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TEN THINGS TO DO WITH YOUR HANDS... 
while operating the SYSTEM 620 data acquisition system. 

Today's technology demands more complex, more accurate 

measurements than ever before. But even with a high-
performance system, you can't be sure of measurement 

accuracy until you've first calibrated and verified the 

performance of each transducer. At today's prices, the cost 
of these operations can be staggering i they are manual. 

In our System 620, these pre-test adjustments are 
automated and brought on-line. That's what we mean by 
'hands-off' operation. 
Among the selection of sophisticated options for System 

620 are computer-controlled system calibration, transducer 
calibration and automatic transducer balancing. With these 

features, there's no need to fiddle with zero pots, tweak 
balance controls or fumble with lengthy calibration pro-

cedures. In the world of hands-off data acquisition, you can 
take data immediately and with confidence. 

Hands-off data acquisition is only one feature of the 
versatile System 620 that enables us to build a system to 

your exact requirements...custom systems from standard 
products. 
We have a custom system for you. Ask us about it. 
Call us on one of our toll-free lines: (800) 423-7151, outside 

California; in California, call us collect on (213) 357-7151. 

INSU M TNT CORPORATION 

700 South Myrtle Ave Monrovia, CA 91016 
TWX 910-585-1833 
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Neff. Custom Systems from Standard Products. 
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Boost system performance 
with new high-density ROMs. 
Signetics' 32K and 64K ROMs 
give you 300ns access /cycle 
time with 40% less power. 
128K to come. 

Now you can renli7e the full potential of your 
system design with new high-
speed, fully-static 
ROMs from Signetics. 
You'll get unmatched 
design flexibility with 
guaranteed access and 
cycle times of 300ns. 
Plus enhanced part 
reliability and 
economy from stingy 
new lows in power 
dissipation, an ICC 
down to 60 mA (max). 
Another Signetics plus—you 

can easily upgrade for density 
or speed. Without PCB re-
design. That's because our 
super-fast 2632A and 2664A 
are pin-compatible. With each 
other and with the entire 
Signetics ROM family, including our 
proven 450ns ROM line. 
While the 2632A and 2664A set 

new standards for performance, 
density and simple interfacing with static design, 
we're ready to meet even tougher requirements. 
Innovative design techniques that simultaneously 
allow increased speed and decreased power dissipa-
tion also make it possible to accept special orders 
for even higher-performance specs. Faster. Denser. 
Extended temperature range. 
And Signetics' QA standards—among the in-

dustry's toughest—mean fewer incoming inspections. 
Fewer board reworks. Simplified system checkouts. 

You also get performance-to-spec 
guarantees and reduced inventories. 
Because we make our ROMs to meet 
selected MIL-STD-883 criteria. And 
our quality control sampling plans 

assure a process average of 
less than 0.65% defective 

on standard product. 
Find out today how 

Signetics' new family of fast-
access, low-power ROMs can 

improve existing system 
performance. Or optimize 
your new designs. Call us 

direct on the ROMLINE at 
(408) 739-7700, extension 

6151. Or, contact your near-
by Signetics sales office. 

Signetics Corporation, 
811 E. Argues Avenue, 

P.O. Box 409, 
Sunnyvale, CA 94086. 

SMARMS 
a subsidiary of U.S. Philips Corporation 

Multiple Technologies from 8 Divisions: 
Analog, Bipolar Memory, Bipolar LSI, 
MOS Memory, MOS Microprocessor, 
Logic, Military, Automotive/Telecom 

To: Signetics Publication Services, 811 East Argues Ave. 
P.O. Box 409, Sunnyvale CA 94086 E1218A 

( ) Please send me your complete ROMGUIDE. 
I'm particularly interested in: 

8K_16K_32K_64K_128K_©450ns_300ns_faster_ 
in quantity with codes. 

Name Title 

Company _Division  

Address MS  

City State Zip 

E I need help now. Please have a ROM specialist 
phone me immediately at: ( 
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Broadband, 0.5 4.2 GHz • Only 0.2 dB insertion loss 
Isolation over 30 dB midband, 25 dB at bandedges e Octave bandwidths 

Two way • up to 10 W (matched output 

• High performance microstrip construction 
• Housed in rugged RFI-shielded aluminum case 
• Available with BNC, TNC. SMA and Type N connectors 
• Meets MIL-202E standards 
• Also useful as power combiners 
at signal levels up to +10 dBm 

Now you can specify and purchase 
state-of-the-art power dividers at 1/3 
to 1/2 the price of competitive units, with 
immediate off-the-shelf delivery. . . 
from Mini-Circuits, of course. 

This breakthrough in price/perfor-
mance is a natural extension of our ex-
tensive experience in high-volume man-
ufacturing, exacting quality-control and 
thorough testing. This expertise assures 
you highly reliable power dividers with 
guaranteed repeatability of performance 
at lowest cost. 

So, if you are among the thousands 
of companies now using Mini-Circuits' 
signal-processing units in your systems 
designs, add power dividers to the list 
of price/performance industry stan-
dards available from Mini-Circuits. 

Model 

Frequency 
Range, 

Insertion 
TLyopseillaBx. 

1801.11on, 
dial 

Amplitude 
UnbadlBance, 

VSWR 
(All Ports) 

DPivordeerr RCaOminginWer Price Oty. 

ZAPD-1 
, 

0.5-1.0, 0.2 04 25 19 20.1 
, 

1.20 1 10W 10mW $39.95 1-9 

ZAPD-2 1.0-20, 0.2 04 25 20.1 
0-

1.20 10W 10W 10mW $39.95 1-9 

ZAPD-4 2.0-4.. 0.2 0.5 25 20.2 
.P. 

?., 1.20 I 

lici.. .  

10W 10mW $39 95 1-9 

Dimensions 2" 2". 0.75" Connecters Available: BNC, TNC, available at no additional charge 
$5.00 additional for SMA and Type N 

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

Worlds largest manulaciurer o! Double.ealanced Miners 

Mini-Circuits 
Domestic and International Telex 125460 International Telex 620156 A Division of Scientific Components Corp 

International Representatives: O AFRICA: Afitra (PTY) Ltd.. P.O. Box 9813, Johannesburg 2000, South Africa. D AUSTRALIA: General Electronic Service. 99 Alexander St.. New 
South Wales. Australia 2065. 0 EASTERN CANADA: B.D. Hummel. 2224 Maynard Ave.. Utica. NY 13502. O ENGLAND: Dale Electronics Ltd.. Dale House. Wharf Road Frimley Green. 
Camberley Surrey. United Kingdom. 0 FRANCE: S.C.I.E.-D.I.M.E.S., 31 Rue George-Sand, 91120 Palaiseau, France. 0 GERMANY, AUSTRIA, SWITZERLAND, DENMARK: Industrial 
Electronics GMBH. 6000 Frankfurt Main. Kluberstrasse 14, West Germany. 0 INDIA: Gaekwar Enterprises, Kemal Mahal, 17 M.L. Dahenuker Marg, Bombay 400 026, India. 
0 ISRAEL: Vectronics Ltd.. 69 Gordon St. Tel-Aviv, Israel. CI JAPAN: Densho Kaisha, Ltd., Eguchi Building 8-1 1-Chome. Hamamatsucho Minato-Ku, Tokyo. Japan. 
0 NETHERLANDS, LUXEMBOURG, BELGIUM: B.V. Technische Handelsonderneming. COIMEX, P.O. Box 19, 8050 AA Hattem, Holland_ 0 NORWAY: Daternatick As. Postboks 111, 
BRYN, Oslo 6, Ostensjoveien 62, Norway. 0 SINGAPORE SE MALAYSIA: Electronics Taading Co. (PTE) Ltd. Suites C13, C22 8 C23 list Floor), President Hotei Shopping Complex, 
181 Kitchener Road. Singapore-8. Republic of Singapore. 0 SWEDEN: Integrerad Elektronik AB. Box 43 S-182 51, Diursholm. Sweden 
U.S. DistrIbufors: 13 NORTHERN CALIFORNIA: Pen Stock, 105 Fremont Ave.. Los Altos, CA 94022 Tel. 14151 948-6533. CI SOUTHERN CALIFORNIA, ARIZONA: Crown Electronics. 
11440 Collins St.. N. Hollywood, CA 91601, Tel 12131 877-3550. 0 METROPOLITAN NEW YORK, NORTHERN NEW JERSEY, WESTCHESTER COUNTY: Microwave Distributors. 
61 Mall Drive, Commack, NY 11725, Tel: (5181 543-4771. D SO. NEW JERSEY, DELAWARE & EASTERN PENNSYLVAIIA: MLC Distributors, 458 Germantown Pike Lafayette Hills, PA 
19444 (215) 825-3177 34/Rev C Opp 
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Highlights 

Cover: Fiber-optic link is a snap to connect, 83 

A low-cost data link for computer-to-peripheral connections of up to 20 
meters simply snaps into place. And to aid designels, even nonexperts, in 
deciding whether it meets their needs, the 10-megabit/second transmitting 
and receiving system comes with a link design procedure. 

Cover illustration by Sean Daly. 

To test VLSI: build in or on? 76 

All involved in the semiconductor industry know that very large-scale 
integrated circuits raise correspondingly large-scale problems for automated 
lc testing. Self-testing is a promising way to go, and mainframe computer 
makers are working on two approaches: building it onto circuit boards and 
building it into the ics themselves. 

Tape automated bonding heads for the big time, 100 

After a decade of tryouts and road tours, tape automated bonding is 
preparing to take a leading role in the packaging of VLSI. Already a success 
in France and Japan, the technique is capable of processing thousands of 
chips an hour and of mass-bonding over 100 leads per chip. This special 
report tells who is doing what with TAB. 

How to rate the power semiconductor contenders, 106 

Bipolar and mos field-effect transistors are repeatedly slugging it out in the 
power arena. As the promising challenger, mos FETS have made good copy in 
the technical press, at the same time that bipolar devices' key advantage of 
low price continues to be acknowledged. But bipolar power transistors also 
can outpoint power mos FETs in terms of minimum device size and operation 
at frequencies below 15 kilohertz. 

16-K static RAMs take a byte at a time, 118 

Following behind 16-K static random-access memories organized by 1 bit or 
by 4 bits, the 2-K-by-8-bit static part is destined for an even larger market 
than its siblings. Built with scaled-down processes — n-channel or comple-
mentary-mos —it offers a lower cost per bit. Perhaps even more important, 
because it is organized in bytes, it will interface easily with microprocessor-
based systems. This New Product Roundup takes a look at what is in 
production or scheduled for production by mid-1981. 

And in the next issue . . . 

Electronics' annual world markets survey . . . a new type of switch that 
combines the features of a thermistor and a circuit-breaker . . . eliminating 
external emi from a fiber-optic data link . . . uncommitted logic arrays 
that have analog as well as digital elements. 
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9Ons 
ACCESS 

MK4802: 
The fastest, highest 
density static available. MOST EK 

Until now, 16K density 
was strictly dynamic RAM 
territory But not any more. 
Now you can get speed,stat-
ic simplicity and all of 
the organizational ben-
efits of x 8 memories 
in one 16K static device. 

Introducing the Mostek 
MK4802: The first and 
only fast 16K static RAM 
with 8K volume production 
experience behind it. The 
distinction is significant 
because the proven circuit 
designs used to fabricate 
the MK4802 were first de-
veloped for our highly reli-
able MK4118. That's a 
measure of confidence you 
won't often find in a new 
generation memory 

Organized 2K x 8, the 

MK4802 is also fully inter-
changeable with other 
BYTEWYDE' RAM, ROM 
and EPROM memories 
from Mostek. And all of 
these wide-word memories 
have a JEDEC-approved 
pinout. 

Find out more about the 
new generation 16K static 
from the company that 
has generations of commit-
ment to BYTEVVYDE me-
mories. Contact Mostek, 
1215 W. Crosby Road, Car-

rollton, lbxas 75006. 
(214) 323-6000. In 

Europe Mostek Brus-
sels 660.69.24. 

c 1980 Mostek Corporation vOSTEK. and BYTEWYDE are trademarks of Mostek Corporation. 
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500 
atts 

o 

ENI A-500 
broadband 
power amplifier 
delivers 500 W. 
0.3 to 35 MHz 

Here is the biggest, toughest, 
ruggedest, solid state Class A linear 
amplifier we make. It's designed 

to stand up in hostile environments, 
yet it's easy to field service 

because all major subassemblies 
are "plug in" replaceable. 

Designed for use in HF transmitters, 
RFI/EMI applications, linear 
accelerators, and gas plasma 

equipment, the ENI Model A-500 
broadband power amplifier is 

capable of delivering more than 500 
watts of output over the frequency 

range of 0.3 to 35 MHz 

And like all ENI power amplifiers, 
the A-500 features unconditional 

stability, instantaneous failsafe 
provisions, and absolute protection 

from overloads 

For more information, a demon-
stration, ora full line catalog, please 
contact us at ENI, 3000 Winton 
Road South, Rochester, N Y14623. 

Call 716/473-6900 or 
telex 97-8283 ENI ROC 

4_ft 
The advanced 
design line of 
power amplifiers 

Publisher's letter 

S ince the introduction of film carri-
er packaging by General Electric 

almost a decade ago, the technique 
has taken a remarkable course from 
the limelight to the back stage and 
out again to top billing. Film carrier 
packaging, now called tape automat-
ed bonding (TAB), is back because of 
its fortuitous match with very large-
scale integration. 

In fact, packaging and production 
editor Jerry Lyman points out that 
equipment manufacturers have al-
ready developed systems suitable for 
VLSI. For example, there are 300-
lead test tapes being done now. 
Details of what has been going on in 
TAB can be found in Jerry's special 
report starting on page 100. 

Even when film carriers took sec-
ond billing, there was considerable 
behind-the-scenes development that 
will have major impact in the next 
few years. One group of companies 
primarily in France and Japan 
hewed close to the three-layer 
approach originally introduced by 
GE. They standardized the process 
and they have used it to bond chips 
directly to printed-circuit boards or 
to hybrid substrates. 

Meanwhile, companies in the 
United States, especially semicon-
ductor manufacturers, adapted the 
process to automated assembly. 
Here, the objective was to improve 
the making of dual in-line packages, 
not pc boards or hybrids. In any 
case, film carrier expertise has per-
meated industry. 

"Its time has definitely come 
again," Jerry comments. "For VLSI, 
film carriers may be the only way to 
go. Not only are they here to stay, 
but what's more, they eventually will 
succeed ceramic chip-carriers as the 
primary package." 

I wanted to provide an answer to the 
"people who suggested that bipolar 
[power devices] will die. I don't 
think it's true." So says Philip L. 
Hower, semiconductor research en-
gineer for Westinghouse Electric 
Corp.'s Research and Development 
Center in Pittsburgh. Hower's re-
sponse in the form of a comparison 
between bipolar and mos field-effect 
transistors appears on page 106. 

Since joining Westinghouse in 
1971, he has been deeply involved in 
bipolar technology, especially in the 
design of large-area power devices. 
Before that, he worked on high-
voltage bipolar devices for television 
receiver applications while at Fair-
child Camera & Instrument's semi-
conductor research and development 
laboratory. 

But Hower maintains that he 
takes an objective view of MOS FETS. 
"As a bipolar person, I tended to 
give the benefit of the doubt to MOS 
FETS in the comparison. After all, 
we're talking about where to use sili-
con most effectively." 
The recipient of a Ph.D. from 

Stanford University, he suggests that 
neither type of device will replace 
the other; instead each will be 
designed into systems to give the 
best performance for that applica-
tion. He admits that MOS FETs have 
been getting all the attention in tech-
nical papers and product announce-
ments. "Apparently the bipolar sup-
porters don't feel compelled to make 
noise at this time," Hower observes. 
"I was happy to be invited by Elec-
tronics to do this comparison." 

Hower's work on the two pro-
cesses has not ended. He is involved 
in a continuing program to study the 
potential for designing a large mos 
FET. "It will be interesting to see 
what happens next," he says. 

Meanwhile, Hower believes that 
bipolar people like himself will 
become more familiar with MOS— 
especially at conferences. 

non't become anxious and nervous 
if you don't see the copy of Elec-

tronics that you might expect to 
receive dated Jan. 1, 1981. You 
haven't missed it. 

Because of production schedules 
with our printer, the first issue in the 
New Year will be dated Jan. 13, 
1981, and the biweekly frequency 
will be maintained for the remainder 
of the year, for a full 26 issues. 
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think small 
switching 

KEPC0/1-13K power 
modules 

6 6 ( 

01.4411•01111.1.114. 
11411.141”111.4111.• 
4141.1.1111.1.110110.1 
•00011416.11 ,111Milleie 
1400414“.4040•Mile 
14.1104.0.4.4111411.1 

_ 

0411.111111110 41114 .41•11100 
401liltioempi eseseiee 
1101.9.11111.411•11.11•116. 
411111.4.4.••••••••• 
0611116.6.4......•••• 
Ii/Iff••11/111111111.0•' 

• 30- 300 WATTS 

SINGLE/TRIPLE•  OUTPUT 

II AC to DC and DC to DC 

• HIGH EFFICIENCY SW1TCHERS 

• 5 - YEAR WARRANTY 

KEPCD. For complete specifications, write Dept. CPF-14 

KEPCO, INC. • 131-38' SANFORD AVENUE • FLUSHING, N.Y. 11352 U.S.A. • (212) 461-7000 • TWX #710-582-2631 • Cable: KEPCOPOWER NEWYORK 
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Complete 
ranges 
from 220 le 
to 1.0 pF 
WIMA were first wilh 
5 mm pcm plastic film 
capacitors — miniature 
components designed 
for semiconductor 
technology. 

WIMA plastic film capac-
itors show greater 
reliability and should be 
preferred to other types. 

The uniform lead spacing 
of 5 mm for the complete 
capacitance range is 
ideal for automatic 
component insertion. 

WIMA have always been 
in the forefront of 
plastic film capacitor 
technology. 

FKP 2: 220 pFto 0.01 µF: D. F. 2-4 x10 -4 
FKC 2: 220 pFto 0.01 µF: D. F. 1-2 x 10-3 
FKS 2: 1000 pFto 0.015 µF: D. F. 5-6x 10-3 
MKS 2: 0,01 eto 1.0 µF: D. F. 5-8x 10 -3 
(Typical values at 1000 Hz) 

WILHELM WESTERMANN 
Spezialvertneb elektronischer Bauelemente 
P.O. Box 2345 • D-6800 Mannheim 1 
Fed. Rep. of Germany 

U.S. Sales Offices: 
THE INTERNATIONAL GROUP INC. 
North Dearman Street • P.O. Box 23 
Irvington • New York 10533 • (914) 591-8822 

TAW ELECTRONICS CO. 
4215 W. Burbank Blvd., Burbank 
California 91 505 • (213) 846-3911 
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Readers' comments 

First a-d chip to market 

To the Editor: In "The inside news 
on data converters" [July 17, 
p. 101], it is stated erroneously that 
Analog Devices has the only 10-bit 
analog-to-digital converter chip on 
the market. 
The Ferranti ZN432 10-bit suc-

cessive-approximation a-d converter 
was introduced to the world at Elec-
tronica in Munich in 1976, making it 
the first commercially available 
monolithic 10-bit device. The Fer-
ranti ZN433 was introduced in 1977 
and is still the only commercially 
available 10-bit monolithic tracking 
a-d converter on the market. 

Ken Kushman 
Ferranti Electric Inc. 

Commack, N. Y. 

How many gates? 

To the Editor: In future gate array 
articles, gate counts should be sub-
jected to a common definition that 
compares gates of the same size, so 
that readers are not misled. For 
instance, with the Fujitsu 3900 gate 
array ["Gate arrays: a special 
report," Sept. 25, p. 145], a gate is 
counted as two p-channel and one 
n-channel transistor. We count a 
gate as three p-channel and three 
n-channel transistors. If we were to 
count gates as Fujitsu does, our 
2,000-gate array would have 4,000 
gates. 

Frank T. Deverse 
President 

International Microcircuits Inc. 
Santa Clara, Calif. 

Education vs career realities 

To the Editor: I agree completely 
with the conclusions drawn by 
Andrew Grove about motivating stu-
dents early on to follow engineering 
careers [Aug. 14, p. 32], but I am 
afraid that his premises are totally 
false. 

Is there really a free market in 
education? No. The American edu-
cational system (so-called) is domi-
nated, impregnated, and polluted by 
such a mass of government bureau-
cracy as to be beyond belief. No way 
dots this creature fit any supply-
and-demand curve. 
Why is there a problem with the 

flow of career information? Because 
the poor wretches smothered at the 
bottom of the bureaucratic heap— 
the teachers —don't care. "Career 
counseling" is just another obnox-
ious demand on their time, like test 
grading and PTA meetings. And I 
doubt if you would care very much 
either, if you were a poor govern-
ment hack caught between the par-
ents, the students, the boards, the 
state, and the Feds. 

Grove's article stresses the high 
school scene, but the situation in the 
state universities is even worse, with 
each containing within itself a group 
of petty bureaucracies called depart-
ments. And every year they all get 
together with the bigwigs for a swill-
swinging ritual called "budget allo-
cation." According to the rules, the 
departments that get the biggest 
buckets of swill are those with the 
greatest number of students within 
their bowels. 

In other words, there exists a tre-
mendous incentive for college coun-
selors to search out "undecided" 
high school graduates (and the high 
school counselors make sure there 
are plenty of those) and snaffle them 
up for their own departments. It's 
warm bodies in the tent that count, 
not such trivial matters as the politi-
cal science grads bumming quarters 
on street corners. 
I know. I've been there. At our 

student-faculty meetings at the end 
of each academic year, our depart-
ment head lied to us three years in a 
row concerning career opportunities 
in our field. (I was fortunate in being 
able to enter the electronics game 
through the back doors of Veterans 
Administration educational benefits, 
night classes, and on-the-job train-
ing). 

David J. Kramer 
Sunnyvale, Calif. 

Correction 

The price of the fiber-optic measure-
ment system introduced by Brookdeal 
Instruments Ltd., the Bracknell, 
Berks., England—based subsidiary of 
EG&G Inc., should be 16,000 pounds, 
rather than dollars as was previously 
reported (Oct. 9, p. 92). 
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Fluke Simplifies System Control 

Fluke Obsoletes Cassette Memories 
in Instrument Controllers 

Building efficient systems 
to control instrumentation places 
heavy demands on systems builders. 
There is a multitude of IEEE-488 
and RS-232 instrumentation avail-
able. And instrumentation control 
has typically been left to calculator-
type controllers. Unfortunately, the 
cassette tape memories used in these 
controllers are slow. Too slow for 

the demands of programming and 
operating today's systems. 

Two better choices for 
Instrument Controller Memory 

Fluke has made cassette tape 
memories obsolete for instrumen-
tation systems. A standard floppy 
disk and our own unique E-Diskm 
( Electronic Disk) memory give the 
1720A Instrument Controller more 

speed, versatility and reliability 
than calculator-type controllers. 

Floppy beats the cassette in 
more ways than speed 

With the floppy, you don't have 
to rewind tapes or copy files to add 
or remove data. Because all data is 
stored in random access files, you 
shorten the data search time from 
seconds to milliseconds. And with 

our File Utility Programs and 
IEEE BASIC, data manipulation 
is both fast and easy. 

E-DiskTm —The Ultimate 
in Reliability 

While cassettes can wear 
out or break, the E-Disk has no 
moving parts. It combines the 
best qualities of a floppy disk 
and advanced semiconductor 
technology. 

For faster programming and 
versatile memory operations, 
both the floppy disk and the 
E-Diskm let you implement 
our virtual arrays and program 
chaining features. 

For your next instrumen-
tation system, call your local 
Fluke representative to see the 
new 1720A. Or call 1-800-426-0361 
for more information. 

FLUKE 

For Technical Data circle No. 9 
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Math, memory and SO ppm in a new 
No other DMM delivers 
this performance under 
$3,000 U.S. 

Now you can improve your 
measurement and microprocessing 
capabilities at an affordable price 
(under $3,000 U.S.). Fluke's new 
8520A is a state-of-the-art system 
and bench meter with internal 
processing. It turns raw data into 
the information you can easily use. 
The advantage of speed 

For rigorous systems 
applications and even routine 

bench DMM measurements, you 
get 240 readings per second with 
5 1/2 digit resolution and 500 
readings per second with 4 1/2 digit 
resolution. No other DMM can 
match this performance. 
The rejection of noise 

Analog and digital filtering 
techniques have been used to 
virtually eliminate the effects of 
unwanted signals and noise. This 
feature is extremely effective in 
systems where noise generated by 
other instrumentation is present. 

On the bench, this filtering is 
crucial for quiet, accurate 
measurements. 
Essential functions enhanced 
with memory. 

The most used DMM functions 
are standard and programmable 
via the built-in 4IBEE) 
interface. The internal memory 
allows you to get the maximum 
benefit from each function. And it 
opens up an entirely new world of 
measurement possibilities. 

8520A DIGITAL 



systems/bench DMM from Fluke 
Readings can be captured at 

high speed for subsequent 
processing. Or they can be 
printed-out. Both operations had 
previously slowed the data 
acquisition process. 

In systems applications, when 
the memory is filled, the 8520A 
signals the controller to gather all 
the data at once. This means your 
system can run faster because your 
controller isn't tied up retrieving 
individual readings from the DMM. 

TRIGGER 
FIT/AUTO MIMIC MANUAL 

f, E IP 

ER 

A 
1000M 
PA MAX 

PA MAX 

GUARO 

Noon a 

Put the power of distributed 
processing to work. 

In your system, the internal 
processing of the 8520A reduces 
software overhead and makes your 
system controller more effective at 
doing its job, controlling 
instrumentation. 

For bench applications, take 
advantage of internal processing to 
speed testing, improve repeatability, 
and reduce the factor of human error. 

Complex tasks reduced to 
simple operations. 

The new 8520A is remarkably 
easy to use. All functions are 
activated from an easy to 
understand panel. Even 
inexperienced personnel can 
quickly learn and use the 8520A. 

For complex applications 
calling for statistics (standard 
deviation, averaged readings, 
variance, etc.) or dB ratios, an 
operator can easily initiate the 
appropriate program. The 8520A 
does the work and presents the 
operator with information, not the 
raw data. 

1000V 
PA MAX 

The standard menu of 
programs for the 8520A includes: 
• Self Test—both analog and 
digital comprehensive tests 
• "Zero" Program 
• External Reference 
• Offset, Scale & Ratio 
• Percent Deviation 
• Peak Storage 
• Limits Testing 
There's more to this powerful 
new DMM. 

An extended math and 
memory package is also available 
for the 8520A. With it, you get 400 
memory storage locations (50 
locations are standard) and an 
additional seven math programs 
(above the standard seven). These 
include: statistics, low frequency 
ac, dB ratios, RTD, and thermistor 
temperature readings in 
centigrade, fahrenheit, or Kelvin. 
With the temperature programs, 
the 8520A can do the job of both an 
accurate thermometer and a 
voltmeter. 
Call Fluke for the full story. 

Before you invest in your next 
DMM, see the 8520A in action. It 
has the whole industry's attention. 
Call one of our nearby salespeople 
or attend a Fluke seminar on 
system multimeters. Or call 
toll-free 1-800-426-0361. 

FLUKE 
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Editorial  

. . . and to all a good night 

'Tis the season, as if we all didn't know, to 
be jolly. And 'tis also the season to wish one's 
friends nothing but good things for the year 
ahead. So for 1981, even as we wonder about 
a new Administration, Western Europe, the 
Middle East, and all the woes and potential 
woes lurking in and about the next 12 months, 
these are our wishes: 
• For semiconductor makers, high yields 
and delivery of the parts you promised in 1980. 
• For memory manufacturers, an alpha-
particle—free year. 
• For components houses, a book-to-bill 
ratio of 1, no double ordering, and stable prices. 
• For the same companies, an electron-beam 
system that you won't have to mortgage the 
company to afford. 
• For instrument makers, a year in which 
the entire industry decides that the tools it 
really needs are the ones you have just released 
to production. 
• For test engineers, having your advice 
sought before a chip is designed and hearing 
your automatic test equipment salesman say, 
"It doesn't need any new software—just give 
it the product number and it'll decide what 
to do." 
• For logic manufacturers, a year in which 
all fuse links blow clean. 
• For manufacturers of video disk, video 
cassette recorder, videotext, and digital audio 
systems, compatibility. 
• For makers of speech synthesis systems, 
chips that sound like someone from this planet. 

• For manufacturers of personal computers, 
$1.98 software that works. 
• For IBM-plug—compatible makers, a memo 
from Armonk detailing IBM's marketing and 
product plans. 
• For makers of microcomputers and larger 
machines, bug-free software. 
• For the manufacturers of small Winchester 
disk drives, a week without another new 
competitor announcing a product. 
• For makers of toys and games, low-cost, 
low-power displays that are more flexible 
than those using light-emitting diodes or 
liquid crystal. 
• For packaging designers, a way to attach 
chip-carriers directly to printed-circuit boards 
so that they don't pop off. 
• For buyers of programmable controllers, 
devices that produce the warm, friendly, and 
familiar click of relays. 
• For automobile manufacturers, electronic 
components with 100% reliability and zero cost. 
• For engineers in California, four-bedroom, 
three-bathroom houses for $60,000. 
• For over-40 engineers, time off with pay 
to catch up with the latest technology. 
• For personnel directors, the budget to hire 
over-40 engineers. 
• For Intel's Andy Grove, a windfall of 1 
million software engineers. 
• And last but certainly not least, for the 
Institute of Electrical and Electronics Engineers, 
a kind word from Irwin Feerst; for Irwin, a 
kind word from the IEEE. 
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Use the microprocessor you like. 
Some card manufacturers would 
have you believe you must use the 

Z80 microprocessor if you want the 
'simple-to-design' STD BUS system. 

Not true. 

Pro-Log builds 8085, Z80 & 6800 

CPU cards.  

Our STD 7000 CPU cards feature the 

three most popular microprocessors. 

But we don't force them on you. All 

our peripheral cards work with any 
8-bit microprocessor you choose. 
And they're all totally unbundled, 

so you can buy one card or the 
whole system. 

Modular by function. . .pick what 
you need. 

We don't load our STD 7000 cards 
with extra functions either. That way 

you pay only for the functions your 

PRO-LOG STD 7000 CARDS 

CPU Cards: 
8085 • Z80 • 6800 

Memory Cards: 
EPROM • Static RAM • Battery-
backed CMOS RAM 

Digital I/O Cards: 

TTL input • TTL output • TTL I/O 

Industrial I/O Cards: 
Relay output • Driveroutput•AC/DC 
opto-input • AC/DC opto-output 

Peripheral Controller Cards: 

Dual UART • Programmer inter-
face • Keyboard/Display 

Special Function Cards: 
Counter/Timer • Interrupt control 

Support Cards and Accessories 

job requires. When you want to ex-

pand or change your system, just 
add or swap the 4.5 by 6.5-inch 

cards. What could be easier? 

We build them to our own 
high standards. 

Every part on every Pro-Log card is 

or soon will be a second-sourced in-

dustry standard. All components are 
100% tested and burned-in. We're 

proud of our high quality and back 
it with a full one-year warranty. 

Get the facts. Send for our new 
12-page STD 7000 Card brochure. 

Write or call Pro-Log Corporation, 
2411 Garden Road, Monterey, CA 
93940, phone 408-372-4593. 

PRO-LOG 
CORPORATION 
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New 68 Lead 
Production 
Chip Carrier 

Socket 
Durable, low cost Textool production 
socket accepts JEDEC "Type A" chip 
carrier package! 

Designed to accept the JEDEC 
leadless "Type A" chip carrier 
package, this new Textool 68 lead 
socket offers the durability of a test 
socket while still maintaining the low 
cost and small size essential to a 
production socket. 

Textool's years of experience as a 
leader in the manufacture of test 
sockets make it possible for this 
socket to include all those features 
most important to the user. Design of 
the socket footprint is in accordance 
with the JEDEC standard (.100 X .100" 
grid). The socket lid acts as a heatsink 
or can be provided with clearance for a 
device mounted heatsink. 

Actual Size Socket 

Other features include a low .342" 
profile for mounting on .500" centers; 
rugged .015 X .020" beryllium copper 
contacts; device to socket and socket 
to PC board orientation for a positive 
one-way fit; external probing 
capability; and a U.L. approved socket 
body material. 
Now, Textool is the one stop" 

supplier for your test, burn-in and 
production chip carrier socket 
requirements! 

Detailed technical information 
on this new durable, inexpensive 
68 lead production chip carrier 
socket, as well as Textool's full line 
of test and burn-in chip carrier 
sockets, is available on request. 

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

3M 

People 

Kraemer sees real market 

for fiber optics in 10 years 

With prices for fiber optics dropping 
10% to 15% yearly, the technology 
for communication systems is al-
ready economical, says Arthur R. 
Kraemer, vice president and general 
manager of General Telephone & 
Electronics Corp.'s newly formed 
GTE Lenkurt Fiber Optics division. 
However, he adds, "The real market 
for fiber-optic cable and systems is 
probably another 10 years away, 
when services get into the homes of 
local subscribers." 
According to Kraemer, the pri-

mary reasons for creating the new 
division are to bring together the 
past three year's worth of indepen-
dent fiber-optic efforts at GTE and 
to serve as a support arm for other 
divisions active in the technology. 

