacesetter, to an also-ran. Fortunately a healthy gain in 
the computer sector will help offset this drop. 
As for components, they edged up 6.8% last year to reach 

$9.84 billion. This year's rise is forecast at 5.6%. Again, put 
the blame mostly on color TV, whose fate weighs heavily on 
components and on discrete semiconductor totals. By 
contrast, another year of strong growth seems in the offing 
for integrated circuits—up 14% to $1.79 billion. 

It must be pointed out that figures in the survey chart tend 
to magnify the real rise in markets because participants were 
asked to estimate national markets for equipment and 
components in local currencies at current prices. These esti-
mates were converted into dollars at the exchange rates in 
effect in mid-November 1979 (see exchange rate table). No 
attempt has been made to adjust estimates for inflation, so 
the market figures include outright price rises as well as 
market growth. 

MARKET REPORT EXCHANGE RATES 
.,p:s below ale the ones used to convert Euloocan Cu, rendes Into U.S. dollars) 

Belgium: 29 francs/dollar 

Denmark: 5.3 kroner/dollar 

France: 4.2 francs/dollar 

Italy: 830 lire/dollar 

Netherlands: 2 guilders/dollar 

Norway: 5 kroner/dollar 

Spain: 66 pesetas/dollar 

Sweden: 4.25 kroner/dollar 

Switzerland: 1.65 francs/dollar 

United Kingdom: 48 pence/dollar (1 pound = $2.051 

West Germany: 1.8 marks/dollar 
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COMPUTERS 

Small-business users 
raise hopes for big sales 
Computer makers traditionally have managed to keep 
turning up new customers even when the economy over-
all is faring poorly, and 1980 won't be the exception that 
tests the rule. For example, the market in the UK is in 
surprisingly good shape in view of the economy, accord-
ing to Terrence Stones, director of planning for Honey-
well Information Systems Ltd. in Great Britain. 
And what is in good shape in Britain, where the 

economy is on the decline, most likely is in better shape 
elsewhere in Western Europe. Markets for computers 
and related equipment this year are forecast to score a 
strong 12.7% gain to $15.73 billion. Good as it is, it must 
be pointed out, this increase pales when set alongside the 
estimated gain for 1979, which ran 15.1% and carried 
the sector to $13.95 billion. Nonetheless, computer 
people—except perhaps in Spain—remain optimistic.' 

For one thing, there are still tens of thousands of 
potential first-time small-business customers that sooner 
or later will fit themselves out modestly with data-
processing hardware. In Italy alone, for example, more 
than 30,000 companies employing more than 20 people 
each still have to take their first fling with computers, 
according to Honeywell Information Systems Italia SA. 
For another, once hooked with a basic system, the first-
timers almost inevitably migrate upward into the mini-
computer and small-system markets. So there is no 
trouble understanding why minicomputer markets next 
year are slated to bound up 22.8% to $1.61 billion, 
according to Electronics' survey. For small systems, the 
rise is forecast at 17.9%, which would send this sector to 
$2.6 billion. 

There is a respectable rise in sight for medium 
systems, too. Here replacement markets have been 
bolstered by computer giant IBM, which sets the tone in 
Western Europe as well as in the U. S. because of its 
dominant market share—better than 60%. IBM muscled 
in on European competitors over the past year or so by 
revamping its product line. The Series 4300 machines, 
particularly, brought a vast advance in price/perform-
ance over the System 370 machines they supplant. The 
native competitors—notably International Computers 
Ltd. in Britain, Siemens AG in West Germany, and 
cii-Honeywell Bull in France—cut prices to follow suit, 
inspiring computer users to upgrade their systems. The 
medium systems markets, then, figure to move up by at 
least 10% this year. 

All the same, large systems have not had the early 
demise that some analysts were predicting for them a 
few years ago. "Especially in 1579, the large systems 
market performed well and it will certainly expand in the 
future," says Jochen Róssner, a market specialist at 
Sperry Rand Corp.'s Univac division in Sulzbach, West 
Germany. Anton Peisl, head of Siemens Data and Infor-
mation Systems in Munich, supports this view. He 

Microcomputer highway. One of the many new uses of microcom-

puters is in trafféc control. Snown above is a Siemens-made micro-

computer board used in a system that controls the traffic lights in a 

West German city. Other countries are installing similar systems. 

figures that Western Europe's markets for large 
machines will grow about 10% annually. Three factors, 
Peisl notes, will influence computer markets in the 
decade ahead: stand-alone systems will increasingly be 
replaced by computer networks; emphasis will shift to 
real-time processing; and the market for large computers 
will expand substantiaily. Peisl also anticipates that the 
annual price drop for data-processing systems in the 
1980s will be more like 10% than 5%. 

CONSUMER  

Sated market seeks 
new product relief 
Television sets glare and hi-fi sets blare in so many 
Western European households these days that consumer 
electronics manufacturers can count on precious little 
growth this year. Once the pacesetters, the electronics 
industries' biggest money generators, they have become 
the stragglers, surpassed by the computer and office 
equipment makers. 

This year, sales of consumer electronic hardware in 
the 11 countries covered by the survey are forecast at 
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$13.78 billion. That is a scant 4.7% over the $13.16 
billion estimated for 1979, when the growth was also 
meager, at 5.6%. 

Until a new product comes along to do for this sector 
what color iv did through the mid-1970s, consumer 
electronics markets will dawdle, albeit at a high level. 
Except in France, where color TV got off to a late start, 
all the countries of Northern Europe have run through 
the curve that describes a consumer product life cycle. 
Set sales this year in Western Europe will run about 10.5 
million units, figure officials at Grundig AG, West 
Germany's largest entertainment electronics producer. 
With the market literally over the hump, they say, sales 
will edge up only to about 11.1 million sets by 1985. 
To make matters worse, the hi-fi markets, the second 

major sector in entertainment electronics, are also 
approaching the down slope. "We will be at the top of 
the elbow in two or three years," estimates Jo Jongen-
heel, an economist at the central market research depart-
ment of NV Philips Gloeilampenfabrieken in Eindhoven, 
the Netherlands. The survey suggests hi-fi markets of 
$1.84 billion this year, a gain of 9.3%. 
Even stagnant, the $7.48 billion Western European 

color TV market looks tempting to Japanese set makers, 
who have long since learned to make do in their own flat 
domestic market. On the northern flank, they have 
already moved strongly into the UK. There, Sony Corp., 
Matsushita Electric Industrial Co., and Mitsubishi Elec-
tric Corp. have plants, and Aiwa Co. plans one. Hitachi 
Ltd. and Toshiba Corp. have also settled in through joint 
ventures with the General Electric Co. and the Rank 
Organisation, respectively. On the southern flank, Sony 

Terminal services. New telecommunications services like viewdata seen on this Philips home/business terminal with remote keyboard, plus 

the still-growing traditional services using standard telephone sets, assure strong markets for European hardware makers. 

Corp., Sanyo Electric Co., and Sharp Corp. have taken 
control of set producers in Italy and Spain. 
Through their European plants and through imports, 

Japanese producers have already captured the small-
screen market. The Europeans are out of small-screen 
production, laments Lüder Beeken, head of the Consum-
er Electronics division of Philips GmbH, a West German 
subsidiary of the giant Dutch group. An even stronger 
Japanese presence seems certain in the early 1980s, 
when the patents for the West German phase-alterna-
tion-line (PAL) color system expire. The licensing 
arrangements for PAL patents barred Japanese set 
makers from selling large-screen sets in Europe earlier, 
but now their chance has come. 
The added Japanese competition will accelerate the 

winnowing out of weak color TV producers that has been 
going on for the last few years. Few small companies 
have managed to hang on —Norway's Tandberg Radio 
A/S was the latest casualty and even large producers 
have had to slip under the wing of industry giants to 
survive. Philips, for example, has bolstered Grundig by 
taking a substantial holding in the West German compa-
ny. France's Thomson-Brandt SA, which numbers the 
West German set market Norddeutsche Mende Rund-
funk KG (Nordmende) among its subsidiaries, at year-
end seemed a strong candidate to take over the color TV 
activities of ailing AEG-Telefunken. The two companies 
have already melded their color tube activities. 
"A big battle for market shares is on at the moment," 

says Jongenheel, speaking of color TV. The same can be 
said for video cassette recorders (vcRs), one of the new 
wave of products set makers hope will get their business 

Philip* Viewdata page 231231 -1 
N V Philips Glothilampenfabrieken 

EINDHOVEN, The Netherlands 

Products - Lighting and Batteries 
- Consumer Audio and Video 
- Household Appliances 
- Products for Personal Care 
- Products and Systems 'or 
Professional Applications 
Industrial Supplies ' 

- Miscellaneous Activiti 
- Video and Audio Record 

Figures in 1978. 
- Total capital 
- Own capital 
Turnover 

- Result 
- Profit after tax 
- Dividend per share 

4 31967 
4 10886 
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1 
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growing strongly again. The market, really just getting 
started, will burgeon this year. The survey forecasts 1980 
sales of $516 million, a near 50% spurt over last year's 
$348 million. Looking even further ahead, market 
watchers at Grundig forecast that sales of veils will 
bound up from 700,000 units this year to something like 
2.4 million by 1985. 
At first glance it looks good, but numbers are only 

part of the story. Only 18 months ago, Philips and 
Grundig had the West European market—albeit small— 
practically to themselves. Since then, the Japanese have 
invaded and now have about a 60% share. To recapture 
some ground, the two are counting heavily on their 
jointly developed Video 2000 VCR, which has eight hours 
of playing time on a reversible cassette. Volume produc-
tion is about to start. 

Other new-wave products like video cameras and 
nonvideo electronic games do not yet amount to much. 
But it is worth noting that one chip supplier figures that 
some 100,000 TV receivers with telextext decoders will 
be produced in the UK this year, along with another 
50,000 for viewdata. 

COMMUNICATIONS  

Digital exchanges, military 
systems to boost sales 
The word from communications gear producers these 
days is that business is booming—or almost. The nation-
al networks still have a lot of lines to add to keep pace 
with the demand for telephones and teletypewriter; more 
and more of them each year are tied to computer-
controlled, semielectronic exchanges or even fully elec-
tronic digital time-division switches. On top of this solid 
base, there is additional business piling up as new 
services of all sorts go on line. 

What's more, the way the Electronics chart keeps score 
of markets, a lot of military hardware like radar, naviga-
tion aids, and radio equipment gets counted in the 
communications category. That adds another solid 
increase in growth to this market. 

All told, the communications sector spurted 18% last 
year to reach $8.21 billion. Another strong year is in 
sight for 1980. The forecast is for growth of 12.7%, 
which means a market of $9.26 billion. 

Although the Commission of the European Economic 
Community in Brussels has started a drive to force its 
nine member governments to open up their telecommu-
nications market to suppliers from member countries, 
the marketplace remains compartmented and will for a 
long time. The 1980 outlook varies from country to 
country. France, the UK, and West Germany should run 
strongest. Italy and Spain, whose telephone networks are 
strapped for investment capital, will fare poorest. 

France will no doubt be the most exciting market to 
watch this year. "The network is growing at the rate of 2 
million lines per year, with 70% of them digital," says 
Jean Sytrota, director of industrial and international 

affairs at the Direction Générale des Télécommunica-
tions (DGT), the agency that runs the telecommunica-
tions network. Spending for semielectronic and electron-
ic telephone exchanges, as a result, should bounce up to 
$678 million this year; the 1979 figure was $595 million. 
The heavy spending for electronic switching equip-

ment will taper off after 1982, the DGT's target date for 
having 20 million lines in service. But the two major 
native producers of telephone equipment, err-Alcatel, a 
subsidiary of the Compagnie Générale d'Electricité, and 
Le Matériel Téléphonique Thomson-CSF, a unit in the 
Thomson-Brandt group, should continue to run strong 
from the export contracts they picked up last year. And 
by then, the innovations in "télématique" that the DGT 
will begin trying out this year could well have evolved 
into money makers. The communications sector for 
France as a whole rings in at $2.76 billion, up 10% from 
an estimated $2.51 billion for 1979. 
The outlook is just as good in the UK. There, telecom-

munications equipment makers have not had it so good 
in years. A spurt for exchange equipment on the market 
chart—to $500 million this year—reflects the fast 
mounting output of semielectronic TXE-4 gear. All 
three major suppliers to the British Post Office (BF()) are 
participating—the ITT subsidiary Standard Telephone & 
Cables Ltd., Plessey Telecommunications Ltd., and GEC 
Telecommunications Ltd. At the same time, all three are 
gearing up for System X, the all-digital network the BP° 
has in mind. The post office has ordered 8 exchanges out 
of a first batch of 25. By the mid-1980s, System X 
business should be running at $400 million per year. 

But switching gear alone does not a telecommunica-
tions network make. The advent of System X means a 
big buildup in pulse-code-modulation business, points 
out Norman Manners, a director of Plessey Telecommu-
nications. Data communications is also thriving, as are 
private branch exchanges. Electronics' survey, then, tells 
the rest of the story in numbers: it forecasts that UK 
communications equipment markets will jump 20% this 
year to reach $2.17 billion. 
West German communications equipment suppliers 

expect a solid rise, too, but nothing like the jump in store 
for the British. The survey sets the market at $1.95 
billion, up 12.5% over last year's $1.73 billion. 

TEST AND MEASUREMENT 

No slowdown in sight thanks 
to microprocessor boom 
Purveyors of test and measurement instruments in West-
ern Europe by and large are convinced that 1980 will be 
their fourth strong year in a row. Their markets took a 
turn upward in 1977 and have been clocking good gains 
ever since. The forecast for 1980: a solid 11.5% gain that 
will carry the markets to $1.05 billion. The gain is just a 
shade lower than that estimated for 1979, when the rise 
was 11.7% on sales of $945 million. 
"The question is, how long will it last?" remarks Henk 
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Bodt, deputy director of the Science and Industry divi-
sion of NV Philips Gloeilampenfabrieken. No sensible 
person would try to answer that question in months or 
years. But Bodt and executives at other instrument 
companies now are convinced that a growing part of 
their business is isolated from downturns in the general 
business cycle because of the pervasion of electronic 
technology and the new instruments that have been 
spawned by the proliferation of microprocessors. 

It is hard to see, for example, how sales of data-
domain instruments could suffer a serious setback soon 
even though they bounded up some 26% last year and 
are forecast by Electronics' survey to bounce up another 
28% this year to reach $49 million. The design depart-
ments of equipment manufacturers still have imperative 
needs for software-generating hardware ranging from 
single boards on up to sophisticated universal develop-
ment systems. Furthermore, their after-sales service 
organizations have to upgrade their inventory to be able 
to maintain microprocessor-based equipment. 

Another test and measurement market segment that 
continues to surge is automatic test equipment (ATE). As 
with data-domain instruments, equipment manufactur-
ers have scant choice on whether or not to buy ATE. It is 
the only way to check out complex boards and systems. 
The survey chart reflects this situation. ATE logged a 
near 26% jump to $140.5 million last year and is forecast 
to rise another 25% this year to reach $175.5 million. 

It's another story for conventional standard instru-
ments like counters, timers, and oscilloscopes. Two of 
their major customer groups—the telecommunications 
equipment suppliers and the computer makers—are fair-
ly well sheltered against a downturn in general business 
cycles. But that cannot be said for most other buyers, 
who can postpone purchases if their budgets are 
squeezed. Oscilloscope markets, for example, are fore-
cast to rise only 6% this year. 

COMPONENTS  

Suffering along with 
consumer market ills 
Any year that finds Western Europe's entertainment 
equipment makers faring poorly translates into a 
mediocre year—at best—for the companies that supply 
them with components. The troubles that beset the color 
TV market, then, are mirrored in Electronics' survey of 
components markets. 
The tally for all kinds of components used to produce 

electronic equipment runs to $10.39 billion for the year 
ahead. That works out to a 5.6% rise, which was not a 
particularly good year. Because color TV tubes account 
for roughly 70% of the tube business, this market seems 
slated for no gain. A very slight increase—just under 
3%—is the lot predicted for discrete semiconductors. 
Passives should do a little better, although price rises 
mask an insignificant real gain. 
That leaves integrated circuits, which are doing very 

Emerging memories. The market in magnetic-bubble memories is 

still in its infancy in Western Europe, but the UK's Plessey Microsys-

tems has invested in them to stake out a market position. Here a 

technician loads garnet slices into a ion-milling machine. 

well, thank you. "We see a scenario with no recession in 
Europe for 1980 and very heavy demand from the tele-
communications and computer sectors," observes Dedy 
Saban, European director of marketing for Motorola 
Inc.'s Semiconductor Group. "As far as we can tell from 
close checks at distributors, inventories are normal and 
double-ordering is limited," he adds. 
Much the same theme, with variations, is sounded by 

the other heavyweights in the business. What is more, 
prices for reasonably mature products like low-power 
Schottky (Ls) logic, TTL, and static 4-K random-access 
memories have been edging upward in recent months. 
That is one sign of a lusty market; the leap forward in 
technology for microprocessors and memories is another 
good sign. 
The gain of 14.1% forecast for ics in the components 

column for 1980, lifting the markets to $1.79 billion, 
may look low a year from now. If it does, history will be 
repeating itself. Twelve months ago, semiconductor 
makers had just wound up a year when their lc markets 
had grown by some 16% and figured the growth curve 
had to turn down in 1979 for cyclic reasons. Actually, it 
rose again slightly. Electronics' survey puts Western 
Europe's IC markets last year at $1.59 billion, up 17.1% 
over the 1978 figure of $1.34 billion. Such are the 
hazards of the forecaster's trade and such are the bless-
ings of supplying semiconductors to industries like 
computers and telecommunications that can wax even 
when the general business cycle wanes. 
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JAPANESE MARKETS 
DJapan came through the first oil crisis in 1973-74 relatively 
unscathed, but the second one seems to have sent it reeling. 
A shortfall in supplies appears inevitable. Increased oil prices 
and fears of further OPEC price increases have fueled a 
decline in the value of the yen, from a high of 176 to the dollar 
in October 1976 to around 250 in November 1979—a drop in 
purchasing power of 29%. 
The falling power of the yen increased the prices of the 

many commodities that Japan must import, setting the stage 
for inflation. While conventional wisdom says that a lower-
priced yen should make for larger exports, its major trading 
partners are not expected to stand idly by and let Japan 
increase its share in their markets. 

Meanwhile, it has become apparent that the Japanese 
government can no longer finance its operations by the sale 
of deficit bonds. In a few years there will be no hope of 
repaying interest—let alone principal— if the national debt 
continues its current rate of increase. 
So pump priming is now out of the question, and either 

social services will have to be reduced or new sources of 
taxation found. The threat of new consumer taxes was a 
major factor in the poor showing of Prime Minister Masayoshi 
Ohira's Liberal-Democratic Party in a midterm election that 
he called for the purpose of enlarging his party's majority. 
New taxes on business are also possible and could worsen 
the poor economic climate. Last year the GNP probably 
missed its goal of 7% growth by 1% or 2%, and 1980's GNP 
growth could even be smaller than last year's, some econo-
mists are warning. 

Furthermore, the Prime Minister's shaky regime is beset by 
an unprecedented split in the ruling Liberal-Democratic Party. 
Well before the expiration of his government's mandate, he 
was barely able to remain in office when the dissident 
factions of his party demanded that he resign to take respon-
sibility for loss of seats in the special election. He has had to 
pass out cabinet positions to dissident party members and is 
still not out of trouble. A recession would certainly do nothing 
to help Ohira's cause. 
As for the electronics markets, growth is easily better than 

the GNP, but the improvement is now by a single digit only. In 
the important consumer sector especially, the fear of reces-
sion plus higher prices may restrain the Japanese consumer's 
usual urge to buy the latest products. Double-digit growth 
these days is limited to hot products such as MOS logic 
circuits, data-storage devices, and video cassette recorders. 

Electronics' 10th annual survey of Japan's markets pegs 
total domestic equipment consumption this year at $20.7 
billion, an 11% increase over 1979. Total components 
consumption domestically, including passive devices and 
semiconductors, should increase by only 7% in 1980, from 
$6.88 billion to $7.39 billion. 
As in the U. S. and Western Europe, the consumer sector is 

faltering in Japan with a virtually flat growth trend expected 
this year. On the other hand, the data-processing market 
should bound upward in 1980 to a total (including office 
equipment) of $7.9 billion, or a gain of 18.5%. 

CONSUMER  

Tape video and audio 
keeps sales on track 
Tape—that's the hope for Japanese consumer electronics 
this year and perhaps for the next several years. The 
Electronics market survey shows more than a 20% 
increase in sales of video cassette recorders to $516.2 
million, which brings the market size to about one quar-
ter that of the huge color television segment. On the 
audio front, the advent of metal tape is spurring sales of 
the new home stereo decks and compact portable 
cassette recorders needed to record and play it. 

Color TV, which accounts for almost a third of the 
Japanese consumer market, had its best year in 1979, 
with sales of about 6.3 million sets. People flocked to buy 

expensive 18- to 26-inch sets (mostly 20 in.) with built-in 
capability for receiving multiplexed sound—stereo or 

bilingual—as this form of programming spread across 
the nation. These sales mainly replace sets purchased 

during the good years just before the oil crisis. 
Rising prices have not posed a threat to small-screen 
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Above it all. Like Mount Fuji, the Japanese electronic equipment 
markets will easily rise above the general economy this year. While 
the consumer sector will not be a big performer, the data processing 
and the communications markets will log healthy growth. 
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One bright picture. Even though color television and hi-fi audio 

markets were unexciting, video cassette recorders were moving 

rapidly as dealers sold 650,000 units like this low-priced Sharp 

model. This year consumption of VCRs should be $516.2 million. 

receiver sales, however. Manufacturers sold about the 
same number of 13- and 14-in, sets as of large-screen 
models, but prices were less than half those for the large 
units. Some of these small sets went at such low prices 
that it appears they were being made only to keep the 
plants running. Overall, domestic consumption of color 
TV sets this year will be a flat $2.12 billion. Black-
and-white TV consumption will drop from $67.2 million 
in 1979 to $61.4 million in 1980, according to the 
Electronics survey. 

Last year marked a big surge forward in the sales of 
video cassette recorders, with retailers moving the 
140,000 or 150,000 that they carried over from the 
previous year and manufacturers shipping an additional 
half million units. This year manufacturers' domestic 
shipments should exceed 650,000 units, worth a total of 
$516.2 million. However, production is at a much higher 
level because the export market is more than three times 
as large as the domestic market. 

Although 4-hour models in the video home system 
(VHS) format and 3-hour extended-playing tapes on 
Betamax-format units were not offered in Japan, Matsu-
shita Electric Industrial Co., Victor Co. of Japan Ltd., 
and Hitachi Ltd. have started sales of a 6-hour VHS 
model. And Sanyo Electric Co. has introduced a 3-hour 
Betamax model with 41/2 -hour extended-playing tape. 
Others could join this competition if need be. 

Meanwhile, a latecomer to the VCR competition, 
Sharp Corp., muddied the waters by bringing out an 
economy model priced at only about $632, by far the 
lowest list price anywhere. Two-piece portable VCRs are 
catching on after a slow start [Electronics, June 7, p. 70]. 
Cameras registered an increase in sales value of more 

than 63% last year, reaching $38 million, and predictions 
are for an increase of better than 16% this year. The 
number of units will increase at a greater pace, though, 
because there are now economy models at $552—first 
introduced by JVC —in addition to the standard models 
priced at about $720 and higher. In about two or three 

years, major manufacturers expect to replace the vidicon 
of present cameras with charge-coupled-device or mos 
image sensors, which will make for more convenient size 
and weight. 

Sales of audio cassette recorders increased almost 15% 
last year and tape deck sales almost 10% as consumers 
bought new units to play metal tape. The rise will be 
more moderate this year. Sharp came out with a large 
radio cassette unit with two tape mechanisms for 
dubbing purposes and expects other manufacturers to 
design similar units. Radio-recorder combinations will 
continue to be popular, growing to $487.8 million. 

In the hi-li market, modular units are the fastest-
growing segment but, because the price is low, the share 
of total dollars is still low. Also growing in both the 
youth and middle-age markets is compact component 
stereo, which some buyers augment with larger speakers 
for better sound. A previous audio star, system compo-
nent stereo, is growing at a lower rate now, while the 
deluxe component business is practically stagnant. Total 
hi-fi component sales picked up the beat again last year, 
jumping 6% to $758.3 million. According to the Electron-
ics consensus, this year's total should hit $788.8. 

Surprisingly, microcomputers are used only on high-
end electronic cooking ranges. Instead, manufacturers 
are mostly busy adding features such as browners and 
ovenlike heaters. Although there is now a replacement 
market for units sold eight to ten years ago and the 
diffusion index is only 30%, manufacturers cannot seem 
to find the key to bigger sales. Growth will be a moder-
ate 3% this year to $338.6 million. 
The steam appears to have gone out of the $150 

million calculator market. Something like 55 million 
units were sold in the past five years and almost every-
body who wants one has one, it seems. 
Sharp Corp.'s Calculator division should pick up new 

business with its Japanese-English translator and also 
with a calculator featuring voice output. Hitachi will sell 
a numerical problem dictation unit for practice on the 
soroban (the Japanese abacus) and a clock radio with 
speech output. Indeed, synthesized speech products may 
span the consumer product spectrum in the coming year. 

COMPONENTS  

Microprocessors slowing, 
MOS logic still glowing 
In the semiconductor market, integrated circuits contin-
ue to lead the action, with sales this year forecast at 
more than double those of the lackluster discrete 
segment. 

Electronics' survey shows that the domestic market for 
Ics grew by more than 23% in 1979 and will gain almost 
16% in 1980. Microprocessors, with a leap of 64%, and 
complementary-moS logic circuits set the pace in 1979. 
Microprocessor growth will slow to 6% in 1980. This 
deceleration is partly because capacity is limited, partly 
because prices are falling, and partly because easy 
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markets —like those for air conditioners and TV 

tuners—have been taken on first. 
The next big spurt in microprocessors may come in 

1981 when microprocessor control is added to popularly 
priced 1982 model automobiles-8-bit versions for 
engine control and 4-bit versions for dashboards. Proces-
sors with more than one chip will be required for engine 
control, though. Additional chips will be needed for 
analog-to-digital conversion and for read-only memory. 
New microprocessors are being developed for specific 

applications, including more low-power c-mos chips. 
While it will not be specific, Nippon Electric Co. intends 
to market a 4-bit and an 8-bit microprocessor of its own 
design this year, as well as its version of the Intel 8086. 
Meanwhile, Hitachi Ltd. will be a second source for the 
16-bit Motorola 68000. 
This year much of the growth will come in c-mos 

logic for both consumer products and digital terminal 
equipment, bipolar logic for peripheral equipment and 
mainframes, and linear circuits for consumer products. 
mOS and c-mos logic will jump 34% to $184.9 million 
this year; bipolar logic will gain 19% to $223.7 million; 
and linear ICs will grow 21% to $356.3 million. 
Memory devices are production-limited, despite 

Japan's well-publicized inroads on export markets. 
Much of the capital investment is going for fine-pattern 
64-K dynamic random-access memories and 16-K static 
RAMS, but capacity will not increase rapidly. Some two-
power-supply 64-K dynamic RAMS will be built initially 
for in-house use. The mainstream, however, will be 
designs with pin 1 unconnected. 

Three companies have staked out different positions in 
the 16-K static RAM business, and all will get business 
because demand exceeds supply. Mitsubishi Electric 
Corp. backs moderate-speed H-MOS; Hitachi, high-speed 
C-m0S; and Toshiba Corp., moderate-speed C-mOs. 

Hitachi and Fujitsu Ltd. are slugging it out in eras-
able programmable read-only memories for a market 
that will include 16-K and 32-K types this year. Hitachi 
will supply parts with both TI and Intel pinouts and later 
this year will offer an electrically erasable PROM. 
The magnetic-bubble memory market has barely 

opened, but Hitachi claims to be number one or two 
worldwide on the strength of the 64-K chips it produces 
for Nippon Telegraph and Telephone Public Corp. 
However, since MOS RAM prices will be coming down, 
Hitachi says 1-megabit and perhaps 4-Mb devices will be 
necessary for bubbles to be cost-effective. 

COMPUTERS  

New families introduced 
to battle IBM 4300 series 
The strain of waiting for IBMCorp.'s 4300 series, along 
with the lower prices that the 4300 triggered, reduced 
growth in the data-processing sector last year to 3.66%. 
But business should pick up this year as deliveries start 
for competing models announced in rapid succession by 

Nippon Electric Co., Fujitsu Ltd., Hitachi Ltd., and 
Mitsubishi Electric Corp. The industry consensus is that 
the domestic market will grow this year by 10.2%, to 
$3.92 billion—a good gain albeit far below historical 
levels. 
Nippon Electric started the competitive race late in 

1978 by announcing its System 100 microprocessor-
based business computer, along with its N4700 distrib-
uted processing system competitive with IBM's 8100 line. 
Then NEC was quick off the starting line in February 
with the ACOS 250, which enables it to compete with 
IBM's System/38 and the low end of the 4300 series. It 
took until October, though, for the company to extend its 
line with the ACOS 350, 450, and 550 for capability 
competitive with that offered by the 4300. Mitsubishi 
was also quick with a March unveiling of its Cosmo 700, 
which competes at the top end of the 4341. 

Fujitsu and Hitachi, which cooperated to develop soft-
ware similar to IBM's, announced their entries in April 
and June. Fujitsu introduced the Facom M-130F, -140F, 
-150F, and -160F. Hitachi calls its entries the Hitac 
M-140H, -150H, and -160H. 
Although the systems business itself was slack last 

year, peripheral and terminal equipment for old and new 
systems did well. Growth was almost 12% last year, with 
a forecast of 18.8% this year. 
The star performers—data-storage devices—climbed 

44% last year and another 49.8% is predicted for this 
year. Not far behind is data-terminal equipment, with 
growth of almost 28% last year and more than 30% 
predicted this year. Also showing gains on the order of 
20% each year are the smaller categories of data-entry 
equipment and data-output equipment. 

Although not listed as a separate category, there has 
been explosive growth in systems that include handling 
kanji, or Chinese characters, needed to write natural 
Japanese prose. These systems, which also contain Japa-
nese kana syllabary and alphanumerics, have become 
practical with the advent of low-priced ROM character 
generators that store several thousand characters with a 
dot matrix of anywhere from 18 by 18 to perhaps 32 by 
32. Many small business systems cut corners by includ-
ing only several hundred characters that appear with 
great frequency. So important are kanji systems for the 
Japanese market that giant computer manufacturer IBM 
last year introduced them separately for its mainframes 
and for its System/34. Other major American compa-
nies say they are developing similar systems. In fact, the 
lack of kanji handling capability could become an obsta-
cle to the importing of American data-processing prod-
ucts to Japan. 

Operating systems and software for handling data 
bases and Japanese-language peripherals are considered 
so important by the Japanese government that it started 
a five-year software and peripherals development project 
last year, just as the famous VLSI project was winding 
down. The project is financed half by government, half 
by industry. The government budgeted $80 million for 
basic software and $14 million for peripherals. Last 
year's allotment from the government was $5.8 million 
for software and $1 million for peripherals. This year the 
Ministry of Finance will request $20.82 million for soft-
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ware and $3.5 million for peripherals. Among the impor-
tant goals of this project is to develop methods of kanji 
input suitable for nonprogrammers. 

COMMUNICATIONS 

Analog and digital nets 
still going strong 
The telecommunications market grew by more than 10% 
last year and will grow by another 11% this year as the 
Nippon Telegraph and Telephone Public Corp. com-
pletes its analog networks and continues to build its 
digital networks. The 60-megahertz analog coaxial cable 
network is being completed and new frequency-modula-
tion, frequency-division—multiplexing microwave equip-
ment, with a capacity of 3,600 telephone channels per 
carrier, is being installed. 

This year more than 100 space-division electronic 
exchanges will be installed for a growth of 12% 
compared with last year's 20% gain. Their central 
processing units have new large-scale integrated circuits 
that provide more than three times the performance of 
earlier exchanges. Next year should see commercial tests 
of exchanges with 64-K dynamic RAMS and 256-K bubble 
memory chips. 
Two D-50 direct digital exchanges (DDx) have been 

installed and rate setting is all that is required before the 
start of service in Tokyo, Osaka, Yokohama, and 
Nagoya. This service is to be followed by packet service 
for Sapporo, Fukuoka, and Sendai. The D-50 exchanges 
for DDX are similar to the D-10 exchanges for analog 
service but have different speech paths and software. 

This year five new types of electronic private automat-
ic branch exchanges (EPABx) —the electronic successor 
to PBX—from NTT will compete against those offered 
directly by outside manufacturers. Both NTT and the 
competing manufacturers use space-division technology 
for their EPABX equipment. 

Facsimile equipment will continue rolling along. Last 
year's growth rate of nearly 30% will be followed by 
another near 30% jump this year. 

TEST AND MEASUREMENT 

Steady growth despite 
currency fluctuations 
The price advantage that the American test instruments 
companies had last year because of the falling value of 
the U. S. dollar has disappeared now that the exchange 
rate is back to about 250 yen to the dollar. So the drastic 
price cutting initiated by Yokagawa-Hewlett Packard 
Ltd., Sony Tektronix Corp., and others has stopped and 
tags have eased back up. 
As a result, many customers will buy less equipment, 

though they will spend slightly more. The total test and 
measuring instruments sector should reach $346.7 
million this year, compared with $321.8 million in 1979, 
a little more than a 7% gain, according to the Electronics 
survey. 
The oscilloscope market keeps up its steady growth 

with an increase of almost 10% forecast this year. The 
market has become fragmented, however. Portable 
scopes keep replacing bench types. Iwatsu Electric Co., 
for example, introduced one rated at 350 MHz, and 
Matsushita Communication Industrial Co. introduced 
several lower-frequency types. Companies like Kikusui 
Electronics Corp. and Trio-Kenwood Corp., which 
formerly specialized in instruments for TV servicemen, 
now offer dual-beam scopes for operation up to 50 MHz. 
Hitachi and Toshiba have scope manufacturing opera-
tions that supply all but the highest-performance units to 
their own manufacturing firms. In addition they compete 
with other instrument manufacturers in the open 
marketplace. 

Recorders continue their high growth rate with the 
chart showing better than 14% gains for both 1979 and 
1980. In this group, Watanabe Instruments Corp. and 
others have created a hot new business in intelligent 
digital plotters for microcomputer output. 

INDUSTRIAI  

Replacement equipment 
comes to the rescue 
Influenced by the energy crush, Japan's heavy industries 
are operating at a low level again this year as the 
government reduces public spending to hold down its 
deficit. Nevertheless, Electronics' survey shows that the 
process-control systems market will grow by more than 
8% this year to $780.5 million. 
Though there is also an upsurge in orders from chemi-

cal and petrochemical plants, the heaviest demand is for 
replacements. More than 10 years have passed since the 
peak of domestic plant construction, and companies 
must replace aging analog controls. 

Replacement equipment often includes more sophisti-
cated energy-saving and pollution-control units. In addi-
tion, there is more emphasis on supervisory computers 
and sequence control. And CRT consoles are replacing 
banks of instruments in large installations to lower 
manning requirements. 
The market is rapidly switching to digital control 

systems. Hokushin Electric Works Ltd. predicts more 
than 60% penetration by 1985, while Yokogawa Electric 
Works Ltd. predicts 50% by 1983. Decreasing hardware 
prices and the need for flexibility and assured reliability 
for critical loops have led to the introduction of 8-loop 
and 1-loop controllers. These units can be mixed in any 
combination with 16- or 32-loop units and with analog 
units. Overall, the industrial electronics sector should 
struggle to a 5% increase this year, logging a little over 
$1.5 billion. 
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JAPAN/EUROPE MARKETS FORECAST 1980 

COMPONENTS, TOTAL (millions of dollars) 

JAPAN 

1978 1979 1980 

6,217.5 6,880.9 7,393.5 

WEST EUROPE 

1978 1979 1980 

9,206.5 9,836.0 10,390.8 

PASSIVE AND ELECTROMECHANICAL 3,146.5 3,402.3 3,636.6 4,722.8 5,055.2 5,320.8 
Capacitors, fixed 631.0 662.7 684.4 946.8 1,008.1 1,037.6 
Capacitors, sanable 35.3 37.0 41.4 64.8 64.1 63.6 
Connectors, plugs, and sockets 206.8 248.9 278.9 736.1 799.5 844.8 
Filters, networks, and delay lines 7.7 9.8 12.6 109.9 115.8 122.2 
Loudspeakers, OEM type 105.6 120.0 132.0 162.9 174.6 184.6 
Microphones, OEM type 87.8 112.2 125.2 40.8 44.5 47.8 
Microwave components - - 2.7 2.7 3.0 
Potentiometers, composition 251.8 271.8 288.8 203.1 214.2 225.2 
Potentiometers, wirewound 13.2 14.2 15.0 65.9 68.4 69.2 
Printed-circuit boards 361.6 395.8 443.1 700.7 779.7 844.1 
Quartz crystals (including mounts and ovens) 42.4 44.0 46.0 104.0 110.3 119.2 
Relays (for communications and electronics) 328.4 350.0 370.8 381.2 402.3 423.0 
Resistors, fixed (including wirewound) 174.3 189.2 202.2 329.4 334.2 342.9 
Resistors, nonlinear 25.2 28.7 32.0 56.8 59.8 63.5 
Servos, synchros, and resolvers 36.0 40.0 40.0 60.9 69.7 73.0 
Switches 177.1 190.7 206.3 291.9 314.7 336.2 
Transducers (pressure, strain, temperature, etc.) 12.3 16.0 19.6 - _ 
Transformers, chokes, coifs, TV yokes, and flybacks 650.0 671.3 698.3 464.9 492.6 520.9 

SEMICONDUCTORS, DISCRETE, TOTAL 
Microwave diodes, ai types (above 1 GHz) 
Rectifiers and rectifier assemblies 
Signal diodes (rated less than 100 mA, including arrays) 
Thyristors (SCRs, four-layer diodes, etc.) 
Transistors, bipolar power (more than 1-W dissipation) 
Transistors, bipolar small-seal (including duals) 
Transistors, field-effect power and small-signal 
Tuner varactor diodes 
Zener diodes 

829.3 841.7 855.4 1,072.8 1,121.1 1,153.8 
9.3 8.0 9.8 29.2 32.5 36.5 

182.1 190.8 190.6 208.7 221.5 229.3 
102.0 100.5 103.5 93.9 96.8 99.3 
69.8 72.0 75.4 128.9 136.2 141.2 
178.8 188.9 193.6 209.9 222.8 231.4 
214.1 207.8 201.4 291.1 291.4 289.5 
28.3 25.7 33.8 25.5 29.3 32.4 
17.1 19.3 21.3 29.3 30.4 31.5 
27.8 28.7 29.0 56.3 60.2 62.7 

SEMICONDUCTORS, INTEGRATED CIRCUITS, TOTAL 1,289.6 1,590.0 1,838.0 1,336.6 1,566.3 1,788.3 
Hybrid ICs, al types 101.5 125.9 144.5 150.9 168.2 190.6 
Linea' ICs (except op amps) 276.6 294.6 356.3 286.9 309.7 338.3 
Op amps (monolithic only) 32.1 40.4 46.9 61.5 70.3 79.1 
Logc circuits, bipolar 167.2 188.0 223.7 254.3 299.1 330.2 
Logc circuits, MOS and C-MOS 102.8 137.7 184.9 228.0 270.5 303.6 
Memory circuits, bipolar 25.0 32.3 37.8 50.9 60.4 68.1 
Memory circuits, CCD 2.5 5.3 7.7 - 
Memory circuits, magnetic-bubble 2.4 18.1 20.8 - - 
Memory circuits, NOS and C-NOS (except microprocessors) 135.0 140.5 155.8 179.7 221.4 266.9 
Microprocessors (includes CPU, memory, and I/O chips) 154.0 253.8 268.4 71.5 106.1 142.3 
Calculator chip sets 98.0 101.1 103.1 3.0 2.8 2.7 
Watch and clock chip sets 67.2 88.3 103.4 32.6 36.4 39.6 
Other special-purpose circuits 125.3 164.0 184.7 17.3 21.4 26.9 

SEMICONDUCTORS, OPTOELECTRONIC, TOTAL 213.3 283.7 351.9 119.0 139.0 164.7 
Circuit elements (photoconductive cells, photodiodes, etc.) 35.4 42.8 50.2 38.7 44.1 52.5 
Discrete het-emitting diodes 51.9 66.3 80.5 28.7 32.6 37.2 
Image-sensing arrays, area (including CCDs and MOS) 2.8 5.2 - 
Image-sensing arrays, linear (including CCDs and MOS) 4.8 8.0 - 
Readouts 120.0 160.0 200.0 47.7 57.7 69.4 
Photovottaic (solar) celfs 6.0 7.0 8.0 3.9 4.6 5.6 

TUBES, TOTAL 
Cathode-ray tubes (except for TV) 
Camera tubes and image intensifiers 
Photomuftiplier tubes 
Power tubes 
Receiving tubes 
TV picture tubes, black-and-white 
TV picture tubes, color 

738.8 763.2 711.6 1,954.4 1,953.5 1,962.2 
13.2 20.0 22.0 55.6 63.9 74.0 
54.0 56.0 72.0 57.2 61.0 66.0 
4.8 5.2 5.6 29.3 30.7 31.7 

120.0 118.0 120.0 251.2 268.6 289.2 
12.0 20.0 12.0 64.5 58.4 52.2 
49.6 44.0 40.0 85.1 72.5 64.4 

485.2 500.0 440.0 1,411.5 1,398.4 1,384.7 

EQUIPMENT, TOTAL (millions of dollars) 16,884.7 18,606.2 20,705.4 36,329.5 40,495.1 44,370.2 

CONSUMER, TOTAL 6,045.1 6,506.5 6,793.4 12,457.7 13,156.2 13,775.3 
Audio tape recorders and players 514.0 564.4 602.6 678.1 695.3 714.5 
Citizens' band transceivers 8.8 9.1 10.0 138.9 83.4 41.7 
Electronic ranges (microwave ovens) 312.7 327 8 338.6 - 
Fii-fi equipment 714.8 758.3 788.8 1,521.6 1,680.1 1,837.1 
Musical instruments (organs, electric guitars, etc.) _ - - - 
Phonoçraphs and phono radio combinations 147.3 174.8 179.4 481.8 505.0 518.6 
Pocket calculators (four-function, personal) 162.4 152.0 124.0 269.3 273.6 280.2 
Radios (including car radios) 235.4 240.0 255.1 1,342.3 1,406.7 1,427.9 
Radio/recorder combinations 411.6 472.6 487.8 619.5 679.8 733.0 
Radio/TV/recorder combinations 69.3 70.9 71.5 - - 
TV sets, black-and-white 88.2 67.2 61.4 791.3 759.4 708.5 
'TV sets, color 2,041.1 2,118.6 2,124.9 6,037.9 6,286.4 6,481.6 
Video cameras (for consumer use) - - 
Video games 8.0 6.0 4.0 38.9 42.1 47.2 
Video tape machines (consumer) 326.6 426.7 516.2 208.1 348.1 516.5 
Watches and docks, electronic 471.2 464.0 506.0 330.0 396.3 468.5 



JAPAN WEST EUROPE 

1978 1979 1980 1978 1979 1980 

COMMUNICATIONS, TOTAL 2,244.8 2,473.3 2,758.8 6,955.3 8,210.2 9,255.3 
Broadcast 100.5 115.0 133.0 219.8 240.4 259.7 
Cable TV 52.0 56.0 56.4 11.5 12.4 13.3 
Closed-circuit TV 73.2 95.5 126.7 180.5 197.5 212.5 
Data communications 130.4 134.0 146.0 171.6 217.4 227.8 
Facsimile terminals 174.7 226.9 294.0 13.0 19.1 28.5 
Fiber-optic communications _ - - - - 
Intercoms and intercom systems 43.2 46.0 49.2 132.7 142.3 150.7 
Microwave relay 124.0 132.0 138.0 250.3 255.1 262.3 
Navigation aids, except radar 63.6 66.8 69.5 598.2 683.8 754.8 
Paging (public and private) 14.4 16.0 17.6 48.6 50.3 53.6 
Radar (airborne. ground, and marine) 102.3 119.0 133.0 1,066.0 1,182.0 1,322.9 
Radio communications (except broadcast) 500.9 522.8 557.2 1,428.6 1,606.3 1,773.7 
Telephone switching, PABX' 16.8 25.3 37.8 430.4 601.9 839.7 
Teiephone switching, public 283.6 323.2 362.4 1,203.1 1,722.2 1,999.6 
Telephone and telegraph carrier 23.2 28.0 33.2 1,201.0 1,279.5 1,356.2 
Video recorders and players (nonconsumer) 542.0 566.8 604.8 - - 

COMPUTERS AND RELATED EQUIPMENT, TOTAL 5,953.6 6,676.1 7,914.4 12,116.5 13,949.0 15,732.2 
Data-processing systems, total' 3,427.6 3,553.1 3,915.4 6,853.6 7,936.3 9,053.0 
Microcomputers (basic chassis value less than $1,500) 76.8 88.0 96.0 43.4 82.4 112.9 
Mini (system value less than $50,000) 307.9 333.6 369.0 1,008.1 1,310.1 1.609.4 
Small (up to $420,000) 384.7 467.0 522.5 1,847.1 2,233.2 2,634.8 
Medium (up to $1.680,000) 816.4 867.7 933.3 2,149.7 2,365.9 2,604.4 
Large (more than $1.680,000) 1,841.8 1,796.8 1,994.6 1.805.3 1.944.7 2,091.5 

Add-on memories 168.0 172.0 200.0 68.0 79.0 92.1 
Data acquisition 81.2 87.7 93.3 184.8 199.5 208.2 
Data entry/output 345.5 417.0 511.9 949.3 1,057.6 1,163.0 
Data storage 577.9 832.3 1,246.8 - - - 
Data terminals 720.0 920.0 1,200.0 1,036.5 1,238.3 1,432.8 
Electronic office equipment 565.4 614.0 655.0 2,833.8 3,219.4 3,536.7 

Billing and accounting machines 80.0 87.0 97.0 960.3 1,093.0 1,184.0 
Calculators, office type 75.0 80.0 85.0 504.2 532.7 564.7 
Calculators, scientific type 35.0 55.0 65.0 228.2 264.3 310.7 
Copying machines 375.4 392.0 408.0 863.8 985.6 1.079.4 
Dictating machines - - 68.6 72.7 77.0 
Word-processing - - 208.7 271.1 320.9 

Point-of-sale 68.0 80.0 92.0 190.5 218.9 246.4 

INDUSTRIAL, TOTAL 1,292.2 1,449.5 1,527.8 2,209.7 2,412.4 2,636.9 
Inspection and gauging equipment (X-ray) 44.0 48.4 52.0 53.9 59.2 62.6 
Inspection and gauging equipment, infrared 36.0 40.0 44.0 - 
Machine-tool controls 110.0 140.0 164.0 139.5 153.7 171.0 
Motor controls 148.0 162.8 160.0 181.6 176.0 190.2 
Photoelectric controls - - 45.0 48.2 50.8 
Pollution-monitoring systems 102.0 114.6 132.6 32.2 26.6 26.5 
Process-control systems 670.7 720.0 780.5 1,666.7 1,854.6 2,034.7 
Ultrasonic cleaning and inspection 29.1 31.7 34.7 35.9 38.5 40.9 
Welding (with electronic controls) 152.4 192.0 200.0 53.9 55.6 60.2 

MEDICAL, TOTAL 468.2 514.9 560.8 1,449.4 1,504.8 1,567.0 
Diagnostic equipment (except X-ray) 88.0 100.8 113.2 304.9 319.9 335.8 
Patient-monitoring 42.1 47.1 50.7 112.3 119.4 129.3 
Prosthetic 18.0 19.2 20.0 178.5 184.9 192.2 
Surgical support 16.8 18.0 19.2 
Therapeutic (except X-ray) 20.6 21.8 23.0 78.5 80.9 84.6 
X-ray equipment, diagnostic and therapeutic 282.7 308.0 334.7 775.2 799.7 825.1 

POWER SUPPLIES, TOTAL 
Bench and lab 
Industrial (heavy-duty) 
OEM and modular 

ANALYTIC INSTRUMENTS, RESEARCH OR CLINICAL, TOTAL 

113.2 128.8 196.2 294.9 317.2 349.0 
48.0 56.0 64.0 32.9 35.5 48.2 
21.6 24.4 26.6 96.5 103.0 109.4 
43.6 48.4 105.6 165.5 178.7 191.4 

358.0 396.0 436.0 

TEST AND MEASUREMENT, TOTAL 307.2 321.8 346.7 846.0 945.3 1,054.5 
Amplifiers, lab type 9.1 14.5 16.0 12.4 13.0 13.7 
Analog voltmeters, ammeters, and multimeters 22.5 24.1 25.9 52.9 55.6 58.4 
Automatic test equipment (IC, component, and board) 39.9 22.8 21.8 111.9 140.5 175.5 
Calibrators and standards, active and passive 8.4 8.8 9.2 12.2 13.3 14.3 
Counters and timers 14.0 16.0 16.5 48.0 52.0 56.8 
Digital logic (probes, analyzers) 4.8 5.0 5.7 30.2 38.2 49.0 
Digital multimeters 13.1 13.4 13.6 51.6 56.0 61.6 
Microwave test instruments 12.9 14.0 15.1 70.4 82.5 93.5 
Oscillators 18.0 19.9 21.3 20.0 21.1 22.8 
Oscilloscopes and accessories 48.7 52.1 57.2 164.1 176.8 187.3 
Panel meters 27.6 31.2 34.2 44.0 45.9 47.8 
Phase-measuring equipment 2.2 2.4 2.5 - - 
Power meters 2.5 2.7 3.0 4.7 5.2 5.5 
Recorders 36.2 41.6 47.7 113.5 122.7 131.4 
Signal generators, analog 29.5 33.4 34.6 50.1 54.3 60.5 
Signal generators, synthesizer 5.9 6.3 6.7 23.1 26.7 30.3 
Spectrum analyzers (audio to 1 GHz) 11.9 13.6 15.7 36.9 41.5 46.1 

AUTOMOTIVE, TOTAL 102.4 139.3 171.3 

'Electronic or semielectronic. 'Includes stand-alone minicomputers but not computers that are integral parts of process-control and similar systems. -No estimate available. 

Figures in this chart are based on inputs obtained from an 11-country survey made by Electronics in September and October 1979. They show consensus estimates for consumption of 
components, valued at factory prices, used to produce equipment for both domestic arid export markets and for consumption of electronic equipment, with domestic hardware valued at 
factory sales price and imports at landed cost. 



You don't go to an 
amateur for product design, 
or corporate financing, then 
why use amateurs to try to 
sell your products. 

Talk with a Manufacturer's 
Representative. He is a professional — 
He knows how to get results. 

A manufacturer's representative has a broad 
base of product and market knowledge be-
cause of multiple-line selling. Each call for 
each product helps uncover new applications, 
new market opportunities. 

His objective—his only objective—is to de-
velop his chosen territory into the best market-
place possible. 

The manufacturer's representative is more 
than a commissioned salesman. He's a terri-
tory manager . . . A personnel manager . . . 
A customer service manager . . . A sales man-
ager . . . A product manager . . . A merchan-
dising manager. And an independent busi-
ness man! 

For more information on how a manufac-
turer's representative can help you market 
your products, write or call the Electronic 
Representatives Association. We can help 
you set up the finest representatives in the 
world! 

Electronic Representatives Association 
233 E. Erie Street, Suite 1002 
Chicago, Illinois 60611 
(312) 649-1333 

ere 
—Manufacturers' Representatives make 
good business sense, at a time when we 
really need it most— 

Yes, send me information on how I can use representatives. 

Name  

Company   

Address   

City   

State   

I Clip out and send to 
Electronic Representatives Association 

• 233 E. Erie Street, Suite 1002 
• Chicago, Illinois 60611 
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If you haven't had 
a Model 3500 demo yet 

here are 7 reasons 
why you should. 

Data Precision's Model 3500 51/2 digit multi-
meter gives you more at reduced costs. 

1BCD Output and Digital Control 
e Parallel BCD output and digital control signal 

capability at no extra cost. 

2Ratio Measurements 
e DC/DC and AC/DC ratio measurement capa-

bility at no extra cost. 

3High Normal Mode and 
•Common Mode Rejection 
Model 3500 performance is significantly more 

effective in rejecting normal mode and common 
mode signals up to 80dB NMRR and up to 160dB 
CMRR. 

g Hi-Frequency Measurements 
--m-• The Model 3500 AC voltage measuring capa-
bility is specified up to 100KHz. 

5High and Low Range ACV 
•Measurement Capability 

Provides a measurement capability of AC volt-
ages on 5 range scales, including the low scale with 
1µV resolution and a high scale to 700 volts RMS. 

K Zero Stability 
114Fle Model 3500 incorporates Tri-Phasic nn auto-
zeroing performance eliminating the need for zero 
adjustment between measurements on any range 
and any function. 

Price 
e High quality performance and accuracy for 

$995 complete. 

The Model 3500 has a 6 months basic DC 
accuracy of ±0.007% of reading ±1 LSD, full auto-
ranging from 1 microvolt to 1000V (DC or AC peak) 
and 1 milliohm through 12 Megohms resistance, 
20% overranging and an easy-to-read 1/2 inch 
planar display. 

The Model 3500 also features our Tri-Phasic un 
conversion cycle, Ratiohmic tin resistance mode, and 

Isopolar lin referencing, circuit techniques that 
increase performance and decrease price. 

To arrange an immediate demonstration or for further 
information contact your local Data Precision 

representative or call: 

(800) 343-8150, 892-0528 in Mass. 
DATA PRECISION CORPORATION 

Division of Analogic Corporation 
Electronics Avenue, Danvers, MA 01923 

(617) 246-1600 
TELEX (0650) 921819 

DATA PRECISION; 
A DIVISION OF ANALOGIC CORPORATION 

150 for demonstration 151 for additional information 



Technical articles  

Practical liquid-crystal display 
forms forty characters 

A more responsive LCD material and better packaging 

overcome obstacles to multiplexing 

by D. Davies, W. Fischer, G. Force, K. Harrison, and S. Lu, Kylex Inc., an affiliate of Exxon Enterprises Inc., Mountain View, Calif 

El The familiar refrain that runs "liquid-crystal displays 
of more than a very few characters cannot be multi-
plexed in a practical, cost-effective manner" is out of 
date. A compact 40-character alphanumeric dot-matrix 
LCD that has simple, inexpensive multiplexing and that 
interfaces with a microprocessor is proof. 
The multiplexing scheme used in the LX140 [Electron-

ics, Nov. 22, p. 46] is made possible by a development in 
liquid-crystal materials. For its small size it must thank 
integrated-circuit technology, both for the custom 
complementary-MOS chips that drive its rows and 
columns and for the photolithographic techniques 
borrowed from IC manufacturing that are used in fabri-
cating the closely spaced elements of its 5-by-10-dot 
characters. The 5-by-10-dot characters display descend-
ers for letters such as p, q, and y, as seen in Fig. 1. 
The display's on-board electronics includes random-

access memory, refresh circuitry, and a voltage convert-
er. The converter generates drive voltages for the multi-
plexed LCD from a single 5-volt supply and provides 
temperature compensation for optimum drive voltage 
over the display's operating range of 0° to 55° C. 

