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Advanced Technology 
Op Amps 

from a Proven Source. 
In the Space-Age Arena of Linear Technology, Raytheon Stands Out with 
High Speed, Low Noise, High Performance, and Programmable Op Amps. 

The Op Amp marketplace is a 
very competitive arena. To 
meet the challenge of 
supplying devices to your 
high performance require-
ments. Raytheon stands out 
as your champion. 

Proven Source 
You no longer have to shop 
around to fill your various Op 
Amp needs. Raytheon has 
the most complete line of 
high performance and 
standard devices available. 
Your most demanding 
requirements, as well as 
your standard device needs 
can be satisfied with only 
one phone call. 

High-Reliability 
All Raytheon Op Amps are 
available with full MIL-STD-
883 processing as well as 
some available with 38510 
qualification. 

Popular Device Types 

Guaranteed Specifications 
We'll give you guaranteed 
maximum specifications, 
high performance, low noise, 
high speed and program-
ability. 

Quads. Duals and Singles 
Our Op Amp mix is made up 
of 50% quads, 20% duals and 
30% singles. Some of the 
more popular device types 
are shown below. 

Get out of the Op Amp arena 
of multiple sources. Call 
Raytheon and we'll send 
you our Op Amp Buyer's 
Guide. 

Quads Duals Singles Programmable 

RC4136 
RC4156* 
RC4157 
HA-4741 

RC5532 / A 
RC4739 
RC4558 
RC4559— 

RC725 
R C3078 
RC5534/ A 
OP-07 Series 

LM346 
RC4149 
RC4149-2 
RC4149-3 

'High Performance HA-4741 

"High Performance RC4558 

RAYTHEON 

Raytheon Company 
Semiconductor Division 
350 Ellis Street 
Mountain View, CA 94042 
[4151 968-9211 

Semiconductor Division 

Circle 900 on reader service card 



TEK EEE-488 COMPATIBLE TM5000 PROGRAMMABLE ir.is-rFtu 

Now. High performance 
universal counters 

fully programmable and 
affordable. 

From Tektronix comes 
fully programmable 
state-of-the-art 
performance, alone 
or at the heart of your 
instrument system. 
There's never been a 
counter that can do so 
much, so easily. The 
DC5010 Universal 
Counter/Timer, $3,600, 
offers high performance. 
measurement speed 
and programming ease 
unmatched in the 
industry. 

Its microprocessor-
based ratio architecture 
provides all the benefits 
of reciprocal frequency, - 
from 36 µHz to 350 MHz. 
You get nine digits of 
resolution in a third of a 
second. 

Measurements on 
single-shot events are 
handled with 3.125 ns 
resolution. And the 
005010 can resolve 
repetitive time intervals 
to 1 ps—the highest 
resolution on any counter. 

Auto trigger makes 
set-up a snap! At the 
push of a button or 
single GPIB command, 
the 005010 determines 
maximum and minimum 
peak values of your input 
signal. independent of 
its duty cycle, and sets 
optimum trigger points. 

New features include 
a single input Rise/Fall 

BIC SIM PROGRAMMABLE UNIVERSAL COUNTERITIMER 
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1P, 
mode and probe com-
pensation, a patented 
Tek exclusive. 

For lower speeds, 
low price plus full 
programmability. The 
005009 Universal 
Counter/Timer, $2,200, 
is an 8-digit, single width 
plug-in with 135 MHz 
bandwidth. You get most 
of the high performance 
features of the 005010 
—at a lower price. Both 
increase efficiency. Both 
were designed for ser-
viceability, with self-test 
routines and signature 
analysis. And each is 
available in non-
programmable versions: 
the 00510 and 00509. 

Part of the family: 
TM5000 Programmables. 
The 005009 and 005010 
share the configurability 
of TM500, plus Common 
Codes and Formats that 
fit all Tek GPIB instru-
ments. Tek GPIB is the 
simplest, most compre-
hensive implementation 
of the IEEE-488 standard 
ever developed. 

TM5000 Program-
mables offer you program-
ming ease and enhanced 
productivity. All are fully 
IEEE-488 compatible. 

For additional 
information or the 
address of the Tektronix 
Sales Office nearest you, 
contact: 

.rirr111111,-

C. Dinght 

A Igrits re • 

•.? e, tr. 6 

U.S.A., Asia, Australia, Central 
& South America. Japan 
Tektronix, Inc. 
PO. Box 4828 
Portland, OR 97208 
Phone: 8001547-1512 
Oregon only: 800 644-9051 
Telex: 910-467-8708 
Cable: TEKTRONIX 
Europe, Africa, Middle East 
Tektronix B.V 
Post Box 827 
1180 AV Amstelveen 
The Netherlands 
Telex: 18312 
Canada 
Tektronix Canada. Inc. 
PO. Box 6500 
Barrie, Ontario L4M4V3 
Phone: 705737-2700 

Circle 1 for literature 
Circle 98 for sales contact 



the world's smallest hermetically sealed mixers 
40 KHz to 3 GHz MIL-M-28837 performance 
The TFM Series from Mini-Circuits from $1195 

Increase your packaging density, and lower your costs... specify Mini-Circuits 
miniature TFM Series. These tiny units 0.5" x 0.21" x 0.25" are the smallest, 
off-the-shelf Double Balanced Mixers available today. 

Requiring less PC board area than a flat-pack or TO-5 case, the TFM Series offer 
greater than 45 dB isolation, and only 6 dB conversion loss. 

Manufactured to meet all the requirements of MIL-M-28837, the tiny but rugged 
TFM units have become the preferred unit in new designs for military equipment. 

Model 
No. 

Frequency Conversion 
Range Loss dB. 
MHz Typical 

One 
Octave 
from Total 

LO/RF IF Band Edge Range 

TFM-2 1-1000 DC-1000 6.0 
TFM-3 .04-400 DC-400 5.3 
TFM-4 5-1250 DC-1250 6.0 
•TFM-11 1-2000 5-600 7.0 
•TFM-12 800-1250 50-90 
• •TFM-15 10-3000 10-800 6.3 
••TFM-150 10-2000 DC-1000 6.0 
•If Port is not DC coupled 

••+ 10 dBm LO. +5 dBm RF at ldB compression 

7.0 
6.0 
7.5 
7.5 
6.0 
6.5 
6.5 

Isolation dB, Typical Price 

Lower Band 
Edge to One 

Decade Higher 
LO-RF LO-IF 

50 
60 
50 
50 
35 
35 
32 

45 
55 
45 

45 
30 
30 
33 

Upper Band 
Edge to One 

Mid Range Octave Lower $ 
LO-RF LO-IF LO-RF LO-IF EA. QTY. 

For complete specifications and performance curves refer to the 
1980-1981 Microwaves Product Data Directory, the Goldbook or EEM. 

40 
50 
40 
35 
35 
35 
35 

35 
45 
35 
27 
30 
30 
30 

30 
35 
30 
25 
35 
35 
35 

25 
35 
25 
25 
30 
30 
30 

11.95 
19.95 
21.95 
39.95 
39. 95 

49.95 
39.95 

(1-49) 
(5.49) 
(5-49) 
(1-24) 
(1-24) 
(1-9) 

(1-9) 

PLUG-IN FLAT MOUNT EDGE MOUNT 

E-Z Mounting for circuit layouts 
Use the TFM series to solve your tight space 
problems. Take adva-uage of the mounting 
versatility—plug it upright on a PC board or 

mount it sideways as a flatpack. 

=Mini-Circuits 
A Division of Scientific Components Co:poratior 

Worlds largest manufacturer of Double Balanced Mixers 
2625 East 14th Street, Brooklyn, New York 11235 (212)769-0200 

Domestic and International Telex 125460 International Telex 620156 

Circle 2 on reader service card 68 REV. ORIG. 
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98 Technical Articles 

MICROSYSTEMS & SOFTWARE 

Bipolar VLSI builds 16-bit controller handling many peripherals, 98 

SPECIAL REPORT: INTERNATIONAL ELECTRON DEVICES MEETING 

Meeting heralds processes, materials to enhance future systems, 104 

Sensors sharpen their images; logic chips reach high voltages, 108 

GaAs FETs drop noise, up gain; optical devices boost power, 110 

COMPUTER-AIDED DESIGN SERIES 

Gate-array development system speeds designs to market, 116 

Graphics editor constructs standard cells, symbolizes subsystems, 121 

Cell-library system accommodates any degree of design expertise, 126 

Automating test generation closes the design loop, 129 

DESIGNER'S CASEBOOK: 113 

ENGINEER'S NOTEBOOK: 134 

39 Electronics Review 
DISPLAYS: Heating and cooling turn liquid-crystal 

displays on and off rapidly, 39 
PRODUCTION: E-beam, UV lithography combine for 

speed, precision, 40 
COMPUTERS: Cooling by total immersion yields fastest 

of the big machines, 41 
PERIPHERALS: Terminal makers swap circuitry for 
cabinet design, tooling, 41 

MICROPROCESSORS: Ada, compiler, arithmetic 

processor readied for Z8000, 42 
METEOROLOGY: Radiosonde goes to digital 

transmission, 43 
EMPLOYMENT: Shortage of electronics engineers 

divides manufacturers, IEEE, 43 

NEWS BRIEFS: 44 
OFFICE AUTOMATION: More gear readied for total 

management of company's resources, 44 

53 Electronics International 
WEST GERMANY: Simpler diffusion augurs mass-

produced GaAs devices, 65 
JAPAN: MITI reluctant' to meet U. S. demands for 

military know-how export from Japan, 66 
FRANCE: GaAs cathode aids sight at night, 68 

JAPAN: Hitachi MOS FET handles high voltages, aims at 
world market in switching supplies, 70 

INTERNATIONAL NEW PRODUCTS: 4E 

81 Probing the News 
SOLID STATE: Silicon foundries gaining adherents, 81 
TELECOMMUNICATIONS: IC makers turning to 

telecommunications chips, 84 

DATA COMMUNICATIONS: Ethernet gets a pair of bad 
report cards, 88 

BUSINESS: 'Communes' nurture start-up firms, 92 

169 New Products 
IN THE SPOTLIGHT: Resource manager coordinates test 

network, in-circuit tester fleshes it out, 169 

Boards make Ethernet nodes of DEC machines, 175 

DATA ACQUISITION: 12-bit d-a converter's double-
buffered input hooks to fast bus, 178 

MICROCOMPUTERS & SYSTEMS: 8-bit system offers 
removable hard-disk option, 180 

COMPONENTS: Lateral power rf FETs achieve 2.5-GHz 
gain-bandwidth product, 181 

INDUSTRIAL: $100 controller has 32 I/O lines, 182 
Resolver-to-digital module works with Inductosyn, 182 

COMMUNICATIONS: Variable-output optical pulse 
generator tests links, receivers, 184 

Departments 

Highlights, 4 
Publisher's letter, 6 

Readers' comments, 8 

News update, 12 

People, 14 
Editorial, 24 
Meetings, 26 
Electronics newsletter, 33 

Washington newsletter, 49 

Washington commentary, 50 

International newsletter, 55 

Engineer's newsletter, 138 
Products newsletter, 187 
Career outlook, 188 

Services 
Reader service card, 9E 

Employment opportunities, 189 
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Never before... 
200 watts 

of RF power with 
incredible 
versatility. 

3200 L spans 

250 kHz to 150 MHz. 

Now there's a completely solid 
state power amplifier that provides 
200 watts of linear power over a 
frequency range from 250 kHz to 
120 MHz. And at175 watts, the 

range extends to 150 MHz. 

Imagine the wide range cf appli-
cations you can cover with this 
single Class A linear unit. All you 
need is any standard signal or 
sweep generator and you have 
the ultimate in linear power for 

RFI/EMI testing, NMR, RF 
Transmiss•on, and' general 
laboratory applications. 

And, like all ENI power amplifiers, 
the 3200 L features unconditional 

stability instantaneous failsafe 
provisions, and absolute protec-

tion from overloads and transients. 

The 3200 L represents a break-
through in RF power versatility 
and packagng. Never before has 
there been anything like it corn-
merGally available anywhere! 

Contact us for a demonstration 
of the 3200 L and our complete 
catalog on the other amplifiers in 
our wide line ENI, 3000 Winton 
Road South, Rochester, NY14623. 

Call 716/473-6900, or Telex 
97-8283 ENI ROC 

The advanced 
design line of 
power amplifiers 

Publisher's letter 
The 16-bit microprocessor pictured 

on the cover is the largest com-
mercial bipolar circuit ever pro-
duced. Fabricating the Am29116 
cost Advanced Micro Devices Inc. 
over three years of development 
time—and intrigued Microsystems 
editor Colin Johnson enough to pay 
a visit to the Sunnyvale, Calif. com-
pany that culminated in the article 
beginning on page 98. 
What he found was that the group 

in charge of AmP's successful bit-
slice processor family (built around 
the Am2901 and 2903) was looking 
for another project as early as 1978. 
AMD'S customers were remarking 
that, though the bit-slice parts were 
adequate for their major applica-
tions area —controllers — the chips' 
microinstruction set was not opti-
mized for it. Also, the great majority 
of applications were cascading four 
slices to 16-bit width. 
So in defining the 29116 architec-

ture, coauthor Bill Harman designed 
a part whose microinstruction set 
was optimized for control, and he 
also added on-chip hardware mod-
ules to greatly enhance throughput. 
Fortunately, Imox—AmP's ad-
vanced oxide-isolated process that 
uses emitter-coupled logic internally 
and TTL translators at the pins— 
became available shortly thereafter, 
giving the 29116 the speed it needed. 
When the die size calculations were 
done, though, "it was huge," admits 
coauthor Deepak Mithani, senior 
applications engineer on the project. 
"But when we evaluated just how 
the part was going to perform, we 
decided to go ahead and build it." 

It did present AMD'S circuit and 
fabrication engineers with quite a 
challenge: the 29116 has a micro-
cycle time of 100 nanoseconds and 

dissipates 3.5 watts. "That's some-
thing that they said could not be 
done three years ago," Mithani adds, 
"and it proves that bipolar technolo-
gy is still alive and well." 

Four more articles in our continuing 
series on automating lc design 

that premiered last issue begin on 
page 116. Few of the authors' com-
panies will seem familiar because, as 
before, many of the firms are start-
ups, pioneers in the burgeoning busi-
ness of supplying tools for design 
automation. Senior editor John Posa, 
who rode herd on the series, sees the 
start-up trend as a natural one, 
stemming from the needs of the con-
sumer. "Alvin Toffler wrote in 'Fu-
ture Shock' that one day diversity 
will cost no more than uniformity," 
he says. "I've thought about that 
since we began the series, and it 
seems to apply directly to the 1c 
industry. 

"People have never really wanted 
standard parts— they've had to settle 
for them. What they really need is 
precise solutions to their problems, 
but the only way to get that has been 
through handcrafting—which has 
become prohibitively expensive. 

"These articles describe the tools 
that will soon be in the hands of the 
system designer," John continues, 
"like graphics work stations and 
development systems that allow a 
circuit function to be swiftly exe-
cuted in silicon." 

Wanted: a Silicon Valley editor 

Electronics has a key editorial position open for a journalist who can cover 
business and technology developments in semiconductors, test and measur-
ing instruments, and computers. Based in our Palo Alto, Calif., bureau, the 
job requires a newsperson who can build a beat and turn out sprightly copy. 
A background in engineering or science is desirable, but not mandatory; 
more important is a desire to report on and write original stories about high 
technology. We pay competitive salaries with excellent fringe benefits. Write, 
telling why you are the person for the job, to the Managing Editor (News), at 
Electronics, 1221 Ave. of the Americas, New York, N. Y. 10020. 

6 Circle 6, on reader service card Electronics/November 30, 1981 



Amphenol°17D subminiature. 
New arrivals. New answers. 

ldw 

Meet the expanded family of Amphenol 
17D subminiature connectors—all with 
non- rotating contacts. 
They come in five shell sizes, a variety of 

contact arrangements, dielectric materials 
and terminations. And, since they are 
compatible with other D subminiature 
connectors and available worldwide, you 
can be assured of design integrity with 
Amphenol replacements whenever they're 

BUNKER 
RAMO 

needed. Certain of the 17D Series conform 
to either MIL-C-24308 or EIA Standards 
RS 232C and RS 449. 

Find anything you need, anywhere you 
are, for data processing, telecommuni-
cations, instrumentation and military 
applications. Choose from a complete line 
of accessories and tools. 

For more informaton, contact the office 
nearest you. 

AMPHENOL INTERNATIONAL LTD. 
ALLIED Compan; 

Amphenol International Ltd., 900 Commerce Drive. Oak Brook, IL 60521, USA—Tel: (312) 986-2700—Teiex: 206-054 

EUROPE: Austria —Amphenol Ges.m.b.H., Tautenhayngasse 22. A-1151 Wien (Vienna), Tel (0222)95 15 11 • England —Amphenol Limited, Thane( Way, Whitstable, Kent CT5 3JF. 
Tel: 02 27-26 44 11 • France —U MD Amphenol. Avenue de Gray, 21 Chemin Du Défois. 39100 Dole, Tel: (84) 72 81 13 • W. Germany —Amphenol-Tuche( Electronics GmbH. 
Ateaust-Hausser-Str. 10,7100 Heilbronn/N.. Tel: J07131) 486-1 • Italy—Amphenol Italia S.R.L.. Via Plinio 43,20129 Milano. Tel: (02)28 70 061 • Sweden —Amphenol Scandinavia 

AB. Kanalvaegen 1, 5194 61 Upplands Vaesby. Tel: 46-8-760-88-035 

FAR EAST: Hong Kong—Amphenol International Limited, Room 521-22, New World Centre Office Bldg . Tsimshatsui, Kowloon, Tel: 3-681-2133 • India —Amphetronix Ltd., Plot 

No.105, Frhasari Industrial Area, PB. No. 1 Poona, 411026. Tel 83363 • Japan —Dai-lch, Denshi Kogvo K.K , Shinjuku Bldg. 7-12. 2-C,home, Yoyogi. Shibuya-Ku, Tokyo, Japan 151, 

Tel: (03) 3/9-2111 

Circle 99 on reader service card 



A processor and a 2500 
gate controller that shatter 
the sub-100ns microcycle 
barrier. A 5Ons 16x16 multi-
plier. A 16K PROM with a 
35ns access time. 
And that's just a preview 

of what our new process 
lets us do. 

Ever since we started the 
bipolar LSI business with 

the Am2901 back in 1975, 
we've been making every-
thing in our 2900 family 
faster and denser. Now, 
thanks to IMOX: we're doing 
it even better than before. 
IMOX is our advanced, 

ion implanted, oxide isolated 
process. It gives us smaller 
chips; faster, more complex 
devices. 
And because IMOX lets us 

use ECL internal structures 
with TU I/O, you get all this 
unbelievable speed without 
any interface problems. 

Advanced Micro Devices • Austria: Kontron Ges. m. b. H., A-2345 Brunn am Gebirge.Tel:(02236) 866 31. Telex: 79337 Belgium: AMC/ Overseas Corporation, B-1150 Bruxelles. Tél: 
(02) 771 99 93. Télex 61028. • MCA Tronix S.P.R.L., B-4200 Ougree.Tél: (041) 36 27. 80. Télex: 42052 Denmark: Advanced Electronic of Denmark Ape DK-2000 Copenhagen F. Tel: 
(01) 19 44 33. Telex 22 431 Finland: Komdel OY, SF-02271 Espoo 27 Tel, (0) 885 011. Telex: 12 1926 France: AMO. S.A.. F-94588 Rungis Cedex Tél: tD1) 686.91.86 Télex 202053. 
Germany: AMO GmbH, D-8000 München 80. Tel: (089) 40 19 76. Telex: 523883 • AMO GmbH. D-7024 Filderstadt 3. Tel (0758) 3060. Telex 721211 Italy: AMO. S r I .1-20090 
MI2-Segrate (MI). Tel: (02) 215 4913-4-5. Telex: 315286 Israel: Talviton Electronics Ltd., Tel-Aviv Tel: (03) 444572. Telex: 03 3400. Japan: AMO. lbkyo 168. Tel: (03) 329-2751. 

Telex: 2324064. • AMO. K.K.. Osaka 564 Tel: (06) 386-9161. Netherlands: Arcobel By. NL-5342 PX Ose Tel: (04120) 30335. Telex: 37489. Norway: AS Kell Bakke. N-2011 Streemmen 
Tel: (02) 71 53 50. Telex: 19407. South Africa: South Continental Devices (Pty) Ltd., 2123 Pinegowrie Tel: (011) 789-2400. Telex: 4-24849. Spain: :13gitrón S.A.. Madrid-1 .Tel: 

(01) 275-4824. Telex: 43819. Sweden: AMO AB, S-172 07 Sundbyberg. Tel: (08) 98 12 35. Telex: 11602 • Svensk Teleindustn AB S-162 05 Vállingby. Tel: (08) 89 04 35. Telex: 13033 
Switzerland: Kurt Hirt AG, CH-8050 Zürich. Tel: (01) 302 21 21. Telex: 53461 United Kingdom: AMID (U.K.) Ltd, Woking Surrey GU21 1JT. Tel: (04862) 22121. Telex: 859103. 



ON MAY k1980, 
AMD DISCOVERED A NEW WAY TO 
MAKE HIGH PERFORMANCE ICs. 
TAKE THE NEW 2901 C. 

It's half the size, one-
third the price, and more 
than twice the speed of 
the Am2901. 
And we're making high-

speed VLSI devices right 
now that are going to re-
place three whole PC boards 
of FAST or AS MSI. That's 

about 200 fewer chips —200 
fewer ways to use power, 
spend money and waste time. 

FOUR BIG, HAPPY  
FAMILIES.  

You can come to AMD for 
total design solutions, not 
just a part here and there. 

We've got high perfor-
mance IMOX LSI families 

The International Standard of Quality guarantees these 
electrical AQLs on all parameters over the operating tempera-
ture e: 0.1% on MOS RAMs & ROMs; 0.2% on Bipolar 
Logic & nterf ).3% on Linear, LSI Logic & other memories. 

for signal processors, control-
lers, CPUs, plus all the inter-
face and support you're ever 
going to need. Not only that, 
we're using IMOX to make 
the fastest, most complex 
proms ever. 
And all of them come with 

a quality guarantee you 
can't get from anybody else. 

If you want the newest, 
the fastest, the most com-
plete families of high perfor-
mance LSI, call AMD. We'll 
show you the light. 

eeeAdvanced  Micro Devices ivl 
For more information, call one of our distributors or write the words "IMOX Family" on your letterhead and mail it to 

Advanced Micro Devices Mail Operation, P.O. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom. 



Put a Johanson 
in your circuit. 

The name Johanson has become synonymous with vari-
able capacitors. For over 35 years our trimmer capacitors 
have been the industry standard of excellence. 

Johanson variable capacitors are designed for RF appli-
cations from HF through microwave frequencies. They 
incorporate a patented self-locking constant torque drive 
mechanism* insuring uniform torque and low dynamic 
noise. They feature high capacity per unit volume, temper-
ature stability and high Q. 

Electronic Accuracy through Mechanical Precision 

Manufacturing Corporation 

400 Rockaway Valley Road Boonton, New Jersey 07005 
201-334-2676 TWX 710-987-8367 

• U.S. Patent No. 3.469,160 

News update 

la Back in business after its emer-
gence from Chapter IX of the bank-
ruptcy laws last spring [Electronics, 
April 7, p. 34], R. C. Sanders Tech-
nology Systems Inc. is ready to send 
its first product out the door. Lim-
ited deliveries start this month, and 
volume deliveries in the first quarter 
1982, of the Nashua, N. H., firm's 
S700 letter-quality and graphics ma-
trix printer. A direct descendant of 
Sanders' original Media 12/7 print-
er, the S700 uses the same patented 
process to produce letter-quality as 
well as draft and correspondence 
copy in multiple fonts and formats 
with no change in print head [Elec-
tronics, April 13, 1978, p. 47]. 
But if the S700's print technology 

is an old one for Sanders, it faces 
new rivals in an increasingly compet-
itive marketplace. Introductions in 
the past 'month have included Inte-
gral Data Systems Inc.'s Prism 
printer [Electronics, Nov. 17, p. 47], 
Digital Equipment Corp.'s Letter-
printer 100, and Centronics Data 
Computer Corp.'s Printstation 353. 
The S700 is by far the most 

expensive of these at $3,360, but 
Sanders vice president David Moros 
asserts its speed, print quality, and 
flexibility make it a strong entry. 

Faster. "This printer can run at up 
to about 300 characters per second 
in draft mode, and up to 70 cps for 
letter-quality; that beats the others," 
Moros maintains. The S700 also can 
store up to 12 fonts in microproces-
sor memory for access under host-
computer or operator control. "You 
can intermix typefaces and never 
skip a beat." By contrast, the DEC 
printer accommodates a maximum 
of eight fonts implemented in read-
only memory; the Centronics unit 
also has eight fonts. 

This is the company's first stab at 
the printer market since the cancel-
lation of an exclusive marketing con-
tract with a European office-equip-
ment firm sent Sanders into bank-
ruptcy in 1980. It will seek to market 
the S700 as widely as possible. 
"We plan to sell through distribu-

tors as well as directly to original-
equipment makers and end users of 
business and word-processing sys-
tems," says Moros. -Linda Lowe 
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ESR (ml lohms) 
TRW-35 VS. ELECTROLYTIC ESR LIMITS 

Here's why: 
At resonance, ESR for a film 

capacitor is less than one-tenth that 
of an electrolytic. The film's 
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capacitance won't dwindle at higher 
switching rate frequencies, so you 
can design with a lower value cap. 

With a constant 2 amp ripple 
current, a film cap will cut I2R 
losses—by orders of magnitude. 
Its current-carrying capacity is 
greater, so paralleling is usually not 
required. And ripple voltages are 
significantly less. 

Film caps can be round or flat— 
you gain design versatility. And weight 
reduction: 16 grams/cu. in. vs. 26 
for electrolytics. The bottom line: 
maximum current, minimum size and 
minimum loss. 

At TRW, we're past pioneering 
a superior concept. We're delivering 
a buttoned-down product: the 
TRW-35 film capacitor is available 
now for input/output filtering in your 
state-of-the-art SPS design. 

And, in addition, we offer a 
complete custom film package for 
your specific needs in the 40KHz 
and above SPS range. 

Get the evidence in hand—send 
for the TRW-35 data sheet. And we'll 
provide you a reprint of the technical 
article that triggered the switch to 
a new SPS technology. 
Send in coupon or call us at 
(308) 284-3611. 

TRW Capacitors 
An Electronic Components Division of TRW Inc. 

301 W '0' Street, Ogallala, Nebraska 69153 

Please send data on your SPS Capacitors. 
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TRW CAPACITORS 
ANOTHER PRODUCT OF A COMPANY CALLED TRW 



Expanded 
Textoo I 

ECONO ZIP 
Production 

Socket Series 
New inexpensive ECONO ZIP socket 
series features easy, safe zero 
insertion and extraction pressure for 
"end-user" production requirements. 

Textoors expanded new low cost 
ECONO ZIP production socket series 
is especially designed for those 
applications where initial loading and 
field replacement of expensive IC's are 
a necessity and socketry is an 
absolute requirement. 
ECONO ZIP sockets now are 

available in 16, 24, 28, 40, 48, and 64 
pin models. They are designed for 
mounting on standard .100" centers on 
either axis. 
The ECONO ZIP socket is designed 

for the most simple mechanical action. 
A device can literally be dropped into 
the socket. Rotation of the cam to a 
built-in stop firmly retains the device 
with exceptionally good electrical 
contact. Counter 
rotation of the 
cam releases 
the device, 
thus providing 
zero pressure during 
both insertion and extraction. 
The economical (U.L. approved 

plastic) production sockets offer 
additional device protection features 
including wide entry holes to accept 
bent or distorted leads that don't have 
to be reformed prior to insertion, a 
screw driver operated metal cam for 
easy operation and prevention of 
accidental unloading, and extremely 
long life (hundreds of actuations). 

Detailed technical information on 
new low cost ECONO ZIP 
production sockets is available 
from your nearest Textool sales 
representative or the factory direct. 

Textool Products Department 
Electronic Products Division/3M 
1410 W. Pioneer Dr., Irving, TX 75061 
214/259-2676 
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People 

Bausch & Lomb's Bower sees 

rise in digital-plotter sales 

Call them personal computers or 
small business computers, but to dig-
ital-plotter manufacturers, the grow-
ing popularity of the microcomput-
ers is simply a boon, says L. C. 
(Roy) Bower, vice president of 
instrument systems for 
Bausch & Lomb Inc. 
and recently named 
site manager for the 
Houston Instruments 
operations in Austin, 
Texas. 

"Originally, people 
just played with them 
[small computers], 
but now they are get-
ting serious," says the 
60-year-old native of 
Newton, Mass., who 
received his bachelor 
of science degree in 
electrical engineering 
from Northeastern 
University in Boston. 
"They want to add things like more 
memory, plotters, and digitizers. Up 
until maybe four or five years ago, 
people using plotters were in scien-
tific fields. So it's really been an 
explosion," he adds. 
The explosion is a colorful one, 

what with the introduction of multi-
color pen options, which "has recent-
ly opened that door much, much 
wider," notes Bower, who joined 
Houston Instruments 15 years ago 
when it was still a small firm in the 
Houston area. Although originally 
the company made X-Y analog 
recorders, eventually it moved both 
into the digital era and to the Texas 
capital, where it now occupies a 
plant of 90,000 square feet on 20 
acres. In 1974, Houston Instruments 
was acquired by Bausch & Lomb. 

"I would hazard a guess that most 
people don't really need more than 
three or four colors. But someone 
comes out with four colors—as we 
did—and then somebody else comes 
out with six, then we come out with 
eight, and so on." 

However, electrostatic plotters is 
one area where color has yet to make 

an impact. "I'm waiting for it to 
happen at any moment," says Bow-
er. "Everyone has black and white 
electrostatic units and everyone is 
fighting for more dots per inch, bet-
ter resolution. But the real break-
through will come with color." Cur-
rently, Bower estimates, the electro-
static digital-plotter market is grow-
ing at 30% annually, compared with 

Good times. For L. C. Bower, the increase in sales of personal 

computers means that his digital-plotter business will boom. 

20% for pen-based plotters. 
Another growth area, with an 

annual rate of 35%, has been in digi-
tizers, also produced by Houston 
Instruments. "They are the new kid 
on the block," Bower says. Even 
though digitizers have been around 
for years, he believes their sudden 
popularity results from the growth in 
computer-aided design and the use 
of digitizers as microcomputer pe-
ripherals. He estimates that today's 
digitizer market stands at $40 mil-
lion, compared with only $10 million 
two years ago. 

Gells confident he'll find way 

to help ease teacher shortage 

As teachers of electronics and other 
engineering technologies desert 
American campuses in growing 
numbers for the higher salaries and 
better-equipped laboratories of in-
dustry, John W. Geils has been given 
the assignment of trying to stop 
America from eating its own seed 
corn. He sees it as an awesome but 
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MT892 
FILTERS 

THE MT8912 
1502-CMOS PCM FILTER_ 
When the specs are examined, it's clear that 
the Mitel MT89I2 PCM Transmit/Receive niter 
can offer gour application significant 
advantages. 

Low power consumption is just one 
such advantage. The M18912 operates at a 
mere 20 mW tgpical without power amps. 
Other units come in at as much as 280 mW. 

Idle channel noise_ With the M18912, 
it's extraordinarily low-tgpicallg 6dBrnc0 
total C message noise at output. 

Consider too the MT89I2's power 
supply rejection ratio:40dB at 1kHz. In 
addition, the Mitel M18912 is pin for pin 
compatible with the Intel 1 2912.1t meets 
AT&T D3/04 and CCITT G712 specifications. 
The receive niter includes sinx/x correction 
and there is external gain adjustment of 
both transmit and receive filters. 

All in all, it's a case of hot specs 
guaranteeing gou hot performance. 

Find out more about what the Mitel 
MT89I2 can do for gour application bg 
contacting gour local Mitel sales office. 
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IVIITEL SEMICONDUCTOR 
United States: 2321 Morena Blvd.. Suite M. San Diego. California. U.S.A. 92110. 

Telephone 1714) 276-3421. TWX: 910-335- 1242. 
PO. Box 17170.600 West Service Road. 
Dulles international Airport. Washington. D.C. U.S.A. 20041. 
Telephone (703) 661 8600. TWX: 710-833-0865. 

Canada: PO, Box 13089. Kanata, Ontario, Canada lie 1X3. 
Telephone (613) 592-5630.Telex: 053-3221. TWX: 6)0 562 8529 

Europe: 33137 Queen St.. Maidenhead. Berkshire. England SL6 INB 
Telephone 0628-72821. Telex: 849-808. 
Bredgade 65A. 2nd Floor. 1260 Copenhagen K. Denmark 
Telephone (01) 134712. Telex: 19502. 

Asia: 1ST PO. Box 98577.150wloory Hong Kong. 
Telephone 3-318256. Telex: 34235. 

Copyright 1981 Mitel Corporation BUILDING BETTER COMMUNICATIONS 
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THE 

ZENDEX 
"High Performance 

At A Low Price" 

'MODEL 835 
DEVELOPMENT 
SYSTEM 

Plug compatibility. That's what the ZENDEX Line 
offers you. Any board or software that works on your 
Intel2 Intellec2 System will also work in the ZENDEX 
Model 835. That includes ISIS-II Single or Double 
Density, In-Circuit-Emulators, and Universal PROM 
Programmers. 

The Model 835 System includes a cabinet with two 
Shugart SA801R Drives, and a CPU cabinet that utilizes 
the powerful ZX-85 SBC CPU, ZX-200A MMFM & FM 
Diskette Controller, and parallel 10 Interfaces for CRT, 
TTY, LPT & UPP. CP/M3 Operating Systems included. 

1 — TM ZENDEX Corp. 

2 — TM INTEL Corp. 

3 — TM Modal Research 

Licenses to run Intel Software on ZENDEX products 

must be obtained from Intel Corp. 

ZENDEX DELIVERS VALUE! 

Znc  
car— pc> ci 1- co ri 
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6644 Sierra Lane. Dublin, California 94566 
Tel.: 1415) 828-3000 TWX 910 389 4009 

In England call Giltspur Microprocessor Systems 
74/76 Northbrook Street 

Newbury, Berkshire RG13 1AE 
Tel.: Newbury (0635) 45406 TWX 848507 

NEW 1981 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. 

Yes, please send me  copies of 1981 EBG. 

I've enclosed $30 per copy delivered in USA or 
Canada. Address: EBG, 1221 Avenue of the Americas, 
New York, N.Y. 10020. 

I've enclosed $52 for air delivery elsewhere. 
Address: EBG, Shoppenhangers Road, Maidenhead, 
Berkshire S16, 201 England. 

Name 

Company 

Street 

City 

People 

not insurmountable task. 
Geils, 60, is on loan for two years 

to the American Society of Engi-
neering Education from American 
Telephone & Telegraph Co., where 
he was director of network adminis-
tration. He came to the ASEE's 

Washington headquarters shortly 
after Labor Day to head the faculty 
shortage project initially sponsored 
by eight major U. S. corporations: 
AT&T, Du Pont, Exxon, IBM, Union 
Carbide, and what he calls the three 
generals—General Electric, General 
Motors, and General Telephone & 
Electronics. 
Now, he adds, Hewlett-Packard 

and Rockwell International have 
joined the effort, as have three trade 
associations—the American Elec-
tronics Association, the Computer 
and Business Equipment Manufac-
turers Association, and the Electron-
ic Industries Association. Moreover, 
the AT&T executive says the project 
will get logistical support from the 
Engineering Manpower Council, as 
well as the National Society of Pro-
fessional Engineers. 

Bringing together an accurate and 
adequate data base relevant to the 
issue may be Geils's most challeng-
ing judgmental problem in view of 
some of the skewed national statis-
tics developed on the issue that fail 
to sufficiently factor —in demo-
graphic considerations. Neverthe-
less, Geils, who has a bachelor's 
degree in electrical engineering from 
Rensselaer Polytechnic Institute, ex-
pects to have useful data developed 
by early next year. 

Following that, Geils's task of 
developing a plan acceptable to 
academia, industry, and government 
that can be implemented successful-
ly presents problems more political 
than technological in nature. Yet the 
fact that he is charged with carrying 
this out on an annual budget of some 
$100,000 seems not to faze him. The 
engineering faculty shortage and its 
ramifications, he reminds listeners, 
"is a social problem, not an engi-
neering problem," that requires at 
the start more in the way of changes 
in the attitudes of academia, indus-
try, and government, than it does a 
big bankroll. E 
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The Power FET SSR 

Its low resistance 
is a real turn-on 

imi111111, 

II 

, 

It certainly is. We've used power 
FET technology to reduce the ON 
resistance in the output stage be-
low 0.3 ohms. That means it can 
switch low level signals with no 
offset voltage. It also means it 
can handle full load currents at 
higher ambient temperatures. 

But the low ON resistance is 
only one of the goodies. We've 
included buffering so the relay can 
be driven directly by CMOS as 
well as TTL logic. And we incor-
porated a Schmitt trigger in the 
CMOS mode to prevent false trig-

gering in a noisy environment. 
We've used some special 

circuits to control turn-on and 
turn-off times. That virtually elim-
inates the on-off spikes and results 
in very low EMI. And optical iso-
lation is used to protect the sensi-
tive input circuits from voltage 
transients. 

By use of hybrid microelec-
tronic techniques, we've been 
able to package alleis capability 
in a tiny Centigrid package (690 
Series), or in a metal DIP (685 
Series) which permits full current 

• 
operation up to 75°C. Both are 
designed to meet MIL-R-28750, 
and are available for either AC or 
DC operation. 
The power FET SSR. It is a 

major advance in SSR technology. 
You can use it in a wide range of 
low level and power switching 
applications. Call or write us if 
you want assistance or ideas. 

lr TELEDYNE RELAYS 
The best little relays in the world. 

12525 Daphne Ave., Hawthorne, California 90250 • (213) 777-0077 
U.K. Sales Office: Heathrow House, Bath Rd., Cranford, Hounslow, Middlesex, TW 5 9QQ • 01-897-2501 

European Hqtrs: Abraham Lincoln Strasse 38-42 • 62 Wiesbaden, W. Germany 6121-700811 
Japan Sales Office: Nihon, Seimei Akasaka Building • 8-1-19 Akasaka, Minato-Ku Tokyo, 107 Japan (03) 403-8141 
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TEK INTERACTIVE DIGITAL PLOTTERS 
THE GRAPHICS 
STANDARD 

High-performance plotters 
that can do it all-a day early and 
dollars ahead. 

Tektronix plotters 
plug into virtually any 
computer terminal to 
do most of the work 
of much larger plotters: 
Quickly. Conveniently. 
For pennies a page. Now 
that's practical! By com-
parison, any other method 
of manually drafted or 
remotely produced plots 
will leave you a day late. 
Dollars short. And far less 
flexible in your approach 
to plotting. 

You may think small 
plotters are too costly, too 
hard to use ...or too limited 
for your applications 
needs. But there's a Tektronix 
plotter that'll make you 
think again: 

The Tektronix 4663 can 
provide work stations for 
professionals who 
once waited days for 
centrally-produced plots. 
In most cases, the 4663's 
432mm x 594mm (17" x 
22") workspace is large 
enough to contain the bulk 
of the work being relegated 

to slow, costly remote plot-
ting resources. Its push-
button parameter entry 
card, dual pens and op-
tional paper advance help 
make even the most sophis-
ticated plotting tasks simple 
and straightforward. 

The Tektronix 4662 
has recently added an 
automatic 8-pen turret 
option to its famous 
value package. The 4662 
is an easy-to-use, low-cost 
plotter that accepts paper, 
Mylar® or overhead projec-
tor film. It offers one of the 
widest choices of pen col-
ors and pen types of any 
small plotter. And it now lets 
you pre-load and pre-
program selection of all the 
pens you need for the most 
complex or colorful plot. 

Haven't you waited 
long enough? If you're 
waiting longer than a few 
minutes for final release 
plotter output, chances are 
you've been overestimating 
the cost, or underestimating 
the capabilities, of the 
Tektronix family of practical 
plotters. And you can count 
on Tektronix to be a reliable, 
full-line supplier of plotter 
accessories and supplies. 
For literature and additional 
information, call Tektronix 
today. 

U.S.A., Asia, Australia, Central 
& South America, Japan 
Tektronix, Inc. 
PO. Box 4828 
Portland, OR 97208 
Phone: 800/547-1512 
Oregon only: 800/644-9051 
Telex: 910-467-8708 
Cable: TEKTRONIX 

Europe, Africa, Middle East 
Tektronix Europe B.V. 
Postbox 827 
1180 AV Amstelveen 
The Netherlands 
Telex: 18312 

Canada 
Tektronix Canada, Inc. 
P.O. Box 6500 
Barrie, Ontario L4M4V3 
Phone: 705/737-2700 

Tektroni'x 
COMMITTED TO EXCELLENCE 
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The J900 gives you the performance and flexibility you need to test the full range 
of VLSI devices, with capacity enough to let you test more devices per hour than any 
VLSI system on the market. We put 72K of high speed memory behind every pin on 
the J900 so long patterns can run without dead cycles, saving you valuable test time. 

Automatic Edge Lode Teradyne's proven automated calibration technique, guaran-
tees timing integrity so your devices are tested right the first time, every time. 
Our powerful test language is easy to use, allowing you to generate programs faster 

and further reduce your cost of test. The result is a new standard in VLSI testing. Teradyne's J900 gives you the 
advantage in both quality and productivity by making every nanosecond count. 

For more information write Teradyne, Logic Products Group, 21255 Califa 
Street, Woodland Hills, CA 91367. Or contact your nearest Teradyne Sales Office. leieCâ_ee 
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Getting the education act together 

W hen it comes to playing the tune that the 
nation's engineering colleges and uni-

versities can't cope with the rising number of 
students clamoring to enroll because of 
increasingly severe faculty shortages, Ameri-
ca's management and labor choirs seem to 
sing in harmony. Yet the flip side of that 
record produces only discordant sounds about 
whether or not the nation is in the midst of an 
engineering shortage that, too, threatens to get 
worse. The noise level is loudest when it comes 
to consideration of electronics. 

Industry groups like the American Elec-
tronics Association say that the EE shortage is 
going from bad to worse. [Electronics, Nov. 
17, p. 96]. Professional groups, like the Insti-
tute of Electrical and Electronics Engineers 
and its U. S. Activities Board, disagree in 
part, while the increasing number of engineers 
being laid off in the current recession disagree 
completely. Yes, says the IEEE, there are some 
shortages in some electronic specialties in 
some parts of the country. 
As for the Government, the National 

Science Foundation seems to be tone-deaf, 
probably because its lyrics are written with 
cold data. The Department of Defense is, of 
course, studying the issue separately, wonder-
ing if its shortage of EES is more a matter of 
quality than quantity, as Federal pay ceilings 
force the most talented out of the system and 
into the waiting arms of military contractors. 
This leaves the Pentagon with only the tired, 
the weary, and the demoralized who are nei-
ther equipped nor interested in evaluating 
advances in the state of the art. 
The Defense Department's peculiar prob-

lems are worthy of a study in themselves. For 
example, are the nation's budget cutters sav-
ing only pennies in salaries at the cost of 
billions of dollars in military systems that fail 

to meet performance and price promises 
because the best and the brightest have quit? 
There are increasing numbers in the military 
who would give their best computers to prove 
that to the White House and Congress. 

But there is a larger and far more important 
point to be made on the dispute over the 
shortages of engineering faculties, graduates, 
and student laboratory facilities: it deals with 
the global competition in high technology, be 
it electronics, mechanics, or chemistry. While 
the profusion of studies on the state of Ameri-
ca's engineering arts seem to be growing at an 
exponential rate, virtually all of them are 
inwardly directed. 

s anyone out there looking at these issues in 
relation to America's competitors in Europe 

and Japan, determining how they seem to 
successfully educate and employ their youth in 
engineering? Is anyone acquiring data on sys-
tems of education as well as on the quality and 
quantity of engineers in other societies? 

Unfortunately—perhaps tragically for the 
long run — the answers seem to be no, as 
industry, labor, and Government pursue sepa-
rate courses, seemingly bent on making points 
that highlight only their own individual special 
interests. In such conflicts, the national inter-
est is guaranteed to lose. 

It is far past the time when the country's 
engineers, their educators, employers, and 
Government must begin coordinating their 
efforts instead of disputing statistics among 
themselves as the talent crisis continues to 
expand. Crises invariably produce inefficient 
responses such as those we now see. But, as 
one engineering executive accurately put it, 
"America has been responding only to crises 
since 1776, hasn't it?" The answer, of course, 
is yes. But now it is time to change. 

24 Electronics/November 30, 1981 



16-bit software lust caught up 
with16-bit hardware. 

A better marketing tool. Whether you're developing 
multi-tasking, multi-user, or networked systems, the XENIX"' 
operating system helps you get the most from your 16-bit 
product. XENIX' portability frees you from dependence 
on a single hardware source. XENIX' universality puts your 
product into more applications. And XENIX' high level 
language support cuts system development time for you 
and your customers. With XENIX, you're into more 
markets faster. With a better product. 
Setting the standard. XENIX is Microsoft's implemen-
tation of the UNIX' operating system. It's a multi-tasking, 
multi-user OS for leading 16-bit microprocessors. In fact, 
XENIX is such a productive, portable system, that we 
expect it to become the de facto standard operating system 
for 16-bit microprocessor-based systems. A standard that 
will foster the development of applications programs that 
sell systems. 
Support. XENIX is fully supported by Microsoft. In devel-
oping XENIX for 16-bit microprocessors, we improved the 
efficiency of the UNIX operating system. Then, we added 
enhancements specifically designed to make the system 
suitable for the commercial marketplace. You can create 
a total environment by adding Microsoft's standard 
software packages to the XENIX operating system. !n 
languages, Microsoft's BASIC Interpreter and Compiler, 
FORTRAN, COBOL, and Pascal provide unique program 
portability between 8-bit and 16-bit systems. And, Microsoft 

is the single-source vendor for the XENIX operating 
system, languages and utilities. In addition, Microsoft's 
XENIX Clearinghouse will provide access to a library of 
XENIX applications software and utilities. 
Want to know more? If you are developing a 16-bit micro-
processor-based system, contact us. We can offer you 
single copy XENIX through our distributors, or, multi-copy 
XENIX with a low initial payment and a pay-as-you-sell OEM 
royalty program. To open a dialog, return the coupon below 

'UNIX operating system is a trademark of Bell Laboratories 
XENIX is offered under license from Western Electric 

'r r 
10800 N.E. 8th Street 
Bellevue, WA 98004 
(206) 455-8080 

I'm interested. 
Please send me information on the XENIX operating system for 

16-bit microprocessors. 
D PDP-11, 111 Z8000, D 8086, D 68000. 
I'm specifically interested in D single copy, D multi-copy OEM use. 
D Please include information on the XENIX Clearinghouse. 

Name  

Company  
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City State Zip  
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6th Meeting on Integrated and Guid-
ed-Wave Optics, Optical Society of 
America and IEEE (OSA, 1816 Jef-
ferson Place, N. W., Washington, 
D. C. 20036), Asilomar Conference 
Center, Pacific Grove, Calif., Jan. 
6-8,1982. 

5th Los Angeles Technical Sympo-
sium, International Society for Opti-
cal Engineering (sPIE, P. 0. Box 10, 
Bellingham, Wash. 98227), Los An-
geles Marriott Hotel, Los Angeles, 
Jan. 25-29. 

1st Spacecraft Electronics Confer-
ence, E1A (Frank A. Mitchell, EIA, 
2001 Eye St., N. W., Washington, 
D. C. 20006), Hyatt Hotel, Los 
Angeles, Jan. 26-28. 

Advanced Semiconductor Equipment 
Exposition and Conference, Elec-
tronic Representatives Association 
and Cartlidge & Associates Inc. 
(cm, 491 Macara Ave., Sunnyvale, 
Calif. 94086), Convention Center, 
San Jose, Calif., Jan. 26-28. 

Annual Reliability and Maintainabil-
ity Symposium, American Society 
for Quality Control, Institute of 
Electrical and Electronics Engineers 
(H. C. Jones, Westinghouse, ms 
3608, P.O. Box 1521, Baltimore, 
Md. 21203), Biltmore Hotel, Los 
Angeles, Jan. 26-28. 

1st Military Computers and Software 
Seminar, American Defense Pre-
paredness Association (ADPA, 900 
Rosslyn Center, 170 North Moore 
St., Arlington, Va. 22209), Sheraton 
National Hotel, Arlington, Va., Jan. 
27-28. 

Workshop On Reliability of Local 
Networks, IEEE (Robert S. Swarz, 
Prime Computer, Inc., 500 Old Con-
necticut Path, Framingham, Mass. 
01701), South Padre Hilton Resort, 
Brownsville, Texas, Feb. 3-5. 

16th Annual Television Conference, 
Society of Motion Picture and Tele-
vision Engineers (Lynne Robinson, 
862 Scarsdale Ave., Scarsdale, N. Y. 
10583), Opryland Hotel, Nashville, 
Tenn., Feb. 5-6. 

5th European Exhibition and Con-
gress for Telecommunications, On-
line GmbH (Postfach 10 08 66, 
D-5620 Velbert 1, West Germany), 
Düsseldorf Fairgrounds, West Ger-
many, Feb. 8-11. 

Aerospace and Electronic Systems 
Winter Convention, Institute of Elec-
trical and Electronics Engineers 
(Tom S. Schuler, Rockwell Interna-
tional, P. O. Box 3105, Anaheim, 
Calif. 92803), Sheraton-Universal 
Hotel, klollywood, Calif., Feb. 9-11. 

International Solid State Circuits 
Conference, Institute of Electrical 
and Electronics Engineers (L. Win-
ner, 301 Almeria Ave., Coral Ga-
bles, Fla. 33134), Hilton Hotel, San 
Francisco, Feb. 10-12. 

Aerospace Applications Conference, 
IEEE (Russel Gaspari, Hughes Air-
craft Co., MS S12/V305, P. O. Box 
92919, Los Angeles, Calif. 90009), 
Woodbridge Conference Center, 
Snowmass, Colo., Feb. 21-28. 

Nepcon '82 West, Cahners Exposi-
tion Group (222 West Adams St., 
Suite 999, Chicago, Ill. 60606), 
Anaheim Convention Center, Ana-
heim, Calif., Feb. 23-25. 

Compcon Spring, IEEE (Harry Hay-
man, P. O. Box 639, Silver Spring, 
Md. 20901), Jack Tar Hotel, San 
Francisco, Feb. 26-28. 

Robots VI Conference and Exposi-
tion, Society of Manufacturing En-
gineers (1 SME Dr., P. O. Box 930, 
Dearborn, Mich. 48128), Cobo Hall, 
Detroit, March 1-4. 

9th Communications Satellite Sys-
tems Conference, American Institute 
of Aeronautics and Astronautics 
(1290 Avenue of the Americas, New 
York, N. Y. 10104), Town and 
Country Hotel, San Diego, Calif., 
March 7-11. 

Spring Engineering Conference, So-
ciety of Cable Television Engineers 
(1900 L Street, N. W., Suite 614, 
Washington, D. C. 20036), Copley 
Plaza Hotel, Boston, March 8-10. 
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Expand your choices 
with 8 micros in one. 

UNITED 
TECHNOLOGIES 
MOSTEK 

For emulation or production, 
no other single-chip microcom-
puter gives you more design 
momentum than our piggyback 
EPROM MK38P70. 
Why? Because with this one 

8-bit device, you can emulate 
eight different 3870 family mem-
bers. Simply insert the MK38P70 
with its programmed EPROM 
into the target socket, then test 
your code. If a change 

is needed, reprogramming is 
quick and efficient on any 
standard EPROM programmer. 
An attractive price makes the 

MK38P70 a very practical pro-
duction circuit as well. In fact, 
in some cases the MK38P70 
is more economical than its 
masked-ROM counterparts. And 
since it's available at your lo-
cal Mostek distributor, you can 
quickly put it into production. 
As for acceptance, the 3870 

family has been proven in him-
dreds of designs and millions of 
circuits. Plus all 3870 versions 
are hardware and software 
compatible. So you can buy 
only what you need 

today. Without limiting your 
options tomorrow. 

Eight different custom chips 
in one standard package, avail-
able at all Mostek distributors 
That's the choice that only the 
MK38P70 can give you. To find 
out more, call or write Mostek 
Corporation, 1215 W. Crosby 
Road, MS 1109, Carrollton, Texas 
75006 (214) 323-1801. In Europe, 
contact Mostek International at 
(32) (02) 762.18.80. In the Far 
East, Mostek Japan KK (03) 
404-7261. 

" 1981 Mostek CorporatIon 
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PHIL PERKINS AND 
HERB THALER 

PUT I.T. TOGETHER. 
NOW IT'S THE ONLY WAY TO GO. 

Integrated Testing©. LTX's synergistic 
combination of linear and digital 
testing techniques for maximum 
throughput, capability and economy. 
I.T. combines two systems into one. 

Phil Perkins, LTX's linear expert, and 
Herb Thaler, LTX's digital specialist, 
put I.T. together for manufacturers 
and users of complex L SI devices that 
are based on the digital processing of 
analog functions. 

The first expression of Integrated 
Testing was the combination of the 
DX89 Digital Extension and the LTX 
Linear L SI test system. Now LTX 
introduces the PG802, a fully versatile 
12 MHZ algorithmic Pattern Gen-
erator. This allows the programming 
of the Integrated Testing System for 
even more sophisticated CODECs and 
other circuits with integrated analog 
and digital functions. 

Go with I.T. 
LTX Corporation, 
145 University Avenue, 
Westwood, MA 02090. 

Call us about I.T.: 
Boston: 617/329-7550 
Santa Clara: 408/727-1414 

Europe: 44 4862 22322 
Japan: 03-326-2501 

Or see I.T. at: 
ATE Productronia 
Brighton, England Munich, Germany 
December 8-10 November 10-14 

LTX RESPONDS 

Copyright 1981. LTX Corporation 
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7 reasons why the K100-D 
is now the world's best-selling logic analyzer. 

How the general-purpose K100-D beat out H-P to become *1. 
Not so long ago, Hewlett-Packard 
logic analyzers were the industry 
standard. We asked digital design-
ers to compare the K100-D with 
H-P's popular 1610B and 1615A 
logic analyzers before making any 
buying decision. 

In head-to-head comparison, the 
K100-D came out looking so 
good, it's now the best-selling 
logic analyzer in the world. 
Here's why: 

1. It's easy to 
systematize. 

For automated troubleshooting 
and production ATE, the K100-D 
features a fully-programmable 
GPIB interface. 

To help you support a wide 
variety of bus-oriented systems, 
there are standard high-perform-
ance probes, specialized probing 
accessories and detailed appli-
cation notes available on all the 
popular microprocessor systems 
currently in use. 

2. It's concise. 
The K100-D monitors 16 channels 
in time domain, 32 in data 
domain, so you can probe 
enough points to pin down prob-
lems at their source. 

3. It's fast. 
A 100 MHz clock rate resolves 
signals to 10 nanoseconds. The 
front end is also sensitive enough 
to capture glitches as narrow 
as 4 ns. 

4. It's deep. 
1024 words deep in memory—for 
faster, more accurate debugging. 
The K100-D extends the length of 
data you can trap from your 
system at any one time. 

5. It's clear. 
The K100-D has a large keyboard 
and interactive video display, 
a comprehensive status menu, 
highly useful time domain display, 
and data domain readout in user-
specifiable hexadecimal, octal, 
binary or ASCII. 

The T-12 "top hat" for the 
K100-D provides logic 

analyzer remote diagnostic 
capability. Other options 

include the GPIB Analyzer 
and RS232 Serial Data 

Analyzer. 

6. It has remote 
diagnostics. 

A new T-12 communications 
interface option lets your field 
troubleshooters share their 
system observations with the best 
engineers back at headquarters. 
Remote diagnostics provide faster 
debugging and save a lot of time 
and travel for your most valuable 
people. 

7. It's well supported. 

You get full applications support 
from the experts in logic analysis. 

For a free copy of our "Logic 
Analyzer Comparison Guide:' 
request card for microprocessor 
system application notes, and 
T-12 Communicator information, 
just circle the appropriate reader 
service numbers. Or contact 
Gould, Inc., Instruments Division, 
Santa Clara Operation, 4600 Old 
lronsides Drive, Santa Clara, CA 
95050, phone (408) 988-6800. 

m> GOULD 
Circle 
Circle 
Circle 

31 for Comparison Guide 
194 for APP Note request fori: 
195 for T-12 communicator data 
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It's the old question of 
when to test. We think the 
'power of ten' rule makes the 
decision easy. 

The rule: the cost 
of replacing a defective 
component increases 
ten-fold with each step 
of manufacture. 

It's the difference 
between catching a defective 
component at incoming 
inspection for 30 cents, or 
completing your circuit board 
before discovering it. Now the 
cost is $3.00. Install the board 
in the equipment and repair 
costs jump to $30. Let it get 
into the field, and the rule still 
applies. You can see that it 
doesn't take long for your profit 
to take a beating. 

MOM 
Call during West Coast business hours. 

In Oregon, call 641-4141 

Start at the beginning 
Test your components 

before you install them in the 
board with a low-cost 252 LRC 
bridge from ESI. You'll be able 
to test passive components for 
L, R, C, G and even D. That 
means you can structure your 
test to the factors that are 
important to your application. 

With a basic accuracy of 
0.25%, you'll have confidence 
in your tests. When the part 
reads good, you can be sure that 
it really is. 

Pick up the phone 
and call Tom Freeman, 
Product Manager. 

You'll get the full story 
on how you can beat the 
power of ten rule with an 
ES! 252 bridge. 
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Electronics newsletter  
New halide resists Halide-based photoresists hundreds to thousands of times more sensitive 

than existing polymer resists, but with equal resolution, may appear within 
respond to all medla two years, say researchers at GCA Corp., Bedford, Mass. Long used in 

high-resolution photomasks, halides have never succeeded as resists 
because of coating defects in the emulsion carrying the halide molecules. 
The new two-layer technique eliminates the emulsion, evaporating a 
2,000-R thick layer of halide onto a much thicker polymer film. A key 
advantage of the approach is that the halide film is very sensitive to all 
common resist media —light, electron beams, and X rays. Thus, it could 
cut the exposure time for fine geometries, allow easy combination of two 
or more exposure media in a single resist step, and cut the energy needed 
for an exposure— a possibility especially attractive for X-ray applications. 

Test data-handling Watch for GenRad Inc. to unveil a factory data-management system in 
the first half of 1982. Based on the Concord, Mass., firm's GRnet 

is another GenRad minicomputer network system, the new capability—for now called test 
factory-automation tool data management, or TDM— would collect, transmit, store, and analyze 

data on failures, yields, test trends, and defects. TDM would also grow to 
perform full-scale industrial data-base management, extending GenRad's 
markets beyond its installed base of testers. With GRnet its first move and 
TDM its second, the company is committed to carving out a share of the 
growing factory-automation market. Competition in this market recently 
intensified with Teradyne's introduction of its Marathon system (see 
p. 169) and Marconi's announcement of a paperless rework station [Elec-
tronics, Oct. 20, p. 264]. 

IC stocks undervalued, Times may be tough for U. S. semiconductor companies, but the picture is 
not as bleak as Wall Street has painted, believes Hambrecht & Quist of 

says investment banker San Francisco, Calif., one of the nation's largest investment banking 
houses. In a recent report, "The Semiconductor Industry: A Propitious 
Investment Opportunity," the bank declares that "semiconductor stock 
prices have eroded to the point where their current valuations are similar 
to the distressed valuations accorded at the market low of October 1974." 
It is at this point that latent earning potential will attract investors 
because the current depressed valuations more than adequately discount 
the anemic state of the industry. Its estimates of semiconductor profits, 
based on results from Texas Instruments, Motorola, National Semicon-
ductor, Intel, and Advanced Micro Devices indicate a decline of 67% this 
year, compared to a 62% reduction in 1975. Profit declines could be even 
more severe for semiconductor makers that are subsidiaries, such as 
Mostek and Fairchild, Hambrecht & Quist believes. 

RCA develops An experimental infrared camera from RCA Corp., scheduled to be 
unveiled this week, captures images on platinum suicide detectors in a 

ultrasensitive charge-coupled-device array. The 64-by-128-element array, made at the 
IR camera firm's laboratories in Princeton, N. J., improves its previous efforts by an 

order of magnitude increase in responsiveness in the 3-to-5 gm wavelength 
range— the camera can resolve the vein structure of a human hand. The 
key to the advance is the deposition of uniformly thin layers of platinum, 
20 to 100 À thick, to form the Schottky-barrier diode detectors on a p-type 
silicon structure. 
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DEC increases 

11/23's memory 

More Winchesters 

coming from 3M 

In the new PDP-11/23 Plus, the Digital Equipment Corp. of Maynard, 
Mass., is finally implementing a 22-bit addressing and backplane system 
rumored for months to be on the way. The 11/23 Plus will be offered 
initially with up to 1 megabyte of memory, although with 22-bit address-
ing, there is room for growth to four times that amount. The standard 
11/23 presently addresses 64 K-bytes directly using a 16-bit word or up to 
256 K-bytes with an 18-bit memory-management option. The new proces-
sor, aimed at original-equipment manufacturers, will sell for $8,500 
stripped, and in its minimum system configuration (with bulk storage, 
terminal, and RSX-11M operating-system license) for $26,700. 

Though long a supplier of disk media to original-equipment manufactur-
ers, it was not until May that 3M Co. quietly slipped into the disk-drive 
business with its introduction of the 8400 and 8500 series of 8-in. 
Winchester drives. Now, the St. Paul, Minn., company has extensive plans 
to build upon that beachhead. 3M engineers are working on a follow-on 
8-in. Winchester product, code-named Alpine, that will at least double the 
60-megabyte unformatted capacity of the 8533, while maintaining the 
same three-platter design and form factor. Scheduled for introduction late 
next Year, Alpine is expected to reach from 120- to 150-megabyte capaci-
ties without resorting to thin-film heads or the advanced metal-coat media 
technologies that 3M plans subsequently. 

Autodin to get According to a report to be released next month by the market research 
firm, Frost and Sullivan Inc. of New York, Autodin, the Defense Depart-

$103 million revamp 
ment's worldwide automatic digital communications network, will be 
updated over the next five years by equipment procurements worth some 
$103 million in current dollars. In addition, the technology to be employed 
for improving the reliability of the automatic switching centers, packet-
switching nodes, and interconnecting trunk networks in the system has a 
potential spinoff value of $390 million for nonmilitary Government agen-
cies and the private sector, the company says. 

Sandia advancing A new generation .of monitoring instrumentation being designed to survive 
a worst-case nuclear power plant accident must withstand temperatures to 

state of the art in 
250°C and radiation of 200 megarads. These specifications, far above 

nuclear-resistant gear even military requirements, can be met, claims Sandia National Laborato-
ries in Albuquerque, N. M. Researchers there are applying high-tempera-
ture, high-radiation weapons technology. The pressure transmitters, hydro-
gen sensors, and multiplexers, to operate accurately for up to 200 days 
after an accident, will be demonstrated within two years, they say. 

Key component Researchers at RCA Laboratories in Princeton, N. J., have come up with 
one of the missing links needed for the design of a monolithic gallium 

for microwave 
arsenide microwave receiver: a passive component known as a 180° 

receiver developed hybrid. This broad-bandwidth device is used to drive the balanced mixers 
needed in low-noise receivers. Until now, the available broadband hybrids 
could not be deposited on planar structures — the essential geometry for 
monolithic devices. 
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RUGGEDNESS 
You Can Rely On. 