Although he does not foresee the 
San Carlos, Calif.—based division 
producing all fiber-optic components 
and systems for GTE, the 44-year-old 
Kraemer says, "We will assist in 
design and manufacturing, where we 
can produce at a cheaper cost 
because we are geared toward higher 
quantities." Many of GTE's fiber-
optic products—laser diodes, light-
emitting diodes, and optical connec-
tors, among others—will continue to 
be made by their respective divisions. 
Also, GTE Laboratories will continue 
to grow material and process wafers 
and to serve as the research and 
development facility for fiber-optic 
materials. 

Previously business unit manager 
of the electro-optics group at GTE 
Sylvania Systems' Western division, 
the 18-year GTE veteran foresees an 
"immediate major market in the 
telephone industry." The closed-cir-
cuit Tv market, particularly data 
and surveillance applications, is run-
ning a close second. He expects 
users, such as railroads and utilities, 
to interface with GTE's new private, 
unregulated Communications Net-
work Systems. 
A native of Livingston, N. J., 

Kraemer holds a bachelor of science 
degree in electrical engineering from 
Cornell University and a master of 

Union. Arthur Kraemer's new division brings 

together fiber work from throughout GTE. 

science in EE from Stanford Univer-
sity. He is dedicated to hastening the 
marriage of fiber optics and consum-
er applications. Initially, he says, 
there will be some experimental 
work, such as "wired cities" to han-
dle the combined voice, data, and 
video terminal needs of large compa-
nies and corporate complexes. But 
when electronic mail and banking 
services, among others, "reach the 
point where consumers will be will-
ing to pay for them, that's when the 
market will explode. In the interim, 
we'll put in the backbone trunks so 
we can immediately handle those 
needs when they take off." 

Solomon picks and chooses 

from GI's new-venture options 

Although Lewis Solomon has been 
overseeing such activity for General 
Instrument Corp. for close to three 
years, it was not until just a few 
months ago that the New York— 
headquartered company formally 
made him vice president for new 
ventures. With a background in both 
marketing and engineering, Solo-
mon, 47, is in a unique position with-
in the company to judge the merits 
of would-be businesses. 
"The raison d'être of any corpora-

tion is to bring together strengths at 
a high enough level so all divisions 
may grow," he observes. "Any com-
pany needs someone who cares and 
who focuses sufficient resources on 
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PDP11/23® 
ARRAY PROCESSOR SYSTEM 

FIRSTaR 
Cfàpç_7Li (LeR)ii°  ® 
ieST CL .1 INTRODUCES A NV' 
CONCEPT IN COST EFFECTIVE HIGH-SPEED ARITHMETIt 
›ROCESSiNG SYSTEMS 
First Computer Corporation, one of the world's largest 
System integrators, has morrieo Digital Equipment Corpora-
tion's advanced PDP-11/23 Computer Systems with the new 
Floating Point System's PS-100 Arithmetic Processor. This 
complete packaged Array Processor System provides the 
power to tackle tough computational problems which were 
previously the domain of the "Super Computers". 

-OMPTITATte..M.M.1_ 
The FPS-100 is capable of up to eight million flooting point 
operations per second with an effective throughput of up 
to forty million operations per second. 
"ROVEN ARCHITKTuhE ENHAN(LMENIS =-
UNBEATABLE PERFe"AANCE 
The FPS-100 is bosed on the proven parallel pipeline 
architecture of the FPS AP-120B. New enhancements such as 
extensive Real-Time capabilities provide maximum com-
putational efficiency with a minimum host computer interac-
tion. The cost-performance of the New FIRSTAR System is 
unbeatable in the universe. 

Erg 

EXTENSIVE DEVELOPMENT SOFTWARE— SAVE 
'G COST 

With every FIRSTARSysterr 'you can select from an exten-
sive library of easy to use software consisting of an 
Assembler, Debugger, Simulator, Utilities, Math Itraries, 
Signal Processing Libraries, Image Processing Libraries, 
and Host Executives. Ifs easy to star- using your FIRSTAR 
System quickly. 

MIIITI-TASKING REAL-TIME SUPERVISOP 
This new Real-Time Supervis•or permits the execution of 
multiple Real-Time tasks or o priority basis. SUPER-100 con 
virtually place the FPS-100 in o stand-alone multi-tasking 
mode for the processing of multiple streams cf input dato 
with a minimum of host computer dependency. 

COMP; SYSTEMS 
Select the Digital Eouiomen. Corporation Operatinc System 
which best matches your application needs. FIRSTAR is 
available with either the RT-11 Real-Time Executive or the 
RSX-11M Resource-Sharing Executive. All Operating 
Systems are fully supported by Digital. 
INSTALLATION AND FIELD SERVICE WORLDWIDE BY DEC 
' FP' 

FIRSTAR Systems are jointly installed and maintained by 
DEC's and FPS's own Field Service Organizations. No third 
party maintenance to worry about. 

Registered trademcnk of Floating Point ystems Inc. 

TM TWX NUMBER 910-651-1916 

computer corporation 
corporate squa:e/825 north cass avenue/westmont„Ill no's 60559/(312) 920.1050 

—Trademark First Computer Corporation -Registered trademark of Digital Equip-rent Corporation AP-1 

Circle 15 on reader service card 



SPEC STACKPOLE 
CARBON-COMP RESISTORS 
TO HANDLE HIGH-POWER 
SURGES AT LOW COST. 
Two series of workhorse resistors that give you: 

A Very competitive cost 
A Extra-strength construction —stands up to auto insertion 
• Range of sizes and tolerances to match your application 
• Body, lead tape, strip, ammo pack, or cut and formed 

A Competitive lead times 

Our top-drawer RCR Series: 

A Meet or exceed MIL-R-39008 requirements 
A Approved to S-Level (highest military reliability rating) 
• Two standard resistance tolerances: 5%, - 10% 

A RCR07, 20, 32 and 42 sizes 

Our standard RC Series: 

A RC 1/2 -, 1/4 -, 1/2 -, 1- and 2-watt sizes 
A Three standard resistance tolerances: 5%, _:10%, -2120% 

Make Stackpole your first choice in resistor products. 
For complete information on our carbon-comp and other resistor 

products, call or write: Marketing Department, 
Stackpole Components Co., Electronic Components Division, 

P.O. Box 14466, Raleigh, NC 27620. 
Phone: (919) 828-6201. TWX: 510-928-0520. 

Ï". SUCKPOILE 
' Get to know us. We can help. 

People 

Growth-minded. GI's Solomon believes 

CAD is key to future ventures for his firm. 

new growth opportunities." With 
basic growth of 40% or more per 
year, GI can choose from many 
opportunities offered. 
Solomon will continue to look to 

new projects that stress product pro-
grammability and flexibility. He 
believes one key to designing such 
programmability into a product in 
the future will be computer-aided 
design. "CAD is fundamental in the 
new-venture business because time is 
fundamental in getting a product to 
market. The quicker a company can 
bring a product to market, the big-
ger the lead it has," he says. 
Some of the current projects that 

Solomon has been developing are: 
• The planned acquisition of OTX 
Inc. of Elgin, Ill., a supplier of elec-
tronic slot machines. "OTX would be 
an extension of our systems busi-
ness," comments Solomon. "We're 
currently in on-track and off-track 
parimutuel betting systems, as well 
as electronic lotteries. Systems for 
casino gambling fit our strategy." 
• Playcable Inc. A joint venture of 
Mattel Inc. of Hawthorne, Calif., 
and GI through its Jerrold division in 
Hatboro, Pa., Playcable will supply a 
software package for games over 
cable TV networks. 
He is also in charge of a keyboard 

development. With the help of the 
corporate research and development 
facility in Chandler, Ariz., the 
Microelectronics division has been 
working on a new keyboard that will 
use an integrated-injection-logic cir-
cuit to enable GI to use one chip 
where competitors have two. LI 
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rp MEASUREMENT 
ILE COMPUTATION 

Newly-available 64K 
RAMs make possible 
512-K byte main memory 
in new Hewlett-Packard 
1000 L-Series two-board 
microcomputer. So much 
main memory and compu-
tation power in so little 
space makes the L-Series 
easily adaptable to a wide 
range of applications— 
good news for OEMs. 

ews 
product advances from Hewlett•Packard 
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HP's new two-board, half-megabyte microcomputer: 
small hardware with big software 
By combining newly-available 64K RAMs with enhanced 

memory management capabilities, the low-cost HP 1000 
L-Series computer is now available as a powerful 512K byte, 
two-board microcomputer. 
With a half-megabyte of state-of-the-art memory on one 

63/4 " x11" (17.2 x28.9 cm) board and a single-chip, Silicon-
on-Sapphire CPU on the other board, the L-Series gives 
OEMs significantly expanded design freedom at the upper 
end of the microcomputer spectrum. That amount of main 

memory and computation power in so little space makes the 
L-Series easily adaptable to a wide range of applications that 
previously were too complex or demanding to be met by the 
use of microprocessors or microcomputers. 
The L-Series microcomputer is particularly well-suited to 

applications requiring high-speed I/O rates, such as com-
munications front ends, data concentrators and message 
switchers. Other applications include data acquisition, in-

(continued on last page) 



Computers, Calculators, and Peripherals 

HP-33C, 340 and 380 calculators with continuous 
memory—they're ready when you are 

These advanced programmable calculators from Hewlett-
Packard retain your programs and data even after they've 
been turned off. Just think how much more quickly and easily 
you'll be able to solve your business or scientific problems. 

But these remarkable calculators do more than just re-
member. For example, consider the HP-33C: with eight 
user-storage-registers and a program capacity of 49 fully 
merged lines, the HP-33C's programming capability can help 
you perform repetitive scientific calculations with pushbut-
ton ease. 
The HP-34C has advanced programming to handle fre-

quent repetitive problems plus a full set of preprogrammed 
scientific functions including "Solve" and "Integrate." 
"Solve" finds real roots for an incredibly wide range of func-
tions. "Integrate" computes the area of a function bounded 
by upper and lower limits. Other features of the HP-34C 
include 12 addressable labels, insert/delete editing, and a 

Telecommunications Te Ft Equipment 

controlled memory that varies between 210 program lines and 
21 user storage registers. 
The HP-38C offers a multitude of built-in financial func-

tions, as well as 99 programming lines for easy-to-master 
programming capability. Discounted cash flow analysis, 
NPV or IRR are quickly and easily done by keying in the 
known values for a number of periods (n), interest (i), present 
value (PV), payment (PMT), or future value (FV), and then 
asking for the unknown. 

Hewlett-Packard supports the Continuous Memory cal-
culators, HP-33C, MC and 38C, with comprehensive instruc-
tion manuals and many software solutions books for applica-
tions in science, engineering, and business. 

For more information, check A on the HP Reply Card. 
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New HP-IB error measurement system interfaces with Bell 
SYSTEMS 

digital equipment 

The Hewlett-Packard 3781B Pattern Generator and the 
3782B Error Detector form a dedicated error measurement 
system for testing and evaluating the performance of Bell-
compatible, digital transmission systems. In one compact 
system, it has four bit rates relating to the DS-1, DS-1C, DS-2 
and DS-3 levels. This forms an ideal system for production 
testing, field maintenance and commissioning of digital 
transmission over cable, radio, satellite or fibre optic links. 

Based on microprocessor design, the 3781B/3782B pro-
vide a comprehensive measurement capability, including 
in-service error measurement. Binary, code or parity errors 
can be measured and displayed as error rate, error count, 
error seconds or error free seconds over a wide choice of 
gating periods. 

Check B on the HP Reply Card for full information. 

The 3781B Pattern Generator and 3782B Error Detector interface fully 

with the HP-IB for bus-controlled operation and automatic measure-

ment sequencing. 
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Convenient scaling, calibration and remote pen 
added to HP's 7040 series X-Y recorders 

Four valuable, ease-of-use features have been added to 
three of HP's 7040 series X-Y recorders: the Model 7044B 
medium speed, general-purpose lab recorder, the Model 
7045B high-speed, general-purpose lab recorder, and the 
Model 7046 two-pen high-speed lab recorder. 
The new features are: 

1. Convenient 1,2,5,10 scaling from .25 mV/cm (.5 mV/inch) 
to 5 V/cm (10V/inch) for quick set-up of calibrated graphs; 

2. A 10 turn-vernier control for quick set-ups of non-
calibrated graphs; 

3. Separate calibration-vernier switch to change in and out of 
calibrated operation without moving vernier; 

4. Additional remote pen lift control on rear panel banana 
jack receptacle. 
Exceptional accuracy is achieved through rugged single-

piece castings to ensure long-term alignment. A servo loop 
which closes at the pen tip, eliminates the inaccuracies intro-
duced by gear and other mechanical wear. Operating under 
adverse conditions, these recorders greatly exceed specifica-
tions under normal laboratory use. 

For example, the pen mechanism is constructed to exceed 
50 kilometers (31.07 miles) of pen travel (about 5 years of 
normal use) without needing adjustment. 
A graphic system accuracy of ±0.2 percent is achievable 

with a combination of HP recorder, HP pens and HP paper, 
all carefully designed and crafted toward producing this 
highly accurate performance specification that delivers 
high-quality traces. 
A number of other featurers contribute to the convenience 

of using 7040 Series recorders. Electrostatic holddown keeps 
the paper accurately fixed. HP pens are designed to provide a 
uniform line width through all pen velocities and weeks of 
cap-off use without drying out. The ink dries by absorption 
rather than evaporation, making it smear proof. HP paper is 
printed at 50 percent relative humidity and is cut with the 
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grain running at a 45° angle to minimize environmentally 
induced paper changes. 

Optional time base and event marker are available to pro-
vide a full range of laboratory recording needs. 
The 7044B, 7045B, and 7046B are available with either En-

glish or Metric calibration. 

For more information, check C on the HP Reply Card. 

70 MHz modulator/demodulator allows baseband 
measurements at non-demodulating repeater stations 

Hewlett-Packard's new 3717A 70 MHz Modulator/ 
Demodulator is a portable test modem for use on 70 MHz IF 
heterodyne microwave radio links. Its primary application is 
to provide a baseband (BB) interface at non-demodulating 
repeater stations. The 3717A lets you carry out hop-by-hop, 
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Perform BB qualitative measurements at IF repeaters using HP's new 
3717A 70 MHz Modulator/Demodulator. 

conventional BB-BB qualitative measurements such as 
white-noise loading, video distortion and BB frequency re-
sponse. In some instances you can substitute the 3717A for a 
link's own modem equipment. 
Some of the many valuable features which make it possible 

to use HP's 3717A on a variety of microwave radio systems 
include: 
• Provision for both video and telephony signals 
• Up to five built-in selectable pre/de-emphasis networks 
• Audio service channel available 
• Demodulator input level range-10 to +6 dBm 
• Variable modulator input sensitivity 
• Built-in general-purpose attenuator 
• HP-IB controllable for system surveillance applications 
• Optional separate modulator or demodulator sections 

For more information, check Don the HP Reply Card. 
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New HP printing terminal "Flexible" memory systems 
combines performance, available for HP-85 
mass storage and portability 

The new HP 2675A is a versatile, 120 cps thermal printing 
terminal that combines sophisticated firmware design, ease 
of use, mass storage and portability. 
The 22-pound terminal executes over 60 powerful com-

mands with just a few simple keystrokes and features exten-
sive escape sequences, compatible with the HP 2640 family of 
display terminals. Eight user-definable soft keys, a definable 
return key and complete editing capabilities augment the 
terminal's friendly versatility. Since terminal parameters 
such as page format and the two data communications struc-
tures are stored in soft, non-volatile configuration, they may 
be quickly defined and altered through the terminal COM-
MAND language. The 2675A has an RS232-C serial interface 
and supports multiple handshake protocols. 

Fast dual cartridge tape drives feature updatable or com-
pact record modes providing 320K bytes of storage per tape. 
Recorded information can be located by searching for 
absolute/relative record or file, file name, or string. 

Printing capabilities include full 128-character ASCII with 
true descenders, national and line drawing character sets, 
and underlining and framing character enhancements. In 
addition, expanded and compressed printing modes provide 
a choice of 40,80 or 132 columns. The standard character ROM 
provides character sets for six foreign languages. 

For more details, check E on the HP Reply Card. 

New thermal printing terminal for asynchronous communications as fast 

as 9,600 bit/sec offer selectable columns, and eight user-

programmable softkeys and built-in phone jack. 

The HP-85 Mass Storage ROM, 00085-15001, provides convenient 

access to these disc memories through simple BASIC language com-

mands. When you turn on tlie HP-85, the disc memory is totally inte-

grated into the personal computer. 

The power of random access mass storage is available to 
HP-85 Personal Computer owners through a progressive 
range of high-quality, double-sided, double-density flexible 
disc drives from Hewlett-Packard. Designed to meet the ex-
panding application needs of professionals, the HP 82900 
Series and HP 9895 Flexible Disc Memories offer graduated 
storage capacities through various configurations. 
The HP 82900 Series adds from 270K to 1.08M bytes of 

on-line storage using 51/4 " removable flexible discs. The HP 
9895A provides from 1.18M to 4.72M bytes of mass storage 
using double-sided, double-density format on 8-inch 
flexible discs. 

Both single and dual drives are available as masters (with 
controllers) and add-ons (must be used with the master). 
With these discs, large amounts of data can be quickly stored 
and read randomly. Also, very long programs can be stored 
on disc and "chained" into the HP-85. Data is transferred at 
350 bytes per second and programs at 1.5K bytes per second. 
Average access time for both discs is 187 m/sec. 
Approved media is available directly from HP. Through 

extensive testing, selection and control, these HP qualified 
flexible discs bring out the most reliable performance in your 
system. 

For more information, check F on the HP Reply Card. 
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New HP-IB HP Data Logger has full computation 
SYSTEMS 

and analysis capability 

Accurate measurements with full computational and 
analysis capabilities in HP's friendly new 3054DL Data Log-
ger provide a powerful economic solution to transducer mea-
surements, research and development, and production test-
ing applications. HP's graduated, three-level software for the 
3054DL enables the operator to start logging data 
immediately—without programming experience. 
The 3054DL consists of a 51/2-digit scanning DVM, low 

thermal scanner (multiplexer), ohmmeter, current source, 
real-time clock, HP-IB and the powerful HP 85F computer in a 
16-inch high cabinet. Depending on the application, the HP 
85F can serve as a dedicated computer for the 3054DL or as a 
separate computer when data logging is not taking place. For 
such occasions, HP offers HP 85F application software for 
mathematics, general statistics, electrical engineering, linear 
programming and regression analysis. 
When data logging, the computer's printer can be used to 

show trend information or results of a test. Graphical plots 
and histograms, for example, can be made to gain insight into 
the process the operator is logging. The CRT display makes 
channel set-up easy. By typing simple commands which ap-
pear on the computer's CRT, you can enter data with en-
gineering labels, store thousands of readings or convert non-
linear transducer outputs into physical units. There is no 
need to learn a computer language. 

Graduated Data Logging Software 

Three graduated levels of data logging software are availa-
ble with each HP 3054DL. Level "one" software is a "menu-

data" entry method that enables the user to begin data log-
ging immediately. Level "two" software offers line entry 
instructions for the operator to test for limits, print the logged 
data and/or close a relay if a limit does not meet specifications. 
Level "three" (optional) software enables the operator with 
minimal knowledge of BASIC to utilize the system's entire 
32K and convert the data logger into a powerful data acquisi-
tion system. This level also features a group of pre-written 
subroutines which can be called to perform specific tasks. For 
example, transducers can be linearized and logged data can 
be stored on a tape cartridge. Two-variable graphs of the data 
can then be plotted using statistical histogram routines to 
determine distribution of the logged data. Level "three" 
comes with a comprehensive set of documentation capable of 
handling most complex measuring situations without requir-
ing the operator to become a computer expert. 
When logging data from transducers such as ther-

mocouples and strain guages, the autoranging voltmeter in 
the 3054DL makes excellent precision low level measure-
ments. Resolution is 10 ppm, accuracy is ±.007% + 1 count 
and sensitivity is 1 milliohm, 1 microvolt and 0.1 °C. Noise 
rejection is >150 dB ECMR and >60 dB NMR. 
Up to 100 analog channels (20 channels per card) or up to 80 

digital input/output slots (16 channels per slot) are available 
with plug-in assemblies. An autoranging frequency counter 
is also available for logging frequency and/or totalizing data. 

For more information, check G on the HP Reply Card. 

Easy set up, accurate measurements, linearization data reduction, display, hard-copy graphical plotting and storage on magnetic tape — enable the 
HP 3054DL to perform the whole data logging task. This powerful yet easy-to-master system offers an economic solution to production and 
research applications. 
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Accurate, HP-IB intelligent pulse source for 
SYSTEMS 

research/maintenance—now with confirmation software 

When you require precision pulses, the benefits of rapid 
integration, easy HP-IB programming and microprocessor 
control are yours with HP's 8160A Programmable Pulse 
Generator. 
The generator's built-in test, which provides visual and 

bus information, is now augmented by new confirmation 
software. Available as a mag tape cassette with HP-IB verifi-
cation, performance check and adjustment programs, this 
software speeds servicing as well as proves specifications. 
This capability also allows you to be certain of system perfor-
mance and to reduce down-time to a minimum. 
The 8160A brings 1-3% accuracy to pulse settings 

and, with option 020, full 2-channel programmability of all 
pulse parameters. Accurate channel delay with inde-
pendent control of the pulse shape in each channel is ideal for 
fast, reliable propagation measurements in module mainten-
ance programs. 
Many operating conveniences—such as non-volatile mem-

ory for rapid parameter and mode selection, and learn 
mode—save you time in integration, training and use. Accu-
rate programming obviates the need for monitoring and 
therefore saves you hardware. For further information, check H on the HP Reply Card. 

Even the trigger levels are programmable in our 
lowest cost systems counter 

OH o OR 

HP-IB 

HP's new 5316A Universal Counter provides all the Hewlett-Packard Interface Bus (HP-1B) capability 
you're likely to need in a reciprocal-taking universal counter at low cost. 

You can save money, and get excellent performance too, 
with HP's new 5316A Universal Counter in your bench top or 
rack-mounted systems. All its major functions are HP-IB pro-
grammable.This includes trigger level programming, which 
is an expensive option in most other counters. 
Frequency range of this economical, versatile, 

microprocessor-based instrument, is 100 MHz (1 GHz op-
tional). It also measures time interval and period to 100 ns, 
time interval average to 10 ps, frequency ratio, and it will 
totalize too. The counter's reciprocal-taking frequency mea-

SYSTEMS 

surements provide eight digits of resolution while its sever 
digits of resolution-per-second of gate time is particular') 
useful in measuring low frequencies rapidly. 

Radio frequency interference (RFI) is very low, and ai 
option is available to normalize readings to engineering unit: 
and apply reading offsets. 

Check I on the HP Reply Card. 

(hp] MEASUREMENT/COMPUTATION NEWS 



HP's applications manual now offered at special price 

Hewlett-Packard's Optoelectronics Applications Manual, 
publisheld by McGraw-Hill, is now being offered at a special 
reduced price from your HP components distributors. 
The Optoelectronics Applications Manual covers such sub-

jects as photometry/radiometry, contrast enhancement in vis-
ible displays, and reliability of optoelectronic components 
and their mechanical handling. Designed both as a practical 
guide to the use of optoelectronic devices and as a foundation 
for the development of new design ideas, this volume de-
monstrates the broad potential for these components that 
exists in systems being designed today. 
Of special interest to experienced designers is the OA 

Manual's treatment of CTR degradation, a controversial and 
frequently misunderstood subject among users of optically 
coupled isolators. 

Copies may be purchased from your authorized HP dis-
tributor. 

For more information, check K on the HP Reply Card. 
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New, 7-segment displays increase light yield plus 
provide efficient character size-to-package ratio 

This new, 14.22-mm (0.56 in), seven-segment display is 
the brightest yet with the most efficient character size-to-
package ratio from Hewlett-Packard. Designers now using 
HP's 10.92 mm (0.43 in) display can move up to this 14.22 mm 
(0.56 in) character family without using more panel space. 
Package size is only 12.573 mm (0.495 in) wide by 17.02 mm 
(0.673 in) long and 8.00 mm (0.315 in) deep. Light yield has 
been increased by a special leadframe design. 
Red is designated HDSP-5300; high-efficiency red is 

HDSP-5500; yellow is HDSP-5700; green is HDSP-5800. All 
displays are categorized for luminous intensity. Yellow and 
green are also categorized for color. Such binning assures 
aesthetic uniformity in front panel displays. 

Contrast and readability are optimized because of the gray 
scrambler body used. Character height allows good viewing 
at distances up to 7.01 m (23 ft). A wide viewing angle and 
uniform appearance are achieved by using mitered segments. 
These new, full-color 14.22 mm- (0.56 in) character displays 

are TTL compatible and are available in a variety of electrical 
configurations. Built-in stand-offs on the scrambler reduce 
customer assembly time, and the DIP package accommodates 
standard printed circuit board layouts. 

For more information, check J on the HP Reply Card. 
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dustrial and lab automation, instrumentation and process 
control tasks where large main memory and high throughput 
•are required. 
OEMs designing 8 or 16-bit single board microcomputers 

into their products recognize that the level of software sup-
port can greatly impact the complexity and length of the 
product development cycle. The L-Series provides designers 
with an array of powerful software tools to help speed and 
simplify their efforts. Software includes a multiprogram-
ming, multi-user Real Time Executive operating system sup-
porting assembler, FORTRAN 4X, BASIC and PASCAL lan-
guages. The L-Series microcomputers also can utilize 
IMAGE/1000 data base management software, and be part of a 

New reflectance accessory adapts spectrophotometer 
for precise, high-speed thin-film measurements 

A new specular reflectance accessory, the HP 89007A, read-
ily adapts the high-speed, microprocessor-controlled HP 
8450A UV/VIS Spectrophotometer for measuring thin film 
thickness from about 1000 angstroms to several microns with 
a precision of 2% at 1 cr! Data are displayed on the built-in CRT 
in seconds and can be plotted as shown. 

Ultraviolet-visible spectrophotometry is a well-accepted 
technique for fast, accurate thickness measurements of thin 
films. However, to be cost-effective this technique requires a 
spectrophotometer like the HP 8450A, capable of fast data 
acquisition and analysis. Its advantages can help achieve 
even small percentage increases in yield due to better control 
of photomask optical properties—in some cases this can 
mean savings of thousands of dollars per month. 
The HP 8450A also makes an excellent choice for other 

semiconductor applications such as characterizing photo-
resists, measuring optical properties of photoplates and 
wafers and determining surface roughness from less than 100 
angstroms to about 3 microns. 

Check L on the HP Reply Card. 
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A microcomputer with minicomputer software 
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DS/1000 computer network. 
This not only can greatly reduce costly software develop-

ment time, but also provides an upward-compatible growth 
path to larger systems in the HP 1000 computer family. 
HP 1000 L-Series microcomputers are available as boards, 

as rack-mountable processors, or in fully-integrated systems. 
If a full half-megabyte of memory is not required, HP also 
offers 64K and 28K byte main memory boards. 

For more information, check M on the HP Reply Card. 
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We'd be the logical people to ask. Teledyne is still the only SSR manu-
facturer with a family of MIL quality products—all designed specifically 
for military and aerospace applications. 

So, if you have any uncertainty at all about how to use them, or when 
or where or why, go ahead and ask us. There are no dumb questions. 

D Can you solve my logic 
compatible AC or DC 
switching problem of up 
to 50 MILs, 40 volts in 
as small a package as a 
TO-5? 

III Which of your hermeti-
cally sealed DIP SSR's will 
switch 1 amp 250 VAC? 
Do you have a DC version? 

Sorry. You missed my question. Here it is. 

D How can my 10 MIL logic 
signal control a 25 amp 
250 VAC load? 

D My 3-phase motor load 
requires an SSR to 
switch 2 amps at 250 
volts. I'd like to do it in 
a single package. Can you 
help me? 

Name Tite 

Company Phone 

City State Zip 

1r TELEDYNE RELAYS 
Ask us anything,. There are no dumb questions. 

Mail to: TELEDYNE RELAYS 12525 Daphne Ave., Hawthorne> California 90250, (213)777-0077 
Circle 27 on reader service card 





For high-speed and 
low-power requirements, 
nothing comes close 
to our FAST registers 
and multiplexers. 

You've already 
heard about the 
exceptional 
performances 
of Fairchild's 
FAST latches, 

flip-flops and 
counters. Now, 

here are a few FAST 
facts on some of our 

other fine devices that 
you can use to upgrade 
your logic systems. 

REGISTERS 
74F194 4-Bit Universal 
Shift Register 

Shift 
Frequency . .150 MHz typ 
Clock-to-Output 
Delay 40 ns typ 
ICC 33 mA typ 
The 74F194 is 50% faster 
than Schottky and requires 
65% less power. It's cur-
rently available in a plastic 
or ceramic package. And 
we have three octal shift 
registers planned for the 
near future: the 74F299, 
74F322 and 74F323. 

MULTIPLEXERS 

Data-to-Output Delay 
74F153 
Dual 4-input. . . . 5.0 is typ 
74F253 
Dual 4-input with 3-state 
outputs 44 ns typ 
74157 
Quad 2-input . . . 4.5 ns typ 
74F257 
Quad 2-input with 3-state 
outputs 4  0' ns typ 
74F158 
Quad input with inverted 
outputs . . . . . . 2.9 ns typ 

Select-to-Output Delay 
74F352/353 
inverted versions of the 
74F153/253. .6.3 ns typ 

Our multiplexers are 
30% faster than 
Schottky and require 
70% less power. 

Our total FASToffering. 
There is a total of 30 FAST 
parts available now in 
production quantities, with 
additional functions 
coming soon. So you can 
upgrade your standard 
Schottky system or design 
a new system today. with 
Fairchild's high-speed, low-
power, improved-density 
devices. 

Make a thorough 
examination. 
To check our parts out 
further, order our evaluation 
kit that contains 14 different 
74F Series devices. A total 
of 72 parts. Contact your 
nearest Fairchild sales office 
or distributor for our kit or 
information about our 
product delivery dates. Or 
call or write FAST, Fairchild 
Semiconductor Products 
Group. P.O. Box 880A, 
Mountain View, CA 94042. 
Tel: (415) 962-FAST. TVVX: 
910-379-6435. 

FAST Evaluation Kit 

France: 
Fairchild Carrera 
8. Instrument SA. 121 Ave. 
d'Italie. 75012 Paris Tel  331 564 55 66. Telex. 0042 
2C0614. Italy:Fairchild Sem ic:Dnd _non S PA. Vole 
Corsica 7.20132 Milano Tel 02 296001-5 Telex 
843-330522. Germany: Fairchild Camera d Instrument 
(DP.Utschland GrnbH. 8046 Garching Hochbruck. 
Daimlerstr '5. Munchen Tel  089 320031 Telex: 52 
-4831 fair d. England: Fairchild/Canera & Instrument 
UK »Ltd.. 230 High St.. Potters Ber. Hertfordshire EN6 
5 BU. Tel 07(1751111 Telex: 262835 Sweden: Fair-

Semicondwctor AB. Svartengsgatan 6. S-11620 
Stockholm. Tel: 8-449255. Telex: 17759 Japan: Fair-
ich IdJapan Corporation, Pola 3Ide. 1-15-21 Shibuya. 
Shibiya-Ku. Tokyo 150 Tel 03 400 8351. Telex: 
24124173 (TFCT, OJI. Hong Kong: Fairchild Semi-
coiductor (HIM Ltd.. 135 Hoi Bun Road, Kwun Tong. 
Kowloon Tel: 3-440233 Telex- HX73531 

IFa,rchild Carrmra and Instrument Carp 

across the board. 
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Automatic Test Equipment Semi na r-
Exhibit, Benwill Publishing Corp. 
(Test Conference Registrar, 1050 
Commonwealth Ave., Boston, Mass. 
02215), Pasadena Center, Pasadena, 
Calif., Jan. 19-22. 

Eighth Plating in the Electronics 
Industry Symposium, American 
Electroplating Society (1201 Louisi-
ana Ave., Winter Park, Fla. 32789), 
Adams Hotel, Phoenix, Ariz., Jan. 
20-21. 

Annual Reliability and Maintainabil-
ity Symposium, IEEE Reliability So-
ciety, American Society for Quality 
Control, et al., Marriott Motor 
Hotel, Philadelphia, Jan. 27-29. 

ASEE 81—Advanced Semiconductor 
Equipment Exposition, Electronic 
Representatives Association (Cart-
lidge & Associates, 491 Macara 
Ave., Suite 1014, Sunnyvale, Calif. 
94086), San Jose Convention Cen-
ter, San Jose, Calif., Jan. 27-29. 

Second International Conference on 
Microprocessors in Automation and 
Communications, Institution of Elec-
tronics and Radio Engineers (99 
Gower St., London WC1 6AZ, 
England), Penta Hotel, London, Jan. 
27-30. 