Directly driven LcDs are limited by interconnection 
complexity to four or six characters. Multiplexing the 
signals to LCD elements complicates the microprocessor 
interface and demands high performance from the 
liquid-crystal material itself [Electronics, May 25, 1978, 
p. 113, and July 5, 1979, p. 141]. Limitations inherent in 
liquid-crystal materials and display fabrication tech-
niques have forced LcDs to take a back seat to light-

emitting-diode displays, plasma panels, and vacuum 
fluorescent displays. 

All those display types have distinct disadvantages 
when it comes to their use in small, portable equipment. 
LEDs use a lot of power and tend to wash out in direct 
sunlight, as do vacuum fluorescent displays. Vacuum 
fluorescent displays, though fast, inexpensive, and easily 
multiplexed, require high voltage levels. Plasma panels 
consume large amounts of power at high voltages and 
are somewhat bulky. And cathode-ray tubes, which are 
the first in the field in information density and economy, 
represent with their power supplies too heavy a burden in 
applications that require no more than 40 to 80 
displayed characters. Word processors, electronic type-
writers, teleprinters, electronic banking terminals, porta-
ble data-entry terminals and instruments—all these 
applications call for moderate information levels deliv-
ered by small, thin, lightweight devices. 

Fabrication and packaging 

LCD process technology is critically dependent on the 
ability to pattern elements with as high a resolution as 
possible. Most LCDS have screen-printed patterns. The 
precision photolithographic techniques used to fabricate 
the large-area LX140 allow the clear definition of 
elements with separation between them as little as 0.002 
inch. This gives a dense appearance to each character. 
And because the process is readily adaptable to automa-
tion, high production yields are possible along the classic 
learning curve of integrated circuits. The result is a 

1. Forty characters. Photolithographic techniques, instead of the usual screen printing, allow closer spacing of the dots in the Kylex LX140 

liquid-crystal display. An advance in LC materials made a new level of multiplexing complexity possible; internal circuitry eases interfacing. 
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2. Three-level multiplexing. The use of three voltage levels in the element-driving waveforms (in addition to 0 V) results in a very low ratio of 

on voltage to off voltage (rms) when 10 rows are to be scanned. Tight LC-material performance requirements are the consequence. 
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relatively low cost per device—$299 each in small quan-
tities, $199 each in 100-unit lots. 
The large number of interconnections needed for the 

display module presented its designers with a tough 
packaging problem. Each column and each row of the 
display must of necessity be driven by a unique wave-
form supplied by an lc. Each chip in turn must interface 
the system's internal bus, and the system in addition 
must interface the user's bus. 
The solution was the use of a single-piece polyimide 

flexible circuit. The flexible circuit services all chip-
to-display connections, all the system's bus interconnec-
tions, and the connections to the voltage-generation 
board. The custom c-mos drivers are wire-bonded into 
64-pin leadless carriers that are reflow-soldered to the 
flexible circuit in a single simple step. The flexible 
circuit connects to the display via elastomeric connectors 
similar to those used in LCD watches and calculators. 
The flexible circuit is folded into a compact package. 
The entire circuit is assembled and tested prior to folding 
to insure reliability and environmental stability. The 
leadless carriers allow volume-efficient packaging of the 
chips, facilitate pre-assembly testing, and simplify 
substrate reworking. 

Tailoring LCDs for multiplexing 

The LX140's 2,000 elements call for a very high-level 
multiplexed addressing scheme. In direct-drive LCDs, 
zero voltage is typically applied to an unselected (off) 
element, and an alternating-current potential greater 
than the threshold voltage, Vou, is applied to selected 
(on) elements. This kind of addressing is usually used in 
wristwatch circuits, where no more than four to six 
seven-segment display digits are used. Typically, the Vthr 
is about 1.5 volts and operating voltage is about 3 v. 
(The operating voltage must be higher than Vihr because 
the LCD only begins to turn on at Voir.) 
When the number of display characters gets much 

higher than six, driving them directly is no longer practi-
cal since the interconnection complexity becomes 
unmanageable and higher costs result from the addition-
al hardware needed. 

But multiplexing is a problem. LCDs in general and 
twisted-nematic types like the LX140 in particular 
change their optical properties in response to the root-
mean-square value of the alternating-current driving 
voltage across the elements. This rms behavior has 
limited the multiplexing capability of such displays. 

In a dot-matrix LCD, the display's rows are scanned 
one at a time and the columns are driven in parallel. 
Selected elements are driven with an rms voltage (Von) 
above Vthr and unselected elements are driven with an 
rms voltage (Voff) below Vth„ instead of with a zero 
voltage. 

Unfortunately, it is impossible to arbitrarily increase 
Von without also increasing Voff. This is best illustrated by 
the amplitude-selection scheme of Fig. 2, where a multi-
plexing waveform is used to display the letter "A" on a 
5-by-10-dot matrix. The waveforms for rows Ro, 12 1, and 
R9, as well as columns C4 and C3 are shown. 
As mentioned, the array's rows are scanned in 

sequence. In this example, RI is scanned by raising the 

4. Electro-optic response. A synthesized liquid-crystal material 

developed for the LX140 balances a good contrast curve shape with 

a relatively low temperature dependence. Off-axis viewing (22° and 

45° shown) is sensitive to lower voltages than on-axis viewing. 

waveform's voltage to 3V„ during time period 1. During 
other time periods, RI's voltage is V. During time period 
0, the voltage level for column 4 is 2 Vx (since the 
element Ro, C4 is off). During time periods 1 through 6, 
the voltage level for this column is zero (since the 
elements RI, C4 through R6, C4 are on). This column 
returns to 2 Vx during time periods 7 through 9, to avoid 
selecting those elements. 
An important factor in determining the performance 

of multiplexed LCDs is the ratio of Voo to Voff. This 
Voo/Voff ratio, which will arbitrarily be called r here, is 
determined by: 

r = [(n +8)/n]/2 

where n is the number of scanned rows in the 3:1 
selection scheme of Fig. 2. As can be seen, for large 
values of n, r approaches unity rapidly. With n equal to 
10, r equals 1.3416. Thus the rms voltage of the selecting 
waveform is only 34.16% higher than the rms voltage of 
the unselecting waveform. In other words, an element 
can be driven at a maximum V„„ that is only 34.16% 
higher than Voff. 
To improve this slim margin of Von/Voff, the LX140 

was designed with a multiplexing scheme that uses four 
instead of three voltage levels—Vs, 2V„, 3Vs, and 4V— 
togenerate the waveforms for rows and columns 
(Fig. 3). Here, r is 1.3868, a value fairly close to the 
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5. Custom driver. The complementary-MOS integrated circuit designed to drive the rows and columns of the LX140 produces 35 waveforms. 

The chip can be used to drive 35 columns, or, in a second pin-selectable mode, it can generate 10 row waveforms and 25 column waveforms. 

theoretical limit for an LCD with 10 multiplexed rows. 
On the other hand, the LCD multiplexing scheme 

works very well with a very small ratio of V„„ to Va ., 
given an ideal LC material (the curve of its contrast ratio 
versus the rms drive voltage would be a step function, 
unaffected by temperature or viewing angle). The small-
er voltage swings give faster display response, less cross-
talk, higher duty cycles (making more scanned rows 
possible), and higher contrast. Any improvement in LC 
materials that heads towards that ideal will ease the 
multiplexing difficulties. 

In practice, the threshold voltage, Vth„ which deter-
mines Vor, varies as a function of both viewing angle and 
temperature. A twisted-nematic LCD like the LX140 is 
characterized by a shallow curve of contrast ratio versus 
drive voltage. Therefore, with a small Von/Voff ratio, it is 
necessary to use an LC material with low birefringence 
and a display with thin cell spacing and zero-tilt surface 
alignment (the glass surfaces sandwiching the LC mate-
rial are highly parallel). 

Instead of the LC materials of purely positive dielectric 
anisotropy used in most commercially available LcDs, a 
mixture of positive and negative dielectric anisotropy 
materials is used in the LX140. Purely positive materials 
have shallow threshold curves and thus are not suitable 
for multiplexing. Positive materials suffer more from 

dependency of the threshold level on temperature. Some 
mixtures of positive and negative materials, on the other 
hand, do have sharp threshold curves and a lower 
temperature dependency. The selection of the proper 
combination of positive and negative materials provides 
the best compromise between threshold-knee sharpness 
and temperature dependency. 

Material distinctions 

Detailed investigations of the different classes of 
liquid-crystal compounds available led to the develop-
ment of synthesized compounds whose formulations 
showed considerable improvements in contrast ratio 
versus voltage over previous LC materials (Fig. 4). 
Elements of three different classes of the scrutinized 
materials were used. Typical Von/Voff ratios required for 
good display performance were 1.37 and less, and in 
certain cases this ratio was reduced to 1.32 and less. 
Most LC materials that are currently in use exhibit ratios 
greater than 1.40. 
The lower Von/Voff ratio was achieved by raising Vthr to 

about 1.5 v, and by the choice of a material with a 
favorable elastic constant that provides a sharp knee in 
the threshold curve. The material's birefringence is 
adjusted for a minimum value for the thin cell spacing 
employed. The result is a large display-viewing cone. 
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20-PIN USER rINTERFACE 

• REFRESH ELECTRONICS 

•CHIP-SELECT DECODER 

•dc-dc CONVERTER 1110 •TEMPERATURE-
COMPENSATED 
VOLTAGE REGULATOR 

• REFERENCE VOLTAGE 
GENERATOR 

6. Display system. Six C-MOS drive chips generate 210 signals to control 2,000 dots. Five drivers handle seven characters each; the sixth 

drives the columns of five characters and the display's 10 rows. System circuitry does refreshing and temperature compensation. 

The LX140's head-on contrast ratio is 2:1. The display's 
contrast ratio is as high as 20:1 at a viewing angle of 20° 
to 35° from normal (a normal line is perpendicular to the 
display surface). 
The material exhibits nematic behaviour over a 

temperature range of — 40° to 60°C and has excellent 
alignment qualities over the temperature range of — 20° 
to 60°C. Its positive dielectric anisotropy and its moder-
ate viscosity ensure a maximum response time of 150 
milliseconds. And threshold change with temperature is 
moderate enough to be useful: typically 8 to 10 milli-
volts/°C. On-board electronic circuitry compensates for 
this shift. Maximum lifetime and adverse-environment 
protection is assured by the fact that the material 
displays no color and has high chemical and photochemi-
cal stability. 

Purity and life 

The material's individual components and mixtures 
are refined to purities greater than 99.9% and typical 
resistivities of more than 10'° ohm-centimeters. Acceler-
ated life tests have confirmed a mean time between 
failures of more than 50,000 hours for the LX140 under 
normal operating conditions. Particular attention was 
paid to the material's alignment, since an LCD's longevi-
ty is critically dependent on this factor. A surface align-
ment tilt near zero, a uniformly thin cell spacing, and a 
glass-frit hermetic seal all in fact contribute to the 
device's long life. 
The LX140 was designed to interface easily with a 

microprocessor. Addressing the display is equivalent to 
addressing a memory block with a one-to-one correspon-
dence between memory bits and display dots. The 
display's internal electronics generate all the refresh 
signals, thereby eliminating the need for continuous data 
transfer to the display unit. Display data is entered from 
the system data bus only when a character or the entire 
display is to be changed. 

Interfacing the microprocessor 

The LX140's 2,000 elements are arranged in 10 rows 
and 200 columns to provide the 40-character display. 
Only 20 lines are required to interface it with a user's 
system. Lines Do—Da are the five bidirectional data lines 
used to feed in or read out the dot pattern of a single row 
of a single character. A logic 1 on one of these lines will 
turn the corresponding dot on and a logic 0 turns it off. 
Address lines Ao—A3 are used to select the row within a 
character; address lines A4—A9 address one of the 40 
characters. The read/write (R/W) line's state deter-
mines whether data is to be read from (a logic 1) or 
written into (a logic 0) the display. 
The enable line (É) controls data transfer between the 

bus and the display module. A logic 0 means data 
transfer is enabled: input signals must remain stable 
while the line is low. A logic 1 means no data transfer 
may occur; input signals may change. The display is not 
refreshed during data transfer, so the enabling time 
should be kept as short as possible. 
The custom C-MOs drive chip designed for the LX140 
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7. Control subroutine. The timing and interface control functions 

for writing data into the display can be placed in software, thus 

minimizing the hardware needed for the job. A one-chip peripheral-

interface adapter can also be used to keep the parts count low. 

(Fig. 5) can operate in one of two configurations, select-
able by a mode-control pin. It can be either a column 
driver or a row and column driver. 
The 174-by-204-mil chip contains an input/output 

data buffer, a character-address decoder, a row-address 
decoder, 35 waveform generators for supplying the 
column or row outputs, seven 5-by-10-bit character 
registers (RAM), and seven 5-bit data buffers. 
When operating as a column driver only, the chip 

supports seven characters, providing 35 column signals, 
as illustrated by the waveforms of C3 and C4 in Fig. 3. 
Each of these waveforms is determined by the contents 
of the registers that are selected by the row-address 
inputs of A0—A3. 

Six drivers do it 

When operating as a row driver, the chip produces 10 
row signals, as illustrated by the waveforms of Ro and RI 
of Fig. 3. It supports five characters in the column mode 
at the same time. 

Five chips are used to drive 175 of the display's 
columns. A sixth chip drives the 10 rows and the remain-
ing 25 columns. Thus six ics generate all 210 signals and 
contain enough memory to support a stand-alone 40-
character dot-matrix display of 2,000 dots. 
The six drivers are connected together as shown in 

Fig. 6. This interconnection network uses a separate 
internal bus. Lines Do—D4 of the internal bus are the 
same as lines Do—D4 of the user interface. Lines A0—A3 of 

the internal bus address the rows for all characters; lines 
A4—A6 select the character within the group controlled 
by a single chip. Chip-select lines CS0—CS5 are binary 
decodings of system address lines A7—A9 (A 10 is expan-
sion) and are the lines that enable devices 0 through 5. 
The read/write line of the internal bus is identical to that 
of the user interface. The CS line is functionally equiva-
lent to user-interface line É. 
A symmetric timing reference signal is carried on the 

line denoted 0. This signal is used by the drive chips for 
phase selection and ac modulation of the outputs. Inter-
nal-bus lines Vo—V4 supply voltage information to the 
drive chips for the generation of the output signals. 

Internal refresh electronics provide continuous se-
quencing of the row address on lines A0—A3. This 
provides continuous refreshing of the display with the 
information in RAM. The RAM is capable of being inter-
rogated just like any other RAM. Turning on a dot on the 
display consists of writing a logic 1 in the corresponding 
RAM register. 

Interface hardware and software 

The LX140 may be interfaced by using any one of the 
following: a Z80 programmable input/output (Pio) 
interface controller, an 8255 programmable peripheral 
interface (PP°, a 6821 programmable interface adapter 
(PIA), or a 6522 peripheral interface device (Po)). 
The use of a programmable parallel 1/0 controller like 

the PIO, PIA, or PID assures that the minimum amount of 
hardware is used to drive the LX140. All of the intelli-
gence, timing, and specialized interface control can be 
placed in software. The subroutine represented by the 
flowchart in Fig. 7 can be used to drive the LX140 
through the PIA or an equivalent device. The subroutine 
of Fig. 7 can be modified to handle almost any kind of 
special display-interface function, including message 
scrolling, special character fonts, and underlining, 
When connecting the LX140 to a programmable 

parallel 1/0 controller, the LX140's five data lines Do-134 
are connected to the 5 most significant bits of the 
controller's port A. In the case of the Z80 PIO, these 
correspond to pins Ar-A7, and in the case of the PIA or 
PID mentioned above, they correspond to pins PA3—PA7. 
The LX140 address lines A0—A2 are connected to the 
3 least significant bits of the controller's port A (pins 
Ao—A2 on the PIO, and pins PAo—PA2 on the PIA or ND). 
These connections allow the row address to be automati-
cally incremented as each character row is written into 
the display. 
When using the P10, address lines /3—A9 of the 

LX140 are connected to the Pio's port B pins Bo—B6. For 
the PIA or PID, the LX140's address lines A3—A 10 are 
connected to the interface device's port B pins 13130—PB7. 
Pin 137 of the PIO is used to strobe in the address and data 
via the LX140's enable pin. Pins CA2 and CB2 of the PIA 
or PID are used to control the LX140's enable and 
read/write lines. 
The font that defines which bits are on and which bits 

are off for each character can be part of the driver 
subroutine. Each font requires 9 bytes per character. 
The first 5 bits in each byte are used for the row's dot 
control and the last 3 for the row address. El 
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LEADER 
OF THE 
PACK! 

With a Data I/O System 19, you'll 
always be "top clog': 

It's impossible to stay on top of every new 
development in IC technology—frightening too 
—especially when it's time to buy a PROM 
programmer. 

Today, there's a lot more in the world to 
program than PROMs . The programmable logic 
devices you're specifying today could be 
dumped next year in favor of a brand new 
device that can do four times as much and cut 
the "real estate" in half. 

Smart engineers, who want to stay in front 
of the pack, buy the programmer that won't 
leave them behind—the Data I/O System 19. 

With a System 19 you can program a 
bipolar PROM, MOS EPROM, FPLA, FPLS, 
FPGA, PAL, PMUX, programmable port, diode 
matrix or p.P/EPROM. And that's just the 
beginning of what this remarkable system can 
do to keep you on top. 

Best of all, Data I/O's System 19 is priced 
within just about everyone's budget. 

You haven't shopped around until you've 
looked at Data I/O. Let us show you the 
difference. Circle reader service number or 
contact Data I/O, PO. Box 308, Issaquah, WA 
98027 For answers fast, call toll free: 
800-426-9016. 

Good idea DATA le 
Programming systems for tomorrow...today 

Electronics/January 3, 1980 Circle 157 on reader service card 157 



Designer's casebook  

Delay circuit replicates 
pulses of variable width 
by John H. Davis 
Warm Springs, Ga. 

Unfortunately, the simple and well-known circuit used to 
provide true pulse delay—whereupon the first of two 
one-shots connected in series sets the delay time desired 
and the second is set to generate a pulse having the same 
width—cannot be used if the input pulse width is vari-
able. Fortunately, however, pulses of variable width can 
easily be handled by adding only a quad NOR gate and a 
few RC differentiators to a modified circuit, as shown 
here. 

Differentiator RIC, provides a positive-going spike 
from the rising edge of the input pulse to be delayed, in 

for the desired delay interval selected by potentiometer 
RA. When the Q output returns to its high state, the RS 
flip-flop at the output, formed by two NOR gates, is set 
and the I port moves high. 

One-shot A2 is triggered by the falling edge of the 
input pulse through differentiator R2C2, and thus its C? 
output goes low for a time (set by RB) equal to Al's delay 
interval. When A2's output returns high, the NOR latch 

Delayed duplication. Parallel-connected one-shots and NOR gates provide set delay and maintain width of pulse, independent of its value. 

Low-cost unit will thus be useful for automatically synchronizing blanking pulses in TV systems and for similar applications. 

returns to its low state. As long as TAI = TA2, the time 
during which I is high will always be equal to the width 
of the input pulse, assuming the delays are equal to or 
exceed the input pulse width. Pulses that are very much 
shorter than the set delay time will be reproduced less 
accurately. 

This circuit provides delays over the range of 1 
through 20 microseconds, but it is a simple matter to 
change timing components to achieve times into the 
millisecond region. Note that the maximum delay that 
may be set will be limited to the shortest repetition 
period in the pulse train and in practice should be set to a 
value less than this to allow for the one-shots to recover. 
The circuit is equally suitable for implementation with 

positive or negative logic. Adjustment is simple. With 
positive logic, RA should be set for the desired delay. A 
train of pulses of nominal width is then introduced at the 
input, and the I port is monitored with a scope while RB 
is adjusted so that the pulse width at the output is equal 
to that at the input. The circuit will then automatically 
be calibrated for input pulses having any width. The 
calibration procedure is similar with negative logic, 
except that then it is easier to adjust RB first. 

Alternatively, both one-shots may be set for equal 
delay, but in practice this procedure will cause inaccura-
cies for very narrow input pulses. In any case, it will be 
advantageous if circuitry can be configured to program 
RA and RB simultaneously, so that the circuit has only 
one control. 
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Frequency discriminator has 
ultra-sharp response 
by S. J. Collocott, CSIRO Division of Applied Physics, 
National Measurement Laboratory, Sydney, Australia 

Most rudimentary circuits for discriminating between 
two frequencies or two bands of frequencies sacrifice 
selectivity to simplicity. But this simple circuit, which 
uses just a frequency-to-voltage converter and a couple 
of general-purpose comparators, can differentiate 
between two frequencies separated by only a few hertz. 

In this application, the circuit rejects all frequencies 
below 2.1 kilohertz, while passing others, although it is a 
simple matter to modify the discriminator to handle 
signals at any frequency. Input signals are introduced 
into the LM311 comparator (Al), which operates as a 
zero-crossing detector. Its output is then applied to one 
input of a dual NAND gate and A2, the LM2917 frequen-
cy-to-voltage converter. 
The converter, which drives the noninverting input of 

comparator A3, generates an output of one volt for each 

kilohertz applied at its input. Thus, when fin is less than 
2.1 kHz, the output of the converter is less than 2.1 volts, 
and A3 (whose noninverting input is biased at 2.1 v by 
diodes D1—D3) is low. Therefore, output gate A4 is 
disabled. If fin moves above 2.1 kHz, A3 will go high and 
enable A4, thereby permitting f,„ to appear at the output. 
The sharpness of the cutoff, which is determined by 

the transfer function of A3, is approximately 1 HZ. The 
response time of the circuit is adjusted by C3 and R5C4. 
These components act to control the integration time at 
the output, ensuring that a steady dc voltage is attained 
after a nominal number of periods of L. If a fast 
response time is desired, R5 and C4 should be deleted. 
The circuit is made to handle signals at any frequency 

by applying a variable control voltage at pin 3 of A3, in 
lieu of the D1—D3 and R6 combination. And the discrimi-
nator can be used in other modes, to reject high frequen-
cies, for example, or as a bandpass discriminator. 
The discriminator that rejects high frequencies may 

be realized by simply reversing the inputs to A3. For 
bandpass applications, A3 is replaced by a dual compara-
tor, where the low- and high-cutoff frequencies are set 
by control voltages on the inverting and noninverting 
inputs of the comparators, respectively. A4 must then be 
replaced with a triple-input NAND gate. El 
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Cycle cutoff. Frequency-to-voltage converter and comparators combine simplicity and selectivity in this frequency discriminator. Transfer 

function of LM311 determines sharpness of cutoff, in this case being 1 hertz. Circuit can be made to handle signals at any frequency if variable 

voltage is introduced at pin 3 of A3. Discriminator, configured in high-pass mode, can easily be modified for low-pass or bandpass duties. 

Dc-dc converter 
maintains high efficiency 
by P. R. K. Chetty, Department of Electrical Engineering, 
California Institute of Technology, Pasadena 

A simple control circuit enables this design to overcome 
the major drawback of the conventional dc-dc convert-
er—its inability to maintain high efficiency over a wide 
range of input voltages. Varying the base drive to the 
converter's power-switching transistors as the inverse 
square of input voltage in order to achieve a near-
constant ratio of output power to circuit losses, this unit 
attains efficiencies of 78% to 80% for 20 < V,„ < 40. 

Electronics/January 3, 1980 159 



Plessey bubble memories 
standard and custom-built 

Now you can confidently incorporate magnetic bubble memories in your next product 
development: Plessey is fully equipped to design and produce to your spec. Or you can buy 
add-in bubble memory cards for your Intel SBC systems. Plessey has a range of compatible 
systems actually in production. Shouldn't you be talking to us now? 

Here are some Plessey bubble memory pluses: 
• Rugged, maintenance-free, non-volatile storage at 
a lower cost than CMOS+ battery. 

• More compact, more reliable and faster than disc 
or cassette. 

• 64 k or 256k byte Multibuskompatible cards. 
• Software compatible. 
• Low power requirement. 
Reliable products from a specialist manufacturer with many 
years' experience of standard and custom-built memories — 
made from both magnetic and semiconductor devices. 

Contact Plessey Microsystems sales office to discuss 
your needs for the future, or send for your copy of the Bubble 
Memory Systems literature folder 

ePLESSEY MICROSYSTEMS 
Plessey Microsystems Limited, Water Lane, Towcester, 
Northants NN12 7JN. 
Telephone: Towcester (0327) 50312_Telex: 31628. 

Plessey Microsystems Inc, 19546 Clubhouse Road, 
Gaithersburg, Maryland 20760. 
Telephone: (031) 948 2791. TWX: 710 828 9708 
and at 1641 Kaiser Avenue, Irvine, California 92714. 
TWX: 910 595 1930. 

*Intel trademark 
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Leveled. High efficiency of conventional dc-dc converter (a) is maintained with control circuit (b) that generates base drive to switching 

transistors Q1-02 in inverse proportion to input voltage. Equations (c) aid design. Typical performance (d) is plotted. 

In the ordinary converter (a), which would not include 
the control block shown and where a fixed resistor, Rb, 
would be substituted for the active-base-resistor block, 
an increase in V,„ causes efficiency, n, to drop off as the 
inverse of the square of input voltage. As may be seen, 
this loss results because: 

Rb = VE/2Ib = [VF n(V,„ — Vc.s.,)hfe...]/2P. 

and VE = K Vt., where Rb is selected to drop half of the 
feedback voltage, VE, Po is the desired output power, 
VcC(.0 and hfe min are the collector-to-emitter drop and 
current gain, respectively, of either power transistor, and 
k is a constant dependent on the turns ratio. Thus, 
combining the two equations above, it is realized that n 
is approximately equal to 1/V,„2, keeping other variables 
constant. 

It can be further shown that if Rb is made to vary as 
approximately \t in ', the efficiency will be a maximum at 
any given input voltage. Equivalently, efficiency will be 
maximum if the base drive to the switching transistors 
Qi—Q2 is made inversely proportional to Vi.. 

Although the circuit required to exactly satisfy Eq. 1 
would be complex, a relatively simple configuration (b) 
will provide acceptable performance when it is added to 
the basic converter. Here, a three-transistor controller 
(component values given for P. = 8 w) and two active-
base-resistor networks drive QI—Q2. 

As Vin increases, the voltage at point b increases. R7 
and R3 are selected so that Vb is about 1 volt at 
enabling Q3 to operate in active region. 

Because the collector of Q3 is biased from a reference 
(point a), the drive signal applied to Q4 is a function only 
of the voltage applied to Qt's base. When the voltage at 
point B increases, the potential at point C decreases. 
Thus Oa—Qs, biased in its nonlinear ib—e. region, drives 
switching transistors QI—Q2 through Q.—Q7 with less 
base current. As a result, the resistance between points 
1-3 (and 4-6) will vary approximately as V.,2. 
Only one operating variable must be determined 

empirically, the voltage at the base of Q5, VBQ5. Break-
ing the circuit at this point to connect a variable-voltage 
source, the user sets Vin to its minimum expected value. 
The variable-voltage source is then set to saturate Q, and 
Q2 for a constant P., and its value (V1,1) noted. The 
procedure is repeated to find Vb2 for V5 mss. 
Now the design procedure may be initiated using the 

equations in (c) to determine R6 and R7, given that VE Q5 
equals Vbi at Vi5 min and is equal to Vb7 at Vin mas. 
Experimental results for P. = 8, 15 < V..c<35 and 
20 < V,„< 40 are tabulated (d) versus the performance of 
a conventional converter. 

Designees casebook Is a regular feature In Electron/cs. We invite readers to submit original 
and unpublished circuit Ideas and solutions to design problems. Explain briefly but thoroughly 
the circuit's operating principle and purpose. Well pay $50 for each item published. 
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Don't buy an 
Alphanumeric Printer 
until you read _ his offer 

I'm Daryl Barnaby, Sales Manager of United Systems. 
We believe that performance speaks louder than words. \ 
So rather than give you a lot of talk, we'll give you a 
printer for a 30 day FREE TRIAL... 

Actual  
71/2" 

5%" D x 21/2" 
Weight 31/2 Lb. 
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I like your offer ....please send me 
A 6410 Printer for a 30 day FREE TRIAL* 

Check One: 
21 Character 

$395.00   

Optional 
32 Character 

$434.00 

Name 

Company Name Purchase Order # 

Company Address 

City State Zip 
For inventory control purposes, please enclose your evaluation purchase order. If 
you are not satisfied, return the printer within 30 days and you will not be invoiced. 

•.,,Subject to credit approval 
Ar 

...If it 
doesn't do 
everything 
you require, 

simply send it 
back—without 

obligation. 
But we think 

that after you've 
used it, you will 

agree that its price, 
size and capability 
can't be matched. 
We bet you won't 
want to give it up., 

Your DigiTec 6410 Printer will provide: 
• 21 Characters/line standaro or optional 32 Characters/line 
• Selectable Input RS-232C or 20 mA Current Loop 

• Silent, Fade-free Electrosensitive Printing • 64 Characters ASCII Format 
• Selectable Data Rates of 110 or 300 Baud • Bold Face Characters for Special Emphasis 

•Built-in Microprocessor • Data Buffer 

Whether you're an end-user and need 1 or 2 printers, or an OEM with requirements 
for hundreds, here's a "no-risk" opportunity to evaluate the many advantages 

of DigiTec printers. 

$295.00 in OEM Quantities/ $395.00-1-9 

Dígirec. 
UflITED 
SYSTEMS 
CORPORAT1011 

918 Woodley Road. Dayton. Ohio 45403 
(513) 254-6251. TWX (810) 459-1728 

We offer 4 families of printers with 18 models to choose from with a variety of 
interfaces, printing methods & packaging configurations. For a free brochure to 

help you select the right printer for you, circle the number below. 
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8-bit microprocessor 
harbors 16-bit performance 

Particularly when complex algorithms are applied to byte-wide data, 

the 8-bit 8088 is the next best thing to a 16-bit 8086 

by Irving H. Thomae, Dartmouth College, Hanover, N. H. 

El Anyone weighing a move from an 8- to a 16-bit 
microprocessor should consider the 8088. This recently 
introduced microprocessor combines the internal archi-
tecture of the 16-bit 8086 with an external multiplexed 
8-bit bus. Though requiring two bus cycles to fetch a 
16-bit word, it does not inevitably take twice as long as 
the 8086 to execute a program. In many applications— 
strongly mathematical ones in particular—the 8088 
comes very close to the 8086's computational power. 
The 8088's architecture is responsible for this ability. 

Unlike other 8-bit microprocessors, its architecture is 
identical to the internal workings of an 
existing 16-bit machine. More specifically, it is divided 
into an execution unit and a bus interface unit, just as in 
the 8086 (see Fig. 1). 
A minor difference is that while the interface unit of 

the 8086 has a 6-byte queue, the 8088 has room for only 
4 bytes. But by the time a demanding instruction has 
been executed, the next one will be ripe for execution 
anyway. Thus, especially for byte-oriented operand 
streams, the half-wide data bus is a moot point. 

Another attractive 8088 feature is system-level 
compatibility, a characteristic that Intel Corp. has 
worked long to preserve. The multiplexed bus closely 
resembles that found on the purely 8-bit 8085, so that 
upgrading it to the 8088's hardware is smooth. Also, 
software originally intended for the 8080 or 8085 can be 
put through an Intel utility program called CONV-86 that 
has as its output 8086 (and therefore 8088) instructions. 
Thus, reworking an existing design for a more powerful 
family can be done piecemeal, with unconverted portions 
remaining intact. 

A prerequisite 

Aside from bus-multiplexing logic and the difference 
in the instruction queue length, the 8088 is identical to 
the 8086. Consequently, to understand the operation of 
the 8088 in general, it is essential to grasp what is unique 
about the 8086. The architectural philosophy behind the 
8086 will therefore be compared with those chosen by 
Zilog Inc. for its Z8000 and Motorola Inc. for its 

1. CPU in two. The 8088, like the 8086, is split into an execution unit 

and a bu, The latter contains an instruction queue, 6 

bytes long in the 8086 and 4 bytes long in the 8088. The queue 

minimizes dead time hetween the execution of instructions. 

MC68000, the two other most intensively promoted 16-
bit microprocessors. Some provisions unique to the 
8086/8 will then be pointed out prior to outlining the 
specific merits of the 8088. 
The more obvious similarities among the 8086, Z8000, 

and MC68000 include reasonably speedy hardware 
multiplication and division, string move and compare 
operations (planned but not yet implemented in the case 
of the 68000), expanded register sets, and provision for 
address spaces substantially larger than the (traditional) 
64-K allowance of older 16-bit minicomputer and micro-
computer systems. 

However, there are also some significant differences 
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Computer architecture: a working definition 

A number of slightly different definitions of digital comput-
er architecture can be found in current usage [Electronics, 
May 24, 1979, p. 112]. The one adopted here follows the 
philosophy of IBM as expressed by G. F. Blaauw: the 
architecture of a digital computer is that set of its attri-
butes (such as registers, addressing modes, and instruc-
tion set) that are visible to the programmer. Issues such as 
the number and width of the buses or the level of 
integrated-circuit technology used to build the machine 
(implementation) may greatly affect execution speed of a 
program, but (in principle) object code that runs on the 
lowliest member of the 370 family will supposedly produce 
the same results when run on the most expensive. The 

machines are then said to be architecturally identical, 
despite differences in implementation. 

It could be, and sometimes is, argued that since nobody 
in his right mind still uses assembly language (though 
many programmers admit to doing so), architecture 
should be defined at the compiler source-code level. 
Equivalence of the computational results is then much 
more difficult to verify, however. Also, for the user of 
microprocessors in original equipment, there are signifi-
cant economic advantages in being able to regard blocks 
of object code— not source code—as stock components, 
usable interchangeably with different implementations of 
the same architecture. 

between the 8086 and the other two, one of which is the 
maximum size of those address spaces. Motorola 
provides 24 address bits, Zilog has 23 (when a memory 
management unit is used along with the 48-pin version of 
the central processing unit), but Intel settled for 20 (see 
Fig. 2). Also, in the inevitable tradeoff between the 
number of general-purpose registers and the number of 
bits per instruction, Intel has favored code density to 
such an extent that for many applications, 8086 
programs appear likely to require approximately 30% 
less memory than will Z8000 and MC68000 programs. 
Another fundamental difference is the provision by 

Zilog and Motorola, but not by Intel, of hardware and 
instruction-set support for a supervisory operating state 
different from the normal state. There are two distinct 
stack pointers (normal and system) and certain classes of 
privileged instructions that can only be executed when 
the device is in the supervisory state. Attempts to 
execute privileged instructions while in the nonsuperviso-
ry state result in traps. Zilog's memory management unit 
(mmu) extends these protection concepts to memory 
accesses as well by allowing segments to be declared 
off-limits to normal-mode programs. 
Such features support sophisticated operating systems 

intended for multiple users. They place the Z8000 and 
the MC68000 squarely in competition with high-end 
minicomputers, for applications in which one computer 
is used at various times (or in rapidly alternated time 
slices) for many different purposes. This, however, is a 
very different market from the dedicated-function appli-
cations on which microprocessors have so far made such 
an enormous impact, and Intel has chosen thus far not to 
enter it. When the end users of a microprocessor-based 
product will not in fact be writing programs, there may 
be no advantage to the added complexity (and 
input/output overhead) of such system-protection 
features. 
The third issue in which clear differences are apparent 

between these three vendors' architectural philosophies 
is the size and use of the register set. The Z8000 has 16 
16-bit registers, the MC68000 16 32-bit registers. In 
contrast, the 8086 family provides just eight 16-bit 
general-purpose registers, although this tally does not 
include those used by the memory-mapping or segmenta-
tion process (see "Segmentation techniques: the 8086 vs 

the Z8000," p. 167). Each of the eight can be designated 
as a source or destination of almost all arithmetic and 
logical operations, as can any memory location. 
On the other hand, Intel has also allocated unique 

functions to specific members of its general-purpose 
register set to a far greater extent than have Motorola 
and Zilog. The greater coding efficiency thus gained 
permits the 8086 to provide an extra level of array 
indexing at no penalty in code density. 
To a programmer, one of the most appealing aspects 

of the 8086 architecture is the form of its two-operand 
instructions. All the register-to-memory operations 
(except multiply and divide) are fully symmetrical, in 
the sense that the result may be left either in any register 
or in the memory location referenced. Those addressing 
modes involving the use of a second (and sometimes a 
third) register to point to memory, however, can employ 
only specific subsets of the entire register set for that 
purpose. 
Two 8086 registers (Bx and BP) are designated as base 

registers, and two others (si and Di) as index registers. 
The effective logical address is computed by summing 
any possible combination of a base, an index, and an 8-
or 16-bit displacement. Omitting the first two, of course, 
is equivalent to direct addressing and all others are forms 
of register-indirect addressing. 

Associating one implicit operand with certain opera-
tions, however, reduces the bit count assigned to operand 
specification, permitting those operation codes to occupy 
only a single byte in many cases. This of course is the 
advantage of designating one register as the accumula-
tor, as Intel has traditionally done. 

Two formats 

In the 8086/8, therefore, most instruction types 
appear in at least two formats, one of which is complete-
ly general, while in the other the accumulator is implied 
as one of the operands. Even in encoding the general 
format, however, the indirect-addressing functions have 
been restricted to four of the eight registers. That makes 
code bits available for other purposes, such as specifying 
either word versions or byte versions of nearly all 
instructions, while still allowing the basic increment of 
instruction-word length to be 8 bits rather than 16. 
The second major attribute of the 8086/8 family 
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visible to a programmer is an instruction set with a 
richer choice of available functions than preceding 8-bit 
CPUs have offered. While this is perhaps a consequence 
of having more code bits available, it is not really depen-
dent on having a 16-bit machine per se, since the number 
of bytes involved in specifying an instruction together 
with its operands can vary from one to at least six in 
certain cases (such as move immediate word to memory 
with 16-bit displacement). 
Of the wide variety of these new instructions, perhaps 

the most interesting to many potential 8088 users are the 
string operations, which use the source and destination 
index (si and DI) registers for automatically-incre-
mented indirect addressing. The scan and compare 
instructions, respectively, examine a string for a match 
to either a 1-byte or one-word pattern held in the accu-
mulator or to the corresponding successive elements of a 
second string. Both memory-to-memory and accumula-
tor-to-(or from-)memory moves are also available for 
copying or initializing blocks of storage. Normally, a 
string instruction will be preceded by the extremely 
useful repeat prefix, which specifies that the instruction 
will be repeated on successive memory locations, while 
counting down a block length that has previously been 
set up in the 16-bit ex register, until either the whole 
block is completed or a match (or nonmatch) has been 
discovered. 
As an example, a comparison between two strings that 

might be written in PLiM as: 

Po UNTIL A(I) = B(I) OR I = N 
I = I + 1; 

END: 

requires only 2 bytes to encode: CMPB or CMPW preceded 
by REPEAT. The same looping options are also available 
for blocks of instructions that use LOOPZ and LOOPNZ. 
These are decrement-and-test conditional jumps that can 
be terminated by either the loop counter or the results of 
operations performed with the loop. 

Another extremely convenient instruction, TRANS-
LATE (XLAT), accomplishes table lookup in one step. A 
data byte held in the accumulator is used as a pointer 
into a table, and the entry found there then replaces the 
previous data in the accumulator. This mechanism in 
addition aides sequential lookup operations, as might 
occur in working with a hierarchical data base. As the 
address of the first entry in a table is taken from the 
16-bit BX register, these tables may be located anywhere 
in memory. 
The arithmetic operations of the 8086/8 include built-

in multiply and divide, available in 8-bit and 16-bit 
signed and unsigned versions, as well as data-adjustment 
instructions that facilitate binary-coded decimal and 
ASCII arithmetic. For BCD addition and subtraction, data 
may be stored as either one or two digits to a byte; for 
multiplication and division, data must be in one-digit-
per-byte form. 

While the accumulator is implied as one operand of 
the multiply and divide instructions, there are no restric-
tions at all on the other source operand —it may come 
from any register or from memory. The result, however, 
is left in the accumulator (extended into DX when a 

2. Address construction. Intel settled for 20 address lines that 

allow its 8086 and 8088 products to address 1 megabyte. To arrive 

at a physical address, a 16-bit effective address is added to the 

contents of a segment register that has been shifted up 4 bits. 

32-bit product results). These operations are respectably 
fast, too: a 16-bit unsigned multiply takes 26.4 microsec-
onds plus the operand-access time. 
The increased internal word length has the most 

impact on arithmetic-intensive programs, where the data 
precision (particularly in multiply and divide operations) 
saves much programming effort relative to 8-bit proces-
sors. The input/output options have also been expanded. 
Besides the 8-bit immediate device code familiar to 8080 
users, it is possible to input or output data through one of 
216 ports, as dictated by the contents of the 16-bit DX 
register. 

It seems clear that programs written in 8086 family 
code may require many fewer bytes than if the same 
functions were written for older 8-bit processors, 
although the exact numbers would certainly depend on 
the type of program. While this remark is precisely as 
valid for the 8088 as for the 8086, the 8088 must 
obviously perform two bus cycles to access a 16-bit 
instruction or operand, so it is less obvious that execution 
speed will be improved. Nevertheless, in many cases, the 
8088 will easily outrun a 5-megahertz 8085 or a Z80. To 
see why, it is necessary to consider briefly some 8086/8 
characteristics that are properly described as implemen-
tational rather than architectural. 

Implementations count 

First, the n-channel 8086/8 parts are fast, with a 
standard clock rate of 5 Nifiz, and selected parts operate 
to 8 MHz. The basic 8086/8 bus cycle, however, is 
actually more leisurely and allows the use of memory 
parts with 450-nanosecond access times instead of the 
350 ns needed to operate with the premium-grade 5-MHz 
8085-2. In systems with large amounts of memory, the 
initially much higher cost of the 8088 CPU may therefore 
be partially offset by savings in memory costs. 
The greatest increases in the rate of program execu-
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tion, however, come from the internal subdivision of the 
8086/8 into a main processor and a semiautonomous bus 
interface unit, which overlaps instruction fetches with 
execution. By filling a queue (as mentioned it is 6 bytes 
long in the 8086, 4 bytes in the 8088) with prefetched 
instruction bytes, the bus interface unit renders effec-
tively unnoticeable the time involved in performing 
address relocations and frequently permits the CPU to 
operate in an execution-bound manner. 

Both architecture and implementation, as the terms 
have been used here, affect the total performance of a 
system: the former through the efficiency of the typical 
byte of code or the work accomplished per instruction-
fetch cycle; the latter through the rate at which instruc-
tions are executed. An equally important attribute of any 
modern computer family is support software, which 
ideally has little effect on the performance of a 
completed system but can completely dominate its 
design cost. 

Similar system software 

By having a common instruction set, the 8086 and 
8088 also use the same system software. PL M-86 
provides more data types than PLM-80 (signed 16-bit 
integers, pointers, and real floating-point types in addi-
tion to the unsigned 8-bit and 16-bit integers of PLM-
80) and can directly handle somewhat more complex 
data structures, so that programmer's effort is reduced. 
The 8086 assembler copes with the sometimes bewilder-
ing variety of options for encoding an operation and its 
operand references in what might be called an optimiz-
ing manner, so that the assembly-language programmer 
need not be plagued by a host of different mnemonics for 
essentially the same instruction. 

Viewed as a whole, the register structure and the 
instruction set of the 8086/8 scarcely permit calling it a 
16-bit 8080. They represent an architectural design that 
is well-balanced in its own right. Nevertheless, all of the 
registers and instructions of the 8080 can be mapped 
onto the 8086/8. Programs written for the 8080, once 
translated into 8086/8 code, can therefore be used 
intact, with either 8-bit or 16-bit operands. The CON V-86 
program performs the translation. 
As of this writing, all of this support software is 

offered as a package intended for use only on Intel's 
development systems. The source code, being a signifi-
cant development investment, is closely guarded. 
Customers who prefer to perform their compilations, 
assemblies, and other support functions on in-house 
minicomputers or time-shared mainframe computers will 
apparently have to either look to independent software 
houses for equivalent 8086/8 tools or buy more Intel 
development systems. 
With this family portrait in mind, the specific merits 

of the 8088 can be more closely examined. From a 
hardware viewpoint, the 8088 is completely compatible 
with the 8085's partially multiplexed bus. All of the 
software advantages inherent in the 8086 family archi-
tecture can therefore be made available to existing 8085-
based systems simply by substituting a new CPU board. 
Backplanes, input/output interfaces, and memory 
boards designed to work with 8-bit processors can 

continue to be used, so that radically upgrading the 
software has only moderate impact on hardware costs. 
As mentioned, when a 16-bit processor design is 

grafted onto an 8-bit data bus, two bus cycles will be 
required to fetch a 16-bit word. While this appears to 
imply that an 8088 will execute a program at half the 
speed of an 8086, that turns out to be a lower boundary. 
That is only partly because 25% of the operation codes in 
the 8086/8 instruction set use just 1 byte. There happen 
to be more instructions requiring 3 or more bytes than 
there are 1-byte instructions, but the queue makes these 
facts largely irrelevant. 
By the time a reasonably complex instruction has been 

executed, the next one will have been fetched. (A queue 
of simple 1-byte instructions, on the other hand, is more 
likely to empty, so that the processor then becomes 
fetch-time—limited.) A program segment performing 
several multiply operations, as in a polynomial evalua-
tion, will therefore run very nearly as fast on the 8088 as 
on the 8086 because bus access accounts for so little of 
the total execution time. 

It should be pointed out, however, that the impact of 
the queue on execution rate is not always significant. 
Whenever a branch occurs (jump, calls, returns, etc.), all 
of the prefetched instruction bytes in the queue become 
useless, and fetch time becomes visible until—perhaps a 
few instructions later—the queue is again full. Since the 
8086/8 bus cycle uses four 200-ns clocks, the next few 
instructions following a branch will be completed at a 
rate that is actually slower than that of an 8085-2, whose 
bus cycle uses only three clocks. Whether a given 
program as a whole will be completed more rapidly by 
the 8088 than by an 8085-2 depends on the instruction 
mix. Interpreters (which employ large numbers of calls) 
and simple control programs (those made up largely of 
conditional jumps) are not likely to run much faster on 
an 8088 than on an 8085-2; for those applications only 
the greater instruction set efficiency favors the 8088. 

Because operands do not go through the queue (except 
immediate operands, which appear in the instruction 
stream), a program involving frequent memory reads 
and writes of 16-bit data will probably take almost twice 
as much time to execute on an 8088 as the same program 
working with 8-bit operands. Conversely, programs 
handling byte-oriented data execute on the 8088 at 
greater than 95% of the 8086's speed. 

Where to use it 

For what kinds of systems will the 8088 be most 
useful? The answer is different for existing system 
designs and for new ones. 

Because the 8088 makes the 8086 family architecture 
and instruction set available on an 8-bit data bus, it 
becomes an attractive option to upgrade an existing 8080 
or 8085 system design. The CONV-86 code-translator 
allegedly permits quick transplantion of 8080/5 
programs to the 8088, where they may or may not run 
much faster because of the queue alone. As implied 
above, the greatest performance improvements are likely 
to be realized with programs that involve either large 
numbers of multiply or divide instructions or data-
handling procedures supported by the table lookup and 
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Segmentation techniques: the 8086 vs the Z8000 

The differing needs of dedicated and general-purpose 
applications show up in the 8086 and Z8000 microproces-
sor families even in their detailed philosophies of memory 
segmentation. 

Intel has achieved significantly greater code density by 
two measures: having only four segments (code, stack, 
data, and extra), and defining a default reference segment 
for every memory access. Four correspondingly named 
segment registers hold the segment starting address. 
Although a single-byte instruction prefix can be used to 
override the default choice of segment register, normally 
no code bits are therefore needed in each instruction to 
designate the appropriate segment. 

Physical addresses are computed automatically on the 
central processing unit chip by adding the logical address 
to 16 times the contents of the appropriate segment 
register. In allocating memory space, segment boundaries 
therefore start at multiples of 16 bytes. The address-
translation process is transparent (invisible) to those 
programmers who do not alter the segment registers, and 
because of the instruction queue, it adds a very small cost 
in execution time. 

Zilog, in contrast, has chosen to provide greater flexibili-
ty at greater cost. The memory relocation function 
requires a second 48-pin chip (the memory management 
unit, or MMU) and a different CPU package and intro-
duces an extra but potentially useful step. When the 
logical address space exceeds 2'6 bits, the instruction 
format must specify a 7-bit segment number. This will 
come either from a word of the instruction itself or, in the 
register-indirect addressing mode, from the register follow-
ing that specified for operand addressing. This is used by 
the MMU to look up in its stored 128-entry table both the 
starting address of the segment and certain attributes, 
such as its total length and permissible accesses. The 
MMU therefore both maps logical addresses into the phys-
ical memory space and provides memory protection, but 
at the cost of a large chip and one added clock cycle per 
memory access. Because of the necessity to specify 
which of the 128 segments is involved in each access, 
however, programs written for the segmented (8001) 
version are incompatible with those written for the unseg-
mented (8002) both at the object code level and in 
register usage. 

string instructions. Some recoding would be necessary to 
exploit the new instructions, and of course that effort 
should be focused on those modules the program is 
known to spend the most time executing. 

Major performance improvements to a microproces-
sor-based product, even though mandated by pressure 
from competitors' newer designs, are often postponed 
because of the expense inherent in developing new hard-
ware and new software simultaneously. Because the 
8088 is compatible both with 8-bit data buses and (via 
CONV-86) with 8080/5 software, it permits the conver-
sion to a more powerful family to be made in stages, with 
certain software or hardware modules continuing in use 
until their development cost has been recovered. If a 
product line will eventually require 16-bit precision, the 
8088 eases that transition by allowing new software to be 
developed independently of hardware growth. 
When a new product is about to be developed, uncon-

strained by existing hardware or software, the cost of the 
8088 may be justified in several situations. In text-
processing, data-communication, and arithmetic-inten-
sive applications, the advantages are similar to those 
discussed just above. Whenever execution speed is a 
factor, moreover, both the queue and the architecture 
will be beneficial. Programs written from the start for 
the 8088 should also require somewhat less program 
memory space than earlier 8-bit machines needed. 

There may also be cases where the natural word 
length is 16 bits, but the full execution speed of the 8086 
is not essential. Each new random-access memory capac-
ity is introduced first in a 1-bit width, and multiple-bit 
parts seem to lag them by one to two years. Certain sizes 
of total memory, therefore, can be implemented much 
more economically 8 bits wide than 16 bits wide. This is 
true now for 16-K-by- 1 -bit RAMS and will be even more 
true for 64-K-by-1-bit RAMS. 
The 8088 has another advantage in the manufacture 

of a product line since different models offer a number of 
groups of options, where each option is supported by a 
different and rather complex mix of subprograms. Such 
situations often require that the necessary code blocks 
for different functions be linked and located anew for 
each model in the product line. Because the segmenta-
tion method used in the 8086/8 accomplishes program 
relocation simply by altering the contents of one segment 
register, the program code for each function option can 
be linked, located, and programmed into read-only 
memories with the same starting address—as if no other 
program modules were to be present. These modules can 
then be loaded into any convenient position in the 1-
megabyte physical address space of the 8088. A short 
supervisory user-interface module then suffices to load 
the code segment register with the physical location of 
the function module selected by user input. The various 
program modules can therefore be inventoried as fully 
programmed ROms that need not be modified as the 
software options present in different models are varied. 

But perhaps the most valuable asset of the 8088 is the 
fact that because it is architecturally identical to the 
8086, the same programs can be run on either CPU 
without modification. Two distinct levels of computer 
cost and performance are therefore available to the 
original-equipment manufacturer developing a broad 
product line, without duplication of software effort. 
Upgrading from a nonsegmented Z8000 system to a 
segmented one, in contrast, will require careful reexami-
nation of programs. For applications that do not require 
sophisticated protection facilities, this may well repre-
sent the bottom line. LI 
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Memory finds and 
fixes errors to 
raise reliability 

of microcomputer 
Using a Hamming code scheme lets 

byte- and word-wide memory boards 
correct single-bit errors, tell system 

to act when double-bit errors occur 

by Alan Heiml¡Cn, Fujitsu Microelectronics Inc., Santa Clara, Calif. 
and Joel Korelitz, Mupro Inc., Sunnyvale, Calif. 

III As microcomputer systems advance into more and 
more sophisticated applications, their reliability becomes 
of greater importance to manufacturers and end users. 
They must stay up longer, and when they do fail, they 
must be returned quickly to service. Furthermore, 
repairs must be easier to make because field-service costs 
have become a major consideration. 
A major reliability concern on any project using large 

amounts of memory is data integrity. Error detection 
and correction in memory go a long way toward improv-
ing the overall reliability of the system. Members of the 
Mupro Multibus-compatible MBC series offer designers 
just this feature. Available in 8-bit (byte-wide) or 16-bit 
(byte-or-word-wide) versions, they contain error-check-
ing and -correcting (Ecc) circuits that implement a 
modified version of the Hamming code. With ECC, the 
sources of error can also be pinpointed and the system 
made to adapt to their occurrence. Calculations show 
that these circuits increase the reliability of memory 
boards 85 times over a 10,000-hour period. 
A recent article [Electronics, Nov. 22, 1979, p. 103] 

explained in some detail the workings of the data-coding 
scheme devised by Richard Hamming of Bell Laborato-
ries in Holmdel, N. J. Basically, that scheme makes it 
possible to detect and correct all single-bit and to detect 
all double-bit errors. Since the likelihood of any other 
type of noncatastrophic error is astronomically small, 
Hamming codes can make a system practically fail-safe. 

Single-bit error detection and correction obviously 
increase the reliability of microprocessor-based systems, 
ensuring a higher level of data integrity. Less obvious 
perhaps are the advantages offered by double-bit detec-
tion, which lets the system operate more intelligently in 
the presence of uncorrectable errors. By taking advan-
tage of the board's error-detection capabilities, servicing 
can be simplified too. 