High reliability pressure transducers from Data Instruments are making 
work smoother for industrial, construction, and farm vehicles. As vital 
systems — hydraulics, oil pressure, and manifold air — are pounded, 
stressed, vubrated, and contaminated, our rugged pressure transducers 
guard reliability. The unique stainless steel case-diaphragm 
protects the transducer from hostile environments. 
Rugged enough to be the best in the worst 
situations — this is the pressure 
transducer for your demanding application. 

We've been working under pressure for 
more than twenty years providing 
transducers you can install and forget. 
Remember Data Instruments for the 
"forgettable" pressure transducers... 
the rugged ones you can rely on. 

If you have a demanding application, 
call us for the solution at 617-861-7450. 

WE WORK BEST UNDER PRESSURE 

MI DATA INSTRUMENTS INC. 

lu 4 Hartwell Place, Lexington, Mass. 02173 
617-861-7450 TWX 710-326-0672 

(c)19110 Data Instruments Inc. 
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Meeting Japans' Challenge 

Fourth in a Series 

SOME OF THE 
SMARTEST BUSINESS 

EXECUTIVES IN 
AMERICA MIGHT MIL 
THIS SIMPLE TEST. 

Japan USA 

• 
1. Which country has the worlds' most productive 
work force? 

2. Which country spends the most for research 
and development? 

3. Which country exported more goods last year 
than any other country in the world? 



We wouldn't be surprised if you answered "Japan" to all three 
questions. After all, Japan's gains in these areas have been impressive, 
as has its press. 

But in fact, despite recent trends, according to the Department of 
Labor's Bureau of Labor Statistics, real gross domestic product per 
employed person—the national measure of productivity—shows Japan 
behind the United States by 31.6%. 

As for research and development, based on the latest National 
Science Foundation figures available, the United States spent three 
times more than Japan. 

And in exports, the most recent International Trade Statistics 
Yearbook shows that even in manufactured goods alone US, exports 
had a dollar value about 39% greater than exports from Japan. 

So Japan may be gaining, but it hasn't beaten America. In many 
areas it hasn't even caught up. Which is not to say the challenge from 
Japan is a hollow one. We know it is real. 

We know individual companies in Japan, with which many of us 
compete, achieve excellent productivity levels. 

We know U.S. spending, of itself will not generate innovation. It 
takes commitment to leadership. 

We know US. trade balances with Japan in certain businesses 
halve shifted to Japan's advantage. 

But we are a strong country with outstanding resources and a 
formidable overall lead. As we take notice of things we need to do, and 
get on with them, we can build on that strength and maintain our ability 
to compete successfully anywhere in the world. 

America is a winner A winner has confidence. In fact, one can't 
win without confidence. Yet, the way things have been written and spoken 
of lately you'd think we'd lost our winning ways. Not true, We have 
great strengths. Lets' build on them. We have great ability to recommit— 
to overcome challenge. 

As for Motorola, we believe we are already doing much better 
than the average American company you would compare us to, and most 
Japanese companies as well. We have plans and programs in place 
that are working to improve constantly our quality and productivity and 
to keep sharp the cutting edge of our technology 

We are confident we can win against competitive challenges. 
We are committing ourselves publicly to do so. 

We know other companies feel the same. 
It is only a matter of putting ourselves to the test. And having 

the right answers. 

AA MOTOROLA A World Leader in Electronics. 

Quality and productivity through employee participation in management, 
01981 Motorola Inc. Motorola and AA are registered trademarks of Motorola, Inc. 
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New LM-4 
The 40-Channel Loglic Monitor 

you hold in your hand. 
Now, there's a unique new way to speed and 

simplify your work with complex digital circuits. 
By simultaneously monitoring up to 40 points 
in a logic system with a compact, easy-to-use 
instrument that's faster than a scope and safer 
than a voltmeter. It's our new multi-family LM-4. 
At our factory introductory price of $199.0W 
one of the best buys in logic today! 

Simply slip its 40-pin IC test clip over your 
CMOS or TTL ROM, RAM, microprocessor or 
MSI/LSI chip and instantly see the logic state 
of each pin on a big, easy-to-read liquid 
crystal display. 

But that's only the beginning. You can wire 
the LM-4 into a computer bus; fit it with two 16-
pin test clips or sockets for comparing known 
good and questionable ICs; use it as a clip-on 
display for micros, minis and other computers 
during design, setup, testing, troubleshooting 
...there's no limit to the ways LM-4 can save 
you time and money! 

Measuring just 5.9 x 3.2 the pocket-
sized LM-4 comes with a 24" 40-conductor 
ribbon cable terminated in a 40-pin IC test clip, 
plus instructions/applications manual and 
high-impact carrying case. (An optional Univer-
sal Cable Kit is also available for special 
interfacing require 
ments, priced at 
$75.00!) 
So whatever the 

job—in design, pro-
duction or service— 
simplify your testing 
with the power of 
40-channel monitor-
ing: Order your 
LM-4 today. 

Call toll-free 1-800-243-6077 
8:30AM-5PM EST, Mon—Fri 

vibe, 

GLOBAL 
SPECIALTIES 
CORPORATION 

70 Fulton Tem. New Haven, CT 06509 (203) 624-3103, TWX 710-465-1227 
OTHER OFFICES: San Francisco (415) 648-0611, TWX 910-372-7992, 
Europe: Phone Saffron-Walden 0799-21682, TLX 817477, 
Canada: Len Finkler Ltd . Ilownsyiew. Ontario. 

,U.S. Resale only: price, specifications subject to change without notice. 
c Copyright 1981 Global Specialties Corporation. 
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Electronics review  
Significant developments in technology and business 

Thermal cycling 
activates, 'freezes' 
liquid-crystal display 
by Roderic Beres ford, Components Editor 

With no need for refreshing, 

dot-matrix array expands to 

512 rows and 576 columns 

for portable terminal 

For years, the light-absorbing and 
-scattering properties of liquid-crys-
tal displays have charmed research-
ers into believing they could be fash-
ioned into cathode-ray-tube—like sys-
tems that were flat and consumed 
little power. However, this ideal dis-
play has been kept on the back burn-
er because of the problems of 
addressing each dot in the display. 

But now Kylex Inc. has overcome 
this problem by selecting the molec-
ular alignment of a dot with an elec-
tric field during thermal cycling. In 
one of the largest arrays yet of dot-
matrix icps, the Mountain View, 
Calif., firm has placed a matrix of 
512 rows and 576 columns into a 
6-by-7-inch LCD panel mounted in a 
prototype portable terminal. 
A similar approach in a much 

smaller, less complex array has been 
tried in an experimental projection 
TV system and in a computer display 
by the Thomson-CSF laboratory at 
Corbeville, France [Electronics, April 
21, p. 73]. But what remains to be 
seen is whether the quirks of such 
thermal addressing will be prefera-
ble to the expense of building large-
area panels directly on monolithic or 
thin-film drivers, as others are try-
ing. Kylex's liquid-crystal material is 
a mixture of cyanobiphenyls and 
light-absorbing dye molecules. 

Phases. In its quiescent state, the 
host crystal is in the smectic phase, 
with molecules aligned in parallel 

planes. The dye molecules follow this 
orderly configuration in which little 
light is absorbed. 
A brief current pulse applied to a 

row electrode locally heats the crys-
tal to 55°C and into the isotropic, or 
randomly oriented, phase. As the 
crystal rapidly cools, it passes 
through the nematic phase, where 
the LCD molecules are sensitive to an 
electric field, before returning to the 
smectic phase. 

Cooling to 40°C in the presence of 
an electric field—supplied by the 
column electrode voltage—returns 
the host to the normal smectic phase. 
However, cooling with no voltage 
produces a highly distorted texture 
that is absorbing, hence opaque. 

Both states persist indefinitely, 

10 2 

KYLEX 

giving the display a static nonvolatile 
memory. With this memory, no 
refreshing is required, hence many 
more rows may be multiplexed than 
in conventional displays. Removing 
the opaque, colored state requires 
either a row-heating pulse, or a col-
umn pulse much longer and larger 
than the writing pulse. 
"At our maximum writing rate of 

about 1,200 characters/second, a 
500-line display consumes about 10 
watts," says David H. Davies, vice-
president for technology at Kylex. 
"But in a typical application, such as 
a terminal, the writing rate averages 
far lower, and thus the power con-
sumption would be around 0.5 w." 
The writing speed, which is 

between 4 and 10 milliseconds/row, 

31, 40 

The KT-Ill is the first truly portable display 
terminal. The large area liquid crystal display 

makes possible the portability and compactness 
desired by many executives and mobile 
professionals. Applications include: 

-Sales/Order Entry 
-Real Estate 
-Scientific 

-Database Inquiry 
-General Timesharing 
-Engineering 

Interact with the host computer through an 
innovative acoustic coupler and a built-in coder. 
When hard copy is desired, printer can be 
connected to the standard port. 

KYLEX 
420 Bernardo Avenue 
Mountain View, CA 94043-5282 

(415) 969-5200 
telex: 172229 Made in the 

Hot spots. Liquid-crystal displays from Kylex may be multiplexed to more than 500 rows. 

This 6-by-7-inch panel of 280 by 360 dots can be written at over 1,000 characters/s. 
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is determined by the time the crystal 
needs to cool. The main complica-
tion is that the writing pulse's power 
must be reduced as the ambient tem-
perature rises or as the writing rate 
increases. Otherwise, the display 
overheats and cannot return to the 
smectic phase. 
"We control the write-pulse width 

with software in the portable termi-
nal," adds Davies. "A Z80 processor 
checks the past writing history of a 
row, as well as an ambient tempera-
ture sensor, to determine the mini-
mum power needed to write that 
row. About 20 s of writing history 
needs to be stored by the processor." 

A speedier display must cool off 
faster after a row-writing pulse. 
Faster cooling requires a smaller 
area. Thomson-CSF achieved 60-
microsecond row-writing times with 
a 5-millimeter-square panel. 

Kylex is not pursuing the technol-
ogy for Tv applications. However, 
specific plans for commercialization 
are awaiting word from Kylex's new 
corporate parent. Earlier this month, 
Exxon Enterprises Inc. was negotiat-
ing to sell Kylex to another large 
company. Independently, a group of 
Kylex employees were looking for 
capital to spin off a new company to 
bring the technology to market. 

Production 

E-beam, ultraviolet photolithography join 

in single-resist step for precision, speed 

An advantage of scanning electron-
beam lithography is also a disadvan-
tage. Because an electron beam 
exposes a very small area at a time, 
it can lay down very fine integrated-
circuit geometries. But the beam 
takes longer to expose a large area 
thari an optical exposure. 
So to keep some of the speed char-

acteristics of optical systems, process 
engineers at present separate mask 
steps into those requiring the fine 
geometries possible with the elec-
tron-beam technique and those 

where the coarse geometries possible 
with optical systems are sufficient. 
Now a team of researchers at the 

Sperry Corp.'s Research Center in 
Sudbury, Mass., has combined elec-
tron-beam and optical exposure in a 
single resist step. The resulting 
method retains the fine geometry 
possible with electron-beam mask-
ing, while regaining much of the 
speed lost in the process. 

Technical staff member Terrell D. 
Berker notes that "depending on 
chip geometry, it's possible to cut the 

Combination. Negative image developed on resist, above left, shows 0.4 grn lines exposed 

with an electron beam. "Plateau" was exposed to UV light. Photo at right, taken after plasma 

etch and resist removal, shows 0.4 gm lines intact. 

area requiring electron-beam expo-
sure from as much as 20% to 30% of 
a chip to as little as 1%, simply by 
exposing only the fine lines with the 
beam and reserving larger, coarser 
areas for exposure with ultraviolet 
light. 

"It is possible to cut electron-
beam masking time by a factor of 5 
to 10 or more." She adds that, if the 
mask-generation process is automat-
ed, as with a Calma system, it is 
simple to sieve out the fine and 
coarse geometries and reserve the 
latter for Uy exposure. 

Positively standard. Berker and 
fellow staff member Stephen E. Ber-
nacki, call their approach single-
resist mixed lithography. In practice, 
standard positive photoresists (like 
Shipley Co.'s 3000 series) are used 
to coat the wafer, then an electron 
beam writes the areas where geome-
tries are finest. (The Sperry team 
routinely achieves 0.4-micrometer 
line widths with the technique). 

Afterward, using a light- or dark-
field mask to obtain the required 
positive or negative optical image, 
large-area features are laid down 
with a uv light source. Only after 
both exposures is the resist devel-
oped and etching begun. 
Some experimentation was needed 

to find the right combination of 
exposure and development time, but 
the Sperry researchers termed the 
problem a minor one. The system is 
said to adapt well to production. 
"We now are using it in Sudbury on 
a routine basis for experimental and 
custom LS!," says Berker. 

Application. Berker adds that 
computer maker Sperry Univac may 
apply the technique when it begins 
using electron-beam lithography. 
"They like the fact that the 
approach uses standard optical re-
sists with which they are familiar, 
rather than specialized electron-
beam resists, which some process 
engineers appear to dislike," she 
says. 

Berker and Bernacki note that the 
system saves the most time when 
used in conjunction with full-wafer 
exposure systems and somewhat less 
with wafer steppers. With the form-
er, it is possible to expose all the 
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coarse areas on a wafer simulta-
neously with ultraviolet light, where-
as with steppers, the exposure pro-
ceeds one area at a time. Still, they 
say that the time saved overall is 
"significant." -James B. Brinton 

Computers  

Total immersion cools 

supercomputer logic 

"We have no backup now. We're 
betting the company —at least at the 
high end—on liquid immersion tech-
nology," declares John A. Rollwag-
en, recently named chairman at 
Cray Research Inc., Mendotta 
Heights, Minn. Rollwagen's refer-
ence is to the company's decision this 
month to back a design developed by 
founder Seymour R. Cray for the 
the firm's next-generation Cray-2 
supercomputer. 

Cray's approach uses 16-gate 
emitter-coupled logic chips housed in 
tightly packed modules immersed in 
an inert fluorocarbon cooling liquid. 
It was selectee over a competing 
design under development at Cray 
Laboratories in Boulder, Colo., that 
relies upon very large-scale integra-
ed EcL gate-array technology. The 
Boulder activity will now be diverted 
to other efforts, probably aimed at 
Cray-1 enhancements. 

Meanwhile, Seymour Cray, after 
stepping down as the company chair-
man, has put up his own building 
near Cray's Chippewa Falls, Wis., 
facility, where he will work as an 
independent contractor heading a 
25-person work force that will 
remain on the Cray Research pay-
roll. The group will develop a Cray-2 
prototype to which Cray Research 
has first rights, says Rollwagen, who 
continues as president and chief 
executive officer. 

Fluorinert. Although machines 
such as the Cray-1 and Control Data 
Corp.'s competing Cyber 205 use 
freon cooling, the Cray-2 will use 
Fluorinert, a cooling liquid supplied 
by 3M Co., St. Paul, Minn., that is 
used for other electrical applications. 
Liquid cooling is not uncommon in 

large computers—IBM's 3081, for 
example, uses water cooling. But the 
cooling system design developed by 
Cray is unusual. 
Modules consisting of eight 4-by-

8-inch circuit cards will be totally 
immersed in the circulation liquid, 
which will carry away the heat gen-
erated by the tightly packed bipolar 
circuitry. Usually, the cooling liquid 
flows through a heat sink to which 
the circuits are attached. 
With 700 logic chips per module, 

each eight-board set will dissipate 
from 600 to 700 watts, says Robert 
A. Allen, an engineering manager at 
thé Chippewa Falls plant. Each of 
ihe four processors in the Cray-2's 
multiprocessor architecture will con-
tain 36 logic modules as well as 64 
memory modules having 4-x bipolar 
random-access memory devices. 
Compared with the Cray- l's 32-

megabyte memory, the Cray-2's 
main memory will have 256 mega-
bytes. The chips are flow-soldered to 
the cards, so that each eight-card set 

may be packed into a module less 
than 1 in. deep, Allen says. 
With a 4-nanosecond cycle speed, 

the Cray-2 is expected to be 6 to 12 
times faster than the Cray-1 unipro-
cessor with its 12-ns clock. Cray 
rates its top Cray-1 machine at 
around 80 megaflops (million float-
ing-point operations per second) for 
typical short- to medium-length vec-
tor-processing problems, says plan-
ning vice president Peter Gregory. 

Comparisons of the Cray-1 and 
the competitive Cyber-205 vary 
widely by type of applications, 
although CDC claims instruction 
rates up to 800 megaflops. Observers 
tend to rate the two machines as 
about equal. 

But as one analyst says, "The 
Cray-2 should far surpass anything 
that's on the market today . . . it 
serves notice that Cray intends to 
remain on the forefront of supercom-
puter technology." The Cray-2 will 
not be ready for market, however, 
until about 1985. -Wesley R. Iversen 

Peripherals 

Terminal maker swaps rights to circuitry 

for another's cabinet design and tooling 

One way to get to market quickly 
and cheaply is to reverse-engineer a 
competitor's product. Though it is 
easier and more ethical to work out a 
technology trade with another firm, 
companies rarely do. 

Lee Data Corp. of Minneapolis 
and Atlanta-based Colorgraphic 
Communications Corp. have, how-
ever, pulled off such a trade to the 
benefit of both firms. Colorgraphic 
traded production rights to the ana-
log circuitry that drives the color 
cathode-ray-tube display in its MVI-
7 console system. In return, it 
obtained rights to a new ergonomic, 
or human-engineered, console cabi-
net design from Lee, as well as 
access to Lee's cabinet vendor—and 
thereby, the benefits of more than 
$150,000 of Lee-funded tooling. 

It is turning out to be a good mar-
riage. Ezra Mintz, president of Col-
orgraphic, estimates that "we both 

saved each other at least $200,000 
and one or two man-years of effort." 
He expects the cabinet not only to be 
cheaper than the sheet metal enclo-
sure used before, but also to attract 
more customers with its tilting and 
swiveling CRT mount and detachable 
keyboard, which can reduce operator 
fatigue. 

Full-color. Lee, meanwhile, which 
has had its series 300 line of termi-
nals emulating IBM Corp.'s 3200 
series for about two years, will grad-
uate to a full-color capability with-
out having to go to the expense of 
locating and hiring analog-video 
design engineers—a rare breed ac-
cording to Douglas M. Pihl, opera-
tions vice president for Lee. Pihl says 
that "high-resolution, low-cost color-
video—driver design is an unpopular 
field for American engineers; most 
of the leading-edge designs are com-
ing out of Japan these days." But not 
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too 
all, as witnesses Colorgraphic. 
As a result of their deal, both 

firms will introduce new products in 
the first quarter. From Lee will 
come the $3,500 model 1230—to 
compete with IBM's $4,400-to-
$6,000 model 3279 color terminal— 
which will offer a variety of commu-
nications protocols as well as termi-
nal functions. Among them will be 
bisynchronous communications, and 
compatibility with IBM's SNA sys-
tems network architecture. 

Concentration. For its part, Color-
graphic plans to emulate Digital 
Equipment Corp.'s VT100 terminal, 
which has almost become a de facto 
industry standard— but adding col-
or. The company thought for some 
time that it might go after the IBM 
3279 market, but elected to forego 
it. "The service and support require-
ments of that market were too great 
for a small company," Mintz says. 
However, his company will continue 

Good looker. Colorgraphic Communications 

traded production rights to the analog cir-

cuitry driving the color CRT in its MVI-7 con-

sole, top left, for the jazzier looking cabinetry 

of Lee Data's IBM 3270-compatible terminal, 

below. Both vendors will add new products. 

to offer its MVI-7 color terminal in 
non-IBM markets [Electronics, July 
28, p. 14]. 

So, in the first quarter of 1982, 
Colorgraphic will introduce its MVI-
100, a color version of the VT100. 
The terminal will list for about 
$2,750 —less than $500 more than a 
monochrome VT100. It will have all 
the features of the VT100, including 
the ability to accommodate DEC's 
pew VT18X personal computer op-
tion [Electronics, Nov. 3, p. 58]. 
Though both DEC systems are 

monochrome, the MVI-100 will in-
clude firmware that converts rou-
tines run on the new terminal to take 
advantage of color. The unit also will 
emulate terminals from Lear-Siegler 
and Hazeltine, two of the three larg-
est makers of monochrome CRT ter-
minals for the original-equipment 
maker. The third company is Ap-
plied Digital Data Systems, now an 
NCR subsidiary. 

Both firms may include the per-
sonal computer offerings of DEC and 
IBM in their new terminals. They 
may also offer modified personal 
computer options of their own; Lee, 
for example, may offer an equivalent 
of the IBM Personal Computer, but 
with the ability to operate as a sys-
tem-compatible preprocessor in IBM 
setups. Colorgraphic has plans to 
drop a MC68000-based 16/32-bit 
processor card into its console, and 
also would go for IBM or DEC com-
patibility. -James B. Brinton 

Microprocessors 

Ada compiler, APU 

readied for Z8000 

Zilog Inc. may be No. 4 in the sales 
of 16-bit microprocessors, but it is 
spending money like No. 1 to devel-
op the supporting hardware, soft-
ware, and systems for its Z8000 

family. In effect, the Cupertino, 
Calif., subsidiary of Exxon Comput-
er Systems Group has almost a 
blank check from its oil company 
parent, according to president Man-
ny Fernandez. 
Two of its biggest programs are to 

develop a compiler for the Depart-
ment of Defense's Ada language and 
an arithmetic processing unit. These 
are major undertakings. The compil-
er will involve a full implementation 
of Ada, and it will be submitted to 
the DOD for certification. None is yet 
available except for partial imple-
mentations. The APU will be similar 
to Intel's 8087—the only one out 
now faster, according to Fern-
andez. Zilog says it will be available 
during the third quarter of 1982. 
He hopes these and other efforts 

will go a long way to dispelling any 
worries among potential customers 
caused when Advanced Micro De-
vices Inc. earlier this fall left the 
systems business that it had been 
building around the Z8000. AMD 
continues to make the Z8000 as a 
component, and Zilog, according to 
Fernandez, is signing agreements 
with other second sources as well. 

Military hand. The compiler is 
expected to strengthen Zilog's al-
ready strong position in the military 
market. The Z8000 was the first 16-
bit instruction set to be licensed for 
military use, though it was recently 
joined by the 8086 instruction set 
from Intel Corp. Intel has an Ada 
compiler, though it is for the iAPX-
432 and is not a full implementation. 
Subset Ada compilers for 68000s 
are available from TeleSoft Inc. and 
for UCSD p-code systems from West-
ern Digital Corp. 

Zilog is contracting for the Ada 
compiler with the Data Systems divi-
sion of Litton Systems Inc., Colora-
do Springs, Colo., which already has 
extensive experience with military 
systems. It will be implemented on 
Zilog's System 8000 minicomputer 
and will produce code for the 
Z800-1, -2, -3, and -4 machines. 
The APU, which Zilog claims will 

be two to five times faster than 
Intel's 8087, will perform IEEE-com-
patible floating-point operations of 
addition, subtraction, multiplication, 
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division, square root, and remainder-
ing—all with 80-bit precision. It also 
does binary-to-decimal and decimal-
to-binary conversions. The unit takes 
only 10 microseconds for all opera-
tions except square root, which 
requires 12 le. 

Zilog estimates that a system 
using its high-speed Z8004 proces-
sor, Z8015 virtual memory manager, 
and an APU will have seven tines the 
performance level of a VAX-750 
minicomputer. 

Other efforts. Zilog is also cover-
ing other microprocessor applica-
tions. At the high end, it is working 
on the 32-bit Z80000 that will be 
instruction-set compatible with the 
company's 16-bit Z8000 and will 
compete with similar offerings, such 
as Intel's iAPX-386 and Motorola's 
32-bit version of the 68000. In fact, 
Zilog's System 8000 minicomputer 
already has 32-bit data paths and 
could accept the Z80000 when it 
becomes available. 

Zilog, estimated by industry 
sources to be doing about $45 mil-
lion in business annually, also 
expects to maintain its dominance in 
the 8-bit arena by offering the 
Z800 —a brand new design that will 
be instruction-set compatible with 
the 8-bit Z80 but will have a Z8000-
compatible 16-bit interface, 
enlarged memory-addressing capa-
bility, and throughput seven times 
that of a Z80. All this makes "the 
Z800 the single biggest undertaking 
in Zilog's history," according to 
Fernandez. 
An agreement is also currently in 

negotiation with a U. S. firm—prob-
ably RCA Corp.—to implement the 
Z8000 design in complementary-
mos technology. -R. Colin Johnson 

Meteorology 

Radiosonde goes 

to digital transmission 

The old pairing of balloons and 
weather measurement has acquired 
a digital look in a new device from 
Beukers Laboratories Inc. A supplier 
of gear for measuring weather data 

for 18 years, the St. James, N. Y., 
firm has designed the first micropro-
cessor-controlled radiosonde. 

Radiosondes have been used by 
meteorologists for perhaps the last 
50 years. They incorporate tempera-
ture-, pressure-, and humidity-sens-
ing devices with a telemetry trans-
mitter that broadcasts their mea-
surements to the ground. All the 
hardware is housed in a relatively 
cheap, lightweight package borne 
aloft by a balloon. 

Each year, the 147 nations of the 
United Nations—sponsored World 
Meteorological Association launch 
hundreds of thousands of radio-
sondes to track short- and long-term 
weather conditions. They are each 
used once and then literally lost to 
the winds. 

Worries. Problems common with 
the device are distortion and signal 
error due to noise and channel fad-
ing, worrisome to the meteorologists 
who want data to be as accurate as 
possible. But the logical solution— 
sophistication or high power for the 
transmitter —is ruled out, because of 
the needs for low cost (the entire 
package is made for about $50) and 
battery operation, points out John 
M. Beukers, president of Beukers 
Laboratories. 

Beukers easily hit on the answer. 
He moved from the previous analog 
design to one that transmitted the 
sensor measurements digitally via a 
parity-checked bit stream. Thus the 
integrity of the data may be checked 
before it is accepted by the ground 
station and entered into the meteoro-
logical data base. 

Beukers relied on what are three 
essentially off-the-shelf digital chips 
to hit the $50 bogey—no mean feat 
when the target is a piece of analog 
gear that has long been engineered 
and reengineerul. The winning de-
vices are an eight-channel multiplex-
er, an 11-bit analog-to-digital con-
verter, and the system controller —a 
preprogrammed 4-bit microproces-
sor with on-chip read-only memory. 

Package. The electronics fits on a 
pair of printed-circuit boards on 
which are also mounted a thermistor 
(for sensing temperature), a humidi-
ty-sensing element, and a switched 

barometer, or baroswitch. 
The radiosonde is packaged within 

a polystyrene foam case measuring 
101/4 by 61/2 and 3V2 inches thick, 
and weighing 370 grams with the 
battery. Its milliwatts of power are 
supplied by an 18-véélt battery, and it 
operates at the 403- or 1,680-mega-
hertz frequencies reserved for the 
meteorologists. 

Offered as an option is a receiver 
tuned to navigation signals from 
worldwide radio-navigation networks 
like the Loran and Omega systems. 
The signals are retransmitted to the 
ground station. 
From a measurement of the 

elapsed time between the retransmit-
ted navigation signals, it is possible 
to determine the wind velocity at the 
balloon's altitude, Beukers explains. 

Voltages in the sensor channels 
are sequentially read by the a-d con-
verter, buffered and formatted into a 
serial ASCII data stream, and trans-
mitted at a 300-bit-per-second rate. 
The microprocessor adds preamble, 
parity, and other housekeeping infor-
mation to the data stream. It is pro-
grammed for the entire sequence of 
functions. VIZ Co., Philadelphia, 
which also makes the sensors, builds 
the radiosondes in conjunction with 
Beukers labs. -Harvey J. Hindin 

Employment 

EE shortage divides 

industry, IEEE 

What is the solution to the national 
shortage of electronics engineers and 
computer scientists? The quick an-
swer is money—although not neces-
sarily in the form of higher salaries, 
if the Institute of Electrical and 
Electronics Engineers latest income 
survey is representative. 
Comparing 1980 mean salaries 

with 1978 figures, the IEEE data 
shows the annual average income for 
all electronics engineers climbed 
15.7% in the two-year period to 
$36,659. Components and subassem-
bly engineers were getting the most 
dollars ($39,659 in 1980), although 
the largest percentage gains have 
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been scored in the growing markets 
for computer hardware (27.6% to 
$34,755) and medical electronics 
(26.9% to $38,589). 

Priorities. Although members of 
the IEEE U. S. Activities Board agree 
with industry organizations like the 
American Electronics Association in 
Palo Alto, Calif., that the shortages 
exist and are not subject to quick 
solutions, they are divided on the 
nature of the shortages and how they 
may be best resolved. What both 
sides do agree on is that more money 
is needed for recruiting more and 
better faculty for the country's col-
leges and universities, enlarging and 
upgrading their laboratory facilities, 
and training engineers thoroughly in 
fundamentals. 
A variety of efforts by industry 

and government aim to identify and 
articulate specific answers for the 
manpower problem. Notable among 
them is the $1.9 million study of the 
structure and dynamics of the U. S. 
engineering profession started by the 
National Research Council under 
the sponsorship of the National 
Academy of Engineering. Also start-
ing at the American Society of Engi-
neering Education in Washington is 
a two-year, $200,000 program 
funded by 10 companies to develop a 
plan to alleviate faculty shortages. 
At the same time, the American 

Electronics Association is encourag-
ing its member companies to con-
tribute 2% of their research and 
development budgets to the nation's 
universities. In addition, the Semi-
conductor Industry Association, Cu-
pertino, Calif., is developing a pro-
gram for funding university pro-
grams in semiconductor research. 

Numbers. What troubles a number 
of officials in the IEEE, however, is 
the way the AEA identifies the short-
age of electronics specialists [Elec-
tronics, Nov. 17, p. 96]. The IEEE's 
Bruno Weinschel, chairman of the 
American Association of Engineer-
ing Societies' engineering affairs 
council, disputes the AEA's latest 
survey of 671 companies that proj-
ects a U. S. shortage of computer 
scientists and electronics engineers 
of 129,000 by 1985, which amounts 
to about 25,000 annually. 

News brief 

Simpler operating systems, new 4300s from IBM 
A new simplified operating system, along with four new processors in the 
mid-range 4300 line, heralds the first IBM mainframe computer system that 
can probably be used without professional operators and a trained data-
processing staff. At least some users should be able to install the new 4321 
and 4331 systems with its Small System Executive, designed by IBM to 
reduce the data-processing skills required by users, and use them like 
minicomputer or small business systems. Several speakers at the Internation-
al Data Corp. Executive Conference in New Orleans earlier this month saw 
this development as another step in a trend at International Business 
Machines Corp. to bring computing closer to end users. Other examples: the 
recent Datamaster small business system and IBM Personal Computer: 
The four new processors fill in gaps in the 4300 line and create a new entry 

level. The low-end 4321 processor, priced at a relatively low $85,000, 
delivers increased price performance. The 4300 line-up now contains the 
following processors in increasing order of performance: 4321 (new), 4331 
Model Group 1, 4331 Model Group 11 (new), 4331 Model Group 2, 4341 
Model Group 10 (new), 4341 Model Group 1, 4341 Model Group 11 (new) 
and 4341 Model Group 2. 

Weinschel contends that the AEA's 
data is skewed in part since one-half 
the corporate sample included West 
Coast corporations. The shortage is 
most severe in the west where engi-
neers are unwilling to move because 
of the high cost of housing, mort-
gages, and other living expenses. In 
addition, Weinschel points out that 
each large military supplier compet-
ing for the same new contract sees 
himself as a winner, thereby distort-
ing demand projections. 
AEA president Edward E. Ferrey 

says the association stands by its 
numbers, noting that although the 
corporate sample may have been 
weighted toward California-based 
companies, it also includes data for 
all plant operations in many other 
states. -Ray Connolly 

Office automation 

More gear readied 

for total management 

Although its announcements are 
more a reflection of its new approach 
to the market than of totally new 
products, Data General Corp.'s 
Comprehensive Electronic Office 
(CEO) line is poised for delivery, 
according to the Westboro, Mass., 
firm [Electronics, Nov. 17. p. 33]. 

"And that's the difference between 
us and them," says Ed Zander, 
director of marketing at the Infor-
mation Systems division. "The other 
companies made promises but most 
of them are not delivering yet." 
The other companies—who disa-

gree with that statement, natural-
ly—include Hewlett-Packard, Digi-
tal Equipment Corp., and Wang, all 
of whom introduced office-automa-
tion efforts this month [Electronics, 
Nov. 3, pp. 42, 106, and 110]. 

Evaluation. Perhaps delivery as 
quick as today is not necessary, but 
it certainly will be soon. "The com-
ing year will be the year of evalua-
tion by a lot of Fortune 1,000 firms," 
Zander continues. Industry sources 
besides Zander feel that 1982 will 
see many firms assessing whether 
the electronic office really can deliv-
er the productivity and, by implica-
tion, an improved bottom line. If the 
answer is yes, the firms will likely be 
placing large orders. 
More than just office automation 

is on the line here. "Integrated infor-
mation management" will be the 
catch-phrase of the '80s, Zander 
says. By this he means that manag-
ers will have information available to 
them whether it resides at remote 
offices or locally, in their own. Data 
processing, graphics display, and 
word processing will be handled at 
one work station, with electronic 
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Leader Chip 
It's more than just having 
a full array of gate arrays. 
As more and more people are finding gate 
array solutions to a wide range of logic 
problems, more and more are coming to us. 

Why? 

Quite logical, really. No gate array producer 
has more satisfied customers than we do. 
Not AMI. Not Fujitsu. Not Interdesign. 
No one. 

There's good reason for it, too. With 27 
proven CMOS gate array products, we can 
quickly offer you a variety of masterslice 
solutions. With gate arrays as small as 50 
gates. Or as large as 5,000 gates. And 
there's more on the drawing board. 

Since 1974, we've set the standards in the 
design and manufacture of the highest 
quality, highest speed CMOS gate arrays. 
Today, in more than 550 designs, our 
"SystemChips" and "Garbage Collectors" 
are solving problems for hundreds of com-
panies ...in peripherals, processors, pace-
makers and plenty more. 

Whichever design you choose, we fully 
control your product, using our own auto-
matic CAD, producing our own wafers, and 
assembling our own packages. We perform 
our own testing, screening and burn-in. 

Considering gate arrays? Call us...first. 
Or send us your logic diagram for a quick, 
confidential quote. Our Leadership can 
make your product number 1. 

INTERNATIONAL 
MICROCIRCUITS 
INCORPORATED 

Gate Array Leadership 

3350 Scott Boulevard, Santa Clara, CA 95051 
Tel: (408) 727-2280, TWX 910-338-2032 

Representatives: 
France: 078-25-25 
Germany: 089-13-40-93 
Sweden: 08-98-51-40 
Indiana: 219-485-1375 
Minnesota: 612-544-1800 
California: 408-446-9339 
California: 714-631-3575 
Colorado: 303-695-1990 
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 eiSIS BUNK   

TEAC TOOK OUT MIMES 
TO BUILD IN RELMBILITY 
Unique Long Life 
Brushless DC Motor 
So reliable (lifetime 
10,000 hours) 
that we let it run 
continuously. No 
motor start-up 
time. No electrical 
noise to bother 
CRT displays either. 

Controlled Frame 
Expansion 
We matched the 
thermal expansion rate of 
the frame to that of the 
media. Head misalignment 
is greatly reduced. 

The super-reliable brushless 
DC motor used in 
our FD-50 series 
51/4 Floppy Disk Drives 
lasts 10,000 hours. 

Choice of 2 Recording 
Methods: MFM/FM 
Data capacity can be 
doubled using MFM. 
No write 
precompensation 
is necessary. 

Precision Head Seek 
The stepping motors 
used in floppy disks are 
creatures of strange 
habits, stopping more 
accurately at some steps 
than others. TEAC steps 
the motor 4 times per 
track, eliminating this 
type of error. 

3 Models FD-50A/50C/50E, 
3 Formats 
The FD-50A is a single-density, 48 tpi, 
40/35 track model. In 35-track mode it 
is fully compatible with the Shugart 
SA-400. The FD-50C is a double-track-
density, 100 tpi, 77 track model, and 
compatible with the 
Micropolis 1015. 
The FD-50E is an 
industry-standard 
double-track-density 
96 tpi, 80/70 track 
model. 

TEAC 

TEAC CORPORATION: 3-7-3 Naka-cho. Musashino, Tokyo, Japan Tel: (0422) 53-1111 Du. 2822451, 2822551 

• U.S.A. TEAC Corporation of America. Tel (213) 726-0303•Canada RN.Nichols Co., Ltd.. Tel: (416) 661-3190 • Hongkong Dan Chong Hong Ltd.. 
Tel: 5-261111, 5-226258 • New Zealand W & K. McLean Ltd., loi: 587-0376 Australia Jacoby Mitchell Ply. Ltd., Tel: (02) 26 2675 • South Africa 
Mayfair Sales (Ply) Ltd.. Tel:(011) 29-2921* United Kingdom Tekdata Electronics Limited Tel:0782 813631•Weat Germany nbn Elektronik GmbH, 

Tel: 08152/390 • Holland Simac Electronics B.V., Tel. 40-533725 • Belgium s Luxemburg Simac Electronics. Tel: 02-219.24.53. France Tekeffec 
Airtronic SA. Tel. (1) 534-75-35 • Italy A.E.S.S.E.S.P.A.. Tel 54.64.741-2-3 • Spain Atwo Ingenieros S.A.. Tel: 733 0562. 733 3700 • Switzerland 

Wenger Datentechnik. Tel: 061/50 84 84 • Denmark Dantii:. Tel- iO3) 141515 • Sweden Scantele AB. Tel: 08-24 58 25 

• If no distributor is listed above in your area, please contact us directly for further details about our products. 
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— 
McGraw-Hill's Electronic 
Bookshelf 'y is on the Air! 

Ask your computer to call 
(212) 997-2488 for the latest 
info on our computer and 
electronics books. The system 
is up daily from 6 pm to 8 am 
and 24 hours on weekends. 

igir4111 

IMP 

Electronics review 

mail passing among users of local 
and remote computers. 

"If big companies like ours can't 
break into this business in 1982, they 
may not have a chance by 1984 or 
1985," Zander says. Others also 
realize this—hence the spate of 
announcements and promises. 

Using its 16- and 32-bit Eclipse 
computers as a core, Data General 
has developed the software to repro-
duce the office process. It defines 
this as the flow of information 
among all personnel — executive, 
managerial, professional, and cleri-
cal — electronically recreating the 
"day-to-day interaction among per-
sonnel and throughout depart-
ments," according to office-automa-
tion marketing manager, Barbara 
Babcock. Often, office functions are 
automated separately and the results 
strung together, she adds. 
No jargon. To make the system 

more attractive to nontechnical 
users, DG is adopting a business 
vocabulary for its wares. Instead of 
the rather forbidding "data-base 
management," Data General refers 
to "electronic filing." In CEO, "docu-
ments" are kept in "folders" that 
reside in "drawers." Users have pri-
vate "filing cabinets" and CEO even 
includes an electronic "wastebas-
ket." Deleted documents are in 
wastebasket memory until a "janitor 
empties" it. If something is thrown 
away inadvertently, it can be "un-. 
crumpled," or retrieved, until the 
wastebasket is finally erased. 
The CEO products include Data 

General's Present decision-support 
software, its Xodiac local network, a 
Codasyl-compliant data base with 
interactive query and graphics out-
put, and access to host çomputers 
compatible with IBM Corp.'s Sys-
tems Network Architecture SNA 
protocol. They operate under the 
Advanced Operating System (Aos) 
or AOS/Virtual Storage and use 
Cobol, Fortran, Basic, and PL/1. 

The system is menu-oriented. 
Also, an instant-interrupt key allows 
a user to cease work at a terminal — 
say, to answer a phone and place a 
message in the system—and return 
to the job being done without having 
to start over. -James B. Brinton 
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1976 1977 1978 1979 1980 1981 

OP AMPS/ 
COMPARATORS 

VOLTAGE 
REGULATORS 

PERIPHERAL 
DRIVERS 

LINE CIRCUITS 

A-D CONVERTERS 

ISPLAY 
DRIVERS 

SPECIAL 
FUNCTION ICs 

GENERAL 
PURPOSE 
BIFET FAMILY 
TL080 

SECOND! 
SOURCED 
p A78/79XX 
FAMILIES 

SECOND 
SOURCED 
ULN2001A 
SERIES 

GENERAL 
PURPOSE 
DRIVERS/REC 
SN75158/75140 

VLED DRIVERS 
SN75494 
SERIES 

ANALOG 
SWITCHES. 
TL182 SERIES 

LOW NOISE 
BIFET FAMILY 
TL070 

SWITCHING REGS. 
TL497, TL494 

SG3524 

SN75466 
SERIES 

EIA RS422 
DUAL 
SN75159 

DUAL SLOPE. 
TL505 

QUAD 
AC PLASMA 
DRIVERS 
SN75426/427 

HALL EFFECT 
TL170 

LOW POWER 
BIFET FAMILY 
TL060 

SHUNT REG 
TL431. 
3 TO 9V DC 
CONV TL496 

SN75416 
SERIES 

SECOND 
SOURCED 
AM26LS31 
AM26LS32A 

SINGLE SLOPE. 
TL507 

THERMAL 
PRINT HEAD 
DRIVER 
SN754K1 

TIMERS 
p,A2240 

VERY LOW 
OFFSET BIFETS 
TL087. TL287 

2NO GENERATION 
PWM REGULATOR 
TL493. & ADJUST-
ABLE TL317 

LOW-POWER. 
PNP-LOGIC 
SN75446 SERIES 

IEEE488 
8-CHANNEL 
SN75160 FAMILY 

ANALOG LEVEL 
DETECTOR 
TL480 FAMILY 

BCD TO 7 
SEGMENT 
HIGH-VOLTAGE 
DRIVER SN75584 

CURRENT 
MIRRORS 
TLE11 FAMILY 

TI INNCVATIVE PRODUCTS 

FIRST NFET 
TL094 
SINGLE SUPPLY 

SECOND 
SOURCED 
LIV1337 
& MC3423 

SECOND 
SOURCED 
UL8'2064 
SERIES 

EA RS422 
E1A R5423 
SN75172 SERIES 
DRIVERS /REC. 

SECONC 
SOURCED 
ADC0809 

32-BIT 
AC PLASMA 
DRIVERS: 
SN7:5500/-03 

BIFE- BUFFER. 
11068 

NIFET OP AMPS & 
COMPARATOR 
TL091/2, TL311 
SINGLE SUPPLY 

HIGH-VOLTAGE 
(125V): TL783 
PRECISION REG.: 
TL780-XX SERIES 

QUAD LOW-PWR 
LOGIC SN75436 
SN75437A 
SN75438 

F_IA R5422 
SN75176 SERlES 
TRANSCEIVERS 

SWITCHED 
CAPACITOR 
8-BIT. 
1L520 ADC 

'VE DISPLAY D.RVS.: 
SN75512/ 13 

UCN4610 

NFET 
SAMPLE & 
HOLD TL195 

TI POPULAR SECOND-SOURCE ?ADDUCTS 

Look to the linear leader. 
Product trends from lèxas Instruments. 

Here's what happened in '81. For op 
amps or comparators, voltage regula-
tors or data acquisition devices, line 
drivers or receivers, peripheral or dis-
play drivers — even special function 
ICs, look to the linear leader. 

NFET Op Amps/Comparators: 
TL091 series of single, dual, and quad 
op amps. The industry's first to com-
bine the advantages of N-channel 
JFET inputs for high-impedance 
single-supply operation with low dis-
tortion bipolar outputs on a single 
monolithic chip. TL3ll too, the first 
NFET comparator. 

Voltage Regulators: Brand new 
TL783. First adjustable, high -voltage 
DMOS regulator — shatters 40-V bipo-
lar barrier — handles input to output 
voltage differentials up to 125 V — de-
livers up to 0.7 amps output current. 
Another innovative product is the 
TL780 regulator, available in + 5, +12, 
+15-volt versions with output toler-
ance of +/— 1% at 25°C. Improved line 

and load regulation, ripple rejection, 
and temperature coefficient. 

Quad Peripheral Drivers: SN75436, 
SN75437A, SN75438. First quad driv-
ers with logic, TTL or MOS-compatible 
PNP inputs and single-saturated tran-
sistor outputs capable of handling 
0.5-1.0 A output current. Low input 
bias currents, 10 µA max. Low 
and high output switching voltages. 
Low standby power, 26.3 mW. 

EIA STD Line Circuits: First trans-
ceiver to meet RS422: SN75176. First 
repeaters, too: SN75177 and SN75178. 
Low power requirements, high imped-
ance to the bus, thermal shutdown pro-
tection, positive and negative current 
limiting, 60-mA driver output capa-
bility. Designed for multi-point bus 
(party-line) applications, for data rates 
to 4 MHz, distances to 4000 feet. 

Switched-Capacitor AID Converter: 
Another first. TL520. 8 multiplexed in-
puts, 8 bit resolution, +/— Y2 LSB lin-
earity error, operates from a wide 

Texas Instruments invented the integrated circuit, 

2.5-6.0V supply range, low operating 
current — 500 µA at 5 V. Uses 9 capac-
itors and 26 switches to achieve 50-µs 
conversion speed. 
VIF Display Drivers: SN75512, 

SN75513. 12-bit vacuum-fluorescent 
display drivers featuring 60-V, 25-mA 
totem-pole outputs, serial data output 
for cascading devices. High speed se-
rial data and TTL-compatibIe inputs, 
optional latch (SN75512) or reset 
(SN75513) capabilities. 
Special Functions: TL195. First 

NFET Sample and Hold Circuit. True 
single-supply operation, input and out-
put common mode ranges include Vcc, 
high impedance inputs, 10-µs acquisi-
tion time. Offset null and easy com-
pensation of hold-step error for true 
sampling of low-mV signal levels. 
For more information, contact 

your nearest TI author-
ized distributor or write 
to Texas Instruments, 
P.O. Box 202129, 
Dallas, Texas 75220. 

microprocessor and microcomputex Being first is our tradition. 

©1981 Texas Instruments Incorporated TEXAS INSTRUMENTS 
E22101 

ARGENTINA 748-1141 • AUSTRALIA (02) 887-1122 • BELGIE BELGIQUE 102) 720.80.00 • BRASIL 518423 • DEUTSCHLAND 0816 801 • FRANCE (3) 946 97 12 • ITALIA (0746) 69034 
JAPAN 03-498-2111 • MEXICO 567-9200 • NEDERLAND 020-473391 • SCHWEIZ SUISSE 01 740 22 20 SVERIGE (08) 23.54.80 • UNITED KINGDOM (02341 223000 
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Bare and loaded board testing 
takes a quantum leap forward! 

with the introduction of Trace's new 
Series TA-9 Test Analyzer System. 

From this moment on, you will have an entirely 
new concept of high speed board testing. You are 
about to discover an analytical system so ad-
vanced that its capabilities will dwarf and ob-
solete any you have used or known. 

III The Trace Series TA-9. 

Conceived and developed by the same people 
who revolutionized board testing procedures with 
their TA-4 and TA-5 Systems, the Series TA-9 
virtually eliminates the division between tester 
and computer. 

Through a dramatic, new design 
principle, the tester, itself, 
has been transformed into 
a true computer, containing 
both program and data 
memory. This significant 
change opens the door 
to a vastly broadened 
range in the selection 
and control of test 
algorithms. A range 
never possible before. 
And, for the first time, both 
bare and loaded boards may 
be tested at high speeds, with 
a system that pinpoints even the 
minutest areas of error. 

The network program may be put into the data 
memory either from a known good board, up-
loaded from a floppy disk, or transferred in from a 
data processing computer. A new system of 
Crosspointrm switching, originated by Trace, 
allows infinite variation of the matrix configura-
tion. Instructions, based on high level, macro-

9030 Eton Avenue 

instruction machine language are carried out in 
2 clock cycles. The Series TA-9 requires fewer 
instructions to function at speed advantages of 
100 to 1 and more over microprocessor con-
trolled units. 

The Series TA-9 is always at the command of the 
operator. Programs may be created, edited and 
revised quickly and easily and existing programs 
may be saved or incorporated into the new mode. 

Ill A new era of testing evolution. 

The Series TA-9 is designed to stand alone. 
But the use of a data processing 
computer, in conjunction with 

it, can increase its versatility 
even more. It will never 

become obsolete. Because 
it has been designed to 

become the basic system 
for a series of modular 
units, now under Trace 

development and testing, 
that will continue Trace's 

leadership in techno-
logical advances in the 

testing industry. The Series 
TA-9 will grow in its capabilities 
to meet your expanding needs. 

D Before you invest - investigate Trace 

If you are considering a new testing system, it will 
pay you to look into Trace and the new Series 
TA-9. Because Trace is the acknowledged leader 
and innovator in the field. 

After all, you'll have to work with the system you 
choose, for a long, long time! 

Write, wire or phone for the complete TA-9 story! 

TRACE 
INSTRUMENTS 

A 8thode Company 

• Canoga Park, California 91304 • Telephone (213) 341-5593 • TWX 910-494-5989 
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Washington newsletter  

Navy claims first 

for thin films . . 

The first fabrication of a new class of antimony-doped thin films for 
possible use in military microcircuits or luminescent panel displays is being 
claimed by the Naval Research Laboratory in Washington. The new 
process provides a class of luminescent and semiconducting materials 
"never before fabricated by any other method," contend its developers, and 
it is "relatively inexpensive, simple, and highly efficient." Research 
physicist John F. Giuliani and NRL fellow Abraham Auerback, now with 
General Electric Co., have applied for a patent on the development. 

. . . based on SbF5 The NRL process involves passing ultraviolet light from a continuous-wave 
xenon lamp through the gas-phase reaction between antimony pentafluo-

and halogens ride and a variety of compounds containing halogens. That produces 
condensation of a photoconductive film on the inside of the illuminated 
window of the gas chamber. Changes in the resulting film's resistivity with 
time are monitored to measure the film's thickness with an electrometer 
attached by electrodes to the window's surface. Film size is determined by 
the area of light-beam illumination. Use of a uy laser with the technique 
could produce micrometer-size features, says the NRL. 

Escalating F/A-18 costs The Navy's escalating expenditures on the McDonnell Douglas Corp.'s 
F/A-18 fighter and attack aircraft are prompting reconsideration of the 

prompt second look proposed 1,377-plane purchase in the Congress, as well as in segments of 
the Navy itself. That is the conclusion of a program review by the 
Congressional Research Service. Costs of the F/A-18 Hornet, says the 
review, ate up 32% of the Navy's total aviation budget in fiscal 1981, up 
from 26% and 12%, respectively, in the two immediately preceding years. 
The Reagan Administration proposal to increase naval aviation procure-
ment in fiscal 1982 to $9.4 billion dropped the percentage to 26%, the 
report notes. Both critics and supporters of the program are concerned, 
says the review, with the critics complaining that programs for ships, other 
aircraft, and readiness and training may be sacrificed for the Hornet, while 
supporters fear that procurement quantities may be cut back if cost 
controls are ineffective. 

Congressman Coyne Congressmen and their constituents will correspond more quickly and 
cheaply using computer communications instead of the U. S. mails, if a 

adopts electronic mail Pennsylvania Republican is any precedent. Rep. James Coyne has installed 
in his House offices a computer communications terminal from DialCom, 
a supplier of equipment, that is linked to his House Information System 
data bank. Coyne's constituents who have terminals—his district lies 
outside Philadelphia in Bucks and Montgomery Counties— may access his 
office terminal directly once they request the access code. Coyne 
estimates that several thousand constituents own terminals, and estimates 
as well that such a constituent would pay no more for night and weekend 
messages than the 200 per message now charged for first-class mail. Both 
those figures caused raised eyebrows when the Congressman unveiled his 
system in late November. Coyne's terminal receives messages around the 
clock and dumps them into the House Information System's memory, 
from which they are later retrieved by his staffers and, on request, relayed 
to other House members. 
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Washington commentary  

The real threat to defense spending next year 

The uncommon candor from Office of Man-
agement and Budget director David Stockman 
over the Reagan administration's cuts in Feder-
al spending and in taxes may yet lead to his 
departure. However, his prospects are small 
beer compared with the burden his comments on 
U. S. military spending and its management 
have put on the Pentagon and its contractors in 
high-power technologies like electronics. Stock-
man's observations on these and other Federal 
economic issues in the Atlantic Monthly for 
December deserve to be read in full, rather than 
simply read about in other media accounts. His 
criticisms are sure to surface again, particularly 
when President Reagan's military spending pro-
gram for the fiscal year 1983 goes to Congress 
in January. 

What Stockman said . . . 

Among the most damaging remarks on the 
U. S. military establishment made by Stock-
man—who later confirmed the accuracy of the 
quotes —are these: 
• "As soon as we get past this first phase in the 
[budget-cutting] process, I'm really going to go 
after the Pentagon," he remarked last February. 
"The whole question is blatant inefficiency, poor 
deployment of manpower, contracting idiocy, 
and, hell, I think that [Defense Secretary] 
Weinberger is going to be a pretty good mark 
over there. He's not a tool of the military-
industrial complex. I mean, he hasn't been 
steeped in its excuses and rationalizations for 20 
years, and I think that he'll back off on a lot of 
this stuff." 
• "The defense budget in the out-years won't be 
nearly as high as we are showing now, in my 
judgment. Hell, I think there's a kind of swamp 
of $10 [billion] to $20 [billion] to $30 [billion] 
worth of waste that can be ferreted out if you 
really push hard." 
• Later in the year, Stockman said of the Pen-
tagon: "They got a blank check. We didn't have 
the time during that February-March period to 
do anything with Defense . . . so I let it go. 
But it worked perfectly, because they got so 
goddamned greedy that they got themselves 
strung way out there on a limb." 
• Then, in September, the OMB director pre-
dicted, "Defense is setting itself up for a big fall. 
If the Pentagon isn't careful, they are going to 
turn it into a priorities debate in an election 
year." 
That last prospect makes most military-elec-

tronics contractors shudder. Moreover, they are 
suspicious of the motivation of those Democrats 

on Capitol Hill who are calling for Stockman's 
retention. "The Democratic National Commit-
tee," moans one lobbyist, "could caricature 
Stockman just as well as—perhaps better 
than— the Republicans did with [House Speak-
er] Tip O'Neill" in the award-winning TV com-
mercial during the 1980 Republican sweep. 
"That could be devastating in a congressional 
election year when the economy is in recession. 
Stockman's already written the script. Now he's 
got to go and be forgotten before he does more 
damage." 

Although such reactions roll readily from the 
tongue, they completely overlook the rising tide 
of censure of the Defense Department's manag-
ers and their increasingly costly programs by a 
far more threatening collection of Senate and 
House members—each a determined hawk. 
Among their number are Senate Republicans 
like the Armed Services Committee chairman 
John Tower of Texas, Strom Thurmond of 
South Carolina, Barry Goldwater of Arizona, 
and Dan Quayle of Indiana, as well as such 
hard-line Democrats as Sam Nunn of Georgia 
and Ernest Hollings of South Carolina. 

. . . echoes from Capitol Hilt 

The list of cost-conscious hawks on the House 
side is equally impressive, embracing members 
like Melvin Price of Illinois, chairman of the 
Armed Services Committee and its research and 
defense subcommittee; Virginia's Dan Daniel, 
readiness subcommittee chairman; and New 
York's Joseph Addabbo, leader of the defense 
subcommittee for appropriations. Although 
their targets vary substantially, all are looking 
hard at program overruns and cost controls. 
Can they all be wrong in their various criti-

cisms? Certainly they cannot all be ignored, 
much less swept aside. 

Beyond this obvious response to that question 
is a message for the Pentagon and its contrac-
tors—who leapt at the Reagan Administration's 
funding increases earlier this year that called for 
more of everything without identifying a goal 
more specific than beat the Russians [Electron-
ics, June 30, p. 58]. Even the most dedicated 
hawks now see economic and performance flaws 
in the Reagan military program. Also, these 
congressional leaders, unlike David Stockman, 
are certain to be around in January to make 
their mark on the first military spending pro-
gram that will be the responsibility of President 
Reagan and his Secretary of Defense, rather 
than a quick modification of their predecessors' 
plans. -Ray Connolly 
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Let's talk silicon value... 

"Silicon leadership means money, 
people and an understanding of 

customer needs:' 

VPI• 

Eadle H. Harbison, Jr. 
Executive Vice President 
Monsanto Company James E. Springgate 

General Manager 
Electronics Division 

Richard J. Mahoney 
President and 
Chief Operating Officer 
Monsanto Company 

Since 1978 Monsanto has committed almost 
$300 million to our silicon business. Over the 
next four years an equal investment is planned 
to maintain 
Monsanto silicon 
leadership. 

Monsanto 

To learn more about silicon value, 
send for the Silicon Story. 

Monsanto Electronics Division 
Attn: B.G. Marchetta 
755 Page Mill Road 
P.O. Box 10123 
Palo Alto, California 94303 
Phone: (415) 493-3300 

Name  

Title  

Company  

Address  

City  State  Zip  

Telephone (  

1 

EL 
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AN INNOVATIVE 20 MHz OSCILLOSCOPE 
THAT EMPHASIZES OPERABILITY 

The SS-5702 has flexibility and power which make it ideal for the maintenance and 
troubleshooting of TVs, VTRs, audio equipment and a wide range of other electronic 

systems by hobbyist as well as professionals. At the top of its class, 
the SS-5702 uses a 6-inch rectangular, parallax-free CRT. 
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IWATSU makes more than 20 oscilloscopes as well as an impres-

sive lineup of other instruments including logic analyzers and 

digital memory scopes. The fastest oscilloscope has a maximum 

frequency of 350 MHz. And the same technological expertise 

and product quality that make this super high-frequency oscil-

loscope possible are incorporated in the SS-5702. 
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• 6-inch rectangular, parallax-free CRT 
• TV-V trigger 
• Variable sweep length 
• Double Lissajous figure 
• 1 mV/div to 10 V/div sensitivity 
• 100 ns/div to 0.2 s/div sweep 
• Differential input with ADD mode 
• DC operation (optional) 

IWATSLI ELECTRIC CO., LTD 
ASAHISEIMEI BLDG., 2-1-3 NIHONBASHI, CHUO-KU, TOKYO, 103 JAPAN TELEX: J24225 TELEIWA 

• Austria: Universal Elektronik Import GmbH 54 15 88 ii Canada: Associated Test Equipment Ltd. (416) 497-2208 • Chile: Importadora Janssen Y Cia. Ltda. 72 3956 

• Denmark: Danstrument aps (03) 28 34 31 • England: ITT Instrument Services 0279 29522 • Finland: Oy Etra AB 780 122 • Italy: Radiel Spl (02) 213.30.56 
• Netherlands: Klaasing Electronics By 01620-51400 • New Zealand: G.T.S. Engineering Ltd. 546-745 • Norway. Solberg & Andersen A/S (02) 19 10 00 
• S. Africa: Ultra Instruments (Pty) Ltd. (011) 37-7860/1 Sweden: Teleinstrument AB 08/38 03 70 • Switzerland. Traco Electronic AG. 01 201 07 11 
• West Germany: NBN Elektronik GmbH (0 81 52) 390 
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GaAs diffusion process 
costs 90 % less: page 65 

The low-light -level imaging tube that helped take this pictune 

at night employs a gallium arsenide photocathode: page 68 



POWER-ONE MAKES 
DELIVERY HISTORY! 
Immediate Off-the-Shelf Delivery of any 
Power-One Standard D.C. Power Supply-

Linears or Switchers. 

Power-One has once again set a new standard in 
the D.C. power supply industry. This time in 
delivery! 
After months of intensive production effort, we 
now have a complete inventory of all our standard 
models • ready for immediate off-the-shelf delivery. 
It's true. Give us an order and it'll be shipped 
the same day. Or any time you specify. 

In addition to our massive factory inventory, 
Power-One D.C. power supplies are now stocked 
by Arrow Electronics, one of the world's largest 
distributors. This means even faster service for you. 
Just order from your nearest Arrow stocking 
center, and even the shipping time will be 
minimized. 
So from this day forward, you needn't be frus-
trated by suppliers who promise but can't deliver. 

POWER-ONE DELIVERS...ON TIME! 
FREE: NEW PRODUCT CATALOG AND POWER-ONE FACILITIES BROCHURE. 

iepoweeone D.C. rower SUPPLIES 
Power-One, Inc. • Power One Drive •Camarillo, CA 93010 • Phone: 805/484-2806 • 805/987-3891 • TWX: 910-336-1297 
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International newsletter  
Fastest IC claimed 

by Thomson-CSF 

Thomson-CSF has developed the world's fastest room-temperature inte-
grated circuit. The 11-stage gallium arsenide ring oscillator boasts a 
propagation delay of only 22 Ps at 25°C, according to the company's 
central laboratory in the Paris suburb of Corbeville. The circuit owes its 
speed to electron confinement at the aluminum gallium arsenide and GaAs 
heterojunctions— also the basis for Fujitsu Ltd.'s high-electron-mobility 
transistor [Electronics, Oct. 20, p. 73]. Molecular beam epitaxy yields a 
final single-atom layer of 0.4 nm and a 0.6-p.m gate length. 

Two European firms Eager to start production of video equipment in Europe, AEG Telefunken 
of Frankfurt, West Germany, and Britain's Thorn-EMI PLC appear ready 

to form joint video to set up a three-way joint venture with Victor Company of Japan Ltd. 
venture with JVC The door has been left open for Thomson-Brandt of France—if manage-

ment wants to join after nationalization has been decided. The new 
company will use Victor know-how to manufacture video-cassette record-
ers in West Germany, video-disk players in England and, if Thomson-
Brandt comes aboard, video cameras in France. 

Grundig pushes 

flat color TV set 

Plessey and GI 

get together on ICs 

Determined to stay in the forefront of television set technology, West 
Germany's Grundig AG is developing a flat color TV screen that could go 
into production within three to four years and be priced about the same as 
conventional tubes. Unlike the small models currently being developed by 
other firms, the Grundig screen measures 20 inches diagonally, "conform-
ing to living room standards," an official at the Fürth-based firm says. 
Reluctant to give further details, Grundig will only say that the screen is a 
plasma type, about 4 in. deep, and that a laboratory version is already 
working. The German company sees a flat TV screen married to a digital 
chassis as one of the most innovative steps in future TV engineering. 

Once, General Instrument Corp. of Hicksville, N. Y., came within a gnat's 
whisker of buying Plessey Ltd.'s semiconductor operation in the UK; now 
the two companies are getting together again—but this time for a more 
limited collaboration. Having cooperated on a frequency-locked TV tuning 
system, with Plessey supplying its high-speed bipolar capability and GI its 
mOS capability, the two companies are now to dual-source GI's videotex 
chip set for which Plessey is to develop a custom-designed bipolar data 
slicer. Also, both will share future development of ors volume-selling 
PIC1650 series of single-chip microcomputers. Plessey will develop silicon-
gate complementary-MOs versions of the present metal-gate C-mos and 
n-channel mOs range, and GI will enlarge the family with a more complex 
silicon-gate C-MOs version providing additional random-access memory, 
read-only memory, on-chip converters, and so on. 