Fourth Annual SEMI Information 
Services Seminar, Semiconductor 
Equipment and Materials Institute 
Inc. (625 Ellis St., Suite 212, Moun-
tain View, Calif. 94043), Marriott 
Hotel, Newport Beach, Calif., Feb. 
1-4. 

Power Engineering Society Winter 
Meeting, IEEE, Atlanta Hilton Ho-
tel, Atlanta, Feb. 1-6. 

MECOM 81—Second Middle East 
Electronic Communications Show 
and Conference, Arabian Exhibition 
Management (TmAc, 680 Beach St., 
Suite 428, San Francisco, Calif. 
94109) Bahrain Exhibition Centre, 
Bahrain, Feb. 2-5. 

Los Angeles Technical Symposium, 
Society of Photo-Optical Instrumen-
tation Engineers (P. 0. Box 10, Bel-

lingham, Wash. 98225), Sheraton-
Universal Hotel, North Hollywood, 
Calif., Feb. 9-13. 

Isscc —1981 IEEE International Sol-
id-State Circuits Conference, IEEE, 

Grand Hyatt Hotel, New York City, 
Feb. 18-20. 

Nepcon West '81, Industrial & 
Scientific Conference Management, 
Inc. (222 W. Adams St., Chicago, 
Ill. 60606), Anaheim Convention 
Center, Anaheim, Calif., Feb. 
24-26. 

Information Utilities '81, Online Inc. 
(11 Tannery Lane, Weston, Conn. 
06883), New York Hilton, New 
York, March 2-4. 

Micro-Delcon '81—Fourth Annual 
Conference on Computer Technolo-
gy, IEEE Computer Society, Dela-
ware Bay Section, (H. P. Morneau, 
E. I. du Pont de Nemours & Co., 
Engineering Dept., Louviers 3113, 
Wilmington, Del. 19898), John M. 
Clayton Hall, University of Dela-
ware, Wilmington, March 10. 

Fourth Electromagnetic Compatibili-
ty Symposium and Technical Exhibi-
tion, Institute for Communications 
Technology (T. Dvorak, The Federal 
Institute of Technology, Zurich, 
Switzerland), Federal Institute of 
Technology, March 10-12. 

Semicon/Europa '81 and Second 
SEMI European Symposium on Mate-
rials and Processing, Semiconductor 
Equipment and Materials Institute 
(625 Ellis St., Suite 212, Mountain 
View, Calif. 94043), Züspa Conven-
tion Center, Zurich, Switzerland, 
March 10-12. 

14th Annual Simulation Symposium, 
IEEE, Association for Computing 
Machinery, et al., Holiday Inn 
Resort, Tampa, Fla., March 16-20. 

Third Annual Microelectronics Mea-
surement Technology Seminar, Ben-
will Publishing Corp. (1050 Com-
monwealth Ave., Boston, Mass. 
02215), San Jose Hyatt, San Jose, 
Calif., March 17-18. 
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The 8-bit world is turning 
to Intel's HMOS... 



Making the design possibilities 
almost infinite. 
Intel's latest HMOS processor and peripheral intro-
ductions plus extensive development and software 
support now expand the universe of 8-bit applications. 
Ever since Intel introduced the first 8-bit 
microprocessor in 1972, we've been the 
industry leader. We've always been com-
mitted to staying on the leading edge of 
8-bit technology. That's what enabled 
Intel to be first in introducing a wide 
range of components, most of which 
are now industry standards. Today, we're 
continuing to apply this innovative 
technology both to develop new 8-bit 
products and to reduce costs and 
improve performance of existing ones. 
Even more importantly, Intel always 
designs 8-bit parts to be members of a 
family of products, so they evolve in an 
orderly progression, as the technology 
evolves. By planning for technological 
change, we've been able not only to 
improve product performance, but to 

extend product life-cycles and thus 
protect our customers' investments. 
That's the real reason why today Intel is 
the leading manufacturer of 8-bit 
microprocessors. 

Expanding the 8-bit universe 
For microprocessors, the greatest cost 
reductions and performance improve-
ments have resulted from breakthroughs 
in technology—not volume production 
techniques and automation. That means 
breakthroughs such as Intel's advanced 
HMOS.* 

This technology enables us to put more 
power and more functions on a smaller 
chip, and offer a range of devices that 
do more, while shrinking the price-
performance ratio. 

At the high-performance end of the 8-bit 
spectrum, for example, consider the 
new 8-bit champion: the iAPX 88. This 
state-of-the-art HMOS microprocessor 
outperforms its closest competitors in 
memory efficiency, ease of program-
ming, and throughput—by as rnuch as 
4 to 1. It's also the only 8-bit micro-
processor that addresses up to 1 million 
bytes of memory—without external 
memory management. And since the 
8088 is the only 8-bit microprocessor 
whose instruction set is compatible with 
a 16-bit device, it's the only way you 
can move up to 16-bit power—such as 
the iAPX 86's—without sacrificing 
your software investment. 

Or consider Intel's latest, highly 
integrated solution to design problems 
that previously required multiple chips: 
our new microcomputer hero, the 8051. 
This single-chip device contains twice 
as much program and data memory as 



competitive parts; provides up to 10 
times as much speed as the 8048; and 
offers a unique Boolean processor— 
particuarly important in controller 
applications. 

iAPX 88 Performance Comparisons 

IAPX 88 2-60 M06803 8085A 

Relative 
performance 

1 
(5MHz) 

0.1 
(4MHz) 

0.6 
(2111Hz). 

0.3 
(3MHz) 

16-bit oaject 
code compatible 

8086 NONE NONE NONE 

Relative assembly 
languaçe code 
required 

1 1.Ii 1.4 1.5 

Memory/10 
address space 

1 Megabyte' 
64K 

648/256 64K.UONE 64K/256 

Multi 8/ 
co-processing 

YES (wife 
8087, 8080, 

NE 110 NO 

PASCAL, PL/Pll 
8/ FORTRAN 

YES NE NO YES 

ICE Symbolic 
debugging 

YES NO NO YES 

Shrinking the 8-bit world 
As part of a long-range olan to apply 
advanced HMOS technology :o our 
existing products, we've developed 
versions of numerous parts that deliver 
greatly enhanced price-performance. 
Take our industry-standard 8048, for 
example. The new 8048H versions of 
this single-chip mcrocontrol er now 
offer up to 80% more speed, at 67% less • 
power. Otner estabished Inter 8-bit 

parts—like the 8085A—show similar 
price-performance improvements. 

The key to these breakthroughs is our 
second-generation HMOS technology 
That, combined with our pioneering 
computer-aided design techniques, 
allows transparent process conversions. 
Since our strategic design program 
allows us to plan for die-size reductions 
at the time of original design, we can 
make subsequent process conversions 
via CAD software, rather than having to 
re-design. Thus we can produce faster, 
lower power, less expensive devices— 
like the 8048H and 8085AH—while 
keeping identical circuitry and layouts. 

The net result of these improvements 
is that your existing products can now 
evolve as Intel's technology evolves. 
Right now, you can improve your 
existing designs while lowering costs, 
thus extending the life cycles of your 
products and boosting profit margins. 

Intel's Built-in Die Shrinkage Steps 

Technology Impact on 8-bit Products 
(The 8049) 250 x199 

167x198 
134 x158 

111 
Technology NMOS FIMOS Advan' 

HMOS 
Introduction 1977 1980 1982 - 
Relatgi eea 

lat • st 

Improved HMOS processors, however, 
constitute only a few points on the Intel 
8-bit horizon. We've also used HMOS 
technology to enable our peripherals to 
cover a wide range of applications, from 
the 8274 multi-protocol serial controller, 
through the 8272 double-density floppy 
disk controller, to the 8741A universal 
peripheral interface, with on-chip 
EPROM memory. By doing more, these 
devices off-load your CPU, and 
increase system throughput. 

HMOS also lets us build memories 
with a wide range of density and speed 
characteristics—from 16K statics 
through 64K dynamic RAMs,to a family of 
EPROMs ranging from our 2732A to our 
new E2PROM, the 2816. HMOS gives 
you the same flexibility in memory 
design that you have in designing other 
parts of your system. 

Turning the competitive 
world around 
When you want to make immediate use 
of the latest 8-bit VLSI technology at 
the board level, Intel has the solution. 
Our iSBC 88/25- and iSBC 88/40 single 
board microcomputers, for example, 
will let you prototype systems or fill low-
to medium-volume production require-
ments rapidly. And they're only two out 
of eight single board microcomputers 
for you to choose from. 

Then too, when you'd rather concentrate 
on your product than on re-inventing the 

wheel, Intel offers two 8-bit real-time 
operating systems: the iRMX/80- and 
iRMX/88. These operating systems are 
ideal for 8-bit designs, where memory 
space and response time are often criti-
cal. They require only 2K to 4K bytes 
of memory, and the iRMX/88 operating. 
system is capable of providing up 
to 6000 samples per second in your 
real-time application. 

Finally, to speed development time, 
we offer a full complement of develop-
ment support tools. Such as the latest 
development system technology, the 
new Intellece Series Ill. With its dual 
processor architecture, the Series III is 
ideal for 8088 development work. 
Then there's the Series II, and the 
new, low-cost Model 120—the choice 
for entry level 8085 or 8048/8049 micro-
controller designs. As part of a planned 
path to protect your investment, both the 
Series II and the Model 120 are upgrad-
able to the Series III, and further to the 
NDS-1 development network. And, 
by applying the same computer-aided 
design techniques we use to shrink 
our chips, we're also able to build bond-
out chips for use in our ICE- in-circuit 
emulators. So our ICE modules perform 
exactly the same way in your circuit as 
the original chip. Plus they're ready to 
go, as soon as a new chip is available. 

To further reduce development time and 
enhance programmer productivity, Intel 
supports these hardware systems with 
the broadest range of development soft-
ware available today. Up to five language 
translators, including Pascal, PL/M, 
FORTRAN, COBOL, and BASIC. Four 
different macro-assemblers. An exten-
sive set of programmer utility routines. 
So you can always match the right 
language or program to the job—and 
offer your customers a way of further 
developing your products if they wish. 

All of which means that now it's easy, 
convenient and cost-effective to get the 
most out of Intel's 8-bit world of 
advanced technology. And make your 
product design possibilities almost 
infinite. With these technology advan-
tages, this degree of commitment to 
8-bit users, this breadth of product line, 
and this level of development support, 
it's no wonder the 8-bit world is turning 
to Intel's HMOS. 
Our new brochure gives further details 
• on Intel's 8-bit world. You can get your 
copy by circling the reader response 
number, or contacting your Intel sales 
office/distributor. Or writing Intel Corpor-
ation, 3065 Bowers Avenue, Santa Clara, 
CA 95051. Telephone (408) 987-8080. 
'HMOS is a patented Intel process. 
Europe Intel International. Brussels. Belgium 
Japan Intel Japan. Tokyo United States and Canadian 
distributors Alliance. AlmaciStrourn, Arrow Electronics. 
Avnet Electronics, Component Specialties. HamiltorvAvnet 

HamilloniElectro Sales. Harvey. Industrial COmPonents 
Pioneer. L A Varah. Wyle Distribution Group. Zentronics 

i n delivers 
solutions 



The New World of 
Intel's 8-Bit HMOS 
Intel's 8-Bit Microprocessors and Support 

Microprocessor Replaces Description 
Evaluation 
Kits 

In-Circuit 

Emulators 

8048H/8748 
8048L 

8048 Microcontroller New 11 MHz and 8 MHz CPU speeds; up to 70% lower power; 
on-chip EPROM at new lower price 

PROMPT-48 ICE-49" 

8049H/8749 
8049L 

8049 Microcontroller Same speed selections as 8048H; now available with 
2K byte on-chip EPROM 

ICE-49" 

8051/8751 NEW Microcontroller Intel's newest high integration micro with on-chip serial 
port, Boolean processor; 12 MHz CPU and 4K byte on-chip EPROM 

SDK-51" ICE-51" 

8080A Microprocessor Intel's original 8-bit processor, recently upgraded SDK-85" ICE-80" 

8085AH 8085A - Microprocessor 30% lower power; 10% voltage margins; new high performance 
6 MHz version 

SDK-85"' ICE-85" 

8088 NEW Microprocessor Highest performance 8-bit CPU; 1 Mbyte address range; 
16-bit instruction set; multi-processor support 

SDK-86" ICE-88" 

1SBC 88/25 NEW Single Board Computer 8088-based, with Multibus" expansion, coming mid '81 

iSBC 88/40 NEW Single Board Computer 8088-based measurement and control computer 

Intel's 8-Bit Peripheral Controllers 

Model 

8202A 

Replaces Description 

Dynamic RAM Refresh Controller Makes dynamic RAM look static, handles refresh, address multiplexing 
and arbitration 

8272 NEW Double/Single Density Floppy Disk Controller Interfaces 8- or 16-bit CPU to four floppy disk drives, 
IBM-compatible formats 

8274 NEW Multiple Protocol Serial Controller Speeds up to 1M baud; protocols can be async, bisync or synchronous 
(HDLC/SDLC) 

8276 NEW Small System CRT Controller Allows complete CRT system implementation with less than 20 devices 

8041AH/ 
8741A 

8041A Universal Peripheral Interface Controllers with new 12 MHz and 8 MHz CPU versions; 
slave processor interface 

8232 NEW Floating Point Math Processor Four function 64-bit floating point operation; IEEE compatible; 4 MHz clock 

8291,8292 IEEE-488 GPIB Controller Talker/listener and controller functions for 500K bytes/sec data transfer 

Intel's Hardware/Software Support 

Support Description 

intellece 
Mode1120 

NEW Development System New price/performance breakthrough; gives small program development capabilities 
including ICE" support at lowest cost for 8-bit microcomputers; also acts as editing station for NOS-1 

Intellece 
Serles Il 

Development System Versatile; provides support for Intel's entire 8- and 16-bit product lines, including high-
level languages and ICE in-circuit emulators 

Intellece 
Series III 

NEW Development System High performance; two host processors to support Intel's entire 8-and 16-bit 
microprocessor family; resident 8088 Pascal, FORTRAN, RIM, and assembler; compatible with hard disk 

Intellece 
NDS-1 

NEW Network Development System Provides distributed support for multiple 8- or 16-bit projects; offers shared file 
access, high-speed compilation, and low-cost debugging; coming mid '81 

ICE*" 
Emulators 

ln-Circuit Emulators Detect design flaws; perform real-time hardware/software symbolic debugging, even in 
the most complex systems; versions available for all 8-bit processors 

ASM'e Macroassemblers Available for every Intel 8-bit processor 

PL/M 
Pascal 

System Implementation Languages Available for system sofware development 

Pascal 
FORTRAN 
COBOL 
BASIC 

NEW Application Languages All four languages for 8085AH application programming; Pascal and FORTRAN for 
the 8088; all available now 

iRMX/88- 
iRMX/80- 

NEW Real-Time Operating Systems User configurable, for 8088 and 8080A/8085AH; major facilities include: 
priority-based resource allocation; real-time clock; interrupt handling; task dispatching 
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Cleavage approach Scientists at the Massachusetts Institute of Technology's Lincoln Labora-

to GaAs growth 
tory in Lexington, Mass., have developed a technique that me greatly 
reduce the cost of gallium arsenide semiconductor material. It might also 

prom ¡ses low costs make possible new sorts of integrated circuits with thin, single-crystal 
films on insulating substrates, or in multiple layers, according to its 
developers. Called Cleft (cleavage of lateral epitaxial films for transfer), 
the approach uses —and reuses—a GaAs substrate that is bonded to glass. 
Single-crystal GaAs is grown on this substrate through vapor-phase 
epitaxy and then cleaved parallel to the plane of the substrate, creating a 
thin slab of high-quality crystal. The same substrate is used repeatedly to 
grow slabs 5 to 10 gm thick and comparable in their electrical characteris-
tics with melt-grown GaAs. With Cleft, the usual GaAs substrate, 
typically 250 to 400 1.1,111 thick, is unnecessary, saving all but the few 
percent of the GaAs normally needed for a solar cell or 1c and therefore 
drastically cutting cost. The Lincoln Lab team believes that Cleft can be 
applied to growth of other semiconductor materials as well. 

Phased array aids 

cancer treatment 

Antenna technology is overcoming a major disadvantage of rf hyperther-
mia, or tissue heating, in the treatment of cancer [Electronics, April 26, 
1979, p. 88]. Developed by BSD Corp., Salt Lake City, Utah, a doughnut-
shaped phased array helps researchers and physicians reach tumors deep 
within the body. Rf hyperthermia is attractive, as it requires neither 
surgery nor anesthesia and is therefore well tolerated by weaker patients; 
till now its use has been limited to the treatment of tumors at or near the 
skin because body tissue attenuates rf energy. With the annular phased 
array, a patient is placed within a ring of 16 waveguide antennas; the site 
of tissue heating is a function of phase reinforcement at the desired 
location. According to BSD spokesmen, the new technique heats tissue at 
the body's core. 

Dynascan unit Indicative of the increasing acceptance of signature analysis as a field 
t make service technique is the growing number of instrument makers moving into o for system  the field. Dynascan Corp.'s B&K Precision Test Equipment Group, Chica-
signature analysis go, has not yet introduced a product, but it has developed a prototype 

signature analyzer with the potential to compete favorably in terms of 
cost and capability with Hewlett-Packard's popular 5004A, brought out 
in 1977. Don't be surprised if B&K rolls out the unit—known internally as 
the SA1010 — for showgoers' reaction at the Automatic Test Equipment 
Seminar-Exhibit in Pasadena, Calif., Jan. 19-22. Besides HP, the pioneer 
in the field, other firms with signature analysis products now on the 
market or in the works include Tektronix, Racal-Dana Instruments, Fluke, 
Millennium Systems, Phoenix Digital, and Kurz-Kasch [Electronics, Feb. 
14, p. 102]. 

Commodore to show 

$300 color computer 

Trying to bridge the gap between the hobbyist and small-business comput-
ers, Commodore Business Machines Inc. will introduce a $300 color 
graphics computer at next month's Consumer Electronics Show. Called 
the VIC 20, it contains a video interface chip that allows it to display 
material on an ordinary TV set through an external rf modulator. 
However, the display is limited to 23 lines of 22 characters each. 
The VIC 20 uses Pet Basic. From the minimum configuration, which 
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has 5-1( bytes of user memory, it is expandable to a total of 32-K bytes of 
random-access and read-only memory. An ASCII keyboard provides access 
to eight user-programmed functions through four keys. The computer has 
separate ports to address a tape cassette, an RS-232-C interface, and a 
serial interface for floppy drives, plus a game port for pointing devices and 
a memory-expansion port. 

Memory-package 

decisions weighed 

Some far-reaching memory-packaging decisions are being considered by 
the JC-42 committee of Jedec, the Joint Electron Device Engineering 
Council. In addition to casting ballots on leadless chip-carriers, the panel is 
listening to suggestions for housing 16-bit-wide devices in 28-pin dual 
in-line packages. A proposal by Mostek Corp. of Carrollton, Texas, to 
multiplex the data with a 20-bit address would allow for single- and 
double-byte transfers, with or without parity. Since such a scheme can 
accommodate 16 or more megabits of data, a standard could last to 1990 
or beyond. So far, Intel Corp. of Santa Clara, Calif., agrees with the 
packaging idea in principle, but wants to add elements. 

Lear Siegler's Falco Lee Falco, former president of terminal maker Lear Siegler Inc. of 
Anaheim, Calif., has formed his own company, Falco Data Products Inc. 

starts own firm 
in Palo Alto, Calif. The new venture will introduce a terminal next month 
to compete with Lear Siegler's ADM 42 intelligent terminal. The TS-1 
can hold eight pages of local memory (a $125 option), and the basic 
terminal with detached keyboard will sell for an end-user price of $1,495. 
The unit's switching power supply will power not only the terminal, but 
also future cards to be placed in its two extra card slots. Among those 
planned are a high-resolution graphics card and a complete single-board 
computer card to be introduced later in 1981. 

Western finds 

another LSI use 

Another large-scale integrated replacement for a bundle of TTL devices is 
coming from Western Digital Corp., which specializes in finding and 
filling this type of product niche. It is a 32-bit data-link controller for 
on-board avionic sensors that converts serial data into parallel form for 
processing, operating under the standard Arinc 429-1 protocol. The word 
length is programmable from one to eight characters. The Newport Beach, 
Calif., firm says avionics manufacturers already have samples. 

Addenda Wang Laboratories Inc. has introduced its Wangwriter, a word processor 
family, as well as the Wang Minidiskette Workstation and the Wang 
Remote Cluster Facility. The facility, which permits the company's office 
information system terminals to act as data processors when remotely 
linked to a Wang computer, is hailed by market planning and development 
vice president Frederick A. Wang as "the first result of our remote-
networking development." . . . Data damaged because of head crashes or 
in catastrophes such as the recent Las Vegas, Nev., and White Plains, 
N. Y., hotel fires can be retrieved through a method devised by David 
Brown, a former manager of field engineering and support at Memorex 
Corp. The method combines manual scrubbing of the disk with examina-
tion and cleaning of the media using machines made by Randomex, a 
Signal Hill, Calif., disk-care services firm. 
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So...sibur Sweet Deal On 

Pressure Transducers 
• Went 

Sour On The Job 

Data Instruments gets lots of customers who have found that they 
don't have to sacrifice reliability for price. Our pressure transducers 
are priced right and are so reliable they can be installed and forcot-
ten. We set out to build a pressure transducer with a unique 
stainless steel case that protects it from hostile environments 
including corrosive liquids and gases. We wanted a "forget-
table" pressure transducer, but its 
reliability made it memorable. 

We've been working under pres-
sure for over twenty years. Now we 
want to work for you by providing 
pressure transducers that you can 
install and forget. Remember Data 
Instruments for the "forgettable" 
pressure transducers. . the ones 
you can rely on. For fast action, 
call us today at 617-861-7450. 

WE WORK BEST UNDER PRESSURE 

Ill DATA INSTRUMENTS INC. 

ha 4 Hartwell Place, Lexington, Mass. 02173 
617-861-7450 TWX 710-326-0672 
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Now Shell 
produces 

Epoxy Ilovoloc 
Resins 

in Europe. 
If you've been buying epoxy 

novolac resins for high temperature 
applications we think you'd like to 
hear about a new development from 
Shell. Our latest epoxy resins for 
electrical and electronics use. 

Produced in Rotterdam as an 
80 per cent solution in MEK 
(Epikote 155-B-80) as well as in the 
100 per cent plastic solid form 

(Epikote 155) they can be easily 
delivered in drums all over Europe 
and in the mse of Epikote 155-B-80 
also in tank cars. 

These resins join the proven 
Shell range of Epikote epoxy resins 
for use in printed circuit boards, 
moulding powders and machine coil 
insulation. 

They are part of a series of new 

developments by Shell to meet the 
constantly changing needs of the 
world's electrical and electronics 
industries. 

Talk to your Shell company 
today. We'll be happy to tell you 
more about the latest development 
in epoxy resins. 

Epikote 
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Electronics review. 
Synalcant developments In .• 

Ada's modularity 
sparks interest 
for civilian uses 
by R. Colin Johnson, Microsystems & Software Editor 

Language developed for DOD 

is under consideration at 

all levels of computing; 

its universality is key 

After some five years of deliberation, 
the verdict is in on the programming 
language Ada. It looks as if it might 
be the language of choice in the 
1980s for all ranges of computing 
machinery, mainly because it allows 
efficient handling of programming 
applications by attaching packages 
that customize it. 
Though the language was devel-

oped by cit-Honeywell Bull for the 
U. S. Department of Defense, Ada is 
likely to pop up in nonmilitary appli-
cations. A recent Minneapolis semi-
nar held by Honeywell Inc., one of 
the principals of CII-HB, drew repre-
sentatives from nearly 30 major 
companies that are gearing up to 
start programming in Ada. 
To cite some of the work going on 

at these companies: 
• A new software house is readying 
an Ada compiler for microproces-
sors, available initially for the 16-bit 
Pascal Microengine chip set from 
Western Digital Corp. This Ada 
subset, running in 128-K bytes of 
memory, comes from Telesoftware 

Inc., founded by Kenneth L. Bowles 
[Electronics, July 3, p. 59], long asso-
ciated with Pascal, one of the lan-
guage bases for Ada. The San Diego, 
Calif., company plans to adapt its 
subset to other 16-bit microproces-
sors and eventually to extend its 
implementation to encompass the 
complete Ada language. 
• The St. Paul, Minn., operation of 
Sperry Univac is constructing an 
interpreter for the language, called 
Bda, that will run on its Univac 1100 
mainframe. If the work pans out, it 
will be able to write an Ada compiler 
in Ada and then convert into ma-
chine code with the Bda interpreter. 
• Harris Corp. is investigating Ada 

Ada's father speaks many languages 

How did a Frenchman become proj-
ect leader of the team that designed 
Ada for the U. S. Department of 
Defense? It all began when Jean D. 
Ichbiah (right) became enamored 
with computer languages while 
working on his doctorate in physics 
at the Massachusetts Institute of 
Technology—and he has been in the 
programming game ever since. 

After earning his degree, lchbiah 
went to work for the French comput-
er maker, Compagnie Internationale 
pour l'Informatique, where one of his 
first projects was to write a compiler 
for the language Simula. His success 
gave him a free hand in writing a new 
language, called Lis, which incorpo-
rated many of Ada's design goals. 
He also became involved in the 
European Economic Community's 
project for a standard language for 
the Common Market. 

Eventually his employer became 
part of the company now called CII-

Honeywell Bull, tied to the U. S. 
computer maker. Ichbiah's experi-
ence did no harm in the effort to land 
the DOD contract to develop specifi-
cations for a language that could 
handle any conceivable program-
ming problem. "Ada incorporates 
the best features of the structured 
languages of the 1970s like Pascal, 
Algol 68, and Simula and will be the 
first programming language to sup-
port the idea of software compo-
nents," Ichbiah says. 

Following up on his design effort, 
he has just formed his own compa-
ny, Alsys, to produce Ada compilers 
for two mainframes prominent in the 
EEC: Siemens' 7000 and Honey-
well's Level 64 machines, with others 
to follow. Alsys will continue DOD 
work as subcontractors to CII-HB, 
which has a 15% share of the com-
pany. Ichbiah's firm also plans a 
campaign to bring programmers up 
to speed with Ada. -R. C. J. 

Electronics/December 18, 1980 39 



Electronics review 

as a programming language for its 
line of scientific minicomputers. The 
Melbourne, Fla., company has been 
working on its own high-level lan-
guage, called HPL, that has so many 
specifications identical to Ada's that 
it could make sense to move to the 
more universal language. 
From the first, Ada was intended 

to be the universal programming 
language. The Department of De-
fense initiated the design project in 
hopes of consolidating its vastly dif-
fering programming applications 
into a single language. Recently the 
Army let the first DOD compiler con-
tract to Softech Microsystems Inc., 
Waltham, Mass., for the VAX-780 
minicomputer. 
The resulting language allows cus-

tomization of the types of data and 
even the basic operations of its con-
structs. For example, if scientific 
analysis is required, then a package 
can be attached that makes Ada 
Fortran-like. 

Redefining. Such packages are 
much more than a group of subrou-
tines, for they redefine the general-
purpose language constructs to per-
form specific tasks. In effect, they 
are software components and the 
language is a general-purpose bus. 
Such software components will 

greatly ease programming, main-
tains Jean D. Ichbiah, chief origina-
tor of Ada (see "Ada's father speaks 
many languages" p. 39) and princi-
pal speaker at the Minneapolis con-
ference, which will be available on 
videotape. 

Portable. They help solve the 
programmer crunch because they 
will be highly portable, and they will 
include reliability features to protect 
the algorithms from tampering by 
the user's programmers. 
To achieve Ada's universality, the 

DOD and the design team headed by 
Ichbiah did extensive spadework on 
specifications for the language. The 
aim was to produce a highly standar-
dized language, with general agree-
ment on the specifications before 
software houses began writing com-
pilers. In contrast, Pascal is bogged 
down in a morass of conflicting 
extensions because there was no gen-
eral agreement on the precise speci-

fications for the language. 
Such universality does exact a 

price: the full-blown Ada compiler 
will require about 256-K bytes of 
memory, whereas a typical Fortran 
compiler takes up 32-K bytes. How-
ever, lchbiah points out, Ada will 
need only eight 256-K random-
access memory chips, and these 
should be commercially available by 
the time the compilers are ready for 
the programming mainstream. 

Solid state 

N-MOS chips top 

GaAs in gate delays 

In the race toward picosecond 
speeds, silicon can keep up with gall-
ium arsenide, maintain Bell Labora-
tory researchers. Working with fine-
ly scaled-down geometries and ad-
vanced processing techniques, a 
Murray Hill, N. J., design team has 
achieved a 40-ps gate delay in a 19-
stage ring-oscillator integrated cir-
cuit based on transistors with 0.3-
micrometer channel lengths. 
The design team's effort [Electron-

ics, Dec. 4, p. 33] admittedly 
involves experimental circuits. How-
ever, these ics were essentially pro-
duced by pushing standard technolo-
gy, rather than by working with 

exotic materials like GaAs or highly 
speculative structures like Josephson 
junctions. 

"We've taken standard n-chan-
nel-gate silicon technology and made 
it better. There's no conceptual dif-
ference between what we've done 
and what is available today," says 
George E. Smith, head of the mos 
device department at Bell Labs. 

Still, the performance improves 
considerably upon that of today's 
processes and rivals that of the 
experimental GaAs and Josephson 
processes (see figure). GaAs is get-
ting considerable attention [Electron-
ics, July 31, p. 40]; for example, 
Nippon Telegraph and Telephone 
Public Corp. experimenters have 
achieved a 30-ps gate delay in a 15-
stage ring oscillator based on transis-
tors with 0.5-/Lm channel lengths. 

Dimensions. The scaling in the 
Bell Labs oscillator and a companion 
2.5-gigahertz divide-by-8 counter 
with 1-I.tm line widths results in 
oxides that measure 250 angstroms 
thick versus the 500-to-700-À oxides 
that are found in the typical mos 
circuit. Smith also says that the 
junctions are shallower-0.25 gm vs 
0.5 to 0.75 j.im found in standard 
ics —and that the doping is some-
what different. As in high-perform-
ance mos processes, Bell uses arsen-
ic for the source and drain dopants 
and polysilicon for the gate struc-

Leapfrogging. By paring line widths and watching doping levels carefully, Bell Labs' new 

n-channel MOS process hops over gallium arsenide in power-delay performance. 
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tures of the experimental chips 
In its research, Bell Labs is inter-

ested in more than speed. "The real 
name of the game is power dissipa-
tion," Smith says. When geometries 
are reduced, electric fields intensify. 
Working at 1.5 volts, the experi-

mental parts sport a dissipation of 
0.67 milliwatt per gate and a gate 
delay of 75 ps, giving a power-delay 
product of 5 femtojoules. With a 
1.25-mw-per-gate dissipation and a 
40-ps gate delay, the power-delay 
product is 50 D. A Lockheed team 
producing experimental GaAs ics 
reports 0.5-mw gate dissipations. 
To achieve the fine lines, the Bell 

team used X-ray lithography as well 
as reactive sputter etching. Smith 
notes that this etching method elimi-
nates much of the undercutting of 
the film between the mask and the 
substrate material typically found in 
defining fine-line geometries. 
Team members also fine-tuned the 

X-ray machine to increase yields and 
to control line widths better, he says. 
In fact, this fine tuning was the prin-
cipal method of paring line widths 
down from 1.5 eim. 

Central to the design effort was a 
two-dimensional modeling of the 
fabrication process done with a Cray 
1 computer. The designers were able 
to program substrate doping levels, 
the dose and energy of the implants, 
the times and temperatures of the 
diffusion furnaces, and the channel 
widths. They could vary a number of 
parameters in order to calculate the 
2-d model. -Pamela Hamilton 

Microsystems 

U. S. makers raising 

processor quality 
Spurred by competitive pressures 
and user demands, U. S. micropro-
cessor makers are mounting cam-
paigns to improve the quality of their 
parts. Three of the largest U. S. 
semiconductor manufacturers report 
that intensive upgrading programs, 
put into operation over the past year 
or so, are yielding big jumps in a key 
measurement of microprocessor 

Quality up. By intensive attention to quality control methods, Motorola Semiconductor has 

seen better than a 600% improvement in AOC) figures for outgoing microprocessor quality. 

quality, average outgoing quality. 
At Motorola Inc.'s Semiconductor 

Group in Phoenix, for example, AOQ 
figures for some 50 bipolar and mos 
microprocessor types slid from 5,200 
defects per million projected opera-
tional hours in the first quarter of 
1979 to 840 defects last month (see 
graph). These results also include 
Motorola's most complex device, the 
16-bit 68000 processor. 
National Semiconductor Corp., 

Santa Clara, Calif., reports that AOQ 
figures covering 73 processor types 
in the past six months dropped from 
the 1,000- to the 500-defect-per-mil-
lion-hour level. Texas Instruments 
has AOQ figures for some 25 to 30 
processor types of between 1,000 and 
2,000 defects, according to a spokes-
man for the Dallas firm. 
A major concern of U. S. manu-

facturers, of course, is the competi-
tion from Japan. For example, 
Toshiba Corp.'s Memory and Micro-
computer Products division, Irvine, 
Calif., reports an AOQ figure of 250 
failed parts per million hours for 12 
processor types. It would appear that 
U. S. companies' quality levels in 
processors are closer to those of the 
Japanese than is the case in semicon-
ductor memories. 