ECC coding 

For a full understanding of how these boards, in 
particular, allow increased system intelligence, their 
operation must be considered. This involves an examina-
tion of the modified coding scheme and how it is used to 
provide the board's special features. To simplify the 
explanation, an 8-bit data scheme (Fig. 1) will be 
discussed first and will then be extrapolated for 16-bits. 
The primary object of this particular scheme is to 

locate the position of single-bit errors, whether they 
occur in the data itself or in the Hamming code. The 
total number of bits in the data and code must therefore 
be indicated by the code. A 4-bit binary code, for 
instance, can designate any of 24 (16) different locations. 
For an 8-bit byte, then, a 4-bit code is more than 
sufficient to detect single-bit errors. The Hamming tech-
nique can also be used to detect the presence, though not 
the locations, of double-bit errors. An extra code bit, or 
check bit, is needed for this. So for a byte, the total 
number of check bits used is five. 

In the modified technique used for the MBC boards, 
the check bits are derived by taking the odd or even 
parity (see "A parity review," p. 170) of the sum of 
certain bits. The bits chosen differ from those in the 
scheme presented in the previous article, because of the 
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modified mathematics used, but have the same basic 
rationale. Thus, for a byte-wide board, the check bits are 
derived according to the byte-masking precedure indi-
cated in Table I. The last bit, Cx, is generated by a 
group of bits that make it equivalent to a parity sum of 
all bits. It is also a parity sum of the other four check 
bits, the importance of which will be shown. 
When data is written into an MBC board, this proce-

dure of check-bit generation is performed, and the data 
word and check bits are stored in memory. During any 
read operation, the board forms a new set of check bits 
for the data word read. It does this in the same way as 
when data was written in. The new set of check bits is 
then compared to the write-in set by taking a modulo-
two sum of each corresponding pair of old and new check 
bits. The resulting 5 bits are called syndrome bits. 
Syndrome bit Sx, the result of comparing the old and 

new Cx bit, is first examined. If this bit is equal to 1, 
Hamming theory says that a double-bit error has 
occurred. Therefore, at the user's option, an interrupt 
can be generated immediately, informing the processor 
of an uncorrectable error. If the bit is a 0, the remaining 
four syndrome bits can be examined to see if any other 
error has occurred. 
The logic that decodes the remaining syndrome bits 

can be regarded as a map like that shown in Table 2. If 
the syndrome bits are all zero, the old and new codes are 
identical and no error has occurred. If any one of the 
syndrome bits is a 1, either a single check or data bit is in 
error, or there are multiple bit errors. In the case of a 
single data-bit error, a signal is sent to a gate to invert 
that particular bit, correcting it; check bits, with no 
influence outside memory, need not be corrected. A 
multiple error indication causes an interrupt. This entire 
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1. Righting a bit. When data is read from the 8-bit memory board shown, a new set of check bits is created and compared to those generated 
when the data was written in. The result is sent to the syndrome decoder, which inverts any single-bit error that has occurred. 
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A parity review 

As ordinarily used, parity is a relatively simple method of 
detecting an odd number of bit errors in a data word. A 
parity bit is generated by counting the number of is and 
Os in the word and assigning a value of 1 or 0 to the parity 
bit based on this count. The value assigned depends on 
whether an odd or even parity scheme is being used. 
The most common approach is to use an odd parity 

scheme. The value of the parity bit is determined such that 
the number of is in the combination of data word and 
parity bit is always odd. Thus if the data word is 
00110101, the parity bit will be 1, and if the word is 
11000111, the parity bit will be O. Odd parity has the 
advantage of guaranteeing that there is at least a single 1 

in the data-parity combination, thus helping to detect 
shorted data lines. 

For even parity, the rule states that the number of is in 
the data-parity combination will always be even, so data 
word 00110101 gets a 0 parity bit and 11000111 gets a 1. 
Any parity bit is generated by first taking a modulo-two 

sum of the data bits. In modulo-two math, the binary digits 
0 and 1 add as in ordinary additon, except that the sum of 
1 and 1 is 0. The modulo-two sum of all bits in a data word 
is equal to the even parity bit and the same sum plus 1 is 
the odd parity bit. The symbol used to denote modulo-two 
addition is e and the logic that realizes the function is 
usually composed of exclusive-OR gates. 

TABLE 1: CHECK-BIT GENERATION MASK 

Parity Check 
bit 

Data bits 

0 1 2 3 4 5 6 7 

Odd 

Even 

Odd 

Even 

Odd 

C1 

C2 

C3 

C4 

Cx 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

detection and/or correction process take place within the 
board's 380-nanosecond access time. 

Although the discussion has so far centered on byte-
wide data, the procedure is basically the same for 16-bit 
words. An entire word is handled the same way, except 
that an extra check bit is needed to encode the location 
of single-bit errors; the extra bit lets the code handle 25 
to 32 locations. 
Many 16-bit processors use 16-bit data words that are 

often modified one half at a time; either the upper or the 
lower byte is changed. This adds another dimension to 
the board's operation, because the check bits are formed 
based on the entire word. 
When an upper or lower byte is written into a 16-

bit-wide memory to modify a stored word, that entire 
word is read and checked for errors. Once the checking 
and correcting process is complete, the new byte is added 
to the word and a new set of check bits generated. The 
word and code are then rewritten into memory. This 
process adds to the access time, since a read operation 
must be performed each time a byte is written. Aside 
from this time difference, both 8-bit and 16-bit boards 
appear to the system as operationally identical. 

Locating error sources 

Both boards use the ECC to ease maintenance. A row 
of light-emitting diodes at the top of each board is 
controlled by the ECC circuitry. There are ten LED 
indicators on an 8-bit board and 11 on an 16-bit board. 
The first four LEDs have numbers from 0 to 3 printed 
above them, which correspond to the row locations of the 
RAM chips on the board. Of the next two LEDs, the first 

S4 S3 

TABLE 2: SYNDROME MAP 

S2S1 

00 01 10 11 

00 no error C1 C2 Do 

01 C3 DI 

10 C4 D2 D3 D4 

11 Ds D6 D7 

•denotes multiple errors 

is labeled SBE (single-bit error) and the second DBE 
(double-bit error). Depending on whether it is an 8- or 
16-bit board, there are four or five additional LEDs, 
respectively, that can indicate a column address in bina-
ry form. When a single-bit error occurs, the SBE LED 
lights up, as do the LEDs indicating the row and column 
location of the chip where the error occurred. Thus a 
technician can quickly locate and replace a failing chip 
by simply looking at the LEDs. 

Also under ECC control is an error-status register. In 
this register, the board stores the row, syndrome, and 
single- or double-bit error status. The information can be 
read by the processor to examine memory locations for 
noncorrectable errors or to keep a log of failure trends. 
The ECC can also be strapped to an external line so 

that when a double-bit error occurs the processor is 
interrupted. This lets the processor make an intelligent 
decision on the next course of action. A typical system in 
which this and other attributes of ECC are fully realized 
is one that keeps the operating program in RAM, an 
arrangement called RAM-intensive. 
The block structure of a RAM-intensive system (which 

usually uses 64 kilobytes of RAM or more) is the same 
whether it uses ECC memory or not. In either case the 
operating software is usually transferred into RAM, from, 
for example, an internal read-only memory board or a 
programmable-Rom board. Or the program may initially 
reside on disks or tapes. 

Transferring the program into low-power RAM saves 
power, because the power-hungry ROM/PROM board or 
serial-medium drive used during bootstrapping can now 
be powered down while the processor goes to work. 
Powering down any system components can cause 
glitches that may introduce single-bit errors, but ECC 
boards can correct them without stopping the processor. 
The ability to correct single-bit errors without shut-
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LEGEND 

NO.1: INITIAL 
SYSTEM POWER-UP 
NO.2: CONSISTENT. 
ERROR REINITIAL-
IZATION 

NO.3: RETURN 
FROM BACK-UP 
POWER 

2. Start or restart. The reason for system initialization determines 

the way it is done. With ECC memory boards, one reason might be to 

try to overcome a double-bit error, in which case the data that is 

stored for the initialization test is intentionally changed. 

ting down the processor is extremely important, since 
many such errors are nondestructive and nonrecurring, 
or soft. But of equal importance is the ability to stop the 
processor when an error cannot be corrected. Upon 
receipt of an interrupt, there are many possible correc-
tive actions the processor may take. The choice depends 
on the routine being run when the error occurs. 

Processor choices 

In a process-control routine, for example, a double-bit 
error may occur when the sampled data is read from a 
particular memory location. There is often sufficient 
time to log the fact that an error has occurred and retake 
the data. If a number of attempts to read the data in that 
location fails, the bad location can be recorded and 
another location used to complete the operation. 

In another instance, the particular routine that 
accessed the memory when a noncorrectable error 
occurred could be started again from the beginning. To 
prevent the routine from looping continuously, a timer 
could be set to interrupt the process and cause an exit 
from the routine. A standard or control value might be 
substituted for the desired result and a message sent to 
an operator to notify him that this has been done. Thus, 
the operator is alerted to the fact that some repairs may 
have to be made, and the system can continue working 
until it is convenient to make them. 
Though in many instances a faulty routine can be 

bypassed by inserting a predetermined, standard value 
for a process, there are times when this should not be 
done. In general, it is not advisable to use this procedure 

TABLE 3: ERROR-RECOVERY ROUTINES 

EQUATE STARTING'ADDRESS = 4000, 
ESR = 60; 

GLOBAL SECTION; 

ENTRY START'PROG RAM; 
INT0'2 

DS 24; 
INT3' 

<< A MEMORY READ ERROR HAS OCCURRED. RESET THE ERROR 
STATUS ON THE MEMORY BOARD. THEN LOAD THE ACCUMULATOR 
WITH THE CONTENTS OF THE SECTION STATUS REGISTER AND 
BRANCH TO THE ERROR RECOVERY ROUTINE. >> 
CALL RESET'MEM'ERROR; 
A = SECTION; 
GO TO ERROR'ROUTINE; 

INT4'7: ! 32 BYTES OCCUPIED BY 
DS 32; ! INTERRUPTS 4 THRU 7 

START'PROGRAM: 

<< THIS IS THE INITIALIZATION SECTION OF THE PROGRAM, 
DESIGNATED AS SECTION "A". LOAD THE SECTION STATUS 
BYTE WITH 3 TO INDICATE THAT THE PROGRAM IS IN 
SECTION"A". >> 

A = 3 
SECTION = A; 
ENABLE INTERRUPT; 

<< CONTINUE WITH SECTION "A" PROGRAM >> 
START'B: 

<< THIS IS THE PROGRAM SECTION DESIGNATED AS "B". LOAD 
THE SECTION STATUS BYTE WITH 2 TO INDICATE THAT THE 
PROGRAM IS NOW EXECUTING SECTION "B". >> 

A = 2; 
SECTION = A; 
ENABLE INTERRUPT; 

<< CONTINUE WITH SECTION "B" PROGRAM >> 
START'C: 

<< THIS PART OF THE PROGRAM IS SECTION "C". LOAD THE 
SECTION STATUS BYTE WITH 1 TO INDICATE THAT THE 
PROGRAM IS EXECUTING SECTION "C". >> 
A = 1; 
SECTION = A; 
ENABLE INTERRUPT; 

<< CONTINUE WITH SECTION "C" PROGRAM >> 
ER ROR'ROUTINE: 

A = A - 1, 
IF ZERO THEN 

BEGIN 
<< SECTION STATUS REGISTER CONTAINS A.1. INITIALIZE 

TENHOE;APPROPRIATE PARAMETERS. THEN... >> 
GO TO START'C; 

A = A - 1; 
IF ZERO THEN 

BEGIN 
<< SECTION STATUS REGISTER CONTAINS A.2. INITIALIZE 

THE APPROPRIATE PARAMETERS. THEN ... >> 
GENODT:0 START'B; 

<< SECTION STATUS REGISTER CONTAINS A=3 >> 
GO TO START'PROG RAM; 

RESET'MEM'ERROR: 

<< CLEAR THE ERROR STATUS ON THE MEMORY BOARD BY 
ISSUING AN I/O READ FOLLOWED BY A MEMORY READ. 
THEN RE-ACTIVATE THE ESA BY ISSUING AN I/O WRITE. >> 

HL = STARTING'ADDRESS; 
A = INPUTIESR); 
A = MEM(HL); 
OUTPUT(ESR) = A; 
RETURN; 
ENO. 

! 24 BYTES OCCUPIED BY 
! INTERRUPTS 0, 1, AND 2 

when the results of the routine determine whether or not 
a critical process should be halted. When an uncorrect-
able error is found in a critical process, a message should 
be immediately sent to the operator, after which the 
system can retry the routine as it did above. Should 
retrying the routine prove unsuccessful, instead of 
continuing with a predetermined value the system can be 
shut down. 

Alternatively (depending on the amount of time that 
can be spent before shutdown), exit from an uncom-
pleted routine could begin a system reinitialization. In 
that case, the operating program is loaded into RAM 
from the permanent storage medium, as was done when 
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IABLE.4 POWER -FAIL INTEGRITY TEST lABLE 5 MEMORY INITIALIZATION PROCEDURE 

EQUATE NUMBER'OF'BYTES = 4000, 
STARTING'ADDRESS = 4000, 
ESR = 40; 

ENTRY INTEGRITY'TEST; 

INTEGRITY'TEST; 
DISABLE INTERRUPT; 

HL = STARTING.ADDRESS; 
DE = NUMBER'OF'BYTES ; 
A = IMPUTIES111; 
A = MEMIHO ; 
OUTPUTIESRI = A; 

READ'LOOP: 
A = MEMIHO ; 
HL=HL+1; 
DE = DE - 1; 

'ASSUME 32K OF MEMORY 
FROM 32K TO 64K. 

!PERMIT ALL LOCATIONS TO BE 
! READ WITHOUT SYSTEM INTER-
! RUPTS OR AN ERROR INTERRUPUPT 
!SET ADDRESS POINTER 
!SET BYTE COUNTER 
!PUT ESR IN NONLATCHING MODE 
! CLEAR THE ERROR STATUS 
!PUT ESR IN LATCHING MODE 

!SET ESR IF ERROR IN MEMIHLI 
! INCREMENT ADDRESS POINTER 
! DECREMENT BYTE COUNTER 

A=0;A=AORE; !SET ZERO FLAG ON BYTE COUNT 
IF NONZERO THEN GO TO READ'LOOP; ! ALL MBC ADDRESSES READ? 
A = INPUT(ESR); ! READ THE ERROR STATUS 
RAR; ! SET CARRY FLAG ON STATUS 
IF CARRY = 1 THEN 

BEGIN 
<< ROUTINE TO HANDLE INVALID DATA CONDITION » 

END; 
<< >> 

ENABLE INTERRUPT; AS REQUIRED FOR APPLICATION 

RETURN; 
ENO. 

DATA VALID-PROCEED! 

the system was initially powered up. If the results are 
still unsatisfactory, the system can be shut down. 

These kinds of choices can be made by error-recovery 
routines such as the one given in Table 3, which directs 
the processor to three different subroutines in the event 
of an uncorrectable error. Routing to a particular, user-
defined subroutine depends on the nature of the error-
producing program. 
One of the user's options, as indicated earlier, is to 

reinitialize the entire system after other attempts have 
been made to recover from the error. This initialization 
follows much the same procedure as when the system 
was first powered up. The basic difference between the 
two is that the procedure is initiated by hardware upon 
power-up and by software in the event of an error. 
A third event that could call for reinitialization is the 

return of power after a brownout or blackout. During 
such power shortages, the memory is usually kept alive 
by a backup supply so that data will not be lost. So in all 
likelihood the memory contents are still good when line 
power returns, making it unnecessary to go through an 
entire initialization. The system should be designed to 
distinguish the type of initialization necessary. 

For an ECC memory system, an initialization program 
flow is shown in Fig. 2. The first step in that program is 
to determine the cause of initialization. This is done by 
examining the contents of five predesignated locations, 
whose contents determine the path to follow. 

Getting started 

If these contents are certain known values—values 
inserted by the operating program when it is loaded—the 
program assumes the system is recovering from a power 
failure in which backup power kept the operating 
program from being lost. In practice, the criterion used 

EQUATE NUMBER'OF'BYTES =#8000, ! ASSUME 32K OF MEMORY 
STARTING'ADDRESS = #8000, ! FROM 32K TO 64K. 
RST.3 = #DF, ! RESTART 3 INSTRUCTION 
ESR = #60; 

ENTRY MBUINITIALIZE; 

MBC'INITIALIZE: 
DISABLE INTERRUPT; 
A = INPUT(ESR); 

HL = STARTING'ADDRESS; 
DE = NUMBER'OF'BYTES; 
B = RST'3 

WRITE'LOOP: 
MEM(HL) = B; 
HL= HL+ 1; 
DE = DE - 1; 
A=D;A=AOR E; 

INSURE ROUTINE COMPLETES 
SET ESR TO NONLATCHING MODE 
SET ADDRESS POINTER 
SET BYTE COUNTER 

LOAD B WITH "RESTART 3" 

WRITE "RESTART 3" 
INCREMENT ADDRESS POINTER 
DECREMENT BYTE COUNTER 
SET ZERO FLAG ON BYTE COUNT 

IF NONZERO THEN GO TO WRITE'LOOP; 

A = INPUT(ESR); 

HL = HL - 1; 
A = MEM(HL); 
OUTPUT(ESR) = A; 

<<   

! SET ESR TO NONLATCHING MODE 
! POINT TO LAST MBC ADDRESS 
I READ CYCLE UPDATES ESR 
! SET ESR TO LATCHING MODE 

ENABLE INTERRUPT; ! AS DESIRED FOR APPLICATION 

RETURN; 
END 

! MEMORY AND ESR INITIALIZED 

>> 

>> 

is that four of the five locations be valid, so that a bad 
location can be bypassed without causing a full initiali-
zation. If this condition is met, the program bypasses the 
full initialization routine and jumps to the power-fail 
integrity test given in Table 4. 

This test places the error-status register (EsR) in the 
nonlatching mode and clears it. It then puts it back in 
latching mode and reads all memory locations. Once all 
memory locations have been read, the ESR is again 
checked to see if any errors have been detected. If not, 
the system can start operation again. 

If errors do occur, perhaps due to glitches during the 
power-up or backup power failure, the system can start 
the initialization procedure again under software control, 
just as it might for an error-recovery routine. However, 
since the operating program has been loaded, the five 
checking locations are first loaded with incorrect data by 
the software control routine. Then when a check is 
performed, the initialization program will not jump to 
the power-fail integrity test. It will proceed as if the 
system had just been powered up and the operating 
program never loaded; it will perform a complete initiali-
zation procedure such as that given in Table 5. 
The initialization procedure begins by writing in all 

memory locations so that the check bits correspond to 
the data. This ensures that, when data is read later on, 
there are no double-bit errors due to random data being 
left in memory. In the program shown, RESTART 3 is 
written into all locations, to call an error-recovery 
routine if an unused location is read. 

After the initialization procedure is complete, the 
permanent operating-program storage is powered up, the 
program is transferred into RAM and verified, and the 
permanent storage powered down, the integrity test is 
then run to be sure that data has not been disturbed. 
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When the Doctor heard we were 
famous for our custom work, 

he wanted to order a bride for Frankie. 
Som Doc. It's custom MOS/LSI. 

Match-making is a little out of our line. But we have 
come up with quite a few original creations. For custom 
MOS/LSI circuits. 
Over the past couple of years, in fact, we've designed 

and built well over 100 different custom LSI circuits for 
America's leading companies. In every field, from data 
communications and computer peripherals to business 
machines, avionics and entertainment. 
A leader in creating new MOS/LSI technology, we 

pioneered high performance n-channel silicon gate 
devices with our patented COPLAMOS® technology. 
We also introduced another technological break-
through that's fast becoming a buzzword in the industry. 
It's called CLASP® which stands for COPLAMOS 
Last Stage Programmable. 

With CLASP we can complete all of the wafer 

processing steps including metalization before defining 
the bit pattern for read-only-memories. 

Standard Microsystems provides a total capability. 
We design, develop, process, assemble and test state-
of-the-art MOS/LSI circuits. That means we can 
design from scratch, or enter the custom cycle at any 
point you want. And assisting us at every step is the 
latest computer-aided design and diagnostic equipment. 

So, whenever you need custom LSI, come to Standard 
Microsystems for your own special creation. 

STANDARD MICROSYSTEMS 
CORPORATION/  

35 Marcus Blvd.. Haeppauge. N.V. 11787 
15161 273-3100 TWX-510-227-8898 

We keep ahead of our competition so you can keep ahead of yours. 

Circle 173 on reader service card 



w HAT THIS COUNTRY 
IGO SPEED, SUPER-

YOU GOT IT. 
It's called the IM7147. And Intersil makes it. 
It's a low-power, 4K static RAM with 55ns 
access times. 

Operating 
Power 

Standby 
Power 

Access 
Time 

IM7147 125mA 20mA 7Ons 

IM7147L 100mA 10mA 7Ons 

IM7147-3 125mA 30mA 55ns 

IM7147L-3 110mA 20mA 55ns 

,mIlitary) 
IM7147LM 125mA 20mA 85ns 

Now, you're probably thinking you'll have 
to pay an arm and a leg for that combination 
of performance. Not so. Intersil 4K statics are 
super competitive with anything even near to 
equivalent in the market today. 

SAVE BIG BUCKS. 
Sure, you'll save when you buy from Intersil. 
But, you're going to see even greater savings 
when you start designing the 7147 into new 
systems. It's great for high-speed, large memory 
applications. Because it runs on a smaller power 
supply and it needs only a fraction of the cooling 
other RAMs require. Lower power dissipation 
also means greater reliability for the entire system. 



EEDS IS A 
LOW-POWER 2147." 
A FAMILY THAT WON'T QUIT. 
Don't get us wrong. We have the high-performance 
4Ks, but we also have a raft of the regular 4Ks. 
So, if you need standard 2147s for existing 
sockets, we've got you covered. Same with 2114s 
and 7141s (2141s). 
Any way you slice it —1K x4 or 4K x 1, low-power 
or industry standard, commercial or military — 
Intersil's got your part. At a competitive price. 
And we're quoting immediate delivery. Off the 
shelf. It you don't believe it, just try us with 
an order. 

COMING ATTRACTIONS. 
Sounds like we have our act together, right? 
Well, we're not stopping there. 
To give just a peek at the future, in first quarter 
1980, we'll be bringing out the IM7148. It's a new 
high-performance, low-power 4K especially 
well-suited to mainframe memories. 

FROM THE LOW-POWER 
WHIZ KIDS. 
Actually, it shouldn't surprise you that Intersil 
is doing all this. Since we're known for our inno-
vation in CMOS technology. But it hasn't been 
by accident. We've focused on it. Because one of 
the things we thought this country needed was 
a good low-power technology company. 

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: Lex-
ington (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) • Harvey (upstate NY) • 
Intermark • Kierulff • LCOMP • Parrott • R.A.E. Ind. 
Elect. Ltd. • RESCO/Raleigh • Schweber • Summit 
• Wyle • Zentronics Ltd. 

INTERSIL NMOS 
STATIC RAM FAMILY 

Operating 
Power 

Access 
Time 

1Kx4 IM2114-2 (D2114-2) 100 20Ons 

IM2114-3 (D2114-3) 100 300ns 

IM2114 (02114) 100 450ns 

IM2114L2 (D2114L2) 70 20Ons 

IM2114L3 (D2114L3) 70 30Ons 

IM2114L (D2114L) 70 450ns 

IM7114L2 50 200ns 

IM7114L3 50 300ns 

IM7114L 50 450ns 

4K x1 IM7141-2 70 200ns 

IM7141-3 70 300ns 

IM7141 70 450ns 

' IM7141L2 50 200ns 

IM7141L3 50 30Ons 

IM7141L 50 450ns 

1Kx4 02147 160 7Ons 

D2147L 140 7Ons 

D2147-3 180 55ns 

IM7147 125 7Ons 

IM7147L 100 70ns 

IM7147-3 125 55ns 

IM7147L-3 110 55ns 

MD2147 180 85ns 

IM7147LM 125 85ns 

Military temperature available in all devices. 

El El 
DIGITAL PRODUCTS —MEMORY 
10710 No. Tantau Ave., Cupertino, 
CA 95014 
Tel: (408) 996-5000 TWX: 910-338-0171 
(800) 538-7930 (outside California) 

Wow! Am I ever interested in your 4K 
static RAMS. 

a tide in the a dam 
talelat.=. 

_ — 

Please send me information on your RAM line. 
And include your 20x24" Shakespeare poster. I like that 
idea, too. 

Name  

Company  

Address  

City/State/Zip  
E1380 



Engineer's notebook  

Five-chip circuit transforms 
scope into logic analyzer 
by P Martinez, A Roy, and J Barquillas 
Department of Electronics, University of Zarogoza, Spain 

Adapting a general-purpose oscilloscope to use as a logic 
analyzer, this inexpensive five-chip circuit will permit 
the numerical display of Is and Os for as many as eight 
digital wavetrains simultaneously. The design is vastly 
simplified through the use of a rudimentary adder circuit 
and two primitive digital-to-analog converters, which 
combine a derivative of the multiplexed signals to be 
displayed with the numeral-forming circuitry. 

In general operation, logic variables X0--X, are intro-
duced into the inputs of the 74151 eight-line multiplexer, 
as shown. Meanwhile, the LM3900 generator, A1, 
produces a sine wave in the vicinity of 150 kilohertz; and 
the 7493 divide-by-M counter, A2, which in conjunction 
with the 7404 inverters and weighted-resistor network 
forms a d-a converter, is advanced by the system clock. 
The divide-by-M circuit drives a second counter, A3, 
which advances the multiplexer at a rate equal to 1/M 

that of the stepping frequency of A2. 
If the mode switch, SI, is placed in position 1, Xo—X1 

are applied directly to the scope's Y input. A2 drives the 
sync input with a logic I. Thus the scope may be utilized 
to display eight digital waveforms. 
The unit is placed in the analyzer mode when the 

switch is brought to position 2. When the numeral is to 
be displayed for a given Xi, the sine-wave output of At 

1 I 0 0 0 01 1 1 IC 0 C 

1 10 0 0 0 1 1 1 10 0 00 

1 1 1 1 1 1 1 1 0 0 0 00 0 0 0 

1 1 I 1 10 0 0 00 0 C 

1 0 1 01 0 1 01 0 1 01 0 I C 

1 0 1 01 0 1 0 1 0 1 01 0 1 

IC011.00 1 1 0 01 1 

.",1 1 1 0 O 1 1 C,'1 
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10 kit 
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Adaptation. Inexpensive five-chip circuit adapts scope for duties as logic analyzer. Circuit generates sine wave at Y channel and 

9e-displaced sine wave at X channel to produce skewed 0 numerals for any digitally multiplexed X, input. Unweighted sawtooth is generated 

at X channel for display of is. Mode switch SI selects either eight digital waveforms or logic states of the input waveforms as in the photo. 
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appears at the scope's Y input along with weighted 
voltage of d-a converter D1—D3, which ultimately deter-
mines the vertical position of the trace on the screen. At 
the X input, A2's weighted output delivered by converter 
D4—D7 adds a component of voltage to Al's output that 
effectively displaces its sine-wave signal by 90°. Thus a 
small numeral 0, slightly skewed, appears on the screen 
as a result of the Lissajous addition. 

If, on the other hand, a 1 is to be displayed, the Y 
output of the 74151 moves high and brings point A to 
ground. Consequently, the X input is driven by a wave-
form, generated only by Da—D7, that is an approximate 
sawtooth. Under these conditions, the trace can rise only 

vertically, being bound in the horizontal direction at any 
instant. 

In either case, because A2 steps forward at M times 
the speed of A3, the trace will sweep across the entire 
screen to monitor the variable under observation before 
the multiplexer is advanced to its Xi+, port. Note that 
the sweep is not continuous, but proceeds from left to 
right in discrete steps, as a result of A2's stepped output. 
The process is then repeated for the next variable. 

Because the speed of the system clock is high and the 
persistence of the scope's phosphor is high, the Is and Os 
appear to be scanned simultaneously. The display format 
generated is illustrated in the photo. El 

Dynamic VCO test 
detects V-f nonlinearities 
by Henan Kupferman 
Century Data Systems, Anaheim, Calif. 

Checking the dc response, or static behavior, of a volt-
age-controlled oscillator is easy enough to do, requiring 
only the plotting of output frequency versus a discrete set 
of control voltages. But more often than not the 
dynamic, or ac, response is the parameter of interest, 
especially if a small nonlinearity in the voltage-to-
frequency response exists. Fortunately, running a 
dynamic check is relatively uncomplicated, as the meth-
od described here makes evident. With it, nonlinearities 
are quickly spotted, and the frequency at which the 
anomalies occur can be readily measured. 
As cari be seen, the input of the vco is driven by a 

ramp voltage that sweeps it over its range of frequencies. 
Its output is then introduced into a frequency discrimi-
nator, which generates a voltage corresponding to the 

vco's dc response. If the range of the discriminator is 
limited, a divide-by-N module should be used to divide 
down the output frequency of the vco beforehand. 
The discriminator's signal is then applied to one verti-

cal input (channel A) of the scope. Appearing at channel 
B is the differentiated version of the signal at output A. 
Thus the scope displays the vco's voltage-versus-
frequency/time characteristic and simultaneously shows 
if the change in its output frequency per unit voltage is 
other than linear. The magnitude of the nonlinearity 
shown on channel B will be proportional to the ampli-
tude of the positive- or negative-going spike created by 
the di fferentiator. 
The frequencies at which nonlinearities occur can be 

measured by placing the scope in the A-intensity mode 
to intensify the part of the trace where the irregularity is 
suspected (that is, the region of the curve A correspond-
ing to the location of the spike on channel B). The 
duration of the pulse output at the scope's B+ port 
during each scan, corresponding to the intensified area 
of the curve selected, is thus used to gate the output of 
the vco through to the frequency counter. Note that the 
accuracy of the measurement will be inversely propor-
tional to the width of the area that is intensified. 111 
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Dynamic response. Tester readily spots nonlinearities in VCO's voltage-to-frequency curve. Channel A of scope displays de response, 

channel B the dynamic information, whose spike amplitude is proportional to the magnitude of the nonlinearity present. Frequency at which 

irregularity occurs is measured by intensifying portion of curve A at which spikes appear, in order to generate gating pulse for counter. 
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When you need 
illuminated switches, 

or more than 
illuminated switches... 

Dialight is the first place to look. We make just about 
any kind of illuminated push button switch that any-
one could want . . . Single lamp, dual lamp, neon, 
incandescent, LED lighted, you name it. 

Perhaps you're looking for snapaction switches 
with silver or gold contacts, or wiping action switch-
es with gold contacts for low level application. 

And if you're looking for rear panel or front 
bezel mounting switches, switches with momentary 
or alternate actions, or high quality switches for 
computer applications, we have them. 

You'll find that Dialight switches are not only 
available at a reasonable price, they're also avail-
able with some very attractive features. Lamp re-
moval is from the front so you don't have to remove 

an entire switch just to change a lamp. And you 
never have to use anything more complicated than 
your fingers for replacement or installation. 

Along with outstanding variety and design, you 
get superior Dialight quality. Most Dial ight switches 
are Underwriter's Laboratory listed and OSA ap-
proved. 

And Dialight distributors are widely located 
throughout the United States, Canada and world-
wide. 

Call or write Dial ight today. We'll send you our 
free switch catalogs so you can select a quality 
switch that's American rpm IGH 
made and Dialight guar- LI 
a nteed A North American Philips Company 

Dialight meets your needs. 
Dialight, 203 Harrison Place, BrooKlyn, N.Y. 11237 (212) 497-7600 
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Hall-probe adapter converts 
DMM into gaussmeter 
by Henno Normet 
Diversified Electronics, Leesburg, Fla. 

Using a constant-current dc source to maintain the spec-
ified accuracy of a Hall probe, this circuit adapts a 
31/2-digit multimeter for measuring magnetic flux densi-
ty. The DMM can thus be made to measure densities of 
20 kilogauss or more with a resolution of 10 gauss, and 
this accuracy is more than adequate for all but low-level 
leakage checks. 
The current source built around the 723 voltage regu-

lator will deliver upwards of a constant 50 to 210 
milliamperes to the Hall probe (F. W. Bell BH-705 or 
Siemens FA22e, etc.), ensuring that the internal resist-
ance of the probe, which changes with the field strength 
encountered, has little effect on the accuracy of the 
measurement. The linearity of the voltage-versus-flux 
response will be dependent on the probe's load resistor, 
RI, whose value will be a function of the type of probe 
used (see individual data sheets). 

Typical values will range from 3 to 10 ohms. Even 
with an optimum load, however, most probes will 
become nonlinear above 10 kilogauss, and at 15 kilo-

ON OFF 

120 V 
60 Hz 

TO TIP32 
COLLECTOR 

TO R7 

SIGNAL 
241-4-12 

— 04: 1N4002 

CALIBRATE 

gauss the error is considerable. High-flux-density probes 
are available at increased cost. 
To calibrate the adapter, the DMM is set to its 200-

millivolt dc range. With the probe isolated from any 
magnetic field, potentiometer R9 is adjusted for a zero 
reading on the DMM. The probe is brought into the field 
of a calibrated reference magnet, and potentiometer R4 
is adjusted so that the DMM displays a matching value. 
At these settings, the probe will deliver exactly 
10 mv per kilogauss of flux density measured. 
The adapter, in conjunction with an oscilloscope, will 

measure and display ac or pulsed fields; recalibration is 
not necessary. When used with a scope set for a vertical-
channel gain of 10 mv per centimeter, the vertical axis 
calibration will be 1 kilogauss/cm. 
A self-calibration feature that permits the unit to be 

calibrated without a reference magnet (after the initial 
adjustment) may be secured by adding a current shunt 
in the control-current circuit, plus a double-pole, 
double-throw switch, as shown in (b). This feature is 
useful when Hall probes are changed frequently. 

Calibration is simple. Once the calibration constant 
for any given probe is determined (see the procedure 
above), it is only necessary to set switch S2 in the 
calibrate position and adjust R4 for an identical reading 
on the DMM when that probe is employed. El 

Engineers notebook is a regular feature in Electronics. We invite readers to submit original 
design shortcuts, calculation aids, measurement and test techniques, and other Ideas for 
saving engineering time or cost. We'll pay $50 for each item published. 

TIP32 (SMALL HEAT SINK) 

I S-, DIGITAL 
MULTIMETER 

150 12 

30 S2- 3 W 
WIREWOUND 
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Measuring density. Constant-current source (a) and null circuitry, 

which maintain Hall-probe accuracy and calibration, extend capabili-

ty of digital multimeter for measuring flux densities to 20 kilogauss. 

Self-calibration circuitry (b), useful in cases where probes are 

changed often, eliminates frequent utilization of reference magnets. 
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Engineer's newsletter  

Plastic shields Solar cells for use on earth must be engineered to withstand severe thermal 
and physical shock and to resist moisture absorption. They may also need a 

solar panels from rugged case to protect them from vandals. Silicon Sensors Inc. of Dodge-
earthly ills ville, Wis., solved this problem by encasing its line of standard solar power 

panels in General Electric's Lexan 143 polycarbonate plastic. This trans-
parent material has high impact strength, low water absorption, ultraviolet 
stability, and, most important, optical clarity for long-term maximum light 
transmission. 

Each of Silicon Sensors' panels uses an injection-molded case open at 
the back. A silicon cell is placed in the case and encapsulated in transpar-
ent silicone rubber. For more information on Lexan resin contact the 
Lexan resin products department of General Electric Co.'s Plastics division 
at 1 Plastics Ave., Pittsfield, Mass. 01201. 

ASTM sets the standard It's hard to keep up to date on materials testing for the electronics 
industries because the state of the art changes so rapidly. But it would be 

for testing electronic even harder without the American Society for Testing and Materials' 
materials—again annual book of standards. 

The latest edition, a 1,194-page opus, contains 196 standards for 
electron tube cathodes and insulators, laser materials, wrought metallic 
materials, semiconductor crystals, hybrid microelectronics, magnetic 
materials, and contamination control, among others. Totally new stan-
dards concern the threshold voltages of mos field-effect transistors, photo-
mask fabrication, and current pulse measurement, as well as more esoteric 
subjects. Part 43 costs $36. Refer to Publication Code No. 01-043079-
46 when you order it from the society, whose address is 1916 Race St., 
Philadelphia, Pa. 19103. 

Build your own Are you considering establishing an in-house printed-circuit—board manu-
facturing facility because of difficulty in obtaining an adequate supply of 

pc plant boards? A specialized group with expertise in the design, construction, and 
anywhere at all startup of pc-board plants has recently been formed by PCK Technology 

division of Kollmorgen Corp. for just this purpose. Its International 
Projects Group provides custom services to firms that wish to begin their 
own pc production. IPG offers its help in building any type of pc plant — 
print-and-etch, subtractive, additive, semi-additive, flexible, multilayer or 
discrete wiring, you name it —anywhere in the world. For more informa-
tion write International Projects Group, PCK Technology division, Koll-
morgen Corp., 31 Sea Cliff Ave., Glen Cove, N. Y. 11542, or phone (516) 
448-1212. 

Robots rate 

a definition 

Sure you know exactly what a robot is? The Robot Institute of America 
defines a robot as "a programmable, multifunction manipulator designed 
to move material, parts, tools or specialized devices through variable 
programmed motions for the performance of a variety of tasks." The 
Dearborn, Mich.—based RIA agreed on this definition after an RIA commit-
tee consisting of robot users, manufacturers, and researchers voted on it 
recently. -Jerry Lyman 
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Facts from Fluke on low-cost DMM's 

Conductance: 
What it is, and what it can do for you. 
We've often referred to 

conductance as the "missing function" 
in DMM's — the capability so many of 
you have wanted in a DMM but 
couldn't find until we introduced the 
8020A Analyst. 

Since its introduction, the Fluke 
8020A has become the world's 
best-selling DMM. And four more 
low-cost models with conductance 
ranges have been added to our line. But 
you'll still find this function only on 
Fluke DMM's. 

Simply stated, conductance lets 
you make resistance measurements 
far beyond the capacity of ordinary 
multimeters. Until the 8020A, there 
was no way to make fast, accurate 
readings from 20 MS2 to 10,000 M2 — 
ranges typically plagued by noise 

pickup. Yet, measurements at these 
levels are vital in verifying resistance 
values in high-voltage dividers, cables 
and insulators. 

With conductance, the inverse of 
ohms, which is expressed in Siemens — 
Fluke DMM's can measure extreme 
resistances. Simple conversion of 
direct-reading conductance values, 
then, yields resistance measurements 

to 10,000 MS2 (and 
100,000 Mil with 

the 8050A), 
without 

special shielding and using standard 
test leads. 

Here the 8020A is being used to 
check leakage in a teflon pcb. With a 
basic dc accuracy of 0.1% and an 
exclusive two-year warranty, this 
seven-function handheld DMM has 
made hundreds of new troubleshooting 
techniques such as this possible, and 
more are being discovered every day. 

For more details, call toll free 
800-426-0361; use the coupon below; 
or contact your Fluke stocking 
distributor, sales office or 
representative. 

FLUKE 

IN THE U.S. AND NON-
EUROPEAN COUNTRIES: 

John Fluke Mfg. Co., Inc. 
P.O. Box 43210 114S* 2B 
Mountlake Terrace, WA 98043 
1206) 774-2481 
Telex: 32-0013 

D Please send 8020A specifications. 
D Please send all the facts on Fluke 

low-cost DMM's, including the 
conductance application note. 

D Please have a salesman call. 

IN EUROPE: 

Fluke (Holland) B.V. 
P.O. Box 5053, 5004 EB 
Tilburg, The Netherlands 
(013) 673 973 
Telex: 52237 
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GenRaeFuturedata 
delivers Intel, Zilog, 
Motorola, Rockwell, RI 

WE SUPPORT MORE CHIPS 

When it comes to developing 
development systems that 
support more microprocessors, 
no one can touch us. Our 
universal development system 
doesn't box you in with a 
single chip or chip family. Our 
system sets you free to design 
with any or all of the most 
popular processors. 

In your smart-product race 
through the'80's, switching 
development systems will be 
the pits. With our system that 
won't be necessary. 

WE ADD NEW CHIP 
SUPPORT FASTER 

Thanks to our unique slave 
emulation system we can add 
new chips to your system in 
a matter of weeks. Remember, 
we don't make the chips - just 
the development system. And 
we don't have to redesign 
our system for each new chip 
- we just add another slave 
emulator. And, that's all you 
pay for. So, we're faster and 
more economical, too. 

WE SET THE PACE 
FOR EMULATION 

Ours is the only system capable 
of delivering transparent, 
non-stop, full-speed emulation 



REGISTER OFFSET 
DISPLAY WINDOW 

to 10 MHz. And it's the only 
system capable of emulating 
many different processors 
simultaneously. 
Transparent, non-stop, full-
speed emulation takes all the 
guesswork out of choosing the 
right microprocessor for your 
application. It allows you to 
evaluate each chip thoroughly, 
accurately and objectively. 

The ability to emulate several 
different chips 
simultaneously 
paves the way 
to develop-
ment of smart 
products using 
more than one 
processor. 

ELF 
DMPLETING 
lOMPTING 
DMMAND 
.NGUAGE 
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THREE INDEPENDENT 
WINDOWS. EXPAND— 
ABLE TO FOUR 

STACK 
DISPLAY 

TYPICAL 8086 SNAPSHOT 
The 2302 Slave Emulator allows you to view 
your program in single-step, snapshot or logic 
analyzer modes. This view can be formatted 
to match your requirements even for the most 
complex memory segmentation, interrupt-
driven or multi-processor environments. 

WE KEEP YOU 
IN THE FAST LANE 

Our system has been designed 
to make hardware and soft-
ware development fast, 
efficient and productive. With 
our high-speed CRT, high-
level language programming 
and powerful software, things 
happen fast - sometimes 
instantaneously. Now available 
with highly block structured 
PASCAL compilers, our system 
can cut your programming 
time by 50% or more. 

  GenRad 
futurecd 

2300 Series multi-station networks share disk 
and printer with up to eight stations. Each 
station is universal and may be ordered with 
the software and/or hardware capabilities 
required. 

WE DELIVER THE MOST 
COST- EFFECTIVE 
SOLUTION 

Lower initial cost, universality 
and expandability make our 
system a prudent, long-term 
investment. Any of our 
systems can be upgraded to 
network status. By sharing 
costly and under-utilized 
resources (disks, printers, 
emulators, analyzers and even 
software) you can stop paying 
your designers to stand in line. 
Networking can lower your 
cost-per-station by 20% or more. 

WE'RE HERE TO STAY 

There is no finish in the smart-
product race. To stay ahead 
you're going to need flexible, 
productive, expandable 
development systems and a 
supplier with staying power 
capable of giving you in-depth, 
after-sale service and support. 
Ask for a demonstration of 
the 2300 Series Advanced 
Development System. Sales 
and service offices in major 
cities. 

GenRaci/Futuredata 
5730 Buckingham Parkway 
Culver City, CA 90230 
(213) 641-7200. TWX: 910-328-7202. 

GenRad/Futuredata universal development systems - 
expanding your world of microprocessor-based design. 
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Replace 23 ICs and 26 discretes 
with one 28-pin package. 

New error detection/correction circuits. 

More LS LS! innovation from 
Texas Instruments. 

Here's a new milestone 
product for all your data 
transmission applica-
tions — the first LS! 
Low-Power Schottky 
TTL circuits. 
New, single-chip, 16-

bit parallel error detec-
tion and correction 
(EDAC) circuits with 3-
state (SN54/74LS630) or 
open-collector (SN54/ 
74LS631) outputs. 
Now, for the first 

time, you can detect 
single or dual-bit errors 
— all on one chip. 
And processing times 

are fast. Checkwords 
are generated in 35 ns 
typically. Errors flagged 
in 40 ns. 

TI's new EDAC cir-
cuits use a modified 
Hamming code to gener-
ate a 6-bit checkword 
from a 16-bit data word. 
This checkword is 
stored in memory along 
with the data word. During the memory 
read cycle, the 22-bit word is processed 
by the EDAC to determine if errors have 
occurred in memory. Single-bit errors are 
corrected. Dual-bit errors are flagged. 
And, a gross error condition of all highs 
and lows will also be detected. 
Your present design uses more ICs. 

More power. More time. And more board 
space. The solution is fast, easy and more 
cost effective. 

411979 Texas Instruments Incorporated 

This is the first in a series e innovative Low-Power Schottky devices to be 
introduced by Texas Instruments over the next few months. Watch .for the new 
Octal Transceivers announcement and find out how you can save design time 
and production costs. 

One LS circuit that dissipates a low 600 
mW. Also designated TIM99630 and 
TIM99631 for the 9900 Family, LS630 and 
LS631 are available in a 28-pin, 600-mil 
ceramic or plastic DIP. 

TI's continuing commitment to innova-
tive Low-Power Schottky technology 
means that you can continue to design 
with confidence — tapping the broadest 
product line available. 

So, design with the line that serves 

more of your LS needs 
— the broadest line in 
the industry. 
For every low-power, 

high-performance appli-
cation — whether it's 
military systems, data 
processing, telecom-
munications, process 
control and more. 
And there's more on 

the way. Over the next 
few months we'll be in-
troducing more new 
devices in the TI 
LS Family. 

You'll want to watch 
for them. Because, like 
the new EDAC circuits, 
and the proven perform-
ance of TI's existing LS 
line, they'll go a long 
way toward making 
your design job easier. 

So, for the widest 
range of effective bipo-
lar state-of-the-art solu-
tions, turn to the leader. 
Turn to Texas Instru-

ments for more LS LS! innovation. 
Call your nearest authorized TI dis-

tributor or write to ièxas Instruments 
Incorporated, P.O. Box 225012, M/S 308, 
Dallas, lbxas 75265. 

,4 02r,0 
TEXAS INSTRUMENTS 
MOVING AHEAD 

IN MICROELECTRONICS  

TEXAS INSTRUMENTS 
INCORPORATED 84609 
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308 display of 
parallel state 
data. 
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Parallel timing 
diagram can also 
be displayed as a 
state table in hex, 
binary and octal. 
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tion to hex and 
binary. 

13E11.• e 

EX 76543210 ASCII 
OD 00001101 CP 
00 00001010 LF 
54 I.:x*0 itaielega**** 
4e 01001000 

4,5 
20 

01090101 
00100000 
01010001 
01010101 

01001001 
CT1000011 

T 
H 

E 

308 DATA ANALYZER 

OCT 
37. 
201: 
leta• 
042 

244-, 
14z 
02;1 

Signature dis-
play will hold and 
display up to 8 
signatures at 
once. 

The 308 is 
lightweight 
(3.6 kg/8 lb) and 
portable. 
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All logic analyzers 
handle parallel data. 
Only one also does 

serial and signature. 

Introducing 
the 308 
Data Analyzer. 

Until now, logic analyzers 
have been confined to parallel 
state and timing data Unfortu-
nately digital problems haven't. 
They might originate at a serial 
data port. Or appear as a faulty 
signature output. 

So we've designed a logic 
analyzer that handles all four 
data formats: Parallel state. 
Parallel timing. Serial state. Sig-
nature analysis. Each with an 
impressive array of display and 
sampling features. All con-
tained in a single lightweight 
(3.6 kg/8 lb) portable package. 
The 308 Data Analyzer, from 
Tektronix. A unique instrument. 
The first of its kind. 

The 308 includes a refer-
ence memory for data compari-
son and word searches. Latch 
mode. Word recognition up to 
25 bits. Pre- and post-trigger 
control. Synchronous and asyn-
chronous sampling. Digital 
delay Timing and state displays 
in hex, binary and octal. Plus 
ASCII and parity error in the se-
rial mode. Plus optional acces-
sories for easy probe connection. 
For immediate action, dial our toll free 
automatic answering service 1-800-547-1512 

And much more All in a 
compact and convenient pack-
age. One that's cost-effective. 
And backed by the unmatched 
experience of Tektronix in the 
field of digital test instrumenta-
tion and service. Interested? 
Contact your local Tektronix 
Field Office, or write us. 

Tektronix, Inc. 
PO. Box 1700 
Beaverton, Oregon 97075 
(503) 644-0161 
Telex: 910-467-8708 
Cable: TEKTRONIX 

Tektronix International, Inc. 
European Marketing Centre 
Postbox 827 
1180 AV Amstelveen 
The Netherlands 

lëktropp-c, 



The new VALOX 700 
Family of mineral re- 
inforced thermoplastic 
polyester resins brings cost/performance utility 
to electrical and electronic applications. 
Something metal, nylon and thermosets can't. 

UTILIZE VALOX RESIN, NOT METAL. 
Compare VALOX resin's design and production 
versatility to metal's, and you'll specify VALOX 
resin. With broad UL recognition, 94 V-0 
flammability performance and inherent electrical 
insulation. VALOX resins go where metals can't. 
VALOX resins also provide corrosion-resistance, 
molded-in color and a substantial weight 
reduction. Secondary finishing operations are 
virtually eliminated, and this, together with lower 
material costs, gives you a net cost savings per 
part. That's utility. 

UNLIKE NYLON. 
Unlike nylon, mineral-reinforced VALOX resins 
maintain consistent electrical and mechanical 
properties over varying conditions of heat 
and moisture. What's more, the stability and 
creep resistance of VALOX 700 resins surpass 
those of nylon. 

® Registered trademark,General Electric Company. 

ELECTRICALLY SUPERIOR TO THERMOSETS. 
VALOX resins provide the electrical properties 
of thermosets—and then some—with the 
mechanical performance and processing 
characteristics of a PBT. Superior dielectric 
strength and dielectric constant versus phenolics, 
DAP and alkyd. But unlike those of thermosets, 
VALOX dielectric properties remain stable over 
heat and humidity. And VALOX resins give you a 
UL 94 V-0 rating with zero arc tracking, a first for 
thermoplastic polyesters. 

FREE BROCHURE. 
Electric utility. Specify it, by specifying one of 
many mineral-reinforced VALOX 700 Family resins 
for your next electrical/electronic application. 

For more information on VALOX resins, write 
General Electric Company, Plastics Division, 
VALOX Products Section, One Plastics Avenue, 
Pittsfield, Massachusetts 01201. 

GENERAL 
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New products_ 

E-PROM runs with fast 16-bit micros 
32-kilobit memory with 200-ns access time keeps pace with 

the 500-ns instruction cycle time of the second-generation 8-MHz 8086-2 

Memory access times have till 
recently been fast enough to let 
microprocessors run through their 
paces. But the ultraviolet-light-eras-
able programmable read-only mem-
ory, or E-PROM —the widely used 
program storage medium for micro-
processors—has been just squeezing 
by with an access time that hovers 
around 450 ns. Now Intel Corp. has 
improved the E-PROM process 
through scaling and circuit redesign 
to produce the 2732A, a 4-K-by-8-bit 
device, on a die less than half the 
size of the earlier 2732, with a 
premium access time of 200 ns. 
Small, fast. The die size of the 

2732A is 21,000 mi12—smaller than 
the standard 2716 16-K E-PROM and 
paving the way for a 64-K follow-up. 
But more importantly, the memory 
can serve faster microprocessors 
without the need for the insertion of 
wait states—pauses in the memory-
access cycle required whenever the 
memory device cannot have data 
ready within the usual cycle time. It 
is no surprise, then, that the compa-
ny has coordinated the introduction 
of the 2732A with that of the 8086-
2, an 8-MHz version of its 5-MHz 
standard 8086, because the faster 
processor could not be used to 
advantage without faster program 
memory. 
The use of wait states to operate 

the 8086-2 with a slower memory 
would be intolerable in view of the 
time the processor spends dipping 
into program storage. According to 
the company, 95% of a processor's 
external references are to the pro-
gram store, with only the remaining 
5% for peripheral devices. 

It is often said that Intel carries on 
production of bipolar fuse-link-pro-

by Raymond P. Capece, Managing Editor 

grammable ROMs to satisfy the 
strictest speed requirements of its 
processors. The 5-MHz 8086 needs 
memories that cycle in 800 ns and 
access data (from address to output) 
in 460 ns, a requirement satisfied by 
industry-standard 450-ns memories 
like the 2716 and the 2732. The 
8-MHz 8086-2, however, needs de-
vices that cycle in 500 ns and access 
data in 295 ns. What's more, in 
large-memory systems—up to a 
megabyte—that requirement can 
tighten to as little as 210 ns. In those 
systems, even Texas Instruments' 8-
K 2508, the fastest E-PROM made to 
date, with an access time of 250 ns, 
would not be adequate. 
The 2732A E-PROM is a fourth-

generation design based on H-MOS-E 
technology, Intel's most recent pro-
cess for erasable memories. 
Not a selection. The 8086-2 is not 

a speed-selected version of the 
earlier part, but employs the newest 
H-MOS ii processing for microproces-
sors [Electronics, Sept. 13, 1979, 

p. 124] that scales some devices 
down to effective channel lengths of 
2 Am. However, the faster micropro-
cessor is fully software-compatible 
with the earlier device. According to 
David Gellatly, marketing manager 
of Intel's microprocessor and periph-
eral operation, if the system were 
designed propeely from the start, "it 
would require only minimal changes 
to operate at 8 MHz." 

Gellatly adds that the enhanced-
speed microprocessor should appeal 
to many more markets than its 
predecessor. "It was always in our 
plans to advance the machine to 8 
MHz, because certain areas like 
industrial controls and real-time pro-
cess control—and especially tele-
communications—really require the 
higher speed," he explains. 
The 8086-2 is available now at 

$200 each in hundreds. The 250-ns 
2732A is available in sample quanti-
ties at $570 each. 
Intel Corp., 3065 Bowers Ave., Santa Clara, 

Calif. 95051. Phone (408) 987-8080 [338] 

COMPARING lei( AND 32-K E 

2716 

PROMS 

2732 2732A 

Technology n mos n-MOS HMOS-E 

Organization 2,048 x 8 4,096 x 8 4,096 x 8 

Chip area (mil2) 30,000 40,000 21,000 

Number of package pins 24 24 24 

Access time (ns) 450 450 200 

Power dissipation (mW) 500 750 750 

Power dissipation per bit (mW) 0.04 0.025 0.025 

Standby power (mA) 25 30 30 

Standby power per bit (mW) 0.008 0.005 0.005 

Power supplies +5 +5 +5 

TTL compatibility yes yes yes 

Two-line control yes yes yes 

SOURCE. INTEL CORP. 
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You Don't Have To Be 
A Super Sleuth To Find 
An Instrument Rental Shop. 

General Electric 
Has 48 Nationwide. 

You'll find General Electric Rental 
Shops conveniently located in major 
cities across the country. We stock 
the most wanted equipment from 
leading manufacturers, including 
many unique and hard-to-find 
instruments. It's elementary that 
accuracy of equipment is never in 
question; each instrument is calibrated 

with standards traceable to the 
National Bureau of Standards before 
it leaves our door. 