Ferranti, GTE eye Britain's Ferranti Electronics Ltd. and America's General Telephone & 
Electronics Corp., the second-largest U. S. telephone manufacturer, are 

deregulated British forming a joint UK company to participate in the newly liberalized British 
telecom market telecommunications market. Initially the company will manufacture and 

market GTE telephone terminal equipment — including a credit-verification 
terminal —and private automatic branch exchanges, but joint develop-
ments are also in the plans. An early target will be electronic mail. 
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Ferranti, for example, has recently launched a computer-controlled telex 
switch to handle upcoming teletex services and which could readily be 
interfaced with GTE's digital PABX. Target for the joint company is a 
$50-million turnover within three years. 

Sweden starts 

Teletex service 

On Nov. 26, the Swedish Board of Telecommunications introduced Tele-
tex service—a text-communication, word-processing, and data-storage 
system that links cathode-ray-tube terminals to each other and to the 
international Telex system [Electronics, April 7, 1981, p. 101]. The 
service currently uses CRT terminals from Philips Data division of Canada 
and printers from Philips GmbH of West Germany. Other makers of 
terminals will be allowed to market equipment to the public. A total of 417 
alphanumeric characters can be created on the screen of the intelligent user 
terminals, which are based on the 16-bit Z8002 microprocessor. 

Radio pager standard Following the recommendation of its radio-paging study group, the Inter-
national Radio Consultative Committee will likely ratify the industry's e way on th  
first paging standard some time next year. The recommended standard is 
the one developed by British Telecom in consultation with its suppliers and 
has sufficient capacity to address over 2 million subscribers at over 1,000 
calls per minute. Called Pocsag, for post office code—standardization 
advisory group, it is being introduced by British Telecom as the basis for 
its national paging network. 

Britain latching 

onto local nets 

Local networks are beginning to catch on in the UK according to 
Datapoint Ltd., which has just taken its hundredth order for its Attached 
Resource Computer. With 80 systems now installed, the San Antonio, 
Texas, company says orders are coming in at the rate of 8 a month. 
Worldwide, the U. S. company, has sold 2,000 ARC systems. Datapoint is 
now eyeing the newly deregulated UK market as a target for its private 
branch exchange, a move that will bring it into confrontation with Plessey, 
Ferranti, GTE, and ¡CL among others. 

Addenda Watch for West Germany's Bertelsmann AG, by its own account the 
world's largest publishing and printing concern, to become Europe's first 
producer of laser-read video disks to be used with the Laser-Vision system 
from Philips Gloeilampenfabrieken NV, Eindhoven, the Nether-
lands. . . . Philips, incidentally, received what it says is "Europe's, and 
probably the world's largest single order" for numerical-control systems. 
The contract, for 5,000 NC systems worth more than $80 million, comes 
from the German machine manufacturer Maho. . . . Matsushita Electric 
Industrial Co. has donated $1 million to the Harvard Business School for 
the establishment of the Konosuke Matsushita Professorship of Leader-
ship, which will fund teaching and field research into the qualities of 
effective leadership. This is the first chair in the Harvard Business School 
established by a non-U. S. company. . . . Production of optical fiber for 
telecommunications has begun at Fibres Optiques Industries—a joint 
venture of Thomson-csF, St. Gobain-Pont-à-Mousson, and Corning 
Investments Inc. that is based in the Paris suburb of Conflans-Sainte-
Honorine [Electronics, Jan. 27, 1981, p. 68]. 
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Whether down-loading from a development 
system, servicing field equipment, or program-
ming through a handler on the production 
floor... Kontron's MPP 80 can do it! 1. Pro-
grammable logic modules to support Signetics 
IFL both the 28 and 20 pin (FPLA, FPGA, 
FPRP, FPLS), MMI PALTM, etc., with full CRT 
editing. 2. Gang programming to support 
all popular EPROMS using interchangeable 
identifiers, including the new 64K EPROMS. 
3. Inexpensive personality modules for pro-
gramming single devices and whole PROM 
families uses interchangeable 
socket adapters. 
Features II All Kcntron modules are sub-
mitted for device manufacturers approvals 
• Over 400 devicesprogrammed II Com-
puter development system, or terminal 
remote control • Standard UV lamp 
• These and many more features 
are explained in our comprehen-
sive brochure. 

Kontron's MPP 80 SAM 
provides data transfer 
capabilities over tele-
phone lines via an 
approved modem 
and acoustic rs 
coupler. Just 3' 3 / 
think! No more 
PROMS lost in _* 
the mail and up- 31M1 
dates are as quick 
as a phone call! 

11 
{4  MESSTECHNIK GMBH 
KON'TRON 

D-8057 EchIng/MunIch 

Breslauer Sheila 2 
Phone: (0 89) 319 01-0 
Two: 05 22 122 

MPP 80SAM 

EUROPEAN REPS.  
NETHERLANDS FRANCE/Kontron S. A. ITALY NORWAY SWEDEN SWITZERLAND BELGIUM 
C. N. ROOD B.V. Roche 3loalectronIque TELAV S.A.S. TeleInstrumenta AS AB Transfer Kontron Electronic AG ROOD C. N. By. 
11-13 Cori van der Lindenst•aal 2, Aver.° du Mallet Via S Anatalone, 15 Blakstadrnarka 34 Box 506 Bernerstraffe Sud 169 Place de Jamblene 
Postbus 42 F-78190 Montigny-le- 1-20147 Milano P 0 Box 134 S-17 229 Sundbyberg CH-8048 Zünch de Meux 37 
NL-2288 Pewee 2 H Bretcereux Phone 2-415-4141/2/3 N-1371 Mice, Phone 8-98 16 20 Phone 1-62 82 82 15-1040 Brissels 

Phone 70-99 63 60 Phone 34 3 81 52 Two 3 32 202 Phone 2-78 94 60 Trot 19 339 Two 5 7 435 Phone 2-735 21 35 
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TEK 8540 1;1r\IIVRATION 

For the designer 
whose computer can't help him debug 

his microcomputer software. 



FLEXIBLE SOLUTIONS 
FOR A FUTURE OF CHANGE 

Tek announces the 
8540 Integration Unit. 

When designing with 
microcomputers, your resident 
host computer can be a powerful 
ally in the fight against impossi-
ble design schedules. 

But, ultimately, it only gets 
half the job done. 

Even though it gives you 
everything you need for fast, ac-
curate code development, you 
still have to install and debug 
your developed code in the pro-
totype hardware. A process that 
often consumes half your total 
design time. 
Enter the 8540 Integration Unit. 
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When it comes to hardware/ 
software integration, Tektronix 
has the answer. The 8540 Inte-
gration Unit. It interfaces easily 
with almost any host computer 
using ASCII terminal communi-
cations. And, once connected, 
its high-performance emulators 
and debug software handle the 
entire integration process. 

All with an unmatched 
range of chip support. 

Your host & the 8540: 
A synergistic team. 

The 8540's so-
phisticated inter-
face features make 
the most out of 
your host's pro-
cessing power. 
Like the ability to 
download sym-
bolic debug 
tables along with 
object code to the 
8540. Or perma-
nently store your 
specialized, host-
oriented debug 
commands aboard Breakpoint halts program execution at the address label "LOOR' 

)stlastousshaotvhneisbraedar(tpaoilienctl description of the processor's internal 
the 8540 as either key  
words or command strings, even the remotest sections of 

To retain any terminal- code execution. 
oriented command structures You can do things like iden-
you've developed, the same ter- tify all non-ASCII writes to an I/0 
minal can be used for direct port. Or count the number of calls 
communication with either the to a specific subroutine. Or mea-
8540 or the host system. There's sure the elapsed time of an inter-
even a local printer interface on rupt handler routine. 
the 8540 so its printing opera-
tions won't burden the host. 
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A Trigger Trace Analyzer for real-
time prototype monitoring. 

In many applications, the 
timing of code execution be-
comes critical. To fully support 
real-time debugging, the 8540 
includes an optional Trigger 
Trace Analyzer. It has four trigger 
channels ready to track down 

Chips The 8540 I.U. Supports: 

16-bit 8 -bit 

Z8001 6809 8088 
Z8002 6800 8048 
8086 6808 8039 
68000 6802 8039-A 

Z80A 8035 
8080A 8021 
8085A 8022 
8049 8041A 

Le the 8540 finish the job 
your computer started. 

Contact your nearest Tek-
tronix field office about buying 
or renting the 8540. 
U.S.A., Asia, Australia, Central 8, South America, Japan 
Tektronix, Inc PO Box 4828. Portland, OR 97208. 
Phone 800 547-6711, Oregon only 800 452-6773. 
Telex 910-467-8708. Cab.e TEKTRONIX 

Europe, Africa, Middle East Tektronix International. Inc 
European Marketing Cent".e. Postbox 827. 1180 AV 
Amstelyeen, The Netherlands. Telex 18312 

Canada, Tektronix Canada Inc PO Box 6500 Barrie. 
Ontario L4M 4V3, Phone 705 737-2700 

Tektronix 
COMMITTED TO EXCELLENCE 
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Conformal coating and ruggedized construction 

enable Ti's TM990 Industrial Grade microcomputer 

modules to operate in harshest environments. 



TI's new Industrial Grade 
microcomputer modules: 

Built tough 
You don't need special en-
closures or air-conditioned 
rooms to protect electronic 
control systems from harsh 
environments. TI's new 16-bit 
TM990 Industrial Grade mi-
crocomputer modules are 
conformally coated and rug-
gedized to take all that man 
and nature can dish out. They 
"cold-shoulder" dust. Ex-
treme temperatures. Corro-
sives. Humidity. Abrasives. 
Fungus. Vibration. Moisture. 

Protective hide 
These modules are dipped in 
a special solution that covers 
the entire board and its com-
ponents with a thin non-por-
ous, protective hide. Only the 
non-corrosive gold areas and 
the EPROMs are exempted. 
The dipping process assures 
a uniform coating free of the 
pinholes and bubbles often 
found in sprayed-on coatings. 

Ruggedized construction 

All integrated circuits, ex-
cept EPROMs, are soldered 

in place prior to being sealed 
by the conformal coating. 
MOS RAM is replaced with 
CMOS RAM to reduce dis-
sipation and ambient 
temperatures. 

Available TM990 
Industrial Grade Modules 
• TM990/CIOIMA Microcomputer 
Controller 

• TM990/C201 Memory Expansion 
Module 

• TM990/C307 RS232 
Communication Expander 

• TM990/C308 Industrial 
Communication Module 

• TM990/C310 I/O Expansion 
Module 

Soon to come: Low-level analog 
interface; pulse counter and 
accumulator; extended address CPU. 

The EPROMs, which must 
be removable for program-
ming, mount in gold-plated 
sockets lubricated with cor-
rosion-resistant fluid. Hold-
down clamps keep the 
EPROMs securely in place. 

Special testing 
To make sure all the modules 
perform correctly before and 

after dipping, they are sub-
jected to dynamic testing 
during burn-in as well as pre-
and post-burn-in tests. Dem-
onstrated reliability of the 
TM990 series (over 400,000 
hours of testing) indicates an 
operating life without failure 
(MTBF) of more than four 
years at 65° C. 

Name your environment 

Be it steel mill, drilling rig, 
machine shop, food-process-
ing plant, petrochemical re-
finery, the TM990 Industrial 
Grade microcomputer mod-
ules are ideal for reliable in-
dustrial control systems. 
They are rated for operation 
over the full 0°C to + 70°C 
temperature range. They are 
built tough—to take it. 

For more information 
about the TM990 Series, call 
your TI distributor. Or write 
Texas Instruments 
Incorporated, P.O. 
Box 202129, Dallas, 
Texas 75220. 

Texas Instruments invented the integrated circuit, microprocessor and microcomputer Being first is our tradition. 

• U.S. 100-piece price in plastic dip 
subject to change without notice 

© 1981 Texas Instruments Incorporated TEXAS INSTRUMENTS 856911 

ARGENTINA 748-1141 • AUSTRALIA (02) 887-1122 • BELGIESELGIOUE (02) 720.80.00 • BRASIL 518423 DEUTSCHLAND 08161/801 • FRANCE (3) 946 97 12 • ITALIA (0746) 69034 
JAPAN 03-498-2111. MEXICO 567-9200 • NEDERLAND 020-473391 • SCHWEIZ/SUISSE 01 740 22 20 • SVERIGE (08) 23.54.80 • UNITED KINGDOM (0234) 67466 
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The Zylzr 
The First Comprehensive CAD VLSI 

Design custom MOS even if you've  
Zylam puts you in control. 

Now you or your company's logic engineers can 
design full custom MOS circuitry without any 
specialized training in silicon device physics or IC 
topological design. With the fully automated ZyPrm 
design system, you define your system logic by 
inputting a logic network listing into an alpha-
numeric terminal right in your office. The ZyPTM 
Transform incorporates a logic simulator which 
allows you to simultaneously verify logic function-
ality and system timing. After verification, your 
logic network listing is input to a software module 
which routes your circuit and produces computer 
graphics information used to make photo masks. 
Then your logic simulation files are automatically 
transformed into a test program. You input your 
logic requirements—and the ZyPTM Transform does 
the work. 

Everything you need available today. 

The ZyPry design is based on standard cells—logic 
building blocks that are linked together in the pat-
tern of your choosing to form custom circuits. 
The ZyPrm standard cell library is the most exten-
sive of its kind commercially available. There are 
three libraries, one for NMOS, Si Gate CMOS 
and Metal Gate CMOS processes. Over 500 
elements are available in each library with more 
being added all the time. ZyMOS supplies you with 
the complete documentation necessary to design 
even the most complex VLSI circuitry. 

Prototype circuits in 
as little as eight weeks. 

The ZyPrm design system gives your logic engineers 
the tools, flexibility, and control to design exactly 
what you need in custom circuitry on your time 
schedule. Once you have the network files you can 
have the performance, low power consumption, 
high reliability, propriety and low production costs 
of a custom circuit in as little as eight weeks. 
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3esign System For Logic Engineers 

ever worked with silicon before. 
The ZyPrm design system gives you the benefits of 
full custom while getting your products to market 
ahead of the competition. 

ZyMOS offers total support. 

ZyMOS guarantees production of all Zyl=" design 
system circuits in our ultra modern Silicon Valley 
fabrication facility. A variety of packaging options 
are offered. In addition to the Zy13'm design system, 
ZyMOS offers traditional full custom design and 
wafer fabrication services. Our total commit-
ment to quality custom MOS is reflected in our 
new 30,000 square foot headquarters which 
houses the latest fabrication and test equipment. 
ZyMOS' highly qualified personnel are on hand to 
help you with design and discuss your needs. Send 
the attached coupon to 477 N. Mathilda Avenue, 
Sunnyvale, CA 94088 or call ZyMOS Marketing: 
(408) 730-8800. 

YES, I want to Zyl=" from logic input to 
packaged circuitry on my schedule! 

E Send me more literature! 

III Have a ZyMOS representative call on 
me! 

D I'm interested in attending a 1-day 
seminar on ZyP,TM please contact me! 

Name Title  

Company Application  

Address City  

State Zip Phone  

 _J 

ZyP" is a trademark of ZyMOS Corporation. 

Where Silicon Solutions Are Custom Made. Circle 63 on reader service card 



Shortening time-to-market is 
today's imperative in the electron-
ics industry. 

It dictates high productivity at 
every stage of product develop-
ment. And it's the reason why more 
than 20 of the 50 largest electronics 
manufacturers use our turnkey 
SCICARDS Te System to design PC 
boards, ranging from single-sided 
to high-density multilayers. 

So, if PCB's are your roadblock 
and you'd like to slash turnaround 
time by 50% or more, get the most 
powerful and flexible design aid 
available. 

Our SCICARDS Program brings you unmatched fea-
tures like automatic package, pin and gate swapping to 
optimize component placement... the most versatile 
auto routers on the market...error-preventive dynamic 
checking... and more, fully interactive and wholly under 
the designer's control. 

To the design 
automation system 

that drives the 
state of the art. 

Obviously, such capabilities only 
come from a massive, sophisticat-
ed program. Ours utilizes a 32-bit 
super minicomputer. In fact, what 
others today call "state of the art" is 
typically where our SCICARDS Pro-
gram was two to three years ago. 

But you're interested in what it 
can do for you, today. The ultimate 
proof, of course, is to test one of 
your board designs on our system, 
and I'll gladly help you get started 
toward that. Just call me, Steve 
Testa, Director of Sales, at (716) 
924-9303. 

  SCIENTIFIC 
  CALCULATIONS 

7635 Main Street/Fishers/New York 14453 
Telephone (716) 924-9303/MX 510-254-8546/Tele.x 97-8316 
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Electronics international  
Significant developments in technology and business 

Simpler diffusion 
augurs mass-produced 
GaAs devices 
by John Gosch, Frankfurt bureau manager 

Dopant-carrying emulsion 

also serves as protective 

layer, so that wafers can be 

processed in an open oven 

A novel diffusion process produces 
field-effect-transistor channels di-
rectly and inexpensively in gallium 
arsenide and other III-V semicon-
ductor compounds. Developed by 
researchers at the University of 
Duisburg in West Germany, it 
involves spinning a dopant-laden 
emulsion onto a wafer. 

According to Klaus Heime, who 
heads the Duisburg group, the 
equipment needed to implement the 
process is up to 10 times less expen-
sive than that required for the ion-
implantation or epitaxial deposition 
methods usually applied to channel 
fabrication in GaAs substrates. Yet, 
performance is equal to or even bet-
ter than that obtained from such 
components. The process is applica-
ble to both n-type and p-type diffu-
sion, either across the whole wafer or 
selectively. 

Diffusion into GaAs has until now 
been impossible to do economi-
cally—that is, in an open-tube fur-
nace—because at the diffusion tem-
perature the high arsenic vapor pres-
sure damages the wafer surface. In 
the Duisburg process, the emulsion 
avoids this. A product of Demetron 
GmbH, a German chemical firm, it is 
spun on the GaAs wafer with a pho-
toresist spinner. At high tempera-
tures, it changes into a doped silicon 
dioxide layer. This conversion, ex-
plains Norbert Arnold, the group's 
process specialist, "is the most 

important aspect of the process." 
With its dopant, the oxide layer not 
only constitutes a solid diffusion 
source, it also protects the wafer sur-
face against pitting and dislocations. 

Specifics. The formation of the 
doped oxide layer and the diffusion 
take place simultaneously in an open 
quartz-tube furnace in a pure nitro-
gen atmosphere and at temperatures 
between 550° and 900°C. The tem-
perature to be used depends on the 
semiconductor material and the kind 
of dopant involved, as well as on the 
desired diffusion depth. For exam-
ple, 800°C is required to diffuse a 
0.1-micrometer tin-doped layer into 

a GaAs wafer in just 15 minutes. 
During the diffusion process, the 

surface remains mirrorlike. Only in 
the undoped regions could some sub-
micrometer pits be detected, Arnold 
notes. In the doped regions, however, 
there was no damage at all. So, 
unlike in an ion-implantation pro-
cess, the surface need not be 
annealed. After the diffusion pro-
cess, the oxide film is etched away in 
hydrofluoric acid at room tempera-
ture. To fabricate devices, the ohmic 
contacts and the gates are produced 
as usual. 
The figure shows the Duisburg 

process using two selective-diffusion 

Neat. A GaAs wafer covered in a dopant-carrying emulsion is heated at 750°C for 30 min. If 

wholly diffused, it requires a mesa etch (a); selective diffusion creates self-isolated FETs. 
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methods. One is an etching process 
that defines the dimensions of the 
doped oxide layer (top), and the 
other involves a masking layer of, for 
example, silicon nitride (bottom). 
With either method, wafer areas can 
be diffused and completely planar 
devices and circuits made. 
The process is thus similar to well-

established silicon planar technolo-
gy. To implement the diffusion, all 
that is needed is a furnace, which 
means low cost. Since the furnace 
can be of the open-tube type, mass 
fabrication is possible, so it is little 
wonder that semiconductor houses 
both in the U. S. and Europe are 
showing interest in the process. 
Thus far, Heime and his group 

have made Schottky-gate FETs with 
1.3-gm gate lengths, as well as 
Schottky diodes. Further applica-
tions of the process, Heime says, are 
in highly doped contact layers, high-
ly p-doped layers for pn junctions in 
junction FETs, and optoelectronic 
devices such as light-emitting, laser, 
and photodiodes. 

Superior. The performance of the 
devices fabricated so far is excellent, 
notes Heinrich Daembkes, the re-
searcher who carried out the mea-

surements. While the noise charac-
teristics are just as good as those of 
ion-implanted devices, the transcon-
ductance per millimeter of gate 
width is far higher—from 120 to 140 
millimhos, depending on channel 
technology, versus 90 to 100 mmho 
for ion-implanted channels. 
Many advantages. This, 

Daembkes says, spells an improve-
ment in gain at comparable transit 
frequencies, making the process 
well-suited for microwave compo-
nents. Furthermore, the diffused 
devices are smaller. At the same cur-
rent, a higher device density can be 
achieved. High frequency measure-
ments have shown a cutoff frequency 
of about 20 gigahertz. 

Further work at the Duisburg 
University labs is aimed at applying 
the process to other III-V com-
pounds. Preliminary experiments 
have shown that diffusions at 650°C 
in indium phosphide are possible 
without surface degradation. This 
indicates that the process is applica-
ble also to ternary and quaterna-
ry alloys. InP and InGaAs pn-junc-
tion FETs are now in development — 
devices that lend themselves well to 
integrated optics. 

Japan 

MITI 'reluctant' to meet U. S. demands 

for military know-how from Japan 

Mid-November reports that Japan's 
foreign ministry now backs the 
export of military technology to the 
U. S. sparked considerable contro-
versy in Tokyo. Even the country's 
profit-starved defense electronics in-
dustry seems nonplussed. And with 
officials at the Ministries of Foreign 
Affairs and International Trade and 
Industry (MITI) insisting that the 
question is still under study, it seems 
unlikely that a decision will be 
reached by year-end, as the U. S. 
Department of Defense hopes. 
As early as midway through the 

Carter Administration, top DOD offi-
cials, seeking a stronger defense role 
for Japan, had started warning their 
Japanese counterparts that the flow 

of defense technology must no longer 
be unidirectional— from the U. S. to 
Japan. Such reciprocity would break 
with that country's long-time, do-
mestically popular policy of prohib-
iting military exports in any form, 
but the U. S. request did not gener-
ate much attention until reiterated 
last summer by Richard Delauer, 
undersecretary of defense for re-
search and engineering. 

Protest. Now the lines are being 
clearly drawn in Japan following the 
leak of a foreign ministry draft sug-
gesting that a policy exception for 
the U. S. could be justified under the 
terms of the Japan-U. S. Security 
Treaty and the bilateral Mutual 
Defense Assistance Agreement. The 

news touched off a storm of protest 
in the press and the Parliament, 
despite government claims that the 
draft was not its final decision. 

Indeed, Japan's powerful bureauc-
racy is still split on the question, 
which will ultimately be decided by 
the cabinet after the ministries pre-
sumably reach a consensus. Al-
though the Defense Agency and For-
eign Ministry appear to favor 
accommodating the U. S., the more 
conservative MITI remains uncon-
vinced. "We are taking a wait-and-
see stance," says Masamitsu Hirou-
mi, director of MITI's Foreign 
Exchange and Trade Finance divi-
sion, though he admits that MITI is 
"reluctant" to see a change in its 
policy. 

Catch-22. Clouding the picture 
further is the failure by U. S. 
authorities to specify which Japa-
nese technologies they might want. 
Experts on both sides of the Pacific 
mention microcomputers, very high-
speed integrated circuits, fiber op-
tics, and robots as likely candidates, 
but no one is sure. U. S. officials are 
reluctant to get more specific until 
the policy is changed, and the Japa-
nese are uncomfortable about chang-
ing their policy without knowing 
what the U. S. wants. 
Some Japanese experts claim their 

country has little to offer in any 
case. "Japan is ahead in some areas 
of basic technology and in produc-
tion methods, but those are tiny 
areas compared to America's overall 
superiority," says Takeshi Abe, gen-
eral manager of the Government 
Requirements Marketing division at 
Mitsubishi Electric Corp. Abe adds 
that Japan's defense electronics in-
dustry does not foresee significant 
new business in selling technology to 
the U. S. At the Japan Ordnance 
Association, executive director Jin-
shichi Hirano agrees with those 
American experts who assume that 
the U. S. would be interested more 
in component technology than in 
purchasing whole systems. "I don't 
think we have any systems the U. S. 
wants," Hirano says. 
That sentiment is seconded by at 

least some U. S. defense contractors. 
"We don't think there's much here 
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OKI CMOS Realtime 
Clock/Calendar for MCIT Systems: 
Now Available in Two Versions. 

MSM 5832 —  The 18-pin chip 
proven in thousands of 
microcomputer designs. 

ADDRESS 4 

-=. 

+ 12 V 

5 V 

CONNECT 
BATTERY HERE 

= 

• Hours, minutes, seconds; month, 
date, year; day of week 

• Standby Battery Operation 
down to 2.2 volts 

• 4-Bit Address Bus 

• Interrupt Signal Outputs — 
1024, 1, 1/60, 1/3600 Hz 

• 12/24 Hour Format 

• High Threshold CS to insure early 
isolation during power failure 

OKI opens up your options in system timekeeping. With 
two versions of our space-saving, problem-solving real-
time microprocessor CMOS clock/calendar now in volume 
production. Backed up with new design support and spe-
cial technical data available from OKI Semiconductor 
cost-free. 

Easy to apply. Both versions design into MCU systems 
with minimal effort. At minimal cost. Whether you design 
in the 18-pin CMOS 5832—already the industry standard. 
Or sPecify OKI's advanced CMUX 16-pin 58321 for more 

demanding applications. 
And both versions consolidate your critical time-

counting and calendar-tracking functions on a single 
chip. With battery back-up protection during system 
shutdown—clocking time sequencing without interrup-

tion. 

MSM 58321 —  OKI's new CMOS 
multiplexed 16-pin for 

your most advanced systems. 

ADDRESS/DATA 4 CHIP SELECT 2 

12 V 

9 5 V 

A.— CONNECT 
BATTERY HERE 

• Hours, minutes, seconds; month, 
date, year; day of week 

• Standby Battery Operation 
down to 2.2 volts 

• Multiplexed ADDRESS/DATA Bus 
— exclusive OKI CMUX 

• Busy Output Clock 

• Automatic Leap Year updating 

• 32,768 Hz Oscillator 

• 500 I.LA at 5V; 
30 11A at 3V standby 

In instrumentation systems, use either to provide time/ 
date stamping during data logging. Or apply in very com-
pact modules to start or stop the complete system at 
appropriate times. 

Free development support. To maximize your design-
in capabilities, OKI has prepared strong back-up mate-
rials: a detailed 5832/58321 Question/Answer document 
for project engineers; plus in-depth Application Notes. 
Yours without charge from OKI Semiconductor, 1333 
Lawrence Expressway, Santa Clara, CA 95051, when you 
send for your data sheets. 

r MN ISM 

Please send the OKI Realttme MCU Clock/Calendar package for: 

( ) MSM 5832, 18-pin CMOS device 

( ) MSM 58321, 16-pin CMUX device 

( ) "Typical Questions from Engineers" 

( ) "5832/58321 Application Notes" 

OKI 
SEMICONDUCTOR 

IAttach coupon to business card or letterhead and return to: 
OKI Semiconductor, 1333 Lawrence Expressway, Santa Clara, CA 95051. 
Or call Dale Prull, (408) 984-4842. 

MIR BIM MIMI 

Name  

Title 
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worth making a big case about," 
says an American defense executive 
based in Tokyo. 

Observers point to other problems 
in balancing the technology flow. 
Whereas in the U. S. much military 
R&D is Government-funded and 
-owned, most Japanese defense tech-
nology is developed privately. So 
even if Japanese policy were 
changed, it woulld not ensure that 
companies there would happily 
transfer their prized technology. 
Some Japanese executives even wor-
ry about eventual U. S. efforts to 
dictate Japanese R&D projects. 
By the same token, some Ameri-

can businessmen ask why the U. S. is 
aggressively seeking something else 
to buy from Japan when bilateral 
trade is so skewed in its favor 
already. Others question whether it 
is wise to make the U. S. defense 
even partially dependent on Japan. 
"Everyone is ,dreaming up the worst 
hobgoblins," notes one U. S. official. 

All the naysaying aside, eventual 
agreement seems likely. For one 
thing, Japanese leaders may see a 
policy exception for the U. S. as a 
politically acceptable way to miti-
gate U. S. demands for huge hikes in 
Japanese defense spending. But it 
appears unrealistic to expect much 
of a direct payoff for U. S. defense 
anytime soon. -Robert Neff 

France 

GaAs photocathode 

aids sight at night 
Night-vision systems depend for 
their quality on their photosensitive 
element, usually a photocathode. By 
employing gallium arsenide in this 
device, French researchers have 
made it four times as sensitive as the 
last generation of S 25 photo-
cathodes, which employ antimony, 
sodium, potassium, and cesium as 
their active element. 
Thanks to the new photocathode, 

the prototype low-light—level imag-
ing tube based on it is also more 
compact and structurally simpler 
than its predecessors. Developed by 

GETTER 

PHOTOCATHODE 

MICROCHANNEL 
PLATE 

INPUT WINDOW 

ION 
BARRIER 

OUTPUT 
WINDOW 

PHOSPHOR 
SCREEN 

INDIUM SEALS 

Unusually refined. The highly sensitive surface (tinted area) of the photocathode in this 

prototype low-light-level imaging tube consists of a layer of gallium arsenide only 2 µM thick. 

the Laboratoires d'Electronique et 
de Physique Appliquée in Limeil-
Brévannes, the tube not only extends 
the range of human vision toward 
low levels of luminance but also 
increases its spectral sensitivity into 
the near infrared. 
The GaAs layer that converts 

these photons so efficiently into elec-
trons is only 2 micrometers thick. 
The fragility of such a thin layer 
could have posed a problem in the 
fabrication of the tube. 

"Since working with a 2-gm wafer 
of gallium arsenide is not very prac-
tical, we began with a very thick 
substrate of GaAs and grew the lay-
ers we needed on it by means of 
either liquid-phase or vapor-phase 
epitaxy," explains Jean-Claude 
Richard, a LEP engineer who worked 
on the development of the tube. 
"Then we called in the chemists who 
found us a method of separating the 
layers we wanted from the rest." 
The recipe. The GaAs substrate is 

300 gm thick, and the first step is to 
grow a 10-gm-thick layer of gallium 
aluminum arsenide on it. The 2-am 
layer of GaAs is in turn grown on 
that layer and, finally, another 
1 0-11.111 layer of GaAlAs on the 2-gm 
GaAs layer. After the application of 
a very thin nonreflective layer of sili-
con nitride, a glass substrate and 
then a sapphire window are thermal-
ly bonded to the epitaxial structure. 
When the GaAs substrate and the 

first layer of epitaxy are etched off 
by a series of chemical processes, the 
2-gm active layer of GaAs is exposed 
and the rest of the fabrication is 
carried out under extreme vacuum. 
The surface of the GaAs is first 

cleaned by raising its temperature to 
about 600° C and then activated, or 
given a negative electron affinity, by 
cesium dioxide adsorption. This 
modifies the dipole layer where it 
meets the vacuum so that the con-
duction band becomes higher than 
vacuum level. (The positive electron 
affinity of earlier active elements is 
less efficient.) 
Apart from the photocathode, ,the 

tube's other elements are standard — 
a microchannel plee used as a mul-
tiplier, a phosphor screen, and a 
fiber-optic output window. 

Operation. The tube works thus: 
light entering the photocathode is 
converted into photoelectrons, which 
are then multiplied by the micro-
channel plate. The image is formed 
upside down on a P20 phosphor 
screen and inverted by the fiber-
optic window on which the screen is 
deposited. The only problem is that 
the active surface of the photo-
cathode is in line with the micro-
channel plate and the ions and gases 
that it releases. 

Since this desorption would de-
grade the photocathode, the tube has 
two vacuum chambers, one between 
the photocathode and the input of 
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The challenge: conformance to VDE 
and international standards 

The solution: A1RPAX 1PG and 
SNAPAK R magnetic circuit 
breakers. 

For the export market, your product 
must conform to international and VDE 
specifications. AIRPAX engineers de-
signed the IPG and SNAPAK to comply 
with the spacing requirements of VDE 
0730, IEC 380, and IEC 435 standards. 
You now have the benefits of precision 

magnetic "stand alone" protection—with 
choices of handle actuation, colors, illu-
mination, terminals, and hardware. Also, 
the IPG will mount in any equipment that 
currently uses the UPG and UPL style 
breakers. 

"Hotline" delivery is assured for pro-
totype requirements. Find out how we 
can help you meet the challenge of in-
ternational standards with positive, reli-
able circuit switching and protection. 

Specifications are in our new catalog. 
Write or call AIRPAX/North American 
Philips Controls Corp., Cambridge Divi-
sion, Woods Road, Cambridge, MD 
21613, telephone (301) 228-4600. 

The Intelligent Choice. 

RipAix 
NORTH AMERICAN PHILIPS CONTROLS CORP 

Cambridge Division 
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the microchannel plate, the other 
between the microchannel plate and 
the screen (see figure). Additionally, 
a 50-angstrom-thick film of alumina 
on the input surface of the micro-
channel plate acts as an ion barrier. 
The integrity of the vacuum cham-
bers is assured by two indium seals. 
Tubes made in this way perform 

significantly better than earlier gen-
erations. Sensitivity rises dramati-
cally from about 250 to more than 
1,000 microamperes per lumen. In 
addition there is a clear improve-
ment in spectral sensitivity, and 
hence image contrast, with a quan-

turn output of more than 0.25 elec-
tron for each incident photon, and 
resolution is 20% better. 

Undistorted. Another advantage is 
inherent in the very structure of the 
tube. "Because the surface of the 
photocathode is flat, we are forced to 
use proximity focusing," points out 
Richard, "and since that means 
there is no enlargement of the image, 
there is also almost no distortion." 
LEP, the principal Philips research 
laboratory in France, will be unveil-
ing the tube at the Exposition de 
Physique in Paris that will begin on 
Dec. 7. -Robert T. Gallagher 

Japan 

Hitachi MOS FET handles high voltages, 

aims at world market in switching supplies 

One of the ingredients that Japanese 
electronic-equipment manufacturers 
want to add to the formula that 
already has brought them stunning 
success in export markets is univer-
sal power supplies that can handle 
line voltages from 80 to 240 volts 
and thus operate almost anywhere in 
the world. 
Such supplies should start appear-

ing soon. Hitachi Ltd. has started off 
with samples of an n-channel mos 
field-effect transistor with a drain-
to-source rating of 800 v, the value 
needed for switching power supplies 
that work off 240 V. 
The high rating is coupled with 

high efficiency at high switching fre-
quencies. Even at 1 megahertz, the 
total loss for the new MOS FET and a 
small bipolar driver is only 10 watts 
with an input power of 100 w at 140 
V. The higher the switching frequen-
cy, the smaller and lighter the power 
supply. 
Low loss. At more common 

switching frequencies of 50 kilohertz 
and lower, the loss drops to a mere 2 
w. Bipolar switching transistors can-
not match these efficiencies because, 
among other reasons, the fall times 
of their switching pulses are from 5 
to 10 times longer than those of MOS 
FET pulses. 
Another advantage of MOS FETS is 

that, unlike bipolars, they are 
immune to thermal runaway. On top 
of that, Hitachi fabricates the new 
transistors using a triple-diffusion 
process that skirts the difficulties of 
growing thick epitaxial layers, so the 
devices can be competitively priced. 
Siemens AG of West Germany, 

International Rectifier Corp., and 
Motorola Inc.'s Semiconductor Sec-
tor, among others, have high-voltage 
MOS FETS. But they are expensive 
and hard to come by in Japan— 
hence the Hitachi effort. 
The new MOS FETS were developed 

by the company's Central Research 
Laboratory in Tokyo and its Takasa-
ki works some 60 miles to the north-
west. Minoru Nagata, the chief 
researcher involved, explains that 
Hitachi's new device is like many 
other power mos units, made up of 
thousands of parallel transistors. 

Each MOS FET is basically a diffu-
sion self-aligned device in which cur-
rent flows from the source through a 
lateral channel and then vertically to 
a drain contact on the back of the 
chip. Hitachi uses a rectangular 
geometry for the transistors. 

High and low. Such transistors 
require a thick high-resistivity n-
layer for the active region to obtain a 
high-voltage breakdown. However, if 
the chip substrate is excessively 
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Why more and more people 
have come to prefer RCA 
for High-Rel 

People who use High-Rel ICs 
have special needs. And they want 
suppliers who understand that. That's 
why so many of them come to RCA. 

To start, we offer CD4000-series 
CMOS digital logic circuits; CDP1800-
series CMOS microprocessor, 
memory and I/O circuits; CA3000-
series linear circuits; and our newly 
announced EPIC (Emulation & 

Programmable IC) CMOS 8-bit slice 
series. 

We also offer rad-hard versions of 
most parts. 

And produce custom circuits to 
High-Rel standards. 

But our customers want more 
than a broad product line. They want 
a supplier who is committed to the 
most demanding needs of the military, 

aerospace and industrial applications. 
Here are some examples of our 

commitment: 
• First supplier of Mil-M-38510 to 
attain Class A certification 
• First Class S, Part-1 supplier of 
CMOS rad-hard devices 

So if you're looking for High-
Rel parts (and High-Rel support), 
talk to us. We understand your needs. 

RCA Solid State headquarters: Somerville, NJ. Brussels. Sao Paulo. Hong Kong. 

"First-class reliability." 
Marvin Bero, Spar Aerospace Ltd. 

"We can't afford product failures on our NASA 
projects That's why we've been using 4000-series 
High-Rel ICs from RCA 

"Their Class S devices save us a lotof testing time 
The flat-pack is a big advantage. And the paperwork 
package is the best I've ever seen" 

"Outstanding support." 
Armin F. Mohr, Westinghouse 

"In our business, we need suppliers we can rely on 
"That's one big reason we've been buying our 

High-Rel ICs from RCA 
"They've been able to provide us with applications 

support whenever we've needed it, and the product 
reliability is excellent. 

"But what impresses us most is thesupport weget 
from the people at RCA We've been working with 
them since 1972, and they've never let us down" 



The designers' 
choice for 
MULTI BUS 
compatible data 
acquisition 
systems. 

The ADAC 700 series of 
data acquisition systems plug 
directly into the same card cage 
as computers from Intel and National. 
Mounted on a single PC board, the 700 
series includes both high and low level 
analog to digital systems and DAC boards. 

710 Series Low Level AID 
• Withstands common mode voltage to 250 V 
• Digitizes outputs from bridges, thermocouples, and 

other low level transducers 
II Gain amplifier with system cold junction compensation 

can be programmed channel to channel 
III 8 or 16 differential inputs per card 
II 12 bit resolution 

735 Series High Level A/D 
• 16 to 64 single ended or pseudo differential inputs 
II Jumper selectable for 8, 16 or 32 differential analog inputs 
• 12 bit high speed analog to digital converter 
• Up to 2 channels of 12 bit digital to analog converters 
• Bus interface includes software choice of programmers 

control or interrupt 

735 DAC Series 
• Up to 4 channels of 12 bit DACs 
II 2 scope/recorder per control circuit 
IN 8 discrete digital outputs with 8 current sinks 
• 8 discrete digital inputs 

Send for full technical data to: 

CORPORATION 

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

Electronics international 

thick, the remainder must be a high-
ly doped, low-resistivity material for 
low saturation resistance. 

Usually a high-resistivity epitaxial 
layer is grown on a low-resistivity 
wafer to meet these requirements. 
However, Nagata says that suffi-
ciently thick epitaxial layers tend to 
have projections and other imperfec-
tions that degrade yield. 

Rather than struggle with the epi-
taxy, Hitachi engineers took a page 
out of the book on bipolar process 
technology and designed a triple-
diffused device. The starting materi-
al is a high-resistivity n- wafer with 
phosphorus diffused through the 
back to convert all but the top 90 
micrometers of a 250-gm-thick sub-
strate into a highly doped low-resis-
tivity region. Conventional double 
diffusion is then used to fabricate the 
silicon-gate devices. 
The final picture. The completed 

parts have about 5,000 unit transis-
tors in parallel, each measuring 90 
by 90 gm on a chip that measures 
6.7 by 6.7 millimeters. The maxi-
mum drain-current rating is 5 
amperes, with a typical saturation 
resistance of only 1.7 ohms. 
The device, which comes pack-

aged in a TO-3 can, has a maximum 
dissipation of 125 w. In many well-
designed applications, however, the 
power-handling capability is limited 
by the drain current rather than the 
dissipation rating. 

Besides switching power supplies, 
the transistors can be used in dc-dc 
converters, ultrasonic power oscilla-
tors, and rf amplifiers. The cutoffi 
frequency is about 2 MHz. 

Hitachi is now offering samples of 
the devices and expects to be produc-
ing them at the rate of about 5,000 
units per month by sometime next 
spring. Genro Takemura, a senior 
applications engineer at the Takasai 
works, says in addition that the firm 
can increase production to between 
5,000 and 10,000 devices a month 
within three months after orders are 
received. 

In Japan the sample price for the 
new transistor (designated 2SK351) 
is $17, falling to $12.60 in lots of 
1,000; U. S. prices are $25 and $19 
respectively. -Charles Cohen 
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R&S digital testing: 
logic generator IGA 

<S> ROHDE & SCHVVARZ • LOGIC GENERATOR IGA 

Digital control in yesteryear's 
juke-box and for tomorrow's 
engineering needs: the new IGA 
logic generator for rationalized 
development and testing of 
modern microprocessorized and 
conventional logic circuitry - an 
instrument that goes new ways 
in generating digital test data, an 
ideal partner for logic analyzers 
and an indispensable aid in every 

digital laboratory. 

Rohde & Schwarz 
Postfach 80 14 69 
D-8000 München 80 
Fed. Rep. of Germany 

Electronic Measurements and 
Radio Communications. Development, 
manufacture, sales and service. 
Known for "electronic precision". 

Independent concern (establ. 1933), 
represented in 80 countries. 
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The IGA gives you data in 16 or 32 
channels with memory depth of 
1024 words. 
Its multi-clock mode and grouped-
channel programming of tristate words 
meet all needs in stimulating digital 
modules. The IGA is quite at ease in bus 
systems, driving the address bus, 
bidirectional data bus and control bus 
all at the same time. 
Separate driver devices (TTL or 
variable levels) allow errorfree feeding 
of a test item over short lines and safe-
guard against mismeasurement. The 
line-oriented data editor and module-
oriented data management with 
symbolic names considerably simplify 
bit-pattern generation. 

CLOCK HANDSNAK:A M iHei 

INTERN • 2 WIRE 
• !MAN • I rim 

41 STOP 

LOGIC 

• AuTIY2 

• %mum 

You can combine data modules into 
sequences and enter data in binary, 
octal, decimal, hexadecimal or even 
mixed form. Stored data are retained 
due to battery buffering so you can be 
sure they are there next time around. 
Clock rate can reach 1.8 MHz, 2- or 
3-wire handshaking gives you a data 
rate up to 1 MHz. 
The entire memory contents or single 
data sets can be stored on tape cass-
ettes and read in again when needed. 
And using the IEC-bus interface you 
can enter data patterns generated by a 
computer and read them out again. 

Ask for the data sheet 
Logic Generator IGA 

ROHDE&SCHWARZ 
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Start small... 
with Philips microcomputer 

ant and debugging of hardware and software. 
oats provide a logical progression in capability to 
your need for increasing development resources. In 

ombination, they give you a development system that's 
eady now to start work on today's newest MPUs, as well as 
odels that will be introduced in the future. 

300 Microcomputer Instructor 
PM4300 is the lowest-cost 
solution for serious MPU 
design and development 
work. It can handle today's 
popular chips including 
M68000, 8086, Z8002, Z80, 
8048, M6801, 8088 and 
M6809. With PM4300, you 

• can write and debug 
• programs and check 

critical MPU functions 
including operation of 

peripheral ICs, such as exercising I/0s and implementing 
interrupt routines. The Microcomputer Instructor's 
16-character, 14-segment alphanumeric display responds 
to user inputs with easily understood messages and 
prompts, and 8 LEDs indicate status of the built-in user port. 

• 

Test&Measuring 
Instruments 

through to final debugging and integration of hardware and 
software. PMDS support facilities are already available for 
8085, Z80, 6500,6809 and 2650, and others will follow 
shortly. With PMDS, testing and debugging can be carried 
out even before prototype hardware is available, thanks to 
PMDS' true real-time system emulation capability. Your 
complete system - hardware and software - can be 
exercised under actual operating conditions before you 
make any production commitments. Step-by-step logic 
analysis, symbolic debugging, I/O simulation and 
multiprocessor-system emulation are powerful PMDS 
features to speed and simplify debugging, and help you get 
your system operational as quickly and cost-effectively as 
possible. 
PM4300 + PMDS: new-system development, without delay 
Combine PM4300 and PMDS to get instant development 
capability with new microcomputers and 16-bit MPUs. Your 
development programme can start now - before other 
manufacturers' dedicated or universal systems come onto 
the market. And much more effectively than with the 
limited facilities offered by manufacturers' evaluation 
boards. Write software on PMDS, download through 

PM4300 Microcomputer Instructor 
The universal prototyping and debugging tool for today's 
popular MPUs- simple-to-use and effective for development 
or training. Handles M68000, 8086 Z8002, Z80, 8048, 

M6801, 8088 and M6809. 

ROM Philips, of course 



, 

mithinkbig 
development tools 

M4300's RS232 serial lin d execute in your target 
ystem. After correction, update the source file stored in 
PMDS' disk memory. PM4300 acts as a quickly 
' plemented work station for debugging and system 
tegration functions even before full PMDS support is 

available. 
For more information about Philips microcomputer 
evelopment tools, contact Philips Industries, TQIII-2-51, 

Eindhoven, the Netherlands. 
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PMDS - Philips Microcomputer Development System 
Comprehensive development, debugging and ntegration 
facilities with interactive software for full operator guidance. 
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EIMIF' REED RELAYS 
... 

0 

New from Coto — series CR-3400 ultra low thermal 
reed relays. Standard features: 500 nanovolt thermals 
(other offset ratings available); as low as 50 
stability; complete electrostatic and magnetic shielding; 
full encapsulation; I.R. > 10' 2 S-2; excellent reed 
stability; 100% dynamic testing. Perfect for low 
switching applications such as data acquisition systems, 

process controllers, data scanners, etc. 
Contact: European Agent, 

RHOPOINT LTD 
Delta House,118 Station Road East, Oxted, Surrey RH 8 OHG, 

Tel: 108 8 3 31 7988 Telex: 957094 
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The NEW 
Electronics Buyers' Guide 

is now available! 

I. 
rectory of products. Over _-..—... ' = L 

3. 
Directory of manufacturers. 

000 5,000 Local sales offices, reps, and products, over 
anufacturers. -   --; , distributors, with phone 

numbers. Number of em-
ployees and engineers, dollar 
volume, name of company 
contact. 

4. 
irectory of catalogs. Directory of trade names of 

cludes six post-paid catalog 
quiry cards for 10-second 
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products and their manufac-
turers. You can trace a prod-

rdering. uct by its trade name only. 

o insure prompt delivery enclose your check with coupon. 

---1 
Yes, please send me copies of 1981 EBG. I 

ID I've enclosed $30 per copy delivered in USA or Canada. Address: EBG, 1221 Avenue I 
of the Americas, New York, N.Y. 10020. 

0 I've enclosed $52 for air delivery elsewhere. Address: EBG, Shoppenhangers Road, 
Maidenhead, Berkshire S16, 201 England. 
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Company 

Street 
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State Zip Country 

New products international 

simultaneously, each with different 
picture contents. 

In single units, the one-plane 
black-and-white GDP-11V2 sells for 
about $1,455 and the more sophisti-
cated three-plane black-and-white or 
eight-color GDP-11V4 for $2,140. 
The cost is 15% less when ordering 
up to five units and 20% less for up 
to 10 units. Delivery time for the 
simpler version is two weeks and that 
for the more complex, eight weeks. 
The relatively low prices, Schwarz 
says, should open new graphic-dis-
play applications for many DEC com-
puter users. 
Teccos GmbH, Zentnerstr. 44, D-8000 

Munich 40, West Germany [441] 

This ht detector serves the 20-MHz-to-4-GHz 
range. It has a linear dynamic range from 
— 30 to +20 dBm (10 mV to 3.16 V) with a 
tolerance of ± 0.5% at + 10 dBm and a 
voltage standing-wave-ratio of 1.2. S-Team 
Elektronik, P. O. Box 1749, D-7014 Korn-
westheim, West Germany [443] 

Toko's 18RX shielded pot-core inductors 
cover the 10-to-300-kHz range with values 
from 500 µH to 25 mH for use in applications 
like switching power supplies and telecom-
munication multiplexing. Ambit International, 
200 North Service Rd., Brentwood, Essex 
CM14 4SG, England [447] 
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SIEMENS 

Offspring at the diodes-
welcome the quadrupeds 

Four "legs" instead of three - 
what's going on? Lots! 
For example, the 4-pin SOT 143 
package has made possible new 
types of diodes that could prove 
very interesting for you, too: 

The planar silicon  
diode bridge 
BGX 50A - • 

presumably "the world's smallest 
bridge" - offers full-wave recti-
fication up to the MHz range 
(70 V, 200 mA, 350 mW). 

The planar silicon  
duo diodes  
BAW 56G and GT 

each consist of two separated 
medium-fast diodes for reverse 
voltages of 70 or > 300 V, 
respectively. Their advantages: 
more flexible circuit design, 
simplified storage. 

1011 
S it Se 

Both types are suited for inverted-
board flow soldering, and are 
also available in 8-mm film-tape 
carriers. We're getting other 
SOT 143 components ready for 
you, including dual-gate MOSFETs 
for UHF and VHF tuners. 

You can get data sheets detailing 
these diodes from: Siemens AG, 
Bereich Bauelemente, Infoservice 
"Thin and thick film components", 
Postfach 156, D-8510 Fürth. 

cv 

Thin and thick film components from Siemens 
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Who keeps you in the 
data stream maw stream? 

When digital and analog worlds meet the rela-
tionship between state and timing analysis 
becomes critical. Today Philips brings you one in-
strument that both locates and analyzes digital 
faults. Instantaneous changeover from state to tim-
ing analysis shows instant comparison of software 
commands and hardware results. 

If you're active in design, development, pro-
duction, maintenance and service of digital systems 
and equipment, you'll thank Philips for bringing you 
the best of both worlds. 

The PM3500 100M Hz 16 Channel Logic Analyzer 
• 505 x 16 bits memory format 

• Spots 3ns glitches 

• Choose binary, hex, octal, mapping or timing 
display modes 

• Handles all logic families 

• Offers compare mode facilities 

• Tiny and inexpensive input probes can be 
grouped or used separately—even several feet 
apart 

• Comprehensive automatic diagnostic routines 

For more information contact your local Philips office or write to: 
Philips Industries, Test and Measuring Dept., Building TO III-4. 5600 MD Eindhoven, The Netherlands. 

OM 3500 logic analyzer 
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H7C1 is the name of a power 
ferrite material featuring a high 
saturation magnetic flux density 
(Bs) of 5100 gauss and a high 
permeability for a low power 
loss. 

Developed by TDK, the 
specialist producers of ferrite, this 
material is one of the most 
versatile in its field. 

Making the most of the 
characteristics of this material, and 
providing more perfect magnetic 
shielding and easier winding is 
the new, original-shaped Pacore. 

These cores are ideally suited 
for the switching power supplies of 
the future which will require ever 
greater compactness and higher 
frequency. *PAT. PENDING. 
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 Low-loss characteristics of H7C1 material 
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H ci 
H7C1 is a ferrite material with a high 
saturation magnetic tux density high 
permeability and loss characterized by 
negative temperature characteristics 
from a normal temperature up to 
around 60°C. 

The PO shape is compact and it has 
paved the way toward the creation of 
cores with simple windings. 

The PO per 
occupied s, ranging 
from 30W to-500VV,*are available. 

*Conditions ky 500W use:100kHz, 
DC5V output, Ambient temp. 60°C, 
Temp. rise 40°C. 

trvisum 

TDK ELECTRONICS CO., LTD. 13-1, Nihonbashi 1-cheme, Chuo-ku, Tokyo 103, Japan Pnone: Tokyo (03) 278-5111 Telex: J24270, J26937 (TODENKA) F04) 
TDK CORPORATION OF AMERICA 4709-Golf Road, Suite 300, Skokie, Illinois 60076 U.S.A. Phone: (312) 679-8200 Telex: 9102230220 (TDK SKO) OeS Sii, 
LOS ANGELES BRANCH 2041 Rosecrans Avenue, Suite 365, El Segundo, California 90245 U.S.A Phone: (213) 644-8625, Telex: 9103487134 (TODENKA ELSD) o 
NEW YORK BRANCH 755 Eastgate Blvd., Garden City, NY. 11530 U.S.A. Phone: (516) 248-5230 Telex. 144535 (TDK ELECT) 444. INDIANAPOLIS BRANCH 5377 West, 86th Street, Indianapolis, Indiana 46268 U.S.A. Phone: (317) 872-0370 Telex: 272393 (TDKCORP IND) e 
TDK ELECTRONICS EUROPE GmbH Ctristinenstrasse 25, D-4030 Ratingen 1, ER. Germany Phone: (02102) 4870 Telex: 8585013 (TDKD)   CY rn 

MUM INTERNATIONAL CORP. 14 Le;eon Place, Mahwah, New Jersey 07430 U.S.A. Phone (201) 891-8800 Telex: 642421, 642422 t.L.1 OD 
IMAM INTERNATIONAL (CANADA) LTD. 7520 Batt, Road; Mississauga, Ontario L4T 1L2, CANADA Phone: (416) 676-9401 Telex: 06-983683 FIFM MSGA e &Quality 
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PERFECT INTEGRATION. 

Its important in 
his product. 



It's the essence 
of ours. 

• 

• 

..4110.1)111íle 

Integrated Microcircuits, Inc. (IMC) is redefining integration. 
IMC is a designer and manufacturer of high-reliability CMOSIbipolar 
chip arrays and hybrids. As a single supplier we eliminate the problems 
associated with coordinating multiple suppliers to achieve perfect integra-
tion of your circuit. 

IMC takes total responsibility for circuit integration from design 
analysis through manufacturing, packaging and testing. When your 
circuit requires a chip, a hybrid, or both, our highly qualified engineers 
coordinate every phase of the integration program. The design is done 
in parallel, resulting in fewer development risks and considerable 
savings in time and money. 

IMC achieves high-reliability through the use of quality components, 
stringent design rules, and proven manufacturing and testing procedures. 

Manufacturing processes meet the Good Manufacturing Practices 
of the Food and Drug Administration. And 
every circuit is tested in accordance With 
MIL-STD-883B, 38510, or your own special 
requirements.  

REDEFINING INTEGRATION 
For more information about our high-reliability hybrids and/or chip arrays, call or write: 

INTEGRATED MICROCIRCUITS, INC. 
1515 Sixth Street South, Hopkins, MN 55343 
Telephone: (612) 933-4600 Telex: 290344 Cable: IMCIRC 
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"These new systems combine 
accuracy and high volume. 
Quality testing 
has never cost less?' Dennis P. O'Connell, Vice President 

Teradyne, Inc. 
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We measure quality 

Recently, some customers came to us with a problem. 
They said our big test systems were ideal for develop-
ment. But they needed that same quality testing at much 
less cost for the production of high volume devices. 

So we rolled up our sleeves and designed two new 
low cost test systems. The A351 for industrial linear 
devices. And the J385A for dynamic RAMs up to 256k. 

These new systems have the lowest testing costs 
in the industry. And both offer the 
same high accuracy as our larger 
systems. 

The A351 and J385A are 
actually smaller versions of our 
field-proven A300 and J387A. We 
took out a lot of hardware in 
exchange for production floor effi-
ciency and space economy. 

What's more, software costs 
are minimal. Software developed 
for the A300 and J387A can be 
plugged into the smaller testers. 

This assures identical test 
results in design and production. 
So any production problems will be 
found quickly. And better quality 
products will be shipped out. 

Both the A351 and J385A 
easily accommodate automatic 
handlers and probers. The A351 
has 4- way multiplexing which 
gives it the lowest capital cost and 
highest throughput in the industry. 
And the J385A accommodates 

RAMs up to 256k, so it will be on line into the 1990's. 
Our new low cost testers prove quality and economy 

aren't mutually exclusive. 
At Teradyne, quality is always a matter of economy. 
For more information write us at 183 Essex Street, 

Boston, MA 02111. Or call (617) 482-2700. 
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A world of infinite possibilities—from concept through wafer production to 
tested finished devices — is yours when you choose MCE to assist in your 
custom and semi-custom IC development programs. MCE also can offer you 
a wide range of technical services, including: design, layout, integration, 
wafer fabrication, and both electrical and environmental testing. 

MCE design aids and tools speed the 
economical development of your ICs by: 
providing the Uniray concept which contains 
a large number of uncommitted components 
on each array... offering Bipolar Linear and 
CMOS Gate Arrays that provide many func-
tions... supplying convenient layout 
worksheets for each array... giving instruc-
tions about interconnecting components... 
and including kit parts and data sheets. 

MCE can integrate your IC designs in the 
shortest time possible by: providing the 
UniDESTM board (MCE's powerful new circuit 
development and evaluation system) to eval-
uate circuit performance, to determine inter-
connect errors and judge performance... 
circuit simulation by computer models be-
fore generating production masks... and 
computer-aided mask design. 



MCE's basic philosophy lets you become involved in a joint IC develop-
ment program to whatever extent you desire. Our "universal array" 
(UnirayTm) concept for semi-custom circuits gives you most of the advan-

tages of full custom IC integration—at a fraction of the cost and turnaround. 
And our full custom design programs offer the lowest possible unit cost due 
to optimum die utilization. We're ready to serve you throughout the develop-
ment and production cycle of your Bipolar and CMOS ICs, whether they're 
custom or semi-custom. 

IMP 

MCE's full IC production manufacturing 
facilities con support you with: all the steps 
necessary to produce highest quality ICs... 
computer-aided circuit simulation, artwork 
and layout services... technologies for pro-
ducing a wide range of products for both 
analog and digital functions... a variety of 
packaging... laser trimming on all wafers.. 
AC and DC final unit testing... and environ-
mental testing as required. 

Circle 79 on reader service card 

Jain 

Gentlemen: I'm very interested in how you might be able to 
support and assist me in developing my integrated circuits. 
Please send me a copy of your new capabilities brochure 

  "A World of Possibilities." 

Name  

Position  

Company  

Address  

City State Zip  

Phone( )  

MCE Design, Applications and Marketing Centers 

Micro-Circuit Engineering Inc., 1111 Fairfield Drive, West Palm Beach, FL 33407. 
Telephone (305) 845-2837, Telex 513463 (MCE NPAB). 

Micro-Circuit Electronics, 1270 Oakmead Parkway, Suite 101, Sunnyvale, CA 
94086. Telephone (408) 732-6090, Telex 171895 (M CELECTR SUVL). 

Micro-Circuit Engineering Vertr. GmbH, Pirckheimer Str. 124, D-8500, Nurnberg, 
W. Germany. Telephone 0911-533993, Telex 06-22748 (SVOLKD). 

Micro-Circuit Engineering Vertr. GmbH, Blumenstr. 9A, D-8013, Haar/Munchen, 
W. Germany. Telephone 089-463085, Telex 05-212965 (MCEMD). 



THE WORLD'S 
TEST UM 

BY MIN 

LED Agents Overseas 
eUSA A.C. INTERFACE, INC. Tel: (714) 979-9830 Telex: 655328 
'ENGLAND Tr MERIDIAN Tel: 0279-35351 Telex: 817202/LOHUIS LAMPS LTD. 
Tel (0675) 65195-62270 Telex: 336187 
• FRANCE A. JAHNICHEN & CIE Tel: 387-59439 Telex: 290714 
•HOLLAND 10HUIS LAMPEN B.V. Tel: 01606-2080,01606-2319 Teier 54145 

SFAu. 

Stanley LEDs come in four bright colors, red, yellow, 
green and amber. Shapes include standard round, square, 
triangular and convex. 
The Extra Super Bright LED in particular, featuring out-
standing brightness and dependability, has won 
enthusiastic acceptance for use in such areas as audio 
equipment, electronic automotive parts, computer 
peripherals, measuring instruments, communications 
equipment, cameras and toys. 

•SWITZERLAND DEWALD AG Tel: 01-451300 Telex: 52012 
• WEST GERMANY ELITE ELEKTRONIK UND LICHT GMBH & CO. KG Tel: 08094-1011 
Telex: 527318 

•SWEDEN AB BETOMA Tel: 08-820280 Telex: 19389 
•DENMARK DITZ SCHWEITZER A-S Tel: (02) 453044 Telex: 15057 

STANLEY 
ELECTRIC CO., LTD. 
LED Sales Sec.: 

2-9-13, Nakameguro, Meguro-ku, Tokyo 153, Japan 
Tel. Tokyo 03-710-2531 Telex. 2466623 
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Probing the news_ 
Analysis of technology and business developments 

Silicon foundries gaining adherents 
But others in semiconductor industry question whether 

such operations are meeting a long-term need 

With most pieces finally falling into 
place so a thorough test may be 
given to the trendy silicon-foundry 
idea, the pro and con battle line is 
already forming. According to popu-
lar opinion, foundries will either 
sweep through the semiconductor 
industry as the wave of the future or 
fade into the background as in-
creased demand once again spurs 
sales of the standard devices that 
currently make up the backbone of 
the business. 

It is too early now to judge how 
foundries will fare, but the opinions 
of those involved as participants and 
interested observers help shed some 
light. The overriding issue is major, 
nothing less than "how we will do 
Ls! [large-scale integration] of the 
1980s," says an analyst at the world-
wide consulting firm McKinsey & 
Co., which has studied the question 
for its clients. 
What appears to be the sudden 

interest in foundries is gaining impe-
tus from a number of converging 
factors. Perhaps most interesting to 
market watchers is the increase in 
excess fabrication capacity that has 
been caused by expansion followed 
by soft demand. Another is the 
growth in available design-automa-
tion software. Finally, and possibly 
most important, is the mushrooming 
need for custom chips. 

Helping to intensify the present 
interest is the decision of Intel Corp., 
which moved with considerable fan-

Who does what. Intel provides this chart 

delineating its and customers' responsibili-

ties in its silicon-foundry activities. Firm's 

entry into the foundry business has helped 

quicken interest in the concept as well as 

heat up the debate about its merits. 

by Larry Waller, Los Angeles bureau 

fare in late summer to position itself 
strongly in the foundry business. The 
Santa Clara, Calif., firm, a leading 
innovator in semiconductors, is de-
voting substantial resources to estab-
lish a foundry in Chandler, Ariz., 
and is shooting for $100 million in 
sales from it by 1985 [Electronics, 
Sept. 8, p. 39]. 

Furthermore, it not only is offer-
ing its most advanced processes to 
customers, but is willing to take 
orders for 10,000 to 20,000 inte-
grated circuits. This quantity is far 

less than what a major semiconduc-
tor house previously would touch. 
A few skeptics who wonder what 

all the fuss is about say that the only 
thing new about foundries is the 
term itself (coined by Intel chairman 
Gordon E. Moore in the mid 1970s). 
"What's the big deal about Intel 
jumping in?" ask officials at both 
American Microsystems Inc. and 
National Semiconductor Corp., the 
clear volume leaders. AMI does some 
$75 million a year as a foundry and 
National perhaps half of that, 
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Probing the news 

sources in the industry say. 
At both firms, the mood is to wel-

come Intel's entry as confirmation of 
the market potential. "I don't see 
Intel hurting us," says Cliff Vaughn, 
Ames product manager for custom-
designed products. "The business is 
growing like mad." Market projec-
tions are nebulous at best, but Intel's 
vice chairman, Robert N. Noyce, 
estimates that the market could 
reach $680 million annually by 
1985, from today's $135 million. 