Seasoned quality control hands do 

caution against strict ranking of dif-
ferent firms' AOQ figures, because 
each company reaches them some-
what differently and each product 
mix is unique. However, the figures 
are regarded throughout the indus-
try as the best single quality mea-
surement. ("Our customers take 
them seriously enough," remarks one 
quality control official.) 

Generally, AOQ is obtained by 
standard quality control statistical 
methods that sample each semicon-
ductor product lot, test a fixed num-
ber of devices fully at high, low, and 
room temperatures, and then calcu-
late the result in terms of failures per 
million projected operational hours. 
Defects in 1,000 parts may be 
expressed as a 0.1% failure rate. 

Users. Comparative quality stud-
ies of microprocessors by users so far 
have not surfaced as have those con-
cerning memories. Hewlett-Packard 
Co. for instance, which has per-
formed attention-getting evaluations 
of memories [Electronics, Nov. 6, 
p. 46], has not initiated a similar 
effort with processors. 

However, Richard W. Anderson, 
general manager of HP'S Computer 
Systems division in Cupertino, 
Calif., expresses keen interest in the 
microprocessor AOQ figures. "I'm 
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pleased to see them," he says. 
"Nothing will have a bigger impact 
on the U. S. industry in the '80s." 
The impetus spurring U. S. firms 

to step up quality efforts is not only 
the Japanese challenge, which many 
industry executives downplay. "It's 
really a combination of factors, led 
by our major customers demanding 
it," says Alfred J. Stein, vice presi-
dent and assistant general manager 
of Motorola's Semiconductor Group. 

Push. Such automotive customers 
as the Delco division of General 
Motors Corp. became big micropro-
cessor buyers in 1978 and imposed 
far higher quality standards than 
semiconductor manufacturers had 
been meeting. Confirming this view 
is Thomas Griffiths, director of qual-
ity and reliability at National's Sem 
iconductor division, who adds, "only 
a few years ago, 6,500 defects was 
an acceptable number." 

Stein puts quality inroads made 
by the Japanese in the memory area 
in second place as a motivator. "But 
it is an obvious kick in the pants. The 
Japanese have set a standard in 
memories," he says. 
How the U. S. companies are get-

ting the results is a contrast in styles, 
however. National goes about it with 
conventional quality control meth-
ods, though greatly intensified. Mo-
torola and TI use these, too, but add 
management techniques similar to 
Japanese Quality Circles. As most 
U. S. firms report [Electronics, Dec. 
4, p. 95], production workers re-
spond enthusiastically when they are 
asked for suggestions and involve-
ment in quality control through 
these Quality Circles. -Larry Waller 

Communications 

Phone translates 

digital signal 

Digital telecommunications systems 
will always face the task of convert-
ing its signals into acoustic analog 
outputs as long as human ears are 
listening—but it need not take a 
mass of electronic circuitry and logic 
to accomplish it. Bell Laboratories is 
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Translator. Bell Labs has designed a transducer and low-pass filter for the phone earpiece. 

giving mechanical decoding of the digital signal and an acoustic output. 

working on a simple transducer that 
plugs into the handset's earpiece and 
works with a filter to perform the 
conversion mechanically. 

Digital words of 4, 5, or 6 bits can 
be handled by the active transducer 
design, which feeds the decoded sig-
nals to a passive mechanical filter 
for desampling. The careful working 
out of the complex mathematics of 
the design—by James L. Flanagan, 
head of the Acoustics Research 
Department at Bell Labs' Murray 
Hill, N. J., operation—makes the 
conversion method possible. 

Advantages. This feat, still very 
much in the early developmental 
stages, could hasten the all-digital 
phone system by eliminating the 
need for expensive conversion cir-
cuitry at phone companies' local 
switching offices—and, of course, it 
will make the digital link that much 
longer. Flanagan's design also might 
be used in digital audio systems. 

In operation, the telephone digital 
signal, representing a quantized 
sample of the original analog voice 
signal, must first be acoustically 
decoded into pulse-amplitude-modu-
lation form and then desampled to 
recover the original. "Acoustic su-
perposition of the radiated bit pulses 
produces the needed pulse-amplitude 
modulation for the acoustically de-
coded signal," Flanagan says. "The 
acoustic low-pass filter restores the 
full analog waveform." 

To perform the acoustic superpo-
sition, he uses a condenser transduc-
er that features a diaphragm dis-
placement that is proportional to the 
electrical voltage across it. The digi-
tal signal enters in bit-parallel 
form—the design in the figure can 
handle 4-bit words. 
The first bit is a sign bit, activat-

ing the appropriate positive or nega-
tive voltage signal, depending on 
whether its pulse is a compression or 
rarefaction. Each successive bit 
feeds to an independent sound-radi-
ating ring, which will produce a 
pulse of sound pressure if the bit is a 
I. Flanagan determined how to scale 
the area of each of the rings so that 
the pulse's amplitude is directly pro-
portional to the bit's significance. 

For the experiments, an electret 
condenser transducer was the best 
choice, because of its economy and 
good performance. The filter that 
smooths the PAM waveform is a vari-
ant of the experimental plastic filter 
Flanagan's group devised for the 
microphone of the handset [Electron-
ics, July 5, p. 46]. 

Other uses. "Even a 4-bit system 
retains useful fidelity and is attrac-
tive for voice-storage systems," Fla-
nagan says. If such a system used 
microcircuitry, it could fit right into 
the handset along with the conver-
sion transducer and filter. 

Flanagan notes that the maximum 
6-bit word that can be decoded by 

42 Electronics/December 18, 1980 



A full range of products... 
a name to rely on! 

Daytime - Night-time - Thermal imaging 
• Vidicons • Silicon-target vidicons • Pyroelectric-target vidicons • Nocticone 
L3 TV tubes Supernocticon® L3 TV tubes. 
Potted, integral-coil, and ruggedized models available. 

111' 11 1101 TFIOMSON-CSF 
' .11111111111, ' ce.dpeelimus 

THOMSON-CSF DIVISION TUBES ELECTRONIOUES / 38, RUE VAUTI-117-R ! BP 305 / 92102 BOULOGNE-BILLANCOURT CEDEX f FRANCE / TE_. : 33.1) 60,1 81.75 

USA - Clean NJ 
THOMSON-CSF ELECTRON TUBES 
TEL (201) 77.1 1C 04 
BRAZIL - Sao-Patiu 
THOMSON-CSF COMPONENTES 
DO BRASIL Ltda 
TEL (11161 64 83 

GERMANY - Munchen 
THOMSON-CSF Gmb--1 
TEL (89)75 10 84 
UNITED KINGDOM - BasIngstoke 
ITHOMSON-CSF COMPONENFS 
AND MATERIALS LTD 
TEL (256) 28 155 

11ALY Roma 
THOMSON-CSF TUB) ELETTRONICI SRL 
TEL .6) 638 14 58 
SPAIN - Madrid 
THOMSON-CSF COMPONENTES Y TUBOS SA 
TE- t1) 419 88 42 

SWEDEN - Stock1.04-
THOMSON-CSF KCP4PONENTER & ELEKTRONROR AB 
TEL (8) 225815 
JAPAN - Tokyo 
THOMSON-CSF JAPAN K.K. 
TEL (3) 264 36.46 

o 

o 

Electronics/December 18, 1980 Circle 150 on reader service card 43 



1 
• 

magnetics 
is your 
field, 
it will pay 

you to check 
into the 
F. W. Bell 
line of 

Gaussmeters. 

28 different meters. 
110 different standard probes. 
We've got a meter and probe 
for practically every magnetic 
measurement need. 

Bell Gaussmeters provide: 
1 direct measurement of 
absolute field density. 
2 differential measurement 
of absolute field density. 
3 differential measurement of 
field density difference at two 
probe locations. 4 incremental 
field measurements using an 
expanded scale. 5 summation 
measurements. 
Accuracies from ±0.1% FS. 
Dynamic ranges from 
0.1 Gauss FS (10-5 tesla) to 
100,000 Gauss FS (10 tesla). 

For full technical information and 
application assistance, 
contact us today. 

Subsidiary, 
Magnetics d flectronici, Inc. 

E LL INL 

6120 Hanging Moss Rd. Orlando, FL 32807 
Phone 305/678-6900 TWX: 810-853-3115 

44 Circle 44 on reader service card 

Electronics review 

his present design falls short of good 
telephone quality, but he says 7- or 
8-bit receivers are feasible and will 
be good enough. He also believes 
that the design's potentially wide 
dynamic range could help solve the 
old problem of achieving high fideli-
ty from high sound levels if it were 
used in a digital loudspeaker. 
Although measurements have 

been made on such parameters as 
linearity and frequency response, 
Flanagan says the work is only a 
first study. Further development at 
Bell Labs will include the study of 
other transducer materials and ap-
plications, as well as construction of 
an acoustic-to-digital transducer for 
the telephone mouthpiece—a much 
harder task. -Harvey J. Hinden 

Displays 

CRT system creates 

giant characters 

In the hurly-burly of futures trading, 
rapidly updated and easily accessible 
information on bidding is vital. So 
the newly opened New York Futures 
Exchange has installed a cathode-
ray-tube system with a character-
generation scheme displaying 1.5-
inch-high alphanumeric symbols. 
The system, from Conrac Corp.'s 

Systems-West division in Duarte, 
Calif., can display information visi-
ble from 65 feet away, whereas the 
typical electronic dot-matrix CRT 

display is blurry at 15 feet. More-
over, it can display characters up to 

6 in. high. Thus it may extend CRT 
systems into a new field — large-
character displays of public informa-
tion, as in airline terminals. 

Combination. Usually chosen for 
such displays are electromechanical 
systems employing characters or 
dots on flaps and dot-matrix systems 
based on common light bulbs—but 
both types take much longer to 
update. "The Conrac system pro-
vides us with a combination difficult 
to achieve in most CRT information 
displays on the market," says James 
S. Gallagher, vice president of mar-
ket operations for the exchange. 

"That combination includes the 
high speed and reliability advantages 
of CRT technology and information 
display in a mass setting," he says. 
"Electromechanical display systems 
cannot satisfy our needs, and they 
require much maintenance." 
The exchange has three displays 

of 30 CRTs each —for currency trad-
ing (see photograph), for bonds trad-
ing, and for commodities trading. A 
future display will be for Govern-
ment housing-mortgage bonds. 

During trading sessions, clerks 
write down each shouted bid to buy 
and sell on the appropriate magnetic 
card for the line to be updated and 
insert it into a reader, and the dis-
play changes immediately. In effect, 
they are updating a dot-matrix dis-
play system, but it is one in which 
the "dots" are much bigger than in 
the typical display. 
To build up any alphanumeric 

character, the Systems-West display 
uses 128 basic shapes. Because each 
shape forms a much bigger area of 

Big display. A matrix of 23-in. CRT displays from the Systems-West division of Conrac Corp. 

uses a new character-generation technique for large-character presentation of information. 



40°C to +100°C 
Again. Again. Again & Again. 

the character than do dots, size and 
cost constraints on memory and 
character-generation circuitry are 
minimized, the Systems-West divi-
sion says. 
The shapes are called up in twos, 

as 8-bit codes (3 bits per shape, a 
parity bit, and a blinking bit). They 
require five noninterlaced lines of 
varying length; the use of noninter-
laced raster scanning eliminates ob-
vious flicker. 

Character storage takes only 1-K 
byte of read-only memory for the 
525-line, 23-in. CRTs in the futures 
exchange system. A conventional 
electronic dot-matrix display would 
require 48-K bytes of ROM. 

Controller. A Computer Automa-
tion LSI 4/30 minicomputer con-
trols the totally redundant system. 
Different fonts or graphics may be 
displayed by changing the ROM. Sys-
tems-West has developed the soft-
ware that will permit a message to 
extend across a line of CRTs. 
The futures exchange setup, which 

includes 10 smaller CRT monitors 
scattered around the trading floor, 
costs $700,000. Such a price tag is 
about two thirds that of electrome-
chanical displays. The company ar-
gues that an even larger difference 
will result from reduced mainte-
nance costs—and, of course, it is 
hoping the speed of the display will 
be a selling point in any application 
where information must be updated 
immediately. -Roger Allan 

Business systems 

Bell Canada unit 

looks to U. S. offices 
Bell Canada plans to compete for a 
share of the U. S. market for inte-
grated electronic office systems—at 
least by proxy. Northern Telecom 
Systems Corp. of Minneapolis, a 
supplier of distributed data-process-
ing systems, is set to announce a 
complete word-processing pack-
age—and NTSC is a subsidiary of the 
Canadian equipment supplier 
Northern Telecom Ltd., in which 
Bell Canada owns a majority share. 
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The package, including a letter-qual-
ity printer, runs on the firm's 400 
series network distributed data-pro-
cessing systems. That series grew 
from the lines of Sycor Inc. and 
Data 100 Corp., the pioneering com-
panies in distributed processing that 
Northern Telecom bought and 
merged to form NTSC. 
Adding words. The 400 series com-

petes in the market for multi-
ple—work-station shared-resource 
network systems. It is comparable in 
processing power to the Datapoint 
1800 series and the lower end of 
both Datapoint's 6600 and IBM's 
8100 series. By adding word-process-

ing capabilities to the extensive data-
processing functions of the 400 fami-
ly, NTSC is bidding to become a 
major contender in the emerging 
integrated electronic office market. 
Omniword, the new word-process-

ing package, includes an automatic 
filing system, a central document 
catalog, and a versatile document-
merging function. It is driven by 
selecting operations from a menu 
and contains a tutorial to help the 
operator learn each function. 
The new printer, called the Strik-

er, is a letter-quality microprocessor-
controlled Diablo daisy-wheel print-
er that can use both plastic and met-

Bar-code scanner reads in 3-d 
Bringing holographic technology into the world of commerce, International 
Business Machines Corp. is introducing a scanner that reads universal 
product codes on packages for point-of-sale terminals. Unlike the typical 
holographic application where a three-dimensional representation of an 
object is created, the 3687 scanner reads the bar code on a 3-d object. 
A store clerk simply puts a package on the scanning window to activate 

the helium-neon reading laser. The bar code need not be passed across the 
window to be read; in fact, the system can read any bar code within the 
beam's 3-d range, which is a half sphere extending 4 to 5 inches up from the 
scanning window's surface. 
The laser beam is deflected into a series of scan lines by the holographic 

disk, which also focuses these lines onto the package to be read. With the 
reflected beam, the disk collects the light to pass it to the photodetector, 
which is connected to the store's computer. 
Made of dichromate gelatin material sandwiched between two glass plates 

195 millimeters in diameter, the disk spins at 3,600 revolutions per minute. It 
acts as a prism to deflect the laser beam at an angle to give focal lengths to 
the scan lines. When the segmented beam hits the bar code on the package, 
the scanning of the bars creates light and dark variations that are sensed by 
the photodetector and interpreted by the computer. 

IBM's Data Processing division in White Plains, N. Y., is pricing the 3687 at 
$4,650 in a $10,000 package that includes the complete point-of-sale 
system. The division's less versatile 3667 laser-based bar-code scanner 
costs about $1,000 less, but it requires an adapter to hook it up to the POS 
terminal, which bumps the price well above the 3687's. -Pamela Hamilton 

PHOTODETECTOR MIRROR 

— 1 4-4— /  
LENS 

BEAM EXPANDER 
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MIRROR 
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FOR ALMOST A DECADE... 

al print wheels. It will sell for $4,290 
and lease for $145 a month; the 
Omniword software will be licensed 
for a one-time fee of $750 or for $30 
per month, plus $8 a month for soft-
ware support for either option. Both 
products will be available in April, 
the company says. -Tom Manuel 

HP mini boosts 

price-performance 
In the face of a falling growth rate 
for its top-end series 3000 minicom-
puter line, Hewlett-Packard Co. is 
launching an upgrade that packs a 
big price-performance hike. What's 
more, HP also is introducing an on-
line laser printer that gives users 
considerable flexibility in designing 
forms and other data formats. 
The model 44 computer, which 

carried the code name Grizzly [Elec-
tronics, Nov. 6, p. 33], is said to have 
doubled the transaction-per-hour 
rate of the older series Ill. At a base 
system price of $109,445, the new 
processor from the Computer Sys-
tems division in Cupertino, Calif., 
offers this improved performance at 
a price premium of only 5%. 
The 2680A intelligent page print-

er [Electronics, Dec. 4, p. 33] can 
turn out 45 letter-sized pages a min-
ute. Though other on-line printers 
may be faster—and costlier—the 
$121,000 HP offering from the Boise 
(Idaho) division includes software 
that lets users design their forms on 
line, something comparable equip-
ment does not permit. 

Slower growth. Like most mini-
computer makers, HP is experiencing 
a major drop in its growth rate. Out-
side sources say that the company's 
growth rate in dollar volume in the 
3000 line has been dropping steadily 
from 50% in fiscal 1979 over 1978 to 
no more than 10% to 15% in fiscal 
198I's fourth quarter. 
With the minicomputer industry 

maturing, 50% growth rates are 
probably a thing of the past, but 
other lines are still experiencing a 
growth about twice that of the latest 
HP figure. One reason for the dip at 
HP is probably the stiff price-per-

-7r  

...AND STILL HOLDING 

Model HB5-3/0VP 

5V at 3A with 
Built-in OVP 
Power One's B Case models started 
at $24.95. Over 150,000 models later, 
they're still only $24.95! 

II 115/230 VAC Input 
• OVP Built-in 
III .05% Regulation 
MI 2-Year Warranty 
• 2-Hour Burn-in 
• UL Recognized 
• CSA Certified 

Get all the details on our 
105 standard open frames 
in our new 1981 catalog. 

IN-STOCK NATIONWIDE... FOR IMMEDIATE DELIVERY 
ALA.: Huntsville, Rakes Engr. & Marketing Coro. (205) 883-9260 ARIZ.: Phoenix, PLS Assoc. (602) 279-1531 
CAL: Pasadena, A-F Sales Engr. (213) 681-5631. San Diego, A-F Sales Engr. (714)226-8424; San Jose, Richards 
Assoc. (408) 246-5860 COL.: Denver, PLS Assoc. (303) 773-1218 CT.: Litchfield, Digital Sales Assoc. (203) 567-
9778 FLA.: Orlando, OEM Marketing Corp. (305) 299-1000 GA.: Duluth, Rakes Engr. & Marketing Corp. (404) 
476-17308-L.:Chicago, Coombs Assoc. (312)298-4830 IND.: Indianapolis, Coombs Assoc. (317)897-5424 KAN.: 
Overland Park, ATS-.(913) 492-4333 MD.: Wheaton, Brimberg Sales Assoc. (301)946-2670; Baltimore, Brimberg 
Sales Assoc. (301) 792-8661 MASS.: Waltham. Digital Sales Assoc. (617) 899-4300 MICH.: Southfield, L.H. 
Didralman Co. (313)353-8210 MINN.: Minneapolis, Engr. Prod. Assoc. (612) 925-1883 MO.: St. Louis, ATS (314) 
721-4401 N.J.: Whippany, Livera-Polk Assoc. (201) 377-3220 N.M.: Albuquerque, PLS Assoc. (505) 255-2330 N.Y.: 
RoSyn Htu., Livera-Polk Assoc. (516) 484-1276; Syracuse, C.W. Beach (315) 446-9587 OHIO: Cleveland, Marlow 
Assoc. (2'6) 991-6500; Dayton, Marlow Assoc. (513) 434-5673 OKLA.: Tulsa, Advance Technical Sales (918) 
743-8517 ORE.: Portland, Jas. J. Backer (503)297-3776; Salem, Jas. J. Backer (503)362-0717 PENN.: Pittsburgh, 
Marlow Assoc. (412) 831-6113 TEX.: Dalas, Advance Technical Sales (214) 361-8584; Solid State Electr. (214) 
352-2601: Houston. Advance Technical Sales 713) 469-6668; Solid State Electr. (713)772-8483 UTAH: Salt Lake 
City, PLS Assoc. (801) 466-8729 WASH.: Seattle, Jas. J. Backer (206) 285-1300; Radar Elec. Co. (206) 282-2511 
WIS.: Milwaukee, Coombs Assoc. (414) 671-1945 EUROPE: Hanes, L.A., CAL (213) 556-3807 CANADA: Ajax, 
Ontario. McHugh Electronics (416) 683-15£0; Montreal, Quebec, Empro Sales (514) 341-6420; Winnipeg, 
Mantoba, Cam Gard Supply Ltd. (204) 786-8481 CARIBBEAN: Ft. Lauderdale, FLA, Reptronics (305) 763-2856 

OPOWF-011e ac. rower SUPPLIES 
Power-One, Inc. • Power One Drive • Camarillo, CA 93010 
(805) 484-2806 • (805) 987-3891 • TWX 910-336-1297 

SEE OUR COMPLETE PRODUCT LISTING IN EEM & GOLDBOOK 
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Brochure describes Electronics 
edltoriol reprints, services, books... 
• More than 70 article reprints in 15 subject 
categories 

• Handy wall charts 

• Custom-made reprint services 

• Books especially for Electronics' readers 

• Convenient postage-paid order cords 
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Electronics review 

We've Got The 
Light Connections! 

Schematic To Finished 
Wire Wrap Panel In A 
Fraction Of The Time. 

PEN-ENTRY 4000 (TM) is a unique ap-

proach to N/C tape preparation. Utilizing 

interactive graphics and a light pen, wiring 

connections can be programmed for such 
processes as wire wrap, Multiwire*, stitch-

weld, etc. 'The PEN-ENTRY operator can 

wire and layout components on the CRT 

display wo, king directly from schematic, 

eliminating the need for "from-to" lists. 

PEN-ENTRY is loaded with features that 

save valuable time in troubleshooting and 

testing. PEN-ENTRY'S floppy disk data 

storage allows ready revision of previously 

stored data, this means E.C.O.'s can be 

processed faster and more efficiently. An 

in-house PEN-ENTRY system ofters 

numerous advantages in cost and time 

savings in prototyping and production. 

Let us show you how it pays to have the 

"light connections". 

For data preparation service, price quote 

or more information call or write: 

Sysreon 'or flore A,Jtoroarror 

Wire Graphics Ltd. 
215 B Central Avenue 
Farmingdale, New York 11735 
Telephone (516) 293-1525 

News briefs 

General Electric acquires Calma 
In a move to bolster its revitalized semiconductor operations, General 
Electric Co. has acquired Calma Co. of Sunnyvale, Calif., a leading manufac-
turer of computer-aided design systems. Not only is GE expected to retain 
Calma's top management, but furthermore, the company plans to increase 
personnel at Calma from 1,000 to 8,000 employees in five years. 

Last week's disclosure comes in the wake of GE's previous acquisitions 
of the semiconductor house Inters° Inc., Cupertino, Calif., and of a polysili-
con-wafer fabrication facility, Great Western Silicon Corp. of Phoenix. Calma 
had been a division of United Telecom Inc. for only two years, but the parent 
company still made a tidy bundle on the deal. It acquired the firm for $17 
million and sold it to General Electric for $100 million. 

Zenith's computer chief plans venture capital effort 
After heading Zenith Radio Corp.'s initial push into the minicomputer busi-
ness, Edward J. Roberts has resigned his post with the Glenview, Ill., firm to 
head a venture capital firm that will specialize in backing high-technology 
companies. As managing partner for CR Investments, a fund backed by The 
Cavendish Investing Group, Toronto, Roberts says he hopes to provide 
management assistance as well as financial support for promising electron-
ics-related firms. The emphasis will be on second- and third-round financing, 
with an eye toward aiding some firms to go public, he reports. "We're not 
looking for startup firms," he says. The 49-year-old executive [Electronics, 
March 13, p. 14] has served as general manager for Zenith's Computer 
Business Group and president of the firm's Zenith Data Systems subsidiary 
since its formation in late 1979. He declined to specify the amount of money 
CR Investments has available for investments. 

formance competition from recently 
introduced machines from other 
companies, so the model 44 can be 
seen as a strong comeback bid in 
business systems. 

Software. To enhance the attract-
iveness of the new machine, HP has 
paid as much attention to software 
as to hardware. The 16-bit central 
processing unit (implemented in 
standard and low-power Schottky 
TTL) and the 4-megabyte main 
memory (double that of the series 
III) contribute to the throughput 
boost—but so does the MPE-IV, the 
fourth generation of the company's 
operating systems. 
"When the MPE-IV is made avail-

able for the HP 3000 series III, the 
performance advantage of the model 
44 will revert to the 60% speed 
increase in the CPU," says a compa-
ny spokesman. Also, the MPE-IV is 
designed for compatibility with HP'S 
forthcoming 32-bit Vision family 
[Electronics, Oct. 23, p. 35], which is 
more than a year away. 
The two software packages avail-

able with the 2680 laser printer are 

called the interactive design system 
and the interactive formatting sys-
tem. Resident in the host processor. 
they let the user sit at a terminal 
with graphics capabilities to design 
printout formats and handle such 
tasks as defining and modifying 
character sets, logos, and special 
symbols. 
The user also can modify the form 

for a particular task. Thus a form 
letter with the company letterhead 
can be addressed to individual read-
ers, or what amounts to a multipart 
form can be created. 
-Martin Marshall and Bruce LeBoss 

Government 

FAA maps revamp 

of air-traffic control 

Under the gun to revamp the over-
loaded U. S. air-traffic control sys-
tem, the Federal Aviation Adminis-
tration is proposing a massive mod-
ernization scheme that would last 
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into thé 1990s. It is gambling that 
Congress will buy the ambitious 
project rather than push for a quick 
fix for the aging ATC setup. 

Budgeted at $2.8 billion for engi-
neering and development, the project 
would entail sweeping revisions and 
additions to the hardware of the pre-
sent nationwide network. The FAA 
envisions a winnowing that would 
begin with some five concept awards 
in July 1982 and culminate in a sin-
gle three-year production contract in 
late 1988. 

Congress. The proposal—called 
AERA, for automated en-route 
ATC —was disclosed earlier this 
month to a packed Washington, 
D. C., auditorium of potential bid-
ders, some of whom immediately 
questioned the likelihood of congres-
sional approval. The FAA's operation 
of the existing system drew sharp 
fire in a recent Senate investigation, 
and the proposal's 10-year span 
could be too long for Congress. The 
agency plans to improve the present 
setup in light of these criticisms. 
A key feature of the renovation 

will be the replacement of the main-
frames and radar displays, dating 
from the 1960s, that help control 
en-route air traffic. Proposed subsys-
tems include: 
• The National Airspace Data-
Interchange Network, a digital net 
replacing a number of independent 
low-speed nets and switches. 
• The Electronic Tabular Display 
System, which substitutes electronic 
displays for the flight-strip printers 
and paper flight-progress charts used 
for nonradar flight-control data. 
• A new generation of weather 
radar based on doppler technology, 
plus an automated weather observa-
tion system. The FAA also wants a 
lower-cost weather system for gener-
al-aviation airports. 

Also scheduled for inclusion in the 
new setup are several subsystems 
already under development. These 
include the Discrete Address Beacon 
System with radar interrogation of 
aircraft equipped to respond auto-
matically, an automated cockpit-
based collision-avoidance system, 
and a new microwave landing sys-
tem. -Ray Connolly 
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CMOS beat 

• down. hands l)own. 
The bottom line is 
a lower system cost. 

If you want a micro-
computer system with these 
functions: 
• 8-bit microprocessor 
• 10K bytes RAM (with 4K 

bytes battery-backup 
during power downs) 

• 24K bytes ROM (sockets) 
• 96 parallel I/O lines 
• serial I/O line (UART 

or USART) 
• 8-bit A/D 
• 2 8-bit D/A's 
• chassis and power supply 

WhiMould you use. 
The RCA CMOS Micro-

board system: * uses less 
power • takes up less space 
• weighs less • is less than 
1/3 the price of Intel's system. 

For more information, 
contact any FCA Solid State 
sales office or appointed 
distributor. Or contact RCA 
Solid State headquarters in 
Somerville, N.J. Brussels, 
Belgium. Hong Kong. Sao 
Paulo, Brazil. 

Or call Microsystems Marketing toll-free (800) 526-3862 

Intel System RCA Micro board System 
Board Price* 

SBC 80/106 8080A CPU, 
2 048 MHz, memory, I/0   

SBC 108A combination 
memory. I/O   

SBC 094 4K battery RAM   

SBC 732A 12-bit A/D, D/A 
(No 8-bit available)  

SBC 655 4-card chassis with 
cover power supply 12.0A 
@ +5V,2 fans  

$ 560. 

$ 980. 

$1150. 

$1725. 

$1695. 

Board Price 

CDP18S602 18C2 CPU, 
2,47 MHz. memory. I/O  $299. 

CDP18S660 2 @ combination 
memory, I /0   $650. 

CDP1i3S624 4K battery RAM   $325. 

CDP18S654 8-bit A/D, D/A $249. 

CDP18S676 5-card chassis 
with cover  $ 95. 

CDP18S023 power supply 
0.5A @ +5V.no fars required   $ 25. 

Intel OEM pric€ list July 14,1980. 

Factor Intel RCA Microboard 

Power required 61.7 watts 0.3 watts 

Volume 1190 cu. inches 173 cu. inches 

41 pounds 6 pounds 

Cost $6110 $1643 

Another reason to 
switch to CMOS. 

Circle 
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THEZENDEX 
• Replacement for Intel SBC-660 
• ±5 ±12 Volt Power Supply with 

30 Amp 5 Volt 
• Painted "Sky Blue" For Attractive 

Office System 
• All steel construction 

•TM INTEL CORP. 

Zend e SBC CPU, DISK. RAM, 
& SYSTEMS by 
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ZX-660 SYSTEM CHASSIS 
8-SLOT CHASSIS FOR THE MULTIBUS* OEM 

• 8-Slot Cardcase/Backplane 
• Whisper-Quiet Fans For Office Use 
• 19-Inch Rack Mountable Chassis 
• Pop-Off Front, Top And Back Panels 

The Cardcase and Powersupply may be 
reversed within the Chassis on the unique 
double-drilled bottom plate so the Multibus 
cards may be withdrawn through the front 
access. This feature can be important in 
testing a "racked" system. 

6680 Sierra Lane. Dublin, CA 94566 
(415) 829-1284 

Sound 
Alternatives 

Wide selection; 4 models. 
New piezo audio indicators with varied 
performance ranges. 2000 to 2600 Hz fre-
quency. Three voltages: 3-20 Vdc, 3-30 Vdc, 
15-130V AC/DC. 62 to 104 dBA. Disconnect 
tabs or screw mount. Continuous and pulsing. 
Fit 11/2 " diam. openings. Series models: 
AI-380, 381, 382, 385. Write for specs: 
Projects Unlimited, Inc., 3680 Wyse Road, 
Dayton, Ohio 45414. 
Phone: (513) 890-1918. 
TWX: 810-450-2523. 
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Washington newsletter 

Multiyear funding 

for weapons seen 

Watch for strong support from the Reagan Administration and approval 
by the new 97th Congress of extensive use of three- to five-year weapons 
system production contracts, with up-front funding guarantees replacing 
the annual congressional funding battle. The idea is to encourage invest-
ment by contractors and stabilize what Pentagon and congressional leaders 
agree is a declining U. S. industrial base for defense. Long sought by the 
aerospace and military electronics industries, multiyear funding of major 
weapons and support systems— such as aircraft, ships, satellites, laser-
guided ordnance, and digital telecommunications links—got strong sup-
port in December testimony before the House Armed Services Committee 
by military leaders and Under Secretary of Defense William Perry. 

Post office approves Five foreign manufacturers of optical-character readers will be asked by 
the U. S. Postal Service early next year to bid on the first 252 automated 

five foreign OCRs systems designed for implementation of the controversial nine-digit ZIP 
code. However, the successful bidder for the systems, estimated to cost 
nearly $200 million, will be required to make the automatic mail-sorting 
machines in the U. S., according to USPS officials. First deliveries are 
expected by the end of 1981. The five ocRs approved for the competition 
after Postal Service tests are made by Japan's Nippon Electric Co. and 
Toshiba Corp.; West Germany's AEG-Telefunken; Italy's Elettronica San-
Giorgio; and Belgium's Bell Telephone Manufacturing Co., an ITT subsidi-
ary. U. S. Postmaster General William Bolger says, "We have no choice in 
the matter" of selecting foreign-designed equipment, noting that no U. S. 
companies were interested in producing the systems in the short time 
before deliveries must begin. The total program, set to begin in 1984, is 
expected to cost $887 million, with $316 million for the first phase. 