Nee time you need a test 
instrument, investigate a convenient 
weekly or monthly program from 
General Electric. Delivery is fast— 
whether you rent a single recorder or 
a complete measurement system. 

For your FREE RENTAL CATALOG 
call collect (518) 372-9900, or write 
General Electric Company, 
Apparatus Service 
Division, Bldg. 4, 
Room 210, 
1 River Road, 
Schenectady, 
NY 12345. 

ALA. BIRMINGHAM (205) 925-9449 • ARIZ. PHOENIX (602) 278-8515,1UCSON (602) 294-3139• CAL. LOS ANGELES (213)642-5350. SACRAMEN-

TO (916) 383-1324. SAN FRANCISCO (415) 436-9260 • COL. DENVER (303) 320-3252 • CONN. SOUII-IINGTON (203) 621-40590 RA. JACKSON-
VILLE (904) 751-0615, MIAMI (305) 940-7723 • GA. ATLANTA (404) 457-5563 • ILL. CHICAGO (219) 933-4500, Of (312) 854-2994 • IND. EVANS-
VILLE (812) 479-0248, FT. WAYNE (219) 484-9073, INDIANAPOLIS (317) 639-1565 • to. DAVENPORT (319) 285-7501* KY. LOUISVILLE (502) 452-
3311 • LA. NEW ORLEANS (504) 367-6528 • MD. BALTIMORE (301) 332-4713 • MASS. BOSTON (617) 396-9600 • MICH. DETROIT (313)285-6703. 
Ext. 208 or 209• MINN. MINNEAPOLIS (612) 522-4396 • MO. KANSAS CRY (816)231-4377,ST. LOUIS(314)965-7115. NBY JERSEY FAIRFIELD (201) 

227-7900 • N.Y. BUFFALO (716) 876-1200. SCHENECTADY (518) 385-2195 • N.Y.C. FAIRFIELD, N.J. (201) 227-7900* NZ. CHARLOTTE (704) 525-

0311 •OH. CINCINNATI (.513) 874-8512, CLEVELAND (216) 441-6111, TOLEDO (419) 691-3501 • ORE. PORTLAND (503 ) 221-5101 • PENN. PHILA-
DELPHIA (609) 488-0244, or (215) 923-0383, PITTSBURGH (412) 462-7400 • S.C. GREENVILLE (803) 277-4093 • TENN. MEMPHIS (901)525-5393 

• TEX. DALLAS (214) 357-7341, HOUSTON (713) 672-3570 • UT. SALT LAKE CITY (801)973-2253 IVA. RICHMOND (804) 232-6733 • WASH. SEATTLE 

(206) 575-2987 • W.V. CHARLESTON (304) 345-0920 • WISC. APPLETON (414) 739-7766. MILWAUKEE (414) 744-0110 • PUERTO RICO PONCE 
(809) 843-4225, or 4625. 

GENERAL ELECTRIC 

Circle 191 on reader service card 



A Texas Instruments custom Solid State SoftwareTM 
module is simplifying the business of keeping 
track of the world's best athletes at Lake Placid. 
We can do the same for you... 

OLYMPIC 
SCORING 
MODULE 
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Simplify your business. 
Increase the productivity of your people. 

Within seconds, Olympic officials at 
Lake Placid will be able to perform 
complex, computer-like calculations to 
audit results of competitive events. 

They'll have at their fingertips the 
remarkable computational power of a 
TI Programmable 59 calculator. And, 
they'll be able to use it with ease be-
cause of a small, cube-shaped memory 
module that has been specifically cus-
tom designed to do the job for them— 
with little experience or training on 
their part. 

lbxas Instruments can do the same 
for the people who work in your com-
pany— at a cost and in quantities low 
enough to surprise you. 
We've done it for lots of others. 

• Pilots of complex Harrier combat 
aircraft fly with TI Programmable 58C 
calculators strapped to their legs. The 
calculator's custom-built module re-
places a flight manual that contained 
hundreds of pages of tables and graphs 
used to determine vertical lift, range, 
fuel consumption, and other technical 
data. 
• Oil exploration teams are using a 
custom module to simplify the complex 
procedure of properly positioning off-
shore drilling rigs. 
• A truck manufacturer has replaced 
the charts, graphs, and lengthy slide 
rule computations its dealers had been 
using with a TI programmable calcula-
tor and custom software module. 
As different as these applications 

are, they represent only a few of the 
wide range of uses in which Texas 
Instruments custom Solid State 
Software" modules are being used to 
tailor the powerful TI-58C and TI-59 
calculators into easy-to-use, specific ap-
plication machines. 
Plug-in custom software simplifies 
complex tasks at low cost. 
Custom modules for the TI-58C and 
TI-59 decentralize the analytical and 
computational power of the computer 
... not only for Olympic scorers, combat 
pilots and petroleum engineers... but 
also for many other Texas Instruments 

customers in business, government 
and industry. They allow the user to 
process data and handle complex calcu-
lations that would normally require ac-
cess to a central computer system. 

Designed for use with the TI-58C 
and TI-59 programmable calculators, 
custom plug-in modules contain pre-
written programs developed to cus-
tomer specifications. Each module 
contains up to 5,000 program steps, the 
equivalent of a multi-card library of 
magnetic cards. Even though the cus-
tom modules contain complex 
software, they are relatively inexpen-
sive to produce and production runs of 
as few as 250 modules are feasible. In 
addition to module development, Tèxas 
Instruments offers equipment, train-
ing and advice to its custom Solid State 
Software customers. 
Custom modules provide a low-cost, 

mass-producible protectable firmware 
medium because they are produced 
with the same advanced micromemory 
technology used in TI's standard Solid 
State Software library modules for 
non-specific applications, available 
through TI retailers nationwide. 
TI's versatile programmable 
calculators. 
Both the TI Programmable 58C and 59 
feature TI's standard Solid State 
Software plug-in libraries which con-
tain a wide selection of programs. 
These optional , general purpose 
libraries are available in a variety of 
fields, including engineering, science, 
statistics and business. 

The TI Programmable 59 has up to 
960 program steps or up to 100 memo-
ries and features magnetic card read/ 
write capability. In 
programmable 
calculators it leads 
the field in per-
formance, quality, 
and value. 
The TI Pro-

grammable 58C 
has up to 480 
program 
steps or up to 
60 memo-
ries. And it 
has TI's Con-
stant Memory' feature that retains 
data and program information even 
when the calculator is turned off. 
More information. 
We'd like to tell you more about the TI 
Programmable 58C and TI Program-
mable 59 — and how custom software 
can be specifically tailored for your 
company's applications. We'll also send 
you information on TI's unique Profes-
sional Productivity Program. We used 
it to get a 25% increase in 
creative work from our peo-
ple and we'll tell you how 
we did it. Send in the cou-
pon today. 
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Texas Instruments 
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Texas Instruments technology - bringing affordable electronics to your fingertips. 
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The foremost solu 
when you're selecting capacitors... 

Monolithic and Disc 
Ceramic Capacitors 

from 

CENTRALAB 
1411K, ,maseeige.er. 

When you qualify Centrelab as your supplier of 

ceramic capacitors, you won't need a second 

source. Centrelab can supply all your 

needs. We offer you monolithics — chip; 

epoxy coated, radial lead; glass encapsu-

lated, axial lead; molded, two pin dual-

in-line and CK/CKR MIL-spec types. Or 

you can choose ceramic discs — general 

purpose, temperature compensating, 

or low voltage semiconductor types. 

It's a fact — no other U.S. manufacturer 

offers as great a depth and breadth 

of product to meet your needs. 

When you choose Centrelab you 

in the momentum of 43 years of 

leadership in ceramic capacitor 

ology. To maintain that leadership, 

we've made a multi-million dollar 

investment and a commitment of major 

proportions to expand our capability. We're 

dedicated to meeting your growing needs for 

ceramic capacitors today and tomorrow as well. 

Discover why we say the foremost source for 

ceramic capacitors is Centrelab. Call your 

Centrelab Sales Representative or write 

Centrelab Electronics, Division Globe-Union Inc., 

5757 N. Green Bay Avenue, P.O. Box 591, 

Milwaukee, Wisconsin 53201 



AL 

AZ 

CA 

CO 

CT 

FL 

HIGH VOLUME 
CAPABILITY — When you need 
ceramic capacitors, in any quan-

tity, you can rely on Centralab. 

In May 1979 we initiated the 

first of a two stage increase in 

production capacity. By June we 

were producing over 7 million 

capacitors per day, well on the 

way to our target of over 10 

million per day by the end of 

1979. We have large scale 

manufacturing plants in five 

countries and a distribution 

system second to none. You'll 

find our high volume production 

gives you the best lead times in 

the business. When you need 

ceramic capacitors you can get 

them from Centralab. 

AU ERTION 
COM Y — Our com-
mitment to maintain leadership 

in ceramic capacitors recognizes 

the need to keep pace with new 

technology. That's why, today, 

we offer tape and reel packag-

ing for use with vertical and 

axial automatic insertion 

equipment. Our monolithic 

capacitors are available for 

axial insertion, discs for both 

vertical and axial. Like our new 

Mono-Pak' two-pin DIP capac-

itor, soon to be introduced, all 

Centralab ceramic capacitors 

will be made available in packag-

ing compatible with the latest in 

machine-insertion production 

techniques. You can rely on 

Centralab for capacitors pack-

aged the way you need them! 

DISTRIBUTOR 
AVAILABILITY — Over 200 Dis-
tributors are waiting to serve 

you when you need ceramic 

capacitors. Availability starts 

with our Distributor Products 

warehousing facility in Mil-

waukee, where every one of our 

catalogued standard capacitor 

types are inventoried exclu-

sively for distributor orders. 

This dedicated inventory, in 

addition to stocks maintained 

locally by Centralab Distrib-

utors is your assurance of 

the right capacitor when you 

need it. Your local Distributor 

can give you fast service on 

ceramic discs, monolithic ce-

ramic capacitors as well as 

special application types. 

Let your Centralab Sales Representative help you. 
Huntsville 
CARTWRIGHT & BEAN 
(205) 533-3509 

Phoenix 
CLEMICK-NEENAN 
(602) 279-7649 

Palo Alto 
BROOKS TECH. GROUP 
(415) 328-3232 
San Diego 
CLEMICK-NEENAN 
(714) 268-8540 
Sherman Oaks 
CLEMICK NEENAN 
1213) 990-3150 
Tustin 
CLEMICK-NEENAN 
(714) 547-0966 

Denver 
ELECTRO-REP INC 
(303) 744-2821 

Meriden 
CENTRALAB 
(203) 235-0766 

Ft. Lauderdale 
CARTWRIGHT & BEAN 
(305) 735-4900 
Orlando 
CARTWRIGHT & BEAN 
(305) 422-4531 

GA Atlanta 
CARTWRIGHT & BEAN 
(404) 255-5262 

HI Honolulu 
DOUGHERTY ENT 
(808) 847-4144 

IA Cedar Rapids 
JERRY VRBIK CO 
(319) 366-8733 

IL Des Plaines 
CENTRALAB 
(312) 827-4487 

IN Indianapolis 
LES M DeVOE CO 
(317) 842-3245 

KS Shawnee Mission 
LOWELL-KANGAS 
(913) 631-3515 

LA Metairie 
CARTWRIGHT & BEAN 
(504) 835-6220 

MA Needham 
CENTRALAB 
(617) 444-4781 

MD Columbia 
BRESSON ASSOC 
(215) 664-6460 

MI Lathrup Village 
CENTRALAB 
(313) 559-9095 
St. Joseph 
CENTRALAB 
(616)983-0233 

MN Minneapolis 
CENTRALAB 
(612) 831-5212 

MO St. Louis 
LOWELL-KANGAS 
(314) 821-4050 

MS Jackson 
CARTWRIGHT & BEAN 
(601) 981-1368 

NY Albany 
REAGAN/COMPAR 
(518) 489-7468 
Endwell 
REAGAN/COMPAR 
(607) 723-8743 
Fairport 
REAGAN/COMPAR 
(716) 271-2230 
Great Neck 
CENTRALAB 
(515) 466-6570 
New Hartford 
REAGAN/COMPAR 
(315) 732-3775 

OR 

PA 

TN 

NC Charlotte 
CARTWRIGHT & BEAN 
(704) 377-5673 
Raleigh 
CARTWRIGHT & BEAN 
(919) 781-6560 

OH Brecksville 
CENTRALAB 
(216) 526-1205 
Worthington 
CENTRALAB 
1614) 888-2150 

Beaverton 
CENTRALAB 
1563) 643-5516 
Na ro erth 
BRESSON ASSOC 
1215) 664-6460 
Knoxville 
CARTWRIGHT & BEAN 
(615) 693-7450 
Memphis 
CARTWRIGHT & BEAN 
(901) 276-4442 

TX Austin 
CENTRALAB 
(512) 454-9529 
El Paso 
CENTRALAB 
(915) 779-3961 
Farmers Branch 
CENTRALAB 
(214) 243-8791 

VA Lynchburg 
BRESSON ASSOC 
(215) 664-6460 

WA Bellevue 
CENTRALAB 
(206) 454-7754 

WI Milwaukee 
CENTRALAB 
(414) 228-2122 

PUERTO RICO 
Hato-Rey 
M ANDERSON CO. 
(809) 751-2026 

CANADA 
B.C. North Vancouver 

ARWIN TECH SALES 
(604) 980-4346 

ONT Ajax 
McHUGH ELEC. 
1416) 683-1540 

QUE Ste Dorothee Laval 
HARNETT ENT 
(514) 689-4184 
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New products 

Semiconductors 

Watch chip sings 
four tunes 

LCD watch circuit features 

60-note melody alarm with a 

one-octave frequency range 

Although the Winter Consumer 
Electronics Show begins this coming 
weekend (Jan. 5-8) in Las Vegas, 
somewhat northwest of the Rio 
Grande, one sound heard around the 
exhibit floor may well be "The 
Yellow Rose of Texas." That's 
because at least one supplier of 
watches with liquid-crystal displays 
will be introducing a digital time-
piece that uses an LCD watch circuit 
with a unique melody alarm. 

Designated the MSM5016, the 

multifunction chip is an ion-
implanted, metal-gate complementa-
ry-mOS device that produces all the 
signals needed to drive an LCD watch 
with six digits, 10 flags, and four 
information segments. Supplied by 
Oki Semiconductor, a Santa Clara, 
Calif.—based division of Oki Electric 
Overseas Corp., the chip will make 
its debut in LCD watches manufac-
tured by National Electronics Con-
solidated Ltd. and, possibly, in digi-
tal timepieces that the Hong Kong 
firm makes for other suppliers. 

Melodious. At approximately 153 
by 253 mil' (6.45 by 3.9 mm), the 
MSM5016 chip is slightly larger 
than conventional LCD watch chips. 
It has to be because, besides the 
standard alarm, it includes a slice of 
logic and read-only memory that 
generates the melody. Unlike the 
chips in musical calculators that 
generate only whole notes, the 
MSM5016 can form anywhere from 
a V60 note to 11/2 notes (dotted whole 

notes). Tempo can be up to 700 
quarter notes per minute, and the 
frequency range of the chip is "a 
little more than one octave," ex-
plains Jerry Crowley, president of 
Oki Semiconductor. 
The duration of the songs played 

by the MSM5016 ranges from 30 
seconds to I minute. In all, the chip 
plays 60 notes, which account for 60 
of the words in the chip's 72-word-
by-13-bit ROM. The remaining 12 
words are for test programs. Ini-
tially, watch manufacturers can 
choose one of four different fixed 
melodies that can be programmed 
into the watch circuit. In addition to 
"The Yellow Rose of Texas," avail-
able programs include: "When Irish 
Eyes Are Smiling," "Greensleeves," 
and "Reveille." User-selectable 
songs will be available later. 
The MSM5016 operates from a 

single 1.35-v-to-1.65-v power supply 
and has an on-chip voltage doubler 
for generating the display drive volt-
age. The circuit time base is a 
32,768-Hz crystal-controlled oscilla-
tor, which is counted down to 
provide hours, minutes, seconds, 
date, day-of-week information for 
two different time zones in the 
normal watch mode, as well as 
hours, minutes, and seconds on six 
digits and tenth of a second on 10 
flags in the stopwatch mode. In the 
melody alarm mode, hours and 
minutes are displayed on four digits 
along with the characters AL on two 
digits. 

Based on microprocessor technolo-
gy and an algorithm that allows a lot 
of data to be compressed into a ROM, 
the MSM5016 is of itself not the 
most startling announcement. "But 
the technology behind it is—namely, 
small, battery-powered microproces-
sor chips for audiovisual presenta-
tions," says Crowley. The 
MSM5016 is, he continues, "the 
precursor of a speech-synthesis chip, 
a very modest offering initially," 
that Oki expects to have available by 
this coming June's Summer Con-
sumer Electronics Show. "It is the 
first step toward the talking watch, a 
data communicator on a wrist," 
Crowley observes. 

Because the melody watch chip 
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More cost efficiency... 

Introducing 
Series III SOLID STATE KEYBOARDS 
Now: Ferrite Core Reliability At Lower Prices 

More cost efficiency 
you can put your 
finger on... 
Just imagine, a solid state keyboard 
at a price you can afford that de-
livers MTBF's in excess of 40,000 
hours, is unaffected by contami-
nants, has excellent resistance to 
static discharge and EMI, plus high 
speed operation without "misses." 
Well the keyboard professionals 
have done it again—the Series III 
keyboard. 

That's right, the SERIES III will 
provide cost efficiencies you can 
put your finger on. It's designed to 
increase operator productivity and 
performance under demanding 

operational and environmental 
conditions. This means cost effi-
ciency for you—reduced down-
time, lower repair cost, fewer ser-
vice calls, satisfied customers, and 
lower prices. That's total value! 

It's in the unique 
SS3 ferrite core 
keyswitch 
We've built our reputation on fer-
rite core switching technology. And 
once again, we've advanced our 
technology through the unique SS3 
keyswitch. 

Like its proven and successful 
predecessor, the SS3 keyswitch is 
mechanically simple and contact-

less. The SS3 is designed with 
fewer parts, lower profile and ex-
ceptional feel while maintaining 
excellent resistance to environmen-
tal factors. This combined with a 
100 million cycle life test rating 
offers unsurpassed cost efficiency. 

You have our word on 
quality—Cortron 
All Cortron® Series III Solid State 
Keyboards are 100% inspected and 
tested to insure your specifications 
are met. We're so sure of our relia-
bility that we have extended our 
warranty to 2 full years. Let us con-
vince you. 

We've touched on a few of the 
many cost efficiency benefits that 
Cortron Series III Solid State 
Keyboards offer you and your cus-
tomers. There's much more we can 
talk about. For full cost efficiency 
details and our Cortron Series III 
Solid State Keyboard brochure, 
write or call Cortron, A Division of 
Illinois Tool Works Inc., 6601 West 
Irving Park Road, Chicago, Illinois 
60634. Phone (312) 282-4040. TWX: 
910-221-0275. Toll free line: 800-
621-2605. 

CORTRON 
A DIVISION OF ILLINOrS TOOL WORKS NC 

THE KEYBOARD PROFESSIONALS 

Copyright: ©, Illinois Tool Works Inc. 1978 
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ELECTRONICS 
In the electronics industry, the 
demand for precision quality 
molded parts has intensified. 
ITT Thermotech is a custom 
injection molder of thermosets 
and thermoplastics who has 
been meeting this demand, 
and has also been helping 
electronic manufacturers in 
the design of many of today's 

successful precision molded 
parts. Whatever your injection 
molded needs are, whether 
design assistance, close 
tolerance production, or 
careful assembly—ITT 
Thermotech has been doing it 
for over a quarter of a century 
and can do it for you. 

ITT THERMOTECH 
1202 SOUTH FIFTH STREET, HOPKINS, MN 55343 (612) 933-9400 

3200 TYRONE BLVD., ST. PETERSBURG, FL 33710 (813) 347-2191 
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HOPE 
The project 
o ship launched. 
Rrst there was the hospital ship S.S. HOPE, now retired. 
Today HOPE Is on established project which has carried 
its goal of improving health through education to 24 
developing countries of the world ond the United States. 

Give to: 

PROJECT 

IMPIC 

Deportment A 
Washington. D.C. 20007 

New products 

takes up little more real estate than 
most currently used LCD watch 
circuits, Crowley expects watches 
that use the MSM5016 to be priced 
at about the same levels as last 
year's alarm/chronograph LCD 

watches. Such high-end, multifunc-
tion timepieces, of which about 40 
million were made last year, were 
purchased from Hong Kong at an 
average selling price of $14.75 and 
retailed in the U. S. from $79 on up 
to $115, he notes. This year's 
market, which is expected to total 
100 million digital-watch move-
ments, Crowley says, will continue to 
reflect a dramatic change that began 
in 1979 with a trend away from low-
end watches that simply display time 
toward more exotic, multifunction 
units. The cost of the MSM5016 is 
$4.85 each in quantities of 50,000. It 
will be available in volume this 
month. 
Oki Semiconductor, 1333 Lawrence Ex-

pressway, Suite 405, Santa Clara, Calif., 

95051. Phone (408) 984-4840 [411] 

N-MOS static RAM is 

TTL-compatible 

The MBM 2147 is an n-channel 
mOS 4,096-bit static RAM that is 
compatible with the industry-stan-
dard 2147 and with TTL families for 
inputs and outputs. It needs only a 
single 5-v dc power supply. Guaran-
teed access times are 55 ns maxi-
mum for the MBM 2147H and 70 ns 
maximum for the MBM 2147E. The 
RAms are housed in an 18-pin dual 
in-line package and have an auto-
matic power-down feature. Power 
dissipation for the 21 47H is a maxi-
mum of 990 mw while in operation 
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DS LICON® A DIVISION OF ILLINOIS TOOL WORKS INC 

And rugged quiet types too. 
Take your pick of unique snap-action, 

snapless, industrial limit switches, and more. 
Our line includes a wide range of both snappy and quiet ideas for your tough switching jobs. For 
example, take our subminiature Type 16 snap-action switch. It's only one of Licon's many small, 
rugged switches offering our unique Form Z double break switching. This means that two isolated 
circuits can be controlled simultaneously with one single pole Licon® switch. 

Double break switching offers other advantages, too. Twice the arc breaking and current 
interrupting ability. Better heat dissipation. Longer switch life. Improved resistance to shock and 
vibration. Superior wiping action. "Big Switch" ratings up to 20 Amps. It's why our small basics offer 
greater control, reliability and electrical ratings over most subminiatures. 

We have other small things to talk about, too. Our Type 18 double break snap-action switches are 
sub-subminiature—ideal for your applications where space is at a premium. And subminiature 
snap-action switches are also an integral part of Licon's popular lighted pushbutton switches. 

If you want a quiet switch, try our Type 17 basic snapless switch. Its non-snap action fits 
applications requiring minimum audible circuit transfer noise. And Type 17 provides the versatility 
of small size and the double control of double break switching. Recognized for its use in logic and 
low level switching applications along with the economy of non-gold contacts. 

Licon switches meet a wide variety of uses, including computers, office machines, 
instrumentation, industrial controls, materials handling and 
transportation equipment. We offer an extensive variety of actuators 
and switch sizes. Amp versions to 20 Amps; up to 480 VAC and 125 
VDC ratings. 

For full details on all our switching ideas, contact your local Licon 
Salesman or Distributor, or call or write for literature: Licon, 6615 
West Irving Park Road, Chicago, Illinois 60634. Phone (312) 
282-4040. TWX: 910-221-0275. 

Circle #82 For Full Details 

© Illinois Tool Works Inc. 1979 
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the printer for you 

computer output/business systems/ 
multiple forms/data acquisition/ 

CRT hard copy/graphics 
A new 80 column matrix print 
mechanism leads the line of reliable 
printers manufactured by Victor. The 
Model 80 was designed to support a 
broad number of applications, in-
cluding most business systems arid 
graphics requirements. Prov'des out-
standing legibility combined with 
proven reliability. 

The Model 80 provides a variety of 
features normally found only on ex-
pensive printers or as costly options. 
Built-in graphics capability with b.-
directional paper movement under 
control of a precision stepper motor. 
Built-in choice of friction or sprocket 
paper feed is another Victor stan-
dard as well as the famous Victor 
matrix print head. 

Eighty columns wide, the Model 80 
boasts a true throughput of more than 
100CPS with bi-directional printing. 
The new, low-cost Victor ribbon 
cartridge assures you of ink free 
fingers when making ribbon changes. 
Paper loading is a pleasure with the 
new swing back platen, especially 
designed forourdemanding customers. 

These Victor dot matrix printing 
mechanism designs are among those 
used in more than 500,000 Victor 
print mechanisms in use today. 

Our staff of Application Engineers 
are at your disposal when your en-
gineering staff requires support for 
designing an "80" in your system. For 
the "80" or most matrix printing re-
quirements including specials, con-
tact us by phone or mail the attached 
coupon. 

VICTOR DATA PRODUCTS/JOHN TULLIO 

3900 N. Rockwell, Chicago IL 60618 312 539-8200 

Send technical literature 
80 column printer 
All Victor's print mechanisms 

Name  

Company  

Street  

Oty  

State/Zip  

Phone 

New products 

and 165 mw when in standby. For 
the 2147E, power dissipation is 888 
mw maximum while in operation 
and 110 mw on standby. In quanti-
ties of 100 and up, the MBM 2147H 
sells for $38.60 each, and the MBM 
2147E sells for $26.70 each. De-
livery is from stock. 
Fujitsu America Inc., 2945 Kifer Ave., Santa 

Clara, Calif. 95051. Phone Dan Buist at 

(408) 866-1700 [413] 

V-MOS power transistors 

come in three voltage ranges 

A family of V-groove silicon-gate 
mos power transistors includes both 
n- and p-channel types. The n-chan-
nel VNO-2 transistors come in three 
voltage ranges: 40 to 90 v, 100 to 
150 v, and 160 to 220 V. In the 
lowest voltage range, the transistor 
supplies 4 A of current with a 142 
typical on-resistance and a threshold 
voltage between 0.8 and 2.4 V. In the 
intermediate and high ranges, the 
current is 3 A with a 242 on-resist-
ance and 2 A with a 442 on-resist-
ance, respectively. Threshold voltage 
for these upper ranges is 1 to 3 V. 
The p-channel VPO-2 models are 

available with breakdown voltages 
between 40 and 90 V. They supply 
2 A with a 242 on-resistance. The 
threshold voltage for this range is 
from — 1.5 to —3.5 V. A higher-
voltage p-channel device will be 
available this quarter. 

These devices come in TO-3 and 
TO-39 packages, with a TO-220 
package to be introduced soon. In 
lots of 10,000 and housed in TO-39 
packages the 40-v VNO-2 is priced 
at $2.25 apiece and the VPO-2 at 
$2.81. 
Supertex Inc., 1225 Bordeaux Dr., Sunny-

vale, Calif. 94086. Phone (408) 744-0100 

[414] 

Dual-Norton amplifier 

has 60-V/µs slew rate 

For broadband amplification, fast 
slew rate, and suitable operation 
with a closed-loop gain of 10 or 
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OS 
EASTERN REGION 
900 FoIlin Lane, S.E. 
Vienna, Virginia 22180 
Phone. (703) 281-2810 
TWX: 710-833-0682 

with kW 
the customer 

• 

Flexibility and 1S responsiveness 

to ceramic and film capacitor 
needs make the big 
difference. 

We are always slightly amused by the puffery of some companies. They 
seem to take great pleasure in telling the world that they are number one. 
An automobile rental company started it all. Now a host of others have 
jumped on the band wagon to trumpet their size and "position" at every 
opportunity. It's part of the old American myth that biggest is best ...well, is 
it really? 

A company is not necessarily "better" because it's bigger, anymore than a 
ten ton truck is better because it's bigger than a pick-up. There's an inertia 
that comes with size. A supertanker, for example, takes eight miles to turn, 
once the wheel is moved. It's the same in industry. When you become 
the biggest in your industry, there is often a loss of flexibility and 
responsiveness to customers' needs. 

At rrw, we stay flexible. ITW people work hard at being responsive to 
customer needs. At ITW, the customer is Number One ... and we try to 
prove it every day. When you need film capacitors ...try PAKTRON. When 
you need multilayer ceramic capacitors ...try EMCON. Try ITW... find out 
what it's like to be Number One. 

For full details, contact your local EMCON and PAKTRON distributor. Call 
or write for capacitor catalogs ... ITW Electronic Components Group, 
Central Regional Office, 6615 West Irving Park Road, Chicago, Illinois 
60634. Phone (312) 282-7383. TWX: 910-221-0275. 

Film Capacitors by 
PAKTRON 

A DIVISION OF 
ILLINOIS TOOL WORKS INC. 

ELECTRONIC COMPONENTS GROUP 
PAKTRON Film Capacitors/EMCON Ceramic Capacitors 

REGIONAL SALES OFFICES 
CENTRAL REGION 

6615 West Irving Park Road 
Chicago, Illinois 60634 
Phone: (312) 282-7383 
TWX: 910-221-0275 

WESTERN REGION 
P.O. Box 81542 

11620 Sorrento Valley Road 
San Diego, California 92138 

Phone: (714) 459-4355 
TWX: 710-833-0682 

Ceramic Capacitors by 
EMCON 
A DIVISION OF 
ILLINOIS TOOL WORKS INC. 

IN EUROPE: ITW-ATECO GMBH ELECTRONICS DIVISION • Franz Pruller Str. 15 Munchen 80 West Germany • Tel (089)483021 • Telex 522288 

IN ENGLAND: ITW LIMITED ELECTRONICS DIVISION • 4 Oxford Road East—Windsor, Berkshire SL45DR England • Tel Windsor 57721-9 • Telex 847716 

ASIA—ITW PAKTRON LIMITED, PO. Box 26140, Building B8-73, Kaohsiung Export Processing Zone, Kaohsiung, Taiwan R.O.C. • Phone: 824146-8 • Telex: (785)71112 

e Illinois Tool Works Inc. 1979 
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OnlineConlerencesCleveland Road 
Uxbridge UB82DD England 
Telephone 01144 895 39262 Telex 841261173 

Wembley Conference Centre, London, England. 
22, 23, 24 July 1980 

In just four years this Exhibition and International Conference has 
become the largest and most prestigious of its kind in the U.K. 

The 1980 show will be held at London's finest and best-equipped 
conference venue, the Wembley Conference Centre. 

The Conference will examine the state of the art 
in Microprocessors. 

Topic areas will include: 

Microprocessor Software Standards 
Robotics 

Micros in Industry and Commerce 
Instrumentation 

Software Development Tools 
Communications Networks 
Super Intelligent Terminals 

Software Maintenance and Support 
Micros in DP 

High Level Language Developments 
Machine Tool Control 

Micro System Architecture 
Micros in Consumer Goods 
Man-Machine Interface 

N.B. This list of topics is intended to indicate the scope of the conterence.The list does not intend to 
be comprehensive. 

Call for Papers 
If you would like to submit a paper pleasP. send a short resume of 
the content to the address below. You may then be asked for a 

rough draft of your paper. Selection of papers will be made by the 
programme committee chaired by Dr Keith D Baker. Dr Baker of 
the university of Sussex, England, heads a research group actively 

investigating several aspects of micro electronics. 
Notification of the acceptance or rejection of papers will be given 

at the end of March 1980. 

The 1980 Micro-Computer Show 
D I intend to submit a paper D PleasP send delegate registration details 
D My company is interested in exhibiting 

Name  
Organisation  
Address 

WeUM 

 EZ 

Telephone   

New products 

better, there is a dual high-speed 
Norton amplifier—the LM359. It 
has a typical gain-bandwidth prod-
uct of 400 mHz and a slew rate of 
about 60 Wets for gains higher than 
10. For unity gain, the gain-band-
width product is 30 mHz at a slew 
rate of 30 v/µs. The unit has two 
independent Norton amplifiers that 
use a single 5- to 12-v supply; it 
provides a wide output swing. Noise 
is 6 nv/Hz'n. The LM359 is suited 
for disk and tape amplifiers, wide-
band and color-video amplifiers, 
active filters, and photodiode ampli-
fiers. The open-loop voltage gain of 
the LM359 is 72 dB at a supply 
voltage of +12 v with a 1-ka load at 
a frequency of 100 Hz. Power dissi-
pation ranges between 750 mw and 
I w. The device operates from 0° to 
70°C. It is available from stock at 
$1.25 each in large quantities. 
National Semiconductor Corp., 2900 Semi-

conductor Dr., Santa Clara, Calif. 95051. 

Phone John Thomas at (408) 737-3967 

[415] 

1.220-V reference device 

has bias current of 50 µA 

The MPS-5010 is a temperature-
compensated, low-voltage reference 
device that has a typical breakdown 
voltage of 1.220 y and a low bias 
current of 50 µA; its tolerance is 1.2 
to 1.25 v. The device's typical low-
frequency noise is 5 my peak to 
peak. At an operating temperature 
range of —55° to 125°C, the temper-
ature coefficient is 100 ppm/°C for 
the models in TO-92 packages and 
50 ppm/°C for models in TO-52 
cans. The devices' long-term stabili-
ty is guaranteed by the manufactur-
er. The MPS-5011 can be used in 
battery-operated equipment, low-
power applications, and data-acqui-
sition and -communication systems. 
The devices are delivered from stock 
to 30 days. The MPS-5010 GN, a 
model that comes in a TO-92 plastic 
can, sells for 72¢ each in 100-unit 
quantities. 
Micro Power Systems Inc., 3100 Alfred St., 

Santa Clara, Calif. 95050. Phone Don Gilbert 

at (408) 247-5350 [417] 
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Multiwire 
Optimizes 

These traces tell the story. 

WIREWRAPPED 

Wirewrapped and multilayer circuit 
boards can handle the high speeds of 
emitter-coupled logic. But Multiwire 
does it better. With Multiwire, board 
impedance is precisely controlled to 
meet circuit specs and is consistent 
from signal to signal and board to 
board. The problem of signal reflections with 
wirewrapped and multilayer requires the use 
of discrete series-damping and terminating 
resistors. Multiwire reduces design problems, 

IIIIULTILAYER 

• 

• 

• 

• 

Multiwire is a registered trademark for Kollmorgen Corporation 
discrete wired circuit boards. 

A typical example of 
density achievable w 
circuit boards 

MULTI WIRE 

provides consistent electrical 
characteristics, and results in lower 
cost and better circuit performance. 
Add to that other Multiwire advantages: 
less design time, shorter lead times, 

itihhe,vuuwitne easy circuit changes, reduced in-
spection costs, and higher production 

yields. The choice is obvious. Multiwire is the 
way to go. Write or call today for details. 

Multiwire, 31 Sea Cliff Avenue, Glen Cove, NY 
11542. Phone (516) 448-1307 

AA MULTI WIRE 

Circle 203 on reader service card 



Wdvc mace 
socKets anc 
a snap to conn 

Now from 3M come several 
important design changes in 
Scotchflex brand socket 
connectors and headers. 
Changes aimed at bringing you 
faster assembly, increased 
reliability and reduced 
maintenance. 

Ileac 
cd 

Scotchflex headers (.100" x 
.100" grid series) now include 
built-in retainer/ejector latches 
that snap up to lock sockets 
firmly in place and snap down 
to disconnect them quickly 
and easily. Latches hold tightly 
against vibration and shock, 

rs 

and their ejector feature also 
helps reduce wear and damage 
from disconnection and 
reconnection. They work with 
or without strain relief clips 
on both new and previous 
.100" x .100" Scotchflex socket 
designs. 



anc a sna 

Mating socket connectors 
have been redesigned with 
metal spring clips that lock 
cover to body tightly, providing 
greatly increased cover 
retention. And a new one-piece 
strain relief clip now reduces 
parts inventory and cuts 
assembly labor time. 

o to un 

An improved keying system 
permits positive polarization 
without pin loss, helps reduce 
equipment damage and field 
maintenance. Connectors snap 
into polarized headers to 
insure positive mating and 
provide increased retention. 
New socket and header 

sizes have been added, too 
Scotchflex sockets and headers 
with .100" x .100" grid spacing 
are now available in 10, 14, 16, 
20, 26, 34, 40, 50 and 60-pin 
sizes to suit your design needs. 

ou g. 

Only 3M offers you so wide 
a choice of mass terminating 
cable connectors and system 
components. Plus proven 
reliability. A nationwide network 
of stocking distributors. Off 
the shelf availability. And the 
unmatched experience of the 
people who pioneered the 
concept of electronic mass 
termination. 

Most Scotchflex connectors 
are now recognized under the 
component program of 
Jnderwriters 
Laboratories, Inc. ItiU 

"Scotcht'ex" is a registered trademark of 3M Co. 

Scotchflo< 
systems 
froT 3V 
The sourc. 
See our 
catalog in EEM 

3M 
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Store Recorders have made 

Al e Ittett.tet. 

filinegge, 
• MAUR 4 e e,,;; 

record 

volts peok volts pools 

5 5 
2 2 

20, 

FM Capability 
The Store range of instrumentation recorders,well-

renowned for research in the scientific, automobile, 
aerospace and medical fields, now offers an FM 
capability over the entire band DC to 40 kHz, and up 
to 300 kHz on Direct Recording. 

Greater Flexibility 
And even greater flexibility. Switch any channel to 

unipolar, and the full dynamic range becomes 
available to either positive or negative going signals. 
Switch any channel to offset, and you can record a 
100 mV peak-to-peak signal on a 20V step—without 
losing any dynamic range. 

Flick a single switch on a dual standard recorder in 
the new Racal Store DS range, and you've changed 
instantly from Intermediate Band to Wideband 
operation on FM. A single switch that selects either 
recording standard—without the need to interchange 
plug-in modules. A single switch changes all the 
signal channels (four to fourteen) on all seven speeds. 

206 Electronics/January 3, 1980 
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a quick switch to wideband. 
IHL 

Ref 

Ref 

Proven Success 
All these outstanding new 
advantages have been added to 
the host of features which have 
made the existing range such a 
success—like single switch seven-
speed selection, full servo 
operation, dual peak-indicating 

ri  + meters, full remote control of all 
'Ref  functions, portability, and operation 

from AC or battery power sources. 
That's why, by switching to the Racal Recorders' 

new Store DS range, you can make a quick switch to a 
whole new wideband world. 

Racal Recorders Limited Hardley Industrial Estate, 
Hythe Southampton Hampshire SO4 6ZH England . 
Telephone: 0703-843265 Telex: 47600. 

Racal Recorders Inc 5 Research Place, 
Rockviile Maryland 20850, 
Telephone: (301) 948 3085. 

Racal Recorders Inc,1109 West San Bernardino Road, 
Suite110 Covina California 91722 
Telephone: (213) 967 2869. 

Racal Recorders Always on the right track 
Electronics/January 3, 1980 
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UNRETOUCHED 

ICROPHOTOS 

Note rough, 
jagged edg 
always 
present. 

Your IC lead frames look like 
this at 30X enlargement (unre-
touched). Because they are punched 
out of metal, the edges are rough, 
jagged and irregular. In contrast, the 
flat sides of the lead frame are 
smooth, even and perfectly plated. 

Arrows indicate scars and abrasions 
made by rough edge of lead frame 

22X magnification, 
unretouched. 

THEIRS 
An or na e g - • aring 
socket contact after 5 insertions 
of DIP lead frame. Contact 
has been spread apart to 
show inside faces of contact. 
Notice how the contact has 
scars and abrasions from 
rough, irregular edge of IC 
lead frame. Electrical con-
tact is degraded and resist-
ance is increased. Reliability 
is obviously reduced 

Lead frame in place in an 
ordinary edge-bearing 
contact. 

Arrows indicate contact surface still 
smooth, clean, free from abrasions. 

raell 

22X magnification, 
unretouched. 

"side-
wipe" socket contact after 5 in-

sertions of DIP lead frame. 
Contact has been spread 
apart to show inside faces 
of contact. See how the RN 
contact—because it mates 
with the smooth, fiat side of 
the /C lead frame—retains 
its surface integrity. This 
100% greater lead frame 
contact results in continued 
high reliability. 

Lead frame in place in 
RN "side-wipe" contact. 



exposejunlesocket 
nroblems 
Secret or RN hi9h reliability 

`side-wipe' DIP sockets  

revealed by microphotos 

Here's microscopic proof that high reliability 
Robinson-Nugent "side-wipe" DIP sockets 

make 100% greater contact than any edge-
bearing socket on the market. This advance 

design provides constant low contact resist-

ance, long term dependability—trouble-free 

IC interconnects. Yet RN high reliability DIP 

sockets cost no more than ordinary sockets! 

Get the high reliability that eliminates trouble. 
RN "side-wipe" DIP sockets make contact with the 
wide, flat sides of your IC leads. You get 100% greater 
surface contact for positive, trouble-free electrical 
connection. 

WRITE TODAY for latest R-N "Short Form" Catalog 
of R-N production DIP sockets. Contains full specs, 
dimensions and material data. Get yours now. 

.7glawArsom 
ArtiEvmArreAra 

800 East Eighth Street, New Albany, Indiana 47150 • Phone: (812) 945-0211 —TWX: 810-540-4082 
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If coupon is missing, write 
Heath Co., Dept. 510-612, 
Benton Harbor, MI 49022 

The newest in home 
computers, fine stereo 
components, color TV, 
HAM radio, precision 
test equipment, 
innovative electronics 
for the home—all in 
easy-to-build, 
money-saving kits. 

Send today 
for your 
FREE 

Heathkit 
Catalog 

Send to: Heath Co., Dept. 510-612, 
Benton Harbor, MI 49022. 

Send my free Heathkit Catalog now. 
I am not currently receiving your 
catalog. 

Name  

Address  

City   State 

CL-724A Zip   

New products 

Computers & peripherals 

Board links 
PDP-11, LSI-11 

Dual-purpose bus converter 

lets Q-bus, Unibus devices 

operate within same system 

Continuing to bring out add-on 
enhancements that aid users of Digi-
tal Equipment Corp. minicomputers, 
Able Computer is aiming its latest 
product at DEC's recently introduced 
16-bit LSI-11/23 board computer. 
Called the Qniverter, it is a quad-
height board that serves as a dual-
purpose bus converter, according to 
Able's president, Kenneth J. O'Mo-
hundro. 

"It takes LSI-1 1 s into the large 
PDP-11 minis, so that they can use 
the bigger peripherals when neces-
sary," he says. Also, the Qniverter 
lets a PDP-11, which has a Unibus 
system, access LSI-11—compatible 
controllers and memories operating 
on a Q-bus. "What it means is that a 
user can go either way: a large 

machine accessing the lower-cost, 
compact LSI-11 Q-bus peripherals, 
or vice versa," he observes. 
With the Qniverter, Able is 

upgrading its earlier Univerter unit, 
which has had sales of several thou-
sand and has been on the market for 
two and a half years. The earlier 
offering could only handle the I 6-bit 
LSI-11 that accesses 64 kilobytes of 
memory. But the LSI-11/23 uses an 
18-bit address to access a full 256-
kilobyte memory and the Qniverter 
fully supports all of this board's 
features, says O'Mohundro. In addi-
tion to addressing a quarter of a 
megabyte of memory, the LSI-11/23 
supports a four-level interrupt struc-
ture and memory parity. 
When the Qniverter is functioning 

as an extended bus loader, it can add 
a Q-bus drive—equivalent to a single 
LSI-11 computer—to a Unibus com-
puter system. Or conversely, 19 
Unibus loads can be hitched to an 
LSI-11 system. The dual-purpose 
converter installs into a quad slot of 
an LSI-11 backplane and is soft-
ware-transparent to host computers. 
Memories and controllers may be 
located on both the PDP-1 I Unibus 
and the LSI-11 Q-bus. Qniverter's 
dual functions are easily selected by 
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'And 
for the best 
all-around 
performance 
by an 
EAR011/1... 

The winner winner is 
General Instrument's 
ER3400:' 
Continuous performances by the ER3400 have led users to 
judge it the "just right" EAROM for all-around applications. 
Among the features which helped the ER3400 to win this 
recognition are a 1024 x 4 bit organization, and a high speed 
read-access time of 900 nsec. As an electrically alterable 
ROM, you can erase in-circuit a single word or the entire 
chip. And, of course, the ER3400, like all EAROMs is non-
volatile and retains its memory without power. 

Other features which contribute to the successful 
performances of the ER3400 are write and erase times 

of only 1 and 10 ms, and TTL compatible inputs and out-
puts. Application notes are available to help you interface 
the ER3400 with your system. 

You are invited to learn more about 
the "just right" ER3400 and General 
Instrument's other EAROM products. 
Write or call General Instrument Micro-
electronics, 600 W. John St., Hicksville, 
NY 11802. For Inerature, 516-733-3107; 
For EAROM applications, 516-733-3192. 
We help you compete. 

GENERAL 
INSTRUMEW 



I NDUIT TM 
Harness Fabrication System 
Lowers Your Installed Cost 

Wherever electricity is used in your products, 
there's a PANDUIT system of cable ties, installation 
tools and accessories to help you achieve lowest 
installed cost. 

QUALITY ASSURED CABLE TIES. 
Complete line of U.L. Recognized sizes, styles, 
materials and colors to meet your application 
requirements. Flexible cable ties, with smooth, 
rounded edges, have low threading force to speed 
tying and increase productivity. 

ADVANCED INSTALLATION TOOLS. 
A full range of lightweight, easy-to-handle tools 

cuts installation time up to 60%! For high-speed 
production and lowest installed cost, choose either 
fully automatic or semi-automatic tools. For lower 
volume, select manual or pneumatic tools. 

WIRING ACCESSORIES. 
Harness fabrication and mounting is faster, more 
secure with the aid of PANDUIT ) wiring acces-
sories. A full line of cable tie mounting devices, 
harness board accessories and marking aids. 
Part of the complete line of PANDUIT wiring 
products to tie, identify, terminate and contain . . . 

sold only through Panduit Distributors. 

Ask for Free Demonstration and Cost Analysis 

THE RELIABLES . . . WHEREVER ELECTRICITY IS USED 

ELECTRICAL PRODUCTS GROUP 

e Tinley Park, IL 60477 Phone (312) 532-1800 
In Canada: Panduit (Canada) Limited 

Visit PANDUIT at NEPCON West Booth 815 Circle 212 on reader service card 



New products 

the user, according to O'Mohundro. 
The new Able board specifically 

permits the following DEC Computer 
systems to access Unibus-compatible 
controllers and memories: LSI-11, 
LSI-11/12, LSI-11/23, PDP-11/03, 
and PDP-11/23. The LSI-11 re-
mains as a bus arbitrator and all 
latency specifications are bound by 
the LSI-11. 

For an LSI-11 system with Uni-
bus devices, the power requirement 
is 2.5 A at +5 v; a +12-v supply is 
not required. For a Unibus system 
with LSI-11 devices, power is 3.2 A 
at +5 v, which includes the Q-bus 
terminator. In both configurations, 
user-supplied equipment includes the 
Unibus cable, appropriate back-
planes, and a power source. 
The company cautions in its speci-

fications that the Qniverter is 
designed to operate with a single 
computer for bus arbitration and not 
as an interprocessor. Furthermore, 
LSI-11/2s and 11/23s mounted in 
dual-height backplanes will not 
physically accommodate the new 
quad-height board. 

U. S. prices of the Qniverter start 
at $750, compared with $675 for the 
earlier Univerter. Delivery takes 
about 30 days. 
Able Computer, 1751 Langley Ave., Irvine, 

Calif. 92714. Phone (714) 979-7030 [361] 

System simplifies Japanese 

character input, display 

The development of Japanese-lan-
guage input and display capabilities 
for data-processing equipment en-
counters one huge obstacle: how to 
encompass in a simple, usable form a 
written language that uses nearly 
7,000 ideographic (kanji) characters 
and whose phonetic complexities are 
seemingly endless. The first Japa-
nese efforts in this direction date 
back almost nine years and display 
and printing systems have only 
appeared commercially in the last 
two years, a lag that gives some idea 
of the problem. 

Probably the simplest system is 
the recently introduced Interactive 
Kanji Input System (iKis) from 

In Cleveland: 216/946-3200 

Oilier Cosmetic design is all well and good. Bud 
stresses it to a point. Some make a fetish small of it. Rather than leaning on looks alone, 

we consider the whole. Bud cabinets cabinets are engineered for effective use. Built 
with quality and value uppermost in may look everyone's mind. There are 26 styles. like ours. Handsome on the outside; more im-
portantly, designed to better pack-

age whatever goes inside. 
S For literature on the Showcase, Stylist, 

Compucab or TA Series, write Bud 
Industries, Inc., 4605 E. 355th St., similarity Willoughby, 0. 44094. Bud West, 

Inc., 3838 N. 36th Ave., Phoenix, AZ 
85019. 

but liar 
mere the 
ends. 

First... of all 
since 1928. 

In Phoenix: 602/269-3151 
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FREE 
Brochure describes Electronics 
editorial reprints, services, books... 
• More than 70 article reprints in 15 subject 
categories 

• Handy wall charts 

• Custom-made reprint services 

• Books especially for Electronics' readers 

• Convenient postage-paid order cards 

For your free copy, 
circle #275 on the 
reader service cord. 
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Boschert's 3T Switching 
Regulator 

3T-12A P-1001 
Size: 
Input Voltage: 

Output Voltage: 
Output Current: 
Efficiency: 
Regulation: 

Current Limit: 
Price: 

3T-5AN-1001 
Size: 
Input Voltage: 

Output Voltage: 
Output Current: 
Efficiency: 
Regulation: 
Current Limit: 
Price: 

5" x 4.1" x 1.7" max. 
10 to 40VDC (60 Hz bulk 
source or battery) 
4.5 to 30VDC (adjustable) 
0 to 12A 
80% typical 
-±-1% (15 to 40VDC), 
2% (10 to 40VDC) 
5A to 20A (adjustable) 
$30 in quantities of 100 
Available from stock 

5" x 5.4" x 1.7" max. 
10 to 40VDC (60 Hz bulk 
source or battery) 
—4.5 to — 30VDC 
0 to 5A 
80% typical 
-±-1% 
lA to 10A (adjustable) 
$35 in quantities of 100 
Available from stock 

Boschert Representatives 
Northeast 
BGR Assoc. 
Willow Grove, PA 
(215) 657-3301 
Neville & Vespo Corp. 
Bogota, NJ 
(201) 487-1505 
Datcom, Inc. 
Waltham, MA 
(617) 891-4600 
Bob Dean, Inc. 
Ithaca, NY 
(607) 272-2187 
Mid-Atlantic 
Glen White Assoc. 
Timonium, MD 
(301) 252-6360 
Southeast 
Glen White Assoc. 
Lynchburg, VA 
(804) 384-6920 
EIR, Incorporated 
Casselberry, FL 
(305) 830-9600 
Midwest 
Stan Clothier Co. 
Minneapolis, MN 
(612) 944-3456 
SAI Marketing Corp. 
Brighton, MI 
(313) 227-1786 
Dayton, OH 
(513) 435-3181 

Sumer, Inc. 
Rolling Meadows, IL 
(312) 991-8500 

West 
Electrodyne, Inc. 
Denver, CO 
(303) 759-4409 
Salt Lake City, UT 
(801) 486-3801 
Mycrosysteins 
Mktg., Inc. 
Dallas, TX 
(214) 238-7157 
Houston, TX 
(713) 783-2900 
Criterion, Inc. 
Santa Clara, CA 
(408) 988-6300 
ES/Chase Company 
Beaverton, OR 
(503) 641-4111 
Seattle, WA 
(206) 762-4824 
Fred Board Assoc. 
Scottsdale, AZ 
(602) 994-9388 
The Powerhouse 
Mission Viejo. CA 
(714) 830-5666 

New products 

Nippon Mini-Computer Corp. De-
signed for use with Data General 
Corp.'s Eclipse computer systems, 
IKIS adopts the 53-character phonet-
ic (katakana) set generally used in 
converting English to Japanese. This 
allows a manageable, 68-key adapta-
tion of a standard English keyboard. 
An earlier Fujitsu system [Electron-
ics, July 6, 1978, p. 68] required an 
operator to choose one character at a 
time from over 2,600 kanji charac-
ters in a matrix; even the newer 
system from IBM Japan Inc. has a 
keyboard with 228 keys [Electronics, 
Oct. 11, p. 73]. While the IKIS 
approach may take several key-
strokes to complete the phonetic set 
for one kanji character, the burden 
on the operator is much less. 
A 74,000-word dictionary—about 

2 kilowords of which may be assem-
bled by the user for special applica-
tions such as medical reporting— 
outfits the host processor for con-
verting phonetics into kanji. The 
associated cathode-ray-tube display 
is a Data General 6053, with a 
microNova microprocessor chip, 
read-only memory, and program-
mable ROM, It displays kanji as 24-
by-24 dot-matrix characters—up to 
768 at a time on a 12-in. screen. The 
figures are approximately twice the 
size of English-letter displays. 

Also simplifying input is ims's 
ability to determine the appropriate 
character conversion to use in cases 
involving homonyms—phonetic sets 
with more than one possible kanji 
translation. 

Explains J. Thomas West, Data 
General's engineering manager for 
Japanese business development, IKIS 
reads syntax, grammar, and context 
to select the proper translation, 
producing accurate choices about 
99% of the time. This, he claims, 
represents an improvement over the 
IBM system, which stops each time 
and displays alternative translations 
for the operator to select. Stop-and-
choose interruptions, says West, may 
take up to a third of an operator's 
total input time. 

IKIS's editing capabilities are still 
limited, according to West, and do 
not approach the word-processing 
capabilities of the Fujitsu system. 

IKIS, however, does produce format-
ted data and reports for commercial 
data processing and management 
reporting, he adds; full word-
processing applications will come 
later. 
The IKIS printer, developed entire-

ly by Nippon Mini-Computer, gives 
hard-copy output at a rate of about 
30 kanji characters per second. 
Printing is horizontal, left to right. 
The font pattern allows printing of 
all kanji characters, in addition to 
numerics. 
The total IKIS price for the Japa-

nese customer amounts to about 
$25,300 and includes CRT display, 
keyboard, printer, and character-
conversion software package. Nip-
pon is beginning marketing efforts in 
Japan, where it has exclusive pro-
duction and marketing rights for 
Data General products. And, notes 
West, because kanji is based on 
Chinese-style symbols, "we hope an 
ins-like system may someday find 
application in Chinese data-process-
ing markets." 
Data General Corp., Route 9, Westboro, 
Mass. 01681. Phone (617) 366-8911, or 
Nippon Mini-Computer Corp., 2165 Mochi-
da, Gyoda, Saitama 361, Japan [362] 

Disk systems for HP-3000 

hold 2 or 4 gigabytes 

The MSC 1694 controller, which is 
compatible with any HP-3000 com-
puter system, handles up to eight 
industry-standard disk drives with 
capacities of 300 megabytes each; 
the MSC 1696 controller handles up 
to eight 600-megabyte drives. A 
system package that includes the 
MSC 1694 controller and one 300-
megabyte drive sells for approxi-
mately $23,500, with add-on drives 
costing $18,500 each. A 1696 con-
troller and one 600-megabyte drive 
sells for about $39,500; add-on 
drives are $30,000 each. Total 
capacity of the 1694 is 2 gigabytes; it 
is 4 gigabytes for the 1696. 
A base system uses 1,040 w and 

includes a controller, a host adapter, 
and one disk drive. The host adapter 
is a single printed-circuit board that 
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Our 3-terminal switching regulator 
gets OEMs over the toughest hurdle. 
Introducing Boschert's new 
I2A submodule. It gives you 
the jump on building switching 
power supplies in-house. 
Manufacturing your own switching 
power supply can be a big money 
saver. But designing it can be risky 
and time-consuming. 
Today Boschert solves the most 

difficult problem of building your 
own hybrid switching power supplies 
with our new low cost 3-terminal 
switching regulator. It gives you 
a perfectly matched set of magnetics, 
logic and power circuits to 12 amps — 
all on a single 4" x 5" board. The 3T 
switching regulator is bound to 
save you design time and production 
cost. It will get your systems to 
market sooner — without the risk. 