Intel is jumping into the foundry 
fracas with strength by offering its 
most advanced processes, including 
H-MOS (high-performance mos) and 
complementary H-MOS. The compa-
ny has two foundry customers now, 
with prototype production of devices 
planned for early 1982, according to 
Robert Dahlberg, who is customer 
program manager. 

Sophisticated users. Although the 
objective is eventually to serve some 
first-time users, Dahlberg states that 
at present only "sophisticated cus-
tomers who know what they are 
doing" can be handled. One wide-
spread doubt concerns Intel's con-
tinuing commitment to its foundry 
when the demand for standards 
turns up, although Moore and Noyce 
say emphatically they are in the field 
for the long haul. Although it is too 
early to give out odds, a financial 
analyst who closely follows Intel 
backs them strongly. 
James Magid of New York's L. F. 

Rothschild, Unterberg & Towbin 

says that Intel will not abandon 
foundries, but could well expand the 
business from 1983 on. Moreover, 
Magid does not believe excess capac-
ity is the issue "because Intel alone 
is offering state-of-the-art pro-
cesses." The mature processes of-
fered by all the rest are what will be 
in oversupply, he adds. 

In addition, Magid's projections 
show that when Intel's foundry oper-
ation is in full swing, it should be a 
very profitable enterprise, throwing 
off higher gross-profit margins than 
even high-volume standard devices. 
The reason is that foundry work is 
interleaved with other production, 
with the major investment made 
only in marketing and customer ser-
vice, says Intel's Dahlberg. 

But whatever experts believe 
the long-range effects of foundries 
will be, all hands agree that the most 
immediate effect will be felt most by 
captive semiconductor producers. "I 
know of one [plan] already 
dropped," says Howard Dicken, 
president of Integrated Circuit Engi-
neering, Scottsdale, Ariz., which 
counsels on the subject. Moreover, 
"many in the offing are being reex-
amined," he says, in light of Intel's 
move and other foundry offerings. 
Financial analyst Magid goes fur-
ther, saying "captives are a glorious 
mutant" that have seen their day. 

Nevertheless, doubts still persist 
among knowledgeable industry vet-
erans. A representative view comes 
from William Howard, vice presi-
dent for technology and planning at 
Motorola Inc.'s Semiconductor Busi-
ness Sector. "I'm not sure a pure 

foundry can exist as a business prop-
osition," he says, since volumes and 
competitive pricing may not support 
it. Intel is not a pure foundry and 
more resembles a company doing 
semicustom work for big quantity 
customers, which most major houses 
already do, he adds. 
And looming over the subject is a 

market question that is basic to the 
future of the foundry. "How fast and 
to what degree would successful sili-
con foundries erode standard-device 
sales," is how Robert J. Conrads 
phrases it. He is a principal at 
McKinsey's Los Angeles office who 
is trying to provide some guidelines 
to Japanese clients. "This is the 
heart of the matter." 
An Eastern view. The Japanese 

view of U. S. foundry developments 
starts with a professed lack of infor-
mation, which most U. S. observers 
dismiss as a typical strategem. 
McKinsey already has done a 
detailed study for one unnamed Jap-
anese client, and U. S. technologists 
who visit the islands report their 
counterparts well-informed. 

Tadaski Tarui, chief engineer of 
the Semiconductor division at Toshi-
ba Corp. says his firm would consid-
er doing foundry work if asked, but 
nobody has. He believes, however, 
that the Intel move is "one wave of 
the future." 

He notes that Toshiba would give 
out design rules, but not process 
details. Officials at two other major 
firms, Nippon Electric Co. and Hita-
chi Ltd., say they would consider 
offering foundry services on a case-
by-case basis. D 

Opening the foundry's doors 
How is a pure silicon foundry—one that does no other 
business—organized? For one of the few such firms in 
existence—Microcircuit Engineering Inc. of West Palm 
Beach, Fla. —the key is decentralization. 
The company was started in 1977 by James D. Norrish. 

Besides its Florida operation, it now has one in Sunnyvale, 
Calif., and a third in NOremberg, West Germany. The West 
Palm Beach site is a prototype. The plant encompasses 
30,000 square feet; the equipment is less than two years 
old. Its computer-controlled diffusion furnaces can handle 
4-inch wafers, and the plant has automated-layout sys-
tems, projection aligners, plasma etchers, ion-implanta-
tion systems, laser trimmers, and a variety of other gear. 
A number of technologies are available, suited to linear 

as well as digital circuits: integrated-injection logic, for 
instance. There is also a power linear integrated-circuit 

capability. In addition to Schottky TTL and MOS, technol-
ogies that merge both bipolar and field-effect transistors 
are available. 
The core of the operation is the Uniray universal-array 

concept for both digital and linear ICs. MCE offers 13 
analog and 12 digital functions, and two combinations of 
linear and digital functions. In practice, a designer chooses 
the array with the needed functions and creates a metalli-
zation layer connecting them appropriately. Design is car-
ried out with reference to Unidel, a set of continually 
updated volumes of development and evaluation docu-
mentation, and Unides. Unides is a set of printed-circuit 
boards on which are mounted layout worksheets of Uniray 
chip geometries. Finally, ICs and resistors from a kit, 
supplied by MCE, are plugged into the board and con-
nected to form a reusable breadboard. -James B. Brinton 
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We Have a Shelf Full of Answers 
to a Lot of High Current/High Precision 

Power Supply Problems 

PAD-L Series—There are 50 models in our high current/high pre-
cision lab power supply line. The broadest such line in the world. 

They range from 16 to 1000 volts and 0.2 to 500 amps with 48 other 
sizes in between. 

All are sitting on shelves waiting for shipping labels. 

Each instrument is a constant voltage/constant current power sup-
ply with an automatic crossover. 

Over-voltage protection is standard. Temperature coefficient is 
excellent. And constant current can be checked, or even set, dur-
ing operation. 

Operation can be in series or parallel. In parallel, the units can be 
controlled in a master/slave 
combination with a single 
knob. 

They can also be re-
motely programmed 
and controlled 

through an IEEE 488 interface, by BCD input, or analog voltage, or 
resistance. 

The other KIK series, too, have been checked out (using our 
superb oscilloscopes), placed on shelves, and are ready for ship-
ment. General Purpose units. Low Cost supplies. Bi-Polar Supply/ 
Amplifiers. Dual Tracking Instruments. They all feature excellent 
regulation, low temperature coefficient, quick transient response 
and low noise. 

And equally important, each boasts of a MTBF figure of 50,000 
hours. Which for you translates into a five-year warranty. 

Write Kikusui International Corporation, 17819 S. Figueroa Street, 
Gardena, California 90248, (213) 515-6432. Ask for the Lab Power 
Supply Catalog. 

MOWER CUROINI 

O 
e 

17819 S. Figueroa Ave., 
Gardena, California 90248 
(213) 515-6432 

W   INTERNATIONAL CORP TWX 910-346-7648 

iary of KIKUSUI ELECTRONICS CORP./ 3-1175, Shinmaruko-Higashi / Nakaharu, Kawasaki City, Japan (044)411-0111/ TELEX. 3842678KECJPN J 
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Better yet, purchase a unit. 
If you're not thoroughly 
satisfied you can return 

it in 30 days, your 
money back, no 
questions asked. 



Probing the news 

Telecommunications 

IC makers turn to telecommunications 
Switchover to digital techniques makes market attractive, 

with systems houses expected to rely less on in-house work 

While semiconductor activity re-
mains in a slump, many integrated-
circuit manufacturers are shifting 
more of their attention to telecom-
munications markets—which by 
some estimates will be ringing up 
nearly $10 billion in worldwide non-
captive lc sales at the end of the 
decade. And as these volumes grow 
and prices drop, telecom system 
giants, which currently rely heavily 
on in-house design and production, 
are expected to bring more of their 
business to the merchant market. 
Although it has been relatively 

slow in coming over the past two 
decades, a good portion of telecom's 
analog-to-digital evolution will be 
completed by 1990. By then, digital 
phone sets will be the rage—each 
unit loaded with very large-scale ICS. 
Many of these phones will resemble 
today's computer terminals with vid-

by J. Robert Lineback, Dallas bureau 

eo display screens and data-commu-
nication capabilities. But the tele-
phone evolution is currently hung up 
on the analog nature of voice itself 
and on the herculean task of replac-
ing thousands of miles of existing 
analog networks and their associated 
switches. 

In the interim, the tricky job of 
interfacing analog and digital worlds 
together over phone lines has 
resulted in a whole new breed of ics 
dedicated strictly to telecommunica-
tion functions—such as coder-decod-
ers, filters, and subscriber-loop inter-
face circuits. 

Currently, these dedicated compo-
nents make up only a small fraction 
of semiconductor sales to telecom 
firms. But system manufacturers 
and lc houses agree that the rate of 
growth will be much greater than 
the increasing consumption of multi-

MARKET GROWTH FOR SEMICONDUCTOR TELECOMMUNICATIONS PRODUCTS 

1981 1983 1988 1991 

MICROCOMPUTERS 
AND GATE ARRAYS 

COMMODITY ICs 

MUS MEMORY 

TELECOM 

MULTIPURPOSE 
COMPONENTS 
(20% ANNUAL GROWTH) 

DESIGNED FOR 
TELECOMMUNICATIONS 
APPLICATIONS 
(35% ANNUAL GROWTH) 

SOURCE: TEXAS INSTRUMENTS INC 

purpose components, like micropro-
cessors and memories. 

Predicting a 35% annual growth 
rate for dedicated telecom devices 
(see chart), Texas Instruments Inc. 
recently announced entry into the 
field. Ti, which already is a leading 
supplier of multipurpose devices to 
the market, predicts that sales of ICS 
specifically designed for telecom 
applications will be well over $3 bil-
lion in 10 years. 
The Dallas firm also believes these 

dedicated parts will be crucial in 
capturing future multipurpose-com-
ponent business in the telecom mar-
ket. Although the growth rate is low-
er (20%), multipurpose ics will con-
tinue to form the bulk of semicon-
ductor activity in the market, with 
sales hitting $7 billion in 1991, 
according to T1 forecasts. 

In Chandler, Ariz., Intel Corp.'s 
telecommunications marketing man-
ager, Anthony Livingston, places 
total noncaptive telecom sales "at a 
little less than 20% of the entire lc 
market." He also agrees that the 
dedicated-component segments are 
showing the highest growth poten-
tial. Currently, Livingston estimates 
that the dedicated telecom device 
market stands at a little less than 
$100 million. 
Top five. Motorola Inc.'s Semicon-

ductor Operation has identified tele-
communications circuits as being 
one of its top five lc business priori-
ties according to Robert Karasch, 
who heads up the marketing efforts 
of the dedicated parts in Austin, 
Texas. "I think what you see is a lot 
of companies with products just 
coming on the market. So we have 
very high growth, 40%-to-50% type 
of numbers, but starting from a low 
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"Old Reliable" cuts military 
minicomputers down to size. 
New 8-bit slice CMOS 
chip set allows you to 
reduce system size 
dramatically...without 
writing any new software. 

Our new High-Rel EPIC (Emula-
tion and Programmable IC) chip set 
includes an 8-bit slice general 
processor unit. 

Plus, a full family of RAMs, ROMs 
and logic gate arrays in leadless 
packages to support your application. 

You can use EPIC to emulate 

almost any minicomputer. Or to 
create original computer architecture. 

You'll achieve excellent through-
put and tremendous savings in 
space and power. Most important, 
you'll be able to use your existing 
software. So you'll save countless 
thousands of dollars in development 
costs. 

Developed under contract for the 
U.S. Air Force and other agencies, 
and built to the demanding standards 
of Mil-Std-883, EPIC has already 
proved its value in sophisticated 

military applications. 
The chip set has been used to 

emulate the AN-UYK minicomputers 
and Air Force 1750 instruction set. 
It is also a key element in the 
NAVSTAR Global Positioning System 
and several aerospace projects. 

Write to us on your letterhead 
today to find out how you can get all 
the benefits of CMOS technology 
without re-writing your software. 

RCA Solid State (Attention: Dick 
Glicksman or Sy Dansky), MS 442, 
Route 202, Somerville, NJ 08876. 

RCA Solid State headquarters: Somerville. NJ. Brussels. Sao Paulo Hong Kong. 



Probing the news 

base," Karasch explains. "Because 
many telecom products are just now 
going into production, I think you've 
got a new business that is really tak-
ing off." 
The story is the same at Mostek 

Corp. in Carrollton, Texas, which 
has been particularly hard hit by 
eroding prices in worldwide mos 
memory markets. "Although 1981 
has not been as good as we antici-
pated, we are still showing strong 
growth and we are looking for a 
very, very strong year in 1982," says 
Robert Merritt, marketing manager 
of the company's telecommunica-
tions department. 

Merritt agrees with projections 
that the total telecom semiconductor 
market could hit $10 billion by 1990, 
but cautions, "It can be hard to say 
how fast telecommunications will 
grow because it has a number of 
variables: how fast will electronic 
funds transfer grow? Or, what's 
going to be the impact of videotex 
markets? What's going to be the 
impact of telephone deregulation? 
And so on." 

While there is broad agreement 
that dedicated ics for telecom will 
experience a market boom in the 
1980s, there is also the belief that 
programmable components will be-
gin to play a growing role in the last 
half of the decade. With software, 
signal processors can do filtering and 
other telephony functions. 

Meanwhile, many participants in 
the telecom market anticipate a pos-
sible shift in production philosophy 
at many of the large equipment 
houses. In the past decade, many of 
these systems houses invested in 
research and development labs and 
fabrication facilities to produce their 
own semiconductors, which at the 
time were virtually nonexistent on 
the merchant market. 
They also sought to gain a com-

petitive edge. In an attempt to pro-
tect their own IC designs, many 
established semiconductor lines. But 
the cost of maintaining state-of-the-
art processing is apparently driving 
some back to lc vendors. 

Another source. "Anytime that 
you get into high-volume usage— 
which of course is of interest to the 

TI rings the bell 

Using its 150-volt bipolar double-diffused MOS and field-effect transistor 
(Bid-FET) technology, Texas Instruments Inc. is making available four new 
ringer chips capable of surviving a 1,500-V strike of lightning. Yet the devices 
also have low power dissipation and draw only 0.5 to 1 milliampere, allowing 
more power to the speaker. The ringers operate from a power supply of 40 to 
150 V. In orders of 100, the TCM1501, 1505, and 1506 ringers sell for $2.22, 
while the 1504, which has an extra output, is priced at $3.12 apiece. 
The ringers are part of a series of products bringing TI into the dedicated 

telecommunication integrated-circuit business. In addition to these chips, the 
Dallas firm will be unveiling six other telecommunications devices in Decem-
ber, including: two bipolar-FET speech amplifiers; one bipolar speech amp; a 
bipolar bridge IC; a metal-gate complementary-MOS tone encoder; and a 
silicon-gate n-MOS codec. TI has introduced nine telecom ICs in the past two 
months. Rounding out the first of these announcements will be a silicon-gate 
n-MOS switch capacitor to be available in January [Electronics, Oct. 6, 
p. 44]. 

In mid-1982 and 1983, TI plans to add to the line of dedicated parts with 
the introduction of several new devices such as subscriber-loop interface 
circuits and modem chips—made from scaled n-MOS, advanced silicon-gate 
C-MOS, and 250-V Bid-FET technologies. -J. R. B. 

1c manufacturers--we certainly 
want a second source for supplies," 
admits John C. Redmond, vice presi-
dent of research and development for 
GTE'S Communications Products 
group. "But one of the keys to this 
industry is how well we adopt uni-
form standards. The more things 
become standard across the industry, 
the more there will be opportunities 
for high-volume production of cir-
cuits by IC manufacturers." 
The Bell System, which began its 

move toward a nationwide digital 
network in the early 1960s, indicates 
it will continue to study the capabili-
ties of outside components. Bit there 
are indications that many telecom-
munication systems houses are al-
ready feeling the burden of fabricat-
ing high volumes of ics, says Intel's 
Livingston. 

"VLSI is increasingly becoming a 
key strategic element and some man-
ufacturers are committed to an in-
house capability. But now some are 
turning back to the merchant mar-
ket, which can provide the kinds of 
capacity that will be needed," he 
explains. "I think you will see 
increasing joint efforts between ven-
dors and equipment designers of 
future generations of special la and 
an increase in the use of silicon foun-
dries" (see p. 81). 

Industry analyst James Barlage of 
Smith Barney, Harris Upham & Co. 
in New York observes, "What these 
companies are finding out is that to 

keep up with process technology is 
much harder than they thought." 
Moving away. But on the other 

side of the coin, says Livingston, a 
new wave of telecom firms is begin-
ning to invest in limited in-house 
manufacturing lines for prototyping 
and production of parts that are not 
available on the market. "The trend 
seems to be that those that have 
invested in the past are now turning 
back to merchant markets," he adds. 
"But, there are those who are just 
now investing in fabs as a key strate-
gic element in market plans," says 
the Intel marketer. 

Mostek's Merritt agrees that more 
telecom IC business will be moving 
to vendors and away from in-house 
production facilities. However, he 
still sees some apprehension. "I think 
that one of the problems is that even 
though these parts are off the shelf, 
customer specifications often cause 
the end product to be different from 
others—codec-filter chips must be 
coupled to systems." 

Karasch at Motorola believes in-
house production operations are nor-
mally less cost-efficient because of 
"economies of scale. They also don't 
have things like offshore facilities to 
hold costs down," he notes. "1 can 
see them maintaining their design 
expertise and maintaining some of 
their in-house capabilities, but they 
will work with major semiconductor 
manufacturers in doing mask-pro-
vided circuits." El 
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The 6500/1 One-Chip Micro. 
First, look what it's got. 
Then, look what it costs. 

$10.50 at 1,000. And there's more good news. No 
masking charge for the on-board 2K x 8 programmable 
ROM. And, the MOS 6500/1 is avaiàble in either 
1MHz or 2MHz versions. 

Here's what you get A microcomputer on a chip. 
The 8-bit NMOS 6502 CPU, software compatible with your 
existing 6502 programs. Four I/O ports (32 bi-directional 
lines). One bi-directional counter line. On-board clock. 
2048 x 8 ROM. 64 x 8 static RAM. Your choice of a 1MHz 
or a 2MHz internal clock. 16-bit programmable counter/ 
latch with four modes. +5V supply. And more. All, on 
a 40-pin DIP Plastic or ceramic. 

Good old 6502. Simple to program. Familiar. Which 
means you write software in weeks. Instead of months. 
And, the 6500/1 is the microcomputer on a chip with 
software compatibility with its host CPU. 

Prototyping? Simple. Build your prototype system 
with PROMs before committhg to mask-programmed 
production. Our 64-pin prototyping part, the 6500/1E 
emulator includes all 6500/1 interface lines and brings all 
internal memory address, data and control lines off-chip. 
There's even a 40-pin configuration in piggy-back EPROM. 

CLOCK 
OSCILIfiTOR 

Delivery now. 1MHz or 2MHz. Take your pick. Develop 
your system, provide us with final ROM masking program 
and we II have your 6500/1 biC's back to you in five 
weeks. And yes. there are second sources. 

More information? Call us. Or, mail us the coupon 
below. We'll have data sheets on the way to you. Pronto. 

CK commodore 
SEMICONDUCTOR GROUP 

MOS TECHNOLOGY 
950 Rittenhouse Rd. 
Norristoffl, PA 19403 
(215) 666-7950 

Eastern Regional Office 
950 Rittenhouse Rd. 
Norristown, PA 19403 
(800) 345-6386 Toll Free 
TWX 51066041'68 

Frontier Manufacturing Inc. 
2955 N. Airway Ave. 
Costa Mesa, CA 92626 
(714) 979-6300 

Western Regional Office 
3330 Scott Blvd. 
Santa Clara, CA 95050 
(408) 727-1130 

Optnelectronics, Inc. 
4350 Be.twood Parkway So. 
Dallas. TX 75234 
(214) 387-0006 

Central Regional Office 
4350 Beltwood Parkway So. 
Dallas. TX 75234 
(214) 387-0006 
TLX 730-969 

Gentlemen. Please send me complete information on the MOS 6500/1 computer on 
a hip. D Include data on your line co' 6500 support chips, 

Name  

Address  

City State Zip  
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Probing the news 

Data communications 

Ethernet gets two bad report cards 
But the analyses saying Xerox's digital network 

will fail to dominate the market draw quick rebuttals 

by Martin Marshall, San Francisco regional bureau 

Earlier this month, the president of a 
small industry-analysis firm in San 
Jose, Calif., called Strategic Inc. 
summoned his researchers into his 
office. He told them that the firm 
had completed and was about to 
publicize a study that concludes that , 
Xerox Corp. is headed for the worst 
failure in its history. 

"Xerox's Office Products division 
strategy, based on Ethernet, will fail, 
and it will happen within two years," 
asserts Michael Killen. "The failure 
will be of greater magnitude than 
Xerox's previous failures with Da-
conics, Xten, and even the SDS 

bath." Realizing that his report, en-
titled "Xerox—the Key Issues," may 
be regarded as spitting against the 
wind of Xerox's movements and 
those of the community of Ethernet 
suppliers, Killen further underlined 
his belief by saying, "I would bet my 
company on it, and I'd bet my future 
on it." 

Meanwhile, a second study was 
emerging independently at Venture 
Development Corp. in Wellesley, 
Mass. Titled "Local Area Networks, 
1981 to 1990: a Strategic Analysis," 
it reached conclusions that were not 
as extreme as Strategic's. It did 

Puncturing some Ethernet myths 

William Krause, president of 3Com Corp., a Mountain View, Calif., vendor of 
Ethernet-networking equipment, believes that four myths that have grown up 
around Ethernet can be dispelled by a closer look. 
The first is that, if Ethernet is not a dominant standard, it will not penetrate 

the large buildings of large companies. "The answer to that is that there will 
be no single standard and there will be lots of cables coexisting in the 
building," he says. Krause believes that Ethernet will be one of the set of 
wires in a building, but will not exclude others. 
A second myth is that Ethernet cannot carry voice. Krause notes that at 

the 64-kilohertz bandwidth used for high-quality voice, the 10-megabit 
bandwidth of Ethernet could carry 150 real-time conversations. Xerox's 
Donald J. Massaro, president of the Office Products division, lends further 
credence to this by promising that by 1983, Xerox will provide a gateway to 
integrating the telephone into Ethernet. Krause adds that Bell Telephone is 
currently conducting experiments on a real-time voice system using Ethernet. 
The third myth is the need for continuous video in the office. "There will 

not be a video camera per work station," he asserts. "If someone needs a 
video conference, he will go to the video-conference room." 

Yet another myth is that Ethernet is suitable only for the office environment 
and that it is too expensive. "Fully 50% of our customers are in the 
manufacturing environment with CAD, ATE, and CAM [computer-aided 
design, automatic test equipment, and computer-aided manufacturing] sys-
tems," says Krause. "This is where huge files must be transferred back and 
forth." As for the cost factor, he points to the fact that Intel, Advanced Micro 
Devices, Mostek, and Fujitsu have announced that they will manufacture 
Ethernet large-scale integrated circuits. "These will be the UARTs [universal 
asynchronous receiver-transmitters] of the 1980s, and they will make cost-
effectiveness Ethernet's biggest asset," Krause declares. -M. M. 

warn, however, that "some large 
companies may be hitching their 
wagon to the wrong star. Ethernet 
has limited growth potential." 
VDC drew three scenarios for the 

future of local-networking schemes, 
but the one it considers the most 
probable is that of "a technological 
jungle in which the marketplace is 
filled with different, innovative prod-
ucts, each fighting for its share on 
the basis of improved price-perform-
ance ratios." Says Edward A. Ross, 
manager of vDc's Communications 
division: "We expect a shakeout to 
occur in the 1983-85 timeframe, and 
probably several designs will be 
prevalent after that shakeout." 
As Killen sees it, "by the time that 

Xerox and [its Ethernet partners], 
DEC and Intel, build up a significant 
Ethernet capability, the world will 
have changed. There will be a mil-
lion non-Ethernet competitors out 
there." Surprisingly, Killen says that 
the factors that persuaded him to 
make such strong statements about 
Ethernet were the Xerox sales orga-
nization and customer base. "The 
copier sales force doesn't count on 
products of this nature, and beyond 
the copier base Xerox does not have 
a sufficient customer base in office 
equipment to leverage upward mi-
gration." 

Penetration of the Fortune 1,000 
companies is the key, he asserts, and 
he believes those companies will opt 
for networks including voice and vid-
eo capabilities. "Today, voice is not 
an issue, but in 1982 it will become a 
major issue. A few years after that, 
video conferencing will become im-
portant," he predicts. The net result, 
he believes, is that some customers 
will go on a holding pattern rather 
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Samtec ships your order 
before you finish your morning coffee. 

There's no reason to be concerned about whether your 
electronic hardware suppliers are going to deliver your 
order when you need it. Not when you can count on 
Samtec's "Sudden Service". 

Samtec cares about your order as much as 
you do. That's why we stock a full line of the 
products you need, including the industry's 
largest selection of instant break-away socket 
and terminal strips. These versatile strips speed 
assembly, fit where sockets won't, interconnect 
PCB's, and mount any standard or 
odd-sized components. 

So sit back, relax and enjoy your 
morning coffee. With Samtec's variety 
of components, huge inventories and 
dedication to providing the best 
service possible, you can rest 
assured your order is on its way. 

)71 
...•••10 

.erem. 
.roteme•• 

Call or send the coupon below for our new catalog with 
complete specs and ordering data. 

samtec 
ELECTRONIC HARDWARE 
P.O. Box 1147 • 810 Progress Boulevard 
New Albany, IN 47150 • (812) 944-6733 
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ThA NEW 
M , 

Electronics 
Buyers, Guide 

is now available! 

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! 

Electronics Buyers' Guide 
1981 - 

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 
1981 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. 

I've enclosed $52 for air delivery 
elsewhere. Address: EBG, Shoppenhangers 
Road, Maidenhead, Berkshire S16, 
201 England. 
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than buy Ethernet systems, some 
will buy systems based on private 
branch exchanges, and some will buy 
broadband networks like Wangnet. 
Quick reaction. The reaction from 

Xerox was immediate. At the Nov. 
17 introduction of its Ethernet-con-
nected Memorywriters, one spokes-
man retorted that "that's the sort of 
thing you have to do to sell reports. 
No one wants to buy a report that 
says that Xerox or IBM is doing the 
right thing." At an American Elec-
tronics Association meeting the next 
day, Donald J. Massaro, president of 
Xerox Office Products division, ad-
dressed the question of wiring large 
buildings of Fortune 1,000 compa-
nies with Ethernet. 
"You would not need the network 

in every area of the building at 
first," he cautioned. He revealed 
that the Pentagon has asked to be 
completely wired for Ethernet and 
that Xerox's advice was that it not 
do the entire building. "We recom-
mended that areas be networked 
first, and then they could add to the 
system when needed," said Massaro. 
No video. Massaro acknowledges 

that "Ethernet will never be able to 
do video, but there is little use for 
that in the office." He declined to 
forecast a dollar volume for the 
local-network market, however, say-
ing, "We have not placed a figure on 
the network itself because that is not 
what will make money. It's the 
equipment that you will be attaching 
to the networks that manufacturers 
are interested in." 

It may be that the differences of 
opinion result from the question not 
of whether Ethernet will do well, but 
of whether it will dominate the local 
network market. VDC itself projects 
that local-networking equipment for 
local networks will be a $1 billion 
market by 1990, while William 
Krause, president of 3Com Corp. of 
Mountain View, Calif., an Ethernet-
networking equipment vendor, pre-
dicts that by 1985 there will be $3 
billion worth of automation equip-
ment connected to Ethernet. The 
huge spread between the two projec-
tions is partly due to the fact that, 
for example, the price of a terminal 
connected to Ethernet would be 

included in the 3Com projection, but 
not in the projection from VDC. 

Dataquest Inc. of Cupertino, 
Calif., has its own predictions about 
local networks. "We separate it into 
two types, the high-cost systems that 
will connect mainframe computers 
and the lower-cost ones such as 
Ethernet and Datapoint," says Mar-
tin Fletcher, vice president of Data-
quest in charge of its telecommuni-
cations service. "We expect to see 
higher-cost networking equipment at 
$75 million in 1985, and lower-cost 
networking equipment at $175 mil-
lion in 1985." 

vDc's Ross points to the "limited 
growth potential" of Ethernet as a 
drawback, noting that "Ethernet has 
no access control and no prioritizing, 
which means that a long message 
can hold up a short, important one." 
Moreover, delays due to distance on 
the cable could result in a significant 
number of data-packet collisions as 
the traffic on the net got heavy. He 
admits, though, that these would not 
be a problem at the 1% to 3% utiliza-
tion rate used by many designers. 
He also points out that Ethernet is 

"not suitable for synchronous trans-
mission" of the kind that character-
izes computer exchanges. "The prob-
lem is not with the Xerox marketing 
muscle. It's that the Ethernet system 
is suboptimal. For small systems and 
office-automation equipment, 
Ethernet may be just what the doc-
tor ordered, but for the kind of thing 
the Fortune 500 companies want, it 
will require broadband and some 
access control," he asserts. 
Good enough. Dataquest's Fletch-

er agrees that Ethernet is an imper-
fect system, but says that "a stan-
dard does not have to be optimum. It 
must have adequate capability. It 
must handle the majority of require-
ments in an adequate and cost-effec-
tive manner. It must be timely, in 
that it must be available before too 
many other systems have secured a 
foothold. And it must have the spon-
sorship of major manufacturers." 
Ethernet, Fletcher believes, can be 
made to fit the standards mold. "It 
will become, at very least, a de facto 
standard, although there will contin-
ue to be several networks. Ethernet 
will be the dominant noncaptive sys-
tem, with. significant penetration by 
people like IBM and Wang." 
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1,50-CMOS A RANGE 
OF PRODUCTS FORA RANGE 
OFAPPLICATIONS. tThhaet features 

Semiconductor's ISO-CMOS technology ideal for the 
telecom industry also make it ideal for a varied 
range of other applications. 

Why? 
Consider the stringent requirements of the 

telephone industry. Reliability is cruciaL Power and 
space are limited in both telephone sets and 
PABXs. Battery back-up is important. A wide 
voltage range is needed. 

ISO-CMOS technology meets these challenges 
and performs superbly. ISO-CMOS makes it 
possible for us to produce the best selling PABXs 
in the world. 

Now, these very same features of ISO-CMOS 
products can be applied to any high speed, low 
power or portable applications in an electrically 
noisy world. 

1 

• 

The Mite! Superswitch TM Family. 
Superb examples of 
ISO-CMOS application_ 
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Consider the following products for your 
application: 
Digital: 
MD2I SCI4 IK x 4 static RAM 
MD235C16 2K x 8 ROM 
MD4332 LCD Display Driver 
MD685CO2 8 bit Microprocessor 
MD74SCxxx Octal Interface Circuits 

Telecom: 
ML820415 Telephone Set Tbne Ringer 
MT43201251Ëlephone Set Pulse Dialer 
M15087189191 Telephone Set D1MF Generators 
M78804 8x4 Analog Switch Array 
M18860162163 DIMF Digital Decoders 
M78865 DTMF Filter 
M789I2 PCM Filter 

Find out even more about Mite! 
Semiconductors by contacting your local Mite] 
sales office. 
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MITEL SEMICONDUCTOR 
(kilted Stator,' 2321 Morena Blvd.. Suite M. San Diego. California. U.S A. 92110. 

Telephone (714) 27h 3421_ TWX: 910335-1242. 
POE Box 17170. 600 wrst Service Road. 
Dulles International Auport. Washington D C. U.S A. 20041. 
Telephone (703)661 8600. TWX: 710 833-0865. 

Canada: PO: Box 13089. hanata. Ontario, Canada 626 1X3. 
Telephone (613) 592-5630. Telex: 053-3221. TWX: 610 562 8529. 

1M Trademark or Ml Lei Corporation 
Copyright 1981 Mite) Corporation 

Europe: 33/37 Queen St., Maidenhead. Berkshire. England SL6 INS 
Telephone 0628 72821. Telex- 849 BOB 
Bredgade 65A. 2nd Floor. 1250 Copenhagen h. Denmark 
Telephone (011 134712 Telex: 19502. 

Asia: 1ST P.0. Box 98577 howloon. Hong Hong. 
Telephone 3 318256. Telex: 34235. 
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Has Ceramics Become Close 
to the Human Voice? 

PIEZO SPEAKER 
Coping with the Age of Voice Synthesis 

It has been a everlasting dream for human being to 
communicate with electronic devices. Now, the age 
of so-called speaking electronic device is about to 
come thanks to the rapid progress of voice synthesiz-
ing technique of IC and LSI. 

In order to meet the demand in the market, MURATA 
has developed an epoch-making product, PIEZO 
SPEAKER, which drastically changed the concept of 
the conventional buzzer as a communication signal. 
MURATA fully employed not only the latest tech-
nique of developing new material and thining tech-
nique corresponding to the trend of low frequency 
range but also various techniques accumulated 
through long positive achievements for the purpose of 
developing PIEZO SPEAKER. MURATA's PIEZO 
SPEAKER guarantees high sound pressure and clear 
sound, which is ideal for melody or synthesized voice, 

aPiezo speaker for synthesized voice 
• Frequency Range: 500Hz— 20KHz • Capacitance: 140nF at 120Hz 
120Hz • Impedance: 1.21«2 at 1KHz *Input Volt.: 30Vp-p max. 

Frequency Char. 
9') Op orating Volt. 1.5Vrm 

Distance 10cm 
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MURATA MFG.0O3LTD. 

HEADQUARTERS Nagaryltakyo-ML Kyoto 617. Japan   

MURATA CORPORATION OF AMERICA 

MURATA ERIE NORTH AMERICA INC. 

MURATA ERIE ELECTRONIK GMBH (Yrest Germany) 

MURATA ERIE ELECTRONIQUE, S.A. IFraneel   

MURATA ERIE ELETTRONICA S R.I.. Ouly1   

MURATA ELECTRONICS SINGAPORE IPTE.1 LTD.   

MURATA COMPANY, LIMITED Iliono Kano)   

TAIWAN MURATA ELECTRONICS CO., LTD.   

MURATA MFG CO LTD. Seoul Brandt Mora) 

VSL3.4 1 D25-07AR 

Phone 074921 9111 Tee. I a 7 64270 

Phone 404452 9777 Telex, 0541329 MURATA ATL 

Phone 404 952 9777 Ted. 0542329 MURATA AT L 

Phone 0971-66095 Telex 623763 MEGN D 
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Probing the news 

training but few business skills," 
Hodges notes. "We'd like to help 
them avoid the managerial pitfalls 
that can wreck technological ideas." 
One such advisory committee has 

already come together. The benefi-
ciary is MicroCompatible Inc., a 
year-old venture renting temporary 
space at Georgia Tech. MicroCom-
patible's consulting group consists of 
a corporate attorney, a marketing 
expert, and the president of a local 
software firm. Meetings with the 
start-up's founders occur monthly to 
review company progress and sug-
gest future strategy. 

Profit seen. The first of its type, 
Control Data's co-op program, ini-
tially tried out in 1979, serves as a 
model for projects like RN's and 
Georgia Tech's. But beyond its com-
mitment to helping new ventures, 
CDC believes its business and tech-
nology centers can also be money-
making propositions. The company 
establishes BIC services on such a 
large scale that it can rent them very 
widely, not just to start-ups occupy-
ing space in the centers, says Walter 
Bruning, vice president of retail mar-
keting. Further, he adds, CDC may 
invite outside-investors' participation 
in future such centers. 

Besides those already in operation, 
CDC plans other centers for Boston, 
Philadelphia, Miami, Baltimore, San 
Antonio, Texas, and Charleston, 
S. C. They can be located in new or 
renovated buildings with room for 
dozens of small firms. 
Not only high-technology compa-

nies find their way to wrcs — accord-
ing to Bruning, any new venture is a 
candidate for housing and services, 
including shared secretarial help, 
laboratory and light-manufacturing 
facilities, technical libraries, finan-
cial and legal advice, and access to 
CDC'S vast computer network. 
The large cooperative program's 

glittering array of resources brings 
sighs of envy back at the makeshift 
Cambridge co-op. "I'd sure like to 
see MIT have a program like that," 
says Dezmelyk. At CDC, RPI, and 
Georgia Tech, no one is complaining 
of difficulties finding enough strug-
gling, interested entrepreneurs to 
make the effort worthwhile. 
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Hughes EEPROMS Now in Volume Production! 

HUGHES 
HUGHES AIRCRAFT COMPANY 

Solid State Products 
500 Superior Avenue 
Newport Beach, CA 92663 
Telephone: (714) 759-2942 
TWX: 910-596-1374 

In Europe: 
Hughes 
Solid State Products 
Hughes Aircraft Intl Service Co 
Schmaedel Str. 22 
8000 Münich, West Germany 
Telephone: 49-89-8347088 
Telex: 5213856 HSPD 

Hughes EEPROMs, introduced in 1980, are 
gaining wide market acceptance in applica-
tions requiring electrically erasable non-
volatile memory and low power operation. 
Production quantities are now being deliv-
ered for both the 4K and 8K bit versions. 

Applications are divided into two general 

categories: 
MI convenient alternative to EPROMs 
• in-circuit programming which offers 
new dimensions in innovative design 
techniques. 

For example: Hughes has developed 
a digitally compensated crystal oscillator 
(DCXO) with temperature compensation 
using our HNVM 3008. The ROM code is not 

written until after the product is completely 
assembled, providing more accurate com-
pensation, ease of manufacture, and sub-
sequent recalibrations in the field. Other 
applications are emerging for postage 
meters, portable terminals, adaptive proc-
essors and many more. 

The HNVM 3004 (512 x 8) and the 
HNVM 3008 (1024 x 8) EEPROMs can be 

written 10,000 times and retain information 
for 10 years at 125°C or 20 years at 70°C. 
Naturally, the Hughes HNVM 3000 series are 
compatible with all major logic families. 

When programming time, endurance 
and access time are not critical, Hughes 
offers the HNVM 3704 (512 x 8) and the 
HNVM 3708 (1026 x 8). These devices have 
a program/erase time of 1 millisecond, a typi-
cal endurance of 100 cycles, and an access 
time of 550 nanoseconds typically. Other 
characteristics reflect the advantages of the 
HNVM 3000 series. 

It is time for you to consider Hughes 
EEPROMs. Programming is easy to accom-
plish either in-circuit or out-of-circuit. Parts 
are available now from Hughes distributors. 
For more information and your copy of 
our new EEPROM application notes, con-

tact your local Hughes Representative or 
Hughes—Solid State Products. 

Hughes...A Leader in CMOS Technology. 

REPRESENTATIVES: Austria — Burisch (0222) 38 76 38-0; Denmark— Micronor 06816522; England — Pelco (0273) 722 155; France— Alf atronics (1) 791.44.44; Norway — Henaco (02) 15 75 50; Spain 

— Cornelia 754-4530; Sweden — Allhabo 08-224600; Switzerland — Kontron 01 628282; West Germany — Astronic 0891304011 & Microscan 40(6 30 50 67; Australia— Compco 61 (02)-8683614; Hong 

Kong — Tektron 3-856199; Japan — Nihon Teksel (03) 461-5121. 
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Introducing, for PDP-11 RSX,RSTS/E, and AT-11 users 

Thelime Machine 
Tlhe First Dimension: Performance 

Pascal-2 performs. 
Pascal-2 programs run as fast as 
FORTRAN IV-PLUS programs—or faster. 
(FORTRAN IV-PLUS is Digital's fastest 
PDP-11 high-level language.) Pascal-2 
code is as small as code generated by 
any Digital PDP-11 compiler or interpre-
ter—or smaller. And Pascal-2 typically 
compiles at 1000 lines per minute. 

The Second Dimension: 
Structure and Portability 
As a programmer, you can write in a 
language close to your thoughts. With 
Pascal's structured methods, you can 
do the job right the first time. It's easier 
to design in Pascal than it is to debug 
in FORTRAN, assembler, BASIC, or COBOL. 

As a software manager, you will see 
the value of Pascal in improved com-
munication among team members: 
they can understand one another's 
code. Pascal's portability will protect 
your software investment: your 
programs will outlive your current 
hardware. 

The Third Dimension: 
Tools, Tools, Tools 
The compiler precisely reports typo-
graphic or syntactic errors. The inter-
active, source-level debugger helps 
detect deep-rooted logical errors. 
The profiler helps identify code that 
can be rewritten to speed program 

execution. Also included are format-
ters, index generators, and documen-
tation aids— a total of 70,000 lines of 
Pascal code. 

Our 2,000 customers use Pascal for 
such diverse applications as general 
ledger and payroll, integrated circuit 
design graphics, word processing, 
typesetting, and off-track betting; for 
trimming integrated circuits, monitoring 
particle accelerators, real-time ballistics 
modeling, and controlling saws in a 
lumber mill. 

The Fourth Dimension: 
Our Past and Future 
The core of our technical group has 
been together more than a decade. 
Our Pascal-1 compiler entered com-
mercial use in 1975. Before releasing 
our PDP-11 product, we delivered 
Pascal-2 under contract to two major 
computer manufacturers for three 
different processors. Now we're mov-
ing Pascal-2 to Motorola's MC68000, 
to Digital's VAX-11, and to the UNIX 
operating system. We're committed 
to Pascal for the long term. 

Call or write. We'll send benchmark 
details, a product description, and a 
free copy of the Pascal-2 manual 
(specify RSX, RT-11, RSTS/E). 

PDP, VAX, RSX, RSTS/E, RT-11, and FORTRAN IV-PLUS are 
trademarks of Digital Equipment Corporation. MC68000 
is a trademark of Motorola Inc. UNIX is a trademark of 
Bell Laboratories. 

Pascal-2: The Dimensions of Performance 
Ask for a free 18"x 24" poster of this photograph. 

Network Computer Services 
6 Cunningham Street 
Sydney 2000, Australia 
Telephone: 211-2322 
TLX: 25523 

Valley Software, Inc. 
6400 Roberts Street, #390 
Burnaby, BC Canada V5G 4G2 
Telephone: 604-291-0651 

Hourds Computing, Ltd. 
7-8 Mill Street 
Stafford ST16 2AJ, England 
Telephone: 0785-44221 
TLX: 36540 

Real lime Products 
1 Paul Street 
London EC2A 4JJ, England 
Telephone: 01-588-0667 
TLX: 884971 

Rikei Corporation 
1-26-2 Nishi Shinjuku 
4316 Shinjuku-ku 
Tokyo 160, Japan 
TLX. 24208 

AC Copy 
Kurbrunnenstrasse 30 
D-5100 Aachen 
W. Germany 
Telephone: 0241-506096 
TLX: 832368 

Periphere Computer 
Systems GmbH 
Pfalzer-Wald-Strasse 36 
D-8000 Munchen 90 
W. Germany 
Telephone: 089/681021 
TLX: 523271 

Circle 

Oregon 
Software 

2340 S.W. Canyon Road 
Portland, Oregon 97201 
(503) 226-7760 
TWX: 910-464-4779 
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Technical articles   

Bipolar VLSI builds 
16-bit controller 

handling many fast 
peripherals at once 

Special-purpose microprocessor has 

con7oller instruction set in microcode, 

manipulales three operands in one cycle 

by Sunil Josh, Deepak Mitha-u, and Steve Stephansen 
Advanced Mrctio Devices Inc., Sunnyvale, Call!. 

D In the last decade, peripheral controllers have evolved 
from little more than simple input/output ports into 
highly sophisticated dedicated processors that command 
the level of performance necessary for handling high 
data rates. They also must now provide intelligent pre-
and post-processing of data to offload from the host 
computer the specialized tasks intelligent controllers per-
form. 

Recognizing the need for such a processor, Advanced 
Micro Devices has combined its proprietary Imox pro-
cessing technology with a bipolar circuit design of scaled 
emitter-coupled logic based on very large-scale integra-
tion to produce the Am29116 16-bit bipolar micropro-
cessor. The largest and the most complex bipolar device 
ever produced, the 29116 has an architecture and an 
instruction set specifically designed for high-perform-
ance, intelligent peripheral controllers. The high per-
formance is a result of its unique architecture, micropro-
grammable instruction set, and processing technology; 
its requisite high speed is achieved by designing the part 
in ECL with "rm.-compatible levels at the pins (see "What 
is microprogramming?" p. 100). 
The instruction set of the 29116 has extensive data 

and bit manipulation capability to mask, rotate-and-
merge, or rotate-and-compare, data in one microcycle— 
functions that are useful for field extraction, field inser-
tion, and data alignment, which are frequently encoun-
tered in controllers. The architecture provides flexibility 
and parallelism in the data paths so that the device can 
perform in one microcycle a complex function that 
would take other processors several cycles to execute. 
One such feature is the barrel shifter, which rotates a 
16-bit word by up to 15 places in one microcycle before 
the arithmetic operation is performed. The part also has 
an on-chip priority encoder and cyclic-redundancy-

checking logic for specialized functions. 
Created for a microprogrammed environment, the 

29116 gives the user the flexibility to tailor the controller 
architecture for a specific application. mos microproces-
sors, with their fixed architecture and instruction set, are 
limited in this respect. The performance is at least an 
order of magnitude higher than that of any available 
mos device (see "Imox: a union of rn_ and ECL," 
p. 102). 
The 52-pin device has a microcycle time of 100 nano-

seconds. In one cycle, the three-input arithmetic-and-
logic unit operates on one, two, or three operands, while 
the barrel shifter is rotating one of the operands before it 
is used for an operation. The part also has a single-port 
register file that is 32 words deep by 16 bits wide and a 
dedicated accumulator to store temporary results. In this 
way, the advantages of both register-based and accumu-
lator-based machines can be obtained (Fig. 1). 

Bidirectional busing 

The bidirectional 16-bit Y-bus is the primary off-chip 
data input and output port. The 16-bit D-latch at the 
input allows the data to be presented directly to the ALU, 
or be latched and used in the next cycle. This latch can 
thus be used as a pipeline for prefetching data while the 
ALU is performing a different function. It is also possible 
to bring data onto the chip on the Y-bus, perform some 
function on it, and then send it out again on the same bus 
without even having to store it. 
The priority encoder generates a binary coded num-

ber, indicating the most significant bit in the operand 
that is a one. This special-purpose hardware module 
saves a significant amount of time, since a subroutine is 
ordinarily required to perform this often-used operation. 
The status register is clocked with the ALU every cycle 
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and can even contain user-defined status bits whose 
function is defined by the microcode. Using microin-
structions, it is also possible to provide a condition-test 
output based on the status. The bidirectional T-bus, 
when used as an input, exploits the device's parallelism 
further by allowing the user to select a condition for 
branching, while simultaneously executing an instruction 
in the ALU. The user can also select separate read and 
write addresses for the same instruction in both the byte 
and 16-bit word modes. 

In addition to having full-carry lookahead across all 
16 bits, the ALU executes all the conventional one- and 
two-operand instructions, such as move, complement, 2's 
complement, add, subtract, AND, NAND, OR, NOR, exclu-
sive-OR, and exclusive-NOR. 

Masking in a microcycle 

Where the 29116 departs from convention is in its 
ability to operate on three operands simultaneously in a 
single microcycle. Thus a bit field can be selected from 
the two data operands with a masking operand all in a 
single microcycle. 
The ALU produces three status outputs: overflow, neg-

ative, and carry. The zero flag, although not generated 
by the ALU, detects zero at both the byte and word level. 
The carry input to the ALU selects an input of 0, 1, or the 
stored carry bit from the status register, QC. Using QC as 
the carry input allows efficient execution of multipreci-
sion addition and subtraction. 
The condition-code generator contains the logic neces-

sary to develop the 12 condition-code test signals. The 
condition-code multiplexer selects one of these test sig-
nals and places it on the CT condition-test output for use 

by the microprogram sequencer. The multiplexer may be 
addressed in two different ways. In the first, a test 
instruction specifies the test condition to be placed on the 
CT output but does not allow an ALU operation at the 
same time. The second method uses the bidirectional 
T-bus as an input, which requires extra microcode but 
lets the controller simultaneously test and execute. 

Specialized instructions 

Immediate instructions are executed in two clock 
cycles. During the first clock cycle, the instruction 
decoder recognizes that an immediate instruction is 
being specified and captures the data on the inputs in the 
instruction latch. In the second clock cycle, the data on 
the instruction inputs is used as one of the operands for 
the function specified during the first clock cycle. At the 
end of the second clock cycle, the instruction latch is 
returned to its transparent state. 

Since the 29116 is optimized for intelligent control-
lers, it has extensive bit manipulation instructions oper-
ating in either the byte or the word mode. These instruc-
tions allow operations such as setting, resetting, and 
testing of any particular bit without affecting the rest of 
the bits. Single-bit masks can also be created, such as a 
single 1 in a field of Os or a single 0 in a field of Is in a 
single microcycle. In addition, the instructions can gen-
erate memory addresses in powers of 2 by incrementing 
or decrementing a number by 2^, where n can vary from 
0 to 15. 
The rotate-by-n instruction uses the barrel shifter with 

n specifying the number of bit positions the source is to 
be rotated. In the word mode, a specified number of bits 
are wrapped around over the 16-bit boundary; in the 
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1. Novel architecture. The arithmetic-and-logic unit on the 29116 16-bit bipolar microprocessor has three inputs so that a masking 

operation can be performed simultaneously with another instruction. The barrel shifter and priority encoder further optimize it for control. 
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2. Maximum system. If the highest speeds are required, then the 29116 can be assisted by support chips from the 2900 family. However, a 

minimum system configuration can be realized by using only the shaded components, though system throughput will be slightly degraded. 

byte mode, the bits are rotated around the 8-bit bound-

ary of the least significant byte. 
The rotate-and-merge instruction can merge two 

operands on a bit-by-bit basis, under the control of the 

mask as a third operand. Thus, in one microcycle, trans-
lation from one code to another, such as from ASCII to 

hexadecimal, can be done with this instruction. This sort 

of operation would require at least three instructions 

with a conventional ALU. 
The rotate-and-compare instruction compares a 

rotated operand with a nonrotated operand. A 1 at the 
mask input (third operand) eliminates that bit from the 

What is microprogramming? 

Most instructions execute a fixed sequence of steps to 
perform their function. This control sequence may be 
realized as a hardwired random-logic state machine that 
provides the necessary outputs for controlling the different 
functions. The disadvantage of this approach is that it 
leads to a design that is irregular and inflexible. 
An alternative is the microprogrammed approach, 

where the control information is obtained from a regular 
structure, such as a programmable array or a read-only 
memory. A sequence of controls is obtained by accessing 
different words in the array. This access is usually 
obtained by cycling through consecutive words in the 
array until the instruction is completed. The action is 
performed by a sequencer that selects the microsubrou-
tines that execute instructions. 

Thus, a microprogrammed control mechanism consists 
of a memory and a sequencer. The memory can be a 
ROM, programmable ROM or random-access memory, 
and the information residing in it is referred to as the 

microcode. The sequencer controls the order of execution 
of the microcode words. In a microprogrammed system, 
the output of that microcode memory, however it is 
stored, directly cántrols the machine's hardware. This 
memory in essence replaces the random-logic control 
mechanism of a machine. 
The modularity of this scheme results in a design that is 

easy to upgrade or modify, since programming a PROM 
takes much less time than redesigning a random-logic 
state machine. In the same way that assemblers simplify 
machine language programming, programs called meta-
assemblers can aid in the writing of microcode. A develop-
ment system called System 29 aids the design of micro-
programmed systems. It also contains a meta-assembler 
called Amdasm for assembling the firmware portion of a 
system. Using Amdasm, it is possible to write microcode 
using user-definable mnemonics and the other facilities 
provided by System 29 help in the development and 
debugging of this firmware. 
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comparison. The result of the comparison is loaded in the 
0 bit of the status register. If the comparison passes, the 
0 bit is set. 
The 29116 can also prioritize a masked operand, 

which is ideal for performing n-way jumps as well as for 
normalizing numbers. The priority encoder accepts a 
16-bit input and produces a 5-bit binary-weighted code 
indicating the bit position of the highest-priority active 
bit. If none of the bits is active, the output is 0. Such an 
operation requires a separate subroutine when carried 
out on conventional microprocessors. 

Forward and reverse 

For reliable data transmission, the cyclic-redundancy-
check instructions permit generation and comparison of 
the CRC check bits using any 16-bit polynomial. Since 
the CRC code standard does not indicate which data bit 
must be transmitted first, the 29116 supplies both for-
ward and reverse CRC instructions, each of which con-
sumes only two microcycles per bit — perfect for bidirec-
tional tape drives. 

In the first cycle, the data bit is shifted from one of the 
registers into the link bit of the status register. During 
the second cycle, check bits are generated by executing 
either the CRC forward or reverse instructions. The result 
is stored back into the check-sum register. 
The part also includes such niceties as exclusive-NOR 

sign extention for converting 8-bit integers into 16-bit 
ones and a single-bit shift directly on a register. 
A typical system configuration for the 29116 consists 

of a host computer, memory, and peripheral controller 
interfaced through three buses. The peripheral controller 
and the peripheral devices are interfaced with a separate 
data bus, which may be either serial or parallel, and a 
control bus. Information on the control buses comprises 
status, command, and timing signals. 

In a typical implementation of the peripheral control-
ler portion of a system, the bidirectional interface to the 
host's data bus is via two Am2950 8-bit parallel vo 
ports. Two Am2940 8-bit direct-memory-access address 

generators drive the associated address bus, and another 
2950 interfaces with the bidirectional control bus. The 
interface to the serial peripheral data bus in this case is 
serial. The interface between these bus-interface units 
and the 29116 is a 16-bit bidirectional bus that connects 
to its Y port. A 256-word random-access memory for 
temporary data storage and a 12-bit interface to the 
microprogram controller connect to the D inputs of the 
AM2910 microprogram sequencer. The bus-control and 
clock-enable signals for these devices are generated by 
the pipeline register at the output of the microprogram 
memory. 
The 29116, 2910, and the microprogram memory 

perform the data manipulation and routing; command 
and status generation and testing; and the timing-signal 
generation functions. This implementation minimizes the 
amount of hardware necessary to implement a control-
ler, which is accomplished by sharing the instruction-
inputs to the 29116 with the inputs to the 2910; by 
generating all the necessary test conditions within the 
29116, which permits connecting the CT output of the 
29116 directly to the condition code () inputs of the 
2910; by performing all the necessary status manipula-
tions within the 29116; and by using the same RAM 
address for reading and writing. 

A tradeoff 

Although the peripheral-controller implementation 
described above minimizes the amount of required hard-
ware, it does limit the throughput. The architecture 
shown in Fig. 2 uses the same bus interface circuits but 
maximizes the throughput of the controller at the 
expense of additional hardware. In this implementation, 
the instruction inputs of the 29116 and the D inputs of 
the 2910 are driven from separate microcode bits, mak-
ing possible simultaneous instruction execution in the 
29116 and direct jumping in the 2910. 
The multiplexer at the EE input of the 2910 allows 

conditions to be tested without loading the signals into 
the 29116. Four additional bits of microcode drive the T 
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3. Typical application. The 29116 is ideal for controlling Winchester disk drives. It can handle up to eight such drives simultaneously and, 

with the addition of a burst-error processor and data-ciphering processor, it can be made very reliable as well. 
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Imox: A union of TTL and ECL 

The Imox process is an advanced oxide-isolated structure 
developed by Advanced Micro Devices to address the 
reproducibility requirements of die sizes in excess of 
50,000 square mils. It employs fully ion-implanted transis-
tors, walled emitters, and two layers of metal interconnec-
tions. Assuming the same feature sizes, Imox can produce 
devices with less than half the base area and two thirds 
the collector substrate area of a diffused-isolation 
washed-emitter low-power Schottky transistor. Smaller 
sizes and inert isolation regions significantly reduce device 
capacitances and increase potential speed. 
The approach selected was to combine an oxide-

isolated device structure with emitter-coupled-logic inter-
nal and TTL input/output circuitry. The technique enabled 
engineers at AMD to pack the equivalent of over 2,500 

TTL gates into 78,000 square mils of silicon, using 3-
micrometer minimum features and an 8-Mm metal pitch. 
As with all large-scale integrated processes, Imox is a 

marriage of circuit and process approaches. The reason 
that the internal circuitry of the 29116 is implemented in 
ECL, while the inputs and outputs are all standard TTL 
levels with translators to the ECL interior, is because ECL 
possesses the ability to create dense structures with an 
excellent speed-power product through series gating. 
The barrel shifter in the 29116 is an excellent example 

of how ECL can be applied to a complex LSI device. This 
function performs a selectable n-bit shift or rotate. It is the 
equivalent of 276 gates and is implemented with 526 
components, consumes 92 milliwatts, and exhibits delays 
of less than 7 nanoseconds. 

inputs of the 29116, permitting simultaneous conditional 
testing and execution of an instruction in the controller. 
In addition, the ALU status bits can be selectively loaded 
into the 2904 to reduce the number of cycles necessary to 
perform status manipulation. 
By adding five additional microcode bits and a multi-

plexer at the I inputs of the part, separate source and 
destination addresses can be used in the same microcy-
cle. For example, the contents of the third register can be 
added to the contents of the accumulator and the results 
can be stored in register 7. 

In addition to supplying the basic oscillator and clock 
driver functions, the 2925 system-clock generator and 
driver lets the user dynamically alter the length of the 
microcycle and, thus, interface the 29116 with slower 
bus-interface and peripheral circuits. The 2914 handles 
high-speed interrupts from the peripheral controllers. 
The 29116 functions as a superior disk controller 

because its bipolar technology enables it to perform at 
much higher speeds than mos processors and, therefore, 
handle as many as eight Winchester disk drives simulta-
neously (Fig. 3). Its microprogrammability lets it be 
tailored to the requirements of a specific application. 
Efficient data movement and data compression is possi-
ble using instructions, such as rotate-and-merge. 

Major application areas 

The unit's bit manipulation instructions are useful for 
checking control and status bits. A microprogrammed 
system allows the controller to initiate a task such as 
positioning the disk head while performing other tasks 
until notified that the head is in position. 

Fast response to interrupts as well as other speed 
enhancements can be designed in, using other 2900 
bit-slice—family components. The CRC instructions can be 
used for the checking and generating the file header CRC 
bits; the CRC reverse instruction is included for systems 
(such as with magnetic tape) in which reading data in a 
forward and in a reverse direction is desirable to avoid 
time-wasting back-space and reread operations. 

Graphics processors vary in complexity based on the 
performance required from them, but sophisticated 
image processors require very high-speed controllers. 

The 29116 is well-suited for systems that include charac-
ter and vector display or partition the screen into various 
regions that may need independent scrolling, cursor con-
trol, zoom and pan, scaling, and translation and transfer 
of data between various sections of the memory. 

If the part is used for address generation, the arithme-
tic instructions using 2^ are useful. For example, in a 
windowing operation, there are certain bits in every 
horizontal scan that must be selected. The next line is 
displaced in the memory by a fixed address equal to the 
number of pixels in the horizontal line. 

Thus, address generation is simplified considerably. In 
addition, vectors can be generated from the coordinates 
of two points to be connected can be done easily using 
algorithms that generate the intermediate points and 
require only additions and subtractions for interpolation. 

Saving cycles 

The rotate, rotate-and-merge, and other specialized 
instructions of the 29116 let the user perform the func-
tions in one cycle that would take several cycles on 
conventional processors. For example, when a copying 
operation is performed on the display, a section of the 
area that was previously aligned with the 16-bit word 
boundary of the controller may no longer be aligned. The 
realigning may require rotation with a mask to leave the 
area outside the window unchanged. 

Another excellent application for the 29116 is as a 
cluster controller that manages a group of devices 
requiring service on a statistical basis. These devices 
could be terminals or printers or specialized uo ports. 
The controller can dynamically alter device priorities to 
assure a fast response to the active devices at the expense 
of the inactive ones. 
The kinds of functions that a cluster controller may 

have to perform are data transfers between the devices 
themselves or between a memory and the devices, check-
ing of device status, diagnostics, and assigning of service 
priorities. The priorities can be of different kinds and 
may be dynamically alterable. For example, when all 
devices are of equal priority, then a round-robin scheme 
can be used so that the device just serviced gets the last 
priority for the next service. 
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Devices meeting heralds 
new processes and materials 

to enhance future systems 

C
reative new techniques continue to better the 
performance ratings and integration levels of 
digital mos and bipolar chips, though the form-
er is getting the lion's share of , attention in 

Washington, D.C., Dec 7-9, at the International Elec-
tron Devices Meeting [Electronics, Sept. 22, p. 97]. 

Sapphire is still being pushed as a starting material, 
but silicon dioxide for device isolation and as an insulat-
ing substrate is seen as more cost-effective. A deeper 
understanding of how alpha radiation affects ics has 
brought about a wave of unique solutions to the problem. 
New device models, some of which track transistor 
action in three dimensions, now allow engineers to pre-
dict the behavior of submicrometer devices. 

Polysilicon is being augmented with metal and metal 
silicides to truncate signal delays, and all these improve-
ments are bringing very large-scale integrated circuits 
like the 256-K random-access memory that much closer 
to production. 
Complementary-mos technology, nearly neck and 

neck with n-channel processes for VLSI, is benefiting 
further from knowledge gained about scaled-down p-
channel devices. For a new level of compaction, some 
arrangements have c-mos's p-channel device stacked on 
top of the n-Moe transistor, or vice versa. 
Methods abound on how to optimize the storage and 

retention capabilities of electrically erasable program-
mable read-only memories. At least two of the tech-
niques promise the multiplicity in density afforded by 
requiring only one transistor per bit of EE-PROM. 

Substrate improvements 

Mechanisms to enhance the action of mos transistors 
are being attempted above and below the substrate. 
Below the substrate, efforts center on ways to isolate 
devices from one another and to shelter them from noise. 
At Nippon Telegraph & Telephone Public Corp.'s 

Musashino (Japan) Laboratory, a process called full 
isolation by porous oxidized silicon, or Fipos, is being 
used to separate active devices with a thick dielectric 
Electronics, Jan. 27, 1981, P. 77]. The lab is applying the 
technique to c-mos circuits and has so far built a 1,300-
gate logic array that is 20% faster than a bulk c-mos 
version would be. 
To help neutralize carriers generated by alpha parti-

cles, International Business Machines Corp.'s Thomas J. 
Watson Research Center in Yorktown Heights, N. Y., 
buries a perforated n-type grid about 2 gm below the 
surface of a p-type substrate (Fig. 1). The grid and an 
intervening p-type implant to subdue punch-through 

by John G. Posa, Solid State Editor 

For MOS. An island of single-crystal silicon is isolated (above) using 

NTT's Fipos process. In the middle set of photographs, the thin finger 

is a titanium disilicide gate etched by Texas Instruments; below that 

are two 256-bit memory arrays used by Fujitsu to test nitride storage 

capacitors, and the MOS cross section at bottom was passivated 
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Isolation schemes and suicides are helping perfect 
MOS integrated circuits; solid-state imagers will be followed 
by flat displays that will be fed by high-power chips; 
GaAs parts and fiber optics raise bandwidth of communications 

•••i, 

with a very low-temperature process from Hughes. At far right, the 

top photograph shows a molybdenum gate in a 4-K static memory 

from NEC and NTT, and the larger photo below contains a new 

Toshiba sense amplifier that compensates for the threshold voltage 

of array transistors in MOS dynamic RAMs. 
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may be built with one mask and two implants. The 
combination blocks up to 85% of the charge that would 
be collected by a very large electrode, and when the grid 
is implanted so as to line up with a memory array, soft 
error rates can be reduced by a factor of five. 
To improve the storage characteristics of mos dynam-

ic RAMS in particular, Toshiba Corp.'s Semiconductor 
Device Engineering Laboratory in Kawasaki, Japan, has 
designed and tested a sense amplifier that compensates 
for the threshold voltage of cell-selection transistors. 
Fujitsu Ltd.'s laboratories, also in Kawasaki, are replac-
ing the oxide dielectric present in today's storage capaci-
tors with plasma-deposited silicon nitride. The dielectric 
constant of Si3N4 is 30% higher than that of silicon 
dioxide, and it can be shaved down to 70 angstroms yet 
still block ions and impurities. 