Drive to equalize 

semiconductor tariffs 

awaits Reagan 

The Semiconductor Industry Association's drive to accelerate the equaliza-
tion of U. S. and Japanese tariffs on semiconductors has stalled at least 
until next spring, according to R. Michael Gadbaw, the SIA'S Washington 
counsel. "Japan doesn't want to negotiate with a lame-duck administra-
tion," explains Gadbaw, who has been pushing the association's efforts to 
equalize the two nation's semiconductor tariffs at 4.2% by April 1, rather 
than wait until 1987 as the U. S. and Japan agreed at the multilateral 
trade negotiations in Tokyo last year. Under the agreement, the SIA notes, 
the staged reductions will put American manufacturers at a relative trade 
disadvantage until 1987 because the phased Japanese reduction began 
from a much higher base of 12%, compared with the 6% rate of the U. S. 
The initial 1980 reduction, for example, has dropped Japan's tariff to 
10.05%, still nearly twice that of the U. S. rate of 5.8%. Gadbaw says he 
expects the Reagan Administration to be ready to address the issue in 
about April. 

Army plans R&D Can optical fibers be used to interconnect multiple integrated-circuit 
computing elements? That's what the Army wants to find out with a new 

on fiber optics 14-month research and development program for which bids are due Jan. 
to connect ICs 15. The project, being managed by the Ballistic Missile Defense Systems 

Command at Redstone Arsenal, Ala., calls for a laboratory demonstration 
of the feasibility of the concept. 
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Washington commentary  

The flap over 20 new satellites 

In only seven months the Federal Communica-
tions Commission reviewed and approved the 
applications of eight U. S. companies—includ-
ing five new market entries—to launch 20 new 
domestic communications satellites by the mid-
1980s and build five other spares. But the time-
table for those approvals amounts to a rush to 
judgment for the ordinarily slow-moving com-
mission. The decision has distressed some of the 
applicants, as well as a number of America's 
allies in the Western Hemisphere with whom 
orbital slots must be shared. And, like some 
other recent FCC rulings, the domsat judgment 
may wind up in a U. S. Court of Appeals and 
perhaps become an international issue before 
the World Administrative Radio Conference, 
scheduled to meet in 1984. 
Some domestic satellite companies are upset 

that their approved launch applications did not 
get exactly the orbit assignments they had 
sought, a potential earth-coverage problem for 
their new systems. Compounding that problem 
is the FCC disclosure at its early December 
meeting that it will now back up and take a look 
next spring at reducing the space separating 
satellites from 4° to 3°, leading to potential 
overcrowding. Even though the FCC has yet to 
receive a technical report on the impact of that 
reduction, its authorization of 20 new domsat 
launches requiring new orbital slots seems to 
guarantee adoption of the reduction. 

Unhappy neighbors 

On the international side, Canada is not 
pleased with the FCC'S plans, since it wishes a 5° 
separation between satellites in that portion of 
the geostationary arc it shares with the U. S. 
But promoting the 3° separation policy here are 
the Commerce Department's National Telecom-
munications and Information Administration 
and the State Department. America's neighbors 
in Central and South America, contends the 
State Department, fear that the most desirable 
slots for them, between 55° and 75° west longi-
tude, may be filled with U. S. domestic satellites 
before they are ready to launch systems of their 
own. To them, reduction is "arc conservation." 
The issue is "highly sensitive for the foreign 
affairs of the U. S.," notes NTIA chairman Hen-
ry Geller, who urges coordination of American 
policy by the FCC, the NTIA, and the State 
Department. 
The satellite communications companies are 

not completely happy, either. Satellite Business 
Systems, which launched its first satellite last 
month, appeared most concerned when its pro-

posed orbits for two more satellites already com-
pleted were assigned to GTE Satellite Corp. SBS, 
which got launch approval for the second bird, 
with the third approval pending development of 
its market, is considered likely to appeal in court 
if it finds the alternative orbits granted by the 
FCC unacceptable. 
GTE Satellite, which got approval to build 

three satellites and launch two, will use them to 
replace channels leased on three existing Corn-
sat General Corp. satellites. American Tele-
phone & Telegraph Co., which leased channels 
on the Comstar satellites, is also going its own 
way, with approval to build three and launch 
two satellites. Of the remaining domsat compa-
nies already operating, Western Union Corp. 
got approval to build and launch two re-
placements for its existing Westar systems, 
Comsat General was approved for launch of 
another satellite already completed, and RCA 
American Communications Inc. was approved 
to build six satellites and launch four to replace 
its Satcom I and II. 

New entrants 

The market entrants, in addition to GTE with 
its own systems, are Hughes Communications, 
which will build three satellites and launch two 
for an entertainment network; Southern Pacific 
Communications Corp., which will build three 
systems and launch two; and Space Communi-
cations Co., a new joint venture formed by 
Western Union and American Satellite Co. ASC, 
in turn, is owned jointly by Continental Tele-
phone Co. and Fairchild Industries Inc. The new 
Spacecom will take over the Western Union 
space communications business, the FCC says. It 
will build and operate the Advanced Westar 
system for commercial markets and the Track-
ing and Data Relay Systems (TDRss) for the 
National Aeronautics and Space Administra-
tion. Spacecom got approval for four satellites, 
whose total capacity will be split 2.5 for TDRSs 
and 1.5 for commercial services. 
The fact that the FCC acted swiftly, if contro-

versially, on a critical issue is more evidence 
that departing chairman Charles Ferris is deter-
mined to establish a record of breaking more 
new ground than any of his predecessors. The 20 
new launch authorizations will represent an 
industry investment of more than $2 billion and 
more than triple U. S. domsat capacity—provid-
ed that satellite separation can be successfully 
reduced by 1°, that Canada remains silent, and 
that none of the U. S. operators challenges the 
ruling in court. -Ray Connolly 
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Now. more capacity for capacitance! 

WE'RE NOW SHIPPING 
LARGE-CASE ma IN 6 WEEKS 

1 
We have enlarged the square footage of our domestic electrolytic 
capacitor facilities, and are now able to turn out high CV product lytics 
on short cycle ... now and in the months ahead. Here are some 
capacitor types which can be shipped in O.E.M. quantities in as little as 
6 weeks ARO. 

CAPACITOR Case Size Range 
TYPE (D. x L., inches) 

Operating Temp. 
Range 

WVDC 
Range 

Capacitance 
Range (e) 

Engineering 
Bulletin No. 

36DX 1.375 x 2.125 to 
POWERLYTIC 3.000 x 8.625 —40°C to +85°C 10 to 450 

80 to 
390,000 3431D 

36DF 1.375 x 2.125 to 90 to 3431D 
POWERLYTIC° 1000 x 8.625 —40°C to +85°C 6 to 450 660,000 Supplement 

32DR 1.375 x 2.125 to 410 to 
COMPULYTIC° 3.000 x 8.625 —40°C to +85°C 7.5 to 100 310,000 3441E 

32DX 1.375 x 2.125 to 180 to 
COMPULYTIC° 3.000 x 8.625 —40°C to +85°C 10 to 200 320,000 3441E 

662DX 1.375 x 2.125 to 1S0 to 
EXTRALYTIC° 3.000 x 5.625 —55°C to +85°C 5 to 250 270,000 3457B 

622D 1.375 x 2.125 to 2,800 to 
EXTRALYTIC° 1.375 x 5.625 —55°C to +85°C 5 to 55 67,000 3459 

6230 1.375 x 2.125 to 170 to 
EXTRALYTIC8 3.000 x 5.625 —55°C to +85°C 200 to 250 4,700 3461 

Call your nearest Sprague district sales office or 
sales representative for complete information. 
Sprague Electric Company, North Adams, Mass. 01247. Tel. 413 664-441 -1 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

45(.0149 

SPRAGUE® 
THE MARK OF RELIABILITY 

a subsidiary of GK Technologies 
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Applications: 

'BTS' 
Black Box 
Testing System 

• Automatic functional test of electric and electromechanical cabinets, 
printed circuit boards, industrial controllers (PLC, Random logic). 
• Automatic continuity test for shorts, opens and missed wires. 

The system: The BTS system is composed of a modular hardware (CPU ± interfaces) 
arranged in a standard cabinet and a software tool (BTL compiler) 
for easy test program development. 

Hardware: The BTS hardware consists of standard Zilog equipment: 

— Z80 microprocessor board 
— 64K Ram memory 
— 1 asyncronous serial line 
— 2 floppy disk drives 

and hardware specifically developed by ZELTRON (Z. Module 
series) to interface with the equipment under test: 

— digital input cards: 16 optoisolated input lines each 
— digital output cards: 32 relays each 
— analog input/output cards 
— operator's panel (standard CRT and keyboard) 

the two subsets communicate by means of a standard link. 
Digital and analog lines may be expanded in a modular way to fit the 
specific application. 

Software: A special high level language (BTL) is available to provide a cost 
effective solution to the problem of testing, in a highly efficient way, a 
broad class of equipment. 

Operation: A test sequence is a series of value assignments to specified outputs 
and comparison of equipment under test (the black-box) responses to 
given stimuli. The user plans the test to be run, he can start the 
selected test sequences in run/step by step mode and visualize on 
the operator's panel messages and values. 

Advantages: • Reduction of testing time 
• Reduction of testing preparation procedures 
• Automatic documentation of test results 
• Easy and flexible use of the system 

ZELTRON 
A Company of the Zanussi Group 

33030 Campoformido (UD) Italy Via Principe di Udine 66 Tel. 432/69652-3 Telex 450365 - 20122 Milan Italy Viale Bianca Maria 45 Tel. 2/709176-795802 
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RAPID 
DEPLOYMENT 

NO ONE DELIVERS CUSTOM, 
MIL-OUALIFIED WITCHING POWER 
SUPPLIES FASTER THAN PMERCUBE: 

In less than 30 days, we go from initial power 
requirements to delivered power supplies. Custom 
switching power supplies are configured from 
Powercube's standard, proven modules which 
have been qualified on major military and space 
programs. The unique building block concept per-
mits custom power requirements to be quickly and 
easily satisfied using standard Cirkitblock® modules. 
These modules have the demonstrated reliability 
and the high performance needed in situations 
commonly experienced by military electronic 
equipment (MTBF data for all standard modules 
is available). 
With power densities running as high as 50 watts 

per cubic inch. Cirkitblock modules can pack more 
power into limited space. For over a decade, these 

rugged modules have met or exceeded stringent 
specifications for size, weight performance and 
tough environmental considerations whether your 
equipment operates from below the sea, on the 
ground or in outer space. 

If you have a requirement for a MIL-qualified 
power supply (or any other tough power supply 
problem) which needs to be filled fast call 
Powercube at (617) 667-9500. 

GA SUBSIDIARY OF UNITRODE CORPORATION 

POWERCUBE CORPORATION, EIGHT SUBURBAN PARK DRIVE, 
BILLERICA, MASSACHUSETTS 01821 • (617)667-9500 

POVVERCUBE 

International Representatives: ELMAC, Adelaide, S. Australia, 08 271 1505; KONING EN HARTMAN ELEKTROTECHNIEK By., The Hague, Netherlands 678380; 
MICROELIT, s.r.I., Milano, Italy 46.90.444; NORGAY ENTERPRISES, LTD., Toronto, Ontario, Canada (416)233-2930; POWER TECHNOLOGY LTD., Berkshire, U.K., 
0734 864418; SCANCOPTER AB, Oslo, Norway (02) 22.98.50; SCANCOPTER AB, Vallingby, Sweden 08.38.00.65; SPETELEC, Paris, France, 686.56.65; STG IN-
TERNATIONAL LTD., Tel-Aviv, Israel, 53459; STOLZ AG, Baden-Daettwil, Switzerland, 057 5 46 55; WETRONIC GmbH, Munchen, West Germany, 089-492066. 
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International newsletter 
X-ray unit checks After more than five years of continuous development, an X-ray technique 

for nondestructively monitoring crystal defects in semiconductor materials 
wafer in 2 minutes is finally approaching production status. Developed at General Electric Co. 

for crystal defects Ltd.'s Hirst Research Centre, the equipment simultaneously exposes a 
semiconductor wafer over its entire surface to a divergent X-ray beam, 
instead of a scanned vertical-slit beam, and stresses it to alter the Bragg 
diffraction angle throughout the crystal. Since it takes only 2 to 3 minutes 
to perform an X-ray topographical analysis that till now has needed up to 
2 hours, the equipment will make it possible to introduce routine quality 
control of semiconductor wafers at high sampling rates at any stage in 
the production process. Incorporating a 15-kw X-ray generator and X-ray 
camera, along with a specially designed bending frame, the system will cost 
around $192,000 and be marketed by GEC's Neutron division, based at 
Marconi Avionics Ltd. of Boreham Wood, Herts. 

Telefunken to aid Starting early next year, the Peking TV Industries Corp. and Telefunken 
GmbH, the entertainment electronics arm of West Germany's AEG-

China in making Telefunken, will jointly manufacture color TV sets in the People's Republic 

color TV sets . . . of China. That will make the Hanover-based company the first European 
maker of entertainment equipment to set up production in China, which is 
also the biggest broadcast territory for the Telefunken-developed PAL 
color TV transmission system. 

According to the agreement, the West German company will ship 
components and TV subsystems to China and help the Peking personnel 
assemble sets, but in time the Chinese will make all the parts themselves. 
To be marketed under the Telefunken label by the Peking firm, the TV 
receivers will be sold initially only in China but eventually in other Far 
Eastern countries as well. The deal also provides for extending the produc-
tion program to audio and eventually all other entertainment products. 

. . . also acquires Meanwhile, to strengthen its position in the expanding color TV market in 
Argentina, Telefunken GmbH has acquired a 25% share of Sigis SA, a 

color TV Interest Buenos Aires—based producer of entertainment equipment, including PAL 

in South America color TV sets that use Telefunken parts. Since the demand for 20- and 
26-in, color sets is increasing rapidly in Argentina, the West German firm 
has considerably stepped up its delivery of those parts to Sigis. The two 
firms will eventually extend their cooperation to include joint activities in 
the audio equipment field. 

Laser-based device An agreement to develop a Japanese language laser printer that can spit 
out text, including Chinese characters, at speeds in excess of 10,000 lines 

to print 10,000 lines of per minute, has been signed by Fujitsu Ltd. and Toray Industries Ltd. A 
Japanese per minute prototype machine is to be completed next summer. As Japan's leading 

computer manufacturer, Fujitsu brings to the deal its expertise in software 
and hardware and also in lasers. Toray, a leading chemical manufacturer 
that is diversifying into other areas, will contribute its knowledge of 
chemical processing, particularly in electrostatic copying and photography. 

Both firms already manufacture Japanese language line printers—Toray 
a 3,600-line/min machine, and Fujitsu a 2,000-line/min unit. They will 
share the manufacture of the new laser-based model but will market it 
under their individual brand names. 
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Seven channels Cable TV trunk lines are among the applications Hitachi Cable Ltd. has in 
view for a possibly unique fiber-optic system in which the laser is 

modulate laser modulated not by one channel but by seven— those of Japan's 90-to-
in Japanese system 222-MHz very high-frequency TV band. After demodulation, all seven 

stations are at their original frequencies and can be tuned to by a standard 
TV set. The laser output is 10 mw at 0.83 nm. Loss in the single—graded-
index—fiber cable is only 3 dB/km, but dispersion and other effects limit its 
length to 2 km. 

Low-cost British 

local net relies on 

personal computers 

With individual schools as a prime target, personal computer manufactur-
er Acorn Computers Ltd. is introducing a local computer network, called 
Econet, which at $720 a station is claimed to be significantly cheaper 
than other systems. Econet is a four-wire broadcast system that achieves a 
high level of noise immunity by differentially connecting wire pairs to 
provide clock and data lines. When two or more terminals seize the data 
bus simultaneously, a data clash is detected and a compact algorithm 
assigns a priority to one or other terminal. 
Up to 256 Acorn computers—a 6502 with from 2- to 12-K bytes of 

random-access memory and 8- to 16-K bytes of read-only memory —can 
be T-coupled to the Econet ring. Alternatively, the net can be sectioned by 
gateways to increase system and in particular disk response time. Its basic 
data-transfer rate of 210 kb/s is matched to the speeds of the floppy and 
minifloppy disks attached to the computers. According to the Cambridge, 
England—based company, Econet could also find applications in process 
control and office automation, possibly forming part of a hierarchy of 
networks with gateways to high-speed rings like the 10-mb/s Cambridge 
Ring or with concentrators to lower-speed devices. 

Brazilian banks In its largest overseas computer sale ever, Fujitsu Ltd. has sold systems 
worth $37.45 million all told to two Brazilian banks. The Banco do Brasil 

place large orders in Brasilia, the national bank, purchased two systems based on the firm's 
for Fujitsu computers top-of-the-line Facom M-200 and four based on the smaller Facom 

M-160F for $33.63 million. The Banco Auxilar in São Paulo purchased 
two systems based on the Facom M-160F. Between them the two banks' 
purchases include 40 disk drives, 92 tape drives, and 25 line printers. 

According to a company spokesman, an important part in closing these 
deals was played by the high reliability and excellent cost-performance 
ratio of a Facom M-200 sold last summer to yet a third Brazilian bank. 

Addenda Siemens AG has won a contract from Australia's communications authori-
ty for the delivery of about $58 million worth of its EMS private-branch 
exchnges by 1984. The Munich-based company has received about 
10,000 orders for small, medium-sized, and large EMS systems totaling 
roughly $500 million since it introduced the equipment at last year's 
Hanover Fair [Electronics, April 12, 1979, p. 63]. . . . The Canadian 
government's videotext, or two-way TV, system called Telidon has been 
ratified as one of the world standards by the United Nations' Plenary 
Assembly of the International Consultative Committee on Telephony and 
Telegraphy. . . . Japan's Sord Computer Corp. will establish a $6 mil-
lion plant in Ireland, at Santry, near Dublin, to manufacture its line of 
small professional and personal computers for the European market. 
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Resolve 10 bits with our 
latest complete DAC system. 
Now you can choose from 
pP-compatible DACs with 

everything you need on-chip. 

Pick our 5020 DAC and get 
a complete 10-bit system with 
guarantees on both ±0.1% 
accuracy and monotonicity.+" CC 
With powerful on-chip 
features, the 5020 saves 
you money over other 
10-bit DACs. Because it 
cuts parts count and 
reduces design time. 
With the 5020, you can 

forget about expensive 
hybrid converters. And 
you'll never have to worry 
about "missing codes" 
again. The 5020 guarantees 
monotonicity over the full 
operating temperature range. 
From 0°C to 70°C. So you can 
look for constant "staircase" 
output in your critical 
DIA applications. 
And it's got these on-chip 

features that no other 10-bit DAC 
can give you: Input latches. 
Thermally matched application 
resistors, for scaling either unipolar or bipolar output 
values. Voltage reference. Plus an output op amp. Pin 
programmable, too. 
As the 5020 is truly complete—like the other parts 

in Signetics' DAC systems family, you can interface 
the DAC to your /LP without external logic. Every-
thing you need is right on the chip. 
This high-performance circuit is just the latest in 

our family of e-compatible linears. We started it with 
our quartet of 8-bit DACs, the 5018 series. Now 
Signetics gives you five DAC systems with a choice 

Latchei & Switch Drivers 

tiAC Switches 

.5020 

5119 

51118 
5019 
5018 

of resolution. A choice of either 
voltage or current output. And 

even a choice of speed. 
When you select a DAC sys-

tem from Signetics, you'll also 
be getting complete applica-
tions support data as well as 

help from our field 
applications engineers 
whenever you need it. 
Find out today how 

our DAC options can 
make your design 

options a whole lot easier. 
Write us today for your 
copy of our new Conver-
ter Products Guide. Or 

contact your nearby 
Signetics sales office or 
authorized distributor. 
Signetics Corporation, 
811 E. Argues Avenue, 

P.O. Box 409, 
Sunnyvale CA 94086. 

(408) 739-77W. 

&Ignatius 
a subsidiary of U.S. Philips Corporation 

Multiple Technologies from 8 Divisions: 
Ana og, Bipolar Memory, Bipolar LS!, 
MOS Memory, MOS Microprocessor. 
Logic, Military, Automotive/Telecom 

To: Signetics Information Services. 811 E. Argues Avenue 
P.O. Box 409, Sunny vale CA 94086 

Li Yes! Please rush my copy of your new Converter 
Products Guide. 

EJ My need isurgent. Please have a DIA conversion 
specialist plr.one me immediately at: 

(   ext. 

>Name Title  
'- 

•.Company Division , 

Address 

City 
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"Take it from me, flat is beautiful': 

"Speaking as an expert on flat, I would like 
to recommend another expert: Spectra-Strip. 
They really know that flat is where it's at. 

They delivered their first flat cable in 1956, 
and now offer more kinds than anybody. 
Their flat cable line includes gray and color-
coded bonded, laminated, and extruded flat 
and twisted pairs, twisted pairs that can be 
mass terminated (Twist 'N' Flat®), trans-
mission line and ground plane, and extruded 
jacketed cable (Spectra-Guard") that can 
take a real beating. 
They can also provide IDC receptacles, 

headers, DIP plugs and sockets, PCB 
transitions and card-edge connectors. 
And when things get tight, they won't 

leave you flat: their value-added distributors 
can whip together standard jumpers and 
assemblies (single-ended, double-ended or 
daisy-chained), or Spectra-Strip can provide 

e Spectra.Strip 1979 

custom 
assemblies 
using their own products 
and anybody else's wire, cable and connectors. 
That way you get pretested assemblies 
that are usually less expensive than if you 
did them yourself. 

For the name and number of your nearest 
distributor or rep, write Spectra-Strip, 
7100 Lampson Avenue, Garden Grove, 
CA 92642, telephone (714) 892-3361. 
In the East, call (203) 281-3200. 
Say that you heard about them from me 

and my dog Splat:' 
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Electronics international  
Significant developments in technology and business 

8048-based chips 
zero in on specific 
consumer markets 
by John Gosch, Frankfurt bureau manager 

Entertainment electronics 

will be one beneficiary of 

two standard yet specialized 

microcomputers from Siemens 

Semiconductor companies on both 
sides of the Atlantic are seeking to 
exploit specialized but potentially 
large-volume consumer markets with 
modified versions of standard micro-
computers. Low-cost television and 
entertainment electronics is the area 
West Germany's Siemens AG has 
particularly in view for the SDA 
2010 and 2110 it is now introducing. 
Both are based on the Intel/Siemens 
8048 single-chip 8-bit microcomput-
er. Automotive applications, on the 
other hand, are the focus of such 
U. S. examples of the trend as Intel's 
8061 version of its general-purpose 
8051. 
The benefits to the user are two-

fold. Being partially specialized, 
such devices both improve perform-
ance and reduce component counts 
and hence assembly cost. Yet being 
partially standard, they ease the 
designer's task by building on 
already existing software and micro-
processor development hardware. 
When the Siemens 2010, for 

instance, helps handle frequency-
synthesis tuning in a TV set, it keeps 
the cost competitive with that of 
technically far inferior voltage-syn-
thesis schemes. The parts count 
drops from 192 to 61, "and with 
that, the assembly cost of the set's 
tuning and control system is cut by 
more than half" points out Gerhard 
Weil, head of the integrated circuit 
systems development group at Sie-

mens' Components division in Mu-
nich. 

Further, because both the 2010 
and the 2110 employ the 8048 8-bit 
central processing unit and a modi-
fied subset of the 8048 instruction 
set, the designer may use them with 
Intel's familiar MDS 800 and the 
equivalent Siemens SME micropro-
cessor development systems, with 
Intel's ICE 48 and the equivalent 
Siemens Eta 48 in-circuit emulators, 
and with 8048 system software. 

In hand. Mainly because of all 
these user benefits, Siemens has 
already received some handsome or-
ders for the two parts, one from an 
unidentified cable TV maker in the 
U. S. for the 2110 and several from 
entertainment equipment producers 
in Europe for the 2010, according to 
Jürgen Lange, the division's product 

marketing manager for entertain-
ment ICs. Production of the devices 
is now getting under way. 
As for its contents, the 2010 incor-

porates a 2-K-byte read-only memo-
ry for the program, a 64-byte 
dynamic random-access memory for 
data, and four 6-bit digital-to-analog 
converters (see figure). Further, in 
addition to an oscillator and a pro-
grammable counter-timer, the 2010 
has 30 digital input/output lines. 
These comprise two 4-bit and two 
8-bit ports, two test inputs and two 
serial interfaces, each interface be-
ing made up of one data and one 
clock line. The device comes in a 
40-pin dual in-line plastic package. 

Versatile. In the Tv application, 
the 2010 not only helps tune the set 
but also reads out the channel num-
ber stored in a memory and activates 

Changes. The functions the consumer-oriented SDA 2010 microcomputer adds to its 

8048-based design are shown tinted. The program read-only memory is also doubled in size. 
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the channel number display driver. 
What's more, it processes the analog 
signals required to adjust the set's 
volume, brightness, contrast, and 
color saturation. And it can control 
videotext and viewdata text decod-
ers, as well as video games. 

Moreover, the 2010 can process 
the signals a TV set receives from 
infrared remote-control systems such 
as the Siemens SIR 60 [Electronics, 
May 26, 1977, p. 65 or 5E]. For 
transmitting commands, this 
60-channel system uses a signal 
pulse-code-modulated onto a 31.25-
kilohertz carrier. One input to the 
2010 contains a demodulator for 
separating the PCM signal from the 
carrier. Another has a zero-crossing 
detector for determining the time at 
which a thyristor in the power supply 
must be fired. Both these inputs can 
also serve as normal digital inputs. 
The device's instruction set com-

prises 65 1- or 2-byte instructions, 
each of which can be executed with-
in two cycles. Numerical problems 
of the kind encountered in frequen-
cy-synthesis tuning can be handled 
with binary as well as binary-coded 
decimal arithmetic. 
The 2110, a simplified version of 

the 2010, is intended for applications 
with fewer performance require-
ments, such as an automobile super-
heterodyne receiver. It has only a 
1-R-byte program memory and a 
40-byte static RAM data memory, 
contains only one 8-bit port, and has 
no d-a converters. As a result, it fits 
into a 28-pin plastic package. Both 
the 2010 and 2110 use 5-volt 
n-channel mos technology with 
4-micrometer gate lengths. 

Rom-less. Also available are ver-
sions of the two parts that lack on-
chip ROM and use external program 
memory instead. The SDA 3010 and 
3110 come in piggyback packages 
that have a socket on top into which 
a type 2716 erasable programmable 
ROM can be plugged. For the user, 
the Rom-less parts spell three advan-
tages: fast change and correction of 
the program during development, 
prototype testing under the same 
physical conditions as in the final 
equipment, and the cost savings they 
afford for short production runs. 

Japan 

Large superminicomputer can take on 

communications and industrial roles 

Japan's newest and largest super 
minicomputer takes as its primary 
target those companies that need 
more processing power to handle 
communications control. Nippon 
Electric Co. has accordingly de-
signed its 32-bit MS70 to minimize 
its price in this application—its cen-
tral processing unit provides just the 
fixed-decimal-point binary arithme-
tic such customers will require. But 
other applications can be accommo-
dated by the MS70's optional dou-
ble-precision floating-point and deci-
mal plug-ins. 
Announced late last month, the 

MS70 will sell in Japan for any-
where from about $115,000 to four 
times that much. The minimum 
price buys a system with 512-R bytes 
of main memory, two 1-megabyte 
floppy disks, a console, an 80-mega-
byte disk, a 200-line-per-minute 
printer, and a card reader. 

Completely compatible with the 
rest of the MS series, the new 
machine adds 43 32-bit instructions 
to the 124 basic and 62 optional 
16-bit instructions of the earlier 
computers. It uses the same packag-
ing as the present 16-bit MS50— 

which has somewhat less than half 
its performance. The CPU in the 
MS70 is built around nine 2903 
4-bit bit-slice chips from Advanced 
Micro Devices that provide the 
required word length and parity. 
Similar chips are also used in the 
optional (double—word-length) float-
ing-point processor and the optional 
decimal processor (intended for cus-
tomers who wish to develop pro-
grams in Cobol). The device control-
lers require the higher speed of rn. 
but are relatively simple. A larger 
machine would require custom or 
master-slice chips in its processors. 

Throughput. In terms of through-
put, the MS70 does about 20% bet-
ter than Digital Equipment Corp.'s 
32-bit VAX-11/780 superminicom-
puter, according to NEC. Partly this 
is due to the saving in overhead 
because the MS70 does not use vir-
tual memory, not being intended to 
serve as an alternative to main-
frames or small-business computers, 
both of which NEC also makes. But if 
a step-up model is made, its large 
size will require virtual memory, 
says Yoshiyuki Nagano, an engi-
neering department manager in the 

In control. Two of these 32-bit MS70 minicomputers from Nippon Electric Co. can replace 

five 16-bit MS50 machines, thus cutting energy costs as well as saving floor space. 
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SIX REASONS WHY THE SMART LASER 
TRIM SYSTEM IS YOUR SMART BUY. 
SMART is a word that defines intelli• 

gence; it can be appl.ed to machines 
as well as humans. There's no better 
machine to apply that title to than the 
CLS-33 from Chicago Laser Systems. 
Introduced as the smartest, highest 
throughput laser trim system, it has 
proven that CLS-33 buyers are also 
smart. 

Lower overhead. Reduced pro-
duction costs for the high-volume 

user is the greatest strength of the CLS-
33. Its practical design and high 
throughput lowers both immediate and 
long-term production costs of trimmed 
networks. 

2
 Design sophistication. Laser trim 
systems no longer need be massive 

monoliths of hardware and wire. In the 
CLS-33, engineering sophistication has 
overcome traditional size and complexity 
barriers. This achievement has not gone 
unnoticed by the many major network 
manufacturers who have become CLS 
customers. 

e% Intelligent software. The system 
microcomputer of the CLS-33 is 

backed up by the most intelligent 
software operating system in the laser 
trim industry. Its structure frees the oper-
ator to concentrate on trimming the 

ICIL '4034 North Nashville Ave., Chicago, IL 60634 • Phone 312-282-2710 TELEX: 206-647 

product, instead of on time-consuming 
computer programming procedures. 
Programming effort is further minimized 
thru on-line compiling and editing and 
thru program de-bugging in user lan-
guage. This remarkable software operat-
ing system is another CLS exclusive. 

Maintenance ease. The CLS-33 4 was built to require a minimum of 
maintenance, but at the same time was 
designed to be highly maintainable. 
Faults can be rapidly isolated to the 
module level with the systematic diag-
nostic programs. Diassembly of the en-
tire system, for full access to modules, 

iequires just minutes. Efficient circuit 
design has reduced the total number of 
modules to be considered in fault finding 
—another time saver. 

r Free training. With every system 
▪ sold, Chicago Laser provides com-
plete :raining of operator and mainte-
nance personnel at no extra cost and 
with no limits on time or number of opera-
tors. In addition, the easy-to-understand 
documentation supplied with the CLS-33 
is so comprehensive that it is virtually a 
training course in itself. 

Adaptability. From computer pro-
() gram inputs to system operation, 
the CLS-33 is adaptable to most any 
production demand. For high-volume 
applications, an available air-bearing 
step-and-repeat handler allows the 
CLS-33 to trim an incredible 100,000 re-
sistors per hour. A stack-load station is 
also available. 

If you've been searching for a sophisti-
cated yet manageable laser trim system, 
discover the CLS-33 and search no 
more. It's a system that will continue to 
remind others that you made a "smart 
buy" and selected the Smart Laser Trim 
System. For the complete story and a 
frank appraisal of how the CLS-33 can 
fulfill your needs, contact: 
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computer engineering division. 
The MS70 has the physical space 

for 4 megabytes of 64-K memory 
chips but direct address space for 16 
megabytes, so that main memory 
can be enlarged when 256-K chips 
hit the market. For speed, two-way 
interleaving of memory is provided, 
with an access time of 435 nanosec-
onds for every 4 bytes. Adding fur-
ther to its speed is pipeline control 
and 32-K bytes of cache memory. 

Uses. According to Minicomputer 
Systems division general manager 
Shigehiro Hirasawa, NEC should sell 
1,000 systems over three years, 60% 
of them for communications applica-
tions, 30% for industrial applica-
tions, and 10% for scientific and 
engineering computation. 

In the communications applica-
tions the new computer both com-
petes with and complements IBM 

equipment. It is competitive even 
though there is no dedicated distrib-
uted-processing version of it directly 
comparable to IBM's 8100 series. It 
is complementary because it can be 
used as a gateway for protocol con-
version in networks operating under 
IBM's Systems Network Architec-
ture or NEC'S Distributed Informa 
tion Network Architecture. 

Before deliveries start, the firm is 
contemplating adding C language 
support to the more traditional For-
tran, Cobol, and Basic, which should 
facilitate application programming. 
Cross software is also available to 
develop MS70 programs on NEC's 
ACOS mainframes. -Charles Cohen 

France 

Fast fiber bus points 

to fast local nets 

A laboratory version of one of the 
world's fastest data buses is to be 
unveiled in March by researchers 
from two French subsidiaries of the 
Netherlands' NV Philips Gloeilam-
penfabrieken. In fact, the 140-mega-
bit-per-second optical bus should be 
fast enough to serve as a model for 
not only distributed processing net-
works, but also the real-time distri-
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Video speed. A 140-Mb/s optical bus (tinted) Will link three minicomputers in a laboratory 

network configured as a loop. T-coupler losses in this configuration are 2.5 to 3 dB. 

bution of minicomputer operating 
systems. 
The joint research team from the 

Laboratoires d'Electronique et de 
Physique Appliquée (LEP) and the 
Centre Technique Industriel of Phil-
ips Data Systems SA, located respec-
tively in the Paris suburbs of Limeil-
Brévannes and Fontenay-aux-Roses, 
began working on the project five 
years ago with an eye on networks 
capable of video transmission. Their 
laboratory model, when operating at 
a 0.85-micrometer wavelength, has 
fiber losses of only 5 decibels per 
kilometer and connector losses of 
between 1.5 and 2.5 dB. 