For designers working with 
microprocessor systems or battery 
backups, this regulator is ideal. 
(See specs left) If needed, DC voltage 
can be distributed to various 3T 
submodules throughout a system to 
eliminate voltage drop problems. 
And since hybrid power supplies have 
built-in isolation and low leakage, 
the 3T regulator is perfect for 
medical equipment, too. 
At Boschert, we've been building 

off-line switching power supplies 
for nearly a decade. Over 100,000 of 
our multiple output power systems 
are now in operation. For any 
power requirement between 25-400 
watts, at any volume 

level between 1 and 1000 a month, 
Boschert sticks with you. Today 
Boschert also sticks with OEMs 

who want to produce their own. 
For more information on 

how our new 31 Switching 
Regulator takes the guesswork 

out of hybrid switching power 
supplies, contact your local Boschert 

representative. Or write Boschert, 
Inc., 384 Santa Trinita Avenue, 
Sunnyvale, CA 94086. Or call (408) 
732-2440. 

11118810K SWITCHING POWER 
SUPPLIES 
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Now with a narrower input range. 
The Tecnetics HC Series unregulated DC to 

DC power supplies are more of a jewel than ever. 
We've optimized performance by adding a more 
efficient core and narrowing the input range. 
And it still weighs only 0.45 ounces. 
Choose from a wide variety of input voltages 

and single or dual outputs. HC Series power sup-
plies are available in a non-hermetic package for 
industrial and commercial applications, a her-

metic package for military, space and industrial 
applications that require protection from severe 
environmental conditions, and a fully-encap-
sulated package for use where extreme shock 
and vibration are expected. 

Write for our 28-page catalog that gives full 
specs and prices on the HC Series and over 1000 
other power supplies. 

HC SERIES UNREGULATED ISOLATED DC-DC CONVERTER 

INPUT VOLTAGES 
OUTPUT VOLTAGES 
OPERATING TEMP. 
DIMENSIONS 
EFFICIENCY 

PACKAGE OPTIONS 
AND PRICES 

5VDC rIV to 28VDC ±4V 
5VDC @ 3 watts to 300VDC @ 3 watts 
-55° C ambient to 100° C case, without derating 
1.05 x 0.94 x 0.32 inches 
65% to 75% typically at full load 
55% to 60% typically at half load 
HCN (Non-hermetic 55.00 
HCH (Hermetic) 65.00 
HCE (Encapsulated) 75.00 

tecnetics e 
I NCOR PORATED 

The Power Conversion 

Specialists 

Circle 216 on reader service card 

1 P. O. Box 910, 1625 Range Street, 
Boulder, Colorado 80306 
(303) 442-3837 TWX 910-940-3246 

Leaders in Electronics 
The only reference devoted solely 
to biographies of the most 
influential people in electronics 
• corporate executives • technical 
managers • designers and develop-
ers • government and military offi-
cials • academics • editors/pub-
lishers • securéties analysts • 
trade/professional group directors • 
consultants ...plus an 80-page index 
of biographees by affiliation. 

Prepared by the staff of Electronics 
magazine. 5,240 biographies. 651 
pages, clothbound. $39.50 

Electronics Magazine Books 
P.O. Box 669, Hightstown, NJ 08520 
(609) 448-1700, ext. 5494 

Send me copies of Leaders in 
Electronics @ $39.50 plus applicable sales tax. 
McGraw-Hill pays regular shipping and han-
dling charges on pre-paid orders. 

(II Payment enclosed D Bill firm D Bill me 

Name 

Company 

Street 

City 

Signature 

State Zip 

New products 

plugs directly into the HP-3000 
selector channel. The rack-mounted 
controller unit to which the disk 
drives are attached is connected to 
the adapter. Each drive measures 36 
by 19.5 by 33 in. 

Additional features include data 
buffering by 40-byte first-in, first-
out buffer memories; automated 
track seeking and position verifica-
tion; error checking and correction 
of bursts of errors up to II bits long; 
and extensive resident diagnostics. 
The microprocessors of the two 
controllers are microprogrammed 
for transparent operation with the 
standard HP-3000 MPE operating 
system. MSC 1694-based systems 
are available within 60 to 90 days. 
MSC 1696-based systems will be-
come available in early 1980. 
Microcomputer Systems Corp., 432 Lake-

side Dr., Sunnyvale, Calif. 94086. Phone Don 

Sumner at (408) 733-4200 [363] 

Memory diagnostic card 

troubleshoots computers 

To track computer failures, a memo-
ry diagnostic card functions as a 
"flight recorder" for LSI-11-based 
systems. The DM-11 card resides in 
the computer and supplies the user 
with bus transaction information 
when failures occur. The informa-
tion comes out of the computer's 
own input/output lines, although the 
DM-11 operates independently of 
the operating software. While the 
computer is in the run mode, the unit 
continually stores the last 256 words 
of data appearing on the 16 address 
and data lines of the LSI-11 Q-bus. 
If the computer halts for any reason, 
the information in the memory is 
held until it is retrieved through 
manual or programmed commands. 
The trace provides a record of the 
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"One visit from my Spectra-Strip rep convinced 
me that their Spectra-Guard 'm extruded jacketed 
cable is my kind of flat cable. 

All the benefits of planar. Plus the toughness 
of an extremely flexible extruded hide—er, 
jacket—that's perfect for all my cabinet-to-
cabinet wiring. 

Both the cable and jacket are flame-retardant 
and UL-listed to 105°C and 150V. The cable — 
flat, twisted pair or Twist 'N' Flat —is 
available gray or color coded, with or without 
EMI/RFI shielding. And the outer jacket is 
easily removed for mass termination using 
any of the Spectra-Strip IDC connectors. 
When things get hot around here, I even 

have Spectra-Strip or one of their value-
added distributors provide terminated 

C Spectra-Strip 1979 

and tested 
jumpers 
and custom 
assemblies, 
and does that 
ever save time and money! 
So if you've been trying to dig up a reliable 

source for your planar cable, IDC connectors and 
assemblies, I strongly recommend that you write 
Spectra-Strip, 7100 Lampson Avenue, Garden Grove, 
CA 92642, telephone (714) 892-3361. 
In the East, call (203) 281-3200. 

Tell them you want to see how tough 
they are': 

When you're down to the wire 
Circle 217 on reader service card 



World's broadest 
family of smallest 
PCB switches. 
ALCO designed and engineered the TT Series primarily for PC 
applications. Their small size allows placement between PCB's 

on 1/2" centers. All terminals and mounts fall into a 0.1" grid. 
Your choice of toggles, pushbuttons, slides, 

rockers and LED lighted types in 1, 2 or 4 

poles. Right angle types are our specialty and 

wire wraps too! Gold plated contacts are 

standard for low-level switching. Silver pro-

vides a 3 amp rating and is U. L. listed. A 
variety of panel mounted types alp available. 

 We pride ourselves by stocking hundreds of 

standard types, many in production quantities to service your 
immediate needs. However, our engineers and production group 
can also provide literally thousands of custon types promptly 

and economically. We urge you to 

call or write Customer Service for 

160-page ALCOSVVITCH catalog 

and free sample. ' 

TT Series made in USA 
patented worldwide 

FILCCIE 
ALCO ELECTRONIC PRODUCTS, INC. a subsidiary of AUGAT, Inc. 

1551 Osgood St., N. Andover, MA. 01845 (617) 685-4371 T1NX 710 342-0552 

Circle 218 on reader service card 

HOPE 
The project 
a ship launched. 
First there was the hospital ship S.S. HOPE, now retired. 
Today HOPE is on established project which has carried 
its goal of improving health through education to 24 
developing countries of the world and the United Stotes. 

Give to: 

PROJECT Deportment fl 
Washington, D. C. 20007 

New products 

bus program flow—both address and 
data—from normal operation 
through bus-error traps to systems 
halt. The DM-11 sells for $590. 
Scanoptik Inc., P. O. Box 1745, Rockville, 

Md. 20850. Contact Jerry L. Shumway at 

(301) 762-0612 [364] 

Disk system for PDP-11/70 

stores more than 2 gigabytes 

The Plessey PM-DSW11/300 is a 
disk subsystem for the PDP-11/70 
that consists of a pedestal-mount 
disk drive, a controller chassis, and a 
data and control coupler. The con-
troller supports up to eight 254-
megabyte drives for a maximum 
capacity of over 2,000 megabytes. 
Each disk pack has a formatted 
capacity of 253.6 megabytes, and 
removable packs provide off-line 
storage. The data and control cou-
pler plugs directly into module slots, 
interfacing with the central process-
ing unit over the Unibus and the 
cache bus. Lead time on the disk 
subsystem is 60 days; each sells for 
$28,795. 
Plessey Peripheral Systems, 17466 Daimler 

Ave., Irvine, Calif. 92714. Phone Cynthia 

Read at (714) 557-9811 [366] 

Desktop thermal printer 

sells for $395 

The models 6450 and 6460 are desk-
top thermal printers that produce 
easy-to-read letters, numbers, and 
symbols with first-line-up printout. 
They print 64 different characters, 
21 characters for every one of the 
6,500 lines that can be printed on a 
roll. The model 6450 accepts serial 
data with RS-232-C or 20-mA 
current-loop interfacing at data rates 
of 110 and 300 bauds. The model 
6460 is compatible with an 8-bit 
parallel bus and data rates up to 
1,000 characters/s. In very large 
quantities, the printers are priced at 
$395 each; delivery is from stock. 
United Systems Corp., 918 Woodley Rd., 

Dayton, Ohio 45403. Phone (513) 254-6251 

[367] 
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"As an engineer, I used to get pretty frazzled 
whenever I had to use twisted pairs. 
Heaven knows, I needed the performance, but 

the labor costs drove me wild! 
Then one day Dave from Spectra-Strip 

stopped by and solved all my problems—he 
showed me their new Twist 'N' Flat 
How fantastic—twisted pairs in a flat cable 

with flat, parallel sections that I can mass 
terminate wherever I need them on the cable. 
(Standard spacing is 18" of twist with 2" of flat, 
but if I order as little as a thousand feet 
at one time, they'll put in any spacing I want!) 

Well, let me tell you—this has reduced 
termination time by 97% and cut our costs by 
36%. I liked their thinking so much, I checked 
them out and found that they were a terrific 

©Spectra-Strip Inc. 1979 

source for all my flat cable 
needs—cable, connectors, 
and even complete 
terminated jumpers and 
custom assemblies, fully 
tested and ready to go. 

If you're as concerned about your intercon-
nect performance and costs as I am, you really 
ought to write Spectra-Strip, 7100 Lampson 
Avenue, Garden Grove, CA 92642, telephone 
(714) 892-3361. In the East, call (203) 281-3200. 
But don't ask for Dave—he's at home taking 

care of the baby:' 

When you're down to the wire. 
Circle 219 on reader service card 



WHY HALF OF FORTUNE'S 500 CAME 
TOAMERICAS 2"/MOST RURAL STATE. 

North Carolina has a labor force thats' pro-work 
and a government that's pro-business. So it stands 
to reason that a Fortune 500 corporation,or any smart 
corporation,could make a fortune here. 

Wage rates are some of the most competitive in 
the nation. And, because our workers still respect the 
old-fashioned work ethic,the work stoppage rate is one 
of the lowest on record. 

State government stimulates a healthy business 
climate.With an AAA credit rating, no other state has 
a higher rating. And North Carolina is one of the few 
to maintain a balanced budget by law. 

We led the Southeast in establishing the most new 
manufacturing jobs over the past decade. Most of this 
growth occurred outside of major metropolitan areas 
where most of our people live. ' ¡don't care if you are more urban —I And every time somebody than Pennsytvania.Send more facts. 

conducts a nationwide study of NAME TITLE  

industrial assets,our name pops COMPA N11  

up ahead of others. ADDRESS  

To find out more about the CITY STATE :I!' 

NORTH CAROLINA second most rural state, just call North Caralin‘i Depul-tment of Commercu 
Industrial Development Division,Suite N91603 919733-4151.0r send the coupon. L 430 N.Salisbury Street Ruleigh,NC 27611 

But if you'd rather move to the number one rural 
state in the country, yotill have to write to Pennsylvania. 
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"My problems were monstrous. 
When I could find the connectors I needed, 

I would have to go digging around for the cable. 
If the price was right, the products weren't. And 
on and on, eon after eon. 

Until one day my doctor suggested 
Spectra-Strip. 
Of course! They've been making flat cable 

longer than anybody, so they would have to 
know how to make ends meet! 
They do, and now I get all my IDC receptacles, 

headers, DIP plugs and sockets, PCB transi-
tions and card-edge connectors from a single, 
reliable source: Spectra-Strip. 
When things get really busy at the lab, I even 

have them or one of their value-added distribu-
tors provide completely terminated and tested 
jumpers and custom assemblies. 

c Spectra-Strip Inc. 1979 

Their products 
are just what the 
doctor ordered, their 
Q.C. has real teeth in 
and their prices neve 
put the bite on 
my budget. 
For the name and 

number of your nearest distributor or rep, write 
Spectra-Strip, 7100 Lampson Avenue, Garden 
Grove, CA 92642, telephone (714) 892-3361. 
In the East, call (203) 281-3200. 
And tell them Frank sent you.'' 

all  

When you're down to the wire. 
Circle 221 on reader service card 
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We think an OEM computer should be able 
to take your marketing around the world. 



.14 •fritld 

At Digital, we think the last thing an 
OEM computer should do is limit your 
options. 

Not just your performance options. 
But your marketing options too. 
That's why we make computers that 

you can add value to, and then sell virtually 
anywhere. 

They're available with features like a 
universal power supply that will work from 
any electrical current in the world at the 
flick of a switch. 

We even engineer our products to fit 
into standard sized shipping containers. To 
be handled easily by the fewest number of 
people. To be assembled quickly by almost 
anyone, without special tools. 

At Digital, our approach has always 
been to give OEMs more than just great 
product. Just as important are the extra 
quality features, the extra testing that can 
make your design and marketing job easier. 
The software compatibility that can take 
you from micros to 32-bit large-scale com-
puters, from one generation to the next. 
The worldwide service capability that can 
be tailored exactly to the way you run your 
business. It's an approach designed to 
help you meet a wide range of computer 
strategies. 

You probably already know a lot about 
Digital performance. To find out the rest, 
send for our new brochure, "The Thinking 
Behind the Industry's Largest Selling Line 
of OEM Computers." 

Digital Equipment Corporation, (PK3/ 
M-86), Maynard, MA 01754. (617)493-6253. 
In Europe: 12 ay. des Morgines, 1213 Petit-
Lancy/Geneva. Tel. 93 33 11. In Canada: 
Digital Equipment of Canada, Ltd. 
We build a lot more than performance 
into an OEM computer. 

d 11 Ma El 
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HowNicolet fits 
into this box than 

Fitting more oscillo-
scope into a cubic foot 
took one big first step 
—the use of modern 
digital methods. Plus a 
lot of little steps such 
as recognizing what's 
"oscilloscope," what's not, 
and keeping the "not" 
outside where it belongs. 
Here are some of the 
great things the digital 
method has made 
possible. 

Resolution and 
Accuracy 

Scientists and engi-
neers (thousands of them) 

are delighted with the 
Explorers' 4000-line 
resolution, and accuracy 
literally an order of 
magnitude better than 
that of analog scopes and 
other digital scopes. 

Super Storage 

Users appreciate the 
Explorer's waveform 

64X Zoom Display 1 

Explorer users enjoy 
the convenient display 
that allows them to zoom 
in on details of interest. 
They also can super-
impose "old" signals and 

storage. At equivalent 
writing rates of up to 50 
cm/psec an Explorer can 
clearly remember, every 
time, without fade or 
bloom, literally hundreds 
of times as much about 
signals as the finest analog 

storage scopes. Best of all, 
Explorers store wave-
forms with no hassle. 

STORAGE CONTROL 

HOLD LAST LIVE HOLD NEXT 

live, "fresh" signals 
for extremely sensitive 
observation of differences 
or changes. They can 

superimpose two (or 
four) old waveforms, or 
two live waveforms. And 
zoom in on details with 
up to 64X digital display 
scale magnification. 



more oscilloscope 
anyone else. 

They're Pure 
Oscilloscopes 

The digital method 
results in other welcome 
improvements. Sweep 
speeds that range down to 
days in length to allow 
you to precisely measure 
very slow phenomena. 
Pre-trigger sweep start 

fr 

allows you to see what 
precedes an event as 
well as what follows. 
XY operation provides 
even greater precision 

k,* 

than servo-driven XY 
recorders, but at speeds 
a million times greater. 
Speeds as high as most 
analog XY oscilloscopes. 

All of these are 
oscilloscope function 
improvements. The 

improvements include 
greater ease of use, for 
a dozen reasons. The 
Explorers are "pure 
oscilloscope." They inter-
face between the signal 
source and the most 
intelligent and powerful 
computer in the world. 

You. 

Disk Memory 
Option 

The optional, built-in 
disk memory can remem-
ber signals for years, 
storing as much data per 
disk as you could capture 

on thousands of photos. 
Disks are inexpensive 
and reusable, don't need 
developing, and store 
data at the touch of a 
button. 

Matching Your 
Needs 

You can choose the 
Explorer model that 
fits your measurement 
needs from a family of 
instruments, plug-ins and 
IEEE-488 or RS-232 
options. 

For More Details 

To get complete 
information quickly, call 
free 1-800-835-2246 (in 
Kansas, 1-800-362-2421) 
anytime and request our 
new brochure. 

To discuss your 
application or to arrange 
a demonstration, call 
(608) 271-3333. 

NICOLET 
INSTRUMENT 
CORPORATION 

OSCILLOSCOPE DIVISION 
5225 Verona Road 
Madison, WI 53711 
Telephone: (608) 271-3333 
TWX: 910-286-2737 
Sales and Service Offices Worldwide 

Circle 225 on reader service card 
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The planet Mars has long been the object of Man's 
curiosity. Perhaps because it is the most likely of all planets 
to have life on it. 

After traveling over 400 million miles, and after 
rejecting three sites as too dangerous, the Viking I spacecraft 
set down safely in the northern hemisphere. Its search for 
life began when it reached out a mechanical arm for samples 
of Martian soil. 

That arm depended on two of our limit switches. 
Three years earlier, project technicians came to us in 

search of switches that could survive the long trip, the rough 
landing, and the intensely cold Martian nights. 



Working together, we found a way to make two of our 
miniature hermetically-sealed limit switches do the job. 
And to make the trip that Man has made so many times in 
science fiction. 

That's no easy task when you consider what those 
switches had to go through, even before they helped control 
the movement of that mechanical arm. 

Earlier, Mariner space probes took long-distance shots 
that revealed a terrain with towering volcanoes, some perhaps 
still active. At least one three times as high as Mount Everest. 

And a gigantic canyon system nearly four miles deep, 
150 miles wide, and as long as the United States is wide. 

A rugged landing could put a fragile switch out of 
commission. Then there was the orange-red dust that covered 
the entire planet. A hermetic seal kept our switches clean. 

So they survived the trip. And they worked. When no 
one could afford a failure. 

Helping to make the Mars mission a success is only one 
of the ways we've helped our customers. 

We've been working with medical specialists who are 
designing and testing an artificial heart. One of our sensors 
makes it beat. 

We're also working with leading auto manufacturers 
in the development of the computerized car engine. 

Working with customers early in their design process 
nearly always results in a better product. For them, and for us. 
That's one of the reasons why we have the widest variety of 
switches and sensors in the world. And, if we don't already 
have one that solves your problem, chances are we can 
design a solution together. 

For information about how we can help you get your 
project off the ground, write MICRO SWITCH, The Sensor 
Consultants. Freeport, Illinois 61032. Or call 815-235-6600. 

MICRO SWITCH products 
MICRO SWITCH are available worldwide through 

Honeywell International. a Honeywell Division 
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Instant Access to All 
American and 
International 

Data 
Communications 
Standards 

Presents all 89 relevant 
data communications 
standards promulgated by: 

• CCITT • ISO 
• ANSI • EIA • FTSC 

Phis... descriptions of each 
of the standards groups 
.Ind... relational charts of 
similar interfacing standards 
produced by each group 

1133 pages 
Edited by 
Harold C. Folts 
and 
Harry R. Karp 

Order today using this coupon! 

Return coupon to: 
Data Communications Standards 
P.O. Box 669 
Hightstown, New Jersey 08520 

Send me copy (copies) of DATA 
COMMUNICATIONS STANDARDS 
(099782-9) on a 10-day money-back 
guarantee. I understand that if I am not 
absolutely satisfied. I may return the 
book(s) within ten days at no further 
obligation. Otherwise, McGraw-Hill will 
bill me $165. for each copy, plus appli-
cable sales tax, shipping and handling 
charges. 

  Check enclosed 

  Bill me 

  Bill my company 

_. Company 
purchase order 

item. 

SAVE MONEY! Enclose payment in full, plus 
iocal sales tax, and McGraw-Hill pays all 
regular shipping and handling charges. 
Ten-day money-back guarantee still applies 

Name   

Title  

Company  

Address  

City State Zip 

This offer subject to acceptance by McGraw-Hill ELT 

New products 

Communications 

Modems replace 
Bell's 212A 

Units transmit data at 300 or 

1,200 bits/s, automatically 

select speed in answer mode 

By making improvements in the 
popular Western Electric 212A 
data-set modem and by offering its 
own units as items for purchase rath-
er than on an installation-plus-lease 
basis, Prentice Corp. hopes to pene-
trate the rapidly expanding market 
for this type of unit. There are two 
versions of the Prentice modem, the 
P-212A, which sells for $895, and 
the microprocessor-based P-212C, 
selling for $1,135. 
"With a Bell 212A, there are 

substantial installation charges for 
both the modem and a special tele-
phone, as well as ongoing lease 
payments for each," notes Bill 
Myers, vice president of marketing 
for Prentice. "On the other hand, 
our P-212A and P-2I 2C modems 
can be purchased rather than leased, 
and they require only a 502- or 503-
type key telephone set or a standard 
business phone with an inexpensive 
voice-data switch like the Prentice 
VDS-100." The VDS-100 sells for 
$50, he adds. 

Both modems transmit serial bina-
ry data in full-duplex mode at 300 or 
1,200 b/s over two-wire dial-up 
lines. They have automatic speed 
selection in the answer mode, allow-
ing them to match the transmission 
rate of the originating modem. "This 
represents another cost reduction 
because users can select an operating 
speed without needing two separate 
modems," Myers points out. The 
P-212C also lets the user select the 
speed manually. 
The incorporation of a micropro-

cessor into the P-212C provides, 
among other things, a brief self-
testing routine during each of the 
modem's idle periods. If the modem 
fails any portion of the self-test, it 

automatically puts the line it is 
attending into a busy state. 
An additional feature of the 

P-2I 2C allows the user to set the 
modem into a busy state without 
interrupting service. When selected, 
this delayed busy state lets the 
modem become busy again as soon 
as the line becomes clear. 
The delivery time for either mod-

em is 60 days. 
Prentice Corp., 795 San Antonio Rd., Palo 

Alto, Calif. 94303. Phone (415) 494-7225 
[401] 

Single unit connects with 

212A, 103, VA3400 modems 

A single modem at a remote termi-
nal satisfies every conventional origi-
nate-and-answer application for 
switched-network full-duplex data 
transmission from 0 to 1,200 bis. It 
may also be one of a series of triple 
modems that combines a Bell Sys-
tem type 21 2A, a Bell System type 
103, and a Vadic VA-3400 in a 
compact stand-alone package. The 
model VA-3450 includes six 
switched-network originate-and-an-
swer models, which have all been 
registered for direct connection un-
der Part 68 of the Federal Commu-
nications Commission rules. In addi-
tion, there is an originate-or-answer 
version for leased-line applications. 
A VA-3450 at the remote terminal 
can call the three different types of 
modems listed above and automati-
cally identify the called modem. The 
series incorporates such diagnostics 
as idle test, analog loopback and 
busy state, digital loopback, and self-
test. A switch-controlled "standard 
option" mode forces the unit into a 
standard configuration to simplify 
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From Percom 

Low Cost Mini-Disk Data Storage 
for EXORciser Bus Computers 

• Compatible with EXORciser* and other 
6800/6809 computers based on EXORciser* bus 
concept. 

• 40- or 77-track drives in one-, two- and three-
drive configurations add 102K bytes to 591K 
bytes of random access data on-line. 

• 40-track LFD-400EX' drives store data on both 
surfaces of mini-diskettes — almost 205K bytes 
per disk. 
• EXORciser* bus compatible controller includes 

1K of RAM, provision for 3K of PROM. Mature 
design features explicit clock-data separator, 
drive motor inactivity time-out function, and 
more. 

• Support software includes disk operating sys-
tems, a file manager, text editor, assembly lan-
guage program development/debugging aids, 
an extended BASIC interpreter, an SPL/M com-
piler and business programs. Numerous pro-
grams available from other suppliers may be 
used with LFD-400/800EX mini-disk systems with 
little or no modification. Watch for FORTRAN & Pascal 
announcements. 

Low cost Percom LFD-400/800EX mini-disk data storage systems are a fast, 
dependable alternative to tape storage for 6800/6809 EXORciser* bus compu-
ters. A single 40-track LFD-400EX''' drive adds 102K bytes of formatted on-line 
storage; a single 77-track LFD-800EX" drive adds almost 200K bytes. And data 
may be stored and read from either surface of LFD-400Er minidiskettes. 

Fast mini-disk data storage makes your Motorola EXORciser* or other 
EXORciser* bus computer more than just a development system or limited 
evaluation system. 

For example, at the low LFD-400/800EX prices it becomes economical to 
use your development system as the final working system. 

Data capture/retrieval in research, test and production environments is 
another application where versatile, random-access LFD-400/800EX storage can 
provide efficient operation. 

Equipment control is yet another area where the speed and facility of 
mini-disk storage greatly expands application possibilities. Even if you use a 
mini-disk only to load and control programs you'll save simply by taking a lot 
less time than with slow, inconvenient tape storage. Moreover, by storing 
programs on fast-loading, low cost minidiskettes you eliminate the overhead of 
burning PROMs — an expense that quickly adds up to far more than the price of 

an inexpensive Percom mini-disk system. 
The bottom line? An EXORciser* or 

Micromodule*, with percom LFD-
400/800EX mini-disk data storage, 
is a remarkably adaptable mic-
rocomputer — a system that meets 
the quality and dependability de-
mands of industry yet is competi-
tively priced with personal comput-
ing systems. 

/4»,,kermei 

Model 

LFD-4DOEX' 
LFD-800EX'' 
MPX Disk Operating System (2-chip ROM set) 
Standard versions for most popular monitors   $69.95 

LFD-400/800EX Users Instruction Manual: 
!ncludes driver utility listings, controller schematic $15.00 

The system prices are single-quantity prices. A system in-
cludes (1) the drives, power supplies and enclosure, (2) the 
EXORciser* bus compatible controller PC card with 1K RAM 
and provision for three 2708 EPROMs, (3) an interconnecting 
cable. (4) an 80-page users instruction manual, and (5) a 
system minidiskette. The Percom Software Services Group 
will customize the MPX DOS for a nominal charge if one of the 
standard versions is not suitable for your monitor. LFD-
400EX systems use 40-track drives; store 102K bytes of 
formatted data per minidiskette side. LFD-800EXe' systems 
use 77-track drives; store almost 200K bytes on one side of 
minidiskette. 

PRICES 
1-drive 
system 

$649.95 
$945.95 

2-drive 
system 

$1049.95 
$1599.95 

3-drive 
system  

$1449.95 
$2245.95 

Orders may be placed by dialing 1-800-527-1592 (outside of 
Texas) or (214) 272-3421 (in Texas). For additional technical 
information dial (214) 272-3421. 

PERCOM DATA COMPANY, INC. 
211 N. KIRBY GARLAND, TEXAS 75042 

(214)272.3421 PERCOM 
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DON'T TAK 
HOFtACE GREELEY 
TOO SERIOUSLY! 

Today, the newest frontier doesn't touch the Pacific. 
It lies in a state which is unspoiled and ready with — 
— the nation's best balance of energy resources, 
— willing workers who realize the importance of profit, 
— stable government which began reducing taxes before 

tax reduction became fashionable, 
— and surpluses exceeding a billion dollars. 

If these qualities can be found in a state which offers a 
superb lifestyle as well as reasonable property values, 
maybe your business should take a look at us. 

NEW MEXICO 
Commitment to quality 

A1 Dietz, Director, Economic Development Division, Com-
merce (Sr Industry Department, Bataan Memorial Bldg., 
Santa Fe, New Mexico 87503, 505-827-5571 

New products 

and speed up diagnostic testing. 
Prices for the VA-345I, which 

handles all three modems, start at 
$900. The VA-3452, which handles 
the 212A and VA-3400 modems, is 
priced at $850, whereas the model 
that handles the 103 and VA-3400 
modems—the VA-3453—sells for 
$825. Delivery is in 60 days. 
Racal-Vadic, 222 Caspian Dr., Sunnyvale, 

Calif. 94086. Phone Dave Peters at (408) 

744-0810 [402] 

Single-board processor 

links to LSI-1 1 

Contained on one dual-width 
printed-circuit board, a program-
mable communications processor, 
the PCP-1 I L, is a peripheral com-
puter compatible with the entire 
LSI-11 family from Digital Equip-
ment Corp., including the recently 
introduced LSI-11/23. Using a Z-
80A microprocessor, the unit sup-
ports any mix of 8-bit parallel, asyn-
chronous or synchronous serial and 
color video graphics. The PCP-11L 
may be programmed in conjunction 
with an optional dialer interface to 
provide auto-answer, auto-dial sup-
port for virtually any serial commu-
nications protocol, including asyn-
chronous, bisynchronous, IBM's Syn-
chronous Data-Link Control, and 
Digital Data's communications mes-
sage protocol. Data-transfer rates 
that exceed 48 kilobauds may be 
used. Low-resolution color video 
alphagraphics are optional, includ-
ing fully programmable resident text 
fonts loaded into RAM. 
A bidirectional 8-bit parallel port 

comes with the basic unit. This 
allows the unit to be augmented by 
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Oueen(s) of the bench: Jack(s) of all trades: the rugged portables 
Model 7244A. 
Identical to Thin-Line Model 
7344A except for case. Since 
you're going first class with 
our thin-line systems OMM, 
why not use the bench 
version too? Price $945 
includes IEEE-488 interface. 

Model 7241A 
• ±-0.02% DC accuracy 
• VAC, VDC, ohms, current 
AC & DC • Optional BCD 
programming in lieu of 
current. Price $495 
to $745. 

Model 7141 A/8 
• Unbreakable clamshell 
case • VAC, VDC, ohms, 
current AC & DC 

Thin-1Ine - 
• Price $945 rtelittlee IEEE-488 interface 
• 0.02% DC accuracy 
- VAC, VOC, ohms 

• Choice of two accuracies, 
±-0.02% or -1- 0.05% 
• Optional battery pack. 
Price $395 to $450. 

Model 7142 A/B 
Same.as Model 7141 A/B 
except for dBm capabilities in 
lieu of current. Price $445 to 
$500. Features common to 
all S-D 41/2 -digit OMM's: true 
RMS, autoranging, 20,000 
counts. All prices U.S. only. 

For complete ter-rMertMr-

Scientific Devices or contact Systron-Donner 
at 2727 Systron Drive, Concord. CA 94518. 
Phone (415) 676-5000. 
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RF CAPACITORS FOR 
A NEW MEASURE OF 
PERFORMANCE 

ITT Jennings RF Capacitors may be a new name to you, 
but relax. We have been in the RF Components business for 
over 30 years. Our new line of RF titanate capacitors was 
specifically designed to provide the highest KVA ratings 
available for applications that demand long life and 
reliability. 

The new 50, 57, and 58 Series of RF Capacitors offer 
capacitance ranges from 25 to 1000 pF, and voltage ranges 
from 5-15 KVDC. These new RF Capacitors also feature a 
variety of dielectric materials to provide you with maximum 
design flexibility Our complete environmental and RF test labs 
will allow us to test these capacitors to any specifications 
you desire. 

Check with our applications people and find out why 
our new line of capacitors will measure up to your highest 
expectations. After all, we have a 30 year reputation to 
maintain. Write us at 970 McLaughlin Avenue, San Jose, CA 
95122, or give us a call at (408) 292-4025. 

JENNINGSITT 

Circle 232 on reader service card 

FREE 
Brochure describes Electronics 
editorial reprints, services, books... 
• More than 70 article reprints in 15 subject 
categories 

• Handy wall charts 

• Custom-made reprint services 

• Books especially for Electronics' readers 

• Convenient postage-paid order cards 

For your free copy, 
circle #275 on the 
reader service cord. 

New products 

unencoded keyboards, touch screens, 
digitizer tablets, and printers. Con-
trol software can either reside on 
board in nonvolatile memory or be 
downloaded from the host computer. 
By using industry-standard byte-
wide memories, the PCP-1 1 L may 
be equipped with a mix of up to 8 
kilobytes of RAM and up to 16 kilo-
bytes of read-only memory. 
The base price for the PCP-11 L 

with parallel port, a 2-K erasable 
programmable ROM monitor, and 
1-K RAM is $525. A typical configu-
ration consisting of a basic unit 
upgraded to 4-K RAM plus dialer 
interface is $665 in lots of 100 units. 
A basic video package lists for $900 
apiece. A development version for 
original-equipment manufacturers is 
available to develop and test control 
software on a host LS1-11 system. It 
comes with a macro cross-assembler 
and a relocating linker that operate 
under RI-11; a down-line loader and 
debugging package; a source-code 
resident monitor and model device 
handlers; and full technical docu-
mentation, all for $1,950. Shipments 
start this month. 
Nortek Inc., 2432 N. W. Johnson St., Port-

land, Ore. 97210. Phone (503) 226-3515 

[403] 

Solid-state SCR modulator 

is available off the shelf 

An off-the-shelf silicon controlled 
rectifier magnetic modulator with all 
solid-state components can be used 
to retrofit radar systems for the 
growing use of pulse techniques, as 
well as in designing new systems. An 
electronic pulse-selection circuit in 

• 
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DIP switches can deprogram. 
Berg's Mini-Jump cant. 
Our design guarantees it. 

Far more reliability. Far less field 
service. Accidents, vibration — 
anytime you'd expect a DIP switch 
to fail, you can count on Mini-
Jump* to stay programmed. Care-
less fingers can't deprogram it 
because there's no switch to hit. 
Only a deliberate action can 
change the circuit. 

The interior spring of the "Mini-
Jump" maintains a high normal 
contact force for reliability during 
vibration — even severe vibration. 
And, because you install the "Mini-

Inside the "Mini-Jump", dual metal 
PVt contacts provide excellent 

electrical and mechanical performance. 

'Du Pont trademark for its .025" disconnect jumper. 
tDu Pont trademark for its .025" dual metal female disconnect. 

Jump" after  soldering, you avoid 
contamination which can lead 
to corrosion. 
Permits higher density packaging. 
The "Mini-Jump" is available in 
single position, stackable on 0.100", 
0.125", 0.150" and 0.200" centers. 
Also in two positions on 0.100" cen-
ters and three and five positions on 
0.150" centers. 
Write for literature. The Du Pont 
Company, Berg Electronics Division, 
New Cumberland, PA 17070. 
Telephone (717) 938-6711. 

Berg Electronics *POO 
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6 NEW WAYS TO 
COST-EFFECTIVE 
CALIBRATION 

Why pay more than you need to for calibration? 
Rotek's new series of precision calibrators lets you 

match the equipment to the job. 

Each of Rotek's six new 3900-Series models is a complete, 
stand-alone, multi-purpose calibrator for checking a broad 
range of digital and analog voltmeters, ammeters, ohmeters 
and multimeters. 
At the least expensive end of the series (U.S. prices start as low 
as $3195), is the Model 3910, providing DC and AC current and 
voltage calibration with three decades of setting resolution. At 
the other extreme, the Model 3960 provides five decades of resolution, 
AC and DC current and voltage calibration, resistance calibration 
and percent error display. Other models include a fractional setting 
control and BCD readout of error for data logging. 

ROTEK 
INSTRUMENT CORP. 

Send for the new 
Series 3900 catalog. 

220 GROVE STREET/BOX 504, WALTHAM, MASS. 02254/TEL: 617-899-4611 
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1979 Electronics 
Buyers' Guide 

The only book of its kind in the 
field. If you haven't got it, 
you're not in the market. 

To insure prompt delivery 
enclose your check with 
this coupon. 

'Electronic Buyers Guide 
1221 Ave. of the Americas 
New York, N.Y. 10020 

Yes, please send me copy(les) of 1979 EBG. 
D I've enclosed $30 per copy delivered in the USA or 
canada. 

I've enclosed $52 per copy for delivery elsewhere 

Name 

Company 

Street 

New products 

the VBM-3407 allows a user to 
switch pulse widths over a three-to-
one range in 1 second or less by 
pushing one of five front-panel 
buttons. Pulse widths range from 0.2 
to 0.6 µs, with other pulse widths. 
available on request. The X-band 
modulator was designed to drive 
high-energy magnetron tubes oper-
ating at up to 300 kw. It provides 
pulses in the 28- to 30-kv range and 
can be packaged with the same 
pulse-switching parameters for air-
borne as well as ground-based appli-
cations. The unit ranges in price 
from $30,000 to $35,000, depending 
on configuration and on the prices of 
available components. 
Varian Associates, Beverly Division, Salem 

Road, Beverly, Mass. 01915. Phone John 

Denman at (617) 922-6000 [405] 

Modem test set performs 

bit error rate tests 

The model 65 is a complete miniatu-
rized modem test set that can 
perform bit-error rate tests on: 
synchronous and asynchronous EIA 
data-communications channels. It 
has separate transmitter and receiver 
sections, so full-duplex tests can be 
performed in either end-to-end or 
loopback configurations. The trans-
mitter continuously generates one of 
four switch-selectable data patterns. 
These include 63-, 511-, and 2047-
bit repeating pseudorandom se-
quences. The test unit also has an 
alternating mark-space pattern. 
Steady all-mark or all-space signals 
may also be transmitted to detect 
mark-to-space or space-to-mark 
transitions. 
The receiver section generates a 

true replica of the selected transmit-
ted data pattern and compares this 
error-free replica with the received 
data pattern. Detected bit errors are 
counted and displayed on a three-
digit light-emitting diode with over-
flow indication. 
The model 65, together with a 

"blue box" EIA monitor and break-
out panel -- -the model 60-- makes up 
the model 65/60, which is priced at 
£850. The composite model is a 

City State Zip  
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Vector graphics. OEM prices. 

Now, with Grinnell's GMR-37 graphic display 
systems, you can have the resolution and input 
advantages of dot matrix television for about 
the same price as more limited character-
based systems. 

And, every GMR-37 display is a complete 
operating system: display generator, MOS 
refresh memory, vector and rectilinear graph-
ics, alphanumerics in 4 sizes, bi-directional 
RS-232 computer interface and RS-170 video 
interface. Systems, including power supplies, 
are housed in a 7", rack-mountable chassis 
and drive standard closed circuit monitors. 

Four basic GMR-37 models can be tailored 
to fit into almost any computer-based system. 
Here are just a few examples. (Prices are 
F.O.B. San Jose, and quantity discounts are 
available. TV monitors are extra.): 

GMR 37-20: $3700 
256 x 512 resolution, one channel ROB color 
plus blink. (Two channels: $4500) 

GMR 37-30: $4500 
512 x 512 resolution, one channel RGB color 
plus blink. 

GMR 37-60: $4700 
1024 x 1024 resolution, one channel B/W. 

In addition, you can also have several 
economical options: independent cursors, joy-
sticks, keyboards, special character sets and 
16 bit, plug-compatible parallel minicomputer 
interfaces. 

Further, if you ever want to move up, Grinnell 
has a complete line of larger systems—all 
software compatible with the GMR-37—to do 
things like animation, image processing and 
real-time frame grabbing. 

So, if quality graphic displays are important 
to your product, look at the GMR-37 line. For a 
quotation on the system that meets your 
specific requirements, call or write. 

GRINNELL SYSTEME 
2159 Béring Drive, San Jose, California 95131 (408) 263-9920 
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ASCII encoded keyboards 
as low as $42, 

/It«IP11 
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The RCA VP-601 keyboard has a 58 key typewriter format for 
alphanumeric entry. The VP-611 ($10 additional*) offers the same type-
writer format plus an additional 16 key calculator type keypad. 

Both keyboards feature modern flexible membrane key switches with 
contact life rated at greater than 5 million operations, plus two key 
rollover circuitry 

A finger positioning overlay combined with light positive activation key 
pressure gives good operator "feel", and an on-board tone generator 
gives aural key press feedback. 

The unitized keyboard surface is spillproof and dustproof. This plus 
the high noise immunity of CMOS circuitry makes the VP-601 and VP-611 
particularly suited for use in hostile environments. 

The keyboards operate from a single 5-volt, DC power supply, and 
the buffered output is TTL compatible. For more information contact 
RCA Customer Service, New Holland Avenue, 
Lancaster, PA 17604 

Or call our toll-free number: 800-233-0094. 
*OEM price 
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INSTRUMENTATION 
CONNECTORS 

• temperature 
cycling to 350°C* 

• for operating 
pressures to 
<10 -1° torr 

• ceramic-metal 
bonded 

• available in mini 
vacuum flanges and 
weld adapters 

• up to 10 pins 
• ratings to 
700 VDC, 3.5 amp 

'with plug disconnected 

For details, 
request 

CATALOG 
7801 

Cermaiese 

Ceramaseal,lne 
A SUBSIDIARY OF brutPUE 

tOPPOPATION 

• 

NEW LEBANON CENTER, NEW YORK 12126 (518) 794-7800 • TELEX 14-5442 

New products 

hand-held, battery-powered unit for 
testing and monitoring data-commu-
nications systems at the EIA RS-232 
and CCITT V.24 modem-terminal 
interface. Rechargers are priced at 
$20 for either a model 22 for 11.5-v 
application or a model 23 for 230-v 
use. Delivery is in 60 days. 
International Data Sciences Inc., 7 Welling-

ton Rd., Lincoln, R. I. 02865. Phone (401) 

333-6200 [406] 

Inband signaling system 

uses 24 or 48 V 

The SSP-inband signaling system 
for termination and signaling of 
voice-grade telephone lines features 
an SSP-200 amplifier and terminat-
ing set that allows four-wire amplifi-
cation and four- to two-wire conver-
sion on one card. 'The system uses a 
variety of interchangeable plug-in 
modules and mounting chassis. All 
the modules employ voltage regula-
tion for 24- or 48-v operation. The 
unit is compatible with Western 
Electric and other E- or F-type 
single-frequency signaling equip-
ment. It includes amplifiers with less 
than 5 dBrnC noise level and less 
than 0.25% distortion at a 10-dBm 
output from 200 Hz to 10 kHz. It 
also has converters and interfaces for 
foreign-exchange, E and M, and 
ringdown signaling. The mounting 
chassis range from two-slot units, 

which can terminate two four-wire 
lines, up to units with space for 26 
plug-in modules. The SSP-inband 
signaling system, depending on con-
figuration, ranges in price from $341 
to $371. 
Transcom Electronics Inc., 1170 East Main 

Rd., Portsmouth, R. I. 02871. Phone (401) 

683-3000 [407] 
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Neff Series 500 Measurement & Control I/O. 
One System. 

Versatile. 
Most computer-based measurement and control 

applications have one problem in common — a variety of 
diverse signals. Each with its own interface and control 
problems, and any one capable of generating bad data and 
destroying system performance. 

The Solution? 

Neff Series 500. It's a complete measurement and control 
subsystem with a plug-in standard interface to your 
computer. The Series 500 is compatible with virtually any 
process or measurement I/O signal . The system is - 
supplied with complete software and uses only one of the 
computer's I/O ports. • 

Solving Your Problem 
Many standard features assure a Series 500 configuration 
to match your requirements. 

Versatile Input Structure Plug-in function cards 

accommodate a variety of input signals including analog, 
TTL, contact closures and frequency. 

Control Signals Computer controlled signals are generated 
in the Series 500 for driving elements requiring analog 

levels, TTL signals, contact closures and frequency. 

M1ALO G 
IN 

CONTACT 
CLOSURES 14—> 

fqEQUENCY 

IN 

I IL IN 

comPUTER li 

6211 ter,-

NEFF SERIES 500 

On-Board RAM The Series 500 contains a 4096-word RAM 
in which the computer stores scan lists and instructions to 
control the peripheral devices. 

Remote Operation A Serval Controller permits the operation 
of systems located at eight or more separate remote sites 
— up to 20,000 feet from the computer. 

Expandability All systems are expandable at both local and 
remote sites. 

Analog Input The Series .500 supports operation of the Neff 

high-performance analog input subsystems - the most 
powerful and versatile in the world. 

These are just a few of the reasons for Series 500's 
success. The rest are described in our new full-line catalog. 
Send for it today. 

1088 E. Hamilton Rd., Duarte, Calif. 91010 
IKTRUMINT COPPORATION Tel. (213) 357-2281 TWX 910-585-1833 

CONTACT 
CLOSURES OUT 

TTL OUT 

OUT 
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REMoTE 

ANALOGIOIGITAL 
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POWER-ONE 
r,F. POWER SUPPLIES 
Now available for small systems applications 

Power-One, the leader in quality open-frame power supplies, now offers a complete line of single, dual, 
and triple output models for small computer systems. Also available are special purpose models for 
Floppy Disk and Microcomputer applications. 

Below are just a few popular examples of the over 90 "off the shelf" models now available from stock. 

SINGLE OUTPUT & 
LOGIC POWER SUPPLIES 

• 56 "off the shelf" 

• 2V to 250V, 0.1A to 40A 

• ± .05% regulation 

• 115/230 VAC input 

5V @ 3A, w/OVP 
, ,,-,ei: 

• • i 
_ • ,. • 

g_ • 

" ,”Irp• - - 

HB5-3/0VP 
$24.95 single qty. 

5V @ 12A, w/OVP 

 .•. 

. 
111• e• 

HD5-12/0VP 
$79.95 single qty. 

5V @ 40A, w/OVP 

--...e'.... ....,.......•,„.,..... 
-..z.••__. ..,-_„. .0,oe 

0,e° 
 .0I 

SK5-40/0VP 
Switching Model 
$250.00 single qty. 

FLOPPY-DISK SERIES 

• 8 "off the shelf" 
models 

• Powers most popular 
drives 

• Single/dual drive 
applications 

• 2-year warranty 

5V @ 0.7A, w/OVP Ne i__ 
12V @ 1.1A/1.7A PK----Zt....r/ 

• - '• AMU . $ 
• --- . , ti 

/ lip • fii.S.,..; {4« 
_,., IS, 40 e 1 -:,i , 

• . ei..i 14) 
• ,,,y 

CP340 
For one 5.25" Media Drive 
$44.95 single qty. 

5V @ 1A, w/OVP 
- 5V @ 0.5A, w/OVP 
24V @ 1.5A/1.7A PK 

5V @ 2.5A, w/OVP 
- 5V @ 0.5A, w/OVP 
24V @ 3A/3.4A PK 

'fo ' 
• o 9... 

. --r- •- - " - .r.  ' 

CP205 
For one 8.0" Media Drive 
$69.95 single qty. 

11 '. ••• • 
.14.4. . 0 o 

. • ,.... 
CP206 
For two 8.0" Media Drives 
$91.95 single qty. 

DUAL OUTPUT MODELS 

• 15 "off the shelf" 
models 

• ± 5V to ±- 24V, 0.25A 
to 6A 

• I.C. regulated 

• Full rated to + 50°C 

12V/15V @ 0.25A Ne i__ 
-....1.52..../1/ 

, . 
»eiTià 5 ii ,,. 'p« 
eke - - ri ..- 

.. 
i 

-.. ¡•• 

HAD12-.25/HAD15-.25 
$32.95 single qty. 

5V @ 2A, w/OVP 
9 - 15V @ 0.5A 

e --....• • . • 

. '-• .'r- 
/ 
:,1 • -*4 •¡• q -   
`:--U Z.'-;. _ 

HAA512 
$44.95 single qty. 

± 12V @ 1.7A or 
± 15V @ 1.5A 

• • -, , • 
*10. -0 . 

. - . 

'' I •"+"'",',.. :, 
- - .t. •,. - 

HBB15-1.5 
$49.95 single qty. 

TRIPLE OUTPUT 
MODELS 

• 10 "off the shelf" 
models 

• 5V plus ± 9V to 
± 15V outputs 

• Models from 16W to 
150W 

• Industry standard size 

5V @ 2A, w/OVP 
-± 9V to ± 15V @ 0.4A 

' ¢ '.. ért le. 
• le-4e 

a - ., o, • 0 

F„,--Çt : . ' 
•• 4. . 

7 te•:, • •• , 

$H4T9A.e-s1i6nVgVle q ty . 

5V @ 3A, w/OVP 
-±- 12V 0 1A or 
± 15V @ 0.8A 

-(.-.... .. G  0 ;'.' 
-. .. - 

--1 •:.-- --.. • -.... 
\ _-- _ 

HBAA-40W 
$69.95 single qty. 

5V @ 6A, w/OVP 
± 12V @ 1.7A or 
± 15V @ 1.5A 

• 
0 , e•-: • . 

• , --
• rb. •— •• 

HCBB-75W 
$91.95 single qty. 

NEW 79' CATALOG! 
Get Your FREE Copy Now! 

Phone us direct or circle the reader service 
number below. 

power-1111E„ 
D.C. POWER SUPPLIES 

Power One Drive • Camarillo, CA 93010 • (805) 484-2806 • TWX 910-336-1297 
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Inventory reports 

Environmental control 

Point-of-sale 

Financial reports 

Data entry 

Computer graphics 

Sylvania breaks the color barrier. 
Introducing America's first 19-inch color data 
display tube. 
Not just a tube with color. 

A tube with gorgeous, glorious, 
sharp Sylvania color. 
Color that provides clearer images 
and better contrast than anything 
available anywhere. 
Color that makes small characters a 
breeze to read, with less fatigue. 
Crystal clear color created by a 
high density tri -dot mask. 
Color sharpened by a multiple-beam 

electron gun and enhanced by a Chromatrix dark 
surround negative guard band, and a rare earth 

phosphor system. 

Sylvania color. 
It's completely changed the 
picture in data display tubes. 
Write Product Marketing Manager 
for our latest catalog: 
GTE Sylvania 
Data Display Tube Division 
700 North Pratt Street 
Ottawa, Ohio 45875 

SYLVANIA 
Circle 239 on reader service card 



THINK 
BAUSCH & LOMB 
VERSATILITY 
When your research work depends on quality, precision, 
and reliability—think StereoZoom ® microscope versatility. 

Since BAUSCH & LOMB introduced the first zooming stereo 
microscopes in 1959, more researchers all over the 
world have put StereoZoom microscopes to work 1111 for them than any other instruments of their kind. 

The reasons all relate to BAUSCH & LOMB versatility. 
An unparalleled variety of illuminators, stands, and 
accessories team up with optimum balance of resolution 
and depth of field, precision optics, highly reliable mechan-

ical components, and precise 
RAUSCHaliONB photomicrographic exposure 
StereoZoom /It capabilities. 

From failure analysis to quality 
assurance to biological research, there's a 
BAUSCH & LOMB StereoZoom microscope precisely 
right for your laboratory. Write or call for a detailed catalog or 

ANNIVERSARY demonstration. THINK BAUSCH & LOMB . . . Versatility since 1874e4 

BAUSCH &LOMB CI 
Scientific Optical Products Division 
Rochester, New York 14602 USA 
716-338-6000, TWX 510-253-6189 
TELEX 97-8231, CABLE: Bausch 8 Lomb 

in CANADA. Bausch & Lomb Canada Ltd. 2001 Leslie Street Don Mills, M3B2M3, Ontario, Canada (416)447-9101 

For more information circle 240 

Consult Yellow Pages under "Microscopes" 

For immediate demonstration circle 106 

What Do A Harlequin Great Dane and 

ALNICO 9 
Have In Common? 

Many important things like power, stability, dependability and 
proven performance. 

Specifically, Alnico 9 is recognized as the highest energy 
product available from any known metallic alloy. It also offers 
the lowest thermal coefficient of any permanent magnet mate-
rial and can be magnetized and calibrated in finished products 
with relative ease. In many applications it provides the highest 
magnetic performance per unit cost of any magnetic material 
available. 

11. 

Size-wise, Alnico 9 ranges from fractions of an ounce to v.7 
Ser  pounds. It's ready for use on short delivery cycles and there's 

no pattern charge for any order. 

Add to all of this Thomas & Skinner's reputation for quality and 
service plus engineering consultation when you need it for 
special applications and you have a combination that's hard to 
beat in today's market place. 

Why gamble with new materials when the attributes of Alnico 9 
are tried, tested and true . . . produced by the first and largest 
manufacturer of Alnico 9 in the world? 

Thomas _6 Skinner Inc_ 
1120 EAST 23rd, ST. INDIANAPOLIS. INDIANA 46205 
MAIL P.O. BOX 150B. ZIP 46206 • 317923-2501 • TELEX 27-335 

240 Circle 105 on reader service card Electronics/January 3, 1980 



In Data Display... 

BALL TTL Series 
High Performance 
Data Display 

TTL means 
high performance 
If you build high-performance intelligent terminals, 

don't settle for less than BALL TTL 
Series displays 

In data display, 
BALL means 
experience, quality 
and service. 