Toshiba and Fujitsu both say their ideas are inspired 
by the goals of 256-K and 1-megabit dynamic RAMS. 
Indeed, Toshiba goes on to describe a 256-K RAM based 
on buried-channel mos field-effect transistors and 
molybdenum disilicide gates [Electronics, Sept. 22, 
p. 78]. NTT's Musashino lab has improved the produci-
bility of its 256-K RAM through parallel-plate plasma 
etching of its molybdenum-on-polysilicon gates [Elec-
tronics, Feb. 14, 1980, p. 140]. 
The fact is, numerous efforts are under way to replace 

doped polysilicon with metal silicides or pure metals to 
speed signal propagation in VLSI circuits [Electronics, 
Nov. 3, 1981, p. 101]. These higher-conductivity materi-
als bolster the performance of shrinking interconnection 
paths and contact vias. Elsewhere at NTT's lab, an 18-
nanosecond mos 4-K static RAM with pure molybdenum 
gates and interconnects has been executed, with MoSi2 
used for direct contacts between the metal and diffused 
n+ regions. 
At Intel Corp.'s Livermore, Calif., facility, pure tung-

sten also is being used for gates and direct contacts. 
Texas Instruments Inc. prefers titanium disilicide and 
has etched 1-1.tm gates out of the material. 

Besides modern dry-etching techniques, the use of 

metal and silicide gates is made possible by low-tempera-
ture passivation techniques such as the 50°-to-300°C 
Photox process pioneered at Hughes Aircraft Co.'s 
Technology Support division in Culver City, Calif. 
Now that complementary-MOs technology has estab-

lished itself as a viable contender for VLSI, research is 
under way to determine how the n- and p-channel 
devices in c-mos circuits will behave as geometries are 
scaled down. Since fine-line n-channel mos FETs have 
already been extensively characterized, interest in sub-
micrometer p-channel MOS FETs is on rise. 

Scaled-down C-MOS 

Exploiting capabilities in X-ray lithography and reac-
tive sputter etching, researchers at Bell Laboratories, 
Murray Hill, N. J., have patterned p-mos FETs with 
channels as short as 0.5 m. With high gate voltages, 
behavior of the transistors is dominated by velocity sat-
uration, as it is with extremely small n-MOS FETs. As 
such, Bell found the drain currents of submicrométer n-
and p-channel devices are comparable, given equal 
geometries, oxide thicknesses, and thrèshold voltages. 
By shrinking effective channel lengths on its n-mos 

FETs to 0.25 eLITI, Bell has already demonstrated remark-
able stage delays in unloaded devices [Electronics, Dec. 
18, 1980, p. 40]. P-channel FETs of a similarly high 
caliber open the door at Bell to c-mos circuits with 
picosecond delays at microwatt power levels. 
Texas Instruments, now getting into c-mos in a big 

way, is also investigating scaled-down n- and p-mos FETS 
and, in particular, the effects of reduced c-mos source 
and drain regions. Modeling transistors with channels as 
short as 0.2 eim, scientists at Ti's Central Research 
Laboratories in Dallas have found that the gain of n- and 
p-mos devices peaks at channel lengths of about 0.4 and 
1.4 gm, respectively, primarily because of contact resist-
ance. The problem is much more pronounced in the 
p-channel FETs because of the higher sheet resistivity of 
the boron junctions. 

Because the p-type boron diffuses more quickly in 
silicon than does n-type arsenic, Ti suggests that the 
boron source-drain implant dose be reduced from that 
predicted by conventional scaling theory. This reduction 
results in a beneficial side effect: the previously-
implanted n+ source-drain regions can be boron—count-
er-doped without a shift in threshold voltage. In other 
words, the entire chip can be blanketed with boron, thus 
saving one masking step. 

Interestingly, cross-sectional diagrams in one of Ti's 
papers show a twin-tub c-mos process—built in an 
epitaxial layer—much like the one Bell Labs is using for 
its 32-bit microprocessor and other applications [Elec-
tronics, Oct. 6, 1981, p. 106]. 
Two research concerns, the Lincoln Laboratory of the 

Massachusetts Institute of Technology in Lexington and 
the Centre National d'Etudes des Télécommunications 
of Meylan, France, have come up with vertically stacked 

1. Buried alpha-stopper. To block the ill effects wrought by alpha 

particles, IBM Corp. buries an n-type grid and an intervening p-type 

implant about 2 micrometers below the surface of a p-type substrate. 

Together, they can reduce soft error rates by 80%. 
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2. Stacked C-MOS. Both the Centre National d'Etudes des Télécommunications and the Lincoln Laboratory of the Massachusetts Institute of 

Technology have come up with structures that stack the n- and p-channel devices of C-MOS circuits atop one another. CNET's version is 

shown, but both laser-anneal the upper of two polysilicon layers, allowing the gate to control channels above and below. 

c-mos inverters with an uncanny similarity. Both com-
mence with a standard double-polysilicon mos structure 
but laser-anneal and dope the upper layer so that it can 
act as a channel. With this arrangement, first-level—poly-
silicon gates can control current above and below them, 
as CNET's construction in Fig. 2 illustrates. 

ma's stacked c-mos gates are nearly identical in 
principle, except that all doping polarities are reversed 
(it begins with an n- rather than a p-type substrate). 
Using 4-gm channels, ma's inverter measures 320 gm'. 
New applications of c-mos technology include the 

fabrication of a 4-K-by-4-bit clocked RAM on a sapphire 
substrate at Hughes Aircraft Co.'s Newport Beach, 
Calif., Research Center. The chip's typical access time is 
150 ns (or 110 ns with tantalum suicide gates); power 
dissipation is 20 milliwatts at 3 megahertz and a mere 35 
microwatts on standby. 
To arrive at such performance specifications, Hughes 

used planar plasma etching for highly vertical gate-
electrode walls, thus eliminating edge leakage and low 
gate-oxide breakdown. Preliminary testing demonstrated 
that the memory can withstand a radiation dose of 10' 
rads (silicon). 

Improving EE-PROMS 

Efforts to reduce the size and operating voltage of 
electrically erasable programmable read-only memories 
are paying off. Unlike other floating-gate EE-PROM tran-
sistors that employ a separate tunnel oxide for cell 
programming and erasure, a compact cell developed at 
Motorola Inc.'s mos ic division in Austin, Texas, uses 
the entire channel as the tunneling area. 
With 3-gm feature sizes, Motorola's memory cells 

measure 261 gm' and the 32-K chip in which they are 
used, only 33,400 square mils. For comparison, cells in 
Intel Corp.'s 27,225-mil' 16-K EE-PROM measure 548 
gm'. Motorola's EE-PROM process is compatible with 
conventional double-polysilicon technology with the 
addition of one mask. Thus, the company's microcom-
puter line could easily be fitted with nonvolatile electri-
cally erasable storage. 

Whereas Motorola's EE-PROM features byte erasure, a 
triple-level polysilicon cell from Toshiba Corp.'s Semi-
conductor division in Kawasaki offers this plus erasure 

on a bit-for-bit basis. Charge on the second-level floating 
gate is monitored with the application of a sensing 
voltage to the first-level erase gate to prevent evereras-
ure into depletion. Toshiba has built a 64-K EE-PROM 
with 150-gm' cells that measure 41,500 mil'. 

Like Toshiba's memory, an EE-PROM under develop-
ment at Fujitsu Ltd.'s lc division in Kawasaki gets by 
with a single transistor per bit. Programming in Fujitsu's 
cell is accomplished by means of avalanche injection 
from the channel, as with E-PROM cells. Erasure, how-
ever, is carried out through avalanche injection from a 
p+ n junction embedded in the floating gate. A big 
advantage of the assembly, says Fujitsu, is the lack of a 
thin tunnel oxide, which can degrade retention. 

Bipolar's prospects 

Members of Hitachi Ltd.'s Device Development 
Center in Tokyo feel that silicon bipolar transistors are 
not only competitive with gallium arsenide metal-semi-
conductor FETs in terms of speed, but they are more 
reliable and can be integrated more densely and at lower 
cost. Their studies indicate that 500-Â transistor base 
widths are possible; and if these are coupled with 0.5-gm 
emitters, 75-picosecond emitter-coupled-logic gates 
would result. GaAs MES FETs, they say, have achieved 
propagation delays of 62 ps using 1-gm line widths. 
Work is underway at Fairchild Camera & Instrument 

Corp.'s Advanced Research and Development Laborato-
ry in Palo Alto, Calif., to ascertain the effects of geome-
try reductions on the Schottky diodes used in bipolar 
technology. Their results suggest that the voltage-barrier 
height must be trimmed along with physical dimensions 
to the point where today's platinum and palladium sili-
cide diodes will no longer deliver optimum performance. 
Solutions include the use of other transition metals and 
new structures, on both of which Fairchild is collecting 
data. 
Workers from the NTT's Musashino Laboratory and 

its Ibaraki Laboratory are using Van de Graaff accelera-
tors to implant bipolar devices. The high energy of the 
implants allows channel-stop and buried-layer ions to be 
shot right through thick-field and thin-gate oxides, 
respectively. The upshot is a much simpler process flow 
that includes no epitaxy. 
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Sensors sharpen their images; 
logic chips reach high voltages 
by Roderic Beresford 
Components Editor 

The next generation of image sensors will be seeing 
less noise and more color, and doing it faster. Array 

architecture and isolation techniques open the doors to 
capture of fast transients and higher sensitivity. The 
pictures captured will go to flatter displays, like those 
based on plasma panels or thin-film transistor arrays. 
To interface directly with peripheral devices like dis-

plays and electrostatic printers, logic chips are integrat-
ing high-voltage mos devices with uncompromised per-
formance. Several new processes are demonstrating the 
relative merits of field-plate structures, drift regions, and 
buried layers in controlling strong surface electric fields. 

Discrete mos power devices, meanwhile, reach for 
ever higher current and voltage capabilities with 
advanced processes. Also, thyristor experts look for more 
control over switching dynamics. Thus this year's Inter-
national Electron Devices Meeting will feature wide-
ranging advances in components. 

Small, lightweight video cameras using silicon imag-
ing arrays are already a commercial reality; researchers 
are refining fabrication techniques and designs in order 
to home in on better-yielding processes, sharper images, 
color, and high-speed capabilities. 

Hitachi Ltd.'s Central Research Laboratory in Koku-
bunji, Japan has demonstrated the first use of an amor-
phous silicon film for the photoconductive layer in a 
color imager. The silicon marks an improvement over its 
previous imager, which used a chalcogenide glass photo-
conductor: it leaves the scanning array free of defects 
and stands up better to the heat during subsequent 
formation of the color filters on top of the chip. 
A top electrode of indium tin oxide forms a Schottky 

barrier on the amorphous silicon, limiting the dark-
current density to a very low 30 picoamperes per square 
centimeter. With a sensitivity of 40 nanoamperes per lux 

and a saturation level of 130 lux, the array therefore has 
a wide dynamic range of more than 60 decibels. 

Maintaining even a 50-dB range in a high-speed 
imager took Eastman Kodak Co. up to some fundamen-
tal limits of present array technology. The Research 
Laboratories in Rochester, N. Y. has designed a mono-
chrome imager for recording transient phenomena at 
2,000 frames per second. Conventional serial readout of 
the 192-by-248 array of photocapacitors would have 
required a 100-megahertz data rate— far beyond the 
capabilities of present sensor elements. So the rows of 
the array are instead addressed in blocks of 32. By 
addressing one block continuously, a partial frame can 
stop the action at about 80-microsecond intervals. 
To reduce dark-current noise, Xerox Corp.'s Micro-

electronics Center, El Segundo, Calif., has separated the 
active sensor regions from the field-oxide isolation and 
implants with grounded polysilicon gates. By thus reduc-
ing the leakage current that bleeds into the storage area 
from the stacking faults in the channel-stop regions and 
from the dislocations in the bird's beak, dark current is 
reduced almost 3:1, to an average of 0.3 nA/cm2. 

Figure 1 shows the polysilicon isolation technique and 
a portion of the linear photodiode array. The technique 
could help out any other analog circuits that are plagued 
by dark-current noise. 

Thin films for displays 

On the display side of electronic image manipulation, 
solid-state units have yet to see successful commercial-
ization, although attempts abound worldwide. The pro-
posed systems with the greatest potential are based on 
thin-film—transistor arrays; the difficulty of controlling 
the properties of compound semiconductors like cadmi-
um selenide has led to the use of polysilicon material in 
these devices. 
Now Hitachi Ltd.'s Mobara, Japan, Works has dem-

onstrated polysilicon thin-film transistors suitable for 
display driving that are fabricated in a low-temperature, 
high-vacuum deposition process. Staying below about 
550°C enables expensive quartz or sapphire substrates to 
be replaced with ordinary glass. To do this, the gate 
insulator must be formed in a low-temperature process 
also—sputtered aluminum oxide following an oxygen 

1. Isolation. Grounded gates between field-oxide isolation and active regions (a) keeps leakage currents from interfering with device 

operation. Xerox applies this polysilicon isolation technique to the linear imaging array in (b) for a threefold reduction in dark current. 
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2. The choice is yours. Three proposed techniques for integrating 

high-voltage MOS devices on logic chips come from Xerox (a), 

Philips (b), and Tektronix (c). Extended field plates or extra implants 

are used to control the electric field at the chip's surface. 

plasma treatment gives more stable and reproducible 
device characteristics than sputtered silicon dioxide. The 
source and drain contacts are formed by depositing 
aluminum on substrates held at 150°C. 
When viable thin-film processes finally do turn out 

integrated display drivers on glass substrates, liquid crys-
tals will likely be eligible partners for the long-awaited 
marriage that will produce solid-state flat-panel displays. 
In the meantime, however, to judge by the substantial 
achievements at Burroughs and IBM, plasma panel tech-
nology will be capable of information densities 
approaching those of the cathode-ray tube. 

Burroughs OEM Corp. in Plainfield, N. J., cuts the 
drive electronics required for conventional ac plasma 
displays by an order of magnitude in a panel that merges 
ac and de operation in each cell [Electronics, April 21, 
1981, p. 391 International Business Machines Corp.'s 
System Communications division in Kingston, N. Y., has 
come up with a 960-by-768-line panel—big enough for 
scanning multiple pages of text. 

Integrating high-voltage devices 

With the cost of the discrete drive electronics appar-
ently the only remaining obstacle to the widespread use 
of plasma panel displays, papers from Xerox and North 
American Philips Corp. are particularly timely. Taken 
together, they show that integration of high-voltage lat-
eral mos devices in a standard logic-chip processing 
sequence is clearly feasible and that some of the compet-
ing approaches may even rival discrete vertical MOS FETS 
in performance. 
At the Xerox Microelectronics Center, sixteen 500-v 

mos devices that use a refinement of the field-plate 
structures previously developed were integrated with 
n-channel MOS addressing logic to produce a 170-
square-mil driver chip for plasma displays. In the high-
voltage device (Fig. 2a), the field plate is a continuous 
polysilicon layer extending from a central drain diffusion 
over the field oxide to the usual gate region. The highly 
resistive polysilicon connecting the plate to the gate and 
drain electrodes eliminates the risk of breakdown in the 
oxide or silicon beneath a field-plate edge. The structure 
requires only one more implant than do the standard 

GATE DRIFT LAYER 

tc 

logic devices—and this is simply to form contacts to the 
polysilicon for the gate, drain, and field-plate electrodes. 
The process thus has high yield. 
The usual drawbacks of a lateral device—higher on-

resistance and input capacitance—make it slower and 
more power-hungry than comparable vertical field-effect 
transistors. But researchers at Philips Laboratories in 
Briarcliff Manor, N. Y., overcome these limitations by 
implanting a p-type region deep in the epitaxial layer 
(Fig. 2b), thereby reducing the electric field in the 
channel—a move that requires at most one additional 
processing step. With a reduced surface field, the epitax-
ial layer's thickness can be increased or its resistivity 
decreased without lowering the breakdown voltage. 
Either way, the on-resistance drops. 
A more complicated process that combines a source 

field plate with an implanted drift layer lets Tektronix 
Inc., Beaverton, Ore., reach 1 kilovolt on the same chip 
with logic circuits. In fact, the process has so many 
variables (Fig. 2c) that the researchers can optimize 
leakage current, on-resistance and saturation current. 

Reducing leakage 

The extra p-type implanted region surrounding the 
source keeps leakage current low. High drain saturation 
current and low on-resistance require higher drift-layer 
doping, but this increases the leakage, so the drift layer 
is doped in sections at two different levels. After all the 
tuning, the device has leakage as low as 30 nn, on-
resistance down to 300 ohms, and still up to 84 milliam-
peres saturation current in an area about 0.7 square 
millimeter. Coming at a time when discrete FETS are just 
reaching the 1-kv level, these results should bode well 
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for the future of high-voltage integrated circuits. 
Without the constraint of compatibility with logic 

devices, processing expertise can bring still further 
rounds of improvement in discrete MOS FET current and 
voltage capabilities. Researchers at General Electric 
Co.'s Corporate Research and Development Center, 
Schenectady, N. Y., point out that processing techniques 
like dry etching and ion implantation have as much to 
offer to power devices as to logic ics. They have designed 
a 90,000-mil' vertical FET —the largest such device 
reported — for use as a synchronous rectifier in switching 
power supplies [Electronics, Oct. 20, 1981, p. 93]. 

Discrete charm of the MOS FET 

Extrapolating the results with 4-micrometer lithogra-
phy, they find that for low-voltage FErs, the on-
resistance can be halved by going down to 1-12m ground 
rules. In a thin epitaxial layer, the drain current cannot 
spread out effectively under the p-type wells that form 
the channel, so making them narrower gives the current 
more room. The 60-v device conducts 60 amperes with a 
resistance of just 14 milliohms. 

In its high-voltage work, Siemens AG of Munich, West 
Germany, has concentrated on design of the chip edges, 
where premature breakdown in a vertical FET occurs. An 
extended field plate on the source side and a channel-
stopper ring on the drain side are separated by an 
amorphous silicon layer that stops ions migrating along 

the surface. In this way, the Sipmos process [Electronics, 
March 13, 1980, p. 92] allows a 36-mm2 die to have an 
on-resistance of 2 SI and a blocking voltage of 1 kv. 
The focus of work on thyristor switches is greater 

understanding of and control over failure mechanisms — 
a little finesse goes a long way toward increasing reliabil-
ity in these bipolar behemoths. The elusive gate—turn-off 
capability comes under scrutiny at Toshiba Corp., and 
GE softens the blow of turn-on stresses with a novel 
multistage design. 

GE's Schenectady R&D Center split a light-triggered 
5-kv thyristor into three stages, coupling them together 
with integrated resistors formed in the p-type base 
region of the npnp structures. In this way, the small area 
of the semiconductor that can be turned on by a light 
input of 5 nanojoules or less is not melted by the large 
system currents. Instead, the main stage is turned on 
gradually, with the resistive elements dissipating the 
extra power. 
At Toshiba's Research and Development Center, 

Kawasaki, Japan, infrared recombination radiation is 
monitored to gather evidence of the failure of the 
gate—turn-off process. The researchers experimentally 
related the turn-off failure to a critical anode current 
density—above about 400 A/cm2—given in terms of the 
n-type base's thickness and the rate of anode voltage rise. 
Device and circuit design thus jointly determine a safe 
operating area for gate—turn-off applications. 

GaAs FETs drop noise, up gain; 
optical devices boost power 
by Harvey J. Hindin 
Communications & Microwave Editor 

There is no doubt that communications systems of 
the future will operate at higher and higher fre-

quencies. The ever-increasing need for spectrum space 
will see to that. Design activity centers about the X-band 
frequencies of 8 to 12 gigahertz, which are coming into 
active use, and the Q-band frequencies of 26 to 40 GHz, 
which are still experimental. 
Hence many of the landmark papers at this year's 

International Electron Devices Meeting deal with the 
technologies that make communications at these and 
higher optical frequencies possible. Much attention will 
be focused on gallium arsenide field-effect transistors 
and fiber-optic components. 

In the microwave frequencies, GaAs FETS configured 
as amplifiers are closing the gaps that exist in low-noise 
capability, reliability, and gain, compared with their 
older electron-tube and parametric-diode amplifier cous-

1. Two choices. Either the 0.3-gm—gate-length single-cell design 

(top) using irregularly shaped source pads for low inductance or the 

angled-gate geometry (bottom) is employed by Plessey Research to 

design its 40-GHz gallium arsenide FET amplifiers. 
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ins. At still higher frequencies, in the optical region of 
the spectrum (where wavelength is specified instead of 
frequency), fiber-optic communications systems are 
appearing at a rapid rate. Like their microwave system 
counterparts, they need high power sources and sensitive 

receivers. 

Low-noise GaAs FETS 

Low noise and reliability are of particular importance 
in the amplifiers that work in earth-satellite ground 
stations. It is no wonder then, that the International 
Telecommunications Satellite organization (Intelsat) is 
one of the sponsors of the work performed at Plessey 
Research Ltd. in Caswell, England. 

There, a research team has combined photolitho-
graphic and electron-beam technologies to come up with 
a GaAs FET amplifier with 4 decibels of gain at 40 GHz. 
The part features a 0.3-micrometer gate length and 
minimum parasitic inductance and capacitance, and it 
shows a 3.6-dB noise figure at 26 GHz, even when the 
losses in its substrate are included. This noise figure is 
achieved with a gain of 5 dB. 

If these figures are not impressive enough, as a bonus, 
at 77K, the amplifier has a 0.3-dB noise figure at 14 
GHz. Such a cooled device could eventually provide 
competition for those firms making parametric ampli-
fiers—the traditional method of dropping noise figures 
below 1 dB. 

Practically speaking, the Plessey amplifier is not yet 
developed sufficiently to displace earth-station paramet-
ric amplifiers. But the need for low-cost, reliable solid-
state devices for future satellite systems ensures its con-
tinual development in one form or another. 
Key to the success of this and other high-frequency 

GaAs FET amplifiers is the reduction of the transistor's 
source inductance. Unfortunately, unlike the gate and 
drain inductance, it cannot be tuned out by the ampli-
fier's input and output matching networks. 

Figure 1 (top) is a Plessey approach to this problem. 
It is an orthogonal single cell with 0.3-gm gate lengths 
and irregularly shaped source pads ideal for low-induc-
tance bonding of wide tapes when the amplifier is 
mounted. An alternate Plessey structure, which uses 
angled gates to minimize feedback capacitance and other 
parasitics, is also available (Fig. 1, bottom). 
To characterize the GaAs FET amplifier, the research-

ers developed a model that permits a priori predictions 
about the amplifier's behavior. It was constructed after a 
series of device measurements at 18 GHz using a Hew-
lett-Packard automatic network analyzer. 
With the use of the model, the amplifier's characteri-

zation was extended to 40 GHz with reasonable success, 
meaning that experimental results could be correlated 
with the 26- and 40-GHz predictions for both the ortho-
gonal and angled geometries. This, in turn, signifies that 
design parameters such as substrate type and thickness, 
transistor line sizes, and parasitics could, at least in 
theory, be optimized. 

Future refinements of the amplifier, which has a 
more-than-adequate predicted mean time before failure 
of 107 hours at room temperature, will take these results 
into account. But, at the very least, the feasibility of 

n A1021 Ga0.79As 

n A1021 GanesAs 
n+ GaAs 
n+ GALLIUM 
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2. Complex. The RCA Laboratories ugh-power. single-mode laser 

diode needs a complex geometry to allow oscillation in a relatively 

large spot. Discrimination against higher-order modes is provided by 

incorporating mode-dependent losses in the structure. 

using GaAs FETS as low-noise Q-band amplifiers has 
been established. 

While the Plessey amplifiers will eventually make 
dandy earth-station low-noise amplifiers, the GaAs FETS 
developed at Microwave Semiconductor Corp. in Somer-
set, N. J., are designed to accommodate the need for 
high-reliability, power amplifiers to fly in X-band satel-
lites. Internally matched and hermetically sealed, these 
FETS compete aggressively with the efficiencies of the 
medium-power tubes still used in satellites. 

Satellite GaAs FETs 

For example, it is possible to obtain a 42% efficiency 
for 1- and 2-watt power output devices at 8.5 GHz. A 
4-w device at the same frequency can achieve 41% 
efficiency. In power-hungry satellites where fractions of 
a watt count, such efficiencies are a requirement not met 
in a FET until now. They were accomplished by paying 
particular attention to the GaAs FET's construction, 
material, matching networks, and packaging. 
The company spent considerable research effort on 

GaAs chips that had good power efficiency. Typical of 
the effects studied by the researchers was ohmic contact 
resistance. This parameter affects the FET'S gain which, 
in turn, is related to its efficiency. The ohmic contacts 
were modified until they had less than 50% of the 
previous resistance values. This modification resulted in 
a 5% improvement in transistor efficiency that could not 
otherwise be obtained. 
As part of the attention paid to packaging, the 

grounding, feedthrough terminals, and microwave seals 
were designed to minimize the coupling of power out of 
the amplifier's signal path. Finally, since the input and 
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output matching networks were incorporated into the 
amplifier, power losses due to reflections at the ampli-
fier's terminals were kept to a minimum. Even though 
the matching networks contributed some 0.3 dB of loss 
themselves, more efficiency was gained than lost. 

Better fiber optics 

There are three subsystems in a fiber-optic communi-
cations system: the light source, the fiber cable, and the 
light receiver. To make any communications link as 
cost-effective as possible, the light source, typically a 
laser diode, should emit as much power as possible. 
At the same time, the fiber should have as low an 

attenuation as can be achieved, and the receiver should 
be as sensitive as is practical. Although the IEDM will not 
deal with low-loss fibers, it will address the latest in laser 
diodes and photoreceivers. 
Work at RCA Laboratories in Princeton, N. J., is a 

first-class example of the studies going on with laser 
diodes. Researchers there have concentrated on new 
laser diodes that can generate a large lasing spot size 
(useful for easy coupling into hair-thin fibers) while 
operating in substantially one mode (the laser's radiated 
electromagnetic field pattern). Single-mode operation 
makes coupling the generated energy into the fiber easier 
and designing a receiver less of a chore. 

Until now, single-mode devices have tended to damage 
themselves unless their power outputs were constrained 
to a few milliwatts. The RCA devices, known as con-
stricted double-heterojunction, large-optical-cavity 
(CHH-LOC) diodes do not have this limitation. 
The price paid for the order-of-magnitude improve-

ment in output power is a complex geometry (Fig. 2). 

3. Exotic. The Bell Laboratories' combination of p-i-n and FET 

requires InGaAs n-layers grown by liquid-phase epitaxy on semi-

insulating InP:Fe substrates. The p-layer for the p-i-n photodiode and 

the 20-pm wide FET gate were formed with a Zn diffusion. 

Still, 40 milliwatts of single-mode, continuous-wave 
power has been produced—the highest ever. In fact, for 
a 50% duty cycle, 100 mw may be had. Unlike some 
diodes with exceptional output but no practical lifetime, 
the RCA devices operate more than 10,000 hours at 40 
mw with only small changes in their characteristics. 

Even though the CHH-LOC diodes appear to be the 
only practical diode sources suitable for the 20-to-100-
mw range, their mere existence is not sufficient. They 
must function in practical communications systems and 
be capable of modulating information onto their light 
outputs at suitable data rates. 

This performance imperative has not been ignored. 
Coupling the diodes to graded-index fiber —a commonly 
used type—data transmission at 450 megabits a second 
in both return-to-zero and nonreturn-to-zero formats is 
obtainable. Most importantly, the CHH-LOC diodes can 
do this while delivering an order-of-magnitude more 
power to the receiver than competing diodes. Analog 
signal transmission is also possible. Here, signal-to-noise 
ratios can be achieved that are as much as 20 dB better 
than those of conventional diodes. 

An integrated receiver 

At the other end of the communications link, the 
receiver must do its best with weak signals, neither 
distorting them nor adding noise. One of the solutions to 
this problem is the integrated detector-amplifier. 

Conventional wisdom holds that the avalanche photo-
diode is better than the p-i-n diode for the detection 
function because it is more sensitive. However, it is 
difficult to achieve low-noise operation of avalanche 
photodiodes in the 1.3-gm region of the spectrum where 
fiber attenuation is at a minimum. So researchers at Bell 
Laboratories in Holmdel, N. J., have designed an inte-
grated p-i-n and FET photoreceiver, since p-i-n diodes 
show sufficient sensitivity at 1.3 gm for the device to 
perform satisfactorily. 

It is not just integration's economies of size and cost 
that attracted the Bell labs researchers. The input capac-
itance of the photoreceiver can be minimized, thus allow-
ing high data-rate inputs without distortion. Also, the 
transistor itself, made from unusual ratios of indium, 
gallium, and arsenic promises to work better than more 
conventionally made FETS. 

In the Bell design, the p-i-n diode is made as an 
extension of the gate junction of the FET in order to 
optimize the integration of both devices (Fig. 3). With 
this approach, it is possible to achieve an input capaci-
tance of less than 1 picofarad—a very low figure. 

Like the Plessey researchers, the Bell team has mod-
eled its photoreceiver in order to predict its behavior. 
The model indicates that it is possible to reduce the 1-pF 
capacitance even further if the diode is reduced to the 
minimum size required for compatibility with the asso-
ciated optical fiber and if the contact pad is removed. 

In this case, an order-of-magnitude reduction in area 
would be possible, with a corresponding decrease in 
input capacitance. System operating specifications are 
not yet available for the photoreceiver. On the other 
hand, its long-term potential for low-noise, high-data-
rate optical reception is clear. D 
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Designer's casebook 

Two-chip VCO linearly controls 
ramp's amplitude and frequency 
by Forrest P. Clay Jr. and Mark S. Eaton 
Department of Physics, Old Dominion University. Norfolk. Va. 

This inexpensive ramp generator provides a proportional 
voltage control of both the period and amplitude of a 
waveform over a wide range and thus doubles as a linear 
voltage-to-frequency converter. Only a few active devices 
are needed: two operational amplifiers and a transistor. 
Two dc differential control signals, Ve, and Ve, are 

applied to op amps AI and A2. The output from A3 is 
Vc.,+(Vf,—Vf,) = Vc,+Vr, where Vc, is the voltage 
across ramp capacitor CI and after buffering becomes 
one of the inputs to A3. The combination of all inputs to 

A3 yields a dc bootstrap circuit with a controlled offset 
voltage. Thus, current ic = (Vc, Vc,)/R, = 
Ve/R I, and the voltage across the capacitor is: 

Vc, = i t(ic/C,)dt = (Ve/RICI)t 

CI is discharged through transistor Q1 at time T when 
Vc, equals the control voltage V„, which is adjustable 
from 0 to 2.5 volts. thus [Vcd „,.„ = Vp = (V1/RC) T 
and f = 1/T = Ve/V,RIC. The 311 comparator has a 
trigger output to synchronize external circuitry for easy 

operation. 
The slope of the control voltage versus frequency in 

kilohertz is 1 for 1 \Tr< 10 volts. This linear relation-
ship holds even for slow ramps (increasing the value of 
C1) with small values of VI-. Capacitor C2 is selected to 
maintain the 311's output in a high state long enough so 
that CI may be completely discharged through Qi during 
the appropriate portion of the cycle. 

Potentially proportioned. A two-chip, one-transistor ramp generator is linearly adjusted by two dc control signals, with V, setting the 

amplitude from 0 to 2.5 volts and V, and V, setting the frequency over the range of 0 to 10 kilohertz. Proportional control is achieved by 

placing ramp capacitor C, in the dc bootstrap circuit of A, and A4, which ensures that constant current ic is a function of only V, and R,. 

Interleaving decoder simplifies 
serial-to-parallel conversion 

by A. J. Bryant 
Manelco Electronics Ltd., Winnipeg, Manitoba, Canada 

Four low-cost chips combine to convert a 6-bit serial 
pulse train into its parallel equivalent in this decoder. Its 
circuitry is simplified because the bits are broken into 
two data streams so that it takes only two 4-bit shift 

registers and a latch to do the conversion. 
A synchronous pulse (derived from a pulse detector 

that is not shown in the figure) is applied to flip-flops A 
and D (I/274C73), initiating the conversion. The serial 
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stream of negative-going pulses that will be decoded is 
also applied to flip-flop A, which serves as a divide-by-2 
counter. 

Both outputs of flip-flop A are then applied to two 
4-bit shift registers (4015)—one through one-shot B, 
which serves as a clock for stepping the corresponding 
complementary signal of A to register L, and the other 
through one-shot C, which performs the same function 
of loading data into shift register H. As seen from the 
timing diagram, this asynchronous loading arrangement 
permits the 6-bit input stream to be split and then 

interlaced, with shift register L receiving low-order bits 
bl to b4, and shift register H taking bits 135 to b6. 

All 6 bits are then positioned onto the lines of the 
74C174 6-bit latch and strobed onto the latch by one-
shot D on the next recurring synchronous pulse. The 
pulse width of D must be thinner than the synchronous 
pulse so that its use as the data-valid output does not 
overlap a new frame. CI 

Designer's casebook is a regular feature in Electronics. 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 $75 for each item published. 
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Scrambled. Separating 6-bit data into two streams enables serial-to-parallel conversion with only four chips. The timing diagram clarifies the 

bit-interleaving method used and details circuit operation. Timing components R, and C, for one-shots B and C should be selected to ensure 

that their on-time exceeds two data bits; R, and C, should be chosen to ensure there is no overlap with synchronous pulse into a new frame. 
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Electronic-music generator 
retriggers waveforms 
by Thomas Henry 
Electronic Music Studios. University of Iowa, Iowa City 

Only three chips, one transistor, and a few passive com-
ponents make up a circuit that produces the control 
signals needed by voltage-controlled oscillators and 
amplifiers in order to modulate musical parameters like 
loudness, timbre, and pitch in an electronic synthesizer. 
The circuit retains the simplicity and compactness of an 
exponential generator [Electronics, July 17, 1980, 
p. 123], and it also permits retriggerable operation. 

This envelope generator controls the attack, decay and 
release times of a waveform and its sustained level. The 
circuit, however, a-lso responds independently to the trig-
ger and gate input signals of a keyboard, thereby cre-
ating a continuously repeating attack-decay portion of 
the waveform. 
The synthesizer's keyboard initiates trigger and gate 

signals that control circuit timing. The gate pulse is 
produced if at least one key is pushed, and the trigger 
pulse is produced whenever the lowest note desired is 
changed by selecting a new key. 
Thus a gate and a trigger pulse is generated when a 

key is pushed. Pressing a second key lower on the 
keyboard while holding the first key down generates a 

Repeating repertoire. The three-chip generator provides a four-step waveform, each cycle of which is adjustable, for modulating 

voltage-controlled oscillators in music synthesizers. Thus loudness, timbre, and pitch may be adjusted. The circuit costs under $8. 

new trigger pulse, but there is no change in the gate 
pulse because it remains high. 

In the circuit's quiescent state, the charge on timing 
capacitor C3 is zero. When a single key is pressed, the 
555 timer, which contains a comparator and R-S flip-
flop, is enabled by the gate signal. 

Following this action, the trigger signal is differenti-
ated by the resistor-capacitor combination RIC, and is 
applied to pin 2 of the timer to set its internal flip-flop 
and bring pin 3 high. Analog switch SI is thus turned on 
and current flows through resistor R7 to charge C3, 
initiating the attack portion of the waveform. 
When the voltage across C3 reaches 10 volts, the 555's 

flip-flop is reset. Pin 3 moves low and SI is turned off, 
thus terminating the cycle's attack portion. 
At this time, the AND gate formed by DI, D2, and R3 

goes high, and analog switch S3 is turned on. This 
switching permits C3 to discharge through R8, the 
decay-control potentiometer, to a voltage level specified 
by R9, the sustain control. Resistor R4 limits the range of 
sustain voltage from 0 to 10 V. 
When the gate signal is removed, the AND gate goes 

low and S3 is turned off. Transistor Q1 is also turned off, 
which permits S4 to turn on and C3 to discharge through 
R,0 for the release portion of the waveform. 

If the generator is in the sustain portion of its output 
cycle, and a new trigger occurs, the flip-flop will be set 
again and the attack and decay portions of the cycle will 
recur. Coupling the gate signal to pin 4 of the 555 
ensures retriggering even if the wave is not permitted to 
reach the conclusion of its attack cycle. El 
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Gate-array development system 
speeds designs to market 

Software package generates circuit patterns 

electronically with remote or local access 

by James S. Koford, Edwin R. Jones, and Rob Walker, 1_,Si Logic Corp., Santa Clara, Calif. 

D Logic arrays would be 
even more appealing to sys-
tems companies if it were 
possible to personalize them 
faster. A new design-auto-
mation program that speeds 
up the process is available 
either on line by phone to 
customers of LS! Logic or as 
a package to those who have 
the right equipment. Besides 
generating an array's unique set of interconnections, it 
checks their timing and breadboards them electronically, 
reducing the risks of error. 
The attraction of logic arrays is that they offer an 

alternative to flexible, but lower-performance, standard 
logic families on the one hand and inflexible, and some-
times unsuitable, standard large-scale integrated devices 
on the other. They also provide considerably higher 
performance and speed-power product than their count-
erparts in standard small- and medium-scale integration 
because of their much lower interconnection capacitance 
and reduced on-chip noise-immunity requirements. 
The larger arrays can replace a board or more of 

standard logic and substantially reduce the size and 
complexity of the final product. This also helps trim 
inventory and simplify maintenance. The replacement of 
tens to hundreds of ssf and Ms! ics and their attendant 
printed-circuit—board interconnections, solder joints, 
power supplies, and decoupling capacitors adds signifi-
cantly to system reliability. All this means lower system 
costs when production requirements are sufficient to 
amortize design charges. 

Yet there are obstacles to the widespread use of these 
devices. Almost any change to a logic-array design 
requires that new masks and prototypes be fabricated, 
entailing minimum costs of two weeks time and thou-
sands of dollars. Other musts are good computer aids to 

This begins a second set of four articles on the 
automated design of integrated circuits, a series 
that began in the last issue. The focus is the new 
hardware and software tools available to the IC 
designer. The last issue contained an overview, plus 
articles on a MOS structure, cell library, and simula-
tion system for chip development. This instalment 
covers systems for gate-array and custom-chip 
design as well as automated testing. 

achieve testing sequences 
that are able to detect 
potential faults, as well as 
standard design languages. 

These obstacles are the 
same the industry faced a 
decade ago with micropro-
cessors, and it will take 
many of the same tools and 
methodologies to exploit the 
full market potential of log-

ic arrays. A significant step has been taken toward 
answering these demands by the LDS I universal devel-
opment system for logic arrays. 
The LDS I was designed to meet á number of impor-

tant objectives. First, it permits logic to be specified at 
the gate level as well as in a hierarchy of higher-level 
descriptions, including the common 7400 and 4000 logic 
family functions. Also, logic may be entered either 
graphically using a schematic diagram or alphanumeri-
cally using a wiring list. In addition, the system must 
perform digital function simulation and performance 
analysis, obviating the need to breadboard the circuit. 
To achieve these goals, a variety of interactive and 

automatic design aids had to be incorporated into the 
LDS I. Also, verified circuits need automatic placement 
and routing with interactive modification and automatic 
generation of production documentation. 

More design goals 

Ideally, the system should provide easy-to-use interac-
tive techniques and should support both local and remote 
design terminals. Moreover, it itself should not be exclu-
sive to any technology or array design, and array-specific 
information should be kept in specific data sets known as 
technology libraries. A fully integrated data base is 
also necessary to ensure that data be entered only once. 
And finally, there was a deadline—the system had to 
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1. The whole picture. From start to finish, all design steps are depicted here. The user enters his logic design into a schematic entry program 

and from there the automatic steps speed along the design until the final task, when the mask set and chip are made. 

be developed and be made available by the fourth quar-
ter of this year, just eight months after its inception. This 
last restraint made it imperative to buy as much software 
as possible, as opposed to writing it all in house. 

System configuration 

The company spent two months evaluating available 
software packages. The final selections were the SDS 
schematic data entry and the EDA automatic/interac-
tive-placement and -routing program from Silvar-Lisco. 
The CC-TDL Tegas V logic-simulator program from 
Comsat General Information Systems of Austin, Texas, 
was selected, along with the Spice circuit simulation 
program from the University of California at Berkeley. 
These programs handle about 60% of the company's 

requirements—the remaining programs and all the tech-
nology libraries had to be developed internally. A block 
diagram of the final system is shown in Fig. 1. 
The simulation, test generation, and automatic routing 

of complex logic arrays require a large host computer, 
and analysis indicated a 32-bit virtual machine of 0.5 
million to 1.0 million instructions per second and a 
minimum of 3 megabytes of physical memory. The VAX 
780, Prime 750, or an IBM (or plug-compatible) machine 
in the 4341 class offers these capabilities. The IBM 
plug-compatible National Advanced Systems AS5000N 
was selected for the initial installation. 

Since LDS I is designed to be accessed either locally 
or remotely over relatively slow telephone lines, several 
schemes were considered to increase communication 
throughput. The bulk of the simulation output consists of 
thousands of Is and Os; clearly, several simulation-
output figures can be encoded into a single Asco charac-

ter. These outputs also tend to change infrequently, so 
that if signal changes only are sent, throughput can be 
significantly increased. Such techniques increase effec-
tive transmission speed by a factor of 10. 
The effective data rate could also be boosted with 

local terminal storage. When a portion of a logic simula-
tion or mask layout is requested, it may be transmitted in 
a compressed format by the host at 1,200 bits per second 
and displayed in real time. After a screenful of data is 
sent, the LDS I will continue to transmit more data into 
the terminals' local storage. Using a concept similar to 
cache memory, the extra data that is transmitted is that 
which the operator is most likely to need next. Because 

2. Graphics terminal. The LDS I uses a Tektronix 4112 or 4113 

graphics terminal as its interface with the designer. The terminal's 

power greatly enhances the total system. It uses a 16-bit 8086 with 

500-K bytes of memory and a floppy disk, and it is programmable. 
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3. Route and place. Tne LDS I uses a combination of automatic and 

manual routing and placement. First the crilical paths are manually 

placed and then the autorouting functions turned on. The user has 

full interactive editing capability during autorouting. 

this data is in local storage, it is available at a very high 
effective rate. 

For these reasons, the remote terminal required to 
handle the computation and storage must be powerful— 
hence the choice of the Tektronix 4112 or 4113 (Fig. 2), 
which uses dual 8086 microprocessors and supports 1 
megabyte of local storage plus a diskette. Perhaps its 
greatest advantage here, the terminal is programmable 
by the host computer, so that any 4112 or 4113 is 
convertible to an LDS I terminal in a matter or seconds. 

Special terminal software to support these LDS I 
functions is included in the portions of the LDS I system 
that are being developed internally. 
The LDS I uses the Silvar-Lisco interface with the 

industry-standard Spice circuit-simulation program. 

Models include complementary-mos structures, bipolar 
junction transistors, and diodes. Spice is used principally 
in setting up technology libraries and is not usually 
required for each specific design in an array family. 
The LDS I uses a schematic entry system for creating 

and modifying schematic diagrams and entering them 
into the system. Starting from a rough sketch, the 
designer creates his schematics on an interactive graph-
ics terminal like the Tektronix 4112 or 4113. He calls up 
logic elements from the LDS I library of logic-array 
macrocells. The logic elements, whether they are com-
plex msi functions or simple gates, are immediately 
displayed at all the locations requested, along with a 
standard text block. 

Network description 

Then, still working interactively through the terminal, 
the designer adds cell names and connecting lines. Once 
the schematic has been drawn and stored, the data is 
compiled into the Tegas V format so as to become the 
network description. 
The simulation and test-generation system in the 

legas V software package contains a control-language 
processor, an automatic test generator, several postpro-
cessors, and a family of simulators. The simulators that 
form the heart of the system contain a full complement 
of networks and digital devices. 
With the family concept of simulators, a designer can 

first verify the functionality of his logic-array design. 
After the logic has been verified, he or she can add 
timing information. Nominal-delay timing analysis can 
be performed until the array's behavior has been verified 
on the basis of the typical device characteristics. Later, 
with little additional effort, the designer can perform a 
worst-case timing analysis. 
When the final timing analysis has been performed, 

PHASE-
CONTROL 
INPUT 

1 I 
74158 

CDOO 

PHASE-CONTROL INPUTS 

1 I I  
74158 

!Ill  
74158 

CLOCK 

4163 7416 

OUTPUTS 

46 

E> PHASE-
CASCADING 
OUTPUT 

4. A typical example. This modulo-4000 counter with phase control is shown here implemented using standard 7400 series parts. The LDS I 

has predefined macrocell wiring information foi all 7400 parts in its data base. Discrete wiring could have been used as well. 
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the designer or test engineer will 
take the test patterns generated for 
verification of the array design and 
determine, through the fault-simula-
tion mode, their fault-detection and 
-diagnostic capabilities. If these pat-
terns are not sufficient, the user will 
add more tests and continue to per-
form fault simulation until the test 
pattern detects the required percent-
age of faults. He or she can also 
make use of the system's automatic 
test-generation capabilities. 

Initially, LDS I supports automat-
ic tape-format generation for Fair-
child Sentry VII, Sentry VIII, and 
Sentry model 20 Ls! testers. Other 
testers for LSI devices will be sup-
ported as they come into general use. 
A unique feature, also undergoing 

internal development, is the LDPS (for LSI delay path 
specification) program. Circuit simulators like the Spice 
program are suitable for simulating transistors, logic 
cells, macrocells, or a small number of logic elements. 
However, there are thousands of logic paths in an array, 
all of which are layout-dependent. It would be impracti-
cal to run Spice on all these paths, and yet complete 
delay specification of all paths is necessary to guarantee 
the chip will function within design restraints. 

LDPS will calculate all pertinent logic paths and pro-
vide tabulations of worst-case positive- and negative-
going delays for these paths. A technology library for 
each array type provides the necessary parameters. Prior 
to actual layout, these delays are 
based on typical interconnection 
loading. If a path is declared criti-
cal—requiring special care in the 
layout—the delay is calculated on 
the assumption of a more optimized 
interconnection loading. After lay-
out is complete, LDPS is run again 
with actual interconnection loading 
to provide final worst-case delays. 

Mask design 

The LDS I utilizes the Silvar-
Lisco EDA system for metal mask 
design. The input to the EDA system 
has three parts: the logical informa-
tion that describes the connectivity 
of the design (the network descrip-
tion from Tegas), the topological 
characteristics of the cells, and the 
interconnection rules of the specific 
logic array. 
With this information, the EDA 

ac`\[i AUTOR 
PROGRAM TO DEFINE MODULO 4000 COUNTER 

COMPLIE S 
DIRECTORY TNETS 
OPTIONS REPLACE,XREF $ 
MODULE DVD4K//1/TNET $ 
INPUTS CP,IFAZN,10,11,12,13,14,15,16,17,18,19,110,111,ZIP,ONE $ 
OUTPUTS OFAZN,00,01,02,03,04,05,06,07,08,09,010,011 S 
USE CO1 = C01//1/TCELL , 

CO3 = CO3//1/TCELL , 
CO9 = C09//1/TCELL , 
MS1158 = MS1158//1/TCELL , 
M51163 = MSI163//1/TCELL S 

DEFINE REF = CO1 IIFAZN1S 
CPN = C01 (CP) S 
M1 1A,B,C,D) = MSI158 (ONE,10,0NE,11,0NE,12,0NE,13,ZIP,REF) $ 
M3 = MSI158 (ONE,14,ZIP,15,ZIP,16,0NE,17,ZIP,REF) S 
M5 (I,J,K,L) = MSI158 (ONE,18.0NE,19,0NE,110,0NE,111,ZIP,REF) S 
M2 (00,01,02,03,TCO) = MSI163 (CPN,LOAD,ONE,A,B,C,D,ONE,ONE) 
M4 104,05,06,07,TC11= MSI163 (CPN,LOAD,ONE,E,F,G,H,TCO,ONE) S 
M6 (08,09,010,011,TC2) = MSI163 (CPN,LOAD,ONE,I,J,K,L,TCO,TC1) S 
LOAD = CO9 (TCO,TC2,REF) S 
OFAZN = CO3 (TCO,TC2) S 

END MODULE $ 
END COMPILE S 
LOAD DVD4K//1/TNET S 
END TDL $ 

system aids the user with placement, routing, and subse-
quent mask-making. Cell placement is created interac-
tively and allows the user either to invoke automatic-
placement algorithms or enter a placement manually, as 
shown in Fig. 3. 

Guided paths 

A routing program guides intermacrocell connection 
patterns—the intramacrocell metal is predefined for 
each specific function. On arrays using 70% or less of the 
available cells, an automatic router may achieve 100% 
completion. In cases of higher utilization, a manual 
modification of the placement, followed by another 

FAULT-ANALYSIS OUTPUT 

MODE 2 SIMULATION COMMENCED. 
DELSCH SPP 
A SPIKE WILL BE PRODUCED AT TIME 442 ON ELEMENT - M2/D2/2 
- DUE TO A CHANGE ON ITS INPUTS AT TIME 437 

DELSCH SPP 
A SPIKE WILL BE PRODUCED AT TIME 442 ON ELEMENT - M2/B2/2 
- DUE TO A CHANGE ON ITS INPUTS AT TIME 437 

DELSCH SPP 
A SPIKE WILL BE PRODUCED AT TIME 446 ON ELEMENT - M2/1)1/E 
- DUE TO A CHANGE ON ITS INPUTS AT TIME 443 

DELSCH SPP 
A SPIKE WILL BE PRODUCED AT TIME 446 ON ELEMENT - M2/131/E 
- DUE TO A CHANGE ON ITS INPUTS AT TIME 443 

NET IS FIRST INITIALIZED AT TIME 476 
DELSCH SPP 
A SPIKE WILL BE PRODUCED AT TIME 639 ON ELEMENT - M6/C3/2 
- DUE TO A CHANGE ON ITS INPUTS AT TIME 638 

DELSCH SPP 
A SPIKE WILL BE PRODUCED AT TIME 639 ON ELEMENT - M2/C3/2 
- DUE TO A CHANGE ON ITS INPUTS AT TIME 638 

DELSCH SPP 
A SPIKE WILL BE PRODUCED AT TIME 2235 ON ELEMENT - M2/C0 
- DUE TO A CHANGE ON ITS INPUTS AT TIME 2233 

DE LSCH SPP 
A SPIKE WILL BE PRODUCED AT TIME 2239 ON ELEMENT - M2/C3 
- DUE TO A CHANGE ON ITS INPUTS AT TIME 2238 

2 
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attempt at autorout ng, is usually attempted. LDS I 
includes an internally developed color-graphics layout 
editor for manual modifications. 
Throughout the manual modifications, the editor 

checks any changes against the network data base and 
disallows interconnections that could change the func-
tion of the design. The editor is currently operating on 
locally attached Megatek 6250 terminals, and it will also 
be supported on remote Tektronix 4113 terminals. The 
output system is a data-base tape suitable for pattern 
generation. Composite drawings may be produced using 
Versatec, Calcomp, or similar plotters. 
LDS I supports logical, topological, and parametric 

cell libraries for all arrays designed by LS! Logic Corp. 
All macrocell topological descriptions for a given array 
family are maintained in unique layout libraries. For 
each cell, a plot showing the logic symbol and cell 
interconnections is stored. After layout and checking, 
pattern-generator tapes incorporating the selected cells 
are derived from library information. 

A typical design 

Figure 4 shows a phase-controlled modulo-4000 
binary counter. This function, of approximately 300-gate 
complexity, will be implemented as a portion of a c-mos 
logic array. While this function can be designed at the 
gate level, an Ms! implementation design is much faster 
and also more natural for many logicians who are famil-
iar with the standard logic families. Ms!, however, suf-
fers in efficiency compared with an all-optimized dis-
crete logic design, which could reduce the number of 
gates to an absolute minimum. 
The first step is to enter the network into the LDS I. 

Altogether, 25 TDL input lines are needed to define the 
logic elements and their interconnection. Alternatively, a 
schematic entry scheme could have been used. The cod-
ing efficiency of the Ms! design is apparent from the fact 
that over 300 gates were defined in only 25 lines (see top 
program, p. 119). The Ms! representations are called 
macrofunctions. Most 7400 and 4000 functions are pre-
designed and available from an LDS I library. 
The next step is to apply inputs to a simulation model. 

In this example, 19 lines of code were used to define an 
input sequence. The functional simulation output is dis-
played as a report, with time displayed on the vertical 
axis and the selected outputs labeled horizontally. 
The speed of the proposed design can be analyzed and 

PERCENTAGE OF DETECTED FAULTS 

THIS PASS TOTALS 

NUMBER PERCENT NUMBER PERCENT 

FAULTS DETECTED 9. OF 17. 52.94 350. OF 606. 57.76 

FAULTS NOT DETECTED 8. OF 17. 47.06 250. OF 606. 42.24 

Rq AUTOMATION 
the logic hazards, races, and spikes checked. If spikes are 
transmitted to memory elements, such as latches, the 
circuit could malfunction (see lower program, p. 119). 
The Tegas program also analyzes the timing aspects of 

the design such as delays from clock transition to outputs 
or the minimum clock-pulse width. However, final values 
cannot be determined until after layout, because delays 
are also a function of interconnection capacitance. 

Test score 

Next, test patterns for an LSI tester are generated. The 
simulation inputs used to verify the design make a good 
starting point, so Tegas is run in the test-verification 
mode. Here individual faults, such as a node stalled at 1 
or 0, are introduced and the input sequences applied to 
the bad array. When an output signal on the bad 
network is noted to be different from that on the good 
one, that particular fault is deemed detected. After all 
the possible networks containing a single stuck node have 
been simulated, the overall test score is determined. In 
this case, the initial simulation picked up 58% of the 
potential faults (see printout, bottom left). 
At this point, more input patterns may be described or 

the automatic test-generation option used. After a cer-
tain level of fault detection is reached, typically 90% to 
95%, a Sentry or GenRad test tape is produced and the 
prototypes are ready for testing. 
The interconnection mask is designed in parallel with 

test verification and generation. The interconnections 
previously entered, simulated, and verified correct are 
used as the data base. All macrofunctions are automati-
cally decomposed into macrocells, which have prede-
signed metal interconnection patterns that have been 
stored in layout technology libraries. 

Using the Silvar-Lisco EDA cell-placement and -rout-
ing package, some macrocells are first placed by hand. 
Pads and their associated input/output circuitry are 
placed to achieve the required package pinouts. Next, 
macrocells having tight delay specifications like critical 
paths are placed closely together. After the manual 
placement of some macrocells is complete, the EDA 
program generates placement of the remainder by using 
an automatic iterative procedure. Placement modifica-
tions may be made manually as required. 

After the array is wired, the propagation delays can be 
rechecked. Since actual circuit loading is now known, 
more accurate delay values may be obtained. A path 
delay that is out of specification will necessitate logic 
modifications or a new placement and routing. 
Once all path delays are within specification, the 

procedure calls for generating pattern-generator tapes, 
making masks and wafer metal, probing testing, assem-
bling, and performing a final test —about a two-week 
task. If LDS I has been used correctly and a sound 
design practice followed, the design should be right the 
first time. 
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LI The virtue of very large-scale integration—fantastic 
complexity—is also its design challenge. However, the 
problem can be conquered by dividing it up. Once parti-
tioned into independent blocks, the system may then be 
integrated sequentially by one designer or in parallel by 

a design team. 
Such a hierarchical methodology requires various 

design-automation tools—and the tools must be hierar-
chically balanced in terms of their scope and power. In 
this sense, at least three levels of capability can be 
identified: full graphics manipulation, data analysis, and 
graphics editing. Graphics manipulation is usually carri-
ed out on one or more of the several available work 

ATIONMUil•MIEU 

Graphics editor constructs 
standard cells, symbolizes subsystems 

VVork station aids cell placement with user-defined commands 

and symbols, interfaces with mainframes for data analysis 

by Michael Dickens and Larry Done, Avera Corp, Scotts Valley, Calif. 

stations costing about $280,000, whereas data analysis is 
reserved for a mainframe or superminicomputer. 

While these tools have been assigned more or less 
properly, the graphics editing function has been given 
short shrift. This function, which involves the manipula-
tion of symbolic cells to build up higher-level chip func-
tions, has been addressed by everything from hand 
sketches to specialized programs designed to run on the 
work station intended for graphics manipulation. 

Specifically tailored for editing integrated-circuit 
graphics, the Avera GS-1100 graphics work station aims 
to stop this misappropriation of resources. Its low cost is 
justified by the increase in productivity over manual 
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I/O 

1. Two-for-one system. The Avera GS1100 graphics work station incorporates two 8086 microprocessors—one for display control and 

another for manipulating data structures. Several buses are used in the system, including serial links to computers and peripherals. 
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2. Simple geometry. With the GS-1100, geometric components are assembled into drawings. The components, which include polygons, 

t.ectangles, paths, lines, points, and textual information, can appear on any of 64 black and white or color layers similar to overlays. 

methods. With the addition of this design tool, the three 
levels of chip design are matched with low-, medium-, 
and high-priced systems to do the work. Even if smaller 
companies cannot afford the machines for graphics 
manipulation and data analysis, they can get started 
with the GS-1100 to create a data base for a design and 
then let one of a growing number of service facilities 
execute the actual design. 

Dual-processor architecture 

To achieve the objectives of high speed, low cost, and 
small size, the Avera GS-1100 incorporates two 16-bit 
8086 microprocessors (Fig. 1). Memory capacity for 
each processor starts at 128-K bytes and can be 
expanded, if required, to 512-K bytes on one processor 
and 256-K bytes on the other. 
The processors are functionally divided between data-

structure—oriented tasks (the command processor) and 
display tasks (the graphics processor). The Intel Multi-
bus is used for communications between the processors 
and peripheral devices, whereas a proprietary high-speed 
bus is used for communicating graphics data to the 
display subsystem. 
The display allows either high-resolution black and 

white or color graphics plus selective-erasure and split-
screen functions. The color display mode features auto-
matic color filling, as well as color area outlining and 
overlaying—all of which prove useful in VLSI circuit 
development. Up to 256 colors can be displayed at a time 
from the 4,096-color palette. 
The system employs 8-inch disk drives—either floppy 

diskette or Winchester types— plus two RS-232 ports for 
peripheral support and linking to a mainframe. Data 
tablets and hard-copy devices can be attached to these 
ports, as can modems or local links. With the Multibus, 
the work station can be expanded to include Ethernet 
interfaces or other specialized functions. 
To accommodate the needs of diverse users, the sys-

tem employs a language that is consistent, English-
oriented, and limited in its command types (see table). 
Flexibility and power are achieved through command 
modifiers, which substantially reduce the number of 
commands yet provide hundreds of options. For example, 
the MOVE command can be followed by any combination 
of modifiers to precisely specify the desired operation. 

Software is the key 

The command language also lets the user easily build 
new commands and macrofunctions that can be invoked 
from the keyboard by typing abbreviated names. The 
commands or macrofunctions may be assigned to pro-
grammable function keys, displayed on the screen in 
menu boxes, or entered as user-defined symbols from the 
graphics cursor-control device. 
As a result, a user can quickly and easily build a 

dictionary of 50 or more frequently used functions and 
assign them to the most comfortable input mechanism. 
The on-screen menus and user-defined symbols let the 
user concentrate on the display screen at all times, 
removing the distraction of having to search for a partic-
ular button. 

Besides a consistent, easy-to-use graphics command 
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3. The same but different. With hierarchical partitioning, a cell in the data structure can 

have different representations. All four drawings here depict a random-access memory cell. 

Manipulate 

View 

Control 

Edit 

Status 

Actions taken 

Maneuvers and acts upon components; enables the designer to initiate 
such actions as add, move, delete, and rotate. 

Controls the movement of the viewing window. 

Checks drawings for data correctness; allows saved commands to be 

repeated; reverses the effects of incorrect commands. 

Allows the user to define and modify macrofunctions, function buttons, 

and symbols. 

Enables the designer to display and set the current values of many 

system conditions. 

language, the system simplifies the entering of graphics 
data. To ease the transition from the drafting board to 
the on-line design function, the GS-1100 incorporates a 
gridding system resembling the familiar Mylar surface. It 
includes a working grid and a counting, or major, grid, 
both of which are found on Mylar sheets. The system 
can also force components to align themselves with the 
grid points (grid-snapping), much as is achieved with 
manual drafting operations. 
The graphics editor on the GS-1100 required software 

tools not previously available. A multitasking operating 
system was adapted to the dual-processor environment, 
with Pascal used for development. 
A native compiler was not initially available, so com-

piled minicomputer code was translated into the micro-
processor-based system. This approach allows existing 
user-generated Pascal programs to be interfaced with the 
graphics system, with on-system compilation remaining 
possible at a later date. 

SCHEMATIC SYMBOL 

RAM 

OUTLINE SYMBOL 

The graphics data structure of the GS-1100 provides 
the 1c designer with basic geometric building blocks, 
called components, to assemble drawings. The compo-
nents, which include polygons, rectangles, paths, lines, 
points, and text, can appear on any of 64 drawing layers 
similar to overlays (Fig. 2). For black and white dis-
plays, there are four cross-hatch patterns and eight 
different outline types to aid in layer differentiation. 

Hierarchical data structures 

Any combination of components can be grouped 
together and called a cell, enabling the designer to create 
drawings of great complexity. Besides being hierarchical, 
the data structure features a unique associative capabili-
ty that adds flexibility by nesting one associated item 

within the other. 
Another software feature helpful in hierarchical parti-

tioning is the ability to carry different representations of 
a cell in the data structure (Fig. 3). Often in IC design, a 
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cell showing all mask layers in detail is used to derive a 
symbol for the cell. The symbol may show important 
interconnection points and schematic data, but may not 
contain any mask information. The designer can use the 
symbol to show the function of the cell and how to 
interconnect it, but once a basic design is completed, the 
cells can be independently shown in detail, if desired, to 
allow further handcrafting in the traditional manner. 

Several designers thus may work on the same basic 
layout, or they may develop similar layouts using differ-
ent drawing diskettes. Typically, the cells of related 
drawings are standardized and shared. 
The GS-1100 isolates cells from layouts by storing cell 

definitions in a library. This protects designers from 
inadvertently using the wrong revisions of cells in draw-
ing sections. Whenever a drawing diskette is loaded, the 
system checks whether the cells it requires are present in 
the library. If a drawing from an unrelated application 
(such as a printed-circuit layout) were loaded with inte-
grated-circuit cells, an error would occur. Each required 
cell not available in the library would be listed and the 
loading sequence could be started over again by replac-
ing the cell library with the correct one. 

Symbol recognition 

Commands are entered into the GS-1100 by moving a 
cursor over symbols on the display screen. The cursor is 
a visual marker that locates the position of the graphics 
input device. Each hand-drawn symbol can be assigned a 
simple command or a complex macrofunction. This sym-
bol recognition provides a form of command entry that is 
typically faster than through a keyboard. 