Temperature-sensitive. Built al-
most entirely with optical fibers and 
components developed by various 
labs within the Philips group, the 
system also uses Fairchild 10000 
emitter-coupled-logic gate arrays. 
But ECL tends to heat up and affect 
laser performance adversely, so fan 
cooling is used to keep system tem-
perature between 20° and 28°C. 

Although slower optic buses are 
easier to set up, since they can use 
diode rather than laser light sources 
and TTL rather than ECL circuits, 
LEP deputy director Gérard Marie 
notes that a high-speed bus is neces-
sary for wideband video signals. The 
140-mb/s rate was chosen because it 
is the European high-speed telecom-
munications norm. 
A network dubbed the Medium-

Scale Distributed System (mSDS) is 
being built using the bus together 
with Philips' own P800 series of 16-
bit minicomputers, though it could 
be adapted to use on almost any 
other minicomputers. The first oper-
ating laboratory model of MSDS will 
demonstrate a loop bus, though a 
star bus is also under development. 
The loop configuration can accept 

up to 8 or 10 nodes, with a data rate 
of 340,000 16-bit words per second 
and per station. It is expected to 
prove operable up to a maximum 
length of a few kilometers. Set up as 
a star, the system can handle up to 

64 Electronics/December 18, 1980 



Do you need to convert manual, 
electromechanical, or pneumatic 
control of mechanical motion to a 
precision microprocessor based 
system? Or, do you want to simplify 
and reduce the cost of your sensing 
interface? 

The logical solution to your design 
problem is TRW Optron's unique 
new family of photosensitive IC's 
with TTL compatible logic outputs. 
We call them PHOTOLOGIC". 

Direct Drive TTL 
PHOTOLOGIC devices contain a 
monolithic IC which incorporates a 
photodiode, a linear amplifier, and a 
Schmitt Trigger. Capable of directly 
driving up to 8 TTL loads, PHOTO-
LOGIC features data rates of up to 

250 KHz and typical output rise and 
fal: times of 25 ns. Hysteresis is 
included on-chip for high noise 
immunity. 

Family Available Now 
PHOTOLOGIC devices are avail-
able now, in many different package 
styles and logic corfigurations 
including totem pole and open 
collector outputs. PHOTOLOGIC 
assemblies have optically matched 
GaAs emitters in either standard or 
custom mechanical configurations. 

Optoelectronic Innovations 
Look to TRW Optron for the opto-
electronic IC innovations you have 
wished someone would make. 
We just might be working on them 
right now. 

Broadest Range 
TRW Optron has the broadest 
range of high performance infrared 
design solutions available to you 
when you need them. If your design 
requires the sensing of motion or 
precision switching, chances are 
we can save you time and money, 
out front and in tne future. 

Standard PHOTOLOGIC devices 
are available immediately from your 
local TRW Optron distributor. For 
your special PHOTOLOGIC solution 
call TRW Optron (214) 323-2200. 
TRW Optron, a division of TRW Inc., 
1201 Tappan Circle, Carrollton, 
Texas 75006. 

TRW OPTRON 
"'Trademark TRW Inc 1980 TRW Inc Circle 65 on reader service card 
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16 nodes at the same rate, or 63 
nodes transmitting 85,000 16-bit 
words per second and per station. 

In either configuration, the basic 
elements are the same. The trans-
mission principle is synchronous 
time-division multiplexing of 24-bit 
words, with each word consisting of 
16 bits of data, 1 parity bit, 1 proce-
dure bit, and 6 bits of code contain-
ing addresses and instructions for 
the system modules. Each station 
can write one 24-bit word every 2.9 
microseconds into its own time slot. 
Communication between any two 
nodes is organized into 16-word 
packets to allow synchronization at 
the data link level. The relatively 
short packet length permits higher-
priority communications to cut into 
lower-priority messages. 
As explained by Gilles Aaron and 

François Phulpin, the LEP engineers 
who have been with the project since 
its outset, the organization of both 
the functional and physical aspects 
of the system generally corresponds 
to the principal layers of the seven-
layer architectural model for open 
systems interconnection being pro-
moted by the International Stan-
dards Organization. 

Modules. At the base of the bus 
structure are the transmission mod-
ules, one for each node, responsible 
for bit and word synchronization, 
coding, and conversion of data into 
optic form and also partially respon-
sible for initialization of the bus sys-
tem. Data link layer and end-to-end 
transport control functions are han-
dled by the communications mod-
ules—again, one per node. 
The link protocols are entirely 

handled by the ECL circuits in the 
communications module. But for 
high-level end-to-end transport con-
trol protocols, the module's micro-
programmed block level sequence 
works together with the system's 
microprocessor-controlled network 
interface controller. Built around an 
Intel 8086, this controller has direct 
memory access to the minicomputer 
and also contains a buffer memory 
through which all transfers between 
the minicomputer's central process-
ing unit and the rest of the network 
pass. -Kenneth Dreyfack 

Great Britain 

Fiber-optic data links 

could use GaAs ICs 

High-speed gallium arsenide transis-
tors are proving hard to integrate 
because the level-shifting circuits 
needed to connect them either occu-
py too much of the chip and soak up 
too much power or call for onerous 
processing techniques. But for some 
telecommunications applications, at 
any rate, a solution has been found 
at the Martlesham Research Centre 
that British Telecom, part of the 
British Post Office, runs near 
Ipswich, Suffolk. 

Instead of using active level-shift-
ing circuits, researchers there em-
ploy a passive approach, ac-coupling 
GaAs depletion-mode field-effect-
transistor stages with a reverse-
biased Schottky-diode capacitor. Ac-
cording to Alec W. Livingstone, who 
heads the development, the tech-
nique shifts voltage levels without 
needing an extra power line, requires 
little chip area (unlike Hewlett-
Packard's buffered-FET logic), is not 
complex to fabricate (unlike Rock-
well International's level-shifting 
Schottky-diode approach), and toler-
ates the wide process variations 
characteristic of GaAs fabrication. 
This last point is important, he says, 
"because it makes it easier to dual-
source a circuit from a single 
design." 
Minimum. Their ac coupling limits 

these high-speed circuits to a mini-
mum operating frequency of a few 
kilohertz. That is an obstacle to their 
use in computers, where unchanging 
logic levels of some duration can be 
expected. But it is not a problem in 
the many telecommunications appli-
cations where, as Livingstone notes, 
"data streams are deliberately 
scrambled to ensure that there are 
no continuous logic levels more than 
a few data bits long." 

In particular, the group plans to 
use capacitively coupled GaAs logic 
circuits in a 1.2-gigabit-per-second 
pulse-code-modulated optical-fiber 

link combining eight 140-megabit/s 
data streams. Since British Telecom 
has yet to move from the 140-mb/s 
systems now in operation to the 280-
mb/s systems in advanced devel-
opment, that plan is long-term, but, 
says Livingstone, "we need to devel-
op the technology now." 

In fact the group has already pro-
duced its first ion-implanted test cir-
cuits, including an inverter, exclu-
sive-OR gate, and ring oscillator, and 
is using data culled from them to 
design 50- to 80-gate circuits for 
operation at up to 1.2 Gb/s. In the 
1.2-Gb/S PCM system, three cir-
cuits—the multiplexer, demultiplex-
er, and signal regenerator—must 
operate at the full data rate. The 
first two circuits are very similar, 
and some of the multiplexer parts 
already exist on test chips. The third 
component, the signal regenerator, 
consists of a photodetector, ampli-
fier, and laser and ultimately could 
be integrated, probably on a gallium 
aluminum arsenide substrate. 
Low power, too. Simple capaci-

tively coupled logic of this kind will 
be capable of extremely high speeds, 
but British Telecom has another 
requirement. It wants clocked GaAs 
circuits with very low power con-
sumption and therefore is willing for 
them to operate at speeds of 200 
megahertz at most—still high by sil-
icon standards. For this the group is 
proposing a form of four-phase logic 
and has carried out circuit simula-
tions that suggest a power consump-
tion in the region of 100 microwatts 
per gate at 200 MHz. 

In a four-phase logic system 
employing dynamic mos circuitry, 
the nodal capacitance to the silicon 
substrate can be used to store data in 
the form of charge. The nodal capac-
itance is far less on a GaAs sub-
strate, which is semi-insulating. To 
meet the needs of their capacitively 
coupled level shifter, the British 
Telecom researchers therefore delib-
erately introduce a substrate capaci-
tance. Logic levels are then estab-
lished by capacitor charge sharing 
rather than transistor aspect ratios, 
so that all transistors can be of the 
same minimum size, further lower-
ing power consumption. -Kevin Smith 
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Measure, compute, store 
with system voltmeter UDS 6 

Measure: UDS 6 is a high-perfor-
mance 6- 1/2-digit voltmeter for 
demanding applications in re-
search, development and cali-
bration. 

Ranges 
VDC 100 nV to 1100 V 
VAC 1µV to 750 V 
12 1004/ to 14 MS2 

Error limits 
for 1 year at 20°C ± 5°C 
VDC ± (0.0025 (% of rdg + 4 digits) 
VAC ± (0.07 % of rdg + 20 digits) 

± (0.006 % of rdg + 9 digits) 

Rohde & Schwarz GmbH & Co. KG 
Postfach 80 14 69 

D-8000 München 80 
Federal Republic of Germany 

Telex 523 703 (rus d) 
Phone internat. + (4989) 4129-1 

Independent concern 
(established 1933) 

represented in 80 countries 

Compute: conversion of measured 
data into physical units with the aid of 
ten processing routines (as many as 
three of which can be strung together): 

multiplication 
percentage deviation 
offset 
ratios (current, power, dB) 
maxima and minima 
exceeding of limits 
statistical evaluation 
temperature measurement 
timing 
polynomial linearization 

Store: UDS 6 automatically stores the 
last 50 measured values. What's more, 
there are another 30 memory locations 
available for programs, measured 
values and constants. 

Systems: with the optional UDS-B1 tie 
voltmeter offers RS 232 C and 
IEC 625-1 (IEC-bus) interfaces. All the 
functions governed by the frontpanel 
buttons can be remotely controlled. By 
adding the 16-channel scanner 
UDS 6-Z1 (lower illustration) the system 
voltmeter becomes a data-acquisition 
system for up to 255 channels. 

Extra advantages: with sampling rates 
of uo to 330 readings/s the system volt-
meter UDS 6 is also ideal for large-scale 
measuring setups. 

Ask for the data sheet 
System voltmeter UDS 6 

ROHDE&SCHWARZ Electronic measurements Broadcasting 
Radio communications and monitoring 
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SMP is a future-oriented modular microcomputer 
system of professional quality, conceived for 
long-term use. The overriding advantage for the 
equipment developer is the variety of functional 
units available for the system. Today more ihan 
70 different SMP hardware and software modules 
are already standard items: 

• 12 central processing units with the 8080A, 
8085A and 8088 processors, DMA capability, 
arithmetic processor 9511 or floating point 
processor 9512, with a clock frequency of up to 
8 MHz depending on type 

• 14 different RAM and ROM/EPROM modules 
offer the optimum solution to your memory 
capacity requirements 

• 12 analog and digital I/O modules for the most 
varied process controls 

• 12 special system and peripheral control units, 
e.g. cascadable interrupt control, real-time 
CMOS clock, as weil as controls for printer, 
cassette and floppy disk 

• 14 high-performancy system software modules, 
e.g. monitor programs and real-time operating 
systems which not only supplement and support 
programming, but also facilitate troubleshooting 
and start-up procedure. A BASIC interpreter 
designed for SMP hardware is also available 

• Numerous mechanical and electrical assembly 
components and test aids as well as power 
supply units complete the system. 

More new products are continually and systemati-
cally being refined. Over 50 engineers are working 
constantly in new developments. SMP is not on its 
own either. Ask for information on AMS - our second 
modular system with multi-computer capability - 
and on SKC 85, the high-performance compact 
computer. 

Siemens provides assistance for the development 
of user software in the form of convenient 
programming location, a program library, 
programming courses and a consulting service. 

For detailed information, please write to us at 
Siemens AG, 
Components Group, Infoservice, Postfach 156, 
D-8510 Fürth, quoting »SMP«. 
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Start small... 
with Philips microcomputer 

Icrocompu er IéVé opment System - one of today's most 
powerful and complete systems for in-depth design, 
development and debugging of hardware and software. 
These tools provide a logical progression in capability to 
match your need for increasing development resources. In 
combination, they give you a development system that's 
ready now to start work on today's newest MPUs, as well as 
models that will be introduced in the future. 
PM4300 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. 

PHILIPS Test&Measuring 
Instruments 

DS - Philips Microcomputer Development System 
OS is a complete development lab in itself, able to 

andle every operation from preliminary design right 
hrough 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. 

ADM Philips, of course 



...think big 
de elopment tools 

PM4300's RS23 se a in , an • exet e n your arge 
system. After correction, update the source fiie stored in 
PMDS' disk memory. PM4300 acts as a quickly 
implemented work station for debugging and system 
integration functions eve, before full PMDS support is 
available. 
For more information about Philips microcomputer 
development tools, contact Philips Industries, T0111-2-
Eindhoven, the Netherlands. 
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PMDS - Philips Microcomputer Development System 
Conprehensive development, debugging and integration 
faciiities with interactive software, for full operator guidance. 
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IEC-bus peripherals IEC625Bus> 

DPSP 

4> 

ROHDE& SCHWARZ al 
, 3•11./..3 

Relay matrix PSN (DC and AF) 
Six fast-action reed relays plus two 
power relays. AF and controlling 
uses, high load capacity. LED 
indication. 

Relay matrix PSU 
DC through 6 GHz. Six 
independent 50-fl 
coaxial relays. 
RF and pulse 
applications. 
LED indication. 

. rot, 3111.1410.1 ."3. /3 up, 3/401./ 

123" 

Rohde & Schwarz GmbH & Co. KG 

Postfach 80 14 69 
D-8000 München 80 
Federal Republic of Germany 

Telex 523 703 (rus d) 
Phone internat. + (4989) 4129-1 
Independent concern 
(established 1933) 

represented in 80 countries 
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PTC 

RF step attenuator DPSP 
0 to 2700 MHz/0 to 139 dB. 
Smallest attenuation incre-
ments of 1 dB, low residual 
attenuation, high accuracy, 
low error. Extremely long use-
ful life. Model without IEC-bus 
interface: DPS 

Process controller PPC for IEC-bus 
measuring systems 

Economical IEC-bus controller and at the 
same time cost-effective desktop computer 
with easy-programming features. 

• Special commands provided for all IEC-bus 
functions — e.g. IECOUT 

• All IEC-bus functions provided 
• Driver software package for all R&S units 
• Floppy disk (80 Kbytes) built-in, up to two 

external floppy drives 
• Programming in Basic 
• Low-noise power supply, line filter 
II Option: RS 232-C interface 

Plus: universal printer PUD (not illustrated) 
45 char/s • 80/132 char/line • paper advance 
1/2 and 1 line • 7 x 9 or 11 x 9 matrix print 
head • interface 8 bits parallel • IEC bus 
optional 

Digital thermometer PTM —100 to +300°C 
with platinum-resistance sensors using a four-
wire circuit, measurement of temperature dif-
ference. 
Temperature controller PTC data as for PTM 
plus: entry of nominal temperature with key-
pad, status indication, 10 A/220 V power relay, 
control relay. 

IEC-bus 
• 

measuring 
instruments 
Since 1974 Rohde & Schwarz has been pro-
ducing system-compatible instruments for in-
terfacing with the IEC bus (IEEE-488), e.g. 
Test receivers ESH 3, MSUP: 

10 kHz to 1 GHz 
Radio-set test assemblies SMPU, SM FP: 

up to 1 GHz 
Synthesizers SMS, XPC: 50 kHz to 1.36 GHz 
Vector analyzer ZPV, ZPV—Z5: 

0.1 MHz to 2 GHz 
RF, DC, AF voltmeters URV 4, UDS 6: 

up to 2 GHz 
Modulation analyzer FAM: 

50 kHz to 1.36 GHz 
Noise generator SUE 2: 50 MHz 
Programmable current/voltage sources 
NGPS, NGPU 

More IEC-bus instruments are in development. 

ROHDE&SCHWARZ ElecRtarodnioiccillomeamsUunreicmaetinotnss .anBdromaodnciatostriinngg 



New products international   

Custom membrane 
keyboards suit 
consumer market 
by Kenneth Dreyfack, Parts bureau 

Guaranteed for 1 million 

operations per key at 125°C, 

Mylar keyboards use silver-, 

carbon-based conductive ink 

To satisfy the growing hunger for 
keyboards for consumer goods, the 
instruments and components division 
of ITT in France suggests a 
triple-decker Mylar sandwich. The 
membrane keyboards from ITT 

Composants et Instruments, in the 
Paris suburb of Bagneux, are de-
signed for such applications as tele-
vision remote control units, ap-
pliance controls, and electronic 
games and toys. 
"Our membrane keyboards be-

come competitive with electrome-
chanical keyboards when at least 20 
keys are required and when the 
quantity runs to at least 10,000 
pieces per year," says Yves Béraud, 
product manager for ITT's Commu-
tateurs Jeanrenaud division. Jean-
renaud is handling assembly and 
marketing of the new keyboards, 
with an ITT printed-circuit division, 
Société France Cadran, doing the 
actual circuitry. 
The keyboards consist of three 

sheets of Mylar sandwiched togeth-
er. Two of the sheets are silk-
screened with key contacts and inter-
connections using a low-temperature 
thick-film inking technique. The 
third sheet is a template from 150 to 
190 gm thick. Holes cut in it sepa-
rate the key contacts, making some 
120 g of pressure necessary for con-
tact between the upper and lower 
layers. A polycarbonate film, with 
adhesive on both sides, holds the lay-

ers together and seals them. 
For keyboards requiring snap ac-

tion, another Mylar sheet with bub-
bles over each key is added to the 
sandwich. The minimum pressure to 
make a key contact rises to about 
300 g. 

Choice of inks. With a conductive 
ink containing about 75% silver, the 
keyboard circuitry draws just a few 
milliamperes at 5 V, with less than 
100 12 of resistance in a typical cir-
cuit. A carbon conductive ink is 
much less expensive, but resistance is 
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more likely to be in the 10,000-12 
range. As Béraud points out, 
"10,000 12 is not necessarily too 
high—some mos circuits can still 
work with that." In either version, 
ITT guarantees at least 1 million 
operations per key, at temperatures 
of up to 125°C. 

Béraud stresses that each custom-
er can pretty much design his own 
keyboard because, at least so far, ITT 
is offering no standard versions. The 
principal limitation is physical size. 
The company now offers 400-by-
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The MIW® -A is a parametrical micro-
computer for weighing, realised in the 
My' single chip micro-computer. It 
contains the program and all the digital 
part of computing scales or weighing 
system (0.1. L.M. requirements) including 
keyboard encoder and display control. 

CHARACTERISTICS: 
• Metric (kg) or imperial (lb) systems 
• Capacity 1008, 2008, 3008, 5008 or 

16.000 divisions 
• Number of increments per division 

1,2 or 5 
• Tare precision =1/4 division, etc. 

The TICA® is a development board for a 
family of retail scales. 

We can arrange a customized technical 
assistance. 

MIWC), TICA®  is a registered trademark of I. Mantean. 

Pateis a FRANCe: Zregistered trademark of Zile, Inc. CA. USA. 

MIWC)-A TODAY'S PRICE (FOB PAR IS) 

QTY > 51300 > 2000 > 1000 

$43 $ 50 $ 55 S110 

SPECIAL OFFER — 30 % 

Order N parts before march 31 -th 1981 and after 
one year, your next 2xN parts will be guaranted 
a 30 % cut down from today's price. 

CALL OR WRITE TODAY : 

A2M 
6, AY. Ch. de Gaulle 

78150 Le Chesnay (PARIS suburbs) 
FRANCE 

Tel. (33) 3.954.91.13 
Telex 698.376 F 

New products international 

400-mm silk-screened Mylar sheets, 
but it can provide 400-by-600-mm 
keyboards for special cases and 
expects to be able to print 600-by-
600-mm sheets within a few months. 
The contacts must be 10 mm apart. 
The custom nature of the key-

boards makes it difficult to cite spe-
cific prices, but Béraud says a typi-
cal typewriter-sized keyboard using 
silver conductive ink should go for 
about $9, ordered in quantities of 
100,000. The company already has 
about a dozen customers for its new 
keyboards, which are available 
throughout Europe. 
ITT Composants et Instruments, 157 rue des 

Blains, 92220 Bagneux, France [441] 

These illuminated push buttons have self-
cleaning snap-action contacts in hard silver 
with a maximum switching power of 10 A at 
250 V ac. They are available in single-pole, 
double-throw or double-pole, double-throw 
versions. Rafi GmbH & Co., 7980 Ravens-
burg, P. 0. Box 2060, West Germany [442] 

Microwave link equipment SR300 protects 
objects at power plants and industrial sites. 
The transmitter sends microwaves from its 
parabolic antenna to a receiving unit 250 m 
away. Any change in the received energy 
due to motion will sound an alarm. Grundig 
AG, 8510 Furth, West Germany [443] 

erlie »ON mum The AZ 3700 series of television-set line 

transformers with foil-wound ferrite cores is 
designed for use with various picture tubes. 
Their construction makes them smaller and 
lighter than equivalent wirewound line trans-
formers. Siemens AG, 8000 Munich 1, P. 0. 
Box 103, West Germany [444] 

The Super 20 and 50 pocket-sized multimet-
ers test basic semiconductor device func-
tions. Each instrument has 39 ranges, includ-
ing from 100 mV (150 mV for the S/50) to 1 
kV dc and 10 V to 1 kV ac, full scale Alcon 
Instruments Ltd., 19 Mulberry Walk, London 
SW3 6DZ, England [445] 

The series DSA1 plug-in connectors are 
designed to be used on 0.8-by-1.6-, 0.8-
by-2.4-, and 1-by-1-mm posts. They provide 
piggyback connections to wrapped-wire 
pins. Klippon Electricals Ltd., Terminal 
Works, Power Station Road, Sheerness, Kent 
ME12 3AB, England [446] 
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IN-CIRCUIT TESTING 

Are you sure to know all the secrets of the in-circuit testing technique 
as applied to your specific case? 

Each case, each p-oject and production cycle mean problems which have to be 
solved. Both technically and economically. 
OLIVETTI TECNOST can deal with your prob,ems of testing. Thanks to our specific 
experience, we know how to help. 
OLIVETTI TECNOST has developed flexible solutions based on the ICT80 system. 
The OLIVETTI TECNOST ICT80 is a universal, versatile and flexible "in-circuit" 
system effectively testing analogic, logic and hybrid electronic boards. 

ICT80 OLIVETTI TECNOST 
IN-CIRCUIT TESTER 

You can: • Automatize the testing process • Increase your productivity • Immedia-
tely identify nature of fault • Have a continuous quality control process • Process 
and summarize th,e stat stical data obtained. 

In a few word, solve with us your testing and production problems. 
Our technicians and our experience are at your disposal. Call us! 

0   Elni-/ 
tecnost 

PROBLEM SOLVING BY EXPERIENCE 

SYSTEMS FOR AUTOMATION - ELECTRONIC PROJECTS - ELECTRONIC 
PROCESSES - PRODUCTION TESTING - TEST EQUIPMENT 
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FRANCE: C.I.V.A. - 6, RUE GAUTHERIN - 78'20 RAMBOUILLET - TEL. 4832831 - TWX 698430 
WEST GERMANY: 0.N.C.S. - MESSENHAUSERSTRARE, 20 - 6057 DIETZENBACH -TEL. (06074) 20171819 - TWX 04-191569 
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New products international 

JUST MAKE 
YOUR CHOICE 

Miniature, toggle and 
pushbutton switches 
Particularly suitable for 
professional applications in 
electronics and for all 
applications in industrial 
automation, made of highest 
quality materials; large range 
with fixed and momentary 
contacts. Contacts up to 4 pole 
change over. Soldering and 
printed circuit terminals. 
Switching power with resistive 
load: 3A/250V— and 5A/30= 
Gilded contacts for low levels 
with life up to 80.000 
operations. 

Subminiatura toggle series. 
2A/250V— with soldering and 
printed circuit terminals for 
vertical and horizontal 
mounting. 

means reliability 

rEME 
20149 Milano 

Viale Certosa, 1-ITALY 
Tel. 390.021-Telex 331217 

The A1000/A5100 automatic continuity 
tester has a keyboard for the writing and 
editing of test patterns. It provides test 
results in the user's language and incorpo-
rates a variable-threshold facility. Gould 
Instruments Division, Roebuck Road, Hai-
nault, Essex 1G6 3UE, England [447] 

The Low Complexity Colour Display has a 
direct digital interface for video data and 
self-converging electron guns for red, blue, 
and green. Its cathode-ray tube resolves 492 
by 585 picture elements. Microvitec Ltd., 
P. 0. Box 188, Bolling Road, Bradford BD4 
7TU, England [448] 

Contained on a single 188-by-157-mm 
printed-circuit card, these open-frame 
switching power supplies offer an output of 
90 W. They are designed to be convection-
cooled and to operate from 0° to 50°C. Astec 
Europe Ltd., 4A Sheet St.. Windsor, Berks. 
SL4 1BG, England [449] 

The SL 6787 rotary joint, designed to be 
stacked in multichannel applications, con-
tains on each half a strip-line multiple-feed 
system coupled to a central coaxial cavity. It 
has a frequency range of 1,010 to 1,110 
MHz. Sivers Lab, Box 420 18, S-126 12 
Stockholm 42, Sweden [450] 

SFH 204 photodiode, sealed in a transparent 
case, is divided into four quadrants 12 errn 
apart, with individual contacts. The compo-
nent can detect small deviations in impinging 
light of 0.35 A/W at 950 nm. Siemens AG, 
8000 Munich 1, P. 0. Box 103, West Germa-
ny [451] 

The TM353 portable digital multimeter can 
measure voltages from 100 A/ to 1,000 V 
(750 V ac), currents from 100 nA to 2 A, and 
resistance from 1 St to 20 MB. It has a 
maximum error of 0.25%. Sinclair Electronics 
Ltd., London Road, St. Ives, Huntingdon, 
Cambs. PE17 4HJ, England [452] 
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8400 FAMILY MICROCOMPUTERS 

NEWSF 

Dedication combined with flexibility is 
he design philosophy behind our new 
NMOS family of single-chip 8-bit micro-
computers. Dedication comes in the 
size of program memory and the I/O; 
flexibility comes with programmability. 
Designated the 8400 family, the new 
devices which number five in all are 
planned to be available in the course of 
next year. 
Principal feature of the new family is 
that serial I/O is implemented on the 
chip. This serial I/O has a multi-trans-
mitter capability which facilitates 
communication between the micro-

computer and peripheral circuits or 
other microcomputers. This makes it 
possible to functionally split up the 
control of a system with all the advan-
tages of fewer connections and lower 
costs in production and service. 
The first of the new family will be desig-
nated 8400. This device will be a "piggy-
back" version without ROM, but with 
128 bytes of RAM. A 4K or 8K EPROM 
can be plugged into a socket on the top 
of the 8400. It has been designed spe-
cially for prototyping, testing mid low 
volume production and, apart from the 
program memory, has the same archi-

Integ-ated circui:s 
Semiconductors/Electron tubes 
Components/Assemblies 

PHILIPS 
tectural features, pin-out and I/O lines 
as the other members of Me family. 
Closely following the introduction of 
the 8400 will be four more types which 
will have mask-programmable ROM: 
the 8405 with 0,5 Kbytes ROM and 32 
bytes RAM; the 8410 with 1 Kbytes 
ROM and 64 bytes RAM; the 8420 
with 2 Kbytes ROM and 64 bytes 
RAM; and the 8440 with 4 Kbytes 
ROM and 128 bytes RAM. 
The new devices have an 8-bit CPU, 
ROM, RAM, a timer/event counter, and 
221/0 lines in a single 28-pin package. 
Over 80 one and two byte instructions 
make up the instruction set which is 
about 90% identical to that of an 8048. 
The instruction cycle time is 6,77 ps 
when a readily available 4,43 MHz 
crystal is used. 
Full support for the 8400 family can be 
obtained using Philips Microcomputer 
Development System (PMDS). This 
can handle every operation from preli-
minary design through to final debug-
ging and integration of hardware and 
software, with techniques including 
real-time in-circuit emulation, tracing 
and state analysis. A low cost design 
aid is also available. 

CIRCLE1350N READER SERVICE CARD 

VERY FAST 
RECTIFIERS 
Our range of fast recovery rectifier 
diodes has been further extended. 
Two new series of Super Fast Soft-
Recovery Rectifier Diodes are the 
BYV30 series in DO-4 and the BYV92 
series in DO-5, with average forward 
currents of 12 A and 35 A respectively. 
Their features include a low forward 
voltage drop of less than 1,05 Vat rated 
current, a high reverse voltage capa-
bility up to 400V, very fast recovery 
times of less than 100 ns, and non snap-
off characteristics. Reverse and 
normal polarity types are available. 
Further new types include Very Fast 
Soft-Recovery Rectifier Diodes 
1N3899/1N3903 and the 1N3909/ 
1N3913 with average forward currents 
of 20 A and 30 A, respectively. Desig-
ned for use in high frequency power 
supplies and inverters,they haves high 
reverse voltage capability up to 400 V, 
a fast recovery time of less than 200 ns, 
and non snap-off characteristics. 
These types have DO-5 metal enve-
lopes and are available in reverse and 
normal polarity versions. 

CIRCLE 137 ON READER SERVICE CARD 

ECONOMY MOTORS 
Our wide range of motors has been fur-
ther extended by the introduction of a 
complete economy series of synchro-
nous and permanent magnet stepper 
motors. 
Two groups of 4-phase unipolar step-
per motors are available now with step 
angles of 7° 30' and 15° and holding 
torque ratings from 7 mNm f090 mNm. 
The first group are designed to operate 
in the pull-in area with optimum torque 
and speed; the second group are high-
torque economy versions of existing 
types. 

An economy series of reversible syn-
chronous motors that are suitable for a 
variety of general industrial applica-
tions such as central heating or air con-
ditioning systems are also announced. 
These are available for use with a wide 
range of supply voltages, with speeds 
of 250 and 500 rpm, and torque ratings 
from 4 mNm to 70 mNm. 

CIRCLE1 38 ON READER SERVICE CARD 

MORE GENERAL 
PURPOSE 
RECTIFIERS 
Two new families of rectifier diodes, 
designated PH40 and PH70, have been 
added to our range of general purpose 
power devices. They have average for-
ward current ratings of 40A and 70 A 
maximum, respectively. Both families 
have versions with peak repetitive 
reverse voltage ratings of 200 V. 600 V 
and 1000 V. Double diffusion coupled 
with proven assembly methods 
ensures reliable performance. 
They are supplied in a DO-5 encapsu-
lation, which is specially suitable for 
power rectifiers of this class in 
industrial applications. Normal and 
reverse polarities are available for all 
versions. 

CIRCLE136 ON READER SERVICE CARD 

HIGH VOLTAGE 
ELECTROLYTIC 
CAPACITORS 
To meet the growing demand for eleC-
trolytics for use in high voltage circuits 
of televisions, monitors and other 
equipment, we have developed three 
complementary series, 041/042/043, 
and series 052 which is an extension of 
our popular 050 series. The 041-series 
are IEC 384-4 general purpose types 
with a capacitance range from 1 pF 
(385 V) to 22 pF (160 V). The 042 
and 043 are IEC 384-4 long-life 
types, ranging from 10 pF (385 V) to 
100 pF (160 V). These devices are avai-
lable with standard axial leads, or with 
one extra-long lead for single-ended 
mounting. In addition, 041 types are 
available with PCB pins for single-
ended mounting and 042 and 043 
types can be supplied with a 
mounting ring and PCB pins for use 
in high vibration applications. 
The 052-series are IEC 384-4 long-life 
types that range from 47 pF (385 V) to 
1000 pF (250 V). These are available 
with either solder tags or pin termi-
nations. 

CIRCLE139 ON READER SERVICE CARD 

Philips Industries 
Electronic Components and 
Materials Division 
Eindhoven - The Netherlands 

Electronic 
Components 
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A Choice of 3 Highly Reliable 
51/4" Floppy Disk Drives 

TEAC has develcped a series of 
5-1/4 inch floppy d;sk drives which 
feature MFM and FM recording 
methods (no write precompensation 
necessary) in line w;th the industry's 
recent move towards standardization. 
All three models incorporale 
advanced TEAC technology which 

FD-50C 
Double-Track Density 
(100 Tracks/Inch) 
The FD-50C is 

a double-track-density 
version, compatible with 

the Micropolis 1015 Model II. 
It uses a 100-track/inch 

format, for more than double 
the capacity of 

the 48-track/inch FD-50A, 
And as with the FD-50A, MFM 
recording format can be used 

if desired, further doubling 
the disk's capacity 

gives them high reliability and 
capacity. A brushless motor has 
been used which has an extremely 
long lifetime (average 10,000 hours), 
while a high-precision lead screw 
method is used for positioning the 
head to the correct track, greatly 
reducing the possibility of data errors. 