• Electronic horizontal video centering 

• Electronic horizontal and vertical linearity 
control 

II Horizontal line rates up to 24 KHz 

al Optional dynamic focus and skip scan 

Your high-performance intelligent terminal 
application calls for BALL TTL Series quality. 
These rugged 12 and 15-inch units offer the 

• industry's best combination of performance 
and reliability, and Ball engineers will 

:1404 modify TTL display design to meet your 
requirements so you don't have to settle 

- for fixed electrical or mechanical 
specifications. 

Specify TTL display, and you can be sure of 
precise adjustment and alignment. If service is 
ever required, you'll find BALL regional 
technical support to be fast and efficient. 

If you want the best buy in high-performance 
data displays, remember that it pays to spend 
just a little more up front. Life cycle costs tell 
the real story, so specify TTL Series displays 
from BALL. It's a decision you can live with. 

, Electronic Al Display 
Division 

P.O. Box 43376 St. Paul, MN 55164 (612) 786-8900. TWX: 910-563-3552 
Sales Offices: 
Downers Grove, IL (312) 960-4434 Campbell, CA (408) 374-4120 
Ocean, NJ (201) 922-2800 Upland, CA (714) 985-7110 
Lewisville, Texas (214) 436-2383 Burlington, MA (617) 273-0608 
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Now take 
your pick of 
Miproc 
power 

Miproc-16 is 
the fastest 16-bit 
microcomputer card 
family available and has 
a compute-rate of 4 million 
instructions per second. 

INSTRUCTION POWER Up to 170 instructions including multiply/divide and bit 
manipulation give Miproc-16 formidable processing capability. 

18-BIT POWER 16-bit program words make programming easy. 16-bit data words 
maintain high precision in arithmetic operations. 

ADDRESSING POWER 16-bit dual memory architecture gives 65k words of 
directly addressable program memory and 65k words of data memory with 8 powerful 
address modes. 

INTERRUPT POWER Multilevel, priority vectored interrupt system handles 
context changes in less than 2 microseconds. 

I/O POWER 256 directly addressable I/O channels with data I/O rates of up to 1.7 
megabyt e/s under program control, and up to 20 megabyte/s for DMA. 

HIGH SPEED PROCESSING POWER The unique dual memory architecture 
combines witl- high-speed Schottky TTL technology to execute most instructions in 
a single 250 nanosecond machine cycle. 

SOFTWARE POWER Comprehensive package available which utilises the powerful 
facilities of the DEC PDP11 including cross-assembler, PL Miproc high level assembly 
language and a full Coral package. And soon a disk-operating system with PASCAL 

HARDWARE POWER Comprehensive range of processor, memory and interface 
cards backed up by sophisticated hardware development aids. 

RUGGEDIZED POWER Miproc can be configured to meet any known 
military specification. 

FLOATING POINT POWER Ultrafast hardware, floating point add-on. 

PLESSEY 
MICROSYSTEMS 

Available as standard 
commercial or full military 
systems. 

Commercial Miproc is 
adaptable for various con-
figurations and caters for 
up to three Miproc CPUs. 

Military Miproc in a 
1-ATR conduction-cooled 
chassis to MIL-E spec gives 
up to 3.3 million instruc-
tions a second, and un-
rivalled cost/performance. 

Plessey Microsystems Inc, 19546 Clubhouse Road, Gaithersburg, Maryland 20760 Telephone: (301)948 2791 TWX: 710 8289708 
1641 Kaiser Avenue, Irvine, California 92714 Telephone: (714) 540 9931 TW X: 910 595 1930 

France: Paris (01)776 43 34 Holland. Noordwijk 01719 19207 Germany: Munich (089)23 62 270 
Japan: Eiji Kitahara,Tokyo 244 3782 UK: Toweeater (0327)50312. 

'e 0654 2 01 2 2 
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New! An infra-red detection photo diode 
with a highly selective spectral response. 

t 

I 
Actual Size 

Ferranti BPW41 Silicon P.I.N. Infra-Red Detection Photo Diode has a built-in IR transmissive filter. 

IR systems offer advantages over ultra-sonic or RF sys-
tems in a wide range of remote control applications 
including TV channel selectors, toys, models, house-
hold appliances, cordless telephones and remote key-
boards for video data systems. 

• Low junction capacitance for fast response, ideal for 
PCM systems 

• 7.5mm 2active area for increased sensitivity 

• Voltage variable response times 

• Peak response 925nm 

• Narrow spectral bandwidth, 730 to 1040nm at 50% level 

• Broad directional response 

• Virtually immune to extraneous visible radiation 

Et .A1\11 I 
better by design 
FOR COMPLETE SPECIFICATIONS, CONTACT: FERRANTI ELECTRIC, INC.! SEMICONDUCTOR PRODUCTS 
87 MODULAR AVENUE. COMMACK. NEW YORK 11725 / PHONE: (516) 543-0200 / TVVX: 510-226-1490 

Circe 243 on reader service card 

NON-VOLATILE ANALOG MEMORY! 
HAVING PROBLEMS WITH AUTOMATIC ZERO AND SPAN CALIBRATIONS? 

Why not try our modules XE-120, 121 and 122? They are so convenient you'll be glad to let 

them handle your problems. 

Specifications 

Model 
Items -- - - XE-120 XE-121 XE-122 

Input & Output 0 — +5V or 0 — , 5V 

Input Impedance 1M ohm 

Accuracy ±0.5%/FS ±0.1%/FS ±0.05%/FS 

Power Supply DC ±15V ±35mA 
Dimension 50W x 50D x 16H mm 

Usage 

• Automatic zero & span caliWation of pollution analyzers 

• Automatic zero adjustment of medical instruments 

• Automatic zero adjustment of strain amplifiers 

• Automatic zero adjustment of electronic balances 

• Automatic zero adjustment of logarithm amplifiers 

(We are now actively seeking sales agents all over the world.) 

XEBEC CO., LTD. 
4-2112, Kasuya Setagaya kn. 
Tokyo, 157 Japan. 
CABLE: XEBEC JAPAN 
TELEX: 2324788 XEBEC J. 
TELEPHONE: 103)307.5641 
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rionnves 

r. 
Visicorder Model 1858 Visicorder Model 1508E3 

Visicorder Model 15080 Visicorder Model 1912 

Visicorder Model 1856A Visicorder Model 1806A 



MEET SIX TOP 
RECORD MAKERS. 

Perhaps the data you need 
can best be obtained by a high-
performance oscillographic 
recorder with excellent trace 
resolution. Or you may require a 
linescan image recorder having 
very fast scan rates and a broad 
gray scale. Whatever it takes to 
get your data, chances are you 
will get it faster and easier with 
one of the recorders shown here. 

These Visicorder oscillographs 
set the standard for high-per-
formance graphic recording. 

Visicorder Model 1858 is a 
completely self-contained system 
with up to 18 channels, yet it 
stands less than nine inches high. 
This unexcelled portability, 
enhanced by a wide selection of 
miniature, plug-in signal condi-
tioners, makes the Model 1858 
ideal for field or mobile use. And 
its dc to 5 kHz response, wide 
chart speed range, 100 /N-300V 
input sensitivity, and the ease 
with which it expands to 32 chan-
nels also make it a favorite in 
the lab. A fiber-optic CRT assures 
sharp traces of high resolution 
across the entire 8-inch record. 

Visicorder Models 1508B 
and 15080 offer dc to 25 kHz re-
sponse, wide chart speed range 
and writing speeds greater than 
50,000 inch/sec. Both combine 

high-linearity optical systems 
with sensitive galvanometers 
to produce extremely accurate 
8-inch-wide recordings. The 
Model 1508B has 24 data chan-
nels plus 4 for event recording; 
Model 1508C has 12 data channels 
plus 2 for event recording. 

Visicorder Model 1912 offers 
the most data channels, widest 
recording paper, and widest trans-
port speed range of all Honeywell 
galvanometer-type oscillographs. 
This versatile recorder can 
handle up to 36 channels of data, 
in addition to 6 channels of event 
recording. It accommodates 
12-inch-wide paper at speeds 
from .005 to 200 inch/sec. 

Do you need 4-axis recording 
capability? Our linescan image 
recorders give you the kind 
of record quality you can only 
get with a direct writing 
fiber-optic CRT. 

Visicorder Model 1856A pro-
duces 6-inch-wide records that 
have exceptionally high resolu-
tion and wide gray scale. This 
makes the recorder particularly 
suited for such applications as 
facsimile, spectrum analyzer read-
outs, IR mapping and echocardi-
ography. Z-axis response is dc to 
8 MHz, Y-axis is dc to 75 kHz, and 
the X-axis is capable of scan rates 
to 18,000/sec. Accessories are 
available for film records. 

Visicorder Model 1806A can 
record, on 6-inch-wide paper, 

high-frequency signals that would 
otherwise require magnetic tape 
or oscilloscope camera tech-
niques. It offers Y-axis response 
from dc to 1 MHz, Z-axis to 10 MHz, 
X-axis to 1 MHz and writing speeds 
greater than 1,000,000 inch/sec. 
The Model 1806A also accommo-
dates accessories for film records. 

Honeywell's Accudata signal 
conditioning modules speed 
most recording and measure-
ment tasks. 

Whether you need to control 
and amplify strain-gage signals, 
drive oscillograph galvanometers 
or magnetic tape recorders, or 
amplify low-level signals where 
relatively high common mode 
voltages are encountered, we 
have the modules to do the job 
easily and economically. Just give 
us your requirements and we'll 
show you an Accudata signal 
conditioner than can meet them. 

For detailed information on 
any of these recorders or Accudata 
modules, call Lloyd Moyer at 
(303) 771-4700. Or write for our 
technical data sheets and a free 
brochure that describes all of 
Honeywell's Visicorders, mag-
netic tape systems and Accudata 
modules. Honeywell Test 
Instruments Division, Box 5227, 
Denver, CO 80217. 

WE'LL SHOW YOU A BETTER WAY. 

Honeywell 
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New products 

Microcomputers & systems 

Chip eases host's 
printer duties 

Controller chip mediates 

between Epson printers and 

most 8-bit microprocessors 

NEC Micromputers Inc. is introduc-
ing a large-scale integrated printer-
control circuit that will free most 
8-bit microprocessors from directly 
controlling any of Epson American 
Corp.'s 500 series dot-matrix print-
ers. The µPD781 controller accepts 
nine different instructions, including 
six commands, in the form of single 
8-bit bytes from a host processor; it 
not only activates the printer, but 
also reports on its own and the print-
er's status. 

Software control will adapt the 
µPD78I to each Epson 500 series 
printer model. The controller's print-
er-buffer capacity is 40 columns 
when used with the Epson 512 and 
522 and 2 to 18 columns with the 
Epson 542. The host processor writes 
characters to be printed into the 
controller, which contains its own 
96-symbol character generator, and 
issues a single-byte command when 
the buffer is full. The µPD781 then 

executes printing instructions for a 
full line, incrementing the print 
head, activating print solenoids, and 
performing independent or simulta-
neous line feed. Printing is bidirec-
tional, at approximately three lines 
per second. 
The interface between the control-

ler and the processor is Tri-based, 
with the two units communicating 
over a data bus. Four standard 
control signals transmitted over any 
address bus line determine the type 
of data transfer—say, status infor-
mation and data into column buffer. 
The controller and the printer con-
nect through open-collector TTL buf-
fers to discrete transistor circuits 
that activate the print solenoids and 
paper-feed mechanisms. 
The µPD781 features a 6-MHz 

oscillator, which requires an external 
crystal. The chip operates from a 
single + 5-v power supply, over a 
temperature range of from 0° to 
70°C. The storage temperature 
range is from —65° to + I 25°C. A 
40-pin plastic package houses the 
printer-control chip. 
The unit price is $12. Discounts 

for large quantities are available, as 
are application notes, according to 
Henryk Szejnwald, product market-
ing manager at NEC Microcomput-
ers. He says that makers of point-
of-sale systems and instrumentation 
appear to be the major source of 
potential customers. One point-of-

sale industry source notes that man-
ufacturers seeking fast production 
times and wishing to avoid develop-
ing printer control firmware will find 
this kind of device most useful. 
Epson, located in Torrance, Calif., 
reports shipments of its 500 series 
printers at 30,000 per year, accord-
ing to Szejnwald. 

Szejnwald also says the µPD781's 
on-board character generator con-
tains 30 Japanese characters, mak-
ing applications in the Japanese 
market a possibility for the future. 
Domestically, the controller is cur-
rently available to customers from 
stock. 
NEC Microcomputers Inc., 173 Worcester St., 

Wellesley, Mass. 02181. Phone (617) 237-

1910 [371] 

Multibus processor board 

is based on the Z8001 

A Multibus processor board based 
on the Zilog/A MD Z8001 (seg-
mented) I 6-bit central processing 
unit has been designed by Central 
Data Corp. to be used in multiuser 
systems and scientific processors. A 
memory management system divides 
the entire 16-megabyte memory into 
2-kilobyte pages. The pages are 
mapped to allow 16 totally indepen-
dent address spaces of a 
4-megabyte maximum each. Each 

DATA BUS 

CHIP SELECT  

COMMAND/ 
DATA SELECT 

READ  

WRITE   

INPUT'OUTPUT 
BUFFER 

CONTROLLER-
STATUS BUFFER 

READ/WRITE 
CONTROL 

PRINT-
BUFFER 
POINTER 

PRINT 
BUFFER 

SEQUENCE 
CONTROL 

CHARACTER 
GENERATOR 

TIMING 

PRINTER 
CONTROL 

 TIMING SIGNAL 
 RESET SIGNAL, LEFT 

 RESET SIGNAL, RIGHT 

11111110 PRINT SOLENOID 

 MOTOR DRIVE 
--> PAPER-FEED RECEIPT 
--b. PAPER-FEED JOURNAL 
 SLIP RELEASE 
 STAMP 

PRINTER-
STATUS 
BUFFER 

RIGHT VALIDATION/ 
 BOTTOM-OF-FEED 

SENSOR 

LEFT VALIDATION/ 
TOP-OF-FEED SENSOR 

4 LOW-PAPER DETECTOR 

EXTERNAL 
CRYSTAL INPUTS 
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Hamli n • is many things 
• • • all of them dependable! 
You may know Hamlin as the world's leading manufacturer of reed 
switches. You may know Hamlin as the leading manufacturer of reed and 
solid state relays . .. or mercury-wetted relays ... or liquid crystal 
displays. The point is. you know Hamlin as the leader in the industry. 

This position of leadership is due to over thirty years of engineering 
experience, almost totally integrated manufacture, and unsurpassed 
quality control. That means DEPENDABILITY! 

Mercury-Wetted Relays 

For billions of bounce-free 
operations. A hermetically sealed 
glass capsule contains Form A, B or 
o contacts and a small pool of 
mercury. While most mercury-wetted 
relays are position sensitive (30° 
from vertical), one Hamlin unit 
operates in any position ... A 
Hamlin First! Liquid Crystal Displays 

Stock units include 12 and 24 hour 
clock ... 2. 31/2 , 41/2. 5, 6 and 8 digit 
instrument and numeric ... plus 
alphanumeric 1, 4 and 8 characters. 
Complete design and production 
service for custom displays. 

»11114AIMIL11.11 

Reed Switches and Sensors 

Switches available from local stock 
as small as )14 inch to switch 1 watt 
and as large as the giant of the 
industry that handles 15.000 volts. 
Models include single and double 
throw units, mercury-wetted, and a 
new any position mercury switch. 

Sensors operate without physical 
contact, mechanical tripping or 
exposed arcing. For AC switching to 
1 1/2 A. 250V. DC to 10W. 200V. 

Reed and Solid State Relays 

Reed form A, B, or C contacts, 
hermetically sealed. Choice of 
terminations. Contacts with ratings of 
50W, dry, to 100 VA, mercury-wetted. 

Solid state are PCB and surface 
mounted to switch inductive, 
capacitive, or resistive loads up to 40 
amps. DC or AC inputs, 120 or 240 
Vac outputs, 1500 Vac isolation, zero 
voltage switching, 2-40 amp ratings. 

Circle 247 on reader service card 

INCORPORATED 

Lake & Grove Sts, Lake Mills, WI 53551 414/648-2361 

Write or call for 

complete specifications 

and technical literature:--) 
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Grayhill Switches and Keyboards 
are distributed by 

New products 

page of memory can be write-
protected to ensure data integrity, 
and it is easy to share pages among 
different independent address 
spaces. Peripheral chips that are put 
in to decrease the workload on the 
Z-8000 include an Intel 8253 pro-
grammable interval timer, an Intel 
8259A programmable interrupt con-
troller, and an optional A MD 9511 
arithmetic processor. 
Two 2716 erasable programmable 

read-only memories can be added to 
the board for a monitor or bootstrap 
program. These E-PRoms are en-
abled automatically upon initializa-
tion and can be disabled with a 
single Z8000 instruction. The board 
can work with any other processing 
or direct-memory-access board in a 
Multibus system, because it fully 
conforms to the proposed IEEE MUI-
tibus standards. 
The board operates from a 5-v 

power supply but requires a 12-v 
supply if the 9511 option is included. 
The price for the standard Z8000 
CPU board is $995 each, although in 
quantities of 100 items, it is priced at 
$635 each. In addition, the large-
quantity price of the monitor option 
is $75 apiece, and for the 9511 
arithmetic processor option the 
large-quantity price is $225 each. 
General Data Corp., P. 0. Box 2530, Station 

A, Champaign, III. 61820. Phone Jeff Roloff 

at (217) 359-8010 (373) 

10-megabyte memory system 

expands the 6800 Exorcisor 

The Storage Demon memory system 
expands the memory of the Motorola 
6800 Exorcisor system. The memory 
system comes with a disk controller, 
a 10-megabyte Winchester disk 
drive, and the SDOS software disk 
operating system. The Storage Dem-
on provides a capacity of 19,000 
512-byte sectors and is compatible 
with the Exorcisor I and II from 
Motorola Inc. 
The SDOS software support allows 

disk and keyboard data to be entered 
in the system for later use; it also 
features disk sector pooling and 
dynamic files that can randomly 

access data by bytes. SDOS also gives 
each device complete independence. 
Additional data storage is available 
through the use of Exordisk floppy-
disk drives to back up the hard-disk 
drive. 
The Storage Demon is priced at 

$6,995 with dealer discounts avail-
able. Delivery is in 30 days. 
Software Dynamics, 2111 W. Crescent Ave., 

Suite G. Anaheim, Calif. 92801. Phone Ira 

Baxter at (714) 635-4760 [375] 

Voice-recognition module on 

single board is 99% accurate 

A single-board voice-recognition 
module for adding voice input tech-
nology to intelligent terminals, small 
business systems, and machine con-
trollers provides recognition accura-
cies in excess of 99%, regardless of 
dialect, accent, or language. The 
discrete-word, speaker-dependent 
device is supported by a portable 
control chassis—called Voterm !— 
and a VRM emulator package for 
software development and vocabu-
lary definition. 
The microprocessor-based vRms 

come with vocabulary capabilities 
for either 40, 70, or 100 words. A 
discrimination threshold—to reject 
undesired inputs—may be controlled 
by a switch, or by the host processor. 
The device's communication proto-
col is compatible with such lan-
guages as Fortran, Basic, and Pas-
cal. The unit's single circuit board is 
standard Multibus-card size. Paral-
lel TTL interface ports are also stan-
dard; serial ports that are selectable 
for RS-232-C or 20-mA current loop 
are optional. 

During operation, input words 
are analyzed by a 16-filter spectrum 
analyzer and are converted into digi-
tal descriptions of the time and 
frequency characteristics. The digi-
tal data is compressed into templates 
for each vocabulary item trained 
into the device, and these are then 
used for comparison with incoming 
words. A 40-word VRM sells for 
$1,525, and a 100-word model sells 
for $1,830, for 100 to 199 units. 
Delivery is within 60 days after 

AL  
Huntsville—Powell Electronics 
ARIZONA 
Phoenix—Kachina Electronic Distr, 
Tucson—Inland Electronic Supply 
ARKANSAS 
Little Rock—Carlton-Bates 
CALIFORNIA 
Los Angeles—Electric Switches 

Fisher/Brownett 
Riverside—Electronic Supply 
San Diego—Fisher/Brownell 

Richey Electronics 
Santa Clara—Fisher/Brownell 
Sunnyvale—Powell Electronics 
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COLORADO 
Denver—Electronic Parts 

Newark Electronics 
CONNECTICUT 
Bethel—Heilind Electronics 
Greenwich—Wise Components 
Wallingford—Midan Electronics 
FLORIDA 
Miami Springs—Powell Electronics 
Oakland Park—Peerless Radio 
Orlando—Hammond Electronics 
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Addison—LCOMP-Chicago 
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IOWA 
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Wichita—Radio Supply 
MARYLAND 
Beltsville—Powell Electronics 
Gaithersburg—Pioneer/Washington 
Rockville—Capitol Radio Wholesalers 
MASSACHUSETTS 
Dedham—Gerber Electronics 
Hingham—Sager Electric Supply 
North Adams—Electronic Supply Center 
Worcester—R.M. Electronics 
MICHIGAN 
Livonia—Pioneer/Michigan 

R.S. Electronics 
Oak Park—Newark Detroit Electronics 
St. Claire Shores—Spemco 
MINNESOTA 
Minneapolis—Newark Electronics 
St Paul—Gopher Electronics 
MISSISSIPPI 
Jackson—Ellington Electronic Supply 
MISSOURI 
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Lincoln—Scott Electronic Supply 
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Lynbrook—Peerless Radio 
Rochester—Simcona Electronics 
Vestal—Harvey Federal Electronics 
NORTH CAROLINA 
Greensboro—Hammond Electronics 

Pioneer Carolina 
Raleigh—Southeastern Radio Supply 
OHIO 
Cincinnati—Hughes-Peters 

URI Electronics 
Cleveland—PioneertCleveland 
Columbus—Hughes-Peters 
Dayton—ESCO Electronics 

Pioneer/Dayton 
OKLAHOMA 
Oklahoma City—Electro Enterprises 
Tulsa—Oil Capitol Electronics 
OREGON 
Portland—United Radio Supply 
PENNSYLVANIA 
Erie—Mace Electronics 
Harrisburg—Cumberland Electronics 
Philadelphia—Almo Electronics 

Flerbach & Rademan 
Powell Electronics 

Pittsburgh—Cam/RPC 
Pioneer/Pittsburgh 

Reading—George D Barbey 
RHODE ISLAND 
Warwick—W.H. Edwards 
SOUTH CAROLINA 
Columbia—Dixie Electronics 
Greenville—Hammond Electronics 
TENNESSEE 
Nashville—Electra Distributing 
TEXAS 
Dallas—Solid State Electronics 

TI Supply 
El Paso—International Electronics 
Fort Worth—Allied Electronics 
Houston—Harrison Equipment 

Kent Electronics 
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UTAH 
Salt Lake City—Standard Supply 
VIRGINIA 
Richmond—Sterling Electronics 
WASHINGTON 
Seattle—Interface Electronics 
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Milwaukee—Marsh Electronics 
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SEALED KEYBOARDS 
SPILLPROOF! TACTILE FEEDBACK! LONG LIFE! 

One 
4 

e 8 9 

ACTUAL SIZE 

a sealed keyboard that lets you hear and feel the actuation! 
These new Grayhill Series 88 sealed 
keyboards are available now in 3x4 and 4x4 
button configurations with one-half inch 
button centers. The graphic overlay, which 
seals the keyboard surface and the contact 
system, resists the vast majority of common 
contaminants. Thus, these keyboards can be 
used out-doors as well as in applications 
that require a washable front surface. 
Graphic overlays come in a variety of 

Spill-proof, 
contamination-proof 

standard colors and formats; custom 
nameplates can also be provided. 

Grayhill Series 88 keyboards are flange 
mounted. Special gaskets seal the flange 
surface for either front panel or sub-panel 
mounting. 

The Grayhill Series 88 electrical 
characteristics have been designed to be 
compatible with logic circuitry and are rated 

Snap-dome contacts give 
positive operator feedback 

BUTTON 

DOME PC BOARD 

One of five standard 
3x4 legends 

• 

M CI 
c] cci! 
ono' 

u 

at 3,000,000 operations per button. The 
Series 88 is offered with matrix, 2 out of 7, 
2 out of 8, or single pole/common bus 
circuitry. The snap dome contact system 
provides positive audible and tactile 
feedback to the operator. 

Engineering data and prices are yours for 
the asking in Bulletin No. 297. 

One of four standard 
4x4 legends 

Sono 
en 6 

9 

Custom graphic overlays to 
your exact specifications 

tam, h l if • . . the Difference Between Excellent and Adequate 

yPa • 561 Hillgrove Avenue. LaGrange, IL 60525 
‘WC/1°F Phone (312) 354-1040 
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Data Processing, 
Word Processing 
Double Your Power with SORD 
0 Data Based General Purpose User's Program (PIPS) 

Can you believe that three months' work with an assembler or a month of 
writing BASIC can be reduced to just a few hours? There is no faster way for 
developing software than with PIPS (Pan Information Processing System), 
the SORD original. 

® SORD Word Processor 
You no longer have to redo those form letters everytime. Just type in the 

date and names, and SOR D's easy-to-learn, easy-to-use word processor will do 
the rest. You can even assign single-entry designators for frequently used terms 
to save having to type them each time. 

M200 mark VI Hard Disk Based 
Small Business Computer 

11:1 FI 
Interested dostrihu tors and OEM ., plea, r enraer oil", 

SORD COMPUTER SYSTEMS, INC. 
'soma No.? Bldg., 42 12 Nosh..Shinkotwa 4 chortle, 
Katsusheka.ku, Tokyo, Japan 124 Phone (03(696.6611 
Telex 2622393(SORD JI Cable:SORDCOMPSYS TOKYO 

SORD U.S.A., INC. 
International Trade Center, 8300 NE Underground 
Drive. Kansas City. Missouri 64161. U.S.A. 
Phone (816)494-6300 Telex 42204 1SORDUSAINC KSC1 

Take a low-cost general 
purpose computer like 
the M200 Mark II, add 
a 280A CPU, a high-
speed APU, and a hard 
disk system to free 
you from the floppy. 
You come up with the 
power and speed of a 
mini in a micro enclosure. 

Hardware 
• Z80A (4MHz) CPU 
• 64 KB RAM 
• High-speed APU 
• 8 MB Winchester hard disk 

drive (max. 4 drives) 
• 350 KB minifloppy disk drive 

for backup 

Software 
• Extended BASIC 
• BASIC Compiler (APU Version) 
• FORTRAN-IV 
• COBOL 
• Relocatable Assembler 

Distributors  
• COMPUCENTRE Montreal. Canada Phone:15141354.3810 • BANGKOK DOCUMENT CO., LTD. Bangkok. Thailand Phone 2527506 Cable. 
DOCUMENT • COMPUMAX ASSOCIATESIN.2.) LTD. Palmerston North, New Zealand Phone:70451 Telex:31308 • MITSUI 19 CO. 
(AUSTRALIA) LTD. Melbourne. Australia Phone:60.1481/8 Telex:30245 • SAMPO CORPORATION Taipei, Taiwan Phone7712111 
Telex:31109 • SIN TUNG HIND S.A. Papeete. Tahiti Telex:STHMG 286FP • CHRISTOS AXARLIS SA. Athens, Greece Phone36.15.483 
Telex:4108 • COMPTRONIX AG Horgan. Switzerland Phone:01/72504 10 Telex:58799 • N.V. EGEMIN BA. (BENELUX/ Schoten, Belgium 
Phone:1031/452790 Telex:32525 • GEPSI Paris, France Phone233.61.14 Telex:220104•INDUSTRIA MACCHINE ELETTRONICHE Pontezia, 
Italy Phone 106191.21.641.2.3 Telex:611220 • MULTIPLEX COMPUTER 1.111e Skensved, Denmark Phone 03)66 9511 Telex :43574 
• SCANDINAVIAN MICRO COMPUTER AB Gothenburg, Sweden Phone:031-22 84 30 Telex:5421389 • ARGENDATA BA. Buenos Aires, 
Argentina Phone:40-5669/8908 

Circle 109 on reader service card 

FREE 
Brochure describes Electronics 
editorial reprints, services, books... 
• More than 70 article reprints in 15 subject 
categories 

• Handy wall charts 

• Custom-made reprint services 

• Books especially for Electronics' readers 

• Convenient postage-paid order cords 

For your free copy, 
circle #275 on the 
reader service cord. 

New products 

an order has been received. 
Interstate Electronics Corp., 1001 E. Ball 

Rd., Anaheim, Calif. 92803. Phone (714) 

635-7210 [376] 

Unix-like software runs 

on Z80 microcomputers 

Beginning this week, an operating 
system compatible with Bell Labora-
tories' Unix will be available for 
Z80-based microcomputers. Called 
Omnix, the system implements and 
extends the capabilities of the popu-
lar Unix operating system. A license 
for Omnix to operate on a single 
central processing unit is priced at 
$350, with support and annual 
updates costing $75 per year. 
A command-line interpreter— 

called the shell —accepts input from 
a user's console or from a file. The 
shell itself may be programmed in a 
structured macro language because 
shell commands include control 
statements and macro substitution. 

Tasks may be scheduled and run 
automatically at preset times or at 
predetermined intervals. They can 
also branch or fork into independent-
ly running copies of themselves and 
can be linked so the output of one 
task serves as input to another. 
Input/output may be redirected 
freely to and from files and devices, 
and users have access to the output 
spooler as well as the event queue 
manager. 
Omnix file directories are organ-

ized in a hierarchical tree, with files 
protected by passwords at every 
branch. Files and devices may be 
accessed randomly, and disks with 
up to 4,000 megabytes on line may 
be accessed as single devices. The 
system runs in an address space of at 
least 64 kilobytes and is available in 
load-and-go versions for Industrial 
Micro Systems and Cromemco Sys-
tem 3 microcomputers. Via a conver-
sion utility programs and files may 
be transferred from Digital Re-
search's CP/M to Omnix to be run 
without recompiling or relinking. 
Yourdon Software Products Group, 1133 

Ave. of the Americas, New York, N Y 

10036. Phone (800) 223-2452 [374] 
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Before Electromask designed the Model 
700SLR- Wafer Stepper-, we talked to 
many of you to learn what you wanted in 
a production machine for step-and-repeating 
circuits directly on wafers. You said you 
wanted high resolution and precise regis-
tration without sacrificing throughput. And 
to get that you asked for die-by-die align-
ment and automatic operation. You also said you had 
to have delivery schedules you could rely on. 
We listened. We responded with the Electromask 

Model 700SLR'" Wafer Stepper-, a system that pro-
vides die-by-die alignment through the lens and 
excellent machine-to-machine registration. To get 
more good die per hour, it also offers such advanced I 
features as fully automatic reticle loading, automatic I 

1 reticle alignment, automatic reticle masking, automatic 
wafer prealignment, automatic focus, and automatic 

TOMORROW'S 
TECHNOLOGY 

TODAY 

wafer leveling—plus built-in provision for 
fully automatic wafer-to-reticle alignment 
as a future field retrofit. 
You told us that delivery time is important, 

and no microlithography company has a 
better delivery record than Electromask. 
Electromask wafer imaging systems will 
be delivered to meet your schedules. 

Electromask is a company with years of leadership 
in microlithography and with a well-trained, firmly 
established, world-wide service organization geared 
to respond on an immediate basis to help you avoid 
costly downtime and maximize your throughput. 

For information, or a product demonstration, write 
or call: 

Electromask, Inc., a subsidiary of the TRE Corpo-
ration. 6109 De Soto Avenue, Woodland Hills, California 
91367, Phone: (213) 884-5050, Telex 67-7143. 

' rail lenee4IMMN 
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e mpeon  
microsystems 

INNOVATIVE 6502 PRODUCTS 

DAIM 
Floppy disks for the Rockwell AIM65 

• Rockwell motherboard compatible 
• 4K operating system EPROM 
• Packaged power supply for two drives 
• Protective cases for minifloppys 
• System 65 compatible disk format 
• Same commands as System 65 
• PROM-RAM card also available 
• PROM programmer also available 

HIGH TECHNOLOGY 6502 PRODUCTS 

DB/65 

224 S.E. 16th Street 
Ames, Iowa 50010 

515-232-8187 

Complete hardware/software debug 

system for the Rockwell, Synertek, 

MOS Technology 5500 micropro-

cessor family 

• Standard in circuit emulator 
• Hardware breakpoints 
• Single step mode 
• Symbolic disassembly 
• Serial! parallel load capability 
• Prom resident debug monitor 
• Scope sync output 
• User NMI and IRO vectors supported 
• User program may reside in high memory 

PRE-ENGINEERED 6502 PRODUCTS 

(/BI,(/B2 
Single board computers 

• System 65 bus compatible 
• 2K RAM 
• Sockets for 8K 2716 

(2326, 2732, 2332, and 2364 also) 
• CSB2 has serial RS232-C interface 
• CSB2 has 30 input or output lines 
• CSB1 has 50 input or output lines 
• 10 buffered output lines 
• 2 powerful interval timers 

Circle 140 on reader service card 



Pressure 
gets our family uptight. 

Circle 253 on reader service card 

Press-fit is the way to go for reliable 
solderless backpanels. And we've gone 
a step further. 

We've put press-fit contacts into a 
one-piece discrete connector. That 
means your only assembly work is to 
press our connector into your board. 
We can give you a complete choice of 

post grid dimensions as well as connec-
tor length. You specify the plating—se-
lective gold or solder, gold dot or overall. 
With our system you can replace individ-
ual contacts without disturbing others. 

GTE Sylvania has over two decades 
of backpanel experience. As your single 
source with total system responsibility 
for completely assembled, wire wrapped 
and tested backpanels, we offer maxi-
mum reliability at the lowest total 
applied cost That's why we're uptight 
about press-fit. 

GTE Sylvania, CPO, Box 29, Titus-
ville, Pa. 16354. Phone 814-589-7071. 

Remember, good interconnection sys-
tems run in our family. 

SYLVANIA 



Circle 254 on reader service card 

Air Speed 

10 

We supply deflection yokes to the//Il 
major manufàcturers of Head-up 
iHUDI display systems for aircraft, 
including the DC-9 Super 80 These 
displays enable pilots to focus s.,4 me 5. 
attention straight ahead and to '— 
see computerized flight info 
tion without looking away toward 
indicators and digital readouts for 

Fuselage Reference 

Horizon Line 

Altitude 

10 

airs fuel consumption. alti-

' Syntronic also designs and makes 
precision yokes and focus coils 
for fink/44 systems weather 
radé. systems systems and other 
CRTs used on most aircraft flying 
today 

Precision yokes for exacting displays 

Syntronic Instruments, Inc., 100 Industrial Road, Addison, IL 60101 (312) 543-6444 

Head-up display with 
fright symbols and digital 
information... 

Is visible to pilot through 
half-silvered mirror... 

from CRT display below 
pilot's field of view... 

Syntronic yoke provides 
sharp resolution at high 
briahtness. 

PLUG INTO THE RIGHT CIRCUIT. 
You'll be in good company in Georgia . in the midst of a growing 
electronics community. Complete with a full range of support services 
from manufacturers in allied areas. 

Your company will be able to take advantage of the engineering 
schools at GeorgiaTech. For higher education. For research. For high 
quality engineering talent. 

And Georgia's Quick Start training program will be working for you, 
too. With labor specifically trained for your operation. At our expense. 

For more information, including conlidential site selection assis-
tance, call or write: W. Milton Folds, Commissioner, Georgia Department 
of Industry & Trade, 404/656-3556, P.O. Box 1776. Atlanta, Georgia 
30301, Dept. EL-05. 
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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 
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 20/1" gold, 
selectively plated over 50µ" nickel. However, other 
plating thicknesses and overall plating are available. 

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 

Electronics/January 3, 1980 Circle 255 on reader service card 255 



OK MACHINE & TOOL CORPORATION 3455 CONNER ST, 
BRONX, N.Y. 10475 (212) 994-6600/TELEX 125091 



CHALLENGE SCHADOW 
TO MEET YOUR 
CUSTOM DESIGN 
REQUIREMENTS... 

SERIES N30 
2PDT POWER SWITCH 

UL and CSA Listed 
TV-5 5 amp @ 120 VAC 
European Listing 5 amp @ 250 VAC 
VDE, SEMKO, BSI, SEV 

SERIES NE 15 
2PDT POWER SWITCH 

UL Listed 4 amp @ 120 VAC 
European Listing 4 amp @ 250 VAC 

VDE, SEMKO, NEMKO, DEMKO, BSI, SEV 

SERIES CA 110 LAMPLESS SWITCH 

Indicates function mechanically, eliminates costly lamp 
replacement. 

Life: C Series, 500,000 operations, rated at 1 amp, Dual bifur-
cated contacts. 

DIGITAST 

SPDT Momentary Switch 

Available with or without LED illumination 5 different cap 
styles available to suit your requirements, available in all 
standard colors. Life: 5x106 @ 20mA. 

SERIES REK 

Flat Pack with or without Button, SPOT, Tactile Feel. Cycle 
Life: 1x106 @ 10mA. 

Ask for switches by our first name...Schadow 

SERIES F 
PUSH BUTTON SWITCHES 

2 PDT-16 PDT available in Push-Push, 
Momentary and interlock. 4 terminal op-

tions available. Spring loaded contact sys-
tem provides long life, consistent, low contact 

resistance and excellent self-cleaning capability. 

SERIES ZFL 

Illuminated bushing mounted F series. Can be used with F 
series 2 pole — 16 pole and NE 15 power switches. Available 
with 6V, 12V, or 28V neon. 

SERIES MOP DISC SWITCH 

SPST momentary, sealed against moisture and solvents to 
permit flow soldering and cleaning without concern for con-
tact contamination or the removal of lubricants. All standard 
button colors available. 

SERIES FL 
ILLUMINATED SWITCH 

Available on 17.5mm centers. Utilizes snap fit lampholder on 
standard F Series lamp, replaceable from front. 3 different 
lampholder variations available — 2 different button styles 
available with graphics upon request. 

ITT ITT Schadow Inc Circle 257 on reader service card 
ITT SCHADOW INC., 8081 Wallace Road 

Eden Prairie, MN 55344, 612/944-1820 • TWX: 910-576-2469, TELEX 29-0556 



New products 

Data acquisition 

System monitors 
64 inputs 

Controller, interface module, 

and 16-channel a-d board 

sell for less than $2,500 

For designers looking to reduce the 
cost of their 16-, 32-, or even 64-
channel data-acquisition systems, an 
analog interface module from Dyna-
byte Inc. may provide the key. Dyna-
byte's model BCX-30-00 1 Analog 
Interface Module (Alm) provides the 
necessary link for the direct connec-
tion between the company's low-cost 
Basic Controller and the RTI series 
of analog-to-digital and digital-to-
analog boards from Analog Devices 
Inc. 

"Together, the controller, the in-
terface, and one 16-channel a-d 
board can form a 16-channel data-
acquisition system for under 
$2,500," notes Hank Skawinski, 
director of marketing for Dynabyte's 
Industrial Control Products division. 
"Just to get started on a comparable 
system from Re!, National, or Zilog, 
you would need about $4,000 worth 
of cards," he says. The configuration 
cited includes $1,600 for the control-
ler, $250 for the AIM, and about 
$330 for the 16-channel a-d board. 
The AIM has two card slots, each 

of which may accept either an RTI-
1220 data-acquisition board or an 
RTI-1221 analog-output board from 
Analog Devices. The RTI-1220 pro-
vides 16 channels of a-d conversion 
with 12-bit accuracy (0.025% non-
linearity), whereas the RTI-1221 
provides four channels of d-a conver-
sion with 10-bit accuracy (0.1% 
nonlinearity). The RTI-1220 can 
supply 200 a-d conversions/second, 
and the RTI-1221 allows the con-
troller to execute a complete slew 
cycle every 2 s. 
The interfacing provided by the 

AIM makes construction of a data-
acquisition system a very easy mat-
ter. The boards from Analog Devices 

plug directly into the AIM'S card 
slots, and the module, in turn, 
connects to the controller through a 
flat-ribbon cable. Thermocouples 
and other sensors can then be 
attached directly to the boards. 

Since the AIM card slots are inde-
pendent, a user may close the inter-
action loop by mixing a-d and d-a 
boards within a single module, 
providing 16 channels of monitoring 
in addition to four channels of 
controller action through the d-a 
levels. The Basic-language controller 
accepts the inputs from two stacked 
Alms, enabling the system to moni-
tor up to 64 analog inputs. 
The AIM'S metal enclosure shields 

any interference-sensitive circuitry 
on the a-d boards. Power for the 
module is supplied by the control-
ler's system power supply. The 
module's dimensions are 2 in. by 
4.75 in. by 10 in. 

Delivery is within 30 days. 
Dynabyte Inc., 115 Independence Dr., Menlo 

Park, Calif. 94025. Phone (415) 329-8021 

[381] 

8- and 10-bit converters 

settle in 10 and 15 ns 

Two hybrid digital-to-analog con-
verters feature 10- and 15-ns settling 
times for 8- and 10-bit accuracy, 
respectively, so the manufacturer 
considers them the industry's fastest 
hybrid converters in those accuracy 
ranges. The HDS-0810E with 8-bit 
and the HDS-1015E with 10-bit 
accuracy feature a glitch energy of 
200 pv-s and guaranteed monotonic-
ity over temperature. The glitch 
energy can be reduced to less than 
100 pv-s by deskewing the digital 
inputs with appropriate latching. 
The converters make 100-MHz up-
date rates possible for raster scan 
and X-Y graphics, TV video recon-
struction, digital voltage-controlled 
oscillators, and other ultrahigh-
speed applications. The 75-Q output 
impedance allows the devices to 
drive a 75-fl cable directly and to 
provide 1 v peak to peak at the load, 
a standard requirement in video 
applications. 

The converters come in two 
versions guaranteed for operation at 
0° to 70°c or — 55 ° to 125 °c. 
Temperature coefficients are 5 parts 
per million per °c for nonlinearity, 1 
ppm/°C for zero offset, and 80 
ppm/°c for gain. Data inputs are 
compatible with emitter-coupled 
logic and are binary-coded. Outputs 
are 27 mA with — 1.1-to- +1.1-v 
compliance. They come in a 24-pin 
package and operate from a single 
—5.2-v, 180-mA supply. The 8-bit 
converter's prices start at $129 and 
the 10-bit unit's at $149. The devices 
are available from stock. 
Analog Devices Inc., Computer Labs div., 

505 Edwardia Dr., Greensboro, N. C. 27409. 

Phone Ed Graves at (919) 292-6427 [383] 

Integrating converter has 

true 17-bit resolution 

A triple-slope integrating analog-to-
digital converter offers true 17-bit 
resolution. The device measures 2 in. 
by 4 in. and sells for $199 in large 
quantities. It can make 250 conver-
sions per second and is TTL-compati-
ble; both of these features make it 
useful for universal interfacing with 
high precision data-acquisition and 
control systems such as gas chroma-
tography and precision pharmaceuti-
cal mixing and grading. The model 
MP8037's monotonicity and true 17-
bit resolution are guaranteed by an 
integral linearity within ± 0.00075% 
(7.5 ppm) of full-scale range and a 
differential linearity of ± 0.00025% 
(2.5 ppm) of full scale. The unit 
automatically autozeroes whenever 
it is in the standby mode, and it has 
a gain temperature coefficient of ± 5 
ppm/°c. It is also able to make true 
ratiometric measurements and has 
an input current of 50 nA at 100 
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Our standard products 
meet MIL specs 
Why order "specials" and pay for "options" when you can get an Abbott 
militarized power module virtually off-the-shelf for fewer dollars per watt? 
Take our Model C's and W's, for example. They're hermetically sealed, 
feature superior tracking accuracy for all rated conditions, and come in 
package sizes as small as 21/8" x 31/4" x 31/4 ". (The units we put on 
SKYLAB, except for some special components and testing, 
were "standard".) 

28 VDC to DC Power Modules (Model "C") — feature smaller volume, 
lower weight, and higher performance. Low peak-to-peak ripple and 
close regulation meet even the most demanding specs. The standard 
Model "C" line converts 24-30 volts DC to any output between 5 and 
100 volts DC. 

For Catalog Circle Card Number 100 

400 Hz to DC Power Modules (Model "W") — feature close line and load 
regulation, low output ripple, and are built to meet the EMI requirements 
of MIL-STD-461. The Model "W" family p-ovides output voltages from 
5 to 100 VDC with current levels from 0.3 to 20 amps. Why waste time and 
money designing a "special" power supply? 

For Catalog Circle Card Number 101 

Dual Output Versions — both the C and the W series are available in 
hermetically sealed, dual output models that feature 1% tracking accuracy, 
0.2% regulation, low peak to peak ripple, +100°C operation ... and we 
offer CC's and WW's as standards, not "specials." 

For Catalog Circle Card Number 102 

See Power Supply Section 4000, and Transformer Section 5600, Vol. 2, of your EEM 
catalog; or Power Supply Section 4500, and Transformer Section 0400, Vol. 2, of your 
GOLD BOOK for complete information on Abbott products. 

abbott transistor 

LABORATORIES, 

General Offices 
5200 W. Jefferson Blvd., Los Angeles 90016 
(213) 936-8185 Telex: 69-1398 

INCORPORATED 

Eastern Office 
1224 Anderson Ave., Fort Lee, N.J. 07024 
(201) 224-6900 Telex: 13-5332 



TEN-TEC ENCLOSURE CATALOG 

CUSTOMIZED CABINETRY AT PRODUCTION LINE PRICES 
TEN-TEC's OEM cabinet line gives you affordable customizing freedom. 51 different sizes. 
Two construction styles: all-aluminum or aluminum and molded Cycolac. Two color styles: 
beige with walnut-grain end panels or gray with black pebble-grain (or choose your own). 
Custom chassis punching. Custom silk-screening. Your cabinets arrive ready for your 
product. For less than you think. Ask for a quotation. 

Write or call: iiTi Ewarsly-;r1F, jeNviC 
S e r«vil le, TN 37862 

(615) 453-7172 

Circle 260 on reader service card 

FREE 
Brochure 
describes Electronics editorial 
reprints, services, books... 
• More than 70 article reprints in 15 subject 
categories 

• Handy wall charts 

• Custom-made reprint services 

• Books especially for Electronics' readers 

• Convenient postage-paid order cards 

For your free copy, circle #275 on 
the reader service card. 

For foster response, write directly to 
Electronics Reprints, PO. Box 669, 
Hightstown, NJ 08520, or call 
(609) 448-1700, ext. 5494. 

New products 

conversions/s and an input imped-
ance of 1,000 mS2 minimum and 50 
pF maximum. The 17-bit conversion, 
including autozero, is completed in 
4 ms maximum. 
Analogic Corp., Audubon Road, Wakefield, 

Mass. 01880. Phone Theodore Beloin at 

(617) 246-0300 [384] 

$199 8-bit d-a converter 

has 9-bit accuracy 

An 8-bit digital-to-analog converter 
that is accurate to 9 bits provides 
twice the accuracy of the manufac-
turer's own 8-bit part. It is intended 
for use in high-speed instrumenta-
tion and communication equipment, 
display processing, storage oscillo-
scopes, radar processing, and TV-

broadcast systems. The converter 
has a I 5-ns settling time and a 51-
mA full-scale output current. The 
model M C10318 L9 guarantees a 
maximum nonlinearity of ±0.10% 
over the 0°-to-70°c temperature 
range. It operates from a — 5.2-v 
supply and has an output compliance 
range of —1.3 to ±2.5 V. These 
features allow convenient interfacing 
between high-speed processors and 
video-level circuitry. The 16-pin 
ceramic MC10318L9 is available 
from stock at a price of $45 apiece in 
quantities of 100 to 999. 
Motorola Semiconductor Products Inc., P. 0. 

Box 20912, Phoenix, Ariz. 85036. Phone 

Roger Janikowski at (602) 962-2124 [385] 

Chip encrypts 64 data bits 

per encoding cycle 

The MC-884 data-encryption chip 
encrypts or decrypts 64 bits of data 
per encryption cycle, based on a 56-
bit key variable stored in its key 
register. It uses the National Bureau 
of Standards Data Encryption Stan-
dard algorithm. The variable, once 
loaded in the chip, cannot be 
accessed. A battery option may be 
used to prevent destruction of the 
key variable. Since a parity error 
does not affect operation, it may be 
ignored by the user. Therefore, the 
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NEW ECLIPSE 5/140. 
BREAK THE SPEED 
LIMIT WITHOUT 
PAYING THE PRICE. 

Our new entry level ECLIPSE 
S/140 is the fastest computer in its 
price class. Using the powerful 
ECLIPSE instruction set and the 
new, high performance floating 
point unit, the S/140 achieves 
Whetstone pertormance rates of 
450* and 380* for single and 
double precision floating point. 

Best of all, ECLIPSE S/140 lets 
you economically handle your 
scientific, industrial, or data com-
munication applications with 
ease. in fact, our new ECLIPSE 
S/140 gives you far better price/ 
performance than any other pro-
cessor in it's class. With the kind of 
reliability you've come to expect 
from Data General. 

ECLIPSE S/140. Break the 
speed limit without breaking the 
bank. You be the judge. Call or 
write, or send in the coupon. 
*In thousand Whetstone instructions per second. ,/ 
Data General Corporation, Westboro, MA 01581, ,/ 
(617) 366-8911. Data General (Canada) Ltd.. 
Ontario, Canada. Data General Europe, 
61 rue de Courcelles, Paris, France, % 
766.51.78. Data General Australia, / e 
(03) 89-0633. ECLIPSE is a / ee 
registered trademark of 
Data General. 
°Data General 
Corporation, 1979 

/e("),, 0!0cp• 

r c, 
/e e te o.02> 

/ ewe° ‘• 

/Oe ceecS\ 
/ ,t,ri• See 

Circle 261 on reader service card 

e 



TUT WENT TIMM 
...TRINSIENTS, that is! 
And you'll know when and how long. In a hard copy printout. 

Source or load transients are identified in an instant with 
Programmed Power's Model 3500 Power Line Disturbance Moni-
tor and its transient direction and polarity detection option. 
Another option prints out the transient duration in microseconds. 

Other options, nine in all, include 50-441Hz line monitoring; 
DC bus monitoring simultaneously with AC line; undervoltage or 
overvoltage duration in milliseconds with outputs for remote data 
logging. 

The most versa-
tile line monitor 
around. 

Fast deliveries. 
We also make 

award-winning Fre-
quency Converters 
and UPS. 

For more infor-
mation, contact: 

eFranklin Electric 
Programmed Power Division 

995 Benicia Ave., Sunnyvale, CA 94086, (408) 245-8900, Telex: 357-405 

Disturbance Monitor 

Circle 262 on reader service card 

SUPER MINIATURE 
Neon Glow Lamps 

Circuits Volts 
Series Resistance 
Nominal Current  
Total Flux  20mIm MIN. 
Average Life Hours • • • 30,000 

AC105-125 
150K52 
0.3mA 

CLEAR-GREEN 
Fluorescent Glow Lamps 

Circuit Volts 
Series Resistance 
Nominal Current  
Total Flux(MI N.)   
Avg. Life Hours   

Dimension: mm 
13.8f 

I Imm 
j. 

NL-8S 

I — r 

AC cr DC105-125 
33KQ 
1.6mA 
AC: 12Ornlm.DC:130m1m 
AC:30,000 DC:40.000 

Circuit Volts AC 105-125 
Series Resistace  27K2 
Nominal Current  1.5mA 
Total Flux 90mIm MIN. 
Avg. Life Hours  20,000 

• MAIN PRODUCT 
NEON GLOW LAMP, XENON FLASH LAMP, 
RARE GAS, DISCHARGE LAMP. 
MINIATURE: BLACK-LIGHT, UV-LIGHT, 

FLUORESCENT COLOR-LIGHT. 

I9mm 

NL-35/G 

6,O mm 

22mrr 

NL-2 hG 

El EVA  ELECTRONIC TUBE CO., Ill). 

EXPORT DIVISION 

NO. 17-BCHUO 2 CHOM E OTA-KU. TOKYO JAPAN. 

TELEPHONE: Oe 774 )1231- 5 TELEX: 246-8855 E LE VAM 

New products 

key bytes are checked for off parity. 
The MC-884 sells for $60 each in 
large quantities. 
Burroughs OEM Marketing Corp., Burroughs 

Place, Detroit, Mich. 48232. Phone (313) 

972-8031 [386] 

Multiplexer handles 16 I/O 

channels at 56 kilobits/s 

A high-speed digital multiplexer, 
model CMX-100, can handle up to 
16 input/output channels at rates of 
up to 56 kilobits per second on all 
channels with a bit error rate of 10 -9 
or better. Each channel can accom-
modate data in either asynchronous 
or synchronous data formats. Three 
different interfaces are available— 
RS-232-C, CCITT V.35, and MIL 
STD 188. 
An optical channel interfaces with 

the manufacturer's own asynchro-
nous and synchronous modems at a 
distance of up to 3,000 ft apart. This 
eliminates the need for a limited-
distance modem or line driver at the 
multiplexer location. The multiplex-
er features built-in diagnostics to 
isolate faults to a single plug-in card, 
as well as data-error checking. Built-
in automatic error detection disables 
all operational channels if there is a 
loss of synchronization, but the 
channels are automatically reena-
bled once there has been a reestab-
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as 3 to 4 times that value when 
operating in your circuit. 

And, as a truly precision 
device, the AD542 features 
high CMR (80dB min.) 
and excellent noise char-
acteristics (2 p.V, p-p, 
.1 to 10 Hz). Low power 
consumption (1.5 mA 
max.) make it a natural 
for those battery-
powered applications. / 

( 
TRIMMED 
TO A LOW PRICE. 
Analog Devices laser trims the 
TRI-FET at the wafer stage— 
our exclusive LWT (laser-wafer 

THE AD542 TRI-ErTHE BI-FET® 
WITH ALL THE TRIMMINGS.  

LASER TRIMMED 
FOR GUARANTEED 
PERFORMANCE. 
Analog Devices combines active 
laser trimming with bipolar and 
ion-implant technology to 
produce the AD542 TRI-FET 
(Trimmed Resistor Implanted 
FET). It's the highest perform-
ance implanted FET op amp 
available today. Input offset volt-
age is trimmed to less than 0.5 
mV, with Input offset voltage 
drift as low as 5 ii,VPC max. 

ln addition, the AD542 TRI-
FET offers the lowest bias current 
available in an implanted FET op 
amp, 25 pA max., warmed up. 
Other manufacturers specify bias 
current in the unwarmed-up 
state—which could 
increase by as 
much 

eA registered trademark 
of National Semiconductor. 

trimming) technique. What 
this means is that we com-
mit expensive assembly 

only to potentially good 
chips— and that means 
a lower price to you. 
The AD542 is the lowest 
price precision implanted 
FET op amp you can buy. 