For manual drafting approaches, the input medium 
using standard digitizing techniques is composite sheets 
of gridded Mylar, each square representing 1 square 
millimeter. After formulating a plan for the chip and 
determining the location of important circuit elements, 
the next step is to pick up a sheet of Mylar and start 
arbitrarily drawing some portion of the circuit at full 
scale-1,000 times its actual size. Typically, a circuit 
will require about 60 Mylar sheets, each with 10 to 20 
overlays to represent circuit details. 

Precise partitioning 

Although the chip plan is a rough partitioning accord-
ing to function, each functional portion may require 
several sheets of Mylar. At each sheet boundary, the 
various logic cells and portions of memory arrays have to 
be precisely matched. To enter this information into a 
computer, each and every location must be digitized, 
plotted, and then manually checked, often on 30 to 60 
sheets of Mylar. 
With traditional methods, no matter what the designer 

is working on at a particular moment, the entire circuit is 
displayed. If the process has been computerized, the 
entire device, repeated elements and all, is stored as a 

H AUTOMATIC 
whole. The designer, placing larger and larger functional 
blocks, is essentially working with two levels of nesting: 
the basic cell, nested within the next larger level, the 
array. Arrays are then placed to build the circuit. 

In the hierarchical approach, the chip is partitioned 
along the lines of the original chip plan (Fig. 4). Memo-
ry cells and other basic units may be repeated as many 
times as necessary to build up an array structure. 

Superior nesting 

A more sophisticated nesting technique can also be 
used. Once a particular structure has been defined as the 
smallest unit in an array, it is stored as a basic building 
block, and a simplified symbol can be substituted for it 
on the larger array. This symbol, together with all perti-
nent interconnection information, can be used to build 
up the displayed array. When finally completed, the 
array can also be stored in its own separate file on disk, 
given a symbol, and then used at the next level in the 
hierarchy. Up to 16 levels can be nested in a hierarchical 
manner using the GS-1100. 
With this technique, only the information appropriate 

to a particular level is displayed. In a read-only—memory 
array, for example, only the ROM cell symbol—with 
appropriate interconnection lines displayed—would be 
repeated. The detail of the cell is off-loaded to tape 
storage or transmitted over a communication link for 
storage on a mainframe computer disk. If some altera-
tion is required on the cell, the detail is fetched from the 
disk and the appropriate changes made. 

Linking up 

The chip can be built up even further—as much as a 
quarter of the die could go on cell placement. At any 
step along the sequence, the full amount of data is 
available from the mainframe or tape, but without pen-
alty in work-station disk space or access time. 

Although graphics work stations are vital links in the 
hierarchy of computer-aided design, the most computa-
tion-intensive functions—design rule-checking, logic or 
circuit simulation, and mask-pattern generation—are 
best left for a more powerful mainframe. This means 
that the desktop work station must be able to link to such 
computers conveniently. 

While the future promises high-speed local networks 
such as Ethernet, there are at present few such elegant 
solutions. Although adaptable to Ethernet, the GS-1100 
has been designed with a comprehensive RS-232 inter-
face for immediate use. The hardware can support syn-
chronous or asynchronous data transmission under soft-
ware control. A straightforward protocol has been devel-
oped that allows the transmission of ASCII data with full 
error-checking and re-send capabilities, thus allowing 
compatibility with virtually any computer. 

Source code, supplied by Avera, is brought up on the 
mainframe to establish the protocol link for the transfer 
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4. Regularized. When a hierarchical approach to integrated-circuit design is used, the die tends to resemble the original plan for the chip. 

Only three different cells—a memory bit, and details for power and pull-up connections—need to be pulled from the library and replicated. 

of files to and from the work station. This will allow the 
use of local networks with similar ease. 

Besides standard components, the design of custom 
and semicustom circuits can benefit greatly from hierar-
chical structuring. If the layout design is done manually, 
early completion depends on conservative—if not gener-
ous—design rules and estimates of area in the chip plan. 
It also means the extensive use of standard cells and 
higher-level functional blocks. 

A general-purpose VLSI design tool 

An interactive graphics station eases the development 
of the standard-cell library—especially the production of 
cell variations given a copy of an existing cell. Such work 
stations also aid in the initial placement of critical paths, 
the completion of interconnections not done by the main-
frame computer, and the display and correction of 
design-rule errors. 

Most important of all, perhaps, is the adherence to the 
partition interface points located in the chip plan. An 
interactive graphics system incorporating low-cost work 
stations like the GS-1100 can simplify compliance by 
displaying a chip-plan section as a reference framework 
for doing detailed layout work. 

Primitive cells—in this case consisting solely of inter-
connection patterns—can be developed for functional 
blocks such as flip-flops, NAND gates, registers, and 
counters. From these, the size and shape of larger parti-
tions can be estimated. Working top down with these 

estimates, partitions can then be arranged on the chip. In 
the majority of cases, the shape and arrangement of 
upper- and middle-level partitions will need several itera-

tions before a satisfactory chip plan can be obtained. 
The most common semicustom IC is the gate array or 

uncommitted logic array. While automated techniques 
are sometimes employed, semicustom design is most 
frequently done manually. A microprocessor-based 
graphics work station fits well into the semicustom envi-
ronment because the power and expense of high-capacity 
systems cannot be justified. Once a cell or partition is 
laid out, design-rule checking can be done on that section 
by communicating the graphics information to a larger 
computer —even one located at an off-site service 

bureau. Error reports and layout corrections can then be 
displayed at the work station to finish the design. 

Custom tailoring 

An interactive graphics work station can also play an 
important role when computer-aided placement and 
routing are used to interconnect the semicustom chip. 
Any critical paths may be laid out manually, as a first 
step. Functional blocks can then be specified to increase 
the program's success level. Finally, a display of the 
program's results can be used to complete the design 
manually, which typically requires considerable editing 
effort as well as the addition of final interconnections. 
Used in an on-line design mode, an interactive graph-

ics work station also serves detailed layout well. Cell 
placements and interconnections can be directly entered 
and modified. Furthermore, an area logically similar to 
one that has been already completed can be produced by 
copying and modifying the existing area. This is both 
faster and less prone to errors than drawing the new-area 
from scratch. El 
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Cell-library system accommodates 
any degree of design expertise 

Circuit collection catalogs standard functions 

for efficient semicustom chip layout 

by Donald E. Farina, John R. Duffy, and Tore L. Kellgren, Alphatron Inc., Cupertino, Calif. 

E Although the gate array marked a first step to 
systems companies' participation in the design of large-
scale integrated circuits, many product designers are 
beginning to want more. The cell-library method of 
computer-aided design represents a leap beyond the gate 
array that forges a close partnership between the engi-
neer and CAD tools—the human being supplies the intel-
ligence, the computers perform the routine tasks. 
The gate-array method, popularized in the late 1970s, 

provides an alternative to fully custom chips, offering a 
fixed layouts of devices that are interconnected by the 
user. But the approach still requires considerable exper-
tise in device technology because design proceeds at the 
level of individual circuit elements. In contrast, cells — 
larger, more complex circuit blocks—make a semicus-
tom IC layout available to more users and with a lower 
cost and level of expertise. In another improvement over 
gate arrays, cell-library CAD permits memory and analog 
circuits to be integrated, greatly enhancing the capabili-
ties of dedicated chips. 

Systems companies are especially attracted to the cell 
library for several reasons. Because the method is acces-
sible to users without special knowledge of semiconduc-
tors, the division charged to develop a new product can 
participate directly in its birth, thus learning its particu-
lar foibles and tradeoffs. 

Further, because the standard cells contained in the 
library already have been made and tested, prototype 
development proceeds at exceptionally low risk. And 
whereas gate arrays often waste space with unused 
devices, the densely designed cell-library chip is more 
efficient and thus cost-effective. Moreover, the resulting 
chip design will be compatible with the processing capa-
bilities of many wafer manufacturers. 

Typical of this new breed of semicustom design is the 
cell-library system marketed as Alphamap. Like the 
traditional cell library of the custom fc designer, Alpha-
map uses previously designed and proven circuit ele-

ments that are representative of generally useful logical 
functions. The design task thus is reduced to selecting 
the appropriate logical functions from the library and 
making the necessary interconnections. If a new function 
is needed and promises to be popular, it will be added to 
the library. Or, if users have some ic design expertise 
themselves, they can lay out their own specialized cells to 
be used in conjunction with the standard functions that 
are already available. 
Alphamap's strength is its versatility—it can accom-

modate any degree of CAD know-how on the user's part. 
The cells can be arranged and connected by hand, using 
scaled Mylar decals that represent the library functions. 

CELL-
OUTLINE 
DATA 

CELL 
LIBRARY 

CELL 
DETAIL 
DATA 

SYSTEM LOGIC 
AND 

SIMULATION 

MERGED 

BASE 
DATA 

MASK 
FABRICATION 

CELL 
PLACEMEN 

AND 
INTER 

CONNECTION 

LAYOUT 
DATA 

1. Data merger. Detailed device layouts from the company and cell 

placement and routing specifications from the user are merged to 

complete the data base required for mask making. The cell-outline 

data is provided to the user either as Mylar decals or in software. 
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2. Hidden structure. Cell outlines—such as this section of an 8-bit 

shift register—show only the information needed by a logic designer. 

Complex device technology (tinted areas) need not concern the user 

and is added to the layout at a later stage. 

At this level, it is possible to proceed without having to 
resort to any CAD tools at all. 

In this situation, after the chip layout has been 
depicted, Alphatron Inc. creates a data base by copying 
the cell placements and interconnections from the user's 
drawing, following the requisite design rules. Cell detail 
is then merged into the data base, with software auto-
matically checking interconnection design rules, loading, 
and continuity. Finally, from this verified base, the mask 

tooling is generated. 

Versatile 

However, there is a computerized alternative to this 
design method. For users with some access to CAD 
equipment, the sequence of events is similar, but the cells 
are provided on a magnetic tape or floppy disk, to be 
called up and assembled at the CAD station. 
The functions required are available with the Alpha-

map on-line design system. Or, an automatic placement 
and routing program such as MP2D, PRF, or Gaelic 
could assemble the scaled cells into an IC layout. Then a 
layout data base is created and shipped to Alphatron, to 
be merged with the cell-detail data and checked before 
masks are tooled for wafer fabrication (Fig. 1). 
Computer aids, in the Alphamap approach, thus serve 

users' needs in two ways. Indirectly, systems designers 
reap the benefits of Alphatron's CAD expertise as it is 
applied to the design, checking, and production of the 
standard cells. In addition, information supplied by 
Alphatron will give the designer with access to a graph-
ics-display terminal simple means to optimize chip parti-
tioning. A handbook provides formulas for evaluating 
system performance and expected development and pro-
duction costs. With a computer to handle the repetitive 
calculations, the designer can rapidly check out many 
possible solutions to the problems at hand. 

How it's done 

The cells provided to the systems engineer are scaled-
up outlines of the actual silicon area occupied by the 
circuit blocks. The outlines are 180 times actual size and 
indicate the input and output connections, ground and 
supply-voltage locations, and the logical functions. 
Thus supplied with the specifications of the logic 

function, electrical characteristics, and physical location 
of connection points, the designer can treat the elements 

3. Chip traces. Board-level designers lay out a semicustom chip in 

much the same way as a printed-circuit board. Standard cells play 

the role of integrated-circuit packages and two levels of interconnec-

tions route signals among these circuit blocks. 
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of the cell library just like the standard ICs of a board-
level design. In fact, much of the library is composed of 
compact cells that emulate the complementary-mos 
4000 and 74C series of small-scale ICS. Besides these 
popular gates and flip-flops, the library includes many 
common medium-scale lc functions, such as shift regis-
ters, counters, multiplexers, decoders, and analog 
switches. Cells for input and output pads meet the 4000-
series specifications, with Schmitt-trigger inputs and 
three-state, push-pull, or open-drain output buffers. 
Other more complex functions are being added to the 

library, including read-only and random-access memory, 
operational amplifiers, analog-to-digital converters, and 
switched-capacitor filters. In all cases the systems engi-
neer uses data sheets included with the Alphamap U/PAC 
kit to organize a chip layout without concern for the 
details of the MOs-device topology. 
A number of utility cells are also included, providing 

testing devices for verifying that the wafers meet process 
parameters, alignment marks for the masking steps of 
wafer processing, reduction marks for the mask-making 
process, a scribeline to facilitate cutting the wafer into 
individual die, and identification letters and digits. 

Design ground rules 

A portion of an eight-stage shift-register cell's outline 
is shown in Fig. 2, along with a section of the cell detail 
provided by Alphatron. All inputs and outputs are acces-
sible from both sides of the cell, greatly increasing 
flexibility in connecting the cells together. Service termi-
nals (supply voltage and ground) are provided in all four 
corners, allowing power to be connected to the cells after 
the cells have simply been stacked together. 

Design rules are few and easy to follow. Power connec-
tions are 14 micrometers wide and are always made on 
the metal interconnection layer. Signal-line connections 
to the cells are made on the diffusion layer and are 
spaced 21 µm apart. Thus the terminals of adjacent cells 
can make contact with metal lines without angling the 
diffusion interconnection for the contact. 
The two interconnection levels, metal and diffusion, 

are drawn with only the center line of the desired path. A 
space of two grid units-141.1m—separates these lines on 
each layer. When drawn by hand, the metal and diffu-
sion layers are in different colors. A metal-to-diffusion 
interconnection is shown with the symbol X. The place-
ment accuracy of the decals, or cell outlines, is not 
critical since the layout will be captured on a CAD system 
either by the systems company or by Alphatron. 
Whether hand- or computer-drawn, the layout data 

base will be merged with the topological detail of the 
cells at a later stage in the sequence, to allow as much of 
the design as possible to proceed at the simpler level of 
the cell outlines and single-line interconnections (Fig. 3). 

It is not necessary to redo most of the CAD operations 
on the detailed cell topologies because these have been 

G`\q AUTOMATIC 
GATE-ARRAY VERSUS CELL LIBRARY DEVELOPMENT COSTS 

Gate array Alphamap 
library 

Chip specifications 
Number of gates 1,000 750 
Chip area (mil2) 67,600 22,500 

Development costs ($ thousands) 
Engineering $0.5 $0.5 
Layout 0 0.5 
Artwork, tooling, and wafers 4 11 
Prototype evaluation 1 1 
Simulation and test generation 3 3 
Total direct costs 8.5 16 

Typical cost to user $ 14,000 $ 27,000 

Development time (months) 1 — 2 2 — 3 

Production price ($) 
(up to 25,000 in plastic DIPs) $ 20 $ 4.50 

Break-even volume 840 

completed prior to being installed in the library. This 
permits very fast and inexpensive logic simulation, test-
pattern generation, and data-handling and -checking 
routines because the amount of coding and data manipu-
lation is relatively small. From the cell-placement dia-
gram, the systems engineer can estimate capacitive load-
ing of critical speed paths, measure exact chip size, and 
calculate costs for development and production. 

With this CAD approach, the time to design and lay 
out an IC is simply what is required to commit an 
interconnection diagram to a data-base tape for mask 
tooling—a matter of weeks. The data base created is 
compatible with all the traditional checking routines 
used on custom layouts. 

Alphatron, which supplies gate-array, cell-library, and 
fully custom chips, has compared the costs of these 
methods. The table illustrates a typical comparison 
between the gate-array and Alphamap cell-library sys-
tems when the customer lays out the chip. It is assumed 
that the gate array is 75% efficient, so that a 1,000-gate 
chip is needed to provide 750 usable gates. The develop-
ment times shown do not include the time taken by the 
user to lay out the chip. Although the direct development 
cost of the gate array is almost half that of Alphamap, 
the production prices—or, correspondingly, the chip 
areas—are so disparate, that only 840 chips need be 
produced in order for the cell-library approach to 
become the more economical. 
A similar comparison may be made with fully custom 

designs by assuming the chip layouts are completed by 
the design service from logic drawings supplied by the 
customer. In this case, the much higher development 
costs to the user —$63,000 compared with $35,000 —for 
a custom design and the modest decrease in production 
prices—about 15% — make the cell-library approach the 
better buy until production exceeds 40,000 units. El 
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Automating test generation 
closes the design loop 

Missing CAD elements—automatic vector generators and high-level 

languages for test and network description—will soon be added 

by Robert Hickling and Glenn Case, Fairchild Camera & Instrument Corp., Test Systems Group, San Jose, Calif. 

El Techniques used in automatic testing of very large-
scale integrated circuits are beginning to converge with 
those used in VLSI design. Although the integration of 
these two disciplines has already begun, considerable 
work remains before manufacturers obtain a unified 
system such as that of Fig. 1. As a result, researchers in 
computer-aided design are compelled to produce new 
aids for testing and test generation. 

Fundamental to satisfying these requirements is the 
development of high-level network simulation and of 
test-vector—generation languages, as well as the evolu-
tion of new automatic test-vector—generation algorithms. 
To understand the relevance of these developments and 
the ways in which they are likely to come about, the 
status of both testing and CAD must be reviewed. 

Today's test 

Four basic approaches to component testing are 
widely used today: self-testing, comparison testing, algo-
rithmic testing, and stored-vector testing. They leave the 
creation of test vectors to the user, and this is a time-
consuming process at present. Also, an uncertainty 
always remains as to how well the device has been tested 
and how many faults remain undetected. It is the goal of 
the integrators of CAD and automated testing both to 
automate test-vector generation and to provide a means 
of ensuring as close to 100% fault coverage as possible 
for VLSI. 
To overcome uncertainty in the testing of VLSI parts, 

test-pattern generation based on logic-model coding is 
potentially the best solution. In this approach, all inter-
nal nodal faults are simulated, and functional exercises 
are developed to propagate such faults to output pins 
where they can be detected. The basic drawback to this 
approach is the accuracy of the simulation and of the 
models needed. 

Researchers and designers of VLSI circuits have had to 
face much the same problems in coming up with the 

software and systems that they are using. Consequently, 
current VLSI CAD techniques may provide some insight 
into automated-testing techniques. 

Today's CAD 

In principle, the operation of a semiconductor circuit 
of any size may be simulated through the integration of 
the differential equations that govern diffusion and drift 
of carriers. However, for a large computer to, in effect, 
analyze itself at this level would probably take more time 
than the useful life of the machine. 
The method used in practice is a graduated approach, 

in which detailed simulations are performed on small 
chip sections, then followed by more general simula-
tions—faster and less accurate— from the physical to the 
logic level. This design effort requires tools that enable 
the process engineer and the device physicist to predict 
impurity profiles, physical parameters, and electrical 
parameters before the device is fabricated. To aid in the 
simulation of the system, a variety of process, device, 
circuit, and timing software packages are available to 
the designer (see Table 1 on p. 131). 
To use such tools, the process engineer first makes an 

educated guess as to the nature of the process that will 
be used to fabricate the final device. He or she then 
creates a file of commands for a program like Suprem, 
which describe the series of diffusions and implantations. 
Suprem is one of the easiest programs to learn and to use 
because its input syntax is straightforward and its gram-
mar proceeds according to common-sense rules. 
Suprem generates an output file, which can be plotted 

as a graph of the concentration of different impurity 
atoms in silicon as a function of depth from the surface. 
Theoretically, the entire behavior of the device is deter-
mined by its concentration profile. The program gener-
ates this file in seconds, whereas actual fabrication of the 
wafer takes several weeks. 
The device physicist then uses the concentration pro-
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file and a device-simulation code to determine the behav-
ior of a particular device under certain conditions. The 
physicist wants answers to such questions as the voltage 
at which a breakdown occurs between the source and 
drain regions of an mos gate and the collector current 
level at which rolloff of the transistor beta is detectable. 
The first type of question can be answered using 

Minimos, one of the few two-dimensional programs. It 
solves both the current-continuity equation and Poisson's 
equation by using sophisticated numerical techniques for 
handling partial differential equations. The second type 
of question may be answered using Sedan, a one-
dimensional Poisson solver. 

In the design of a series of devices, the designer is like 
an architect with a reliable supply of bricks; he is ready 
to plan the building. The designer gets the bricks by 
setting up a collection of logic gates, such as OR and AND 
gates, registers, flip-flops, programmable logic arrays, 
memory cells, and arithmetic and logic units. From 
these, the designer must construct a network or circuit to 
implement a specific logic function. 

Circuit-simulation programs do this essentially by 
reducing the equations that embody Kirchoff's law into a 
linear matrix equation. Spice is one of the most widely 
used programs to accomplish this, and it includes a 
number of built-in models for different kinds of semicon-
ductor devices, including mos, complementary-mos, 
TTL, and junction field-effect—transistor devices. These 
models are called distributed-network models because an 
electrical network is used to approximate the partial 
differential equations that more precisely describe the 
behavior of the device. 

Circuit simulators are able to look at the individual 

gates in much more detail than logic simulators, but they 
also consume more time and memory than the latter. On 
the other hand, logic simulators tend typically to over-
simplify-the problem of timing and race conditions. 
The basic function of a logic simulator is to imitate 

the behavior of a circuit whoie various physical parame-
ters (device, circuit, and timing) have been described to 
it. That is, given a sequence of input signals to the 
circuit, it predicts what the output signals should be. In 
addition, the logic simulator provides the means of 
inspecting logic values on internal components in the 
circuit. A design is considered verified if the circuit 
behavior predicted by the simulator agrees with the 
original design intent. 
The function of a timing simulator is to help bridge 

the gap between circuit simulators and logic simulators. 
In Splice, the designer uses circuit, timing, and logic 
simulation at the same time within the same design. This 
mixed-mode approach is most effective when the design-
er needs to model a large circuit. 

Forcing faults 

In fault simulation, the true-value behavior of a circuit 
and the behavior of each possible faulty circuit are 
simulated. This type of simulation is carried out to grade 
a test or determine the set of faults detected, to deter-
mine a fault not detected and tested, and to construct a 
fault dictionary. 

Typically, faults that are modeled are the set of all 
possible single stuck-at faults in the circuit. If the 
response of the simulated circuit changes when some 
fault is being simulated, then the test is said to detect 
that fault. The fault simulator tells the user automati-
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1. Integrated test. The goal of much CAD 

effort is a system like that at left, in which 

test generation is an integral part of the 

design process. The colored areas have yet 

to be fully developed, while the other ele-

ments must be improved to meet the goal. 
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cally which faults have or have not been detected by the 
test sequence, without actually having to insert the faults 
into a prototype circuit. 
Three kinds of fault simulation are used: deductive, 

parallel, and concurrent. In deductive simulation an 
unfaulted, or true-value, simulation is performed, and 
faulty behavior deduced from the results. Fault lists 
associated with each circuit element record the faults 
that would cause the element's output to differ from the 
true value. Each time an element's input changes, its 
true value is determined and then its fault list is updated. 

In the parallel approach, several faulty circuits are 
modeled along with the single correct one. The logic 
value at each node is represented both by 1 or 2 bits; a 
single byte is used to represent both a good circuit and 
several faulty ones. In this way, good signals and faulty 
ones propagate through the circuit in parallel. 

In concurrent simulation, the newest of the tech-
niques, good and faulty circuits are simulated at the 
same time by creating multiple copies of circuit ele-
ments. A circuit element is copied and simulated if some 
fault makes its output differ from a good circuit. The 
processing is similar to deductive simulation, since it 
works with lists attached to circuit elements. 

For small circuits, run times for concurrent simulation 
are faster than for other methods, but storage require-
ments are higher. However, for very large circuits, a 
concurrent simulation would require much paging to and 
from disk storage, thus eliminating its speed advantage. 
At present, therefore, the parallel approach is considered 
the most effective one. 

Fairlog, a four-part logic and fault simulator devel-
oped by Fairchild, is an example of the parallel 
approach. It consists of Fairnet, a network-description 
preprocessor; Faircom, a simulation control language; 
Fairlog, the logic simulator; and Fairflt, the fault simu-
lator. Fairnet expands network macrodefinitions and 

H AUTOMATIC:* 
produces a network interconnection list for Fairlog. Fair-
log runs the simulations under the control of commands 
compiled by Faircom and this netlist. 

Using Fairlog, a simulation can be carried out in one 
of two modes, either the four- or eight-state mode. The 
four-state mode uses four stable states: logic-0, logic-1, 
high-impedance, and undefined. To these, the eight-state 
mode adds four transient states: upward-transition, 
downward-transition, transition-to-high-impedance, and 
transient-undefined. 
The simulator also generates an applied-states analy-

sis to determine the controlability of the network and an 
upper boundary on the test coverage of the input 
sequence. Fairflt determines the precise test coverage or 
fault grading with this analysis. 

Fairnet input 

Fairnet processes an input file that is a macrocell 
description of the electrical network proposed for circuits 
based on gate arrays. After the circuit has been placed, 
routed, and checked by Fairnet, it is resimulated by a 
separate section of Fairlog with the delays, resistances, 
and capacitances calculated from the actual geometries. 
Resimulation provides a much more accurate model of 
the chip than was possible before layout and thus saves 
time by avoiding delays caused by the discovery of 
problems during the actual fabrication process. 

Fairnet's input file can be coded by a programmer 
from the chip's logic diagram. It also can be automati-
cally generated by other means—for example, by an 
interactive schematics drawing system. Each line of 
Fairnet code represents a cell with uniquely named 
inputs and outputs. Each output is named as an input to 
another cell or an external pin; therefore, the program 
reading the code can connect the individual cells 
described to form the complete network. 
The logic-simulation module, Fairlog, has built-in log-

TABLE 1: DEVICE MODELING AND SIMULATION SOFTWARE 

Program 
name 

Technologies 
handled 

• 
Function Input required Output produced 

Suprem MOS, TT L, 
ECL, 13 L 

process 
modeling 

process runsheet 
for particular 
process 

impurity profile 
distribution 

Minimos MOS process and 
device 
simulation 

Suprem profile 
data 

physical, electrical, 
and timing behavior 
of the device 

Sedan MOS, TTL, 
ECL, 13 L 

device 
modeling 

impurity profile 
distribution from 
Suprem 

physical, electrical, 
and timing behavior 
of the device 

Spice MOS, TTL, 
ECL, 13L 

electrical 
network 
simulation 

electrical network 
description of 
circuit 

electrical and timing 
behavior of circuit 

Simple bipolar — 
primarily 
I3L 

device modeling 
and network 
simulation 

transistor test 
measurements and 
layout description 

electrical and timing 
behavior of circuit 

Splice MOS network and 
logic simulation 

description of logic 
network and 
electrical circuitry 

logic verification 
with electrical and 
timing information 
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ic-gate definitions for the operations of AND, OR, NAND, 
NOR, exclusive-OR, inversion, wired-OR, transmission 
gates buffers, and multiplexers. The chip description can 
be made with these primitives, or with user-defined 
primitives, library logic models, or user-defined logic and 
functional models. 
A complete system-design tool, Fairlog extends from 

functional definition to gate-level simulation for all gate-
array and custom technologies. Ultimately it will provide 
up to 256 levels of logic, more than enough for any 
conceivable future application. 
To perform fault simulation and grading, and to aid in 

test sequence generation, Fairflt uses four basic analyses: 
controllability-observability, applied-states, gate-activi-
ty, and fault-insertion. In controllability-observability 
analysis, the distances from a circuit's input or output to 
the individual gates that make up that circuit are mea-
sured. Thus the analysis is a measure of testability —an 
index of how difficult it is to toggle internal nodes with 
stimuli applied at the primary inputs and of how difficult 
it is to transmit or observe those changes on the primary 
outputs. 

Applied-states analysis gives information about the 
actual states applied, the percentage of faults potentially 
detectable from running a given test sequence, and the 
faults that cannot be detected by the input sequence. To 
illustrate the principle of applied-states analysis, there is 
the simple case of a three-input AND gate. Table 2 
(below) shows the eight possible input states and the 
normal and the faulty responses. 
The first case is where the gate is stuck at 1. If input 

state 7 is applied, no difference in response between the 
normal and faulty gate would be noted. The output 
would be 1 in either case. The application of any other 
state, on the other hand, would cause there to be a 
difference in response. 

In a similar way, the condition of the gate input A at 1 
can only be detected if state 6 is applied. Application of 
the proper input state is a necessary condition to the 
ability to detect a given fault in a gate. In this instance, 
application of only half the possible states, 4 through 7, 

MrM 
is sufficient to find all of the possible stuck-at faults. 

Gate-activity analysis counts the number of times a 
gate output changes state. The designer can then find 
how effective the input test vectors are in exercising 
parts of a circuit and can modify the test strategy to 
include more activity in those areas where needed. 

Fault-insertion analysis consists of faulting a given 
gate during a test sequence to see if the fault causes an 
incorrect signal that changes the device response. If 
different responses are noted between faulted and 
unfaulted networks, the faults are deemed detectable. 
From the faults that are potentially detectable as 

determined by the applied-states analysis, the user can 
specify which ones he desires to simulate. Fairflt will 
give the grading of the input test sequence with respect 
to the potentially detectable faults. 
These current CAD techniques need to be enhanced to 

cope with the requirements of the next generation of 
VLSI devices. These enhancements will make it possible 
to integrate the CAD and automated-testing functions to 
a much greater degree. The enhancements that are 
needed include: 
• More powerful automatic test-vector—generation algo-
rithms that speedily and efficiently aid in the simulation 
of circuit models. 
• High-level test-vector—generation languages that are 
easier to use and that are more powerful than the 
assembly-level languages and manual techniques now 
used to generate test sequences for CAD simulations and 
in automated-testing systems. 
• System-level languages that provide the designer with 
a set of powerful commands to allow circuits to be 
modeled, simulated, and routed quickly. 
• An integrated data base that will serve for CAD and 
automated testing. 

Fundamental to the operation of CAD simulators and 
to the quick and efficient generation of test vectors is the 
development of algorithms capable of dealing with VLSI 
circuits. The whole area of automatic test-vector genera-
tion has been investigated extensively in the past, but 
difficulties arise when the number of gates on a chip 

TABLE 2 NORMAL AND FAULT RESPONSES FOR A THREE-INPUT AND GATE 

• Fault response 
State Inputs Normal 

Gate stuck at: Input stuck at 1 No. response 
A B C 1 0 A B C 

0 0 0 0 0 1 0 0 0 0 

1 1 0 0 0 1 0 0 0 0 

2 0 1 0 0 1 0 0 0 0 

3 0 0 1 0 1 0 0 0 0 

4 1 1 0 0 1 0 0 0 1 

5 1 0 1 0 1 0 0 1 0 

6 0 1 1 .0 1 0 1 0 0 

7 1 1 1 1 1 0 1 1 1 

132 Electronics/November 30, 1981 



ITOMATION fflU Mrü•M AUTO» 
increases, thereby increasing the number of potential 
failures and complicating the problem. 

Highly structured and testable chip designs are essen-
tial as circuits get larger. Software tools can then be 
developed to take advantage of the methodologies 
employed in the process of designing for testability. 
While these software tools are still in design, certain 
attributes can at this point be described. 
The tools will be easy for the user to learn and employ 

and will produce programs for a variety of testers, along 
with the ac- and dc-parameter descriptions needed for a 
full device test. Test-program generation will be control-
lable in accordance with the layout and technology used 
to fabricate a design; failures peculiar to a particular 
technology can be added to the fault dictionary. 
The software will be able to estimate and indicate 

graphically the fault coverage, test-pattern length, and 
test-execution time, along with the confidence bounds of 
the test before and after actual test runs. Other attrib-
utes of the software will be the ability to recognize 
scan-in/out registers for improved testability and, 
optionally, to grade nodes according to their contribution 
to fault isolation for wafer-probe testing. Also, the pro-
grams will be able to control fault-isolation resolution 
and optimization levels, to let the user define failure 
modes with gate- or function-level descriptions, and to 
accept suggested test patterns from the user. 

It also should be able to select test-pattern—generation 
strategies and perform automatic switching between 
them (for example, for the first 50% of the failures use a 
random pattern generator, and thereafter a nine-valued 
algorithm). Another possibility is the production of 
test programs that can collect data for generating prod-

2. Software structure. The software elements of a computer-aided 

design and test system will provide inputs to and receive them from 

an integrated data base. Such a data base will appear as a single 

entity to system users, although it may be physically distributed. 

uct profile analysis, for test-pattern—generation feed-
back, and for effect-cause analysis when test-pattern 
inadequacy is observed. 
With high-level languages, a similar situation exists at 

both the simulation and test stages. The enormous 
demands of VLSI make present approaches no longer 
suitable and require the development of high-level test-
vector—generation languages that allow the user to gen-
erate test-vector inputs in groups of functions rather 
than one at a time. Present languages are cumbersome 
and not suited for large circuits. 

Considering VLSI requirements, such languages should 
be based on an easy-to-use and solidly structured lan-
guage, such as Pascal, that will permit easy generation of 
hundreds of thousands of vectors, each of which can be 
several hundred bits in length. It should also be capable 
of being compiled into a form useful on either a logic 
simulator or automatic test equipment. 

Language needed 

The design and fabrication of VLSI circuits also 
requires some sort of high-level language for describing 
hardware. The language should make it possible to 
describe complex circuits speedily and to reduce these 
designs automatically to silicon. 
A first step in this direction is Fairsys, a high-level 

simulation language that assists in the design of a chip 
from the top down, from design specifications down to a 
level short of logic, timing, and fault simulation. Regis-
ters, memories, buses, inputs, and outputs are described 
in a manner similar to the declaration of variables in 
programming languages such as Pascal. 
These system elements are combined and manipulated 

through the use of connection statements and register-
transfer statements, which are roughly analogous to the 
assignment statement found in most programming lan-
guages. Like the assignment statement, the right-hand 
side of connection and register-transfer statements is an 
expression that combines basic elements using a set of 
operators such as AND, OR, exclusive-OR, or negation. 
These operators may be applied to individual bits or to 
vectors of bits (a register) or of signals (a bus). 

Integrating CAD and automated testing by tying 
together all the key elements in the two environments 
with a common data base will solve two of the major 
disadvantages of the logical-model coding approach to 
device testing: that is, getting data to the tester, and no 
real-time interaction when the device designer wants to 
change pattern or instruction sequences quickly in order 
to analyze the devices. 

Figure 2 shows how such an integrated data base may 
be organized. Such a data base is a software system of 
information storage and retrieval whereby information is 
accessible to all programs in the system. It would be 
characterized by a standardized terminology that is com-
mon to most of the system's languages and programs. 
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Engineer's notebook  

Random-access memories 
form E-PROM emulator 
by David J. Kramer 
Sunnyvale, Calif. 

Many low-cost microprocessor kits that are used as 
educational tools possess a relatively small amount of 
on-board random-access memory and are incapable of 
transferring programs to erasable programmable read-
only memories. This E-PROM emulator overcomes both 
of these limitations. 

Four 2114 RArvis are connected in a 2-K-by-8-bit con-
figuration (Fig.1). To emulate an E-PROM, this memory 
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1. Emulator. Four 2114 RAMs are wired on a separate board to simulate a 2-K-by-8-bit E-PROM. Using switches S, and Sz, power supply Vcc 

for the emulator can be taken either from a trainer's kit or a battery. Numbers within circles denote pinouts for the 24-pin DIP. 
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2. Package. The pinouts of the emulator in 

both its modes—random-access memory 

and erasable programmable read-only mem-

ory—are as shown in (a) and (b). The only 

differences are in pins 18, 20, 21, and 24— 

in the E-PROM mode, pins 18 and 20 func-

tion as chip and output enable. 

RANDOM-ACCESS-MEMORY - ERASABLE PROGRAMMABLE 
MODE PINOUT READ-ONLY-MEMORY-MODE PINOUT 

2 

3 

6 

8 

10 

11 

12 

AG 

4 

A3 

A2 

A 

A, 

Do 

D, 

Vcc 

As 

A9 

R/i/ 

A10 

07 

06 

Do 

04 

0, 

24 1 

23 2 

22 

21 

20 

19 

18 

17 

3 

4 

5 

6 

7 

8 

16 9 

15 10 

14 11 

13 12 

A2 

As 

A5 

A4 

A3 

A2 

AO 

00 

DI 

02 

VSS 

23 
AS 

19 
At0— 

Cff   
o, 

06 

05 

04 

0, 

22 

17 

16 

15 

14 

13 

(b) 

circuit is built on a separate board and has its leads 
terminating in a 24-pin dual in-line package. The power 
supply for the emulator is either from the microprocessor 
training kit (Vœ) or a battery and is coupled to the 
emulator by using switches SI or S2. The WE line may be 
disconnected from the plug with S3. 
To function as an emulator, the 24-pin DIP must be 

connected to the appropriate address-decoding circuitry 
in the trainer. The memory is then plugged in and either 
SI or S2 is closed (depending on the selected power 
supply). This puts the circuit in its RAM mode (Fig. 2a). 
In this mode, pins 18 and 20 function as chip-select 

Calculator notes 

Tl-59's reverse-Polish routine 
simplifies complex arithmetic 
by John Bunk 
University of Pittsburgh, Johnstown, Pa. 

Solving complex arithmetic equations by hand is both 
tedious and subject to errors. However, by using a 
system of reverse-Polish notation (RPN) similar to that 
used in the Hewlett-Packard series 
of calculators, this Texas Instru-
ments-59 program performs this task 
easily. A six-register stack stores 
intermediate results automatically, 
and equations can therefore be 
solved with a minimum of key-
strokes. The real and imaginary 
components of the equation are dis-
played separately. 
The 224 step program is a collec-

tion of simple subroutines that are 

controls. Pin 21 is the read-write input. 
Once the data to be preserved is in the RAM, the 

battery should be (if not already) connected to the 7805 
voltage regulator, and S2 closed and then SI and S1 
opened. The circuit is now in its E-PROM mode (Fig.2b) 
and may be inserted in the master socket of any 
programmer that will handle a 2716 E-PROM. 
The emulator will remain to be powered while the 

programming occurs. The type of keep-alive battery 
needed depends on the power requirements of the 2114 
RAMS and the length of time the emulator is to remain in 
the E-PROM mode. El 

joined to perform the complex mathematical calcula-
tions. The subroutines, which perform all the mathemat-
ical operations required for the calculations, are the 
addition, subtraction, multiplication, division, exponen-
tiation, and inverse functions. The functions correspond-
ing to their subroutine names are listed in the table. 

Calculators using the RPN system require a specific 
memory-stack structure. Each stack register occupies 
two data registers that store the real and imaginary parts 
of any input number. The arithmetic is solved with the 
aid of both the A and Z registers, which contain the data 
that is keyed into the stack by means of the SBR = 

TI-59's OPERATIONAL ROUTINES FOR COMPLEX MATH 

Subroutine Function 

SBR I 

SBR 

SBR X 

SBR 
SBR Yx 

SBR 
SBR CLR 

SBR I nx 
SBR 1/X 

A + Z 

A — Z 
AXZ 

A Z 
Az 

enter display/t-register into stack 
clear stack 

ez 
1/Z 
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TI-59 PRINTER LISTING: SIMPLIFYING COMPLEX MATH USING REVERSE-POLISH NOTATION 

Location Key 

000 
001 
002 
003 
004 
005 
006 
007 
008 
009 
010 
011 
012 
013 
014 
015 
016 
017 
018 
019 
020 
021 
022 
023 
024 
025 
026 
027 
028 
029 
030 
031 
032 
033 
034 
035 
036 
037 
038 
039 
040 
041 
042 
043 

RCL 
20 
STO 
01 
RCL 
21 
STO 
02 
RCL 
18 
STO 
03 
RCL 
19 
STO 
04 
CP 
STF 
01 
RTN 
STO 
20 
X == T 
STO 
21 
NOP 
NOP 
RCL 
29 
EXC 
27 
EXC 
25 
EXC 
23 
EXC 
21 
STO 
19 
X'= T 
NOP 
NOP 
RCL 
28 

044 
045 
046 
047 
048 
049 
050 
051 
052 
053 
054 
055 
056 
057 
058 
059 
060 
061 
062 
063 
064 
065 
066 
067 
068 
069 
070 
071 
072 
073 
074 
075 
076 
077 
078 
079 
080 
081 
082 
083 
084 
085 
086 
087 
088 

EXC 
26 
EXC 
24 
EXC 
22 
EXC 
20 
STO 
18 
X - 
RTN 
LBL 

EXC 
19 
EXC 
21 
EXC 
23 
EXC 
25 
EXC 
27 
STO 
29 
NOP 
NOP 
X T 
EXC 
18 
EXC 
20 
EXC 
22 
EXC 
24 
EXC 
26 
STO 
28 
NOP 
NOP 
RCL 
18 

089 
090 
091 
092 
093 
094 
095 
096 
097 
098 
099 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 

X - T 
RCL 
19 
RTN 
LBL 
CLR 
1 
9 
STO 
18 
o 
ST 
18 
RCL 
18 
X == T 
2 
9 
EQ 
01 
16 
1 
SUM 
18 
GTO 
00 
99 
O 
STO 
18 
RTN 
RCL 
19 
STO 
02 
X•T 
RCL 
18 
STO 
01 
STF 
01 
CP 
RIN 
LBL 

134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 

SBR 
00 
00 
PGM 
04 

SBR 
00 
20 
RTN 
LBL 

SBR 
00 
00 
PGM 
04 
B' 
SBR 
00 
20 
RTN 
LBL 

SBR 
00 
00 
PGM 
04 

SBR 
00 
20 
RTN 
LBL 

SBR 
00 
00 
PGM 
04 
C' 
SBR 
00 

179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 

20 
RTN 
LBL 
Ya 

SBR 
00 
00 
PGM 
04 
E' 
PGM 
04 
D 
SBR 
00 
20 
RTN 
LBL 
LNX 
SBR 
01 
20 
PGM 
05 
B' 
STO 
18 
X T 
STO 
19 
RTN 
LBL 
1/X 
SBR 
01 
20 
PGM 
05 
E 
STO 
18 
X T 
STO 
19 
RTN 

Instructions 

• Key in program 

• Given the algebraic expression, key in the variables corresponding to their real and imaginary magnitudes and 
their mathematical operations 

Place all real quantities in the t register 

Enter all imaginary quantities into the stack by means of the SBR = function 

If multiplication or division of two terms is necessary, press SBR X or SBR keys after entering 
the last term 

If addition or subtraction is desired, press the SBR I or SBR — keys after entering the last term 

If quantities must be multiplied exponentially, press either the y° or lnx key, depending on the application 
If the inverse of an algebraic quantity is required, press the 1/x key 
Stack may be cleared by pressing the SBR CLR keys 

• Imaginary quantities that result from a given algebraic operation will be displayed directly. Real quantities may 
be recovered from the t register (press the x =•,` t key) 

Am« 

operation. After the data is entered, the complex equa-
tion is solved by pressing the appropriate function keys. 
In this program all stack entering is manual. 
As an example of the program's usefulness, consider 

x+jy = (2+j2)(3+j5) — (9—j15)+(1.4+j3). The so-
lution to this equation may be found by entering: 2, 
x t, 2, SBR =, 3, x t, 5, SBR =, SBR X, 9, x t, 

15, ±, SBR =, SBR —, 1.4, x --e—>t, 3, SBR =, SBR 
The imaginary part of the result, y = 34, appears on the 
display. The real part of the result, x = —11.6, may be 
found by pressing the x t key. EJ 

Engineer's 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 $75 for each item published. 
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The NEW 
Electronics Buyers' Guide 

is now available! 

The 1981 EBG is only a postage stamp away! Completely new listings of 
catalogs, new phone numbers, new addresses, new manufacturers, sales reps, 
and distributors! The total market in a book—four directories in one! 

1. 
Directory of products. Over 
4,000 products, over 5,000 
manufacturers. 

Directory of catalogs. 
Includes six post-paid catalog 
inquiry cards for 10-second 
ordering. 

 --6—••••» 
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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. 

3. 
Directory of manufacturers. 
Local sales offices, reps, and 
distributors, with phone 
numbers. Number of em-
ployees and engineers, dollar 
volume, name of company 
contact. 

4. 
Directory of trade names of 
products and their manufac-
turers. You can trace a prod-
uct by its trade name only. 

Yes, please send me copies of 1980 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. 
0 I've enclosed $52 for air delivery elsewhere. Address: EBG, 
Shoppenhangers Road, Maidenhead, Berkshire S16, 
2Q1 England. 

Name 

Company 

Street 

City 

State Zip Country 
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Engineer's newsletter  
Glossary lifts veil 

on pc terminology 

Aspect ratio, B-stage material, electroless deposition, vias—these are just a 
few of the terms used throughout the printed-circuit—board industry that 
are foreign to the great majority of electronics engineers. However, as 
packaging goes from an inexact technique to a true technology, all EES 
need to have a firm understanding of pc-board technology. An aid to this 
goal is a free 16-page glossary recently published by National Technology 
Corp., 1801 Newport Circle, Santa Ana, Calif. 92705. It contains 158 
frequently encountered pc-board terms and their meanings and should be a 
good reference for the design engineer. 

Dc biasing methods To measure in-circuit inductance correctly, it is necessary to have dc 
biasing, making sure to avoid the unwanted impedance of the test fixture help measurement of 
that will contribute to erroneous readings. A recent short article by Dale 

in-circuit inductance Mack in the summer issue of Electro & Scientific Industries' newsletter, 
"Bridge," describes both voltage- and current-source techniques for dc 
biasing of inductors. The voltage-source method uses a dc voltage source, 
a resistor, and bypass capacitors to remove unwanted impedances like 
those of the source and ammeter. The more sophisticated current-source 
technique uses an external voltage source, a three-transistor current mirror 
for a high-impedance current source, and a solid-state surge protector to 
suppress inductive-current surges. For more details on these methods, 
write Electro & Scientific Industries Inc., 13900 NW Science Park Drive, 
Portland, Ore. 97229. 

IC maker finds Is tape automated bonding a reliable method of bonding? A recent 
National Semiconductor Corp. study based on 21/2 years' integrated-circuit tape bonding reliable 
production and 450 million plastic dual in-line packages disclosed an 
exceptional performance rate. Only eight customer complaints on a total of 
99 parts were received. Tests showed 72 of the 99 to be good, and in the 
case of the 27 bad DIP circuits, none had malfunctioned because of lead 
or bond failures. All of the 450 million circuits were produced using 3M 
beam tape for bonding of the ics to the DIP lead frames. National 
committed itself to beam-tape assembly in the mid-1970s, adopting 3M's 
two-layer tape in an automated bonding process for IC interconnection. 
Supplied in an 11-mm-wide, sprocketed format, the tape is composed of 
1-oz rolled annealed copper foil and 0.5-mil cast polyimide film. 

Bulletin lists 

more modifications to 

Casiotone musicmakers 

Robin Whittle of 42 Yeneda St., North Balwyn, Melbourne, Australia 
3104, has come up with yet an other group of circuitry modifications for 
Casio's electronic music instruments [Electronics, June 16, p. 192]. These 
include: modifications to the M-10's digital-to-analog converter to reduce 
quantization noise; suggestions for improving the new CT-202 keyboard; 
coupling two instruments together as master and slave; and interfacing 
with computers. These, and other modifications, and much descriptive 
material about the Casio family of keyboard instruments are in Whittle's 
technical bulletin, which can be obtained by sending the author $6 in U.S. 
currency. -Jerry Lyman 
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TELEPHONE KEYPAD LOGIC THAT'S 
VERSATILE BUT MEAN 

A whole family of pulse dialler and 
DTMF circuits in fact, that combine 
outstanding performance with 
exceptionally low power dissipation. 

The pulse diallers (MV4320 - MV4326) 
have all the logic for loop-disconnect 
push-button telephones. 

For DTMF or MF4, there is a range of 
decoders and filters (MV88XX) that offers 
the designer a variety of output codes and 

excellent voice talk-off performance - 
together with low power and wide supply 
tolerance. Compatible tone generators too! 

Like all the Plessey CMOS circuits, they 
are in volume production using the highest 
performance 5-micron process worldwide 
- ISO-CMOS. And they're multi-sourceable. 

Full data available direct from your 
nearest Plessey office or through the 
reader information service. 

MORE GREAT CMOS DEALS FROM PLESSEY 

e PLESSEY 
conductors 

Plessey Semiconductors Limited, Kembrey Park, Swindon, Wiltshire SN2 6BA, United Kingdom. Tel: (0793) 694994 Tx: 449637 
Plessey Semiconductors, 1641 Kaiser Avenue, Irvine, California 92714, USA. Tel: 714 540 9979 TWX 910 595 1930 

In Europe: 
Belgium Plessey Semiconductors. Avenue de Tervuren 149. Boite 2. Brussels 1150. Tel 02 733 97 30 Tx: 22100 

France Plessey France SA, 74-80. Rue Roque de Filial, 92800 Puteaux. Tel (1) 776 41 06 Tx: 620789F 
Italy Plessey Italia SpA. Corso Garibaldi 70/72, 20121 Milan. Tel (02) 34S 20 81 Tx: 331347 

Netherlands Plessey Fabrieken BV. Van de Mortelstraat 6. PO Box 46. Noordwiik. Tel: (01719) 19207 Tx: 32088 
Spain Plessey Spain. Calle Martires de Alcala 41g 3° derecha. Madrid 8. Tel (1) 248 12 18/248 38 82 Tx: 42701 

Sweden Svenska Plessey AB, AlstrOmergatan 39, 4tr, S-112 47 Stockholm 49; Postal address Box 49023, S-10028 Stockholm 49. Tel: (08) 23 55 40 Tx: 10558 
West Germany Plessey GmbH, Altheimer Eck 10,8000 Munchen 2. Tel: (089) 23 62 1 Tx: 5 215322 

with local distributors and agents in most countries throughout the world. 

TP 0628 2 0029 
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7 reasons why ERICSSON is 
the coming name in modems. 



I'm interested in learning what Ericsson "telecommunication 
standard" modems can do for me that others can't. Please have 
your local Ericsson people call me/write me without delay. 
I'm interested in modems for  

ERICSSON re,, LAT rS0l) TA:( RÜPT, Y;T WiCeDi 

Low, medium, high speed and baseband modems. 
Modems with built-in self-test and system test facilities. 
Modems in table top and system integrated versions. 

Modems for point-to-point, multipoint, multiport extension and 
different line requirements. 

Statistical network processors. 
Products with very high reliability and the latest microprocessor 
technology. 
If the 7 Ericsson products shown don't cover exactly what you 
need, talk to us anyway. 
We might be able to work something out. Ericsson: 
Now or in the future. The latest word 
For more information, mail the coupon. Today. in modems. 

NAME  

POSITION  

COMPANY  

ADDRESS  

The Ericsson Group 
TELEFONAKTIEBOLAGET LM ERICSSON 

DATA TRANSMISSION DFPARTEMENT S-126 25 STOCKHOlM. •\5 
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DESIGNERS 
DEMAND THE WORLD 

FROM ANIPEX 

WE DELIVER IT 
We've been meeting the toughest 

demands of computer designers for 
many years. The resub can be seen 
in computer systems wor:dwide, where 
Ampex peripherals are proving their 
reliability and performance to OEM's 
in more than 100 countries. When 
designers need significantly higher 
MTBF, greater throughput, true ease 
of maintenance and solid customer 
support, they specify Ampex products. 
And Ampex delivers. 

Responsiveness to designer demands 
has also brought about many innovative 
product improvements. Not just in core 

memory where Ampex is the recognized 
world leader, but also in new technol-
ogies like the Megastore® Memory data 
storage aevice, our all-electronic periph-
eral alternative to rotating memories. 
We've introduced new product concepts, 
too, in non-memory devices such 
as our touch-operated video display 
terminal, TouchTerm'm 80. The proof of 
this continuing emphasis on meeting 
designer needs is a full line of high-
performance core and semiconductor 
memory systems, disk drives, disk 
and drum replacement devices, video 
display terminals and minicomputers. 
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AMPEX 

Memory. Tne UNIBIT temperature-
independent ferrite core is only one of many 
significant product improvements generated 
by Ampex in memory technology. Other 
products include: Megastore® Memory 
solid-state peripheral memories for DEC, 
Data General and Honeywell CPU's; 
Multibus-compatible memory modules; 
add-in core memories; semiconductor 
MOS RAM modules; and DEC System 10, 
20 and 1170-compatible main memories. 

Disks. Ampex manufactures a full line of 
disk drives in round and flat ribbon cable 
SMD interfaces. Our Winchester technology 
includes our "Superwinchester" series of 
32, 64 and 96 megabyte systems, with 16 
megabytes of removable media. Our 
Capricorn 14" Winchester disk drives come 
in 165 or 330 megabyte formats, with SMD 
interface compatibility, and our 8" drives 
offer 48 or 80 megabyte capacities. We also 
offer the designer disk storage modules in 
rack or free-standing formats, as well as 
DEC or Data General-compatible disk 
controllers. 

Tape. Our design expertise in the field of 
tape drives has produced our Streamer-
Type Magnet .c Tape Transport (TMS), 
which can be mounted vertically or 
horizontally, with unmatched MTBF and 
1600 BPI density. We also offer tension arm 
and vacuum column tape drives with either 
7 or 9 track heads, all with standard P-type 
interface, common electronics and 
embedded formatter. 

mogagoe 

Terminals. The newest addition to our 
terminal family, the Touch:ferm 80 video 
display unit provides fast and accurate 
interaction with most computers by simply 
touching the screen. A gloved workman in 
a production environment, or an executive 
in his office can both operate the terminal 
with the same benefits such as fully buffered 
memory, self-diagnostics, and selectable 
baud rate found in our D80 series. 
We also offer the OEM market our D30 
terminal for basic data communications 
applications. 

Computers. Ampex, in addition to its 
peripheral devices, also offers the OEM 
market a single processor board CPU in two 
versions: complete minicomputers with 
controllers, terminals, and memory capacity 
from 128 to 256K bytes, and OEM versions, 
designed to help systems integrators in 
building specially-tailored computer 
systems for business and industry. 

Our products meet your support 
demands, too, with our truly international 
marketing, sales and service capability that 
provides worldwide installation, start-up and 
contract maintenance. For more reasons 
why you should choose Ampex products, 
write or call your local Ampex 
representative. 

A,IV1PEX® 
The Designer's Choice. 

Electronics/November 30, 1981 Circle 107 on reader service card 143 



A smart approach to 
containing costs and 
boosting productivity. 

Now, more than ever before, a Chicago 
Laser trim system is the smart way to 
lower overhead and boost productivity. 
From the moment you order a CLS-33 
laser trim system, you're holding the line 
on inflation with a powerful weapon that 
costs less and outperforms competitive 
systems. Its design is advanced, yet not 
extravagant: not wasteful—just what 
you'd expect for the state-of-the-art in 
laser trim systems. It is sophisticated yet 
practical. 

Circle 144 on reader service card 

The CLS-33 also costs less to operate. 
Designed as "the smart laser trim 
system,- its microcomputer is backed by 
the industry's most intelligent software 
operating system. So easy and fast to 
program, an unskilled worker can learn 
to program the CLS-33 in just days. 

Every Chicago Laser Systems trimmer 
must meet rigid quality-control stan-
dards, passing extensive performance 
and burn-in tests. The chances of 
downtime are further reduced by the 
ease of maintaining the system. Should 
a fault occur, it can be rapidly isolated 
with the systematic diagnostic programs 
provided. 

Above all, the CLS-33 is a high volume 
production system that will increase 
worker productivity and triM the cost 
of laser trimming. With an available 
air-bearing step and repeat handler, it 
trims over 100,000 resistors per hour. An 
automatic stack load/unload station is 
also available. 

For a detailed appraisal of how the 
Smart Laser Trim System can fill your 
needs, contact Chicago Laser Systems. 

4034 N. Nashville Ave., Chicago, IL 60634 Phone 312 282-2710 Telex: 206-647 
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• Driving Force for the 1980s 

This special advertising section on production equipment was paid for by the advertisers in it and was written by freelance 

journalist John Joss. 



A MASTERPIECE 
IN ALUMINUM ETCHING 

A1+2`)/0 Si+4`)/0 Cu ETCHED ON A DEVICE 
WAFER WITH NO RESIDUE AND NO WET 

DIP REQUIRED. 



FROM A NEW ARTIST, THE APPLIED MATERIALS 
AME 8130 ALUMINUM ETCH SYSTEM 

Applied Materials introduced 
its AME 8100 Series Plasma 
Etch Systems by showing 
customers the first plasma 
etch test results suitable 
for framing. Rapid industry 
acceptance proved the need 
for true masterpieces of 
the kind created by the 

AME 8110 for oxides and the AME 8120 for 
polysilicon etch. 

Now we can unveil the first masterpiece in 
aluminum etching from our new artist, the 
AME 8130. No other etcher on the market can 
achieve results like these in the etching of alumi-
num. The 8130 very cleanly etches all aluminum 
alloys anisotropically or with controlled profile, 
with no residues and with high selectivity to 
PSG and silicon. And with the 8130 there is no 
after-etch corrosion of aluminum. 

The 8130 uses the same revolutionary tech-
nology as the 8110 and the 8120. That's why 
we offer guaranteed etch rate, uniformity, 
selectivity and uptime just as we did when we 
announced the AME 8100 Series. As before, 
you get an autoloader to automatically change 
wafer batches while you are processing 24 

3-inch or 100mm wafers, or 18 125mm wafers. 
Call your local Applied Materials sales office 

or Dave Sponseller at (408) 727-2300, for a 
demonstration of aluminum etching with the 
AME 8130. And if your taste is for masterpieces 
in oxide or polysilicon etching, we'll also dem-
onstrate the 8110 and the 8120. 

Find out why the artistry of Applied Mate-
rials' plasma etch systems is truly the art 
nouveau for state-of-the-art semiconductors. 

GUARANTEED SPECIFICATIONS FOR 
BATCH ALUMINUM ETCHING OF 

24 100mm WAFERS 

ETCH* 
RATE SE LEC-* 

MATERIAL SUBSTRATE (À/minute) TIVITY 

Aluminum PSG 1500 15:1 

Al + 4% Cu 
+ 2% Si PSG 700 8:1 

Line width loss using a typical (i.e. HPR 204 or AZ 
1470) positive photoresist is less than 0.5µm. 

*Exact etch rate and selectivity depend on the properties of 
the Al alloy film and substrate. 

ZAppliecIANaterialsa 
COBILT DIVISION 

3050 BOWERS AVENUE 
SANTA CLARA, CALIFORNIA 95051 

(408) 727-5555. 

C) APPLIED MATERIALS 1981 
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BETTER PRODUCTIVITY IS 
KEY TO INDUSTRIAL SURVIVAL 
As a New World Order Emerges, High Technology Takes Center Stage, 
With the Electronics Industries Clearly in the Spotlight 

A new world of industrial power is in the 
making, with hundred billion dollar 
markets at stake. The competition 
primarily concerns high-technology 

industries, and companies around the 
world are recognizing that the 

difference between growth and 

extinction lies in the leverage they may 
gain from productivity improvement. 

The electronics industries are crucial 
to this struggle. Not only are they the 

leading edge in high technology, but 

they provide many of the tools that 
other industries need to optimize 
factory and office productivity. 

Automation and robotics will assume 
an increasing share of the burden. 
Designing, implementing, and testing 
products and production processes for 
highest quality and reliability will be 

essential. At the bottom line, however, 
productivity is emerging as the test of 

corporate success or failure for the 

high-technology industries and their 
burgeoning customer base. 

With so widespread an interest in 
productivity, it is not surprising that the 

term embraces a multitude of activities. 
Productivity is a computer-aided design 

system that cuts months and millions 
from product design and development. 

It is a testing strategy that slashes 
defects and rework. It is new office 
automation, including data and word 

processing and networking. It is 

automation via robotics and computer-

Advanced electronics paves the way for two-member flight crews in the Boeing 
757/67, vs. three crew members in earlier commercial craft. 

John Joss, author of this special advertising 
section of productivity, has written and 
edited numerous articles and books on a 
wide range of scientific and technological 
subjects. He also has covered these subjects 
for many radio and TV features. 

aided manufacturing. It is factory data 
management and gathering. It is radical 

approaches to software. 

No Place to Hide 

Top managements in every sector of 
the electronics industries are 

unanimous in saying that productivity 
or its lack will make or break their 

companies in the 1980s. In fact, the 

semiconductor industry is swiftly 

becoming the pivot on which world 
industry hinges, with silicon its 

fundamental deflation engine. 

Very large-scale integrated circuits 

designed by CAD systems form the 

next generation of computers, a wide 
range of CAD/CAM tools, and 

communications systems that work 

harder at lower cost. Those same 
systems help aggressive multinational 

firms to create more competitive 
products and services of every kind. 

One high-visibility example is the new 
generation of avionics in jetliner 

cockpits, which are safe and efficient 

with two, not three, crew members. 
Made possible by advanced 

electronics, this productivity 
improvement is holding down airline 
costs in the competitive international 

transportation industry to the benefit of 
travelers and air-freight users. 

Productivity—basically higher yields 
of increasingly complex VLSI circuitry of 

higher quality and lower cost—is the 
semiconductor industry's driving force. 
Its products are the only world 
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That's because Eaton Semiconductor 
Equipment Operations offers something 
no one else does: both front-end and 
back-end semiconductor manufacturing 
and test equipment from the same 
company. 

From track equipment through sys-
tems test equipment, it's all backed by 
the security of Eaton Corporation's 
worldwide service and support. By their 
R&D investment of more than $1 billion 
over the last five years. And by the fact 

that Eaton Corporation has already been 
around for 80 years and is here to stay. 
It's like getting a $3.5 billion corporation 
thrown in for free. 

So give us a call at Eaton Semicon-
ductor Equipment Operations. And stop 
ordering front-end and back-end equip-
ment à la carte. 

Awf.1111 Semiconductor 
w UM Equipment 

WHEN OUR SEMICONDUCTOR 
EQUIPMENT SALESMEN 

TAKE YOU TO LUNCH,YOU CAN 
ORDER ALMOST ANYTHING. 

NcciKajson de 
SERVER Mer 

TAeLE 
GUESTS 

ton Corporation, 645 N. Mary Avenue. 
nnyvale, CA 94086, (408)733-8330 
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commodity, producing higher 

performance at lower cost. Economists 

see it as the best deflation game in the 

industrial world. 

The potential improvements in 

productivity are enormous, as two 

advances from Canon and Siltec 

suggest. "Automated handling and 

alignment is coming—over 70% of our 

contact/proximity aligners include it," 

says Brian Allsop, national sales 

manager for Canon USA. "We use a 

laser to scan the mask and wafer 

through a microscope, and we've 

adapted it to the mirror-projection 

aligner and wafer stepper. We also 
provide buffers that let our machines 

communicate with future automated 

process controllers." 

Each of the hundreds of steps from 
raw material to finished product is 

getting productivity emphasis. Siltec 

has placed its new microprocessor-

controlled crystal-growing furnaces at 

six major silicon-wafer manufacturing 

sites. "Removing 'personality' from 
ingots means better ICs, and getting 

labor out cuts costs," says Tony 
Bonora, Equipment division vice 

president. "Our new furnace monitors 

eight vital ingot parameters under 

closed-loop control and lets users tailor 

chemistry like carbon concentration 

and radial/axial oxygen distribution for 
wafers to go into specific processes, at 

higher yields." 

Automation's Tradeoffs 
Chuck Wood, executive vice 

president of NEC Electronics USA and 

general manager of the Electronic 

Arrays production facilities, operates 

one of the industry's most highly 

automated plants. "Automation is 

inevitable," he says. "But it calls for a 

series of subtle compromises. 

"We've virtually eliminated people 

from the assembly process, but many 

considerations feed back all the way to 

circuit design. For example, we settle 

for conservative cell size and wider 

inter-die spacings to make room for the 

automatic handling equipment." 