FD-50A 
Single-Track Density 

The FD-50A is TEAC's basic 
singe-sided, single-track-density 
model' It features an extended 

40 track format (48 tpi) and 

can alsc be used in 35 track mode 
for compatibility with 

the Shugart SA 400 In addition to 
the usual FM recording format, 

the MFM recording format 
can aso be used, effectively doubling 

the disk's capacity . The interface 
specification complies 

with the proposed 
ANSI standard 

TEAC 

FD-50E 
Double-Track Density 

(96 Tracks/Inch) 
The FD-50E is another 

double-track-density .(80/70 
tracks per disk) model. 
MFM and FM recording 
formats may be used, 

allowing a total capacity of 
up to 500K bytes. 

The interface specification 
complies with the prcposed 

ANSI standard 

TEAC CORPORATION: 3:7-3 t,,, mus riNno Tokyo Japan Tel. (04221 53-'111 

• U.S.A. TEAC Corporation td Arena. Tel. 12131 726-0303 • Canada R.H Ntchdls CO., Ltd. Tel (4161 661-3190 • Hongkong 
Dah Chong Hong Ltd Tel 5-251111. 5-226258 • Australia Jacoby Mdchell Ply Ltd., Tel 6307400 • South Africa Mayfalr 
Sales (Ptyald Tel 011-834-2131 • Belgium &Luxemburg Sintac Electronics SPRL • Denmark Canbd. Tel 103) 141515 
• France Tekelec Airtronic SA.. Tel 1534t 7535 • United Kingdom Tekdata ElectrenIcs Ltd leI 0782-813631 • Holland 
Simac Electronics B V . Tel 040-533725 • Italy A E.S.S E S FIL Tel 54.64.74' -2-3 • Switzerland Wenger Datentec hmk. 
7e. 061-34 50 96 • Spain Ate() Ingenteros .5 ATel 173313700 • Sweden Scantel AB. Tel 08-24 58 25 • West Germany 8 
Austria nbn Electronik Sternberg. Tel 1081541 '3036 
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FREE 
Brochure describes Electronics 
editorial reprints, services, books... 
• More thon 7C article reprints in 15 subject 
categories 

• Handy wall charts 

• Custom-mode 7eprint services 

• Books especially for Electronics' readers 

• Convenient postage-paid order cords 

For your free copy, 
circle #275 on the 
reader service cord. 

New products international 

The model GID050-1 digitally controlled 
power supply produces constant voltage or 
constant current as designated by an IEEE-
488 bus. It yields an output voltage of 0 to 
49.99 V dc and an output current of 0 to 1 A. 
Takasago Ltd., 662 Futako Takatsu-ku, 
Kawasaki 213, Japan [453] 

The HDR6 high-definition X-ray system is 
used with small-bore components. Its elec-
tron gun, with a 12-mm-diameter rod anode, 
focuses spots of approximately 0.04 mm. 
Andrex NDT Products (UK) Ltd., 12 Trafal-
gar Way, Bar Hill, Cambridge CB3 8SQ, 
England [454] 

dorete. 

de;ser--41-0-44e;0> 40:00.-40.49" 

The 471-3100 range of modular high-voltage 
capacitor-charging units has a charging rate 
of 30 J/s from a 24-V dc supply. The five 
models have output voltages of 2.5 to 30 kV. 
Hartley Measurements Ltd., Kenward House, 
Hartley Wntney, Basingstoke, Hampshire, 
England [455] 
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Working with microcomputers, system debugging and inteenion are critical 
development phases. Without the right tools to help them, your hardware and soft-

ware engineers are fighting a losing battle against 
mounting project costs and lead-time tocom-
pletion. PMDS - Philips Microcomputer Develop-
ment System - gives you all the right tools 
in an economic, easy-to-use package 
with interactive software for full operator 
guidance. 

Real-time emulation Testing and 
debugging can be carried out at true system speed - up to 5 MHz 
for 8085-A2, 4 MHz for Z80A, and 2 MHz for 6809. PMDS' 
RAM facilities can substflute for prototype hardware, 
so software changes during debugging don't 
demand reprogramming PROMs. 
Logic analysis Step-by-step logic analysis 
with a 255-word, 48-bit-wide trace memory 
shows you events in program history of a 
full-speed emulation run using pre-
selected breakpoints. Data dissassembled 
into instruction mnemonics helps pinpoint 
and solve problems quickly. 
Symbolic debugging Cross-referencing 
of symbolic names to absolute hexa-
decimal values for establishing break-
points, reading-out data, or other debug 
functions is done automatically by PMDS 
to let you concentrate on your job. 
I/O simulation Built-in software com-
mands can be used symbolically to 
specify PMDS system elements like key 
board, printer, screen and files for 
simulation of prototype I/0s that are no 
yet available. 
Multiprocessor emulation Simultaneous 
emulation of up to 4 different microproce 
sors can be carried out to debug complex 
systems using synchronized or inter-related 
breakpoints, giving a complete picture of 
overall system performance. 
PMDS speeds and simplifies debugging, helping 
you to get your system cperational as quickly 
and cost-effectively as possible. And remember 
PMDS isn't committed tc any single micro-
computer or family, so you can benefit directly 
from new technology or changed economic factors, 

Wider choice of cross-assemblers! Cross-assemble 
are now available for the whole 8048 family, 8080, 
8085, Z80, 2650, the whcle 6800 family including 6809: 
the whole 6500 family including 6500/1, TMS1000, and 
more to follow shortly! 

For more information about PMDS, contact Philips 
Industries, TO111-2-51, Eindhoven, the Netherlands. 
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When supplier dependability counts 
you can rely on components from HAMLIN. 

Anything you need ... 
and everything you want 

in Reed Relays. 

reeo o tnerctry-wetted c 
frame, SIP, DIP and DIL — sta 

the rs lay experience atd knovt-how to work with you 
any special need. 

Is voltage critical? We'll meet specs from nanovolts to 
kilovolts. Need a special contact? Hamlin gives you over 60 

diFerent choices in Form A, B or C. Most are run-in 
one-million operations at no added cost. Looking 

for a relay tc switch a specific load? We'll cus-
tomize from microomps to amps. 

These are just a few of the ways 
we can s'iorten your search for the 

relay mat's a perfect match for 
your circuit. There are scores of 
others. Call us today or write 
for complete details. We 

to be your relay 
maker. 

Lake and Grove Streets • Lake Mills, WI 53551 
el' (414) 648-2361 • TWX 910-260-3740 

INTERNATIONAL SALES OFFICES: 
England • Diss, Norfolk le 0379-4411/3 
France • Paris TN 202-5317 
West Germany • Bad Vilbel le 06193-7029/7020 

HOPE 
The project 
a ship launched. 
First there urns the hospital ship S.S. HOPE, now retired. 
Today HOPE is on established project which hos carried 
its goal of improving health through education to 24 
developing countries of the world and the United States. 

Give to: 

PROJECT Deportment R 
IIIInr Washington, D.C. 20007 

New products international 

The UDS-1000 universal development sys-
tem features a Z80 microprocessor with a 
64-K-byte main-memory capacity arid can 
emulate read-only memories and program 
erasable programmable ROMs. Multitech 
International Corp., 977 Min Shen E. Rd., 
Taipei, 105 Taiwan, Republic of China [456] 

2.; 7:Alià: 

- • 

The JN 5302 digital calibrator measures dc 
voltages and currents in five ranges-20 mA 
at 1-RA resolution, 200 mA at 10-µA, 200 
mV at 10-µV, 2 V at 100-MV, and 20 V at 
1-mV. It has 13-mm liquid-crystal-display 
digits. AOIP, 1 boulevard Hippolyte Marquès, 
75013 Paris, France [457] 

A highly lithium-ion-conductive solid electro-
lyte was designed to produce solid-state bat-
teries that are a maximum of 0.7 mm thick. It 
has a high energy density and a long shelf 
life without leakage. Hitachi Ltd., 5-1 Maru-
nouchi 1-chome, Chiyoda-ku, Tokyo 100, 
Japan [458] 
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Meets the age of quality sound with pioneering technology 

445 455 465' 

Frequency Characte istics 

SFU 
45513 

»  

4  r 

300 

SF El0.71432 

10.3 10.5 I .7 10.4 
Fre ,.e 

Optimum for IC Application 
Murata's original Ceramic Filters fulfill diversified needs of 

the IC age for miniaturization, concentrated filters, etc.. 

A piece of ultra-small, adjustment-free Ceramic Filter of high 
selectivity can substitute for 5 or 6 pieces of LC filters, thus 
exhibiting the special features of its own. 

Twenty years have already passed since Murata marketed 
Ceramic Filters ahead of the world. 

Murata's complete series of Ceramic Filters from low fre-
quency to high frequency including Surface Acoustic Wave 
Filters will develop new concept and possibility in the circuit 
design of AM & FM radio which requires a good sound. 

•455KHz Ceramic Filter For AM Radio 
Part Number 

Center Frequency 

3tIB Eland Meth 

—9KH4 off 
Selectiyoty - 

-F9K11. o.f 

Insertion Loss 

! SFE455A 1 SFZ45513 , SFZ4S5F • SFU45513 

' 4551(11/±2KHr . 4550.1/±21013 • 415501421(91 . 3621(114±20113 

• 4.5000±1011. • 6 50Ht±1011T • 4.3K1.21-1KHT . 10KHz±3KH: 
-- • 

• 28dB non 2008 mon. 2518 min. 6dB non. 
- • 

. 20d8 non I 8.89 on, 2301E rein 4413 on 

6d8 no, 633 max 608 max. • 5,18 max 

•10. 7MHz Ceramic Filter 

Part Number 

Cester Frequency 

34111 Band Wolf), 

20413 Band Widtr• 

Insertoon Loss 

Sponous Response 
(9— 21.1Hz) 

Group Delay Time 
0.Zepsec. Bend Wodth 

For Radio 

SFEIO 71.1A5 SFEIO 71/ S2 

A :1 0.;0MH7±30KHT 
B :1 0,67Mlizt 301(HT 
C:1073L4H,±3CKFIt 

280101T 230014n 
±50KFIT ±501(14x 

.6501(142 mac i6000114 max 

638 max 6013 Met. 
• 

• 

For FM IF Tuner 

.SFE10.711.1 SFE10.71AL 51010.79111 

•(Red) If:11.3.6.4MHT±30KHT (81ack) 
(Blue) E :10.76MHT±30KH: (WMIe) 
(Otenge) 

1501042 2/30KHc 230KHT 
±401,11/ ±501(Ht ±501(Hz 

.400KHE mac .7OCKHt mac •600K11: mac 

10d8 max. 

40d13 30dB rmn 40cB mn. 

1118 rnax. I Id13 man 

25dI3 mon 30dB ono 

lo±70101: Io±60KH, 
min 

»Input/output (rmeclance:330()• Temp Range: - 20t --:30t 

..-1••olue•ters 

fauram (Europe.GnomIl 

MURATA MFG. CO, LTD. 

Corporetocn of Arnefe• 
elurete Electromcs Soregepore (Pte )Ltd 

Murata Company Ltd (Kong Kong)   

• Iheoncerskyo-nh, Kyoto .140..r, 
Phone 075-921-911 Tel,. 364270 

  Phone 0211-48-4062 Telox 413585549 SMOG D 

 Poona 404-952-9777 Tee. 230542328 MURATA Art 

Phone 554233. 554023 Tel.. 8721127 IrIllfiA5174 
Phone K-306291. K-3062Ie Telex 80286203 06MAI MK 

On paper 
they're the best 
solid tantalums 
you can get. 

ITT's TAR solid tantalums come complete 
with the considerable advantages of approval 
by BS/CECC. 

On top of these paper qualifications, 
they've got plenty of solid practical advantages 
too. 

For example, they're taped and reeled for 
automatic insertion. Their low profile can 
increase the packing density in the rack for 
your PCB's (a big plus if you're short of space). 
They've got low impedance and low leakage. 

And of course, they can boast something 
no other solid tantalum has: they're 
manufactured by ITT, the biggest, most 
progressive producer of capacitors in the UK. 

So if you're looking for top quality get 
ITT solidly behind you. 

Before your competitors do. 

ITT Components Group, Capacitors, 
Tantalum Capacitor Division, 
Brixham Road, Paignton, Devon TQ4 7BE. 
Tel: (0803) 550762. Telex: 42951. 

Components ITT 
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• Super power 
Super small 
Super E-Line 

• 2.5 Watt dissipation at T,,se = 25°C 

• 6 Amp maximum current rating 

• 2 Amp continuous (lcm) 

• High voltage up to 120V 

• Guaranteed gain at 2 Amps 

• Very low saturation voltage 

• Fast switching 

• Truly complementary pairs 

• ExcelJent linearity 

• Operational to T, = + 200°C 

• High reliability silicone plastic 

• Hybrid pin-out available 

Send for data sheet today to Ferranti Electronics Limited, 
Fields New Road, Chadderton, Oldham OL9 8NP. 
Telephone: 061-624 0515 Telex: 668038 

Circle 183 on reader service card 

FERRAN TI 
Semiconductors 

EL02136/100 

Upward mobility. 
When are you going to get your very 

own, personal subscription to Electronics? 
It could be very important to you. 

And we're not just referring to your status in the 
office hierarchy 

You (and we) are in a quick-moving 
business. News breaks frequently Change is the 
name of the game. Awareness is the way to win. 

You've got to follow what's going on 
beyond your specialty Your career may have to 
last longer than your specialty 

If change is the game, obsolescence is 
the penalty for losing. Obsolescence of products, 
of technology and, unfortunately of people. We 
can't change this fact. But we can help you cope 
with it. 

Give us one hour of reading time every 
two weeks and we will keep you aware of what's 
going on around you and around the changing 
world of electronics technology 

Move up. Fill out one of the subscrip-
tion postcards in this issue. 

Electronics Magazine. 
The one worth paying for. 
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New products international 

The USS 1 protection system is a mechani-
cal feed-through unit designed to protect 
against overvoltages and interference. The 
protective circuits have discharge capacities 
of 25 kA and voltage ratings of 6 to 150 V. 
Cerberus AG, CH-8708, Mânnedorf, West 
Germany [459] 

The MGF-1403 is a high-performance gal-
lium arsenide field-effect transistor designed 
for Ku-band operation. It is a single-stage 
amplifier with a minimum noise figure of 2.7 
dB and an associated gain of 6.4 dB at 18 
GHz. Mitsubishi Electric Corp., 2-2-3 Maru-
nouchi, Chiyoda-ku, Tokyo 100, Japan [460] 

The 2200 series illuminated push-button 
switch has a contact resistance of 10 mg 
maximum and a dielectric strength of 2,000 
V at 50 Hz minimum. It has a rating of 6 A at 
250 V ac with a resistive load and 3 A at 250 
V ac with a motor load. APR, 82270 Montpe-
zat-de-Quercy, France [461] 



Leaders in 
Electronics 

The only reference devoted solely 
to biographies of the most 
influential people in electronics 

• corporate executives • technical 
managers • designers/developers • 
government and military officials • 
academics • consultants • editors/ 
publishers • trade/professional 
group directors • securities analysts 

Plus an 80-page index of biogra-
phees by affiliation, including 
independent consultants in every 
electronics specialty. 

Preparéd by the staff of Electronics 
magazine. 5,240 biographies. 651 
pages, clothbound. $39.50 

Electronics Magezine Books 
P 0 Box 669, Hightstown. NJ 08520 
Send me... 

copies of Leaders in Electronics @ 
639.50 plus applicable sales tax. McGraw-Hill 
pays regular shipping and handling charges on 
pre-paid orders. 

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

D Payment enclosed E Bill firm 0 Bill me 
Charge to my credit card: D American Express 
ID Diners Club ID Visa D Master Charge 
Acct. No. . _ _ _   Date Exp.   

On Master Charge only, 
first numbers above name 

Name 

Company 

Street 

City  _Sta;e Zip   

Signature 

Electronics international 

A solid-state electrostatic locator, housed in 
cast aluminum, runs off a single 9-V battery, 
which is included. The locator's two scales 
indicate 5,000- and 30,000-V deflection. 
Surrey Electro-Materials Ltd., Surrey House, 
London Road, Staines, Middlesex TW18 
4HW, England [462] 

The QSFM6 flowmeter employs silicon-chip 
technology to measure the flow of waste 
water in partially filled pipes and open chan-
nels. II uses a probe connected to a portable 
control and display unit. Quantum Science 
Ltd., 27 St. George's Rd., Cheltenham, Glou-
cestershire GL50 3DT, England [465] 

11111111.1141111.0111111_11111. 

The LXX series of resistor networks comes in 
low-profile 6-, 9-, 10-, and 11-pin single in-
line packages with pull-up circuits or isolated 
resistors. Typical power dissipation is 180 to 
200 mW per resistor. Beckman Instruments 
Ltd., Queensway, Glenrothes, Fife KY7 5PU, 
Scotland [464] 

PC 

MINI DIP 
ft 
SWITCH 

MOUNTABLI SWITCH 

Choice of 2,4,5,6,7,8,9 and 10 poles 

Slide: B-2,4,5,6,7,8,9,10A 
(Tape sealed is available) 
DNS04,06,08-GF 
(Tin alloy plated is available) 
DNF4,6,8 
(Light touch version) 

Piano: DNP4,8 DNT4,8 DNP1 
Rocker: SPC002,4,5,6,7,8,10 
Transfer: NP2,4 B-AX (2,4,6,8,10) 
PC mountable switch: UT series 

Representatives 
ALFRED NEYE-ENATECHNIK GMBH 
2085 Hamburg.Schillerstr. 14, W. Germany Phone: 04106/612-1 
COMEPA 
34. Rue Jacquart-93500 Paniin, France Phone: 844.87-39 
DOIT. ING. GEISEPPE DE MICO S. P. A. 
20121 Milano-Via Manzoni, 31, Italy Phone: (02) 65.31.31. 
INOTEC AIS 
Marielundsej 46 A DK-2730 Hertel,. Denmark Phone: (02) 948033 
INTERNATIONAL TECHNOLOGY RESOURCES INC. 
One %%lc Trade Center Suite 345. New York, N.Y. 10048, U.S.A. 
Phone: (212)839.0988 
MEMOTEC AG 
CH-4932 IotzooI. Switzerland Phone: 063 28 11 22 
NORDSWITCH AB 
Sodra Kurevagen 236 Lidingo, Sweden Phone: 08/7665410 
P. CARO AND ASSOCIATES LTD. 
2347 Coventry Road, Sheldon, Birmingham 826 3LS, 
United Kingdom Phone: 021.742.1328 
SAEN 
Apartado 50 San Cagot Del Vanes t Barcelona) 
Phone: (93) 674 10 LI 
SAHKOLIIKKESDEN OY 
Sahkomete PL 88/P.O. Box 88 (r.301 Vanua 30, Finland 
Phone: 90-S381 
TELEREX NEDERLAND B. V. (Holland Netherland Luxemburg 
Belgium) P.O. Box 180 5680 AD Best. Netherland 
Phone: 04998-4295 
TELEREX N. V. 
Kouwenbergdreef, 6 2230 Schilde. Belgium Phone: 031/83.33.50. 
CHEMICO TRADING COMPANY 
RM. 1102. New Seoul Bldg., No. 62.7, 2-ka.Chungmu-ro. 
Chung.ku, Seoul, Korea Phone: (02) 777-5768 
KARIN ELECTRONIC SUPPLIES CO.. LTD. 
RM. 100 1-2 Clow Sang Sang Bldg., 229 Nathan Road. Tsimshatsui, 
Kowloon, Hong Kong Phone: 3-668338 (695321) 
MICROTRIONICS ASSOCIATES PTE LTD. 
35B Block 1003 Aljunied Avenue 5•Singapore 1438, Singapore 
Phone: 447.1835 
XENITEK PTY LIMITED 
P.O.Box 128 ::10 Wattle Road. Brookvale. N.S.W. 
Australia Phone: 932 4311 
H. KOPP AND CO. (PTY) LTD. 
P.O. Box 2944 Johannesburg 2000 South Africa Phone: 23-6511 
TELSYS LTD. 
12 Kehilat Venezia Street Tel Aviv, Israel Phone: 482126.7.8 
INDUSTRIAS ELECTRICAS " NASA" S. R. L. 
Urguay 267.182:0 Avellaneda. Buenos Aires, Argentina 
Phone: 208.5914 

J 11 (0 
JEPICO CORPORATION 
Overseas marketing section 

Shinjuku Dai-lchi Seitnei Bldg., P.O. Box 5016 
Shinjuku-ku, Tokyo 160, Japan 

Telex: 2323167 JEPICO J 
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Getting down to the finer 
details of microelectronics 

As a leading manufacturer, and user, of micro-
electronic technology, Philips is constantly searching 
for techniques that will improve the production pro-
cess, or the product, or - ideally - both. This objective 
has now been achieved with the development of the 
`Beamwriter' vector scan lithography system. In fact, 
it's the only production-oriented vector scan electron 
beam writing system available in the world. 

PHILIPS 

Compared to conventional optical lithography 
techniques, vector scanning produces significant 
savings in the time taken to produce a set of masks or 
reticles; hours instead of days. It is also much more 
efficient than the raster scan E-beam method because 
the writing beam is directed only to points where 
exposure is required. The Beamwriter also generates 
an exposure dosage twenty times greater than other 

Circle 114 on reader service card 

Invitation 
Please visit us at Microelectronics - international 
conference and exhibition of microelectronic production 
and test equipment - in Eindhoven, Holland. 
February 4,5 and 6, 1981. 

18E Electroniics/ December 18, 1980 



commercially available Electron Beam systems to 
provide a faster maximum writing speed and a wider 
choice of resists. Direct writing, with proximity 
correction if necessary, is also possible. 

But perhaps the most remarkable feature of the 
Philips Beamwriter is its ability to produce beam spot 
sizes down to 0.025 microns. Which means that, while 
being right for the LSI circuit chips of today, it is 

Long-haul optical transmission. 
A 140Mbit/s optical transmission system 
utilizing the 5B/6B optical line code has 
been successfully completed in the Philips 
laboratories to demonstrate the feasibility 
of long-haul optical transmission. Inter-
mediate repeaters, spaced 8km apart, 
were used to obtain a total length of 96km 
- the longest optical transmission run in 
the world! The system incorporates the 
remote alarm signalling, error monitoring 
and fault location facilities required for 
future operation. Presently, Piilips 
is cooperating with the Dutch PTT in a 
140Mbit/s field trial using 12 - fibre 
armoured type buried cable connected be-
tween two nodal exchanges. 

Circle 115 on reader service card 

ready for the finer details of the VLSI technology of 
tomorrow. 

The Beamwriter is the result of integrating 
Philips' vast research facilities with the Company's 
expertise and experience in the fields of IC technology, 
electronics, computerised systems and electron 
optics. Here are some more examples of that multi-
technology capability. 

Data logging. Thermal distortion due 
to solar heating of the 100 metre dish of 
the Max Planck radio telescope in West 
Germany, is measured by means of tem-
perature sensing at strategic points about 
the structure to an accuracy of 0.1°C by 
Philips PT100 probes and recorded on a 
Philips PM4000 data logger. The logged 
data is used to indicate when error-free 
observations can be made without correc-
tion for thermal distortion. Circle 116 

Write for more information to: Philips 
Industries, C.M.S.D.-Advertising, 
V0p, Room 22, Eindhoven, Holland. 

Or telephone: 
Athens 9215 311, Brussels 21 91 800, 
Copenhagen 01-5722 22, Dublin 69 33 55, 
Eindhoven 79 33 33, Hamburg 2812 348, 
Helsinki 17271, Lisbon 68 31 21, 
London 836 4360, Madrid 40 42 200, 
Milan 69 94 371, Oslo 46 38 90, 
Stockholm 63 50 00, Vienna 62 9141 
ext. 471, Zurich 43 22 11. 
Or telex: 
51121-PHTC-NL/CMSD-Advertising, 
Eindhoven, Holland. EL 

16-bit microprocessor chip, based on 
the Philips P851 hardware/software inter-
face, has been developed by Philips Data 
Systems: one of the few computer manu-
facturers to have done so. Containing 
17 000 active transistors in a 36mm surface 
area, the new chip will be used as a central 
processor in future systems. In addition to 
increased processing speed, the fact that 
the software interface does not change 
with regard to existing software means 
that the costly, time-consuming task of re-
writing software is eliminated. 

Circle 185 on reader service card 
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"When are you going to get yours?" 

When are you going to get your very 
own, personal subscription to Electronics? 

It could be very important to you. 
And we're not just referring to your status in the 
office hierarchy 

You (and we) are in a quick-moving 

business. News breaks frequently Change is the 
name of the game. Awareness is the way to win. 

You've got to follow what's going on 
beyond your specialty Your career may have to 
last longer than your specialty 

If change is the game, obsolescence is 

the penalty for losing. Obsolescence of products, 
of technology and, unfortunately of people. We 
can't change this fact. But we can help you cope 
with it. 

Give us one hour of reading time every 
two weeks and we will keep you aware of what's 
going on around you and around the changing 
world of electronics technology. 

Move up. Fill out one of the subscrip-
tion postcards in this issue. 

Electronics Magazine. 
The one worth paying for. 
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New line circuits. New peripheral drivers. 
Add them to TI's broad linear line. 

TI linear leadership continues with the 
addition of these new innovative inter-
face circuits. So for all your system de-
sign requirements, Texas Instruments 
is your super source. 

Bus transceivers 
For quick, easy board layout, octal 
SN75163, without internal line termina-
tion and with I/O pinouts directly 
across from each other. Choose three-
state or open-collector output mode 
control for system flexibility. Other 
general-purpose bus transceivers are 
N8T26 and N8T26A — for high-speed, 
single-ended data transmission. 

RS422/423 drivers/receivers 
TI offers these versions of popular 
RS422 drivers/receivers as a second 
source. AM26LS31/32A and MC3486/ 
87. Ideal for high-speed differential 
transmissions in a dedicated system. 
Enable for all four channels is a big 
plus, too. 
Looking for duals that meet RS423? 

Specify TI's UA9636A/37A. This high-
performance pair finds ideal application 

© 1980 Texas Instruments Incorporated 

in all single-ended data transmission. 
UA9636A operates with or without an 
external diode. 

Peripheral drivers 
The industry leaders. Single package, 
monolithic devices that save assembly 
time and board space, improve reliabil-
ity, cut component costs and drive all 
kinds of inductive loads. All the logic is 
on-the-chip. Availability is good and 
prices are competitive. 
SN75446 is a low-power dual driver 

that checks in at 70 mW standby power 
(typ) and is capable of driving 400 mA 
and switching up to 50 V. Internal in-
ductive clamp diodes, PNP inputs for 
very low (1 p.A) input current and all 
logic mode availability are some other 
key specifications. 
SN75437, the next generation low-

power quad driver with 700-mA drive 
capability, obtained by using unique 
single-saturated transistor output, fea-
tures 200-mW standby (typ) and 35-V 
switching capability. This device is 
available in a 2-W copper lead-frame 
DIP. 

UDN2841 and UDN2845 — 1.5-amp 
quad drivers with DTL, 'TTL and 5-V 
CMOS-compatible inputs. Switching 
power up to 35 V. UDN2841 sinks from 
a negative supply while UDN2845 sinks 
and sources. PNP level shifting allows 
operation to negative voltage. Offered 
in a 2-W copper lead-frame DIP. 

Applications include DC motor drive, 
telephone relays and discharge 
printers, to name just a few. 
The TI ULN2064 Series (2064 

through 2069) and, additionally, 
ULN2074 and 2075, are quad 
Darlington drivers with 1.5-amp output 
current capability. Switching voltages 
vary from 35 to 5) V depending on the 
device. ULN2074 and ULN2075 em-
ploy sink or source mode outputs. 

Prices and data sheets 
Available at your local TI 
field sales office or 
authorized distributor, or 
by writing to Texas In-
struments Incorporated, 
P. 0. Box 225012, M/S 
308, Dallas, Texas 75265 

TEXAS INSTRUMENTS 821751 

ARGENTINA 748-1141 • AUSTRALIA (02) 887-1122 • BELGIEJBELGICIUE (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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Introducing the Intellec Series III. Th 
system for designers who want th 
technological heights. 
Only Intel offers both state-of-the-art microprocessors 
like the iAPX 86, iAPX 88 and 8051, plus development 
systems like our new Series III, that let you reach new 
highs in performance. 

To reach the top of the VLSI design 
world, it takes technologically advanced 
products. The iAPX 86, the industry's 
highest perfoFmance 16-bit micro-
system. The iAPX 88, the industry's 8-bit 
price-performance champion. The 
8051, the industry's most powerful 
single-chip mcrocontroller. And the 
industry's only development system that 
fully supports the newest technology: 
the Intellec® Series Ill. 

Get versatility and performance 
in one development system 
Senes hi s the only development 

system that supports design efforts 
varying from signal processors, through 
universal peripheral interfaces and 8-bit 
microprocessors, to powerful, 16-bit 
microsystems. And does it all at either 
the component or single-board-
microcomputer level. That's because 
the Series Ill's dual processor (8085, 
8086) architecture always provides the 
right level of functionality for any 
development project. Plus, the Series 
Ill's one megabyte address space and 
7.5 megabyte hard disk capacity allow 
you to increase compilation throughput 
by a factcr of 5—compared to previous 

Intellece Series Ill Development System 

Intellec systems—while accommo-
dating unusually large, stand-alone 
development projects. 



levelopment 
:hallenge of 

Prepare now for future growth 
The new Series III represents the latest 
—and highest—performer in Intel's line 
of planned development solutions. 
This line includes the Series II, for 8-bit 
development projects, and the new, 
tow-cost Model 120 for smaller 8-bit 
projects that require an entry level 
development system. These systems 
provide a natural upgrade path for 
stand-alone development efforts. 

For large, multi-user projects, Intel offers 
a second upgrade path: the new NDS-1 
network development system. With 
NDS-1, all Intellec stand-alone models 
can be tied into a distributed develop-
ment configuration. NDS-1 supports up 
to 15 megabytes of disk storage, and 
provides resource sharing for up to 
eight Intellec systems. So now you have 
the flexibility to use any of the Intellec 

system technologies in projects ranging 
from small, stand-alone efforts, to large, 
complex systems. 

Get the broadest range of 
languages and in-circuit emulators 
To shorten development cycles and get 
your products to market sooner, Intellec 
systems provide the broadest range of 
design/development tools in the industry. 
High-level programming languages, 
such as Pascal, our block-structured 
application language; PL/M, our systems 
implementation language; and our 
ANSI-compatible FORTRAN. Plus 
macroassemblers for every program-
mable Intel device. ICE' in-circuit 
emulators, available at the same time a 
new Intel device is available. A world-
wide training network. On-site training 
programs. Field maintenance, including 
a toll-free hotline. Plus the largest staff 
of field applications engineers in the 
semiconductor business. 

That's our full spectrum of development 
system solutions. And only Intel offers it. 

TYPE CPU SUPPORT 

ANALOG 2920 
2920 Assembler 
High-Level Compiler 
Simulator 

SINGLE- 
CHIP 

8048,8049 ASM48, ICE49" 
Multi-ICE" 

8022 ASM48, ICE49" 

8041A ASM48, ICE41A" 
Multi-ICE" 

8-BIT 8080, 8085 
ASM80, PL/M 
Pascal, FORTRAN 
COBOL, BASIC 
ICE80"/ICE85" 
Multi-ICE" 

iAPX 88 
ASM88, PL/M 
Pascal, FORTRAN 
ICE88" 

16-BIT iAPX 86 
ASM86, PL/M 
Pascal, FORTRAN 
ICE86" 

ICE86 i88  
Extensions 

ASM89 
Real Time 
Breakpoint 
Facility (RBF) 

APX I 86/20, 

iAPX 88/20 
(numeric data 
processor) 

iAPX 86/11, 
iAPX 88/11 
(with 8089 
I/O processor) 

Intel's Total Hardware/Software Support 

Protect your development 
system investment 

All Intellec systems delivered since 1975 
can be upgraded to the latest develop-
ment system technology. And they'll 
continue to be upgradable in the future. 
That's because Intellec systems are 
planned as a progression of products 
that keep pace with rapid microcom-
puter advances. Thus Intellec systems 
enable you to be first in using the latest 
technology. More importantly, they protect 
your development system investment. 
That's critical, both now and in the future, 
because today's Intellec systems will 

support the next generation of micro-
processors: the iAPX 186 and iAPX 286. 
And allow you to transfer design skills 
from one generation of products to 
another, cutting down on retraining time 
and costs. 