THE 
PRECISION 
OPAMP YOU 
CAN GET. TODAY 

Analog Devices manufactures the 
TRI- FET as a precision device— we 

don't simply test a sea of parts 
and hope to get the high 

performance grades 
you're looking 
for. Thus you 
can be assured 
that we have 

the performance 
you need—right 
in stock. 

For complete 
specs, call Doug Grant 

or Don Travers, (617) 935-5565. 
Or write Analog Devices, RO. 
Box 280, Norwood, MA 02062. 

ANALOG 
DEVICES 

WU OUT IN FRONT 
Analog Devices, Inc., Box 280, Norwood, MA 02062. East Coast: (6171329-4700; Midwest: (312) 894-3300; West Coast: (213) 595-1783: Texas. (214)231-5094; Belgium: 031/37 48 03; Denmark: 

(02) 845800; England: 01/94 10 46 6; France: 686-7760; Germany: 089/53 03 19; Japan: 03/26 36 82 6; Netherlands: 076/879 251; Switzerland: 022319704; and representatives around the world 
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Now you can sound off 
right from your 
printed circuit boards. 

The Mallory 
Sonalert Signal. 
This new Sonalert design gives you a choice of 
three medium loud sounds—continuous, fast 
pulse, or slow pulse at 2900 Hz. It will even give 
you pulsing or continuous sound in the same 
package. You can spec it into just about any-
thing in which you need sound. And its pin 
mounting makes it easy to insert and solder 
into printed circuit boards. Units may be hand 
or wave soldered. 

Mallory Sonalert Electronic Signals are 
available direct, or through authorized Mallory 
distributors in U.S., Canada and overseas. Give 
us a hearing. Write or call. Mallory Capacitor 
Co., a division of 
Mallory Components 
Group, Emhart 
Industries, Inc., 
P.O. Box 372, 
Indianapolis, Indiana 
46206. (317) 636-5353.   

New products 

lishment of synchronization. Thus 
there is no data lost or misdirected to 
the incorrect channels. 
The multiplexer is priced at 

$9,000 for a full 16-channel configu-
ration; smaller configurations, such 
as 4 and 8 channels, are also avail-
able. The unit can be ordered with a 
mix of electrical and/or optical 
channel interfaces. Delivery is 8 to 
10 weeks after receipt of order. 
Canoga Data Systems, 6740 Eton Ave., 

Canoga Park, Calif. 91303. Phone (212) 

888-2003 [387] 

12-bit d-a converter 

updates at 50-MHz rate 

A low-glitch 12-bit digital-to-analog 
converter features a 50-MHz update 
rate. The model DAC-LGT convert-
er has an output current capability 
of 50 mA, maximum glitch energy of 
5,000 mv-ns, and a linearity error of 
± 0.0125%. The settling time for an 
input change of 1 least significant bit 
is typically 50 ns, and for a full-scale 
input change it is typically 400 ns. 
The unit is TTL-compatible and 

has a low-skew digital register in 
addition to an internal reference. 
Output voltage ranges are pin-
programmable, and the only external 
components that may be needed are 
optional offset and gain-trim resis-
tors. The voltage ranges are ± 2.5 v, 
± 5 v, ± 10 v, 0 to — 5 v, and 0 to 
— 10 v. The coding is binary or 
offset binary, and ± 15-v and ± 5-v 
power supplies are required. The 
unit is ideal for use in cathode-ray-
tube-display systems, high-speed au-
tomatic-test equipment, video recon-
struction, and closed loop-servo sys-
tems that cannot tolerate large tran-
sients. 
The encapsulated module meas-

ures 6.7 by 8.0 by 1.25 cm. Since it 
is manufactured to meet MIL STD 
202E, it is suited to the military and 
industrial environment. Prices start 
at $595 for small quantities and 
delivery is four to eight weeks. 
ILC Data Device Corp., Applications Engi-

neering Group, Airport International Plaza, 

Bohemia, N. Y. 11716. Phone (516) 567-

5600 [388] 
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AUGAT MADE ZERO-PROFILE 
SOCKETS POSSIBLE. NOW WE'VE 

MADE THEM PRACTICAL. 

• 

411b 
qb 

lb 

t_ • 

• 
L. 

• 

t 

Not long ago Augat intro-
duced the HoltiteTM concept of 
solderless sockets, to give you 
zero-profile component plug-
ability without conventional 
sockets or solder, and the 
unmatched dependability of 
machined beryllium contacts. 
Now we've made the Holtite 

idea practical for almost every 
application— including ones 
where PC boards already con-
tain soldered components. The 
Holtite System now offers a new, 

Augat contacts, magnified 

low cost (just $695) pneumatic 
insertion machine which presses 
Holtite contacts into plated-
through holes converting the 
holes into plug-in sockets. 
Contacts for this new system are 
preloaded in DIP patterns on a 
Mylar carrier strip supplied on 
reels. Typical insertion rate for the 
machine is 5,000 contacts/hour. 
And if you need mass loading 

capability, we can lease you a 

machine that loads more than 
50,000 contacts/hour. 
The thing to remember is no 

matter what the size or nature of 
your application, the Holtite 
System can now offer you 
all the advantages of 
sockets: reduced test 
cycle times, less dam-
age to ICs and PCs from 
soldering, easier com-
ponent changes, and 
economical field maintain-
ability. Holtite delivers all these 
benefits and still gives you card 
spacing as low as .400". 

You don't have to 
change a thing to use 
Holtite; simply drill the 
holes to the recom-
mended diameter. Prove 
it for yourself. Order one of 
our Holtite Prototype kits. With 
all the tools, contacts, instruc-
tions, and test reports you need 
to judge the system on your job. 

The kit costs only $94.50. The 
reels, the insertion machine, 
and the trial kit are all avail-
able from Augat's worldwide 
distributors. 

r write Augat, 
Inc., 33 Perry 

Avenue, RO. Box 779, Attleboro, 
Mass. 02703. Tel. (617) 222-2202. 

AUGAT® 
Augat interconnection products, 
lsotronics microcircuit packaging, 
and Alco subminiature switches. 
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PCM MULTIPLEX TESTER MS339A 

• SUSS 0.1 • .4401766 
VAN Qum, 

0141111111071011 VS 1001. 0011011. 
IOU OAS 

.0 MN» LEVU 6110007.4 YE 101111 01111 MPS 110011 VS IMO 

RCM NOISE GENERATOR 11111342A 

RELATIVE LEVEL Id.' 

-• • 

A-A WHEN YOU WANT IT... 
When it comes to PCM multiplex 
test sets, less is best. That's why 
Anritsu's new modular -design 
PCM multiplex test set gives you 
A—A in a mainframe, and D—A 
or A—D in convenient plug-in 
modules. So now you don't need a 
wall of test equipment to get the 
job done. 
Analog—Analog 
With the PCM Multiplex Tester 
MS339A mainframe, measuring 
PCM primary multiplex equip-
ment in accordance with CCITT 
Rec. G. 712 can be done with 
Measurement is performed automatically and dis-
played on a digital LED readout for increased accu-
racy. For interchannel crosstalk measurements, just 
slide the PCM Noise Generator MH342A into the 
MS339A and you're all set. 

A-D OR D-A WHEN YOU NEED IT. 

pushbutton ease. 

Analog—Digital 
When combined with the MS339A, 
the PCM Digital Signal Analyzer 
MH340A is capable of measuring 
encoder characteristics and ana-
lyzing digital patterns of frame 
structure in conformity with CCITT 
Rec. G. 711 and G. 732. 
Digital—Analog 
Slide in the PCM Digital 
Generator MH341A—now 

Signal 
you're 

ready to measure decoder charac-
teristics and generate digital pat-
terns of frame structure in accord-

ance with CCITT Rec. G.711 and G. 732. 
So, If your present PCM multiplex test set is more 
than you can handle, plug into Anritsu's modular-
design PCM multiplex test set. It's everything you 
want and less. 

• USA. Anritsu America. Inc. Tel: (201) 569-4474 • West Germany Knott Elektronik GmbH Tel: (08178) 
4085 • U.K. Dvmar Electronics Limited Tel: Watford 37321 • France Tekelec Airvonic Tel: (1) 946.96-48 
• Italy V ianello S.P.A. Tel: 102/ 54 40 41 • Spain Unitronics. S.A. Tel: 242 52 04 • Holland C.N. Rood 
B.V. Tel: 070-99 63 60 • Belgium C.N. Rood S.A. Tel: 02 35 21:35 • Sweden Teleinstrunnent AB. Tel: 
08.38 03 70 • Singapore O'Connor's (Pte.) Ltd. Tel: 637944 • Australia NEC Australia Fty. Ltd. Tel: 
Melbourne 560-5233 • Malaysia O'Connor's Itylalar.ia)SDN. BI-ID. Tel: 5156315 • Brazil Anritsu EletrÔnica 
Cornércio Ltda. Tel: Rio 221 6086 

inritsu 
ANRITSU ELECTRIC CO., LTD 
MEASURING INSTRUMENTS DIVISION 

SALES DEPARTMENT: 
10-27, Menarriazabu 5.chorne. Afinato-ku, Tokyo 106 . Japan 

Ph,.,,,, 1031446-11 11/Telex 0-242-2363 
Cable ANRITDENKI TOKYO 
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Finally, you can have all the advantages of DMMs and none of the disadvantages of analogs 
for about the same price. _ 

Our new 169 is a tough, lightweight, battery- tutiii111 
1 q I 

powered digital multimeter for use in the field or on the 1.5 2 9 
bench. It is a 31/2 -digit, full 5-function DMM with respect- 12 1"Tr in T rr71-7, r). 

,,,,,.... 

able .25% DC accuracy. I'., ,,--, 
Its low-parts-count, high-efficiency design keeps 3/  

power consumption to a minimum for longer component 
life and fewer failures. MTBF is 20,000 hrs. or about 10 years. 1 lo 

All 5 functions are fully protected-1400V peak on DCV and ACV, 300 V on n, 2A (250V) on 

You've p' med testing assures the 169 will stand up to all the for quick replacement. Extensive vibration stress-
DCA and ACA. The fuse is externally accessible 

mechanical shock and abuse normally associated with tough our as applicactioosnts: y  
conscious ease of maintenance is so thoroughly 

nee dl required. That adds up to a cost-of-ownership no other competitive e 
designed into the 169 that only one calibration adjustment a year is 

• DMM can touch. For example, the 169 needs only one battery change 
per year at a cost of about $3.50. Its nearest competitor requires 10 changes costing three times as much. 

When you factor in features like function and range annunciation right on the display, 
auto-zero, auto polarity, 60% larger display than other 
DMMs and the easy-to-read, color coded front panel, 
we think you'll get the point. No analog meter or 
DMM can match the price/performance of the new 
169. It costs $149. 

For information on the 169 or any Keithley 
DMM, contact your 
Keithley representative 
or call us at 
(216) 248-0400. 
Telex: 98-5469. 
Price U.S A. only. 

Circle 267 for literature 

Circle 271 for demonstration 

KEITH LEY 
Keithley Instruments, Inc. 
28775 Aurora Road 
Cleveland, Ohio 44139 
1216) 248-0400 
Telex: 98-5469 

Keithley Instruments SARL 
44, Rue Anatole France 
F-91121 Palaiseau Cedex 
FRANCE 
(011014-22-06 
Telex: 1842) 204188 

Keithley Instruments, GmbH 
Heiglhofstrasse 5 
D-8000 München 70 
WEST GERMANY 
(089) 714-40-65 
Telex: (841) 5212160 

Keithley Instruments Ltd. 
1, Boulton Road 
GB-Reading, Berkshire RG2 ONL 
UNITED KINGDOM 
10734) 86-12-87 
Telex: 1851) 847047 



• THE MULTIPLE 
CHOICE TESTER 

THE NEW PRODIGY PT900 
SYSTEM FROM 3H 

INDUSTRIES TESTS: 

Power Supplies 

ri Relays 
ri Transformers 

All of the above 

Our PRODIGY PT900 Power Supply Test System provides 
multiple answers to your test requirements in Production 
Testing, Incoming Inspection and Engineering Evaluation. 
The complete turn-key system provides a PDP 11/3 com-
puter with two floppy disks, a video terminal with key-
board, and programmable modules for testing power 
supplies, relays, transformers, regulators or batteries. 

Proven software packages in PASCAL allow complete 
software control, using your choice of three programming 
methods: existing 3H proven test programs, primitive 
commands, or your own new test procedures written in 
simple testing language. You won't require a staff pro-
grammer as the system features operator prompting, 
making it very easy to use. 

The PRODIGY is not only the fastest power supply tester 
available, it is also the most versatile. The modular design 

lei 
INDUS I HIES 

1289 Hammerwood Avenue, Sunnyvale, CA 94086 
(408) 734-5970 TELEX: 352022 

of the PRODIGY makes it simple for you to expand your 
system to meet specific individual requirements. 

The PRODIGY Multiple Choice Tester is the answer to 
your testing requirements. It's built with the same reliability 
that makes our linear test systems the most accepted 
in the world. For further information, contact one of our 
offices listed below. 

REPRESENTATIVES WORLD-WIDE 
EUROPEAN HEADQUARTERS FAR EAST 
27C Chemin Boissier Sumitomo Corporation 
1223 Cologny New Sumitomo Shoji 
Geneva, Switzerland 2-2, Hitotsubashi 1-chome 

Chiyoda-ku, Tokyo, Japan 

II • 

SOUTHERN CALIFORNIA 
32129 Lindero Canyon Road 
Suite 210 
Westlake Village, CA 93161 
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Make your readouts outstanding 
with the latest Won innovations. 
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INTERNATIONAL REPRESENTATIVES 

WEST GERMANY: Neumuller GmbH, Eschonstr 2, 8021, Taufkirchen, 
Munich Phone. 089/6118-245 Telex. 522106 

FRANCE: Europavia, France, 5 Avenue Leon Harmei 92167 
Antony Cedex Phone. 666-21-10 Telex, 42204381 

UNITED KINGDOM: ITT Meridian, West Road, Harlow, Essex CM20 
2BP Phone. 0279-35351 Telex. 817202 

SWEDEN: AB Nordqvist & Berg. Box 9145 S-10272, Stockholm 
Phone. 08-690400 Telex. 10407 

HONG KONG: Phone, 5-232420 TAIPEI: Phone. 351-0293 
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Multi-color configurations. Red, blue, yellow and blue-
green arrays. 5 x 12 dot matrices for upper/lower case 
alphanumerics and 5 x 7 dot matrix displays. High density 
dot and bar graphic panels. 14-segment alphanumeric 
units. These latest, and all the other Noritake ltron 
advancements, are sure to open up new readout innova-
tion opportunities for you. 

And you'll realize all the advantages offered by Won Fluores-
cent units over ordinary digital displays. Their cost-effective 
pricing and simple, fast installation will save you time and 
trouble, as well as a great deal of money. Interfacing with peri-
pheral circuits is easy too; further reducing costs. They operate 
at low voltage and consume little power. Their bright fluores-
cent output and flat-glass packages make for easy readability, at 
a distance and at wide viewing angles, even under high ambient 
light conditions. 
What's more, ltron displays have 

a proven long-life track record for 
reliable performance under strin-
gent conditions. And we can quickly 
and economically fabricate custom 
configurations. Since there's much 
more you should know to make an 
optimum display selection, contact 
us for all the particulars. 

CD 

FLUORESCENT 
DISPLAYS 

Patented and manufactured by 
ISE ELECTRONICS CORP. 

NORITAKE ELECTRONMS, r 
L.A. OFFICE: 22410 Hawthorne Boulevard, Torrance, CA 90505, (213) 373-6704, Telex: 67-4910 
N.Y. OFFICE: 41 Madison Avenue, New York, NY 10010, (212) 481-3440, Telex: 12-5469 

NPPITAE. AVIV, ft 
JAPAN: 1 - 1 Noritake Shinmachi, Nishiku, Nagoya-Shi, (052) 561-7111, Telex: J59738 
EUROPE: Burotel Belgium SA, Rue de la Presse 3-5, 1000 Bruxelles, (02) 217-83-60, Telex 4626962 

Circle 116 for Sales Contact Circle 269 for Literature only 
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4142S+Strobe+Attention+RIMPROW4199 
Introducing The SwitchBoard TM I/0, Interface. 

the most complete interface available for S-100 

Systems, designed by George Morrow exclusively 
for Thinker Toys 

The SwitchBoard TM interface provides 4 parallel 
ports and 2 RS232/TTY serial ports. Plus, strobe 
and attention ports. Plus, on-board facilities for 4K of 
optional static RAM and 4K of user-supplied EPROM. 

And every port is switch-programmable for total 
flexibility in interfacing complex peripherals...such 
as 12-bit daisywheel printers. 

Each parallel port can be switched for input or 
atched output. Both serial ports can be switched to 
iny of 16 baud rates from 110 to 19,200. Each strobe 

nd attention port flip-flop can be switched for pos 
neg pulsing. 

Circle 270 on reader service card 

And yet, The SwitchBoardrm Interface won't 
hang you up on price or delivery. In kit form, it's just 
$199. $259 assembled. 2114 4K static RAM option 
(4 MHz Z-80 compatible), $70. 

Ask your local computer shop to place your 
order immediately for priority shipping. Or, if un-
available locally, order direct from Thinker Toys TM , 

5221 Central Ave., Richmond, CA 94804. 

Or call for The SwitchBoard 'm at (415)524-2101 
weekdays, 10-5 Pacific Time. 

*Sockets provided; chip set optional. 

9 A product of Morrow's Microstuff for 

hunker TM 



Products newsletter  

Hewlett-Packard Hewlett-Packard Co.'s Colorado Springs, Colo., division has come up with 
a production line method for doubling the writing rate of the company's 

Improves scope line model 1741A 100-MHz variable-persistence storage oscilloscopes. The 
process yields much greater consistency in the deposition of dielectric 
material onto the scope's variable-persistence mesh within the cathode-ray 
tube. As a result, the writing rate has been doubled from 100 to 200 cm/s, 
allowing the user to capture much faster single-shot waveforms. It will also 
mean that fewer iterations are required to build up a visible trace in 
some repetitive experiments. Scopes built using the new process will be 
available by mid-month. 

Astrocom's data 

analyzer weighs 

only two pounds 

A data analyzer that measures 2.5 by 5.75 by 7.5 in. and weighs 2 lb may 
well be the industry's lightest, says the manufacturer, Astrocom Corp. The 
St. Paul, Minn., company has priced the portable unit at $895. 

Called Maxicheck, the microprocessor-controlled system with random-
access memory checks out either computer terminals or the central proces-
sor by simulating them. Alternatively, it can perform bit- or block-error 
rate tests to check modems and phone lines. It can operate at 110 to 9,600 
b/s in the asynchronous mode and at up to 19,200 b/s in the synchronous 
mode, full or half duplex. 

R-Ohm shrinks Within a few months, R-Ohm Corp., Irvine, Calif., will introduce a line of 
thick-film thermal print heads whose component count has been dramati-

parts count In cally reduced by replacing many of the individual diodes in the drive 
thermal print heads electronics with integrated diode arrays. The parent company, Toyo 

Electronics Industry Corp., is building the heads, which R-Ohm expects to 
sell for $600 to $700. The new heads have a resolution of eight dots/mm 
and print a line in anything from 4 to 100 ms. 

ECL RAM 

accesses 

data in 7 ns 

A 256-bit bipolar random-access memory —the first in a family of emitter-
coupled-logic RA Ms from National Semiconductor Corp. —accesses data 
in 12 ns maximum and 7 ns typically; chip-select access time is typically 3 
ns. The DM10414 is organized into a 256-k-by- 1 -bit format and is 
contained in a 16-pin ceramic dual in-line package. Compatible with 
Fairchild's 10414 and Motorola 10142 ECL RAMS, it has an unterminated 
emitter-follower output to allow wired-OR interconnections. The Santa 
Clara, Calif. company is pricing its RAM at $10.65 each in 100-unit lots. 

Eml testing Penril Corp.'s Electro-Metrics division, Amsterdam, N. Y., is now offering 
expanded software for electromagnetic-interference testing to be used with 

comes home its CCS series of Calculator/Computer-Controlled Systems. The software 
from Europe library now includes test programs to determine compliance with interna-

tional emi procedures and limits as established by CISPR and VDE; 
specifications covered include VDE 0871 and 0875, as well as the U. S. 
MIL STD-461/2. The software is available at no additional cost when any 
of the firm's DIU series of digital interface units is purchased, either 
separately or with the CCS series. 
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Vactec photodiodes 
are the Gateway* to 
solutions for 
detection problems 
requiring: 
Blue spectrum 
response, high signal 
to noise ratio, 
excellent linearity, 
superb stability, 
high voltage 
operation, 
fast rise times, 
low shot noise, 
low cost 

*St. Louis Arch in background. 
"The Gateway to the West." 

Circle 272 on reader service card 

Just a few of the applications for which Vactec ph odes 
have found solutions are: 
light pens, colorimeters, spectrophotometers, analyzers for 
color film processing, blood analysis, color sorting, camera 
exposure controls, and hand held exposure meters. 

Packages for our photodiodes cover the complete range from 
hermetic with glass or 1.1-V transmitting windows, isolated 
detectors, to ceramic headers epoxy coated. Custom arrays 
are readily fabricated and packaged in dual-inline 
configuration. Write for Bulletins VTB-1B and VTP-1. 

Vactec, Inc. 
2423 Northline Ind. Blvd. 
Maryland Heights, Mo. 63043 
(314) 872-8300 
TWX 910-764-0811 



We listened. Here it is! 

Easy Insertion 
...High Retention 
"Lo-Rise" DIP Production Socket 

s. 

Now...performance and reliability features 
you asked for in a production socket, from a 
proven leader in test/burn-in sockets. 

We've put two years of design effort into our new lo-rise production 
socket... and we're proud of it! The 802 Socket has a low average inser-
tion force of only 39.91 grams per pin. High extraction force of 72.90 
grams that resists shock and vibration. Widest entry ,'rea ever. Dual side 
wiping contacts. Easy-to-clean open frame. Orientation and air circula-
tion groove. Protective sealed bottom that eliminates solder wicking 
End-to-end and side-to-side stackability. Available in 8 to 40 pinouts. 
Material meets U. L. 94 V-0 Spec. Competitively priced, it's a total pack-
age of recognized Welcon- socket -eliability. 

We deliver too. Quickly. Dependably. We make it easy for you to find the 
right person with the right socket information. We're small enough to be 
customer oriented, with service people willing to discuss your special 
socket requirements. Give us a call, and discover just how responsive a 
company can be. For full details, contact Wells Electronics Inc., 1701 
South Main, South Bend, Indiana 46613 U.S.A. Phone: 219/287-5941. 

Wells Electronics Inc., 1701 So. Main, So. Bend, IN 46613 U.S.A. 
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by ,jI)Bsshop Graphscs Inc 

PRESSURE- pnDpER /Pr) 
SENSITIVE %MI 

Snap-on, world famous for quality tools offers 
a complete range of metric tools in both 

chrome and black finish. Knurled band on 

metric sockets makes it easy to distinguish 
them from inch size tools. Sizes from 2 mm to 

110 mm. Snap-on Tools Corporation, Kenosha, 

Wisconsin 53140. 

ege9 -ow Toe 
Circle 118 on reader service card 
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ALL "WRAPPED UP" 
IN WIRE WRAPPING? 
Look Into An Exciting 
NEW Alternative . . . 

Design Products eemkeele teie-eiee ffew 
It you're still prototyping with the old, familiar wire wrapping 
techniques, now's the time to join the growing number of pro-
fessionals using the new QUIK-CIRCUIT Pressure-Sensitive COPPER 
Design System for PC prototyping or on-the-spot PC board repair. 
With QUIK-CIRCUIT's state-of-the-art system, you get everything you 
need to build reliable PC board prototypes or make repairs WITHOUT 
artwork, wire wrapping, photography, screening or etching. 

The NEW COPPER Design Products are only one facet of Bishop's 
comprehensive QUIK-CIRCUIT product line. Also included are all of 
the necessary electronic packaging & prototyping hardware and 
accessories required for professional wire wrapping, soldering, or a 
combination of both interconnection techniques. For full details on 
the complete product line, including the Authorized Distributor in 
your area, call or write for your FREE OM-CIRCUIT Catalog No. 102. 

(MIIIL•CIIRCUIT 
by Apishsp Smiths, Inc. 

5388 Sterling Center Drive • P.O. Box 5007EP 
Westlake Village, CA 91359 U.S.A. 
(213) 991-2600 • Telex: 66-2400 

New products/materials 

Sintered ferrite materials for use 
over the frequency range from below 
50 MHz to 15 GHz can be bonded to 
flat or moderately curved conductive 
surfaces. The individual Eccosorb 
NZ square tiles should be mounted 
with minimal spacing between them 

and the conductive backing of the 
curved surface. The materials have a 
typical thermal conductivity of 45 
BTU-in./hr-ft'-°F and a typical spe-
cific heat of 0.2 BTU/lb-°F. They are 
useful in high-temperature, high-
power, and space environments. 
Emerson & Cuming Microwave Products, 

Dewey and Almay Chemical Division, Can-

ton, Mass. 02021 [476] 

Polyvinyl chloride tape can be used 
for sawing and scribing, as well as 
die-bonding of semiconductor wa-
fers. The tape comes in two varieties: 
one is clear and nonadhesive, the 
other is blue and adhesive. Both of 
the materials have a high tear 
strength and elongation. The clear 
material should be heated to approx-
imately 110°F for light wafer or die 
adhesion, which may be controlled 
by the addition or reduction of heat 
during the wafer- or die-mounting 
process. The film can expand to up 
to 130% of the wafer or die size. It 
comes in sheets on noncontaminat-
ing backing paper 5.75 in.' by 0.004 
in. thick. The blue film has a 
synthetic acrylic adhesive bonded to 
it. No heat is required to mount 
wafers or die to this material. Adhe-
sion strength is 5 oz/in. of width. 
The adhesive film can expand up to 
60% of the wafer or die size. It 
comes in rolls 660 ft long by 6 in. 
wide by 0.003 in. thick. Other widths 
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"Every year,we use more 
MIL-C 55302 connectors. And every 
year our density requirements get 
higher. Fortunately, AMP responds': 

As the requirements for a connector increase, 
so does our commitment. We appreciate that in 
orderfor you to implement design improvements 
with greater tolerances and higher reliability 
you need the connectors to help deliver those 
improvements. And our MIL-C-55302 Box 
Contact Connector is the answer. 

Consider these advantages. It has a wide 
tolerance to misalignment, the lowest mating 
force of any approved connector, and a 
redundant contact/broad entry design over a 
long engagement length. All this adds up to 
you being able to design to greater tolerances 
in the overall package. 

You also have the lowest insertion force of 
any OPL approved connector. In both 2 or 3 row 
designs with up to 240 positions. And a choice of 
3 centerlines—.050", .075", and .100". Mil-spec, 
or commercial. 

Since our Box Contact Connector is MIL 
qualified, you don't have to be concerned 
about non-standard parts approvals. And it's 
backed up by a long history of high 
reliability performance. 

Want more information? Call the Box 
Contact Connector Information Desk at (717) 
780-8400. Or write us. AMP Incorporated, 
Harrisburg, PA 17105. 
AMP is a trademark of AMP Incorporated. 

AMP has a better way. 

ANI IFP 
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Keep Up 
With Change 

Ferranti-Packard Electromagnetic Modules 
Let You Create the System 
Three new additions to the Ferranti-

Packard 7 Segment Readout Displays-
9, 12 and 18-inch characters are ideal 
for remote-controlled numeric readouts 
for gas pricing signs, time/temperature 
signs, speed limit signs. scoreboards 
and industrial displays. 
The light-reflecting display compo-

nents come in white or fluorescent 
fade-resistant colors. They're designed 
to ensure visual impact over an extreme 
ambient light range, even direct sunlight. 
Our Modules are rated for 400 million 

operations and there are no lamps to burn out. 
Save energy too! Magnetic latching retains the data 

displayed with :ero power input. 
Ferranti-Packard Modules. Visibility, Reliability and 

Economy no other readout component can match: Before 
you specify a display, call Ferranti-Packard. 
The Pioneer in electromagnetic 

displays. 
FERRANTI 

PACKARD 

Ferranti-Packard Limited 
Electronics Division 
6030 Amr Dr Mississauga. Ontario 
Canada L47V 2P1 
Telephone (416)624-3020 
Telex 06-961437 

Circle 276 on reader service card 

MAGNETIC SHIELDING FOR ANY 
CONFIGURATION 

Ad-Vance reduces your shield costs because it 
already owns tooling for most standard shields. Or, 
our Magnetic Shielding Specialists will custom 
fabricate shields to your exact specifications. 

• Magnetic Shields for 332 Types of 
Photomultiplier Tubes. 

• AD-MU Sheet Stock. 
• AD-MU Tape Data Protectors assure full 

fidelity of valuable tapes. 

• Unequalled engineering & design service. 
• In-house quality control. 

• Fast delivery, competitive pricing. 

AD-MU Foils Cut, 
Wrap Easily & Quickly 

Ask For NEW 48-PAGE 
Time-Saving Reference 
Data/Catalog on 
Magnetic Shielding 
Techniques & 
Problem 
Solving 

— RIP 
•Mlf 

Typical Custom Fabricated Shields 

AD-VANCE MAGNETICS, INC. 
625 MONROE ST. ROCHESTER, IND. 46975 

(219) 223-3158 TWX 810-290-0294 

_  Our 3rd Decade of Magnetic Shielding Leadership 

New products/materials 

and lengths are available for both 
types of material. 
Semiconductor Equipment Corp., 853 Law-

rence Dr., Newbury Park, Calif. 91320 [479] 

Three solvent-based coatings that 
shield against radio-frequency and 
electromagnetic interference main-
tain good stability even when ex-
posed to harsh environmental condi-
tions. All three need neither primers 
nor top coating, can be air-dried, and 
can be sprayed onto the surface. 
A 2-mil coating of Electrodag 440 

has a resistance of 1 Wsq and 
provides 60 to 65 dB of attenuation 
from 0.1 to 500 MHz. This attenua-
tion will show minimum change 
when thermal shock tests are made 
from — 40° to + 160°F for 10 cycles. 
The material sells for $94.50 per 
gallon. Electrodag 436 can be 
exposed to 150°F and 95% relative 
humidity for 72 hours. A 2-mil coat-
ing has a resistance of 0.15 Q/sq and 
provides 65 dB of attenuation. It sells 
for $50 per gallon. Material 114, at 
a 2-mil thickness, has a resistance of 
less than 5 Wsq and attenuation is 
45 to 50 dB. This coating sells for 
$15 per gallon. 
Acheson Colloids Co., Port Huron, Mich. 

48060 [478] 

A thin-film composite, made up of a 
combination of aluminum oxide and 
titanium carbide, is expected to be 
particularly suitable as a substrate 
for recording disk heads. AlSiMag 
204 may be diamond-polished to a 
surface finish of less than 1 gin.; its 
crystals average 1 to 1.5 gm and 
maximum pore size is 3 gm. The 
material's hardness is typically 
measured at 93.5 on the Rockwell A 
scale. Because of its hardness and 
physical stability, AlSi Mag 204 can 
be machined into intricate designs 
with tight tolerances. The thermal 
conductivity is higher than that of 
alumina substrates, according to 
3M. Initially, the material will be 
offered in 2- and 3-in.-diameter 
disks as prototypes, but other stock 
and custom sizes and shapes will be 
offered in both polished and unpol-
ished forms. 
3M, P. 0. Box 33600, St. Paul, Minn. 55133 

[477] 
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Now you can add these 
Mallory QPL capacitors to 
your approved vendor list. 
We want to update you on our line of capaci-
tors qualified under MIL-C-39003 and MIL-C-
39006. 

In solid-electrolyte tantalums we now offer 
the following: 

MIL Style Mallory Type Life Failure Rates 

CSR 13 
CSR 23 
CSR 33 
CSR 91 

TER 
TXE 
TXR 
TNR 

M, P, R 
M, P 

M, P, R 

In non-solid (wet) tantalums: 

MIL Style Mallory Type Life Failure Rates 

CLR 10 XTM-XTK L, M, P 
CLR 14 XTL-XTH L, M, P 
CLR 17 XTV L, M, P 
CLR 65 TLX L, M, P, R 
CLR 69 TXX L, M, P 

All of these capacitors are available through 
authorized Mallory distributors. 

For complete specifications write for our 
new QPL bulletin. Or call: 

Mallory Capacitor Company, a division of 
P. R. Mallory & Co., Inc., Indianapolis, Indiana 
46206 (317) 856-3731. 

CCU« 

, 1297918 

24 37942 P"F 630V0 :A SE NEC 
429A 

me u.s.pos.= 
1817111 e 

M39 00-6;1 
JAN *.r! 
8UF 540e 
CASE 
770/A 

MALLORY 
11. t 20 on r--1-



UMW RECEIVER 
ON ONE CHIP 

AVAILABLE NOW 
BANDPASS PEAK TO PEAK 

BANKS . 1111Z110 
FILTER DETECTORS 

ZERO CROSSING 
DETECTORS 

MEE= 

tl  

......  

. 

BANDSPLIT 
FILTERS 

Production quantities are available for immediate delivery of the 
only fully integrated DUAL TONE MULTIPLE FREQUENCY (DTMF) 
RECEIVER on a single silicon chip*. No front-end pre-filtering is 
needed. A crystal, two bypass capacitors—and you're in business! 

If you haven't tried this advanced product yet, you're in for a 
real experience. Get your order in today by calling Judy Thompson, or 
send for our comprehensive data sheet and application note. 

Silicon Systems incorporated, 14351 Myford Road, Tustin, 
California 92680. Phone: (714) 731-7110 or TWX 910-595-2809. 

*(Described in the paper "A Monolithic Dual-Tone Multifrequency Receiver—WAM2.6" presented at the February 19 79 
International Solid State Circuits Conference.) 
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THAT'S RIGHT. 
Maxi-Switch introduces its new line of 6000 

Series Mechanical Switch Keyboards with 
microprocessor control. The series is based on 
Maxi's new low-profile mechanical switch 
conservatively rated at over 10 million 
operations, but tested for several million more. 
Gold plated "cross" type contacts produce 
reliable switching, and resist hostile 
environments. 

To this excellent switch Maxi has added a 
revolutionary microprocessor encoding 
approach. The microprocessor handles all of 
the usual keyboard functions such as key 
coding, rollover and scanning. It also includes 
a "smart debounce" that all but eliminates 
keyboard failures due to contact bounce, and 
an "electronic hysteresis" circuit to prevent 
switch tease failures. In addition, the 
microprocessor provides user options such as 
N-key or 2-key rollover, repeat/auto repeat, 
positive/negative data and strobe, and even 

Erhardt & Jost Electronic 
Rossligasse 2 
CH 4450 Sissach 

Switzerland 

TLX 64937 (ERJO CH) 

Internix, Inc. 
Naito Bldg. 
7-2-8 Nishi Shinjuku Shinjuku Ku 
Tokyo, 160 
TLX J28497 (FETO) 

parallel or serial output for RS-232 
communications. Smar! 

Since all of these features are done with 
microprocessor software, they don't add to 
keyboard cost. That means maximum design 
flexibility and reliability at an amazingly low 
cost. That's intelligent! 

Interested in finding out what this new 
keyboard can do in your application? Check 
EEM and contact your nearest Maxi-Switch 
representative — now located worldwide. Get 
the word on 6000 Series keyboards. 

THE 

e7SWITCH CO 
9497 EAST RIVER ROAD • MINNEAPOLIS, MINNESOTA 55133 

(812) 755-7880 
TWX 910478-2890 
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Versatile to fit your applications 

One or two pens, Z-fold or roll chart, r 
vertical or flatbed, external AC, DC, 
internal Ni-Cd or standard battery. 

Maximum reliability using a new 
ultrasonic pen position transducer. 

3057 is a compact, dependable 150 mm 
portable recorder designed for virtually 
every application, including field and 
laboratory uses. 
Exceptionally high reliability and stability 
are packed into a compact case. For 
example, the servo mechanism is an 
entirely new, advanced system using a 
trouble-free, non-contact ultrasonic pen 
position transducer. Excellent line quality 
is always assured using mess-free, dis-
posable felt-tip pen cartridges. 

Over 60 years of quality instruments 

YEW. 
YOKOGAWA ELECTRIC WORKS 

• 

A complete range of new, top-quality recorders is also available. . . 

Our new recorder family also includes well-designed 1- to 
3-pen vertical or flatbed recorders, 6- and 9-pen flatbed 
recorders. DIN A3, A4 and 250mm X 250mm X-Y recorders. 

YOKOGAWA ELECTRIC WORKS, LTD. 9-32, Nakacho 2-chome, Musashino-shi, Tokyo 180, 

Japan Phone: Tokyo 0422-54-1111 Telex:02822-327 YEW MT J 

SALES OFFICE: P.O. Box 4125 Shinjuku Center Bldg. (50F) 1-25-1 Nishi Shinjuku, Shinjuku-ku, 

Tokyo 160, Japan Phone: 03-349-0611 Telex: J 27584 YEWTOK 

U.S.A.: YOKOGAWA CORP. OF AMERICA 5, Westchester Plaza, Elmsford, New York 10523, U.S.A. Phone: 914-592-6767 Telex: 710-567-1256 YCA EMFD 

EUROPE: YOKOGAWA ELECTRIC (EUROPE) B.V. Nederhoven 17-19-21, Buitenveldert,Amsterdam, The Netherlands. Phone:020-423194 Telex:44-14094 YEW NL 
ASIA: YOKOGAWA CORP. OF ASIA PTE. LTD. Suite 805 World Trade Centre,No.1, Maritime Square, Singapore 0409. Phone:2729537 Telex: RS26137 YASSIN 
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ADDRESSABLE 
le SYSTEMS 
FROM OPTO 22 

Huntington Beach, California.. . Opto 22, originators of 
the industry standard I/O system, announces the second 
generation in I/O Systems in both serial and parallel 
configurations. 

SERIAL ADDRESSABLE RACK (PB 1681) 
Communication with multiple input/output stations. 
32 station address capability per serial loop. 
Up to 16 power 1,0 modules per station. 
Switch selectable baud rate. 
Opto 22 provided firmware includes message protocol, 
event counter, self test, watch dog timer and more. 
Plug in modules provide choice of: 
1. 20 Ma Current Loop. 

2. RS 422 Balanced Differential Drivers and Receivers. 
3. Optically Coupled Drivers and Receivers. 
4. RS 232 
PARALLEL ADDRESSABLE RACK (PB 16P1) 
Bidirectional Communication with input or 
output modules. 
64 station address capability. 
Up to 16 Power Input/Output modules per station. 
50 Conductor Daisy-Chain cable connects all racks 
to host controller. 
On-board station address select switch. 

15272 Relay Circle, Huntington Beach, CA 92649 
(714) 892-3313 

=.= 

Another Opto 22 product available for immediate shipment. 
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No matter what size LCD is in design ... 
Our 11111  1:1:1111i LCD connectors are on the line. 

1111 

1111 
III 

LCD Microsystems, Inc. 
Clock 

Beede Electrical 
Instrument, Co., Inc. 
Tachometer 

Texas Instruments, Inc. 
TI-1030 Calculator 

9129 DERMODY ST , CRANFORD, N.J. 07016 (201) 272-5500 

ECKNIT 
e 

Timex Corp. 
Watch 

p. 
'00 :10 200 

J. Fluke 
Mfg. Co.. Inc. 
8020A DMM 

• ZEBRA LCD connectors offer 
design flexibility to accommodate 

any size LCD • ZEBRA LCD 
onnectors are available for shipment 

within one week for any size LCD. 
• Over one billion reliable contacts made 

in the field. 

The Conductive People lçfate 
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New literature 

Standards. Publications 39 and 40 of 
the Annual Book of the American 
Society for Testing and Materials 
Standards together contain more 
than 300 standards for electrical 
insulating solids, liquids, and gases, 
as well as protective equipment for 
workers. Part 39 deals with test 
methods for electrical insulating ma-
terials, for which there are 114 stan-
dards—some are new, others are 
revised, and still others have 
changed in status, since 1978. Part 
40, with specifications for electrical 
insulating liquids and gases, lists 193 
standards. Part 39 sells for $33 and 
Part 40 sells for $38. American 
Society for Testing and Materials, 
1916 Race St., Philadelphia, Pa. 
19103 

Thermistors. The "Capsule Thermis-
tor Course" booklet instructs users 
and potential users of thermistors in 
what the devices are as well as where 
and how they are used to measure, 
indicate, and control temperature 
The 24-page booklet explains what 
the thermistors do, how they behave, 
how to use them in thermal conduc-
tivity instruments, how they com-
pare with thermocouples and resist-
ance thermometers, and how they 
compensate for temperature. It also 
charts thermistor resistance in rela-
tion to temperature change and 
provides a resistance-temperature 
conversion table, matched thermis-
tor characteristics, and temperature 
compensation factors. Fenwal Elec-
tronics, 63 Fountain St., Framing-
ham, Mass. 01701. Circle reader 
service number 422. 

Lens mounts. A six-page brochure 
shows how to install printed-circuit 
board lens mounts for light-emitting 

Divide and Conquer 
Pick a Plessey prescaler and you've 
conquered the major problems in your 
high-speed counters, timers and 
frequency synthesizers. 

Because Plessey IC's offer a quick 
and easy way to lower synthesizer costs 
while increasing loop response and 
channel spacing all the way from dc 
through the HF, VHF, UHF and 
TACAN bands. 

Our prescalers feature VHF and 
UHF input ports, TTL/MOS-compati-
bility, and are all guaranteed to operate 
from dc to at least the frequencies 
shown. 

Our two-modulus dividers provide 
low power consumption, low propaga-
tion delay and ECL-compatibility. 

And, to make things even simpler, 
our SP8760 control chip allows you 
to phase lock your synthesizer to any 
crystal up to 10 MHz. 

You get all of the performance you 
need with none of the usual headaches 

HIGH-SPEED DIVIDF_RS/PRESCALF-RS 
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and hassle, so contact us for details and 
a demonstration today. 

We'll show you a winner. 

Op PLESSEY 
SEMICONDUCTORS 
1641 Kaiser Avenue, Irvine, 

CA 92714. (714) 540-9979. 

All things to some people. 
Circle 33 on reader service card 

NEW SOUND 
GENERATORS OFFER 
LOW-COST EFFICIENCY 
Projects Unlimited's new line of Piezo Ceramic Benders (Series PCB-1) 
combine low-cost efficiency with small size, reliable construction and 
superb performance. These units will sound with as little as 3 VAC applied 
and are useful over the range of 1.5 to 15 KHz depending on the bender size 
and model number. High impedance allows the units to be easily driven 
from conventional I.C. devices. 

For more information, write: Projects Unlimited, Inc., 
3680 Wyse Road, 
Dayton, Ohio 45414. 
Phone: (513) 890-1918. 
TWX: 810-450-2523. 

projects 
unlimited 
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Create the right pulse and 
bring life to your new 

circuit ideas. 
Designing a new circuit is always chal-
lenging, but turning an on-paper design 
into a functioning prototype is where the 
fun really begins. Signal substitution is an 
excellent way to speed this process and 
find potential design faults. For digital 
applications, the B&K-PRECISION 
Model 3300 pulse generator is the ideal 
signal source, because its capabilities are 
as wide ranging as your applications. 
The versatile 3300 lets you indepen-

dently control pulse period, delay and 
width. The controls for these functions 
have seven discrete steps plus continuous 
vernier adjustment to allow easy selection 
in the 1Hz to 5MHz frequency range and 
100ns to 1 second delay and width ranges. 
To prevent a control setting that could 
overlap 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 

135K-PRECISION 
Model 3300 S325 

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 

ULLAY OVERLAP 

10 ee r  1 

SildAVF in 

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. 

If your 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. 

ie(PRECISION DYNASCAN 
CORPORATION 

6460 W. Cortland Street • Chicago, IL 60635 • 312/889-9087 
International Sales Empire Exporters Inc. 270 Newtown Road. Plainview, LI.. N.Y. 11003 

In Canada Atlas ElectronIcs Ontario 



New literature 

diodes and gives specifications and 
dimensions for them. The brochure 
also shows how the lens mounts can 
be adapted for use with neon and 
incandescent lamps. Visual Commu-
nications Co., P. O. Box 986, El 
Segundo, Calif. 90245 [423] 

Soldering. A 120-page manual on 
soldering tools and materials dis-
cusses the latest automatic soldering 
methods and how to choose the 
correct method and materials to 
solve particular soldering problems. 
The manual also gives typical appli-
cations and includes tables of inter-
national standards. It sells for $6.95. 
Multicore Solders, Westbury, N. Y. 
11590 

Fiber optics. A collection of techni-
cal articles and application data on 
fiber optics is contained in an 11-
page booklet. The subjects include: 
finishing and terminating fibers, 
designing fiber-optic data links, pig-
tailing sources and detectors, and 
measuring attenuation of fibers. 
Math Associates Inc., 376 Great 
Neck Rd., Great Neck, N. Y. 11021 
[425] 

Solid state. "cOsImos Memories, 
Microprocessors, and Support Sys-
tems," a 440-page databook, com-
prises technical data, application 
notes, classification charts, and 
cross-reference and ordering infor-
mation on the following products: 
the CDP1800 series of Cosmac 

Radio Active 
In radio-communications, Plessey 
offers the most comprehensive line 
of IC's available. 

IC's that will cut the costs, reduce 
the size and increase the reliability of 
your designs for everything from com-
mercial CB sets to manpack radios like 
the Hughes PRC-104 shown. 

Typical is our SL6600, a monolithic 
IC that contains a complete IF amplifier, 
detector, phase-locked loop and squelch 
system. Power consumption is a meager 
1.5 mA at 6V, S/N ratio is 20 dB, 
dynamic range is 120 dB, THD is just 
2% for 5 kHz peak deviation, and it can 
be used up to 25 MHz with deviations 
up to 10 kHz. 

Our SL 6640 (with audio output) and 
SL6650 (without audio) are similar, but 
go a bit further, adding dc volume 
control to the on-chip preamp, amp, 
detector and carrier squelch. 

In addition to these, we offer a large 
family of RF and IF amplifiers, most 
available in full MIL-temp versions, 

with screening to 883B. And they're all 
available now, so contact us for com-
plete details today. 

The real action in radio-communica-
tions IC's is at Plessey. 

PLESSEY 
SEMICONDUCTORS 
1641 Kaiser Avenue, Irvine, 

CA 92714. (714) 540-9979. 

All things to some people. 
Circle 39 on reader service card 

PANTOS DIGITAL PRINTER 
WEIGH IT UP 

* Compact plus high performance 
* Thermal dot system. One million lines 
without adjustment. 

* Alphabetical characters, decimal digits 
and symbols, 63 kinds in all. 

* Bit parallel digit serial system prints 
15 columns. 

" Upward or downward chart advance 
control from outside printer. 

* Inexpensive 

For details, please contact: — Sole Exporter — 

TOYO CORPORATION 
P.O.B. 5014, Tokyo International, Tokyo 100-31 
JAPAN Telex: 222-2973 TOYOCO J 

Manufactured by: NIPPON DENSHI KAGAKU CO., LTD. 
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Heat is a recharge-
able battery's biggest 
enemy. At about 
45° C life starts to 
shorten dramatically. 
The new PolytempTM 
is a NICAD'- nickel-
cadmium battery 
designed to take the 
heat and give long 
life. Satisfactory 
life to 70° C. 

Polytemp's long life 
in high temperature 
applications makes it 
an ideal battery for 
backup power in 
memory circuits, 
emergency lighting 
and alarms, tele-
phone and telegraph 
equipment, electronic 
instruments and 
process control 
equipment. 

And Polytemp 
batteries have a 
unique negative 
electrode construc-
tion which means 
less voltage 
depression during 
overcharge than 
sintered nickel 
matrix types. A 
radial compression 
seal gives greater 
protection to 
surrounding circuits. 

A battery that leads 
a hot life doesn't 
have to lead a short 
life. Now there's 
Polytemp from 
Gould. The company 
that makes more 
different types of 
batteries than any-
one else in the world. 

Available in sizes 
"1/2 AAA" to "F" 
(0.070 amp. hours 
to 7 amp. hours.) 
For complete design 
spec's write: 
Applications 
Engineering Mgr. 
Gould Inc. 
931 Vendalia St. 
St. Paul, MN 55114 

im> couLo 
An Electrical Electronics Company 
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New literature 

microprocessors and associated 
memory and peripheral circuits; the 
MWS5000 and CD4000 series of 
general-purpose memories; the 
CDPI 8S600 series of Cosmac mi-
crocomputer board systems; and the 
CDPI 8S000 series of Cosmac mi-
croprocessor development systems. 
The book sells for $7 per copy. RCA 
Solid State Division, Box 3200, 
Somerville, N. J. 08876 

Computer terminals. The "Display 
Terminal Price Index" is a reference 
guide that lists 500 display terminals 
by manufacturer, model number, 
and screen capacity, separating them 
by price. The terminals are divided 
into six categories: full graphics, 
intelligent, partial graphics, editing 

and word processing, alphanumeric, 
and numeric. The price index is 
available for $9.50 (prepaid) or 
Marrett Rd., Lexington, Mass. 
02173 

Standards. Publication RS-463, 
"Fixed Aluminum Electrolytic Ca-
pacitors for Alternating Current 
Motor Starting, Heavy Duty (Type 
1) and for Light Duty (Type 2)," 
provides the standard for an up-to-
date set of recommended require-
ments and characteristics for capaci-
tors for intermittent-service single-
phase induction motors. It replaces 
the National Electrical Manufactur-
ers Association's Standard Publica-
tion No. CP-1957. A free EIA and 
Jedec Standards and Engineering 
Publications Catalog is also avail-
able upon request. Copies are avail-
able at $6.50 each from the Elec-
tronic Industries Association's Stan-
dards Sales Office, 2001 I St., 
N. W., Washington, D. C. 20006. 

Electronics/January 3, 1980 

Power Play 
A.C. power control is almost child's 
play with any one of a series of 
zero-voltage switches from Plessey. 

They all provide better, more 
economical control for your hair-
dryers and heaters, freezers and 
furnaces, pools and percolators, or 
whatever else you may be work-
ing on. 

Plessey zero-voltage switches 
include spike filters to prevent false 
triggering. Low voltage sensors to 
protect your triacs. Provide sym-
metrical control to prevent the 
addition of D.C. to your circuits. 

And three of them (the SL441A, 
443A and 445A) include an integral 
ramp generator and a patented pulse 
integration technique that allows 
you to get long, long time constants — 
repeatably — with fewer and much 
less expensive components and 
without the inherent problems of 
using electrolytic capacitors. 

If you need a clincher, just call 
and ask about our prices and 
deliveries. 

We're not playing games. 

tlts PLESSEY SEMICONDUCTORS 
1641 Kaiser Avenue, Irvine, 

CA 92714. (714) 540-9979. 

All things to some people. 
Circle 42 on reader service card 

TEMPERATURE 
MEASUREMENT 
HANDBOOK 

• 200 pages of data covering 

temperature measurement 

• More than 9000 products 

• Complete ANSI calib. tables 

• 16 pp of application notes 

• Technical articles 

• Heat transfer, steady-state 
and transient temperature 
applications 

• Detailed specifications on 
thermocouples and wire; 
as well as thermistors 
and RTDs; controllers, 
pyrometers and a full 
line of accessories 

NeelMACO zee' 1979/80 
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CRYOGENIC TEMPERATURES TO OVER 5000 F 
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Write or call (617) 872-4811 for FREE Handbook 

NANMAC CORPORATION 
fleas/trio/en/ 

9-11 MAYHEW ST. FRAMINGHAM CENTRE, MA 01701 

 Amirewkwwwwwwegari 
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Today's 
SLIC ideas. 
Where will they be 
tomorrow? 

They could be tucked away with today's 
memorabilia. 

That's why we are working closely with design 
engineers today. To meet his needs tomorrow. 

Currently, we offer our 3081 and 3082 Sub-
scriber Line Interface Circuits in production quantities. 
These circuits meet the stringent requirements for 
Central Office line applications. 

They are the best you buy today. And when 
your specifications change, you can be sure ITT 

North will be there to meet those specifications 
tomorrow. 

We have set these industry standards of per-
formance. We will continue to set the standards 
for C.O., EPABX, and Key Systems. 

Specify ITT North. 
For more information, write or call: ITT North 

Microsystems Division, 700 Hillsboro Plaza, 
Deerfield Beach, Florida 33441. Phone (305) 
421-8450, TELEX & TWX: 510-953-7523. 

ITT North 
Microsystems Division 
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The1979 EBG! 

Nothing like it 
until June,1980. 

Completely new listings of catalogs, new 
phone numbers, new addresses, new man-
ufacturers, sales reps, and distributors! 
The total market in a book—four directories 
in one! 

The only book of its 
kind in the field. 

If you haven't got it, 
you're not in the market. 

To insure prompt delivery 
enclose your check with 
the coupon now. 

Yes, please send me copies of 
1979 EBG. 
D I've enclosed $30 per copy delivered in 
USA or canada. Address: EBG, 1221 Avenue 
of the Americas, New York, N.Y. 10020. 
D I've enclosed $52 for air delivery 
elsewhere. Address: EBG, Shoppenhangers 
Road, Maidenhead, Berkshire S16, 
201 England. 

Name 

Company 

Street 

City 

And now, 
powerless 
memory 
The addition of non-volatile memory to 
standard logic functions in Plessey's NOVOL 
series may be the most exciting news since 
the abacus. 

Because you can now include memory 
that won't give out when the power does — 
in your counters, security code storage 
systems, machine tools, and other applica-
tions where memory requirements are small 
but critical. 

The first two products in the Plessey 
NOVOL family are our MN9102 Quad Latch 
and MN9105 Quad Decade Up/Down 
Counter. Both monolithic IC's include MNOS 
memories that store the data in them when 
power is removed, and hold it for at least 
one year at temperatures up to 70°C. 
Guaranteed. 

And unlike other MNOS devices, ours 
require only standard MOS supply voltages 
of +5V and —12V and are fully TTL/CMOS-

compatible with no external drivers or special 
interfaces. 

If you like our story, you'll love our prices 
and deliveries, because that's what really 
makes us Number 1 in state-of-the-art IC's. 

And we're not likely to forget it. 

PLESSEY 
gir SEMICONDUCTORS 

1641 Kaiser Avenue, Irvine, 
CA 92714. (714) 540-9979. 

All things to some people. 
Circle 46 on reader service card 

EXTRA STRENGTH! 
You get more high-powered productivity for 
your payroll dollar in Nebraska. Our uni-
versities, state colleges, community 
colleges, and vo-tech schools graduate 
many more qualified students than 
Nebraska industry has been able to 
use. Some new industries tell us that 
our educated young Nebraskans train 
up to 50% faster than people in other 
areas. If well-educated, technically-
trained, achievement-oriented workers 
are important for your manu-
facturing success, 
consider Nebraska's 
extra strength labor 
for your next plant 

Call or write Chuck 
Elliott, C.I.D., De-
partment of Eco-
nomic Development, 
PO. Box 94762, 
745 State Capitol, Lincoln, 
Nebraska 68509 (402) 471-3111. 