"Less dice per wafer? Yes. But the 

higher yields more than make up the 

Automated parts-supply systems, such as this one from Eaton-Kenway, can 
improve material-handling productivity by as much as 50%. 

difference. But then, our fully 

automated pattern-recognition bonders 

are 12 times faster than humans. In 

VLSI, local control versus long pipelines 
to Southeast Asia more than make up 

for the highest costs." 

The silicon factory of tomorrow, as 

envisaged by Applied Materials' vice 

president Bob Graham, aims at 

improving quality and yields despite 

more complex circuits and shrinking 

geometry. "We must remove the people 
from inside the process," he says. 

"They are the prime cause of dirt and 

damage. They should be used solely as 
intelligent prostheses outside the 

process, for maintenance. 

"I predict, not a [production] lire 

which was the old way, but a ring-

shaped tunnel structure with its own 

Class-10-or-beter ctean environment 

for processing parts all the way from 

wafer to die without human 

intervention. The 'silicon tunnel' will be 

essential if submicrometer-linewidth 

devices are to be achieved repeatably 

and with economical yields." 

Some problems still await engineering 

breakthrough, he admits. "We will have 

to do a lot of inventing. For example, we 

need a new way to move wafers down 

the line. Nothing we have or can 

visualize today can work at sufficiently 

high cleanliness better than Class 10" 

[10 submicrometer-sized particles per 
million]. 

Productivity via automation is 

exempli`ied by a broad series of attacks 

on conventional plant ces.gn and 

management. The attacks are 

interrelated and emanate from leading-

edge electronics technologies— 

CAD/ CAM, factory data management, 
and various forms of robotics. 

All aim to raise the production rates 
of consistently high-quality, reliable end 

products, using the fewest numbers of 

people on the :east floor space for the 
lowest capital :nvestment. 

CAD/CAM: Prime Tool 
CAD/CAM É one of the most useful 

new tools of nigh technology. A score 

of companies, primarily in the U. S., 

Japan, Germany, and the UK, is 

configuring continually more powerful 
systems. 

Basically these new tools are versatile 

computer systems with input via 
digitizing table or data stream, the 

ability to display and manipulate color 

graphics and symbols flexibly, and the 
capability to simulate and model 

temperature and mechanical stress. 

They can store and manage large, 

complex, and interrelated data bases. 

150 
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We made the NV200-6 Ion Implant System 
with me most etricient ana rename warer cool-
ing capability available.anywhere—Autocool. 

In production proven applications, Autocool 
is effectively cooling wafers implanted at beam 
power levels of 3 watts/cm? (The NV200-6, 
however, can produce a full 1.6 mA of phos-
porous @ 200 KeV, equivalent to 4 watts/cm2, 
for high power applications. And we can handle 
that, too.) 

Autocool is a unique patented technique that 
uses gas as the heat transfer medium, rather 
than the traditional solid surface interface. 

Its design eliminates wafer sticking and accom-
modates discrepancies such as wafer bowing. 

• • I., • I III e 

It also results in an excellent and reproducible 
-£  across-the-wafer temperature uniformity. 

You can get Autocool with the NV200-6 Ion 
Implant System. Which also comes with the 
convenience of worldwide service and support. 
Along with the security of doing business with 
the biggest name in semiconductor equipment. 

Give us a call and we'll tell you the full story 
about the NV200-6 with Autocool. 

Because, as the world leaders in wafer cool-
ing, we've simply got the best you can buy. 
Only from Eaton. 

SemiconductoEu 

POSITIVELY THE FINEST 
WAFER COOLING TECHNOLOGY 

ON EARTH. 

Eaton Corporation, Ion Implantation Division, 2433 Rutland Drive, Austin,TX,78758, (512) 837-7600 
Circle 151 on reader service card 



Measure 

static 
charges 
instantly 
reliably 
economically 

10411 

ACL 

The new compact, lightweight 
ACL-300 static locator, measuring 
static charges from zero to 30,000 
volts, is a worthy addition to the 
Analytical Chemical Laboratories 
line of static measuring instruments. 

No othersimilar device comes close 
in ease of operation, accuracy or 
size. The ACL-300 weighs only 5.5 
oz., with battery, and measures only 
43/8"x 25/8"x 1 5/16". To operate, it is 
only necessary to select the range, 
rezero, point the instrument toward 
the object being measured, at a 
predetermined distance, and read 
the meter For greatest accuracy, 
there are four voltage ranges, in-
cluding a 0-500 volt range for low 
level static charges. 

ACL manufactures a full line of elec-
trostatic measuring instruments, as 
well as Staticide '" brand topical 
antistat. For 32 years ACL has pro-
vided consulting and testing ser-
vices on programs for static control, 
for a variety of industries. 

Guaranteed for one year, the ACL-
300 is shipped from stock and in-
cludes battery and instruction ma-
terials. List price is $299.95, but the 
unit is currently available at an in-
troductory price of $259.95. Send 
your purchase order or check; or 
phone (312) 981-4212. 

Analytical 
Chemical Laboratories 
1960 Devon Avenue 
Elk Grove Village, IL 60007 
312/981-9212 
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plus precision plotter ouput, and, in 

some cases, numerical-control tapes 

and product-testing programs. 

In the end-user world, CAD is used by 
architects, engineers, and builders for 

mechanical engineering, drafting, and 

simulation, all the way to finite-element 

modeling and analysis, as well as for 

city, plant, office, piping, and wiring 

layouts with associated materials 

calculations. The major fabrication 

industries are buying CAD/CAM at an 

increasing clip—a bright spot in a time 

of overall industry sluggishness: aircraft 

and automobile makers, the electrical 

industries, and the makers of heavy 

equipment for earth moving and 

agriculture all are buying. 

Already, the big million-dollar 

machines are being challenged by 

smaller systems selling in five figures 

that deliver a large measure of the 

power of their big brothers and lack 

only ultimate speed and memory 

capacity. Managers husbanding costly 
capital for financial productivity are 

looking closely at these smaller 

systems. The computer industry's 

record of more power at lower cost is a 
precise analogy. 

The newly arrived CAD/CAM 

specialist at industry analyst 

Dataquest, Tim Gauhan, provides a 

valuable perspective: "The old 

management-information-system role 

has expanded into CAD and CAM and 

is reaching forward into CIM — 

computer-integrated manufacturing. 

The new applications that create CIM 
include process planning, materials 

management, and production 

scheduling. 

"The classical computer pattern is 

repeating in CAD/CAM: more capable 
32-bit machines using SEL, DEC, Data 

General, and Perkin-Elmer processors 

and microprocessor-based machines. 

There are stumbling blocks; in large 

companies there is a power struggle 

between the classical data-processing 

operations and manufacturing for 

control of CAD/CAM in complex 

political-financial-bureaucratic 

environments. But the future looks 

bright: the $800 million business of 

1981 will be a $5 billion giant by 1986." 

Typical of the aggressive technology 

arena is the recent introduction by 

Gerber of a low-cost CAD system that 

generates artwork for pc boards. Dave 

Ryan, vice president of marketing, 

predicts that "in five years the large, 

centralized CAD systems will be 

obsolete, since they are merely 

prototypes for determining the 

functions that need implementation in 

the new wave of equipment tuned to 

perform discrete functions at vastly 
reduced cost. These new systems will 

be usable without extensive training or 

costly overhead staff and will cost 10% 

to 30% of today's big prototypes." 

Tough Talk 
CAD/CAM users today expect and 

get productivity increases measured at 

up to five times and more in many 

applications. This means that they get 

layouts, drawings, and production 

results in weeks instead of months, 

months instead of years. Without these 
systems, no VLSI circuits could be 

designed, few aircraft or cars built. As a 

way to remain competitive in an 

increasingly competitive world, 

CAD/CAM is the most important 

productivity tool since the computer. 

An increasingly popular tool, handling 

people as CAD/CAM handles designs, 

is the factory data-management system 

involving suppliers such as HP, IBM, 

NCR, and Texas Instruments. These are 

tools for managing men and materials 

on the shop floor and for using a 

company's computer power for real-

time data collection and management 

decision-making. 

Important to the factory of the future 

will be increasing use of robotics and 

other computerized manufacturing 

tools. One pioneering company that 

expects a surge of activity in this area is 

Dyna/Pert, which introduced 

automation to the electronics industries 

in 1955 with its automatic component-

insertion machinery for pc boards. 

"Probably without exception, all of the 

industry's giants have invested 

extensively in this technology," says 

marketing manager Neil McClean. But 
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Eaton Semiconductor Equipment is in the 
cassette-to-cassette sputtering system business 
in a big way. 
And here's how we did it. 
We started off with a sophisticated idea: use 

advanced, field-proven technology that we 
know works well. A cassette-to-cassette wafer 
handling system from our ion implanter. 
Cassette elevators and loaders from our pho-
tolithography division. Our own high rate 
magnetron source. Followed by a 50°C to 
400°C substrate temperature controller, using 
our gas coupled heat transfer chuck. 
Next we made it simple by reducing as many 

moving parts as possible to make it even more 

reliable and easy to maintain. 
Then we backed it up with worldwide service 

and support from the biggest name in semicon-
ductor equipment: Eaton. 

We're sure you'll be impressed with the 
result. It's a combination of simple, inventive 
successes, with none of the unnecessary extras. 
So if you're looking for the ultimate sputter-

ing system, you'll be on the right track if you 
call Eaton Semiconductor Equipment. 

Because the road to reliability is paved with 
good inventions. 

E T. N 2eqiirrilpicmonednror 

THE EATON SPUTTERING SYSTEM. 
WE PUT MORE INTO IT. TOOK MORE OUT 

OF IT. THEN PUT OUR NAME ON IT. 
Circle 153 on Reader Service Card 

Eaton Semiconductor Eqüelent Operations, Wafer Systems Division. 
3500 Garrett Drive, Santa Clara, CA 95051, (408) 727-1190 



Here is the significant breakthrough 
in automatic sputtering systems. 
These machines are now operating 
on production lines in the U.S., 
in Europe and in the Far East, with 
improved yields confirming their 
superiority. 

Capabilities are unique: 
• Automatic Cassette-to-Cassette 

Processing 
• One-at-a-time, Sideways Wafer 

Processing 

Now 
Repeatable, Single-Wafer 
Processing. 

, 

Circle 154 on reader service card 

• Broad Process Flexibility with 
Microprocessor Control 

• Compact Design Compatible with 
Clean Room Requirements 

• And Much, Much More! 
Call for full details about this state-
of-the-art system that is backed 
by Varian's strong support services 
worldwide. Act now. Discover what 
the 3180 can do for you. Varian 
Semiconductor Equipment Group, 
611 Hansen Way, Palo Alto, CA 94303; 
(415) 493-4000. Varian GmbH, 
Stuttgart, W. Germany, 73 20 28. 

varian 

3180 
SPUTTERING 
SYSTEM 



We're Eaton Semiconductor Equipment, 
and we'd like to offer you a chauffered lim-
ousine ride from our plant to see the major 
competition's high current ion implant 
system. 

Why are we driving you to the competi-
tion? Because to see theirs is to love ours. 

Of course, if our Nova NV-10 didn't offer 
Y2 the energy consumption and occupy Y2 
the space of the competition's, we might be 
afraid to show you theirs first. 

If we didn't clearly offer superior net 
throughput, reliability, maintenance, and 

support services, we probably wouldn't be 
taking you in a chauffered limousine, either. 

Obviously, we've got a lot to offer— 
from the advantage of advanced technology 
to the security of doing business with an 
Eaton Corporation company. 

So if you're not sure we have the best 
available, give us a call. We'll let the com-
petition prove it. 

'Ye RI Semiconductor 
'at mu Equipment 

FREE LIMO SERVICE 
FOR ION IMPLANT SHOPPERS, 

DIAL (611) 9 5840. 

1ton (:orpor,Ition, 11)11 Irili)lantation )1\ 1i(01, 16 'Foie 
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-- LniversaL Automation in Electronics 

Model 2425/2315 Axial Lead 
Straightener-Taping Machine. 
Automatically straightens leads 
of axial components and tapes 
them at a rate of 15,000/ hr 

There s a labor-saving Universal Instruments machine or 
system for almost every electronic assembly manufac-
turing need. Not just one machine that will do the job for 
you better and faster, but a whole array of machines, 
systems and peripheral equipment. They range from table-
top manual units that help the operator increase output, 

.J2IL 

Model 2596 Expandable Component Sequencer 
Sequences axial lead components. includin' umpe 
wires at rates up to 25.000 an hour for programmed 
insertion. Modules can expand from 20 to 160 
input stations. 

Model 6285/6295 High-Speed VCD Axial Lead Insertion 
Machines. The ultimate in automatic insertion of axial lead com-
ponents Cycle rates of 12.500 insertions an hour on single head 
Model 6285, 25,000 an hour with dual head Model 6295. 

to complete production lines. Many of these systems are 
modular in design, so that you can increase production 
capability as your volume grows. Among them you'll find 
the perfect match for your particular need, whether 
your problem involves increasing productivity, improving 
quality, or reducing per unit cost. 

Model 2863 Off-Line Tester. Can be used 
or inspection of incoming components. 
or sequenced components at up to 
36,000 an hour. 

Model 6345 Radial Lead Se-
quencer/Inserter.Cycles at inser-
tion rates of over 7.000/hr. Will 
insert a broad variety of radial lead 
devices. inctuding capacitors. 
Peaking coils, and "hairpin - axials. 

Pass-Thru' Automatic Board Handling System eliminates manual beard feeding and 
removal. System accepts boards in stack or magazine input, moves them through, the 
machine and accumulates inserted boards in a magazine loader for automatic movement 
to the next machine. 

Model 3986/3991 Wire Termination 
Machines. Panels are positioned 
under termination gun and indicate 
wire to operator, for termination 
rates of 600 to 1200 wires/hr. 

Model 8212 Satellite Controller System. Multi machine capability 
and centralized program generation and storage make this the 
world s most productive computer-based machine control system 

Model 4611 Hybrid Microelectronic 
Assembly Machine. Automatically 
places chip capacitors, integrated 
circuits and other microelectronic 
devices as small as .030" on sub-
strates at cycle rates opto 3.600/ hr 

Circuit Board Terminals and Insertion 
Machines. Stamped pins and reCeP 
tacles in quantity. in strips, on reels 
or loose—your design or ours— plus 
Universal's automatic pin and ter-
minal insertion equipment at rates up 
to 10,000 per hour. 

iL n i v e r s a L 
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Model 2862 On-Line Sequence Tester. 
Mounts on Model 2596 Sequencer and de-
tects missing. out-of-sequence and faulty 
components, and stops machine cycle for 
correction of error at up to 22,500 com-
ponents an hour 

Model 6792 Multi-Module DIP Inser 
lion Machine. High-speed automatic 
insertion of two different DIPs selected 
from 300'; 400'; 600" sizes, sockets, 
and small 2- and 4-lead .300". sizes. 

Model 6911 Auto Load Board Handler permits 
hands-free automatic circuit card loading and un-
loading of VCD type machines. 

qv' 611 
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Sheet Metal Stamping and Fabrics 
ion. Includieg prototype stamping. 
short run stamping; high speed long 
un. and secondary operations such 
as welding. EDM and NC machining 

Model 2866 DIP Verifier. Veri-
ies that each integrated circuit 
module is the correct type, func-
tional and correctly oriented. 

Model 6232 Man-U-Sert' Manual 
Assembly Machine. Machine 
automatically positions board. 
shows operator exact location for 
each insertion, cuts and clinches 
leads after insertion. 

Model 6731 Mod-U-Sert' Man-
ual DIP Insertion Machine. 
Easily-programmed built-in 
memory automatically feeds 
.300'; .400" or .600" DIPs from 
12- or 16-magazine feed rack. 

MEA Mechanized Electronic Assembly Service. 
Any degree of electronic assembly manufactur-
ing service from component preparation to as-
sembled circuit boards to finished end products. 
including extensive test and quality control. 

DOVER CORPORATION 

Universal Instruments Corporation • Box 825, Binghamton. New York 13902 • Tel: 607/772/7522 • TWX: 510/252/1990 
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One look at the comparison table to 
the right shows you what we mean. Our 
competition has misaligned their price. So 
we'd like to take this opportunity to help 
you comparison shop. 

Our Kasper 3001 proximity aligner is 
the perfect solution for exposing fine 
geometries while avoiding costly defects 
introduced by mask/wafer contact. 

Its optimum printed line resolution and 
complete modular versatility give you the 
best of two worlds. 

But best yet, it's from Eaton, the only 
company in the world that can give you 
VLSI geometries in proximity for under 
$60,000. Along with 100% documentation, 
worldwide service and support, and the 
security of doing business with the biggest 
name in semiconductor equipment. 

Give us a call for more information on 
the Kasper 3001 proximity aligner. We 
guarantee the dime you'll spend is a small 
investment on a big savings. 

IN 

Printinglèchnique 

Proximity Gap 
Repeatability 

Contact Printing 
Performance 

Proximity Printing 
Performance 

Viewing Optics 
Resolution 

Prealign Accuracy 

Motorized X,Y,O 

Cassette to Cassette 
Handling 
Throughput 
(Manual Align) 
Maintenance 
Training 

EATON 
ALIGNER 

Contact Proximity 

±-0.5 Microns 

<2 Micron Features 

3 Micron Features 
at 20 Micron Gap 

1 Micron 

±0.0025" X,Y 

Available 

Available 

90 Wafers/Hour 

Sunnyvale, Phoenix 
Europe 

CANON 
ALIGNER 

Contact, Soft Contact. 
Proximity 

-1-1 Micron 

<2 Micron Features 

3 Micron Features 
at 20 Micron Gap 

1 Micron 

±-0.012" X,Y 

Available 

Available 

90 Wafers/Hour 

Los Angeles 

E T. N Semiconductor Equi 

THE BIG DIFFERENCE 
OUR ALIGNER IS THE PRICE. 

Eaton Corporation, Wafer Systems 
Division, 749 N. Mary Avenue, . 
Sunnyvale, CA 94086 (408) 730-3200 
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The Lexidata System 3400 Display 
Processor and full line of interactive 
peripheral devices are designed spe-
cifically for OEMs and sophisticated 
end-users. The System 3400, rapidly 
becoming the leader, with over 1,000 
units shipped to date, possesses the 
product characteristics required by 
this demanding customer group. 
• System 3400 performance is truly 
outstanding. Only the System 3400 
offers 1280x1024 resolution at 60Hz 
non-interlaced black-and-white and 
grayscale capability, or 880x704 reso-
lution at 60Hz non-interlaced color. 
Our programmable lookup tables are 
the industry standard of performance. 
Double buffered memories or multi-
ple lookup tables with bank switchable 

memories and processor features, 
such as pan/zoom and 4K WCS, 
are available. 
• System 3400 quality satisfies the 
requirements of Fortune 500 com-
panies, the leading CAD/CAM 
systems vendors and military and 
government contractors. We con-
tinue to focus on quality because we 
believe that quality and cost effec-
tiveness are closely related. 
• System 3400 flexibility ensures a 
configuration to meet the exact 
requirements of each customer. The 
System 3400 offers a complete range 
of OEM configurations, starting from 
$7,540, including monitor. 
• System 3400 software provides a 
high-level language user-interface to 

execute graphics and imaging func-
tions. The powerful subroutine 
library streamlines application soft-
ware development and facilitates 
user interaction. 
• System 3400 cost effectiveness 
enables even price-sensitive OEMs 
to configure a highly competitive 
product. You will be able to maximize 
your value-added contribution 
and optimize your overall system 
performance. 

For more details, call (617) 663-8550 
or write to us at 755 Middlesex Turnpike, 
Billerica, MA 01865. TWX 710-347-1574. 

-- LEXIDATA 
IL• CORPORATION 

Circle 158 on reader service card 
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regardless of the CAD/CAM, CIM, or 

robotics used, control of production-

line variables is crucial. For example, 

electronics manufacturers making more 

and more complex, sensitive systems 

are reporting severe static surges that 

kill products and wreak production-line 

havoc. Topical antistat can control this, 

says Steven A. Halperin, executive vice 

president at Analytical Chemical 

Laboratories. For example, "ITT-

Courier in Phoenix which ships about 

$250 million yearly in terminals, has cut 
pc board defects 80%, eliminated over 

15,000 manhours of rework annually, 

and reduced inventories by several 

hundred thousand dollars." 
Materials-handling automation in the 

factory of the future concerns Eaton-

Kenway in Salt Lake City. Senior vice 

president and general manager Jim 

Allred calls this industry segment "the 

best opportunity for American industry 

to make major improvements in 

productivity. We've integrated 

automatic inventory storing, 

transportation and tracking, numerical 

control, and robotics under the control 

of up to five hierarchical levels of 

computers, from a central large 

machine to local microprocessor 
intelligence in handling equipment." 

Testing: a Partner 

Leading manufacturers of test-and-

measurement and automatic-test 

equipment, such as Fluke, Teradyne, 

and HP, all see testing as a productivity 

tool, but each sees it differently. Jim 

Bowen is vice president for operations 

for Eaton Corp.'s semiconductor-

industry activities, including the Test 

Systems division. "The drive for 
productivity in testing is quite clear," he 

says. "But quality and reliability in end 

products are just as important and are 

tightly linked to testing in the 1980s. 

"The basic economics of IC 

manufacture are coming to a head over 

the issues of quality, reliability, burn-in, 

and test. Today at least two thirds of 

the problem is in the software. We must 

address the current generation of 

testing issues before we attempt the 
next. For example, [I believe that] 64-K 

RAMS are being slowed in acceptance 

because testing them is too costly and 

slow. 
At Hewlett-Packard, Merrill Brooksby 

has what he calls "broad responsibility 

within HP" to promote productivity 

tools, and he asserts that "productivity 

at the end of the line results from a 

deliberate intention to create quality 

products. The two are virtually 
synonymous and must be designed in 

from the start. DOAs in final test, or 

even worse, at our customers' receiving 

dock, kill company productivity. 

Simplicity the Key 

"Any functional productivity system, 

for design through production and in all 

testing phases must be simple. Big, 

elaborate systems won't work. We 

emphasize down-to-earth solutions 

usable by as many engineers as 

possible." The HP viewpoint carries 

weight; they are makers or users of 

virtually every type of test-and-

measurement and ATE equipment in 

the industry. 

Productivity numbers may come 

hard, but only cost-benefit data can 

justify specific testing strategies. U.S. 

Instrument Rentals' president Tony 

Schiavo emphasizes test-equipment 

rentals and leases to improve a 

company's financial productivity. 

"Today the pressure on earnings per 

share and the cost of money, plus its 

increasing impact on the balance sheet, 

forces more aggressive leveraging," he 

says. "Instrument rental and lease— 

from as short as a week to as long as 4 

to 6 years—is part of the solution." 

Productivity—both personal and 

corporate—has been improved more 

by the computer than by any other 

More capable test systems like Fluke's 3050A digital/analog tester can check 
out a variety of circuitry and permit full test-program generation. 
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element in technology. Today the 

computer is not discrete, but integral to 
almost everything men and machines 

can do. 

The link between electronics, 
computing, and communications has 

become so tight that there is almost 

seamless continuity. Every discipline in 
the industry makes an important 

contribution down to the component 

and materials level, and each area of 
technology is pushed to deliver cost-

effective results. By 1999, these links 
will be forged even more tightly. 

Order-of-magnitude increases in 

performance, coupled with similar 
reductions in cost that most computers 

have delivered each decade since their 
inception, constitute the industry's most 

notable contributions. Peripherals of 
every type have shared powerfully in 
the overall achievement. Indications are 
that this technological double play will 
continue. Fifth-generation machines, 

using voice recognition and voice 
output and incorporating huge, low-
cost optical memories, will bring 

personal-computing power to almost 
any citizen in the industrialized world 
who needs or wants it. 

The Productivity Influence 

By the late 1960s, leading computer 
makers had already established 
electronic data processing as a basic 

productivity tool for business, industry, 

government, medicine, finance, and 
science. Their influence is hard to 
overstate. 

Minicomputer makers established a 
strong middle ground. They did it 

through cost reduction, massive and 

cheap main and peripheral memory, 

and networking —essentially emulating 
and competing with big-machine 
features. 

Then the microcomputer invasion 
launched by Intel dragged the 
semiconductor industry into new levels 

of vertical integration. Intel—and other 

companies such as National, Texas 
Instruments, Motorola, AMD, Signetics, 

and Zilog —are progressing from 4- to 
32-bit machines in a decade. 

In the process, they are driving digital 

With advanced display techniques 
and sophisticated software, 
Evans & Sutherland computer 
graphics are reaching new heights. 

computing concepts into millions of 

new applications rooted basically in the 
relentless demand for industrial 

productivity. Personal applications have 
proliferated, but the personal computer 
is still in its infancy. 

Progressive peripherals are 
revolutionizing data and word 

processing, CAD/CAM, and office-
system productivity. For example, 

"technological and price-performance 

advances in computing, VLSI memories, 
and microprocessor-based architecture 

will make raster-scan graphics the 
dominant display technique of the 

1980s, and quality will improve as costs 
decline," says Lexidata president Ralph 

Linslata. He foresees wide use of these 

in integrated form for facsimile, 

electronic mail, and graphics-plus-data 
processing. 

Machine linkup was yet another 
stimulus. The advent of much less 

expensive and more reliable digital data 

communications, including satellite 
links, notched computing's productivity 

thrust upward still further in the 1970s. 

The question for managements in the 
Fortune 500 companies and their peers 
worldwide is not whether but when to 

implement fully integrated computer-

communications systems for data and 
words. The challenge is how to 
configure them for maximum possible 

cost-effectiveness and minimum 

reasonable obsolescence. 

Yet none of these advances would 

have been possible without software to 

guide the machines. Today, software 
looms as the productivity barrier to be 
broken if progress is to continue. 

Sometimes dubbed the 'infinite task,' 
the problem of matching the explosion 
of microcomputers, minicomputers, and 
mainframes with operating and 

applications software is assuming high 
priority in the data- and word-
processing community. Programmer 

shortfall—estimated variously by 
observers at 100,000 to 1 million by 
decade's end—is close to crisis. Cost is 
another problem: software already 
consumes 80% of a system's lifetime 

cost and is predicted to exceed 90% by 

1990, as hardware costs declined and 
labor costs in programming rise. 

Software's Productivity Crisis 

The development of software that 
requires minimal programming skill to 
use it is crucial. It is noteworthy that 
when HP introduced an ambitious 
range of office-automation products 

last month, the hardware was coupled 
with emphasis on new user-friendly 

software-automation tools. They will 

enable people without programming 
experience to process words, graphics, 
and numbers, according to HP Business 

Computer Group general manager Ed 
McCracken. What's more, for software 

pros, he promises a factor-of-4-to-10 

improvement in programmer 
productivity with the Rapid program-
prototyping concept. 

Off-the-shelf, packaged programs 
often fail to meet users' needs, and 

the built-in inefficiences and cost to 

customize deter many users. Now the 
role of automatic program generation is 
becoming accepted. 

Modules addressing specific 

functions are coded automatically once 
the user has specified the kind of 

program desired, thus saving time and 

manpower. More than 10 companies 
are already active in automatic program 

generation; the programmer gap is 
expected to stimulate more entries. 

Operating systems resident in a 
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Fluke 3200A Circuit Board Analyzer 

The economics of bare and loaded 
board testing just improved. 

Finding continuity errors at 
the bare- and loaded-board 
stages can increase throughput 
and save you a lot of money. 

50% of all the errors in automated 
board testing occur at these stages. By 
isolating and correcting continuity, 
open and short faults early, you can 
save a significant amount of the 
money you are investing in testing 
boards. Here's how. 
Divide and Conquer. 

Test time and rework means 
extra money. By using the 
new Fluke 3200A Circuit 
Board Analyzer, you 
reduce the time and 
effort required at the 
functional or in-circuit 
test phase. 

Studies show that as 
your major testers 
approach capacity, you 
can increase board 
throughput by using the 
less expensive 
3200A. The 

L. -->, -,--i•. . ..' ._—mom.. -Tr- --
,. /er-2--..*-- -ii --;2"Uf 

...4=-.-„,-.1,11, ̀..;;;, Li nedelqu'e' I 1 . ' 4n ' 

«44 •'' eç... ..-•_ ,} . III  h 

4 ,..._ _ •,.. r •Aig r p...1rWir Li l r_i . 

..-- -ri ....--er.,  II ,, -.........-.... i.,__ _ ---, r-___-----% He 
l  • ,-,  

g  1  f : 1.1 sel;fi 

. t e' • ill' ,)Li, .., ,  I lit .  
# ::„...JV  

ir ril 7 21-'1_". i i,.» ¡sv. - 
7LII  

n  ¡pi  

r» 4 Ti.., u.i.t.-.4. .-

3 51 1'1 ./„ L 1 -C.;,C,-
g ri krf 

*.'» .'--- / _Az.--' .-----;-..«. ,r,--.- — ::!,....+.-- -7\ ‘,.:-.?- _,,., ..", .410e.edillnli. 

3200A quickly isolates many of the 
simple errors that can slow down 
other testers. This frees up your more 
expensive systems for more 
thorough testing at faster rates. 

Add our 3050A Functional 
Board Tester and achieve 98% 
confidence levels. 

When you use the 3050A Func-
tional Board Tester and the 3200A 
together, you can quickly and easily 
test your digital boards to a 98% 

confidence level. You get both at 
the cost of an in-circuit tester 
which will give you only an 

85%-90% level of 
confidence. 

High performance backplane 
testing and more. 

The system includes the best 
backplane, card-cage and cable tester 
available today. Plus, the 3200A can 
test up to 65,536 points over 4 sep-
arate stations. 

We also offer offline programming 
stations so you can develop software 
without interrupting your testing 
operations. 

Fluke support means business. 
Fluke backs up the sales of each 

board-test system with an extensive 
- sales, service and training network, 
extending throughout the world. , 

So, when you 
commit to any ATE 
system from Fluke, 

you are assured 
total support from 

no one of the world's 
leading test and 
measurement 

manufacturers. 
Write or call 

1-415-965-0350 
today for more 
information on 
the 3200A or any 
ATE system 
from Fluke. 

FLUKE 

AUTOMATED SYSTEMS 

For technical data Circle no. 161 

 (fast response coupon) 
IN TI1E IS. ANI) NON 
Et  HOPEAN COUNTRIES: 

John Fluke Mfg. Co., Inc. 
P.O. Box C9090, M/S 250C 
Everett, WA 98206 
(206 356-5400. Tlx: 152662 

I'd like more information on the 3200A. 
I'd like a demonstration of the new 3200A. 

O Send information on the 3050A. 
Name 

1067-8/3200 
IN EUROPE: 6311/81 

Fluke Holland' 13.V. 
P.O. Box 5053. 5004 EB 
Tilburg, The Netherlands 
10131673973. Tlx: 52237 

Title Mail Stop 

Company 

State Zip 

Ext. 



Dyna/Pert, the acknowledged innovator in automated 
electronic assembly technology, introduces a new family 
of machines dedicated to keeping your assembly costs 
within reach. Not out of sight. 

This microprocessor controlled family represents the 
latest advancement in a long line of Dyna/Pert innova-
tions. Our first automated machines saved you manual 
labor costs. Further developments allowed us to combine 
testing with production, for a lower reject rate. And now, 
we're putting the emphasis on information handling and 
productivity. For you, this means more involvement with 
CAD/CAM information documentation. Timely, precise 
and efficient information storage and retrieval. And ulti-

mately, lower material costs. And greater profits. 
What's more, this family provides distributed process-

ing. Each member of the family of assembly machines is 
intelligent in itself. So each machine is more powerful. 
More flexible. More precise. And more independent. 
You needn't start/stop the whole line in controlling one 
machine. And they needn't be arranged in a particular 
sequence. So there's greater flexibility in facilities design. 

Let's face it. You can't solve your electronic assembly 
cost problems with mirrors. Look to the pioneer. Look 
into Dyna/Pert technology, now. Call or write Dyna/-
Pert Division, Emhart Corporation, Elliott Street, Bever-
ly, MA 01915. (617) 927-4200. 

If your electronic assembly costs are 
out of sight, look into Dyna/Pert technology. 
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DYNA2iPERT 
MACHINERY GROUP 
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REDUCE ALIGNMENT COST/WAFER 
In these days of rising capital equipment costs, Canon gives you 

outstanding cost per wafer advantage.The concept is "MIX and MATCH:" 
Today's devices do not require alignment on the finest resolution mask 
aligner at every level. Such aligners are expensive and comparatively 
slow in throughput. 

With the Canon Mix and Match system two micron or less design rule 
levels are done with the FPA112FA wafer stepper and the less demanding 
levels are done on Canon's PLA501FA, for a huge savings. 

FOR CRITICAL VLSI LEVELS USE WAFER STEPPER FPA112FA 

Magnification ratio 1:1 
Resolution 1.6 micron 
Alignment accuracy 0.3 micron (2 sigma) 
Thru the lens alignment in X, Y, 8, 

at each step. 
Field size — 22mm 

Alignment accuracy ± 0.5 micron (2 sigma) 
Prints (a) 2-3 micron geometries at 

20 micron gap (proximity mode) 
(b)1 micron geometries in contact 

mode. Mask bow controlled in 
contact by precision Z motion adjust 

Provision for test pattern insertion with 
no throughput loss 

Step pattern — selectable 
Stepping distance —X & Y selectable 
Throughput —40 w.p.h. (4") 
Price $310,000 

FOR LESS CRITICAL LEVELS 
PROXIMITY/CONTACT ALIGNER WITH AUTO ALIGN PLA501FA 

Five inch available 
Throughput 90 w. p. h. (5") in proximity mode 
Price: Under $150.000 

r> et 
INDUSTRIAL PRODUCTS DIVISION 

Optical specialists to the Semi-conductor industry 

CANON U S.A., INC., 123 PAULARINO AVENUE EAST, COSTA MESA, CA 92626 (714) 979-6000 • 1 CANON PLAZA, LAKE SUCCESS NY 11042 
(516) 488-6700 • EUROPE: CANON UK LTD, INDUSTRIAL PRODUCT DIV, WADDON HOUSE, STAFFORD RD CROYDON, U.K. TEL (01)-680-7700 

• FAR EAST. CANON INC., 11-28, MITA 3-CHOME, MINATO-KU, TOKYO, JAPAN 
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silicon chip are the first elements of 

silicon software available. Soon, 
subroutines are expected to be 
available on chip, callable by the 

programmer on demand, to accelerate 
program development. Standard 
applications functions—especially 

where the application is fully 
understood and reliably coded—are 
anticipated in newer microprocessors 

under development. 
"Most professionals who need 

computers have neither the time nor the 
inclination to learn programming," says 
John Peers, chairman of the newly 

formed Technology Industries and a 
pioneer in programmerless 
programming with Logical Machines' 

ADAM in 1974. Peers wants to go far 
beyond automatic program generation, 
silicon software, or other aids. 

"Computer power must be 

transparent, instinctual if it is to become 
the 1980's true productivity tool," he 

says. "Our goal is to permit anyone to 
put data into a computer, manipulate it, 
and inquire from data bases, without 
any nonEnglish or nonroutine 
programming or other action. The 

machine should be able to accept 

essentially any form of input that can be 
digitized, including voice and images." 

Personal Computing's Role 
Mike Markkula, president and chief 

executive officer of Apple, expects 

ultimately to see personal computers on 

every desk. "These machines are all 
about individual productivity," he 
states. "I can do in minutes on my 
Apple what used to take hours by 

hand—or was so laborious I wouldn't 
attempt it. I get my own data now, not 

in a week via a subordinate." 

"The personal computer will be for 
the 1980s and 1990s what hand-held 

calculators were for the 1960s and 

1970s," he says. "Based on history, we 
will be able to deliver 10 times as much 
personal computing power for a tenth 

the cost. As important, we will make our 

machines learnable in 20 minutes, 
versus today's 20 hours, without having 
to program. Then [the personal 
computer] will be pervasive—no one 

will be able to work productively without 
it." 

Still, the manpower shortage looms, 

as profound for hardware engineers as 
it is for programmers. Recent AEA 
predictions of six-figure manpower 
shortfall by 1986 in all key professional 
engineering and software areas 

underscore the problem—which is 
insoluble, based on current college 
enrollments. 

THINK 
BAUSCH & LOMB 
QUALITY 
Since 1959, when StereoZoome Microscopes were first 
introduced, more electronic assembly, packaging, and 
inspection operations have put StereoZoom® Microscopes to 
work for them than any other instruments of their kind. 
The reasons all relate to Bausch & Lomb quality. Like 

human-engineered design that has been use-tested for over 
twenty years for operator convenience. World famous 
Bausch & Lomb optics that have enabled production lines to 
increase thruput without sacrificing quality. And a dedicated 
effort to listen to you, our customer, that has produced such 
quality innovations as patented coaxial illumination, the high 
performance StereoZoom 7 Microscope, and now, tungsten-
halogen illumination. 

This constant attention to your quality needs has made us 
industry's first choice. Call or write today for detailed catalog, 
applications assistance, or a personal demonstration. 
Precision. Value. Performance. Three good reasons to 
THINK BAUSCH & LOMB QUALITY. 

BAUSCH & LOMB 0 
Scientafic Optical Pa111CtS Division 
Rochester, New York 14602 USA 
716-338-6000, TWX 510-253-6189 TELEX 97-8231, CABLE: Bausch & Lomb 

Regional Offices SOPD International CANADA Bausch & Lomb Canada Ltd., Don Mills, Ontario 

EUROPE Bausch & Lomb GmBH, Muenchen, Germany Bausch & Lomb France S.A., Versailles, Franc 

Bausch & Lomb U.K. Ltd., Epsom Downs, Surrey 

FAR EAST Bausch & Lomb (Hong Kong) Ltd., Shaukeiwan and Singapore Circle 108 on reader service car 



One Source. Every critical step of the way. 

Announcing the Model 300... 
another dividend on your 
Micraligà investment. 

Perkin-Elmer now offers a cost 
effective route to higher pack-
ing densities, higher yields, 
greater production economies 
...utilizing the same process, 
the same floor space, the same 
personnel, the same spare 
parts and the same tooling. 

It's all made possible by 
the new Micralign Model 300 
with a specified overlay 
accuracy of 0.5gm, machine 
stability of 0.25gm and reso-
lution of 11/8gm at 300nm. 
Dramatic improvements in 

optical fabrication techniques 

are incorporated in the Model 
300. To take full advantage of 
this, the 300 also incorporates 
improved optical mounting 
techniques, vibration isolation, 
air flow and internal tempera-
ture control, wafer-cassette 
protective cover, and pellicle 
protected mask capability 
These improvements pro-

vide overall stability measured 
in months, not days. 
To find out what else the 

Micralign Model 300 can do for 
you, and to take advantage 
of equipment trade-in policies 

OVERLAY SCALE 

0.50 pm 

The inset shows a vector map 
of the Model 300 overlay perfor-
mance measured against a 
contact-printed, first-level 
using electrical patterns dis-
tributed over a four inch wafer. 
Combined magnification/distor-
tion and alignment errors are 
measured using this technique. 

and Model 200 to Model 300 
retrofits, contact Perkin-Elmer, 
Semiconductor Operations, 
50 Danbury Road, Wilton, 
Connecticut 06897. 

ni1111111116 

PERKIN-ELMER 
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Our 1982 Annual 
World Markets Forcast Issue 
closes for advertising on 
December 21, 1981. 

The most utilized market forecast in the International 
Electronics Technology Marketplace will be published on 
January 13, 1982. Place your advertising space order today. 
You'll get intense and continued readership of your 
advertisement by important managers and engineers in 127 
countries throughout the world. Call your local Electronics 
salesperson or call (212) 997-2908. 

Electronics 
Where important people re 
read important editorial iñÏ 



New products_ 

Resource manager coordinates testing 
In-circuit board-testing station joins existing functional 

testers in networked system with distributed computing 

by Richard W. Comerford, Test, Measurement & Control Editor 

Test-system networks, which usually 
centralize their computer power in a 
large automated test system or host, 
have paved the way for networks in 
the factory. But "they do not provide 
an optimum utilization of computing 
power," says James Keener, vice 
president of sales and marketing for 
Computer Automation's Industrial 
Products division. 
Thus about a year and a half ago, 

the company started to develop a 
network system targeted at using 
distributed processing to efficiently 
manage board flow in the production 
arena. Though separate elements of 
the total system have since been 
introduced, now the company is 
unveiling the total scheme, called 
Marathon [Electronics, Nov. 3, 
p. 33], and is adding two elements 
with a third promised by mid-1982. 
The two new elements that com-

plete the test line are what the corn-

pany has dubbed a resource manager 
and a prefunctional tester. The 
resource manager ties together all 
test activity, including program de-
velopment and checkout, testing and 
reworking of production boards, 
board-flow management, and also 
corporate reporting. 

Multitask approach. For the re-
source manager, Computer Automa-
tion leveraged work done by its 
Naked-Mini division and employed 
an LSI-4/95 computer with an oper-
ating system resembling Bell Labo-
ratories' Unix. The unit does not 
serve as a data integrator, perform-
ing all the test-generation, simula-
tion, and data-analysis functions a 
host would in other systems, but 
instead uses multitasking software to 
manage and allocate the computer 
resources in the rest of the system. 
For example, it allows four program-
mers to share a Sprint board-simula-

NO.1 

PROGRAMMING 
TERMINALS 

PROGRAM 
DEVELOP-
MENT 

PRINTER 

SPRINT 
SIMULA 
TION 

STATION 

MANAGE 
MENT 

PRINTER 
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STORAGE 

RESOURCE 
MANAGER 

AOMIN-
ISTRATOR 
STATION 

NO.1 NO 2 NO. 3 NO. 4 

TEST STATIONS 

NO 1 

NO .2 

NO 3 

NO .1 

REWORK 
STATIONS 

tion computer. In the previous stand-
alone configuration [Electronics, Jan. 
13, p. 276], the allocation was one 
programmer per Sprint. 
The resource manager also takes 

care of archiving test programs— 
using a hierarchical data-base—man-
agement system—once they have 
been generated using the Majic test 
language [Electronics, Feb. 10, p. 40] 
and debugged using Sprint. Test 
libraries as well as test data can be 
stored on a 300-megabyte disk sys-
tem, which can be doubled in size. 
When test-station operators are 

ready to run a test, they can call for 
programs using a board part number 
or some other management-defined 
descriptor. The resource manager 
will download the appropriate soft-
ware using a high-speed serial local 
link called Acorn. Acorn differs 
from other local nets such as 
Ethernet, according to Irwin Pfister, 

Test sharing. The Marathon net-

work (left) relies on an LSI-4/95 

to manage distributed computers 

in a multitasking mode. A test sta-

tion may be a prefunctional tester 

(above) or a functional unit. 
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You can use every software you have already 
running on an Exorciseeunder MDOS® 

You can use all the Motorola 680X support 
software for designing 8 Bits on your mono 

or multi-users EXORMACC 

Please contact soon 
for tie nearest distributor : 

DATA SUD SYSTEMES FRANCE 
22 RUE DE CLARET 34000 MONTPELLIER FRANCE 

Telex 490-425 
MDOSe, EXORCISEReand EXORMACS . at e trademarks of Motorola inc. 
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Electronics 

Seminar 
Catalogue 

For Managers & Professionals: 
FREE Seminar Catalogue 
Dollar-orianted. 

intensive practical 
prograins developed 
specifical y for the 

incustry. 

This catalogue is a complete reference guide to 
our seminar programs. It contains detailed 
outlines of each seminar, a biography of each 
instructor. and a listing of the dates and 
locations where each seminar will be h 
this catalogue to select the 
best help you to im 
And to im 

. Use 
ogram that will 

ove your professional skills 
prove your company's profitability 

Send for your free copy NOW. But hurry— 
supplies are limited 
Send coupon below a call Mary Andrews at 
McGraw-Hill Seminar Center. (212) 687-0243 

rAary Andrews 
I McGraw-Hill Seminar Center 
I Room 3112. 305 Madison Ave. 
New York. NY f0017 
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New products 

vice president of engineering, in its 
"more sophisticated computer proto-
col. Ethernet doesn't have the data-
verification capability built into 
Acorn, which is a must for valid 
testing and reporting." 
One source. So that it can serve as 

a single source for board-testing sys-
tems, Computer Automation is add-
ing the prefunctional tester. This 
4,096-pin station "is basically what 
the industry has been calling an in-
circuit tester," Pfister explains, "but 
since our Capable series of function-
al testers has always used in-circuit 
techniques to find faulty compo-
nents, we think it's more important 
to emphasize the methodology angle 
of testing." A prefunctional tester 
checks to find assembly faults before 
the functional tester ensures that all 
the components work together. 
The Marathon functional testers 

are derived from the Capable 4900 
series, and existing 4900s can be tied 
into the system. But those testers do 
not require the software develop-
ment and management-oriented 
functions when linked to Marathon, 
and thus are dedicated only to test-
ing functions. 

Because of the current frugal 
approach to capital investment, 
Keener emphasizes that "Marathon 
is not only for big users—a small 
user can get a programming station, 
resource manager, and prefunctional 
tester for $230,000." For that price, 
he adds, the user also gets the man-
agement-reporting capability now, 
and with time can expand to a sys-
tem such as the one diagrammed, 
which would cost about $1.5 million. 
One of the items a user may add 

later is a paperless rework station, 
which will use board-failure data to 
tell a board fixer what component 
needs replacement. To be formally 
unveiled in mid-1982, it "will not 
have the full graphics capability of 
the Marconi unit [Electronics, Oct. 
20, p. 264] but it will get the infor-
mation needed and talk back to the 
resource manager," says Pfister. 
Marathon deliveries, starting in 

April, will take 90 days. 
Computer Automation Inc., Industrial Prod-

ucts Division, 2181 Dupont Dr., Irvine, Calif. 

92713. Phone (714) 833-8830 [338] 
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National Keeps the Image 
Where You Want It 

IMO 

VP-5231A-30 MHz 
Dual Trace 

se, 

The New PanaScope series oscilloscopes lock on to the 
most complicated waveforms and let you see them 
clearly. Unlike conventional triggering circuits which 
require tedious trigger level adjustments and often come 
unlocked with a slight change in the waveform, 
PanaScope's Auto Fix Triggering stops your waveform 
solid, for easy viewing regardless of amplitude, 
frequency, duty cycle or rise time. 
The PanaScope comes in 4 versions, with bandwidths 

up to 30 MHz. Sensitivity is 1 my/division. Both dual 
trace and single trace models are available. A full range 
of triggering modes and triggering sources are supplied. 
Auto Focus provides a clear, sharp image. The 20 and 
30 MHz models have an internal illuminated graticule, 
especially convenient for photos. The top model even has 
a sophisticated delay-line.National PanaScope. Easy to 
use, easy to fall in love with. 

VP-5220A -- 20 MHz 
Dual Trace 

VP-5215A —15 MHz 

Single Trace 

VP-5216A-15 MHz 
Dual Trace 

El National 
Matsushita Electric Trading Co., Ltd., Sales Promotion Dept., P.O. Box 288, Osaka 530-91, Japan 
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examine... 
a worldwide perspective. 

Nlectronics Electronics/ Electron i 
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Wherever you are in this world, whatever your 
specialty...ELECTRONICS magazine's exclu-
sive worldwide, international coverage of elec-
tronic technology and business guarantees that 
our subscribers are the first to know precisely 
what's happening...when it's happening...re-
gardless of where it's happening. 

From San Francisco to Tokyo, Moscow to Tel Aviv, 
only ELECTRONICS covers the fast-paced 
changes taking place in today's world of elec-
tronic technology. Our overseas editors don't 
travel to where the news is breaking, they live 
and work there. They examine and interpret 
every significant technological and business 
development on the international electronics 
scene to make sure our subscribers not only 
keep pace...but keep on top. 

You owe it to yourself and to your career to find 
out why nearly 100,000 of your professional col-
leagues in 127 different countries explore the 
world of Electronics on a regular basis. Devote 
one hour of your reading time every two weeks 
and we'll broaden your dimensions in ways that 
no one else can. We'll keep you current on what's 
going on in the technology. 

To start your subscription to ELECTRONICS 
send in the subscription card found in this 
magazine. Or, write directly to Subscription De-
partment, ELECTRONICS, McGraw-Hill, 1221 
Avenue of the Americas, New York, N.Y. 10020. 

Electronics 
Magazine rtil* 

Electronics/November 30, 1981 
173 



SEPA   
'AUTOMOBILES 

SEPA has long been fully familiar with 
industrial instrumentation, especially 
that used in the automobile world. This 
fund of experience is freely available to 
customers to cater for their needs with 
regard to on-line or end-of-line 
inspection, tests and inspections in test 
rooms, and high-precision instruments. 

Among the several systems SEPA offers, 
particular mention can be made of that 
devised for the automatic running of an 
engine test room. 

This is a highly sophisticated system 
that permits the execution of test cycles 
programmed in computer language in 
either automatic or manual mode. The 
micros forming part of each local unit 
and the central unit gather, process or 
store data on the engine under test. 
These are then displayed locally 
(monitor, print-out, etc.) and centrally for 
graphic processing (plotter, discs, etc.). 

Systems designed and manufactured by 
SEPA for car electrical equipment 
automatic test, test benches automation, 
carburettors and distributors inspection 
and gearbox noise analysis are further 
dependable examples of SEPA 's activity 
in the automobile instrumentation sector. 

Società di Elettronica per l'Automazione S.p.A. 
Corso Giulio Cesare 294-10154 TorMo (Italy) 
TeL (011)205.3371 - Telex 221527 Sepa I 

174 Circle 110 on reader service card Electronics/November 30, 1981 



New products 

Boards hook DEC machines to Ethernet 
Controllers buffer host from network, performing tasks for 

first two layers of protocol and collecting net statistics 

by James B. Brinton, Boston bureau manager 

For a user to get the most out of a 
local network, his equipment must 
interface with it gracefully and oper-
ate with minimal host-processor 
overhead. Those two factors are 
reflected in the first products from 
Interlan Inc. [Electronics, July 28, 
p. 97], microprocessor-based board 
subsystems that handle many as-
pects of local-network interfacing. 
The firm's communications con-

trollers directly connect the bus of 
Digital Equipment Corp. LSI-11, 
PDP-11, or VAX computers with 
Ethernet. The interfacing subsys-
tems include a Z80 control micro-
processor, input/output buffer stor-
age, and all hardware and software 
needed to conform with Ethernet 
version 1.0 protocols. 

According to president Paul J. 
Severino, Interlan's products differ 
from earlier offerings 
in this area in that 
they have both local 
intelligence and a di-
rect connection to the 
computer bus. The 
few other systems 
available either oper-
ate via RS-232-C, 
IEEE-488, or other 
ports, or make inter-
face control operations 
the province of the 
host, resulting in un-
desirable overhead. 

Users with a PDP-
11 or VAX computer 
can purchase the com-
pany's Nl1010 Unibus 
communications con-
troller, priced at 
$2,940 in lots of 25. 
The Nl1010 comes 
complete on a single 

circuit board, taking one Unibus 
slot. LSI-11 users would buy the 
NI2010 at $1,625 in quantities of 
25; the 2010 takes two quad-height 
slots. 

Interlan-supplied device drivers 
can be interleaved with DEC'S RSX-
11M and -11S operating systems, 
and with connection to an Ethernet 
cable, operation can begin. The com-
pany will sell its customers an 
Ethernet transceiver if they need 
one, the model UN-NA1010; using 
this transceiver, the host computer 
can be up to 50 m from the Ethernet 
cable, and stations can be up to 
1,500 m distant on the cable before 
repeaters are required. 

Framed. Ethernet uses a packet or 
frame format to transmit data. A 
frame consists of a 64-bit synchro-
nization preamble, 48-bit destination 

and source addresses, 16 bits of 
data-type information telling receiv-
ing nodes how the data is to be used, 
46 to 1,500 bytes of data, a cyclic-
redundancy-check sequence 32 bits 
long, and a 9.6-os frame gap. 
The InterIan devices perform the 

functions needed to transmit and 
receive data in this form. They also 
collect statistics on network and 
node performance, the latter a fea-
ture common in large network moni-
tors. These jobs correspond to layers 
1 and 2 of the Ethernet interconnec-
tion protocol, the physical layer and 
the data-link layer. With these tasks 
properly performed, Ethernet nodes 
can communicate at a half-duplex 
rate of 10 Mb/s. 

Physical-link functions are sim-
plest. During transmission, they in-
clude generation of the 64-bit syn-
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It's easy to see why LEADER 
oscilloscopes are now specified more 
than ever. Greater performance and 
quality for less cost...with immediate 
deliveries from local agents 
around the world. Unmatched 
reliability in instruments that 
withstand a broad range of 
environmental conditions. 

A full-range of reliable, 
medium bandwidth 

oscilloscopes. 
LEADER's oscilloscope line includes 12 
models, single and dual trace versions, 
for bench or field use. All models offer 
comprehensive triggering controls, TTL 
compatible Z-axis modulation, front 
panel trace alignment control and 
convenient, color-keyed front panel 
layout. Probes are furnished with every 
oscilloscope and options include probe 
pouches, carrying cases and front 
panel covers. 

50 MHz alternate 
time base. 

LBO-517 gives you complex analysis 
capability with 
alternate/composite 
triggering and 
simultaneous 
main/delayed time 
base display on its 
dome-mesh CRT 
with 20 kV 
accelerating 
potential. Has 7 ns 
rise time, 5 mVtcm 
sensitivity with X5 
multiplier for 1 mVicm 
up to 10 MHz, 5 ns 
sweep speed with 

Circle 112 for product 

eni1.1.11.11 

The LEADER LBO-517 with dome-
mesh CRT displays bright, clearly 
defined traces at all sweep speeds 

and repetition rates. 

1 i te rature 

The 
surprisin 

leader. 
X10 magnifier, and two trigger view 
channels. 

30 MHz delayed sweep. 
LBO-515B is a dual trace oscilloscope 
with 4-inch CRT and parallax-free 
internal graticule, 5 mV sensitivity, 120 
ns signal delay, trigger hold-off, delayed 
sweep and x-y operation at full 
sensitivity. 

35 MHz with signal delay. 
The dual trace LBO-520A combines 10 
ns rise time with 5 mV sensitivity and 120 

ns signal delay lines. 
Has 5.6 kV PDA 
CRT with internal 
graticule. 

20 MHz 
dual and 

single trace. 
LBO-508A and 
LBO-507A have 
17.5 ns rise time 
with 1 M ohm 
input impedance. 
Automatic or 
external triggering, 

X5 sweep magnifier, 10 mV/cm sensitivity 
and add/subtract modes. 

10 MHz 1 mV 
sensitivity. 

LBO-514 has vertical and horizontal 
X5 magnifers. 1 mV/cm sensitivity 
and sweep speeds to 0.1 ps/cm. 
Auto or normal triggering. Z-axis 

modulation. (Single trace version, 
LB0-513.) 

20 MHz battery/ac 
portable. 

LBO- 308S gives lab performance and 
high reliability in field service. Sensitivity 
is 2 mV with complete triggering controls 
and 18 sweep ranges to 0.1 ps/div. with 
X5 magnifier. Dual trace, compact, 
lightweight with 3-inch, internal graticule 
CRT. Optional internal, rechargeable 
battery pack available. 

Consult the leader today. 
Get the cost/performance picture on the 
Leader oscilloscope line and the name 
of your local Leader agent. 

LEADER 
Leader Electronics 

Corporation 
2-6-33 Tsunashima Higashi, Kohoku-ku 
Yokahama, Japan Phone: (045) 541-2121 

Telex: J47780 JPLEADER 
In the U.S A. contact: 

Leader Instruments Corporation 
380 Oser Avenue, Hauppauge, NY 11787 U.S.A. 

Phone: (516) 231-6900 
Telex: 510-227-96b9 LEADER HAUP 
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New products 

chronization preamble, parallel-to-
serial data conversion, calculation of 
the CRC value and its insertion into 
the frame, and Manchester encoding 
of the bit stream. It also seeks to 
avoid collision through monitoring of 
other stations' frame transmissions 
and sensing collision signals from its 
local transceiver. 

Physical-link receiving functions 
include synchronization with the 
incoming bit stream and removal of 
the synch preamble, decoding of the 
incoming bit stream, and serial-to-
parallel conversion of the stream. 

Within the 'data-link layer, the 
Interlan subsystems perform trans-
mit-data encapsulation and trans-
mit-link management. They also do 
data decapsulation and receive-link 
management. 

Transmit-link management con-
sists of carrier deference (delaying 
transmission until the network is 
silent) or collision detection in the 
event of simultaneous transmissions, 
and of back-off and retransmission 
in the event of collision. In Ethernet, 
collisions are common, so the receive 
side of the subsystem is designed to 
filter collision fragments from valid 
frames—an important aid in maxi-
mizing link throughput. 
When not transmitting, the sub-

system monitors traffic continuous-
ly. Usually, the unit processes a 
frame up to the destination address. 
It accepts frames either if they are 
addressed to it, if they are broadcast 
to all nodes in a system, or if the 
address matches one of the 63 multi-
cast-group logical addresses the user 
may assign to the board. This last 
capability allows users to send data 
to from 2 to 63 nodes selectively 
without broadcasting to all nodes or 
repeating the transmissions. 

Net monitor. If a node is to per-
form network management or diag-
nosis, its controller can operate in 
what is called the promiscuous 
receive mode, bypassing its address-
filter logic and accepting all undam-
aged frames. It will flag its host with 
network performance data when 
desired. Net statistics collected in-
clude: frames received, frames re-
ceived with CRC error, frames 
received with alignment error, 

frames with out-of-window error, 
frames transmitted, and collisions. 

Interlan's subsystems buffer the 
host bus from the unpredictable 
frame arrival and departure times 
characteristic of Ethernet. The 
boards have a 16-K-byte first-in, 
first-out buffer for received frames, 
so few time-critical demands are 
made of the host bus. For transmis-
sion, the subsystems have a 2-K-byte 
FIFO buffer, enough for one frame. 

All data transfers between the 
controllers and bus memory are 
supervised by an on-board direct-
memory-access controller. The user 
can preload as many as 16 buffer-
address and byte-count values for 
DMA received f'rames. 
On power-up, the communication 

controllers perform tests of on-board 
memory, registers, and data paths; 
light-emitting-diode indicators show 
the state of the board. If there is a 
failure, the user can resort to diag-
nostic software supplied by Interlan 

There also are network-related 
testing and diagnostic features. The 
user can exercise the controller in an 
internal or external loopback mode; 
this makes it possible to isolate trou-
ble to the Ethernet cable, the trans-
ceiver, or to within the controller. 

For users who wish to build their 
own controllers to suit computers 
Interlan has not yet addressed, the 
NM I 0 Ethernet protocol module is 
available at $1,725 in quantities of 
25. It is equipped to interface with 
most available 8- and 16-bit micro-
processors and buses and performs 
almost all of the communications 
controller's functions. 

Software is unbundled; the NS-
2010 RSX-11MYS device driver 
software has an initial license fee of 
$1,000; copies cost $100. 

Units are scheduled to enter beta 
test immediately; full-scale ship-
ments are to begin in :January. 
Interlan Inc., 160 Turnpike Rd., Chelmsford, 

Mass. 01824. Phone (617) 256-5888 [339] 

gliffSTAL OSCILLATOR 
International's OE 
Series of Crystal 
Oscillator Elements 
provide a complete 
crystal controlled 
signal source. The 
OE units cover the 
range 2000 KHz to 
160 MHz. The standgrd OE unit is de-
signed to mount direct on a printed 
circuit board. Also available is printed 
circuit board plug-in type. 
The various OE units are divided into 
groups by frequency and by tempera-
ture stability. Models 0E-20 and 0E-30 
are temperature compensated units. 
The listed "Overall Accuracy" includes 
room temperature or 25°C tolerance 
and may be considered a maximum 
value rather than nominal. 

All OE units are de-
signéd for 9.5 to 15 
volts dc operation. 
The 0E-20 and 
0E-30 require a 
regulated source to 
maintain the listed 
tolerance with 

input supply less than 12 vdc. 

Prices listed include oscillator and 
crystal. For the plug-in type add the 
suffix "P" after the OE number: eg 
0E-1P. 

0E-1, 5 and 10 can be supplied to oper-
ate at 5 vdc with reduced rf output. 
Specify 5 vdc. when ordering. 

Output — 10 dbm min. All oscillators 
over 66 MHz do not have frequency ad-
just trimmers. 

Cetalog 
Oscillator 
Element 
Type 

2000 KM 
to 

66 61141 

67 9114 
to 

139 MIti 

140 M1tt 
to 

150 NKr 
000,411 
Accurecy 

25°6 
»mu 

035213 
035214 
035215 

0E-1 
0E-1 
0E-1 

$17.23 
$19.79 

$24.89 
2.01% 

-30° to +60°C 
±.005% 

035216 
035217 
035218 

0E-5 
0E-5 
0E-5 

$21.38 
$25.20 

633.19 

± .002% 
-10° to +60°C 

t .0005% 
2 -66MHz 
±.001% 

67 to 139 MHz 
± .0025% 

140 to 160 MHz 

Conlin 
Number 

(Mallet« 
Element 
Type 

4000 Kit M 21:000 I» (Mull 
Accency 

25•C 
Terms 

035219 0E-10 $25.20 ±.0005% 
-10° to +60°C 

Zero 
trimmer 

035220 0E-20 537.02 t .0005% 
-30° to +60°C 

Zero 
trimmer 

035221 0E-30 $76.59 t .0002% 
-30° to +60°C 

Zero 
trimmer 

III laud  
INTERNATIONAL 
CRYSTAL 
MFG. CO., INC. 

10 North Lee 
Oklahoma City, OK 73102 

405/236-3741 
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New products 

Data acquisition 

D-a converter is 

double-buffered 

12-bit monolithic converter 

works on fast bus, has on-chip 

laser-trimmed reference 

"We want this to be the standard 
digital-to-analog converter of the 
mid-1980s," says David W. Kress, 
marketing manager at Analog De-
vices' Semiconductor division. He is 
talking about the firm's AD567 
monolithic d-a converter, a 12-bit 
current-output unit with double-
buffering input latches that make 
possible operation with any current 
or foreseen microprocessor. 

Analog Devices has introduced 
several latched d-a converters in the 
past year, but none has the speed or 
applications flexibility of the new 
AD567, says Kress. Nor do they 
have its aggressive pricing—less 
than $15 per piece in hundred-unit 
quantities. 
"We have other converters availa-

ble now that can load data in several 
word lengths, but all impose some 
restrictions on use, whether in word 
length, right or left justification, or 
other parameter. The AD567 does 
not," says Kress. "It can take paral-
lel loads from almost any micropro-
cessor or bus at rates up to 10 or 12 
MHz." Naturally, since it is a 12-bit 
part, the AD567 has latches 12 bits 
wide, but it can work with 16-bit 
buses, says Kress. In conversion, the 
last four bits are ignored. 
A key advantage in applying the 

AD567 is the speed lent it by its 
double buffering. Using two latches 
in series allows the unit to grab data 
during the increasingly brief periods 
during which that data is available 
on today's increasingly fast micro-
processor buses; the processing sys-
tem need not be slowed to accommo-
date the converter. 
Nor is there a need to add out-

board input circuitry, according to 
company applications engineers. 

Wg 
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A3 
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With an 8-bit microprocessor, for 
example, the required latches might 
mean the addition of three more log-
ic chips, at a cost of about $3. Of 
course, the added chips increase 
board size and cut reliability; with 
the AD567 they are not needed. 

Extra resistors. As a further con-
venience to the user, the chip also 
contains silicon-chrome thin-film 
"application" resistors, which can be 
used either with an external opera-
tional amplifer to supply precise out-
put voltages, or as input resistors for 
an analog-to-digital converter. These 
resistors are also laser-trimmed for 
minimum offset error; typical bipo-
lar offset error is 0.05% of full scale 
and 0.15% maximum. Unipolar off-
set error is typically 0.01% of full 
scale and 0.05% maximum. Data-
hold time in the latch system is rated 
at zero, and write pulse width can be 
as short as 100 ns. 

Thus, the unit should drop into 
systems with minimal inconvenience 
to the design engineer. The analog 
portion of the system also is speedy, 
with the bipolar current-steering 
converter settling to 1/2 least signifi-
cant bit in 500 ns at most, and typi-
cally in 400 ns. Part of this speed is 
due to the unit's current-output 
design, but some users deem it a 
co.nvenience to be able to select the 
appropriate output amplifier for 
their application. 
The AD567 includes an on-chip 

reference. In this case, the 10-v ref-
erence is accurate to better than 
± 1% maximum. The voltage also is 
available at pin 6 for use elsewhere 
in the system. The reference uses a 

buried-zener design combined with 
on-chip thin-film resistors that are 
laser-trimmed to the final refer-
ence-voltage value. 

Laser trimming also is used to 
maximize linearity. The chip's thin-
film resistor overlay is trimmed to 
assure ± 1/2 -LsB maximum linearity 
error, and monotonicity is guaran-
teed over the unit's full 0°-to-70°C 
operating temperature range. Its 
typical full-scale gain temperature 
coefficient is 10 ppm/°C. 
The AD567 is offered in a 28-pin 

ceramic dual in-line package. It is 
compatible with both ± 12- and 
± 15-v power supplies, dissipating a 
maximum of 495 mw, and typically 
only 300 mw. Input levels are com-
patible with TTL and comple-
mentary-MOS logic. 

But to some users, price will be 
the most important aspect of Ana-
log's introduction. In hundreds, the 
AD567JD is priced at only $14.95 
and its companion AD567KD costs 
only $22.95 in like quantities; the 
latter unit offers slightly tighter 
accuracy—and temperature—coef-
ficient specifications. Both parts are 
available from stock. 
Analog Devices Inc., Semiconductor Divi-

sion, 804 Woburn St., Wilmington, Mass. 

01887. Phone (617) 935-5565 [381] 

Remote interface adapter 
expands acquisition system 

An industrial-control and data-
acquisition network, the Remote 
Input/Output System operates over 
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a single cable of up to 5,000 ft in the 
full-duplex, bit-serial communica-
tions mode. The cable consists of 
three shielded-wire pairs, including 
one in reserve as a spare. 

Working either downstream from 
the user's central processing unit or 
as a stand-alone system, the RIOS 
master station communicates with 
up to 127 individually addressable, 
intelligent remote stations, which 
may be configured hierarchically to 
support several thousand analog and 
digital sensing inputs and outputs. 

Introduced last year, RIOS has 
since been augmented by an STD-
Bus—compatible controller that com-
prises a serial communications board 
and a Z80-based processor board. 
The controller is priced at $349.50, 
with delivery in four weeks. 
The RIA-e201, a remote interface 

adapter that uses a Z80 micropro-
cessor along with expanded user 
read-only memory and on-board ran-
dom-access memory, is available 
immediately for $299.50. Each RIA 
functions as a remotely located 
peripheral interface adapter that has 
16 input/output lines and four con-
trol lines. Other additions include a 
latch board that allows mixed analog 
and digital uo at any remote station 
and an analog-to-digital-to-analog 
board that performs bidirectional 
a-d conversions with up to 10 bits of 
resolution. These are priced at 
$99.50 and $379.50, respectively; 
with immediate delivery. 
International Rectifier, Crydom Division, 

1521 Grand Ave., El Segundo, Calif. 90245. 

Phone (213) 322-4987 [383] 

A-d converter gives 14-bit 

accuracy, 16-bit resolution 

The successive-approximation tech-
nique enables the ADC76 analog-
to-digital converter to offer 14-bit 
accuracy with 16-bit resolution for 
such applications as high-resolution 
analytical instruments, analyzers, 
and test instruments. The ADC76 
makes 16-bit a-d conversions at a 
rate of 59 kHz and 14-bit conver-
sions at a rate of 67 kHz, with a 
maximum full-scale linearity error 

of ±0.003%. For 14-bit resolution, 
conversion time is 15 µs. 
The device's gain drift is ± 15 

ppm/°C and its offset drift is ± 10 
ppm/°C of full scale (bipolar). Per-
formance is specified for 0° to 70°C, 
with no missing codes from +10° to 
+40°C. Users can select analog 
input ranges of ± 2.5, ± 5, ± 10, 0 to 
+ 5, 0 to +10, and 0 to + 20 v. 
The complete ADC76 packs a 

comparator, a clock, a reference, and 
laser-trimmed thin-film components 
into a 32-pin bottom-brazed ceramic 
package. The two available models 
are the ADC76JG, which offers 13-
bit linearity and is priced at $165 in 
100-unit lots, and the ADC76KG, a 
14-bit linear device, which is priced 
at $191 in like quantities. Delivery is 
four weeks after receipt of order. 
Burr-Brown, International Airport Industrial 

Park, Box 11400, Tucson, Ariz. 85734. 

Phone (602) 746-1111 [385] 

Control or acquisition system 

offers speech output 

Synthesized speech output is just one 
of the machine-to-operator inter-
faces possible with the Datalogger 
3500, a process-control or data-
acquisition system. Users select from 
a standard 300-word vocabulary to 
form phrases, and, as a second inter-
face, a built-in cathode-ray tube dis-
plays interactive menu program-
ming, data, messages, and graphics 
for quick data analysis. 
The Datalogger offers up to 1,000 

analog outputs that provide both 4-
to-20-mA and 0-to-10-v de signals. 
The output values are computed by a 
high-speed processor incorporatng 
algebraic, trigonometric, and logar-
ithmic functions. 

An easily interchangeable 3M-
DC100A cartridge stores over 6,000 
data readings from both the operat-
ing system and the application pro-
gram. Read-after-write techniques 
ensure the integrity of the cartridge's 
data. The Datalogger 3500 main-
frame is priced under $10,000, with 
delivery in 8 to 10 weeks. 
United Systems Corp., P. 0. Box 458, Day-

ton, Ohio 45403. Phone (513) 254-6251 

[384] 

12-bit d-a converter is 

packaged for hybrid designers 

Available in die form, the HI-
DAC801 is the 12-bit current-output 
digital-to-analog converter that pro-
vides the base for such critical 
hybrid applications as the ADC-80 
family or—supplemented by two 
components—the voltage-output 
DAC-80 family. 
Two laser-trimmed versions are 

the DAC8OIA, which accepts a 
+ 6.2-v reference, and the 
DAC80IB, which accepts a. + 10.24-
V reference. The d-a converter 
accepts one of three digital input 
codes: complementary, comple-
mentary-offset, or 2's complement. 

Laser-trimmed resistors are pro-
vided on chip for use with an exter-
nal-output amplifier. With an out-
put-current settling time of 260 ns, 
achieved using dielectric isolation, 
and a maximum '/2-least-significant-
bit linearity error at 25°C, the 
DAC80I is suitable for high-speed 
successive-approximation analog-to-
digital converters.. 

Priced at $13.69 for 100-unit lots, 
the converter chip is available from 
stock. 
Harris Corp., Semiconductor Group, P. O. 

Box 883, Melbourne, Fla. 32901 [386] 
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New products 

Microcomputers & systems 

System has hard 

removable disk 

Storage-drive options for 

8085-based system include 

removable-media Winchester 

The 8-bit microcomputer market has 
matured to the point where systems 
integration, warranty, availability, 
and software are key components of 
the buying decision. Optimizing this 
critical combination is the ideal of 
the Quota series 900, a family of 
8085A-2— and 8088—based systems 
from a small systems company in 
northern California. With prices 

ranging from $15,800 to $28,230 in 
single-unit quantities and with im-
mediate availability, the series 900 
competes with 8-bit systems from 
Cromemco, Altos, and Dynabyte. 
The series 900 is a packaged sys-

tem, including either an 8085A-
2—based processor board or two 
central-processing-unit boards, one 
with an 8085A-2 and one using an 
8088. These CPU boards are pack-
aged with one of three types of hard-
disk systems. The first is a Shugart 
Associates SA1004 8-in. Winchester 
disk drive that has 11 megabytes of 
unformatted storage; it is packaged 
as the model 935 system for the 
8085A-2 version and as the model 
938 for the version including the 
8088 board. These systems also 
include two Shugart SA801R flop-
py-disk drives. 

The second storage configuration 
replaces one of the floppy-disk drives 
with a 10-megabyte removable-
media Winchester drive, the DP 100 
Lynx drive from Data Peripherals 
Inc. These systems are designated 

  the model 955, using the 8085A-2 
board, and model 958, including the 
8088 CPU board. 
The third type of storage has no 

floppy-disk drives. Instead it uses the 
three 8-in, slots in the system pack-
age for one Lynx drive and two Shu-
gart SA1004 drives, thus providing 
20 megabytes of fixed storage and 
10 megabytes of removable media. If 
floppy drives are needed with the 
larger-capacity system, a model 710 
or 720 extender chassis can be used. 

Adding memory. The basic config-
uration for random-access memory 
on the 8085A-2 CPU versions is 64-K 
bytes. Since the system can be multi-
plexed to support up to eight termi-
nals, however, additional memory is 
likely to be required. Up to 320-K 
bytes of this memory can be supplied 
by a separate card that manages the 
bank switching of up to five banks of 
memory, each with 64-K bytes. On 
the 8088-based system, the basic 
configuration uses 192-K bytes of 
memory, but the board has the capa-
bility to address up to the 1-mega-
byte limitation of the 8088. 

Both CPU boards contain 4-K 
bytes of read-only memory, includ-
ing a 2-K-byte bootstrap routine and 
a 2-K-byte monitor. This 4-K bytes 
of ROM does not take up user memo-
ry space in normal operation. 
The disk controllers for the series 

900 systems are the Data Technolo-
gy DTC-1403D, for the fixed-only 
storage configurations, and the DTC 
900, for the fixed and removable 
combinations. These provide error 
checking and correction, overlapped 
seeks, automatic seek and verify, and 
an integral data separator. 

Pricing, including a one-year war-
ranty, is $14,500 for the system 935, 
$15,900 for the system 938, $20,500 
for the system 955, $21,900 for the 
system 958, $24,500 for the system 
965, and $25,900 for the system 968. 

In the first quarter of next year, 
Zendex will add an 8086-based CPU 
to its offerings, and in the second 

quarter the company will add an 
Intel-based Ethernet board. 
Zendex Corp., Quota Systems Division, 6680 

Sierra La., Dublin, Calif. 94566. Phone 
(415)829-1284 [371] 

5-megabyte disk storage 

expands Apple's capabilities 

A companion to the soon-to-be-deliv-
ered 128-K-byte Apple III is ProFile, 
a self-contained unit featuring an 
intelligent controller, a 51/4 -in. Win-
chester disk drive, a power supply, 
an interface card, and driver soft-
ware. With a 5-megabyte capacity 
and an average seek time of 95 ms, 
ProFile brings true data-base—man-
agement capabilities to the personal 
computer. 

ProFile has four disk surfaces, two 
read and write heads, and an actua-
tor mechanism, all integrated in a 
sealed, protected unit. The intelli-
gent controller ensures data integrity 
by automatically scanning for errors 
and relocating marginal data blocks. 

ProFile can be used with an Apple 
III with 128-K bytes of memory and 
the revised Sophisticated Operating 
System 1.1. Already being delivered, 
ProFile sells for $3,495. 
Apple Computer Inc., 10260 Banley Dr., 

Cupertino, Calif. 95014 [373] 

High-speed microcontroller 

gets in-circuit emulation 

Signetics has adapted the micropro-
cessor development system of Tustin, 
Calif.—based American Automation 
to support Signetics' model 8X300, a 
bipolar 8-bit microprogrammed mi-
crocontroller. Ez-PRO has two micro-
processors, each with its own memo-
ry and control circuitry, in a master-
slave configuration. In-circuit emu-
lation is provided by the combination 
of the 8X300's 8-K of memory, the 
slave processor, and the Address 
Control Board. Ez-PRO may be con-
figured for as little as $7,495. 
Signetics, 811 East Argues Ave., P. 0. Box 

409, Sunnyvale, Càlif. 94086 [377] 
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New products 

Components 

Power FETs gain 

rf bandwidth 
Lateral design cuts gate 

capacitance for 2.5-GHz 

gain-bandwidth product 

Semi Processes Inc. is exploiting the 
lower gate capacitance of lateral 
moS field-effect transistors in medi-
um-power devices that switch several 
times faster than comparable verti-
cal parts. The SD220 product family 
is made in a diffused lateral process 

in which the channel length—and 
hence the transconductance—is 
comparable to that of vertical 
devices. Since the gate overlaps only 
one highly doped diffusion, the gate 
capacitance is about half that of ver-
tical transistors with the same on-
resistance. 
The devices are designed for use in 

radio-frequency power amplifiers, 
high-speed switches, and log-
ic—to—high-current interfaces. Their 
turn-on delay is 2 ns, and they are 
rated at 60 y maximum drain-source 
potential. The 220H and 222DC car-
ry typically 0.75 A with a maximum 
on-resistance of 10 0, whereas the 
226 is rated for 3 A and 1.5 a With 
an input capacitance of 12 pF, typi-
cally, and a transconductance close 
to 0.2 mho, the devices' gain-band-

width product is 2.5 GHz. 
"Another key advantage of the 

lateral process," comments F. Bruce 
Watson, double-diffused moS mar-
keting manager, "is that the sub-
strate contact can be brought out in 
a four-lead package, so the parasitic 
diode inherent in vertical FETs is 
eliminated." As a result, a single 
power transistor can be used as a 
bidirectional switch. 
The devices are available from 

stock in 100s, at $3.50 for the 226 in 
a TO-39 package. The 220H is $3, 
and the 222DC in a TO-72 case is 
$2.75. All can be supplied in chip 
form for custom assembly. 
Semi Processes Inc., 1885 Norman Ave., 

Santa Clara, Calif. 95050. Phone (408) 988-

4004 [341] 

V-groove laser emits 20-m\N 

continuous-wave power 

The CQL 12, a double-heterostruc-
ture gallium-aluminum-arsenide la-
ser, employs V-groove technology to 
produce a 20-mw continuous-wave 
power output, with a 10,000-h mini-
mum lifetime. The device's light-
current output is extremely linear, 
making it suitable for fast analog 
optical-transmission links. 

Specifically, the laser, which can 
operate in both the continuous-wave 
and pulse-code—modulated mode, 
may be used in fiber-optic links run-
ning at up to 520 mb/s, in digital 
and analog optical disks, and in laser 
printers. Unlike many other semi-

conductor lasers, it is not destroyed 
at excessive current levels, but keeps 
a constant power density by increas-
ing its active emission area. 
The CQL 12 operates in a single 

transverse and multiple longitudinal 
modes. Its beam is nearly totally 
polarized in the plane parallel to the 
junction. Available in wavelengths of 
780 and 850 nm with a typical spec-
tral half-bandwidth of 2.5 nm, it has 
a typical threshold current of 100 
mA at 25°C. The device is priced at 
$650 each in quantities of 10 to 49, 
with delivery from stock. 
AEG-Telefunken Corp., Rte. 22, Somerville, 

N. J. 08876. Phone (201) 722-9800 [343] 

8- and 16-A rectifiers 

recover in 35 ns 

Switchmode has added to its power-
rectifier product line Ultrafast de-
vices that feature a 35-ns recovery 
time. These 8-A single- and 16-A 
dual-chip versions in TO-220 pack-
ages have an operating junction tem-
perature rating of 175°C. 

Primarily for switching power 
supplies with greater than a 5-v out-
put, the rectifiers may also be used 
as inverters and protection diodes. 
The 8-A versions, MUR-805, -810, 
and -815, are replacements for the 
European BYW29 series, and the 
16-A MUR-1605CT, -1610CT, and 
-1615CT will replace the European 
BYV32 series for most applications. 
The devices' forward voltage drop 

is less than 0.85 v at 8 A. The 250-
µA leakage current at a 150°C case 
temperature allows safe operation 
without fear of thermal runaway. 
Each 8- and 16-A device is offered in 
versions with a 50-, 100-, or 150-v 
peak reverse voltage. The 16-A units 
have dual-chip center taps. 
The 8-A units start at $1.50 and 

16-A devices start at $1.90 in quanti-
ties of 100 to 999. The 8- and 16-A 
units run 63¢ and 88¢ in lots of 
25,000 or more. Samples are availa-
ble immediately, with large deliver-
ies taking four to six weeks. 
Motorola Semiconductor Products Inc., P. 0. 

Box 20912, Phoenix, Ariz. 85036. Phone 

(602) 244-4624 [344] 
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New products 

Industrial 

$100 controller 

has 32 I/O lines 

6508-based control card's 

interface chip provides for five 

interrupt lines, handshaking 

By orienting its product strictly as a 
controller and not a general-purpose 
computer, by packaging it on a com-
pact 5-by-7-in. board, and by imple-
menting a new three-port interface 
chip in its design, Commodore Semi-
conductor has come up with a very 
inexpensive yet powerful microcon-
troller. The product is the 6508-1, a 
$99 microcontroller ($75 in lots of 
25) that uses Commodore's 6508 
microprocessor, which has the same 
instruction set as the 6502. In addi-

tion, it has 1,280 bytes of random-
access memory on board and sockets 
for up to 16-K bytes of read-only 
memory or programmable ROM, as 
well as four 8-bit input/output ports. 

This last feature is made possible 
by Commodore's new 6525 three-
port interface chip, which allows the 
ports to be configured either as 32 
1/0 lines or as 24 1/0 lines with two 
handshake lines and five priority-
interrupt lines, each of which can be 
individually enabled or disabled. The 
handshake lines can operate in any 
of three modes. The first mode con-
sists of simply setting each line high 
or low under program control. In 
this mode, the lines can be used to 
signal peripheral devices that data is 
available on an i/o port, or that the 
processor is ready to receive data. 
The second mode is used in con-

junction with an interrupt line. In 
this mode, the handshake line goes 
high automatically whenever its as-
sociated interrupt line is activated, 

and it goes low whenever the proces-
sor services the interrupt by reading 
from or writing to the port. The 
handshake line is, in effect, toggled 
by peripheral and processor action. 

In the third mode, a pulse is gen-
erated on the handshake line when-
ever the processor reads from or 
writes to the associated port. The 
line is normally high, and it pulses 
low for I eis when the processor 
accesses the port. The pulse can be 
used as a data strobe or as an 
acknowledgment to the peripheral. 
The edge connector interface to 

the 6508-1 includes the four 8-bit 
1/0 ports, as well as four pins for 5-v 
dc input power, four ground pins, 
and a reset line. In addition, the two 
clock phases are brought to the edge 
connector in case they are needed for 
synchronizing peripheral devices to 
the processor. Delivery is from stock. 
Commodore Semiconductor Group, 950 Rit-

tenhouse Rd., Norristown, Pa. 19403. Phone 

(215) 666-7950 [417] 

Converter hooks 
to resolver directly 

Isolated resolver-to-digital 

unit accepts 10-kHz input, 

can be used with Inductosyn 

A tracking converter module from 
Analog Devices Inc. for position con-
trol of robots, machine tools, and 
process-control equipment, the 
IRDC1730 translates analog signals 
from standard resolvers into 12-bit 
digital data. Besides data conversion, 
the parallel-output device's internal 
circuitry handles several related 
chores that normally require exter-
nal parts, according to Edward H. 
Friedman, synchro-converter spe-
cialist at the firm. 
"As far as I know, we're address-

ing applications for which there are 
no competitive devices on the mar-
ket," Friedman points out. "Design-
ers of positioning systems have been 
building their own conversion 
schemes from a variety of parts, for 

which the IRDC1730 substitutes a 
single module." 
The module interfaces with the 

resolver, a common position trans-
ducer fitted, for instance, on lead 
screws in machine-tool environ-
ments. A central rotor shaft in the 
resolver rotates in response to ma-
chine-tool movement, and the re-
solver puts out signals with voltages 
proportional to sine and cosine val-
ues of the shaft's angle of rotation. 

Variations. The converter also 
works with a variation on the 
resolver, Farrand Controls Inc.'s 
Inductosyn. Linear and rotary In-
ductosyns, according to Friedman, 
are the most accurate and widely 

used position transducers for numer-
ical-control and machine-tool appli-
cations. The device consists of a slid-
er and a scale. These inductively 
coupled parts bear printed-circuit 
tracks formed in continuous rectan-
gular waveforms. The scale attaches 
to the axis where position measure-
ment takes place and the slider 
moves with the device being mea-
sured. The Inductosyn's output rep-
resents the sine and cosine of the 
distance moved by the slider through 
any waveform cycle, or pitch, on the 
scale. 
The IRDC1730 accepts resolver 

or Inductosyn signals at input fre-
quencies of 400 Hz or 2.6, 5, or 10 

kHz. Transformer-iso-
lated to 500 V, these 
inputs can be received by 
the converter as voltages 
of 2.5 V rms, but the 
IRDC1730 permits ex-
ternal resistive scaling 
for interfacing with any 
resolver or Inductosyn. 
Each 12-bit word gen-

erated by the IRDC1730 
expresses a sine-to-cosine 
ratio rather than an abso-



lute amplitude, thus canceling out 
the effect of noise or of voltage drops 
between transducer and converter, 
Friedman notes. The converter's 12-
bit resolution divides a resolver's full 
360° revolution into 0.0879° inter-
vals, or an Inductosyn's standard 2-
mm pitch into 0.5-gm steps. 

Tracking. Maximum tracking rate 
(at 5- and 10-kHz input frequencies) 
is 170 revolutions or 170 pitches per 
second. At that rate, accuracy is 
± 14 min of arc; accuracy increases 
to ± 10.5 min at one-half tracking 
speed. Maximum bit-update rate is 
nearly 700 kHz. 
The 1RDC 1730 tracks contin-

uously using a type 2 servo loop, in 
which a second integrator automati-
cally compensates for following er-
rors at high speed by maintaining a 
zero-position-error output to a volt-
age-controlled oscillator. The con-
verter's output includes a dc voltage 
proportional to the rate of change in 
a position. This signal provides feed-
back for loop stabilization, without 
the need for bulky external tachom-
eters, says Friedman. 
The IRDC1730 also puts out a 

signal indicating the direction of a 
resolver's rotation. A ripple clock 
tracks the number of completed rev-
olutions or pitches by emitting a 
pulse each time the converter's out-
put passes through electrical zero. 

Packaged in a module only 0.4 in. 
high, the IRDC1730's low profile 
allows mounting in standard card 
cages; the converter module mea-
sures 3.125 by 2.625 in. The unit 
operates at from 0° to 70°C or from 
—55 to +105° C. It runs on 
— 15-, and + 5-v power supplies, 
typically drawing 1.33 w. It sells for 
$255, with quantity discounts availa-
ble. Delivery is from stock. 
Analog Devices Inc., Route 1 Industrial Park, 

Box 280, Norwood, Mass. 02062. Phone 

(617) 329-4700 [4111 

Distributed processing system 

controls up to 254 elements 

The Westinghouse Distributed Pro-
cessing Family (WDPF), for steel 
mills, power plants, and other com-

plex industrial applications, allows 
as many as 254 microcomputers to 
be connected to it by way of a data 
highway system. This data highway 
setup makes the WDPF 10 times fast-
er than other systems used at pre-
sent, according to its manufacturer. 
It can broadcast up to 10,000 data 
variables and 6,000 messages every 
second and provides the plant opera-
tor with up-to-the-second process 
information from anywhere in the 
mill or plant. 
The WDPF includes a 16-bit micro-

computer at each highway unit to 
control, scan, monitor, and compute 
and report data through color graph-
ics implemented on cathode-ray 
tubes or printers. 

Other features include a high-level 
language that provides a simple, 
direct means for developing and 
loading control logic, graphic pro-
cess diagrams, and log reports; com-
ponents that use the same hardware, 
thereby reducing the cost of installa-
tion, maintenance, spare parts, and 
training; an independent drop to 
handle short- and long-term data 
storage and on-line retrieval; and 
separate data-computing drop, pro-
grammed in a high-level general-
purpose language (as are the individ-
ual microcomputers) to perform sys-
tem-wide complex calculations. 
Westinghouse Electric Corp., Industry Sys-

tems Division, 200 Beta Dr., Pittsburgh, Pa. 

15238 [412] 

Unit prevents brownouts 

in response to radio signal 

Using the R703 smart duty cycler, 
developed by Honeywell's Energy 
Products Center, utility companies 
now have the ability to prevent 
brownouts and blackouts. The mi-
croprocessor-based device stops air 
conditioners from increasing their 
energy consumption levels if temper-
atures continue rising. According to 
the manufacturer, the unit is ex-
pected to reduce electricity demand 
by 15% to 30%. 
The R703 is activated by a radio 

signal transmitted by the public util-
ity. A similar signal is used to deacti-

vate the device as soon as the critical 
period has ended. The unit can be 
installed outdoors on air conditioners 
of both residences and small com-
mercial buildings. 

It sells for $175 in quantities of 25 
to 999 or as little as $97.50 in lots of 
10,000. Delivery takes six weeks. 
Honeywell Inc., 10400 Yellow Circle Dr., Min-

netonka, Minn. 55343. Phone (612) 931-

4396 [414] 

Motor and amplifier are 

geared for robotics uses 

The International Scientific Indus-
tries Inc. has introduced two new 
products to the robotics industry, a 
brushless dc motor and an amplifier. 
The motor uses high-energy cobalt 
magnets and is offered either as 
rotor and stator components or as a 
unit packaged with a standout out-
put shaft containing position- and 
velocity-feedback devices with or 
without brakes and reducers. Proto-
type quantities of devices with peak 
torques from 30 to 18,000 oz-in. and 
with outside diameters ranging from 
1.4 to 5.0 in. are available in 30 
days, priced from $300 to $700. 
The amplifier is designed to drive 

the motor and is configured to pro-
duce either a six-switch square-wave 
three-phase output or three-phase 
sinusoidal outputs with a frequency 
range from 0 to 200 Hz. The units 
have static stiffness up to 10,000 ft-
lb/radian and dc forward gain up to 
106 with no deadband. They are 
available in four to eight weeks in 
prototype quantities ranging in price 
from $400 to $1,200. 
International Scientific Industries Inc., 135 

Scattergood Dr., Christiansburg, Va. 24073. 

Phone (703) 382-1473 [415] 
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New products 

Communications 

Light source 

tests with pulses 

Low-cost fiber-optic generator 

has output variable to 100 ON, 

pulsing at 5 to 100 kHz 

The Fotec S fiber-optic signal source 
enters a low-cost market consisting 
in main of dc optical sources. The 
Fotec source's output is a digitally 
generated square-wave pulse train 

with a 50% duty cycle. That makes it 
able to test not only for cable attenu-
ation, but also for splice or connector 
loss, receiver sensitivity, and satis-
factory transmission over data links 
using repeaters. The pulse energy 
needed to trigger a receiver or 
repeater, both of which normally 
ignore de input, can be determined 
using the unit. 
"The Fotec S is an optical analog 

of electrical pulse generators, and 
designers and field-service techni-
cians can use it as easily as they do 

184 

electrical test equipment," asserts 
company president James E. Hayes. 
When equipped with a fiber-optic 
converter such as the Fotec C, an 
optical receiver with a linear electri-
cal output, it can work with power 
meters, digital multimeters, photom-
eters, X-Y recorders, and data-
acquisition equipment. 

Wavelength options. Driven by an 
internal oscillator, a light-emitting 
diode in the standard Fotec S model 
produces light with a 940-nm wave-
length. Wavelengths of 700, 820, 
and 880 nm are optional. Employing 
front-panel potentiometers, users 
can vary output amplitude over a 
150:1 range and output-pulse repeti-

tion rate from 5 to 
100 kHz. 
A single BNC 

connector on the 
Fotec S can also 
link the devices to 
an external pulse 
generator, which 
then can control 
both pulse width 
and frequency. 
Output frequency 
under external con-
trol can range from 
dc to 100 kHz. 
When the Fotec S 
is operating inde-
pendently, the BNC 
connector functions 
as a pulse output to 
oscillators or fre-
quency counters, 
with which the 
pulse rate can be 
measured. 

Set at maximum 
power, the Fotec S 

can couple 100 1.4.Nv average, 200 
peak, into a 1,000-µm fiber. The unit 
measures 1.5 by 3.0 by 5.25 in. and 
weighs less than a pound. Further 
enhancing its portability is its availa-
bility in both an ac-only model and a 
rechargeable-battery model (which 
can also run on ac line power). 
The Fotec S is priced at $295 to 

$375, depending on model and con-
nector type. Delivery is from stock to 
four weeks. 
Fotec Inc., Box 246, Boston, Mass. 02129. 

Phone (617) 242-0863 [401] 

Device gives computers 

access to TWX, Telex 

Dispensing with hardware and soft-
ware considerations, the Telex-Plug 
connects any computer with the 
Western Union Telex network as 
well as with other common carriers, 
so that users may send and receive 
messages directly through their word 
processor or computer. Placed be-
tween a word processor or computer 
and a printer without tying up a 
communication port, the Telex-Plug 
listens for activating codes that indi-
cate a message is available to send. 
The unit dials, establishes a con-

nection, and sends the message, 
returning answer-backs or busy sig-
nals. The host is responsible only for 
sending a block of text, including the 
telex number of the destination; the 
Telex-Plug handles the rest. 

If the host is unattended or 
involved with other tasks, the unit 
will sense an incoming message and 
automatically store it or route it to 
the printer. In January, an $800 
option that is retrofittable will pro-
vide message coding and decoding 
according to the data-encryption 
standard. The basic unit can be 
delivered 30 days after receipt of 
order and sells for $1,700. 
Teleface Corp., 176 Ludlow St., New York, 

N. Y. 10002. Phone (212) 477-6802 [403] 

Amp lets satellite receiver 

be 1/2 mile from antenna 

The IFLA 463 post-amplifier is for 
use in satellite video receiving termi-
nals where the antenna must be 
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located at distances of up to 1/2 mile 
from the receiver electronics. The 
unit operates over a frequency range 
of 950 to 1,450 mHz and has a 40-dB 
gain and a 5-dB noise figure. 
The model IFLA 463 is compati-

ble with Hughes' model SVR 463 
receiver and other block downcon-
version receivers using the 1-GHz 
interface. It is available as a single 
unit or as part of a redundant panel 
with single or redundant power sup-
ply. Delivered from stock, the ampli-
fier sells for $600. 
Hughes Microwave Communications Prod-

ucts, P. O. Box 2999, Torrance, Calif., 

90509. Phone (213) 517-6100 [404] 

Bidirectional T-splitter 

keeps crosstalk below 30 dB 

Suitable for developing loop net-
works, single-fiber multiplexing, and 
branching with graded-index fibers, 
the bidirectional optical T-splitter 
employs advanced proprietary tech-
nology featuring low excess losses. 
Supplied with either 50-, 62.5-, or 
100-gm fiber core diameter, the 
TSI-1 provides a nominal 1:1 split-
ting ratio of the input signal with 
crosstalk below 30 dB. Other split-
ting ratios, such as 10:1 are also 
available. 

Housed in a 100-by-60-by-16-mm 
aluminum casing that weighs 0.1 kg, 
the splitter is supplied with untermi-
nated fiber pigtails 50 cm long. The 
TSI-1 operates over the — 20° to 
+ 70°C temperature range in 0% to 
95% humidity. The unit sells for 
$225, with delivery from stock to 
eight weeks. 
Plainview Electronics Corp., 28 Cain Dr., 

Plainview, N. Y. 11803. Phone (516) 249-

6677 [408] 

Refraction lens reduces 

collimator's insertion loss 

The Selfoc micro lens, a graded—in-
dex-of-refraction lens with which a 
variety of optical characteristics can 
be obtained, forms the heart of an 
optical collimator and an electrical-

to-optical converter. 
The collimators in the OPCL 56 

series have both optical axes of a 
fiber and a Selfoc micro lens aligned. 
With this coupling, a typical inser-
tion loss for a lens separation of less 
than 20 mm is less than 2 dB, and for 
a 50-mm lens separation, it is less 
than 4 dB. The OPCL assembly is 
available in one graded-index fiber 
(OPCL-5G) and two step-index 
fibers (OPCL-10A and OLCL-
20H). The numerical apertures for 
these fibers are 0.19°, 0.28°, and 
0.50°, and the divergence angles are 
1°, 2.5°, and 5° respectively. On small 
orders, the collimator prices range 
from $65 to $110. 
The electrical-to-optical converter 

consists of a light-emitting diode and 
a step—index-of-refraction fiber. The 
six standard devices available afford 
a variety of output power levels and 
terminations. Typical output power 
ranges from 80 µW to 1 mw. The 
converter series varies in.price from 
$240 to $290. Delivery on either 
item is five to six weeks. 
NSG America, 136 Central Ave., Clark, N. J. 

07066. Phone (201) 499-0939 [406] 

Optical receiver has threshold 

of 1 µW/cm2 in full sunlight 

The TD200 optical receiver detects 
the threshold of pulsed lightwave 
radiation, producing standard TTL 
outputs from optical inputs of less 
than 1 gw/cm2. Threshold sensitivi-
ty is a function of pulse width: at a 
pulse width of 150 ns in full sunlight, 
the unit's threshold power is 1.0 gw. 
Its relative sensitivity peaks at about 
0.9 gm, but sharp cutoff filters for 
enhanced sensitivity at shorter wave-
lengths to 0.79 gm are available. 

The TD200 module contains an 
electromagnetic interference shield, 
wide field-of-view optical filter, and 
the necessary signal-conditioning 
circuits in a stainless steel, hermeti-
cally sealed package. It employs a 
photodiode 1 cm' in area, a transim-
pedance amplifier, a video amplifier, 
and a comparator. The module has 
three pins —Bk, ground, and output. 
A single +12-v supply powers the 

TD200, which operates from —35° 
to + 75°C. Its current drain is 16 mA 
in full sunlight. In 100s, it is $186, 
with delivery from stock. 
Meret Inc., 1815 24th St., Santa Monica, 

Calif. 90404. Phone (213) 828-7496 [405] 

Narrow-bandpass filter 

enhances signal-to-noise ratio 

The model 67 fiber-optic audio link 
can be used to interface audio sig-
nals from a frequency-shift transmit-
ter-receiver terminal or voice with a 
four-wire optical cable. With high-
and low-pass filters, the circuit may 

respond at 300 Hz to 4 kHz, but 
without filtering, it may achieve a 
response bandwidth extending from 
5 Hz to 100 kHz. 
The predistortion circuit and the 

300-Hz-to-4-kHz narrow bandwidth 
enable the audio-tone, transfer-trip 
system to operate over 55 dB of opti-
cal-cable system losses and still 
maintain an 18-de signal-to-noise 
ratio. The link operates directly from 
an internal ± 12-v dc power supply 
and may be used either to dedicate 
one channel or to multiplex several 
channels. The unit operates from 
— 20° to +60°C and has built-in 
line-surge protection. The model 67 
sells for $600 and is available 30 
days after receipt of order. 
RFL Industries, Powerville Road, Boonton, 

N. J. 07005. Phone (201) 334-3100 [407] 
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METAL 
RESISTORS 

• 

The latest electronic cir-
cuitry requires th p use of 
more sophisticat compo-
nents. At Piher we/re locking 
into your future So now, 
besides our complete line of 
carbon film resi tors, 10mm 
and 15mm trimmers, slide 
potentiometers,/ and even 
zero ohm resisiors, we can 
also supply ygu with precision metal 
film resistors. 

With a tolerance of 1`/)3 and tempera-
ture coefficients of either 5Oppm/°C or 
100ppm/°C, the Piher lacquered metal 
film resistor is designed to fit the 
needs of your critical circuits. And 

soon, w'II have the semi-
precision 2`)/0 and 5% metal 
film resis ors at a cost that 
will make carbon composi-
tion resisto -s obsolete. 

Call toll free 800-323-6693 
today for rdpre detailed cost 
and technial information 
on this advw1ced circuitry 
component. \ 

Piher International Corporation, 505 
West Golf Road, Arlington Heights, 
Illinois 60005, 312-640-8309. 

PIHER 
—".at the heart of today's technology" - 

/ Circle 187 on reader service card / 
I 



Products Newsletter  

Separator enables Look for the capacity of 51/4 -in. Winchester disk drives to extend to 27 

51/4 in Winchester megabytes with the introduction of a four-platter drive and data separator 
-.  from Rotating Memory Systems Inc. of Milpitas, Calif. The basic drives 

to store 27 megabytes have unformatted capacities of 4.5, 9, 13.5, and 18 megabytes for the 
one-platter to four-platter versions, respectively. But the Data Express II, 
a $250 optional data separator, increases capacities by 50%. It also 
boosts the data-transfer rate to 7.5 mHz using a controller chip set that 
RMS offers for $60. Models 504, 509, 513, and 518 will be delivered in 
January, with 100-unit pricing at $910, $1,140, $1,305, and $1,460. 

Microwave plug-in 

sweeps wide range 

To achieve its widest-range sweeper yet —from 10 MHz to 26.5 GHz —the 
model 83595A from Hewlett-Packard combines heterodyne and multipli-
cation techniques using a 2-to-7-GHz yttrium-iron-garnet oscillator. The 
$27,000 unit, which plugs in to HP'S 8350A mainframe, mixes YIG- and 
cavity-oscillator outputs to obtain its low-band sweep of 10 mHz to 2.4 
GHz. Then it amplifies, multiplies, and filters YIG oscillator harmonic 
frequencies to obtain the higher bands. 

Color graphics The PC-800 color-graphics option from Gerber Scientific Instrument Co., 
Hartford, Conn., upgrades the PC-800 system by helping designers differ-

enhances CAD system entiate among the layers of multilayer boards. The color-graphics package 
uses a 19-in, cathode-ray tube with seven-color display ability (blue, red, 
cyan, yellow, green, white, and magenta). The price is $12,000 and 
delivery takes 90 days. 

Add-in memory With the Stor/3000 Mod 31E from Cambex Corp., Waltham, Mass., 
users can increase the main-memory capacity of IBM 3031 computers to 

doubles 3031 storage 16 megabytes— twice the physical-memory limit announced for that 

machine by IBM and equal to its virtual-memory capability. The key is 
64-K memory chips, according to the company, making possible memory 
cards eight times denser than IBM's. Each megabyte sells for about 
$30,000 —approximately 60% of IBM's price; delivery takes 60 days. 

Nonvolatile RAM NCR Corp.'s Microelectronics division, Dayton, Ohio, is adding the 
NCR7033 to its p-channel metal-nitride-oxide-semiconductor nonvolatile 

is word-alterable random-access memories. Words can be altered in the 21-by-16-bit part, 
which is built under a cross-licensing agreement with Nitron Inc., Cuperti-
no, Calif., and priced at about $1.95 in 10,000-unit quantities. Samples 
will be available in January, with production in March. 

Xerox 820 is given 

software support 

Unveiled at last week's Comdex show in Las Vegas by Digital Research 
Inc. of Pacific Grove, Calif., were a number of software offerings targeted 
at the Xerox 820 personal computer. They include CBasic, a Basic 
language compiler and interpreter, as well as CB-80, a much faster 
compiler version of the CBasic program. Also included is the PL/1-80, 
based on the ANSI subset G of PL/1 and compatible with minicomputer 
and mainframe environments. Deliveries begin next month and exact 
pricing is forthcoming. 
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Engineering and Management posi-
tions throughout the South. 
Southwest and U.S. Employers pay 
all fees. Send resume or call Bob 
Hogue, P.E. (512)658-3525. 

%Citified( 
P.O. Box 33070, 

San Antonia, Texas 78233 

SUNBELT OPPORTUNITIES 

Our 14 SE offices cover many Manufacturing 
Firms which seek experienced degreed 
Electronic Engineers as well as Entry Levels. 
Microprocessor/Computer Applications — 
Hardware/Software, etc. Fee Paid. Confiden-
tial Treatment. BEALL ASSOC. Personnel. Box 
8915E Greensboro, NC 27419 

POSITIONS VACANT 

Self-starting electrical research 
engineer/applied physicist to 
conduct independent original re-
search on growth of piezoelectric 
and semi-conducting thin films; 
design and carry out processing 
steps for advanced microwave 
acoustic devices using thin film 
materials; will present research 
papers at technical seminars and 
meetings. Must have research 
experience in areas of microwave 
acoustic devices, piezoelectric 
materials, microelectronic device 
processing and acoustical reson-
ators and filters with publications; 
$27,000 per year; PhD in elec-
trical engineering or applied 
physics. Send resumes to Job 
Service of Iowa, 328 Main Street, 
Ames, Iowa 50010. Equal Op-
portunity/Affirmative Action Em-
ployer — M / F. 

Electronics Engineer — Primary 
duties involve design and 
maintenance of scientific in-
strumentation and supervision of 
electronics technician. Exper-
ience in radio-frequency design is 
helpful. Excellent salary and 
professional benefits, including 
TIAA/CREF Annuity. Deadline: 
December 10. 1981. Contact 
Professor B. R. Ware, Depart-
ment of Chemistry, Syracuse 
University. Syracuse. New York 
13210, Telephone — (315) 
423-4645. 

Electronic Engineers: Deal with 
an EE. I specialize only with 
electronic positions — EE's and 
Techs. The top companies rely on 
me. It makes sense for you and 
me to discuss your career goals. 
We speak the same language. 
Send resume. Call for prompt at-
tention. Noel Cram, EE., 201-
297-7111, Consultants. Inc., PO 
Box 1938, North Brunswick, NJ 
08902. 

RESUMES 

Resumes—Complete instructions 
and examples; $4, Consultants, Box 
567—J. Bergenfield, N.J. 07621. 

SPECIAL SERVICES 

Electronics Contractor and Con-
sultant. Product development 
and computer applications. Ma-
selco 212/476-1516. 
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Career outlook 

The numbers game 

Whether the publicized engineer 
shortage really exists now in the ear-
ly stages of recession is a pointed 
question even for electrical engineers 
with stable jobs. As a practical mat-
ter, company planning and new pro-
grams often hinge on the availability 
of people in the job market, not to 
mention raises and promotions. So 
the opinions of a veteran with a long-
er perspective on this "numbers 
game" could be illuminating. 
The bedrock advice of Robert J. 

Kuntz is that all predictions about 
critical shortages of engineers should 
be viewed skeptically—and his expe-
riences stretch back into the 1960s. 
As executive director of the nonprof-
it California Engineering Founda-
tion, he often grapples with the num-
bers game riddle in working toward 
a goal of improvements in engineer-
ing education. 
"We don't have to go back very 

far in the past to see the trouble this 
numbers game gets us into," he 
notes. In 1968, for example, the 
goals study on engineering educa-
tion, sponsored by the American 
Society for Engineering Education, 
predicted a shortfall of nearly 
300,000 engineers by 1975. Six 
months later, however, then-Presi-
dent Richard M. Nixon chopped 
Federal research and development 
by 30%. "Suddenly, there were over 
100,000 engineers unemployed and 
another 200,000 underemployed," 
says Kuntz. The job market for EEs 
stayed flat for many years, not really 
taking off until the end of the 
1974-75 recession. 

"It's clear the engineering job 
market responds more closely to 
Federal spending than to the eco-
nomic cycle," he warns. This is a 
fact often misunderstood or not rec-
ognized, as was the case during the 
most recent boom. Kuntz's advice is 
that another cycle of Federal budget 
cutting is starting, so even previously 
high-demand EEs could see opportu-
nities dry up faster than anyone 
expected. 

Kuntz's organization, based in 
Sacramento, believes "the real prob-
lem in engineering is qualitative, not 

quantitative" and has a program to 
deal with it. This week, the founda-
tion convenes a two-day conference 
of California leaders in industry, 
engineering education, and Govern-
ment to hammer out a consensus on 
specific improvements that can be 
made in training undergraduate en-
gineers. While representatives of the 
three groups often call individually 
for such things as much more labo-
ratory experience for engineering 
students and voice them in trade 
associations, no substantial changes 
have taken place. 

Face to face. "There has been very 
poor communication between the 
parties responsible," Kuntz contin-
ues. "Solutions can best be effected 
by bringing together the decision 
makers, and that's what the confer-
ence will do." 
The goals of the Pomona, Calif., 

conference are not just to map 
changes in engineering education, 
but to provide a working framework 
for continuing the upgrading. 

In this direction, the conference 
will address some pertinent questions 
and present some leaders in the 
fields of Government, engineering, 
and engineering education. For ex-
ample, F. Allen Cleveland, Lockheed 
Corp.'s corporate engineering vice 
president, will deliver the keynote 
address from industry, "Industries' 
Perspectives on Engineering Educa-
tion." Looking at the problem from 
the universities' side will be Warren 
Baker, president of California State 
Polytechnic University at San Luis 
Obispo, with "Educational Institu-
tions' Perspectives on Engineering 
Education." In addition, there will 
be work sessions covering under-
graduate curricula; faculty develop-
ment, laboratories, technology, and 
applied education; and administra-
tion and finance of education. 
The foundation itself will serve to 

coordinate an ongoing program, 
which if successful can serve as a 
model for other states or regions, 
Kuntz points out. Strong support 
from California electronics and aero-
space firms looks certain in view of 
the number of top-level engineering 
and personnel officials already com-
mitted to attend. -Larry Waller 



Analog Product Design Engineer 
CAD/CAM Design Engineers 

I.C. Bi -Polar Process Engineer 
Device Design Engineer 

Packaging Engineer 
Capacitor Marketing Analyst 

Wafer Process Engineer 
R&D Engineers 

Mechanical Engineer 

I.C. Marketing Manager 
Assembly Engineer 

ELECTRON DEVICE 
MEETING "81" 

Drop by our Hospitality Suite 
We, at Unitrode, are looking forward to seeing 
you at our Hospitality Suite in the Washington 
Hilton during the upcoming Electron Device 
Meeting "81". Representatives from our 
company will be on hand to answer your career 
questions and to discuss your future plans. 
Join us for refreshments and conversation on 
Tuesday, December 8th, between 10 am and 
4 pm, Washington Hilton. 

ORCHESTRATE 
YOUR 
CAREER 
WITH A GOOD 
CONDUCTOR... 
Were worldwide manufacturers of high qualify semiconductors. 
capacitors and power supplies with annual revenues of over 
100 million dollars. And you should take a look at us if you're 
looking for a new approach to your career. 

We've achieved a great deal of sustained growth over the past 
five years...and have expanded our operation into the field of 
IC's. In Unitrode's stimulating work environment of activity, 
diversity and advancing technology, you'll have plenty 
of chance for success. Because our approach is the best 
approach to help you orchestrate your career. 

Unitrode offers competitive salaries and an extensive benefits 
program. If you're ready for a new approach to your career, 
join us at our Hospitality Suite, or send your resume, including 
salary requirements to Silvana DeLuca, Department E. 580 
Pleasant Street, Watertown, MA 02172. 

LJNITRODE An Eatla , En'idoYn, 

In sonics or phonics, 
why electronics? 
Because in these and hundreds of other fields, 
electronics applications are taking over. If your firm 
is looking for smart new electronics engineering 
graduates, you'll find them—and all other technical 
disciplines—through McGraw-Hill's Graduating 
Engineer. 

Graduating Engineer is editorially planned to serve 
the career needs of soon-to-graduate engineers in 
civil, chemical, nuclear, industrial, electrical/ 
electronic, aeronautical, mechanical, mining and 
petroleum fields, and computer sciences. Compli-
mentary, all-request circulation puts your recruit-
en-Eint advertising before a guaranteed 75,000 senior 
level engineering students in every major engineer-
ing school in the U.S.—nearly 500 institutions in all! 
And a unique student resumé forwarding plan, at no 
charge, supplies basic personnel information, as 
well as putting advertisers in touch with graduating 
engineers interested in their companies. 

For full information on Graduating Engineer, call or 
write the Classified Representative at your nearest 
McGraw-Hill Regional Office. Or call (212)997-2556. 

GRADUATING 
ENGINEER 
McGraw-Hill Publications Company 
1221 Avenue of the Americas, New York, N.Y. 10020 

DEVI LBI SS M 

ELECTROSTATIC 
PROJECT ENGINEER 

DeVilbiss is the major worldwide manufacturer 
of spray painting equipment and air compres-
sors. Our product line runs from spray guns to 
high voltage electrostatic coating equipment for 
liquid and powder, including complete auto-
matic finishing systems for automotive, ap-
pliances, and furniture production lines. 

Due to continued success and growth, we are 
seeking a creative and results-oriented Project 
Engineer to head up a design team working on 
electrostatic high voltage power supplies and as-
sociated spray equipment. BSEE or equivalent 
and circuit design experience required. Knowl-
edge of microprocessors helpful. 

If you would like working with an international 
leader in the spray painting industry, please 
send your resume with complete salary history 
to: 

Nancy G. Lieber 
Manager-Employment & Services 
THE DeVILBISS COMPANY 

P.O. Box 913 
300 Phillips Avenue 
Toledo, OH 43692 

An Equal Opportunity Employer 

DEVILBISS [r;0 
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DIGITAL 
DESIGN 
ENGINEERS 

liEBBISHEIJD 

//11 1---77 1111 

Vitro Laboratories Division has been a leader 
in the field of advanced systems engineering 
for more than thirty years. We have gained 
that leadership by offering opportunities for 
growth, challenge, and personal recognition 
to creative individuals in return for their 
contributions. 

Due to continuing expansion, we now have 
career positions for Electrical Engineers 
available involving the development of 
custom digital and microprocessor-based 
control systems. 

The necessary qualifications include a degree 
in Electrical Engineering, 3 or more years of 
related experience, and design experience in 
the following areas: 

• PL/CMOS Digital Circuitry 
• Z-80, 8080, NCS 800 Microprocessors 

and supporting I.C.'s 
• Zilog, Intel and National Single 

Board Computer procedures 
• Microprocessor Development 

Systems 
• General Assembly Language 

Programming (Basic Language 
Programming desirable) 

Vitro offers the opportunity to participate in 
technically diversified, state-of-the-art, 
microprocessor design projects, a stimulating 
environment, an excellent benefits package, 
and a broad spectrum of advancement 
possibilities. 

For prompt consideration. call Diana 
Ramirez, Staffing Representative, Toll Free at 
(800) 638-2901, ext. 4826; or call (301) 871-4826 
Collect. If unable to call, please send your 
statement of qualifications to: 

Adi 
AUTOMATION INDUSTRIES, INC. 
Vitro Laboratories Division 
Department EL-2938 
14000 Georgia Avenue 
Silver Spring, Maryland 20910 

An Equal Opportunity Employer fsA/F/H 
U.S. Citizenship Required 

STILL LOOKING 
FOR YOUR DREAM JOB? 

Then be sure to check out the employment opportunities 
contained in ELECTRONICS Classified Section. 

Or, why not consider placing a Position Wanted ad? 
The cost is low (only $1.98 per line) and the results are 
often rewarding. For more information call or write: 

ELECTRONICS 

Post Office Box 900 
New York, N.Y. 10020 
Phone 212/997-2556 

NOTICE 
TO 

EMPLOYERS: 

Why 
we can recommend 

our readers 
for the top jobs 

The subscribers to this magazine have 
qualified professionally to receive it. They 
are also paid subscribers —interested 
enough in the technological content to have 
paid a minimum of $19 for a subscription. 
As subscribers to ELECTRONICS, our 

readers have told you several things about 
themselves. They are ambitious. They are 
interested in expanding their knowledge in 
specific areas of the technology. And they 
are sophisticated in their need for and use 
of business and technology information. 

Our readers are now in senior engineer-
ing or engineering management, or they are 
on the road toward those levels. In either 
case, they are prime applicants for the top 
jobs in almost any area. 

If you are interested in recruiting the 
best people in electronics, these pages are 
open to you for your recruitment advertis-
ing. 

Our readers are not "job-hoppers". To 
interest them you will have to combine 
present reward with challenge and op-
portunity for future career advancement. 

The cost of recruitment advertising on 
these pages is $87 per ad-

vertising inch. For information call or write: 

Electronics 
Post Office Box 900, New York, NY 10020 

Phone 212/997-2556 
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ADAC 

Advanced Micro Devices 

Advanced Digital Products 

Ampex Corporate 

Amphenol N. America Oak Brook 

• Analytical Chemical Laboratories 

72 

10,11 

192 

142,143 

7 

152 

Airpax Div North American Philips Corporation 69 

Applied Materials Incorporated 

Bausch 8 Lomb Scientific Optical Products 

• Canon USA, Incorporated 

• Chicago Laser Systems Incorporated 

$ Citibank 

• Claires Electronics 

$ Convergent Technologies, Inc. 

Data Instruments, Inc. 

Data Sud Systems France 

$ Deltron Incorporated 

Dyne / Pert Div USM Corporation 

$ East Kilbride Development Corporation 

146.147 
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4thC 

172.173 

35 

170 

46 

164 
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EATON Semiconductor 149.151.153.155,157 
Equipment Operations 

Electro Scientific Industries 32 

• Electronic Navigation Industries 6 

EMM 568,56C 

ESCO 560 

John Fluke Mfg. Company 161,163 

General Instrument Microelectronics 93 

• Global Specialties 38 

Gould Incorporated Instrument Div SC 30,31 
Operations 

Hughes Aircraft Company Solid State Products 95 

Integrated Micro Circuits 

International Crystal Mfg. Co. 

International Microcircuits 

ITF Communications 82 

lwatsu Electric Co., Ltd. 

• Johanson Manufacturing Corporation 

Kikusui International 

Kontron Electronics Incorporated 

Leader Instruments Corporation 

Lexidata 

L.M. Ericsson S-Division 

LTX Corporation 

Matsushita Electric Trading Company 

Microcircuits Engineering 

Microsoft 

• Mini-Circuits Laboratory 

Mitel Corporation 

MIW SA 

Monsanto Industrial Chemicals 

Mon Technology, Inc. 

Mostek Corporation 

Motorola Corporate 

74,75 

177 

45 
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52 

12 

15 

57 
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27 
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• Murata Manufacturing Co., Ltd. 

EJ National Italia 

$ NEC Microcomputers 

OKI Semiconductors 

• Opto 22 

Oregon Software 

$ Panasonic 

Perkin-Elmer Semiconductor Operations 

Philips T8M 

• Piher International 

• Plessey Semiconductor 

94 

56A 

140,141 

67 

3rdC 

96,97 

139 

167 

8E,2E,3E 

186 

139 

Power One, Inc. 54 

Raytheon Company Semiconductor Division 2ndC 

RCA Solid State 9,71,85 

Rohde & Schwarz 

Rhopoint 

Sametec Incorporated 

Scientific Calculations 

S.D.S.A. 

SEPA S.P.A. 

Semiconductor Equip. 8 Materials Institute 

Siemens AG 

South Carolina State Development Board 

Stanley Electric Company 

$ SIC Microtechnology 

Taiyo Yuden (USA) Incorporated 

TDK Electronics 

TEAC Corporation 

Tektronix 

Tektronix Design Automation Division 

la Teledyne Relays 

Teradyne Incorporated 

Texas Instruments Incorporated 
(Semiconductor) 

Textool Products/3M 

$ Toshiba America 

Trace Instruments 

TRW Capacitors 

Universal Instruments 

Varian Vacuum 

Wild Heerbrugg 

Wilhelm Westermann 

Zendex Corporation 

• Zymos 
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6E 
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Classified and employment advertising 
Automation Industries, Inc., Vitro Laboratories Div., 190 
Beall Associates., 188 
DeVilbiss Co., 189 
Southwest Technical 188 
Unitrode., 189 

For more information of complete product line see 
advertisement in the latest Electronics Buyers Guide 

• Advertisers in Electronics International 
Advertisers in Electronics domestic edition 

r] Advertisers in regional issue 

NEW EDITION 

All standards 
are new, revised, 
or reaffirmed 
since the 
previous edition 

1,923 pages 

illustrated 
Edited by Harold C. Folts 

DATA 
COMMUNICATIONS 
STANDARDS 

All 123 interface pro-
tocol standards set by: 
• CCITT • ISO • ECMA 
• ANSI • EIA 
• U.S. Government 

Special feature for instant 
access to the applicable 
standards: 
Cross-reference tables of the 
similar and interfacing 
stanciards of each standards 
organization. 

E 

lÏ 
rir!e Elettronics Magazine Books 

1221 Ave. of the Americas, Fl. 42 
New York. NY 10020 

Please send  copies 
of McGraw-Hill's Compilation of Data 
Communications Standards Edition II at 
$290 each. 

Name 

Title 

Company 

Address 

City/state/zip 

U.S. customers please add local sales tax. 
McGraw-Hill pays regular shipping and 
handling on prepaid orders. 

ELT 
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8086/808'7/8088 
CROSS SOFTWARE PACKAGES 

I C cross compiler for the 8086. All facilities of the corn-
plete C language, including floating point for the 8087, 

are supported. Optionally, memory can be allocated for use with 
the 8088. Output is symbolic assembly language. The compiler is 
suitable for use in porting UNIX to the 8086. 

2Cross assembleranker/librarian/downlirreloader for the 
8086. Assembler input is an extension to that used by Intel. 

Loader output is a file in standard Intel hex format. 

3Simulator/debugger for the 8086. Capabilities include 
display, breakpoints, interpretive execution, as well as 

many others. 

Host System: PDP-11 running RT-11, RSX-11M, UNIX/V6, UNIX/V7; 
or VAX-11 running VMS, UNIX/32V. 

For additional information, contact 

i..) dva nced 1701 21st Avenue S., Suite 222 

Nashville, Tennessee 37212 
ig ita I Products, Inc.11Phone (615) 383-7520 

Intel is a trademark of Intel Corporation; UNIX and UNIX/32V are trademarks of Bell Laboratories; 
RT-11, RSX-IIM, PDP-11, VMS, and VAX-II are trademarks of Digital Equipment Corporation. 
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MIIAI°-C ONE-CHIP /iC FORMS 
FOUNDATION FOR TERMINAL 

based on Z8 (Zilog, Synertek, Philosophy «off the shelf» 
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• M lAr-C controller for KDPST+ 
Keyboard : 240 keys 
Display : 56 digits, 7 or 16 segments 
Printer : bidirectional dot matrix 7 x 5, semi-graphic and graphic f 

or dot matrix display 
Serial transmission : by character or block 
Text editor : 13 functions 
+ User application for which the KDPST functions above are 

transparent 

• Samples available directly from Synertek - Te1.1408) 988 56 00 
• Unit price: $ 27 for a 1000-piece lot • Evaluation kits available 

1$ 47001 

MINI" sa 116, Champs- Élysées 75008 PARIS 

Telex : 641 605F ISO BUR FRANCE 
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Advertising Sales Staff 

Advertising sales manager: Norman Rosen 
3200 Wilshire Blvd.. South Tower 
Los Angeles Calif 90010 [213] 487-1160 

Market managers: 
Computers 8 Peripherals: Frank Mitchell, Boston 
Test 8 Measurement: Don Farris, San Francisco 
Semiconductors: Norman Rosen, Los Angeles 

Atlanta, Ga. 30309: Peter Stien 
100 Colony Square. 1175 Peachtree St., N.E. 
[404] 892-2868 
Boston, Mass. 02118: Frank Mitchell 
Paul F. McPherson, Jr. 
607 Boylston St., [617] 262-1160 
Cleveland, Ohio 44113: William J. Higgens Ill 
[312] 751-3738 
Fort Lauderdale, Fla. 33308: Peter Stien 
3000 N.E. 30th Place, Suite #400 
[305] 563-9111 
New York, N.Y. 10020 
1221 Avenue of the Americas 
Barry Hakala [212] 997-3616 
Matthew T. Reseska [212] 997-3617 
Philadelphia, Pa. 19102: Joseph Milroy 
Three Parkway, [215] 496-3800 
Pittsburgh, Pa. 15222: Joseph Milroy 
4 Gateway Center, [215] 496-3800 
Chicago, M. 80811 
645 North Michigan Avenue 
Jack Anderson [312] 751-3739 
William J. Higgens III [312] 751-3738 
Southfield, Michigan 48075: Jack Anderson 
4000 Town Center, Suite 770, Tower 2 
[313] 352-9760 

Dallas, Texas 75201: John J. Uphues 
2001 Bryan Tower. Suite 1070 
[214] 742-1747 
Denver, Colo. 80203: Harry B. Doyle, Jr. 
655 Broadway, Suite 325 
[303] 825-6731 
Houston, T 040: John J. Uphues 
7600 West Tidwell, Suite 500 
[713] 462-0757 
Los Angeles, Calif. 90010: Chuck Crowe 
3200 Wilshire Blvd., South Tower 
[213] 487-1160 
Costa Mese, Calif. 92828: Edward E. Callahan 
3001 Red Hill Ave. Bldg. #1 Suite 222 
[714] 557-6292 
Palo Alto, Calif. 94303: Don Farris, 
Larry Goldstein, Lauren Scott 
1000 Elwell Court, [415] 968-0280 

Paris: Michael Sales 
17 Rue-Georges Bizet, 75116 Paris, France 
Tel: 720-16-80 
United Kingdom: Simon Smith 
34 Dover Street. London WI 
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 and Elio Gonzaga 
1 via Baracchini, Italy 
Tel 86-90-656 
Brussels: 
23 Chausses de Wavre 
Brussels 1040, Belgium 
Tel: 513-73-95 
Frankfurt/Main: Fritz Krusebecker 
Liebigstrasse 27c, Germany 
Tel: 72-01-81 
Tokyo: Akio Saijo and Hirokazu Nakamura 
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 
Sharon Wheeler 
Production Assistant 
[212] 997-2843 

Frances Vallone 
Reader Service Manager 
[212] 997-6058 

Electronics Buyers' Guide 
H.T. Howland, General Manager 
[212] 997-6642 
Regina Hera, Directory Manager 
1212] 997-2544 

Classified and Employment Advertising 
Gerry F. Moss, Manager 
[2121 997-2897 
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In Stock—At All Times —Opto 22 
Power Series Solid State Relays— 
Unmatched in Performance and 
Reliability. 

120, 240 and 480 Volt Models 

10, 25 and 45 Amp Current Ratings 

Twin SCRs on Heavy Copper 
"Heet Spreader" Provide that 
Extra Reliability 

4000 Volt Photo-Isolation Standard. 
Operation from 25 Hz to 400 Hz 

Designed, Built and Tested for 
Reliability 

Quantities Always Available for 
Immediate Shipment in the USA 
and Europe 

Isn't this what you expect from 
Opto 22? 

15461 Springdale St. 
Huntington Beach, CA 92649 
(714'; 891-5861 
Telex: 692386 

1 75 Inches 

225 Inches 

Depth: 
.87 Inches 

I IIIL Distributed by 
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PHOTO SENSORS 
How ey're teste Clairex 

9111WWWWRIfflif 

Some suppliers sample test. Some 100% test 
for light sensitivity. Clairex 100% tests twice 
and then sample tests again at final quality-
control inspection. Only then do we print the 
part number on the sensor. As a result, many 

PHOTOCELLS 

PHOTOTRANSISTORS 
ES, 

// 

of our customers do little or no testing 
themselves. 
Our photometric laboratory has standards 

directly traceable to the National Bureau of 
Standards. Why not try Clairex and "leave the 

testing to us?" After 1St b 
doing something right. 

Call (914) 664-6602 or write Clairex , 
560 South Third Avenue, Mount Vernon, 
New York 10550 

CLAIREX ELECTRONICS 
i1 Division of (lair' x Corporat ¡OH 
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