Nebraska...It Works! 
State Zip Country 
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Classified section FOR ENGINEERING/TECHNICAL EMPLOYMENT OPPORTUNITIES 

CLASSIFIED SALES REPRESENTATIVES 
Chicago .. 

Atlanta .Maggie McClelland 404/892-2868 Cleveland 
Boston. Jim McClure  617/262-1160 Dallas   
Chicago Bill Higgens   312/751-3733 Denver   

Sales Manager—Mary Ellen Kearns-212/997-3306 
Linda Nocella 312/751-3770 Detroit  
Mac Huestis. 216/781-7000 Houston   
Mike Taylor . 214/742-1747 Los Angeles   
Shirley Klotz 303/837-1010 New York   

Mac Huestis 313/873-7410 Philadelphia. Dan Ferro . . 215/568-6161 
Mike Taylor 713/659-8381 Pittsburgh... Jack Gardner 412/227-3658 
Ana Galaz . 213/487-1160 San Francisco . Peter McGraw 415/362-4600 
Larry Kelly. 212/997-3594 Stamford ... William Eydt . 203/359-2860 

DIED 
(We Know How 
To Help You) 

The 120 year history of Diebold has been marked by ap-
plying the best of the day's technology to security and fi-
nancial institution customer service systems. A most sig-
nificant proportion of our current business is represented 
by computer-based automatic banking systems and by 
multi-point, microprocessor-equipped security monitoring 
systems. 
Immediate career opportunities exist for people with the 

educational backgrounds and experience we are looking 
for in our North Canton, Ohio Electronics Center. Ohio? 
That's the place with real people, hills, plains, clean air, 
four season recreational opportunities and one of the 
lowest state and local tax rates in the United States. In the 
greater Canton area your standard of living will be better 
than in any other part of the country for any given income 
level. 

We offer the things people look for in a career: 
• Plenty of opportunity for personal growth and advance-

ment, 
• A solid company 
• An electronics growth company to build a career 

with. 
If this sounds like what you're looking for, send your 

resume with salary history in complete confidence to: 

Scott B. Weals, Personnel Department 

Electronic Engineers... 

We Invite You To 
Discuss Your Careers... 

...with consultants who understand your 
particular qualifications and goals. Since 

F-O-R-T-U-N-E is staffed with specialists in 
every aspect of the electronics industry, this is 

an opportunity to take advantage of. 

R.S.V.P. by calling or by sending your 
resume, in confidence, to: 

Manager, Electronics Division 
Personnel Agency. Inc 

0-R-T-U-N-E 
(212) 557-1000 — 505 Fifth Ave., NYC 10017 
"CORPORATE INQUIRIES WELCOME" 

• SYSTEMS PROGRAMMER 
• PRODUCTION PROGRAMMER 
• DIAGNOSTIC PROGRAMMER 
• MECHANICAL ENGINEER 
• TEST ENGINEER 
• RELIABILITY ENGINEER 
• ELECTRONIC ENGINEER 
• SYSTEMS ENGINEER 
• TECHNICAL INSTRUCTOR 
• DESIGN DRAFTER 
• TECHNICAL WRITER 
• ELECTRONIC TECHNICIAN 

IEBOLIT 
INCORPORATED 

Engineers 
• Design 
• Development 
• Project 
• Software 

S18,000-540,000 

Riddick Associates Engineering 
Division specializes in placement of 
electrical and electronics engineers 
with top companies in the Southeast 
and throughout the U.S. We provide 
advice on careers, resumes and 
interviews. We are retained by our 
client companies and they pay all 
fees. For details call or send resume 
to Phil Riddick, President. 

Riddick 

Associates, 

Ltd. 
9 Koger Executive Center 

Norfolk, VA 23502 
Area 804-461-3994 —.Or 

818 Mulberry Road S.E. 
Canton, Ohio 44711 
An Equal Opportunity Employer M/F 

Salaries to $40,000 
• Quality Control 
• Office Equipment 
• Computer Design 
• CAD/CAM Design 
• EW & ECM Systems 
• Microwave/Antennas 
• Manufacturing Engineers 
• Hardware &Software Design 
• QC/Manufacturing Engineers 
• Computer Simulation Systems 
We have over 800 jobs nationwide. 
Call/send resumes w/salary info: 

115 Staff 
Dynarnics, u.E.  

•IG ••OFCSS.ONAL [NO 

110 Post Rd., Darien, Conn. 06820 
DEPARTMENT "E" 

(203) 655-9499 
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For Tomorrow-Minded Hardware Engineers 
(Signal Processing Sz Microcomputers) 

A World of Difference in Career Opportunities 
and Lifestyle with Martin Marietta, 

Orlando Division 
What does "tomorrow" mean to you in terms of your total 
career opportunities? Being involved in leading research 
and technology projects? Enjoying a lifestyle with your 

family that makes all your career achievements more 
meaningful? Then, whether you realize it or not, you're 

already thinking about Martin Marietta in Orlando, Florida. 

Our Orlando Division works on a varied number of 
high technology programs. You will be working in the 

state-of-the-art arena of your field. 

You'll find stability in this environment with a multrplicity of 
challenging programs. Personal growth opportunities are 

only limited by your capabilities and contributions. 
You can aim your sights toward technical management 

or being an individual technical contributor. 
Either way, you can achieve your personal goals. 

You'll find the living environment in Orlando rewarding, too 
—with year-round sunshine for all the tomorrows ahead. 
With recreational advantages, such as the bass fishing in 

one of our 2,000 nearby lakes (to name just one.) 
You'll discover a whole new relaxed quality of life here, 

at an affordable cost of living level. 

We're looking for junior and senior level engineers (BSEE) 
with design experience in several of the following: 

• VLSI • FFT • ARRAY PROCESSING • CCD 
• KALMAN 8£ DIGITAL FILTERS • PIPELINE 

PROCESSING • SAW • DIGITAL CORRELATION 
• HIGH SPEED ARITHMETIC OPERATIONS 

Your work will find application in Radar Fire Control and 
Radar Seekers, TV/FUR Trackers, Automatic Target 

Acquisition, Image Enhancement, and Scan Converters 
among others. 
We also have opportunities for microcomputer and digital 
logic hardware designers. Martin Marietta Orlando...the 
tomorrow-minded aerospace people. 
For further information, please fill out and mail the coupon 
below...or send your resume in strict confidence to: 
Mr. William Bedsole, Signal Processing Manager, 
Martin Marietta Aerospace, PO. Box 5837, 
Orlando, Florida 32855. Attn: MP #477(EM 1480). 
Or call Mr. Bedsole COLLECT at (305) 352-2372. 

Mr. William Bedsole, Signal Processing Manager, 
Martin Marietta Aerospace, P.O. Box 5837, 
Orlando, Florida 32855. Attn: MP #477(EM 1480). 
Please contact me regarding Hardware Engineering oppor-
tunites with Martin Marietta Aerospace in Orlando, Florida. 

Name  

Address  

City State Zip  

Home Phone  ( )  

Engineering Degree  

Salary Required   

Employer   

Short Summary of Your Engineering Duties  

This information will be held in strict confidence. 

We are an equal opportunity employer, m/f/h. 
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all positions fee-paid 

ENGINEERS 
ELECTRONICS ENGINEERS, 
$18,000445,000. For the ele.7.-
tronics engineer, New Eng-
land otters the widest diver-
sity of positions available 
anywhere. As one of the larg-
est, long established (15 
years) technical placement 
organizations in the area, we 
can represent you with a wide 
variety of clients, large and 
small, for positions ranging 
from entry level to senior 
management. Nationwide rep-
resentation is also part of our 
service. Contact Bob McNa-
mara. E. P. REARDON ASSO-
CIATES, 888 Washington St., 
Dedham, MA 02026 (617/329-
2660). 
ELECTRONICS ENGINEERS, 
$18,000440,000. Suburban 
New Jersey and Nationwide. 
Numerous choice positions in 
co's utilizing the latest State 
of Art methods & equipment. 
Reply in confidence to James 
E. Mann, VP/Eng., ARTHUR 
PERSONNEL, Suite J6. 8 For-
est Ave., Caldwell, NJ 07006 
(201/226-4555). 
ELECTRONICS ENGINEERS, 
$18,000440,000. Nationwide 
positions in digital, analog, 
microprocessor, microwave & 
instrumentation technology. 
For immediate confidential re-
sponse, send resume w/ 
salary history to Glenn Eng-
lish, President, GLENN EN G. 
LISH AGENCY, 7840 Mission 
Center Ct., San Diego, CA 
92108 (714/291-9220). 
ENGINEERS to $40K. Get re-
sults from the oldest private 
employment service (est. 1946) 
in the heart of New Eng-
land with the best clients in 
the industry. Contact LANE 
EMPLOYMENT SERVICE, 405 
Main Street, Worcester, MA 
01608 (617/757-5678). 
DESIGN ENGINEERS to MK. 
Central Penna & nationwide. 
Design connectors/terminals, 
microprocessors, controls. Re-
ply in confidence to Z. A. Gon-
glewski, MECK ASSOC. PER-
SONNEL, 1517 Cedar Cliff, 
Camp Hill, PA 17011 (717/ 
761-4777). 
BSEE / ELECTRONIC DESIGN 
ENGINEERS, $15,000435,000. 
Immediate, desirable upstate 
New York & nationwide. Junior 
to senior project manage-
ment. In confidence send re-
sume or call James F. Corby, 
President, NORMILE PERSON-
NEL ASSOC., INC., 5 Leroy 
St., Box 110 Westview Station, 
Binghamton, NY 13905 (607/ 
723-5377). 
ELECTRONICS ENGINEERS. 
Our clients, defense/non-de-
fense, seek talent in digital, 
analog, microprocessor, mic-
rowave, etc. All Fee-paid. 
ACCESS GROUP, Dr. Bill Kan, 
Box 3267, Stamford, CT 06905 
(203/356-1168). Eric Gross. 
man, 179 Allyn Street, Suite 
500, Hartford, CT 06103 (203/ 
527-9107). 

In NATIONAL 
PERSONNEL 
CONSULTANTS 

•  

ELECTRONIC 
ENGINEER/ 
SENIOR DEVELOPMENT 
To develop data transmission products 
from initial concept through production 
prototype. Excellent career opportunity 
with manufacturer of quality 
electronics located in beautiful Morris 
County, NJ. BSEE or equivalent plus 5 
or more years of circuit design 
experience using linear & CMOS IC's 
required. Some familiarity with 
protective tone relaying systems 
desired. Fine employee benefit 
package including cost of hying and 
profit sharing. Please send resume to: 
RFL INDUSTRIES 
Powerville Boonton. N.J. 07005 
Equal Opportunity Employer M/F 

SOFTWARE 
DEVELOPMENT 
ENGINEER 

Manufacturer of **state-of-the-art** 
flow measurement devices has open-
ing for engineer with 3-5 years exp. 
with Intel 8080/8085 assembly lan-
guage programming. BS/MS in Com-
puter Science or BSEE with computer 
emphasis. Analog/Digital hardware 
design experience desirable. 
Send resume and salary history to: 

COX INSTRUMENT 
15300 Fullerton 

Detroit, MI 48227 

An Equal Opportunity Employer M/F 

re=d)INS11111.«. 

0.401‘. r• 0 
SM-IS 

CO°Weer* Rapidly growing 
manufacturer of qual-

ity electronics located in beautiful 
Morris County, N.J. seeking individual 
with good technical background in 
narrow band tones and telemetry, 8i 
low speed modems to design and quote 
systems to customer specifications. 
BSEE or equivalent and good sales 
personality required. Excellent em-
ployee benefits including cost of living 
and profit sharing. Please send resume 
to: 

RFL INDUSTRIES 
Powerville Rd., Boonton, NJ. 07005 
Equal Opportunity Employer M/F 

ENGINEERS 
• Design • Communication 
• Avionics • Digital 
• Systems • Analog 
• Test • Micro Processing 
Our specialty is placing engineers with 
aerospace and agricultural machinery 
companies. Engineering positions avail-
able anywhere in the United States. Com-
panies pay for interview, relocation and 
fees. 

Send resume to either 

ANTHONY-LAINE PERSONNEL 
505 1st Natl. Bank Bldg. 

Peona, III. 61602 Ph. (309)676-4042 
or 

ANTHONY-LAINE PERSONNEL 
235 S. Maitland Ave., Suite 113 

Maitland, Fla. 32751 Ph. 1305)628-2577 

MANAGEMENT SOUTH 
Solicits Resumes 

From All Disciplines For Submission 
To Our Regional and National Clients. 

Employers Pay All Fees 
Unit G3, Management South 

PO Box 11367 
Charlotte, NC 28220 

$20,000-$50,000 K d 
WINTER AT ITS BEST! 

One resume is all you need if you want to 
develop your electrical engineering career 
in Upstate NY or New England! Now recruit-
ing for many excellent companies and have 
several affiliates to help us. All hiring 
costs paid. 

SANDERS ASSOC., P.O. Box 127 
Schenectady, NY 12301 

1518/370-2332) 

POSITION WANTED 

Radiation Biophysicist Ph.D. Work 
with soft x-ray lithography; mi-
croscopy, spectroscopy using 
synchrotron radiation source; ideal 
for LSI-VLSI. M. J. Malachowski, P.O. 
Box 9315, Berkeley, CA 94709. 

The 
E ineers 

ex 
Systems Engrs. 

Data Processing 

Electronics 

Salaries to $46.000 
Manufacturing Engrs. 
ECM Engrs. 
Tool Design Engrs. 
Air Traffic Contr!, Syst. Engrs. 
Rotating Devices Engrs. 
Thermometric Engrs. 
Digital CKT Design Engrs. 
Power Systems Engrs. 
Sr. Military Systems Engrs. 
Field EngrsAElectronic Equip. 
Digital Systems Engrs. 
Production Control 
Programmers/Mgrs. 
CIA and/or QC Engrs. 
Technicians 
Companies Assume Our Fees. 
Submit Resume, Call or Visit: 
THE ENGINEERS INDEX 
133 Federal Street, Suite 701 
Boston, Massachusetts 02110 
Telephone 16171482-2800 

POSITIONS VACANT 

Electronic/Project Engineer —In-
volved in the development of space 
craft instrumentation used in at-
mospheric research. Work with space 
shuttle scientific instrumentation 
and related projects. using state-of - 
the-art electro-optical techniques. 
imaging detectors, experiment dedi-
cated spaceborne mini computers, 
high speed telemetry. and various 
other devices. Duties will include par-
ticipation on the conception, design, 
analysis, and testing of laboratory 
and space craft hardware, and 
maintenance/upgrading of existing 
reflyable instruments. USU offers ex-
cellent salaries and benefits. Submit 
applications to: C. Laveroni. Utah 
State University, UMC 41. Logan. 
Utah 84322. An Equal Opportunity/ 
Affirmative Action Employer. 

FACULTY POSITIONS VACANT 

Assistant/Associate Professor of 
Engineering Technology. Full time 
tenure track position in Electronic 
Engineering Technology and Chair-
person, Department of Engineering 
Technology, subject to the terms of 
the Agreement between State 
University Board and the Inter-
Faculty Organization/Minnesota 
State Education Association. Assign-
ment will involve teaching Electronic 
Engineering Technology courses, 
including digital systems and com-
puters. The Department Chairperson 
shall be to exercise academic and 
administrative leadership for the De-
partment and will have the responsi-
bility for internship program, 
maintaining a strong affiance with in-
dustry, advisement of majors, and 
recruitment of faculty and students. 
Masters degree in Electrical 
Engineering, current background in 
digital electronics and computer 
design, teaching and/or administra-
tive experience in Bachelor Degree 
Engineering Technology Program re-
quired. Doctorate, professional regis-
tration, and industrial experience 
preferred. Appointment date Feb-
ruary or August. 1980. Applications 
due by January 15, 1980. Reply to 
Mr. Robert J. O'Brien, Chairperson, 
Engineering Technology Department, 
Southwest State University, 
Marshall, MN 56258. Southwest 
State University is an affirmative ac-
tion/equal opportunity institution. 

BOOKS 

Fastest Piano Course in history! 
Uses system patented by aerospace 
logician. Method published in Dec. 
1977 Music Educators Journal. Free 
info: P.O. Box 751-TR, La Canada, 
CA 91011. 

RESUMES 

Resumes—Complete instructions 
and examples; $4, Consultants, Box 
567—J. Bergenfield. N.J. 07621, 

FREE 
Your dream job. 

We hope you're happy in your current position, 
but there's always that ideal job you'd prefer if 
you knew about it. 

That's why it makes sense to have your 
resume on file in the Electronics Manpower 
Register, a computerized data bank containing 
the qualifications of career-conscious 
ELECTRONICS readers just like yourself. 

You'll benefit from nation-wide exposure to 
industry firms privileged to search the system, 
and since the computer never forgets, if you 
match up with their job requirements you'll be 
brought together in confidence. 
To take advantage of this free service, mail 

your resume to the address below. 

ELECTRONICS MANPOWER REGISTER 
Post Office Box 900/New York, N.Y. 10020 
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NM TREES, ORANGES 
AND ENGINEERS 

ALL GROW BETTER 
IN SOUTHERN CALIFORNIA. 

Instead of sounding like the Chamber of 
Commerce, we'll be factual about how you 
can grow out here. As an engineer at Hughes. 

1. We'll put some challenge into your 
life. We're into some of the most sophisti-
cated radar projects on earth (or in space). 
Like building the weapon systems for the F-14, 
and the radar system for the F-15 and F/A-18 
fighter aircraft. And radar for the U.S. Roland. 
And the "eyes, ears and voice" for NASA's 
Space Shuttle. You've got to be good to work 
on them. And working on them can make 
you better. 

2. We'll help you go to school. Like 
to go for an advanced degree? Fine. Some of 
the finest colleges and tech schools in the U.S. 
are just minutes from Hughes. And we'll help 
you go by providing full financial assistance — 
100% of the cost on pertinent courses. 

3. We'll help you have some great 
weekends. You'll find many of your asso-
ciates at Hughes live adventurously on week-
ends and vacations. Deep-sea fishing. Ghost 
town exploring. Hang gliding. Rock hounding 
on the Mojave. Scuba diving. Activities like 
these help you grow as a person. Under the 
same sun that makes our trees grow taller, 
our oranges grow bigger. 
So if you're ready to grow — professionally 

and personally — we're ready to help. Because 
we've got some unusual openings now. We 
need Systems Analysts, Software Engineers, 
Hardware Engineers, Production Engineers, 
Quality Assurance Engineers, and many 
others. Write: Professional Employment, 
Hughes Radar Systems Group, Dept. E-1, 
P.O. Box 92426, Los Angeles, CA 90009. 

HUGHES AIRCRAFT COMPANY 

U.S. Citizenship Required. Equal Opportunity M/F/HC Employer. 



If you currently 
earn between 
$22,000 and $48,000 
we've got a better 
job for you...NOW! 
Every day you spend in the wrong job is a waste of time, 
money and talent...YOURS! Your talents and experience are 
in great demand and you can choose among many 
rewarding opportunities available in your field. But how? 

Talk to the experts at Wallach. We've been successfully 
recruiting professionals like yourself for over 15 years. 

Nationwide opportunities include technical/management 
consulting, project management, R&D, test and systems 
evaluation in the fields of Communications, Satellites, 
Weapons, Intelligence, Computer, Energy, and Aerospace 
systems. Specific skill areas include: 

• Minicomputers 
• Microprocessors 
• Software development 
• Signal processing 
• Digital systems 
• Command & Control 

Don't waste another day in 
the wrong job! Call Robert 
Beach collect at (301) 
762-1100 or send your 
resume in confidence. We 
can find you a better job. Let 
us prove it to you...NOW! 

WALLACH...Your career 
connection 

Equal Opportunity Employer Agcy 

• Radar Systems 
• Communication Systems 
• EW/SIGINT/ELINT 
• Microwave Systems 
• Electromagnetics 
• Fire Control Systems 

WALLACH 
associates, inc. 
1010 Rockville Pike 
Box 6016 
Rockville, Maryland 20852 
(301) 762-1100 

SOUTH & SOUTHWEST POSITIONS 
Engineering and Management posi-
tions throughout the South, 
Southwest and U.S. Employers pay 
all fees. Send resume in confidence 

ENGINEERS 
15K • 40K 

Our Electronics Division represents leading 
companies nationwide. Current needs in 
Design. 0.A., Instr. Plant. etc. 
Mi Fees assumed by companies 
Contact Torn Brown or B. D. Love 

dorsey love & associates Ill 
• o ayr o ••• 

to: Bob Hogue. per,onnel rearmhom. 

Sice.aeWeit 7Educical 
P.O. Box 33070, 

San Antonio, Texas 78233 

ENGINEERS 
Plasma Therm is seeking talented individuals who can thrive in 

a challenging environment of high visibility and individual project 
responsibility. We have immediate openings for the following: 

1. Electronic Engineers with broad background in application of 
Transducers, Signal Conditioning, RF and Microwave. 

2. RF/Microwave Engineers to design RF and Microwave 
subsystems consisting of Oscillators, Drivers, Amplifiers, and 
associated Interconnecting Circuitry and Packaging. 

3. Analog/Digital Design Engineer with a thorough understanding 
of Low Level Analog Signal Conditioning, Digital Circuitry, I/O 
Interfaces, AID, D/A, and Microprocessor Design. 

4. Electro-Mechanical Design Engineer with experience in Defini-
tion, Design, Development, and Integration of complex control 
systems. 

5. Manufacturing Engineer to supervise Electro-Mechanical 
Assembly, Testing, and Sustaining Engineering Responsi-
bilities. 

6. Technicians with experience in any of the above areas. 

All positions offer competitive salaries, continuous opportu-
nities for career growth plus generous company benefits. 

Forward Resume to: Plasma-Therm, Inc. 
Dept. # 
Route 73 

Kresson, NJ 08053 

Senior Electrical 

Engineers 

New England 
Our client is a major 
division of an advanced 
electronics systems com-
pany which has sales of 
over $100 million. For 
over forty years the com-
pany has been a leader in 
Avionics, Marine and In-
dustrial Control Technol-
ogy. Steady and profitable 
growth has created ca-
reer positions in Electrical 
Engineering. 
If your experience is in 
high level digital design, 
keyboard interfacing, 
CPC design and trouble-
shooting this position will 
interest you. You need an 
EE Degree with several 
years of experience and 
familiarity with mini-
computers. 
Live and work near Ver-
mont's largest city and 
enjoy the hard to find mix 
of Urban/Rural living 
you've been looking for in 
the prettiest spot in 
North America. 

Please send resume in 
confidence to: 

Executive and Technical 

Search Consultants 

49 LooKlellow 
Brunswgch Me 04011 

PHYSICS DEPARTMENT 
Texas A&M University 

is seeking an 
Electronics Engineer 

and an 
Electronics Technician 

to expand the present capabilities of 
the Physics Department Electronics 
Shop. The Electronics Engineer would 
direct the shop and supervise work 
involving design and construction of 
prototype devices for teaching and 
experimental research programs, the 
advising of students and faculty, as 
well as the repair of sophisticated 
instrumentation used throughout the 
Department. The person filling this 
position will encounter both analogue 
and digital type problems. The salary 
is negotiable. The Electronics 
Technician position is being added to 
assist the Engineer and will have a 
hand in developing new instrumenta-
tion, to help advise students and 
faculty, and to repair existing equip-
ment. The projects undertaken in the 
Electronics Shop are often unique 
and one of a kind. If interested in 
either of these positions, please send 
resume to: 
Dr. Wiley P. Kirk, Physics Depart-

ment 
Texas A&M University 

College Station, Texas 77843 
Texas A&M is an 

Equal Opportunity/Affirmative Action Em-
ployer 

NATIONWIDE ELECTRONICS PLACEMENT 
Digital Ckt Dsgn * Hardware Sys Dsgn 
Analog Ckt Dsgn *Software Sys Dsgn 

Quality Reliability * Test Equipment Mtnce 
Entry Level through Management 

Ail Fees are Exclusively Employer Paid 

E. J. STEPHEN ASSOCIATES 
1601 Concord Pike, Suite 86 

Wilmington, DE 19803 

HIRE NEXT YEAR'S 
GRADUATING ENGINEERS 

—THIS SUMMER!— 
First, it's in our industry's 
best interest to provide 
career-conscious under-
graduate engineering stu-
dents with meaningful sum-
mer job experience in their 
future profession. 

Second, since there'll al-
ways be more anxious appli-
cants than openings, you'll 
be able to select the cream 
of the crop, then evaluate 
them under "game-condi-
tions" with an eye towards 
hiring them next year, when 
as coveted graduates, the 
job market may well be in 
their favor. 

By filling out and returning 
the coupon below, your orga-
nization will be included in 
summer job listings to be 
featured in the Spring 1980 
issue of McGraw-Hill's new 
GRADUATING ENGINEER. 

This edition, edited espe-
cially for next year's gradu-
ates, will be distributed on 
approximately 450 cam-
puses by engineering depart-
ment heads, directors of 
computer centers, place-
ment officers, and minority 
advisors. Students will then 
contact you directly. 

Free summer job listing 
MAIL TO, ELECTRONICS/POST OFFICE BOX 900/NEW YORK/NY 10020 

NAME/TITLE of individual to be contacted) 

ADDRESS: (Mailing address of your personnel office) 

ORGANIZATION: (Firm. Company, Government Agency or Institution) 

TYPE AND NUMBER OF STUDENTS SOUGHT: Electronics Avionics 

Technician Computer Science Other: i Draftsperson, etc.) 

3/3 80 Note: Last date coupons can be accepted for this year's summer job listings is 
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POSITIONS VACANT 

Electronics Engineer for the Facility 
for High Resolution Electron Mi-
croscopy. This Facility recently es-
tablished within the Center for Solid 
State Science, Arizona State 
University by a grant from the Na-
tional Science Foundation has a posi-
tion for an electronics engineer who 
will be involved with the development 
and maintenance of computer inter-
facing, data processing and instru-
ment control systems associated 
with the several electron micro-
scopes used for the Facility opera-
tion and the associated develop-
mental research programs. The 
minimum qualification required is a 
bachelor's degree or equivalent. 
Experience with computer interfacing 
and data processing is preferred. The 
appointment will be to a temporary 
position. Employment beyond the 
grant period (4 years from October, 
1979) can not be assured. Send 
resume and arrange for 3 letters of 
recommendation to be sent before 
December 10. 1979 to John M. 
Cowley, do Center for Solid State 
Science, Arizona State University, 
Tempe, Arizona 85281. Arizona 
State University is an Equal Op-
portunity/Affirmative Action em-
ployer. 

FACULTY POSITIONS VACANT 

Junior Faculty And Research Posi-
tions In Semiconductor Device 
Technology—Applications are so-
licited for junior faculty and research 
staff positions in the Department of 
Electrical Engineering and Computer 
Science at M.I.T. in the general area 
of semiconductor-device and in-
tegrated-circuit technology. Faculty 
duties include teaching at the 
graduate and undergraduate levels, 
research, and supervision of theses. 
Research staff duties are primarily in 
research, with opportunities for 
teaching or thesis supervision when 
appropriate. As part of an expanding 
M.I.T. program in semiconductor 
device and integrated circuit 
technology, a new faculty or staff 
member will be expected to become 
a collaborative member of one or 
more existing research programs, 
and to develop original research pro-
grams in such areas as semiconduc-
tor device fabrication; characteriza-
tion and modeling of submicrometer 
structures and devices; physical 
device limitations; design tech-
nologies for devices and inte-
grated circuits; or novel devices, in-
tegrated circuits, and integrated 
systems. Prior industrial experience 
will be helpful. Applicants should 
have an interest in working with 
groups at M.I.T. that seek to develop 
integrated circuits and systems for a 
wide range of disciplines, such as 
computer technology, signal and 
image processing, biomedical 
engineering and communications, 
and should be interested in develop-
ing working relationships with in-
dustrial organizations. Applicants 
should provide a resume and the 
names and addresses of three or 
more references. Applications should 
be sent to: Professor Stephen D. 
Senturia, Room 13-3010, Massa-
chusetts Institute of Technology, 
Cambridge, Mass. 02139. Indicate 
citizenship and, if not a U.S. citizen, 
describe your visa status. M.I.T. is an 
equal opportunity/affirmative action 
employer. 

SOFTWARE 
DEVELOPMENT 
ENGINEERS 

Join the leader in "Systems Technology for 
the 80's... ALLEN-BRADLEY SYSTEMS GROUP" 

As a division of a long established world leader in industrial controls, we have 
a strong history and growth in the development, manufacturing and marketing 
of computerized programmable controllers and numerical control systems. 
Our products are vital to increasing productivity throughout the world. 

IF You're degreed in electrical engineering, computer science, or computer 
engineering and thrive in an environment of advanced software technology, 
we have the perfect challenge for you! 

We are presently seeking Software Development Engineers/ 

Seniors in the following areas: 

NUMERICAL CONTROL SOFTWARE DEVELOPMENT 

Apply your '1-3 years of assembler language 
programming to develop real-time software 
that meets specific customer requirements. 
You will have the opportunity to develop, 
program and test your own software. If you 
have 3-5 years of experience in this area, 
you may move into new concept development 
in our state-of-the-art industry. 

DATA HIGHWAY DEVELOPMENT 

You can apply your 3-5 years of 
assembler and higher level software 
expertise to integrate mini-computer and 
peripheral equipment with programmable 
controllers, developing new concepts in 
control functions. Develop sophisticated 
software by combining your Electrical/ 
Computer Engineering degree with 
experience in data structuring and 
systems programming. 

COMPUTER AIDED MANUFACTURING 
SOFTWARE DEVELOPMENT 

Develop software systems that can control an entire manufacturing process 
by interlinking programmable controllers and numerical controls. Initiate 
programming strategies, translator systems, interfaces and establish host 
computer/peripheral networks. Your Electrical/Computer Engineering degree 
and 3-5 years related experience have prepared you for the responsibilities 
of this position. 

These are key technical positions offering outstanding career growth 
possibilities, excellent compensation and generous benefits. 
COME AND GROW WITH US! Start by sending your resume and 
current salary history requirements to: 

Duane C Smith, Salaried Employment Manager 

ALLEN—BRADLEY CO. 
SYSTEMS GROUP 

747 Alpha Drive, Highland Heigh=.s, Ohio 44143 
Quality in the best tradition. 

An Equal Opportunity Employer M/F 
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A Recording 
Revolution 

:" 

The HR2000 

Datagpaph' 

IT OFTEN TAKES A TOTAL ENGINEERING REVOLUTION within an industry to get rid of old 
techniques, stale "nie-too" designs. 

IN THE DATA RECORDING FIELD there hasn't been a major improvement in years ... until now! 

NOW CEC INTRODUCES THE FIRST ALL SOLID STATE RECORDER, the remarkable HR2000 Datagraph 

OUR FULL COLOR BROCHURE TELLS ALL, including the location of the sales office nearest you. 
Call for a demonstration. 

JOIN THE CEC REVOLUTION! 

FREE 
Washer k. 
Catalog 
and 

Sample Pack 
Catalog lists 3500 sizes of 

non-standard washers and spacers 

available without die charge 

All metal washers are flat and tumble 
de-burred. They are made immediately to 
your order from existing dies. Materials 
certified if needed. 

Boker's complete stamping capability 
includes tooling, welding, metallurgical lab, 
assembly, and quality control. Let us give you 
a quick quote. 

See our ads in Thomas Register under 
STAMPINGS and WASHERS. 

Satisfied customers from coast to coast. 

BOKERS, INC 
3104 Snelling Ave. So., Mpls., MN 55406 Phone 612-729-9365 

Circle 110 on reader service card 

OD's from 
.086" to 1.936" 

ID's from 
1.027 " to 1.637'' 

Thicknesses: 
.005" to .125" 

Any stampable 
material 

CEC Division 
360 Slerra Madre \ 611a. Pasadena, Cahfornla 91109 

• 

I BELL Ei HOWELL 
Circle 252 on reader service card 

PIEZO-ELECTRIC 

BU ER 

In addition, the following products are available. 

• Elements • Elements with a pick-up electrode • Elements 

with lead wires • Elements with a case • Elements with legs 

FUJI Mii:111H1Wle CO.,LTO. 
HEAD OFFICE: 5 36-11, Shinbashi, Minato-ku, Tokyo 105, Japan 

TEL. 03-434-1271 TELEX. 242-2174 (FNOVEL J) 
LOS ANGELES OFFICE: TEL. 213-323-1134 DÜSSELDOLF OFFICE: TEL. 211-3881 
HONG KONG OFFICE: TEL. 3-691382 TAIPEI OFFICE: TEL. 511-9171 
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Plessey Company Ltd. 160,242 4 Licon Div. of Illinois Tool 199 j Texas Instruments Calculator 192,193 

• Plessey Semiconductor 48 Mallory Capacitor Company 277 Texas Instruments Semiconductor 184,185 

Plessey Semiconductor 283,285,287.289 Mallory Sonalert 264 Thinker Toys 270 

Power One Inc. 238 • Matsushita Electric Trading Company 101 Thomas & Skinner Inc. 240 

Programmed Power Div. Franklin Electric Co. 262 Maxi-Switch Company 279 • Thomson Sescosem 5E.7E 

• Projects Unlimited 283 • Microswitch Div of Honeywell 226,227 Toyo Corporation 285 

Racal Recorders Ltd. 206,207 4. 3M Static Control Systems Department 48,49 • Trio Kenwood Corporation Test 190,191 
Instrument Div. 

RCA Solid State 124 3M Co. Electronics Div. 204.205 
• TRW Cinch Connectors 76,77 

RCA Corporation Lancaster 236 Mitel Semiconductor Inc. 17 
• TRW Optron Inc. 14 

j Rental Electronics 100,101 Monolithic' Memories 36,37 
United Systems Corporation 162 

Robinson Nugent Inc. 208.209 Monolithic. Systems 10,11 
• Vactec Inc. 272 

• Rohde & Schwarz 2E,65 Mostek Corporation 28,29 
Victor Data Products 200 

Rotek Instrument Corporation 234 Motorola Inc. Component Products 9 
Vishay Resistive Systems Inc. 58,59 

• Semiconductor Circuits Inc. 69 • Murata Mfg. Co. Ltd. 212 
4 Vitramon 91 

• SEPA S.p.A. 100 Nanmac Corporation 287 
Wells Electronics 273 

SGS-Ates 104-116 Neff Instrument Corporation 237 
Wiltron 120.121 

• Siemens AG 60 New Mexico Department of Commerce & Ind. 230 
Xebec Company Limited 243 

Siemens Corporation 71 • Nicolet Instrument Corporation 224,225 
• Yokogawa Electric Works 280 

Silicon Systems 778 • Non-Linear Systems Inc. 299 
4 Carl Zeiss 65 

Snap-On Tools Corporation 274 Noritake Electronics Inc. 269 
Zeltron 197 

Sord Computer Systems 250 North Carolina, State of 220 

Spectra Strip 217.219,221 • O.K. Machine & Tool Company 256 

• Spectrol Electronics 83 OKI Semiconductor 47 

Classified and employment advertising 
Sprague Electric 57 Online Conferences 202 F J Eberle, Manager 212-997-2557 

Allen-Bradley Co. 295 
Standard Microsystems 173 Opto 22 281 Anthony-Laine Personnel 292 

Cos Instrument 292 
Diebold, Inc. 290 

• Syntronic Instruments Inc. 754 1:• Panduit Corporation 212 Dorsey Love & Associates 294Engineers Index 292 

Fortune Personnel Agy 290 
Hughes Radar Systems Group 293 

Systron-Donner Instrument Div. 731 Paratronics Inc. 66 Management South 292 
Martin Marietta Aerospace 291 
National Personnel Cons. 292 
Power Search 294 

Tadiran 15 Percom Data Company 220 Plasma-Therm, Inc. 294 

RFL Industries 292 
Riddick Assoc., Ltd. 290 

TEAC Corporation 54 Perkin-Elmer Corporation 77 Sanders Associates 292 
Southwest Technical 294 
Staff Dynamics, U.E. 290 
Stephen, E.J. 294 

Tecnetics 216 Permag Corporation 300 Texas A&M University 294 

Wallach Associates 294 

Tecknit 282 • Philips Elcoma Market Promotion 6E 

• For more information of complete product line see 
Tektronix 80,186,187 • Philips TMI 122,123 advertisement In the latest Electronics Buyers Guide 

• Advertisers in Electronics International 
T Advertisers in Electronics domestic edition 

Ten-Tee Inc. 260 Plastics Engineering Company 8 
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Leipzig Fair 
March 9-15, 1980 

German 
Democratic 
Republic 

Worldwide connections for expanding trade in the field of 

electrical engineering and electronics await the 
businessman at Leipzig Fair. The displays will feature an 
international exhibition of the latest developments in 
design and production from leading manufacturers from 
all parts of the world. If you are looking for technical 

information, meet colleagues at Leipzig Fair and 
exchange experience; if you have problems to solve, find 
the answers at Leipzig Fair. An impressive programme of 

conferences and lectures will be an integral part of the 
display. See for yourself! See you in Leipzig! 

Fair cards and further information from: 

Koch Travel Overseas Co. 
206-208 East 86th Street, New York, N.Y. 10028 
Telex 62 187 Telephone—(212) 535-8600 

Sanders World Travel 
1625 Eye Street, N.W. Suite 712, Washington, D.C. 20006 
Telex 64 115 Telephone—(202) 223-6484 

Mr. Leo G. B. Welt, Travel Advisors of America, Inc. 
1511 K Street, NW., Washington, D.C. 20005 
Telex-Keine Telephone—(202) 638-7900 

Circle 115 on reader service card 

MUNIFICENT MINISCOPES!! 
• For electronic professionals on the go. • Prices that please. • Greatest 
selection. • Now!! 30-MHz bandwidth in the new dual-trace Model MS-230. 

MS-15 $349.80 
15 MHz —Single-Trace 
• External & internal trigger. 

*Line synchronization mode. 
• Power usage—<15 W. 

•Battery or line operation. 

•2.9" Hx 6.4" Wx 8.0" D. 

MS-215 $465.45 
15 MHz — Dual-Trace 
• External & internal trigger. 

• Line synchronization mode. 

e Power usage—<15 W. 

'Battery or line operation. 

•2.9" H x 6.4" W x 8.0" D. 

MS-230 $598.15 
30 MHz — Dual-Trace 
• External & internal trigger. 

• Line synchronization mode. 

• Power usage—<40 W. 

• Battery or line operation. 

•2.9" H x 6.4" W x 8.6" D. 

NLS products are available from Nationwide Electronic Distributors. 
Send for our brochure today! 

Non-Linear Systems, Inc. 
Originator of the digital voltmeter. 

Box N, Del Mar, California 92014 Telephone (714) 755-1134 
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NO BRIDGE 
TOO 
FAR. 
Gentron spans the entire 
spectrum of SCR bridge 
circuits 

Here's our newest family 
addition: the 15-amp and 
25-amp B series. Bridges the 
gap where small size, low cost, 
high thermal efficiencies are 
required. Choose either 
interconnect option: wires or 
fast-on terminals. The B series 
features the proven and 
reliable POWERTHERM 
process. 

A call will bring complete 
information and our new color 
catalog. Dial (414) 351-1660. 
Or write us today. 

GettiTRCIAI CORPORATION 
6667 N. Sidney Place • Milwaukee, Wisconsin USA 53209 

Circle 52 on reader service card 

When nobody's got 
just what you need in 
Bubble Memories 

PERMAG 
Got It! 
In stock Off-the-shelf. 24-hour 
delivery Grinding to your prints. 
Engineering assistance. Fabricating 
facilities. In addition. PERMAG has 
exotic. exclusive hard-to-get items. 
Complete facili(ies for measuring. 
testing, and producing special 
materials. 8 modern plants stocked. 
staffed, and eepped to meet your 
every requirement 

Write for new catalog. 

IN THE MAGNETIC FIELD 
PERMAG IS NO. 1. 

/OuR SOURCE 
FOR . MAGNETO U”ER.LS 

R,SS THE COuHTR/ 

Consult your Yellow Pages 
for address and 
telephone number 
of Permag near you. 

Advertising Sales Staff 

Advertising sales manager: Paul W. Reiss 
1221 Avenue of the Americas, New York, N.Y. 10020 
[212] 997-3468 
Atlanta, Ga. 30309: Peter Stien 
100 Colony Square, 1175 Peachtree St., N.E. 
[404] 892-2868 
Boston, Mass. 02118: Frank Mitchell 
607 Boylston St., [617] 262-1160 
Cleveland, Ohio 44113: William J. Boyle 
[716] 248-5620 
Detroit, Michigan 48202: Jack Anderson 
1400 Fisher Bldg., [313] 873-7410 
Fort Lauderdale, Fla. 33306: Peter Sties 
3000 N.E. 30th Place, Suite #400 
[305] 563-9111 
New York, N.Y. 10020 
1221 Avenue of the Americas 
John Game [212] 997-3616 
Matthew T. Reseska [212] 997-3617 
Philadelphia, Pa. 19102: Matthew T. Reseska 
Three Parkway. [212] 997-3617 
Pittsburgh, Pa. 15222: Matthew T. Reseska 
4 Gateway Center, [212) 997-3617 
Rochester, N.Y. 14534: William J. Boyle 
Powder Mill Office Park, 1163 Pittsford-Mendon Rd., 
Pittsford, N.Y. 14534 
[716] 248-5620 

Advertising sales manager, Western: Norm Rosen 
3200 Wilshire Blvd., South Tower 
Los Angeles, Calif. 90010 (213) 487-1160 
Chicago, III. 60611 
645 North Michigan Avenue 
Jack Anderson [312] 751-3739 
Robert M. Denmead [312] 751-3738 
Costa Mesa, Calif. 92626: 
3001 Red Hill Ave. Bldg. #1 Suite 222 
[714] 557-6292 
Dallas, Texas 75201: John J. Uphues 
2001 Bryan Tower, Suite 1070 
[214] 742-1747 
Denver, Colo. 80203: Harry B. Doyle, Jr. 
123 Speer Blvd. #400 
[303] 837-1010 
Houston, Texas 77002: John J. Uphues 
601 Jefferson Street, Dresser Tower 
[713] 659-8381 
Los Angeles, Calif. 90010: Chuck Crowe 
3200 Wilshire Blvd., South Tower 
[213] 487-1160 
San Francisco, Calif. 94111: Don Farris, 
Larry Goldstein, 425 Battery Street, 
[415) 362-4600 

Paris: Patrick Mouillard 
17 Rue-Georges Bizet, 75116 Paris, France 
Tel: 720-16-80 
United Kingdom: Simon Smith 
34 Dover Street, London W1 
Tel: 01-493-1451 
Scandinavia: Andrew Karnig and Assoc. 
and Simon Smith 
Kungsholmsgatan 10 
112 27 Stockholm, Sweden 
Tel: 08 51 68 70 Telex: 179 51 
Milan: Ferruccio Silvera 
1 via Baracchini, Italy 
Phone 86-90-656 
Brussels: 
23 Chausses de Wavre 
Brussels 1040, Belgium 
Tel: 513-73-95 
Frankfurt / Main: Fritz Krusebecker 
Liebigstrasse 27c, Germany 
Phone 72 01 81 
Tokyo: Akio Saijo, McGraw-Hill 
Publications Overseas Corporation, 
Kasumigaseki Building 2-5, 3-chome, 
Kasumigaseki, Chiyoda-Ku, Tokyo, Japan 
[581) 9811 

Business Department 
Thomas M. Egan 
Production Director 
[212] 997-3140 
Carol Gallagher 
Production Manager 
[212] 997-2045 
Betty Preis 
Production Manager Domestic 
[212] 997-2908 
Thomas Kazich 
Production Manager Related Products 
[212] 997-2044 
Frances Vallone 
Reader Service Manager 
[212] 997-6057 

Electronics Buyers' Guide 
H.T. Howland, General Manager 
[212] 997-6642 
Regina Hera, Directory Manager 
[212] 997-2544 
Thomas Kazich, Production Manager 
[212) 997-2044 
Marieanne Meissner, Production Assistant 
[212] 997-2843 
Frances Yellows, Reader Service Manager 
[212) 997-6057 

Classified and Employment Advertising 
Frank Eberle, Manager 
[212] 997-2557 

300 Circle 50 on reader service card 



Electronics 
Reader Service 
For additional information 
on products advertised, 
new products or new literature, 
use these business reply cards. 

Complete entire card. 

Please print or type. 

Circle the number on the Reader 
Service postcard that corresponds 
to the number at the bottom of the 
advertisement, new product item, or 
new literature in which you are 
interested. 

To aid the manufacturer in filling your 
request, please answer the three 
questions. 

All inquiries from outside the U.S. that 
cannot reach Electronics before the 
expiration date noted on the Reader 
Service postcard must be mailed 
directly to the manufacturer. The 
manufacturer assumes all respon-
sibilities for responding to inquiries. 

Subscriptions & Renewals 

Fill in the subscription card adjoining 
this card. Electronics will bill you at 
the address indicated on the card. 

r IBM sus eze BIB MIR BIZI 111113 NM MR UM MI UM MS OM UM Mai Zia lan UM 
nuary 3, 

L 
I Electronics January 3, 1980 This reader service card expires April 3, 1980 

I NAME  TITLE   

II PHONE (   )  COMPANY  

I STREET ADDRESS (Company 0 or home O check one)   

I CITY   STATE  ZIP   
Was This MagazIne Personally Addressed to You', 0 yes 0 No 

I industry classification (check one): 5 Source of Inquiry—DOMESTIC 
a III Computer & Related Equipment e CI Test & Measuring Equipment j 0 Independent R&D Organizations I b D Communications Equipment & Systems f D Consumer Products k D Government 
C D Navigation, Guidance or Control Systems g D Industrial Controls & Equipment I d D Aerospace, Underseas Ground Support h 11 Components & Subassemblies 

I Your design function (check each letter that applies): Your principal job responsibility (check one) 
x D I do electronic design or development engineering work. t 0 Management I y LI I supervise electronic design or development engineering work. v Engineering 
z LI I set standards for, or evaluate electronic components, systems and mater ials. 

I Estimate number of employees (at this location): 

Bectronics ja 1980 This reader service card expires April 3, 1980 

NAME   TITLE   

PHONE (     COMPANY  

STREET ADDRESS (Company O or home O check one)   

CITY   STATE   
Was Ths Magazine Personally Addressed to You" Oyes O No 

Industry classification (check one): 
a 0 Computer & Related Equipment e LI Test & Measuring Equipment 
b [II Communications Equipment & Systems f 0 Consumer Products 
c D Navigation, Guidance or Control Systems g 0 Industrial Controls & Equipment 
d D Aerospace, Underseas Ground Support h CI Components & Subassemblies 

ZIP   

5 Source of Inquiry—DOMESTIC 
j D Independent R&D Organizations 
k D Government 

Your design function (check each letter that applies): Your principal job responsibility (check one) 
X E I do electronic design or development engineering work. t D Management 
y CI I supervise electronic design or development engineering work. y 1:1 Engineering 
z D I set standards for, or evaluate electronic components, systems and materials. 

Estimate number of employees (at this location): 1. III under 20 2.111 20-99 3. D 100-999 4 D over 1 

1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 256 271 348 363 378 393 408 423 438 453 468 483 498 703 718 
2 17 32 47 62 77 92 107 122 137 152 167 182 197 212 227 242 257 272 349 364 379 394 409 424 439 454 469 484 499 704 719 
3 18 33 48 63 78 93 108 123 138 153 168 183 198 213 228 243 258 273 350 365 380 395 410 425 440 455 470 485 500 705 720 
4 19 34 49 64 79 94 109 124 139 154 169 184 199 214 229 244 259 274 351 366 381 396 411 426 441 456 471 486 501 706 900 
5 20 35 50 65 80 95 110 125 140 155 170 185 200 215 230 245 260 275 352 367 382 397 412 427 442 457 472 487 502 707 901 
6 21 36 51 66 81 96 111 126 141 156 171 186 201 216 231 246 261 338 353 368 383 398 413 428 443 458 473 488 503 708 902 
7 22 37 52 67 82 97 112 127 142 157 172 187 202 217 232 247 262 339 354 369 384 399 414 429 444 459 474 489 504 709 951 
8 23 38 53 68 83 98 113 128 143 158 173 188 203 218 233 248 263 340 355 370 385 400 415 430 445 460 475 490 505 710 952 
9 24 39 54 69 84 99 114 129 144 159 174 189 204 219 234 249 264 341 356 371 386 401 416 431 446 461 476 491 506 711 953 

10 25 40 55 70 85 100 115 130 145 160 175 190 205 220 235 250 265 342 357 372 387 402 417 432 447 462 477 492 507 712 954 
11 26 41 56 71 86 101 116 131 146 161 176 191 206 221 236 251 266 343 358 373 388 403 418 433 448 463 478 493 508 713 956 
12 27 42 57 72 87 102 117 132 147 162 177 192 207 222 237 252 267 344 359 374 389 404 419 434 449 464 479 494 509 714 957 
13 28 43 58 73 88 103 118 133 148 163 178 193 208 223 238 253 268 345 360 375 390 405 420 435 450 465 480 495 510 715 958 
14 29 44 59 74 89 104 119 134 149 164 179 194 209 224 239 254 269 346 361 376 391 406 421 436 451 466 481 496 701 716 959 
15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 347 362 377 392 407 422 437 452 467 482 497 702 717 960 

1. D under 20 2. CI 20-99 3.0 100-999 4. El over 1000 
1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 256 271 348 363 378 393 408 423 438 453 468 483 498 703 718 
2 17 32 47 62 77 92 107 122 137 152 167 182 197 212 227 242 257 272 349 364 379 394 409 424 439 454 469 484 499 704 719 
3 18 33 48 63 78 93 108 123 138 153 168 183 198 213 228 243 258 273 350 365 380 395 410 425 440 455 470 485 500 705 720 
4 19 34 49 64 79 94 109 124 139 154 169 184 199 214 229 244 259 274 351 366 381 396 411 426 441 456 471 486 501 706 900 
5 20 4 50 65 80 95 110 125 140 155 170 185 200 215 230 245 260 275 352 367 382 397 412 427 442 457 472 487 502 707 901 
6 21 36 51 66 81 96 111 126 141 156 171 186 201 216 231 246 261 338 353 368 383 398 413 428 443 458 473 488 503 708 902 
7 22 37 52 67 82 97 112 127 142 157 172 187 202 217 232 247 262 339 354 369 384 399 414 429 444 459 474 489 504 709 951 
8 23 38 53 68 83 98 113 128 143 158 173 188 203 218 233 248 263 340 355 370 385 400 415 430 445 460 475 490 505 710 952 
9 24 39 54 69 84 99 114 129 144 159 174 189 204 219 234 249 264 341 356 371 386 401 416 431 446 461 476 491 506 711 953 

10  25 40 55 70 85 100 115 130 145 160 175 190 205 220 235 250 265 342 357 372 387 402 417 432 447 462 477 492 507 712 954 
11 26 41 56 71 86 101 116 131 146 161 176 191 206 221 236 251 266 343 358 373 388 403 418 433 448 463 478 493 508 713 956 
12 27 42 57 72 87 102 117 132 147 162 177 192 207 222 237 252 267 344 359 374 389 404 419 434 449 464 479 494 509 714 957 
13 28 43 58 73 88 103 118 133 148 163 178 193 208 223 238 253 268 345 360 375 390 405 420 435 450 465 480 495 510 715 958 
14 29 44 59 74 89 104 119 134 149 164 179 194 209 224 239 254 269 346 361 376 391 406 421 436 451 466 481 496 701 716 959 
15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 347 362 377 392 407 422 437 452 467 482 497 702 717 960 



Electronics 
Reader Service 

If the cards below have already been used, 

you may obtain the needed information 

by writing directly to the manufacturer, 

or by sending your name and address, 

plus the Reader Service number and issue date, 

to Electronics Reader Service Department, 

P.O. Box No. 2530, Clinton, Iowa 52734. 
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Select The One That's Right 
For Your Recording Needs 

The Omnigraphic® Series 100 
FOR LAB OR FIELD, PRODUCTION OR 

PROCESS, OEM OR GENERAL PURPOSE 
a 

97 rà11111111MIri 
17.8imill 

I. 

Prices begin at $970* 
Quantity discounts available 

The Series 100 is a complete 
family of X-Y recorders with a 
model available to meet your 
specific recording need. Each 
model is built wound a basic 
mainframe. 

The completely self-
contained mainframe 
stands alone but can act as 
the basic building block for 
your particular application. 
The Series 100 meets both 
general purpose as well as 
special purpose system ap-
plications. 

No more 

When your applications 
change, this recorder 
changes with them 

r. — o 
I I I .1 I 

OR 

Plug in your choice of modules 
and the Omnigraphic Model 
2000 will fit your exact re-
quirements. 

The Omnigraphic Model 
2000 is the world's best 
known most versatile X-Y 
recorder. The basic building 
block is a rugged die cast 

metal mainframe. A choice of 27 models enables the 
recorder to perform in virtually any application 

• 30 in/sec speed (40 in/sec available) 
• ± 0.2% accuracy 
• Best commom mode rejection 
• Same servo response on both axes 
• Modules can be changed in minutes 
• Amplifiers interchangeable 
• Prices from $1,200*, OEM discounts 

slidewire cleaner • No more slidewire lubricant 
No More Slidewire! 

Houston Instrument's patented non-contacting capacitance feedback transducer replaces the slidewire 
and potentiometers, neatly eliminating the most troublesome components of X-Y servo systems. 

For complete information on the Mode' 2000 or the Series 100, contact Houston Instrument, One Houston Square, 
Austin, Texas 78753. (512) 837-2820. For rush literature request and sales office information, outside Texas call toll 
free 1-800-531-5205. In Europe, contact Houston instrument. Rochesterlaan 6, 8240 Gistel Belgium. Phone 
059/277445. 

For literature circle #901 

To have a representative call circle #250 

houston 
Instrument 

"the graphics - recorder company" 

1 OIVISIO-N OF BAUSCH E. LOMB* 

available 

'U.S. Domestic Price Only 
Registered Trademark of Houston Instrument 



ourns gives you the chouce. 
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, 
YES" 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. 

The Hybritron element — conductive plastic material 
on a wirewound mandrel — extends rotational life to 
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, Boums 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: Boums AG, Zugerstrasse 74 6340 Baar, 
Switzerland. Phone: 042 33 33 33 Telex: 78722. 

For Immediate Application—Circle 120 For Future Application—Circle 220 