B
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NDS-1 

Series III 

Series II 

Model 120 

COST 

Intellece Upgrade Path to Investment 
Protection 

All of which comes down to this: Only 
Intel offers both state-of-the-art advances 
in microprocessors and the upgrad-
able development systems to support 
them. They go hand in hand. So, when 
you're considering the problems of tech-
nology change, varying levels of project 
complexity, and system upgradability, 
remember: Intel delivers complete devel-
opment system solutions. And only Intel. 

For further information, contact your local 
Intel sales office/distributor, or return 
the coupon to Intel Corporation, 3065 
Bowers Avenue, Santa Clara, CA 95051. 
Telephone (408) 987-8080. 

Please send me more information on 
Intellece Development Systems. 

D I have an Intellec system. Please 
send upgrade information. 

Processor(s) being used-

Language(s) being used:  

No. of planned programmer 
workstations:   

Name  

Title/Organization  

Address  

City/State/Zip  

0 I have an immediate requirement. 
Please telephone me at: 

e 12 

Europe: Intel International, Brussels, BelgiLm. 
Japan. Intel Japan, Tokyo. United States and Canadian 
distributors. Alliance, Almac/Stroum, Arrow Electronics. 
Avnet Electronics, Component Specialties, Hamilton/Avnet, 
Hamilton/Electro Sales, Harvey, Industrial Components, 
Pioneer, L.A.Varah, Wyle Distribution Group, Zentronics 

'delivers 
solutions 



Look closely, and 
diet actually does the work of two 

8AE is a high-speed ambient handler that can also meet your occasional 
temperature handling needs. Best of all, you get both ambient and hot 

g capabilities for the price of some competitive ambient handlers alone. 
The 3608AE delivers 11,500 DPH (at 120 ms test time) in the ambient 

handling mode. With the simple flip of a switch, the 3608AE becomes an 
elevated handler, delivering 900 DPH at test temperatures up to 155°C (-±-5°C). 

Microprocessor-based electronics give the 3608AE more uniform temperature 
control. Micropmcessors also control the handler's self-diagnostics, 

sort parity and status indicators. 
Best of all, the 3608AE gives you the rugged reliability that MCT 

builds into every handler. 
Call or write MCI' today for detailed information on the new 3608AE. 

And find out why it's two of the best IC handlers you can buy. 

logy, Inc. 
P.O. Box 43013, St. Paul, MN 55164, (612) 482-5170 

• ENGLAND: Millhouse, :oun. ry Roa uckingham Shire, Loudwater. High Wycombe. Tel: Boume End 28231-5. Telex: 848798 • FRANCE: 32, Place 
De LaLoire, Silic 441,94593 RUNG IS Cedex, Tel: (Paris) 687 32 30, Telex: 842/16092 ITS-RUNG • WEST GERMANY: Lnadsberger Suasse 439, Munich 
60, Tel: (Munich) 089/71-44-021, Telex: 841/5212560 ITS D. 
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Probing the news 
Analysis of technology and business developments 

ISSCC opens era of ultra LSI 
HP's six-chip set goes beyond LSI as meeting also establishes 

that C-MOS is the leading technology for memories and processors 

by John G. Posa, Solid State Editor, and Roger Allan, Components Editor 

No sooner is the potential of very 
large-scale integration demonstrated 
than word comes of ultralarge-scale 
integration. How else is it possible to 
categorize a 32-bit processing system 
composed of six chips holding up to 
600,000 transistors apiece? Such a 
system will be reported by Hewlett-
Packard Co. at the next Internation-
al Solid State Circuits Conference, 
to be held Feb. 18-20 at the Grand 
Hyatt Hotel in New York City. 

In 17 day sessions and 10 evening 
panel discussions, this grandest of all 
semiconductor conferences will do 
more than prove the industry's abili-
ty to integrate 100,000-plus transis-
tors onto a silicon substrate. It will 
remove all doubt that comple-
mentary-mos technology is a clear 
winner for memories and micropro-
cessors, perhaps for VLSI in general. 
ISScc '81 will also help suggest new 
applications for an emerging class of 
very high-voltage integrated circuits 
and extremely accurate data-acqui-
sition circuits. 

In addition, with achievements 
like those from the Fort Collins 
(Colo.) division of HP and elsewhere, 
the conference will question whether 
the ever-specialized needs of VLSI 
chip consumers can be met with 
standard components from today's 
vendors or if they will need to be 
custom-crafted by captive suppliers. 
And, perhaps most importantly, the 
contributions will underscore the 
unrelenting productivity of Japan. 
Where are dynamics? At last Feb-

ruary's conference, 256-K and bigger 
Japanese dynamic random-access 
memories seemed to come out of the 
blue [Electronics. Feb. 14, 1980, 
p. 138]. This time, if not for a chip 
that was the original charter of 

Inmos Corp. in Colorado Springs—a 
64-K RAM—and a so-called pseudo-
static device from Intel Corp.'s Alo-
ha, Ore., operation intended for use 
with its microprocessors, dynamic 
RAMs would be practically absent. It 
was hoped that U. S. companies 
would have their quarter-megabit 
RAMs ready, but perhaps they are 
holding off for dramatic late-news 
slots as the Japanese did. 

In place of dynamic devices, there 
are static RAMs of all kinds, hurdling 
density and performance barriers. 
The presence of 4-K static RAMs 
means that superfast c-mos is not 
waiting for anything. For 18- to 25-
nanosecond access times that handi-
ly surpass comparable n-channel 
devices, Toshiba Corp. opted for a 
bed of sapphire and molybdenum sil-
icide [Electronics, Sept. 11, 1980, 
p. 80]. Hitachi Ltd. scaled its high-
performance process into second-

generation Hi-C-MOs il, and Intel 
preferred n-type to p-type diffused 
wells for its new bulk silicon process 
[Electronics, Dec. 4, 1980, p. 39]. 
Mostek Corp. of Carrollton, Tex-

as, will reveal a memory with 
dynamic features, such as a capaci-
tor for storage, that latch data like a 
static RAM. The result is a 4-K-by-
8-bit chip with only four elements 
per cell instead of six. IBM Corp.'s 
Thomas J. Watson Research Center 
in Yorktown Heights, N. Y., will 
present three papers on memory 
technology, one of which concerns a 
new dynamic cell that takes up an 
area of only 34 square micrometers. 
Even the smallest of today's 64-K 
RAM cells are well over 100 ian 2. 
IBM reduced the size by using tung-
sten silicide to improve propagation 
to and from the cell. 
Nippon Electric Co. is also using 

silicide technology to pep up polysili-

Session 

MICROPROCESSORS AND DIGITAL CIRCUITS AT THE IISSCC 

Description Source 

9.1, 9.2 A 32-bit processing system comprises a central processing 
unit, I/O processor, memory controller, 128-K RAM, 
and 512-K ROM. 

Hewlett-Packard 

9.3 13,000 transistors are integrated in a 16-bit n-MOS 
processor that executes minicomputer instructions over 
a microprocessor bus. 

Digital Equipment, 
Integrated Circuit 
Systems 

9.4, 9.5, 
9.6, 9.7 

An execution unit, instruction decoder, and I/O interface 
processor make up a very large-scale integrated 32-bit 
microcomputer. 

Intel 

16.1 An 8-bit reconfigurable single-chip microcomputer 
contains a 1-K-byte rewritable program memory and 
a 60-byte nonvolatile RAM. 

Hitachi 

13.3 
. 

Analog inputs are read by an implantable 4-bit C-MOS 
biomedical microcomputer that then generates analog 
output signals. 

I ntersil 

• 13.4 A graphics display controller manipulates an off-chip 
256-K-by-16-bit memory to draw color pictures at a 
rate of 800 ns per dot. 

Nippon Electric 

2.5 A complete single-chip speech-synthesis system will 
talk for 8 to 10 seconds from an internal ROM or 
longer with external memory. 

General 
Instrument 

16.4 A 2,500-gate bipolar master slice, with 0.8-ns, 0.5-mW 
gates, replaces a multitude of small- and medium-scale 
integrated chips. 

Mitsubishi 
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Probing the news 

con, but in a late-model 16-K static 
RAM. Texas Instruments Inc. of Dal-
las will show a competing memory 
that has nearly the speed of the NEC 
RAM—a 30-ns access time—without 
having to resort to refractory metals. 
Intel will again discuss its 16-K-by-
1-bit static RAM, this time explain-
ing why it went back and added 
redundancy to the chip [Electronics, 
Dec. 4, 1980, p. 108]. Inmos's 64-K 
RAM will also have on-chip spare 
parts for fault tolerance. In fact, 
component-level redundancy has be-
come so consequential that an eve-
ning panel discussion will be devoted 
to it. 
NEC will be the second to 

announce a 64-K static RAM, follow-
ing Matsushita Electric Industrial 
Co. [Electronics, Nov. 6, 1980, 
p. 145] at the last isscc. But while 
Matsushita puts its 8-K-by-8-bit unit 
in a 24-pin package for plug compat-
ibility with byte-organized read-only 

Session 

HIGH-SPEED CIRCUITS AT THE ISSCC 

Description Source 

7.1 Commercially available field-effect transistors in a 
three-stage amplifier provide 12 ±1.5 dB of gain 
from 150 MHz to 16 GHz. 

Thomson-CSF 

11.3 Hyperabrupt gallium arsenide varactor diodes tune 
an on-chip 4-mW GaAs FET oscillator over a 
frequency range of 7.3 to 15.6 GHz. 

Texas Instruments 

13.5 A single-chip fiber-optic receiver accepts inputs 
directly from a photodiode and converts them into 
digital data at 200 Mb/s. 

IBM 

15.6 Self-alignment and titanium-tungsten gates team 
up in ultrahigh-speed GaAs metal-semiconductor 
FETs having 50-ps propagation delays. 

Fujitsu 

memories, NEC'S chip, curiously ar-
ranged by 1 bit, matches the pinout 
of 16-pin 64-K dynamic RAMS. 

In terms of raw speed, however, 
the ribbon goes to the Musashino 
Electrical Research Laboratory of 
the Nippon Telegraph & Telephone 
Public Corp. It will unveil a 1-K 
emitter-coupled-logic RAM with an 
access time that dips below 3 ns. 
Self-alignment of polysilicon is in 
part responsible for its process, 
which could conceivably produce a 

MEMORIES AT THE ISSCC 

Session Description Source 

1.1 Complementary-MOS on sapphire and 2-pm molybdenum- 
silicide gates produce an 18-ns 4-K static random-access 
memory with a 50-14W standby power dissipation. 

Toshiba 

1.2 Double-polysilicon Hi-C-MOS II technology builds an 18-ns, 
150-mW 4-K static RAM in bulk silicon using 2-pm rules. 

Hitachi 

15.1 N-type wells in a high-resistivity substrate allow a 4-K C-MOS 
static RAM a 25-ns access time and microwatt standby 
consumption. 

Intel 

1.3 1.5-pm design rules are used for a 64-K-by-1-bit static RAM 
that fits into a 16-pin package just like a dynamic memory. 

Nippon Electric 

1.4 Scaled-down n-channel technology and double-level polysilicon 
are all that is needed for a 30-ns 16-K-by-1-bit static RAM. 

Texas Instruments 

1.5 A 25-ns 16-K-by-1-bit n-MOS static RAM gets its speed from sub- 
nanosecond molybdenum word lines and 1.5-pm photolithography. 

Nippon Electric 

8.3 Redundancy is used in a fault-tolerant 100-ns 64-K dynamic 
RAM with on-chip refreshing not controlled via pin 1. 

Inmos 

8.4 Three transistors and a storage capacitor—not six components— 
form cells in a 4-K-by-8-bit fully static RAM. 

Mostek 

8.5 Multiplexed address, data, and input/output signals interface 
a self-refreshing 4-K-by-8-bit dynamic RAM with 8- or 16-
bit microprocessors. 

Intel 

12.3 1-pm features result in a 34-µm2 dynamic RAM cell, speeded 
up with tungsten silicide films. 

IBM 

12.4 Storage capabilities are multiplied in a multilevel charge- 
coupled-device memory insensitive to geometry and 
parameter tolerances. 

IBM 

12.6 Integrated injection logic and merged-transistor logic are 
given split emitters for an 12L-MTL memory cell with double 
the speed of older designs. 

IBM 

13.7 Peripheral circuits double as logic-checking hardware on a 
self-testing 1-K read-only memory with error detection 
better than 99.6%. 

Aachen and 
Duisburg 
universities 

15.5 What is called super-self-alignment of polysilicon base with 
emitter regions takes credit for a 2.7-ns 256-by-4-bit emitter- 
coupled-logic RAM. 

NTT Musashino 
Electrical Commun-
ication Laboratory 

5-ns 4-K bipolar RAM. In the area of 
Roms, Synertek Co. of Santa Clara, 
Calif., will describe a 45-ns mask-
programmable device with a standby 
power consumption of 75 milliwatts, 
and West Germany's Aachen and 
Duisburg Universities will present a 
1-K ROM that tests itself. 
Chip computers. Along side HP'S 

processor, which consists of a central 
processing unit, input/output proces-
sor, memory controller, 128-K RAM, 
and 512-K ROM, Intel and Digital 
Equipment Corp.'s Hudson, Mass., 
unit will discuss their own solid-state 
computers. Working with Integrated 
Circuit Systems of Worcester, 
Mass., DEC has taken a low-density 
approach in integrating one of its 
16-bit minicomputers onto a 13,000-
transistor chip. Intel managed to get 
a paper accepted on each chip in its 
set [Electronics, Nov. 6, 1980, 
p. 42]—an execution unit, a 32-bit 
instruction-decoding unit, and an tio 
interface processor—as well as a 
fourth paper on the management of 
the project. Also, Toshiba will again 
discuss its 16-bit c-mos-on-sapphire 
microprocessor, and the Hitachi 
Central Research Laboratory will 
apparently be the first to preview a 
microcomputer with an on-chip writ-
able control store using electrically 
erasable storage. 

Still, the bulk of the papers in the 
program will concern the latest ana-
log ICs. Signetics Corp. of Sunny-
vale, Calif., produced an open-loop 
programmable amplifier with a max-
imum gain-band-width product of 1 
gigahertz. The device, which 
achieves such performance by local-
ized positive feedback, is linear with-
in 0.1% for a 1-volt peak-to-peak 
output signal over an externally pro-
grammable gain range of 0 to 100. 
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HIGH VOLTAGE CIRCUITS AT THE ISSCC 

Session Description Source 

2.3 A multilayer bipolar and diffused-MOS video 
amplifier chip can drive color-TV-tube cathodes 
directly with 120-V output swings. 

Thomson-CSF 

3.5 Bipolar power transistors with transition 
frequencies of up to 50 MHz can dissipate 
250 W with collector voltages of 200 V. 

, Robert J. Widlar 

15.2 ICs fabricated in silicon grown epitaxially on 
spinel incorporate bipolar and MOS devices that 
can withstand 250 V. 

Fujitsu 

17.1 Dual-gate MOS F ET circuitry makes for an 
Optically coupled 450-V crosspoint array aimed 
at telecommunications applications. 

Oki, NTT Musashino 
Electrical Communi-
cation Laboratory 

Signetics also collaborated with 
the University of California at 
Berkeley to produce a 700-mega-
hertz four-terminal lc amplifier with 
18 decibels of gain and a noise figure 
of 4 dB. The 50-ohm-terminated 
device is housed in a four-lead 
TO-46 package and consumes a 
mere 180 mw. 

Highly sensitive. Sony Corp. will 
discuss a silicon Hall-effect sensor 
whose saturation velocity principle 
allows it to achieve high magnetic 
sensitivity independent of bias volt-
age and temperature. A micropower 
modified bandgap voltage reference 
from National Semiconductor Corp., 
Santa Clara, Calif., that compen-
sates for inherent transistor base-
emitter thermal nonlinearities will 
also be described. And Cal-Berkeley 
researchers will discuss a 1.3-GHz 
bipolar voltage-controlled IC oscilla-
tor that drifts but 60 parts per mil-
lion per °C from dc to 20 MHz. 

Robert Widlar, now a consultant 
in Jalisco, Mexico, will discuss an 
active ballasting technique he has 
employed to increase bipolar power-
transistor capabilities at high fre-
quencies. Such oxide-passivated 
transistors with cutoff frequencies of 
50 MHz are capable of dissipating 
250 w at collector voltages over 200 
V. Less than 1-v saturation is 
reported at a 10-ampere current. 
A dual-channel high-fidelity audio 

tc for volume and tone control from 
Sony exhibits just 0.002% distortion 
and a 100-dB signal-to-noise ratio. 
Members of Thomson-CSF's Semi-
conductor division in Saint-Egrève, 
France, will discuss a 220-v dc ic 
that can drive the cathodes of a color 
TV cathode-ray tube. Made with a 
bipolar and double-diffused-mos 
process, the tc features a peak-to-

peak output of 120 V. 
From Japan comes a set of four 

bipolar analog-to-digital converters 
made by Hitachi. The LSI 40-MHz 
converters are made from a combi-
nation of integrated injection logic 
and Schottky devices. Hitachi will 
also show off a 14-bit monolithic d-a 
converter that needs no trimming. 
The self-compensating Pl. device has 
a linearity error of ± 1/2 least signifi-
cant bit (± 0.003%). 

Nevertheless, U. S. semiconductor 
manufacturers are still in the fore-
front of data-converter technology. 
Intersil Inc. of Cupertino, Calif., has 
designed a 14-bit c-mos a-d convert-
er with a 20-1.6 conversion time and 
error correction capability. The 4.1-
by-4.2-millimeter chip has a thin-
film nonbinary 17-bit d-a converter 
that resembles an R-2R ladder net-
work but uses a radix of about 1.85 
instead of the usual 2. The a-d con-
verter includes a conversion algo-

rithm as well as an erasable pro-
grammable read-only memory for 
calibration. A two-chip 12-bit a-d 
converter from Harris Semiconduc-
tor Corp., Melbourne, Fla., will also 
be discussed. It is notable for its 
total error of less than ± 1 LSB over 
-55° to + 125°C. 
Getting higher. The need for high-

er-frequency and higher-power mi-
crowave devices is forever on the 
rise, as evidenced by two complete 
sessions on this subject. TI will report 
on a K-band (10.9-to-63.0-GHz) gal-
lium arsenide power field-effect 
transistor amplifier with an output 
of 675 mw and a gain of 5.8 dB at 
20.5 GHz. Even at 25 GHz, its output 
is still a respectable 200 mw. TI has 
also developed an octave-band varac-
tor-tuned GaAs FET oscillator that 
operates over 7.3 to 15.6 GHz w‘th 4 
mw of output power. Hyperabrupt 
GaAs tuning varactors are used in 
the gate and source networks of the 
new device. 
The Massachusetts Institute of 

Technology's Lincoln Laboratory at 
Lexington has come up with a GaAs 
millimeter-wave receiver. The 31 -
GHz prototype monolithic unit was 
made by integrating mixer diodes 
and metal-semiconductor FETs on a 
GaAs substrate. The single-chip 
receiver exhibits a conversion gain of 
4 dB and a receiver noise figure of 
11.5 dB. 

Information about attending the 
ISSCC is available from Lewis Win-
ner at (305) 446-8193. El 

Session 

DATA-ACQUISITION CIRCUITS AT THE ISSCC 

Description Source 

2.1 Linearity to within -±0.003% or -±% LSB is achieved 
in a 14-bit digital-to-analog converter sans trimming. 

Hitachi 

6.1 A 12-bit analog-to-digital converter with integral 
track-and-hold circuitry exhibits less than ±-1-LSB 
error over a range of -55° ta 125°C. 

Harris 

6.5 A 17-bit nonbinary d-a converter and an erasable 
programmable ROM are found in an error-correcting 
14-bit 20-ps C-MOS a-d converter. 

Intersil 

14.1 
. 

A low-noise operational amplifier with a 30-MHz 
gain-bandwidth product has a peak-to-peak noise 
cf only 80 nV from 0.1 to 10 Hz. 

Precision 
Monolithics 

14.4 A 700-MHz bandwidth, 18 dB of gain, and a 4-dB 
noise figure are some of the specifications of an 
18-mW four-terminal amplifier. 

University of 
California at 
Berkeley, 
Signetics 

14.6 Linearity in a 1-V output signal is 0.1% for an 
open-loop amplifier, and this gain is externally 
programmable from 0 to 100. 

Signetics 

10.1 A passive recursive CCD bandpass filter for modems has 
a bandwidth of 97 -±3 Hz at 131.85 kHz or a Q of 1,350. 

Siemens 
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With the holiday shopping season at 
its peak, electronic toy, game, and 
entertainment manufacturers are 
cautious about evaluating the mar-
ket. Perhaps because of the reces-
sionary trends earlier this year or the 
uncertainty about the economy for 
the next, consumers are buying few-
er electronic toys and games than 
last year and seem to be shying away 
from the bigger-ticket items. But 
nonentertainment items, such as 
home computers, are doing better. 

Despite a predicted market of 
$500 million for 1980, retailers have 
cut back their inventories of elec-
tronic games in some areas, stocking 
only one or two items they may have 
had half a dozen of last year. The 
popularity of hand-held games, the 
bulwark of the electronic game mar-
ket for the past few years, may be 
decreasing, with sales this year just 
matching those of 1979. Personal 
computer and video disk system sales 
are on the upswing, though they still 

Probing the news 

Consumer electronics 

Toy and game consumer sales soften 
Retailers cut Christmas inventories as hand-held games 

back away from their peak figures; home computers hold steady 

by Pamela Hamilton, New York bureau manager, and Gil Bassak, Industrial/Consumer Editor 

represent a small part of the Christ-
mas retail picture. 

For G. A. (Tony) Clowes, presi-
dent of Entex Industries Inc., maker 
of the hand-held Space Invaders, the 
electronic games market has two 
aspects. "The simpler toys will drop 
out in the next year, while the newer, 
higher-technology items will tend to 
command a price. Although these 
newer items will expand the market, 
there will be a fallout in the lower-
technology toys, and the effect will 
be to level out the market," he com-
ments. In fact, he notes that this 
trend has already started, with some 
of the bigger companies winding up 
with a large inventory of simple 
hand-held games, causing uneasiness 
throughout the industry. He does not 
expect Space Invaders, his Compton, 
Calif., company's biggest seller, to 
lose any headway this year or into 
the next. 

Mattel Inc. is one of the major 
companies experiencing a softening 

in the sales of its hand-held games. 
The Hawthorne, Calif.—based manu-
facturer attributes the slowdown to 
effects of the recession, increased 
competition, and a glut in the mar-
ket. Its hand-held games fall into 
four categories: sports, action, strat-
egy, and personal service. A horse 
race analyzer, which is classified as a 
personal service item, is said to be 
doing somewhat better than the oth-
ers. With a retail price of $125, the 
microprocessor-based analyzer takes 
into account 31 factors from the dai-
ly tip sheet to rate horses. 

Kenner Products in Cincinnati is 
in consensus with the industry belief 
that electronic toy sales are flat this 
year. "Economic conditions are 
making it hard for people to take 
$50 and plop it down for one toy," 
notes a spokesman for the division of 
General Mills Creative Products 
group. He also notes that games 
appealing to adults are not doing 
well either, "because gift buyers are 
sticking more to the bare essentials 
like clothing rather than luxury 
items such as electronic games." 
Ranks second. Kenner sales are 

said to be more than $200 million 
annually, putting it second to Mattel 
with $496 million. Kenner's product 
line includes Star Wars Battle Com-
mand, introduced last year and 
retailing for between $30 and $35, as 
well as Live Action Football and 
Redline Electronic Drag Race, both 
introduced this year for about $40. 
Star Wars uses devices from Nation-
al Semiconductor and Panasonic; the 
others use Texas Instruments chips. 

Christmas pictures. LaserDisc from U. S. 

Pioneer, is one of two video disk systems 

available to consumers this Christmas. 
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Talk of Texas. TI's hand-held Speak & Read teaching aid is selling well this holiday season, 

says the company. Its educational nature helps to keep sales solid throughout the year. 

For Parker Bros. in Beverly, 
Mass., the 1980 Christmas season 
will match last year's, even though 
the panic buying of scarce games 
that took place in 1979 will be 
absent this year and shoppers will 
face a slower economy. Parker's 
1980 entries have been Bank Shot— 
an electronic pool game aimed at the 
eight-year-old to adult market—and 
Split Second—a manual dexterity 
game aimed at seven-year-olds to 
adults. The microprocessor-based 
games each contain 50 to 70 light-
emitting diodes and cost $50 to $55. 
A small computer aimed at chil-

dren and a hand-held baseball game 
top Coleco Industries Inc.'s bestsell-
er list this season. The Electronic 
Learning Machine uses a 4-bit 
microprocessor, with IK of read-only 
memory for storing the program. A 
card reader and cartridge pack are 
used for the application data. The 
Head-to-Head baseball game is an-
other in the Hartford, Conn., manu-
facturer's line. Both items retail for 
about $40. 

Tip-top at TI. According to a 
spokesman at Texas Instruments 
Inc. in Dallas, the company's Speak 
& Spell, Speak & Math, and Speak 
& Read are all selling well. "These 
products tend to be less seasonal 
than other toys because they are also 
educational," he says. 

For Atari Inc., the home computer 

market has not developed as quickly 
as was predicted, but nevertheless 
the company reports its model 400 
and 800 home computers are doing 
well. The Sunnyvale, Calif., firm's 
hand-held Touch Me game, like its 
video-computer system with pro-
gram cartridges, is also maintaining 
a strong market position. 
Some industry analysts have noted 

that home computers sold in retail 
computer shops may be doing better 
than those at toy counters. Sales of 
Commodore Business Machines 
Inc.'s CBM 8032 personal computer 
seem to bear this out. The under-
$5,000 system, including CPU, disk 
drive, and printer, had its first ship-
ments this summer and has helped to 
push the Norristown, Pa., company's 
net sales for the first quarter of fiscal 
1981 up 42.3% over last year's. 
Optical Yule. Another growth area 

for electronic-based systems is video 
disks, and two are available for this 
Christmas season. Magnavox Con-
sumer Electronics Co., Knoxville, 
Tenn., is marketing its laser-based 
Magnavision disk player in 33 cities, 
at a retail price of about $775. 
LaserDisc, also an optical system, 
from U. S. Pioneer Electronics 
Corp., Moonachie. N. J., is available 
in 46 cities at a retail price of about 
$750. A spokesman says that unit 
sales of the system for 1980 should 
be in the "five-figure bracket." D 

Now available... 
LOW PROFILE 

MONOBLOC® 
Ceramic 

Capacitors 

Style 
8121 

Actual Size 

.12V rui 
Only Lio„rronie 

Style 
8131 

New 

Low 

1131 LP• 

Only 
.200" 

r—T 
ERIE 

Low Profile Red Caps 
are available in several 
temperature 

characteristics 

Temperature 
Compensating 

% Stable 
• General Purpose 
Packaging height problems? Specify Erie s 
new Low Profile Red Cap line where board 
spacing requires packaging density .... and 
get the industry's leading quality in Erie 
dipped Monobloc ceramic capacitors at the 
same time. Capacitance to 1.0 . and 
voltage ratings 50 to 500 Vdc. 

ptA 
ERIE standard size Red 
Cap Monobloc and Weecon® 
(Plate) Ceramic Capacitors are available 
in a full range of sizes with capacitance 
values from 1 pF. through 10.0 p.F. 

Write for our new Red Cap catalog 
SC8100-R1 

ERIE TECHNOLOGICAL PRODUCTS, INC 
State College, Pennsylvania 16801 

814-237-1431 
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Probing the news 

Testing 

VLSI spurs self-testing 
Test systems can be built on boards for go/no-go indication 

or onto the chips themselves for added fault detection 

by Jerry Lyman, Packaging & Production Editor 

The increasing density of very large-
scale integrated circuits is challeng-
ing the limits of present automated 
testing technology. Soon, chips with 
more processing power than the 
machines available to test them will 
appear, and the sheer volume of 
devices per chip in the coming VLSI 
circuits will be staggering. In 1970, a 
typical IC had about 10,000 devices; 
this year, the total sometimes 
exceeds 100,000. By 1990, ICs with 
possibly over a million devices will 
be making unprecedented demands 
on device and board testers. 
Two solutions have been ad-

vanced: boards with built-on self-
testing and VLSI devices with on-chip 
self-testing. IBM Corp. and other 
large mainframe computer houses 
have been applying both techniques 
for some time to their own produc-
tion testing. But a packaged VLSI 
device with built-in green and red 
light-emitting diodes functioning as 
go/no-go signals that would simplify 
chip testing is currently little more 
than a blue-sky idea. 

Still, appreciable advances have 
been made in the development of 
both strategies for comprehensive 
self-testing. At Siemens Corp.'s cor-
porate research and technology cen-
ter in Cherry Hill, N. J., engineers 
are in the midst of a program aimed 
at a built-on board-level go/no-go 
test method for detecting faults in 
digital circuitry. Called Bidco (built-
in digital circuit observer), the on-
board hardware applies a set of 
pseudorandom stimuli to the circuit 
under test, captures the output 
response of the circuit with a parallel 
signature register, and decodes the 
output of the signature to determine 
if the circuit meets specifications. 

The whole process ultimately lights 
one of two status indicators signify-
ing a pass or fail. 
The key to the Siemens test sys-

tem is its use of two identical gener-
al-purpose registers called Bilbos 
(built-in logic block observers). 
These circuits, presently built out of 
rrL ICs, can be externally configured 
as a pseudorandom pattern genera-
tor or a parallel signature register, or 
they can be combined into the nor-
mal circuitry. As shown in the block 
diagram of the Bidco method on 
page 78, Bilbo A is configured as a 
pseudorandom pattern generator and 
supplies patterns to the circuit under 
test. The circuit's outputs are then 
fed to Bilbo B, which is configured 
as a parallel signature register. Bilbo 
B's output in turn feeds a decoder 

PATH USED DURING 
SELF-VERIFICATION 

MI PATH USED DURING 
NORMAL OPERATION 
AND DURING SELF-
VERI FICATION 

designed to detect a specific code. 
The output of the decoder, depend-
ing on its state, feeds either the fault 
or the fault-free indicator. 

Bidco does have two disadvan-
tages that impose limitations on its 
potential. First, it is only a go/no-go 
method and thus cannot isolate a 
specific fault. In addition, it is not 
possible to use the method on a 
microprocessor. Nevertheless, for 
circuits with many flip-flops, Bidco 
provides a rapid test. 

On-chip test. A completely on-
chip approach to VLSI testing is the 
self-verification technique developed 
by Richard Sedmak of Sperry Uni-
vac in Blue Bell, Pa. Self-verification 
is defined as the ability of logic to 
verify a failure-free status automati-
cally, without the need for externally 

All together. Sperry Univac's self-verification technique places fault-detection circuits, inter-

nal stimuli generators and their supervisor, and an error-status generator on chip. 
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Selected 
Applications 

Select Devices 

Field Effect 
Transistors 
Aerospace 
Mili 
Medical 

Crystalonics made FETs commercially 
available in 1960 and is still the leader in 
the field. We offer an array of excellent 
special devices, including: 

• Low frequency, silicon, N-Channel, 
junction FETs (CM860/2N6550) with an 
ultra low input noise figure of L 4 nV/ VHz 
typical at 1 kHz, for low frequency 
amplifier applications. 

• RF FET for radio frequency amplifier appli-
cations (CP640/CP643), broad band, with 
wide dynamic range, through 500 MHz. 

• A series of switching FETs (2N4445/ 
2N5432) with under 15 ohms ON 
resistance. Standard types with RON as 
low as 21/2 ohms (2N6568), and specials as 
low as 1 ohm (CM856). 

• FOTOFETS®, light-sensitive, junction 
FETs in transistor cases with curved or 
flat glass lenses. Ideal for optical coupling 
applications demanding supersensitivity, 
fast response, low dark current and 
stability. 

For further information send for our short 
form catalog. 

1r TELEDYNE 
CRYSTALONICS 
147 Sherman Street 
Cambridge, MA 02140 
Tel: (617)491-1670 • TWX 710-320-1196 

Probing the news 

BUILT-IN LOGIC 
OBSERVER A 

IRCUIT UNDER TEST 

BUILT-IN LOGIC 
OBSERVER B 

DECODER 

STATUS I STATUS 
INDICATOR I INDICATOR 

FAULT-FREE FAULT 

On the board. Key to Siemens' Bidco (built-

in digital circuit observer) are two identical 

Bilbos (built-in logic observers) that are 

implemented with TTL integrated circuits. 

applied test stimuli (other than pow-
er and clock) or for test logic that is 
part of the system. This powerful 
technique can be applied to micro-
processor testing and can isolate 
faults, in addition to providing 
go/no-go testing. 

In self-verification, the logic runs 
at machine speeds; test generation 
and circuit modeling are not needed. 
There is no need for diagnostics and 
hardware for go/no-go tests, and a 
major portion of the logic required 
for self-verification is also used for 
automatic fault detection during 
normal operation. 
A generalized block diagram of 

the self-verification approach is 
shown on page 76. Fault-detection 
circuits, internal stimuli generators, 
an internal stimuli generator super-
visor, and an error-status generator 
are all integrated on a chip along 
with its basic logic function. 
What and where. In the self-verifi-

cation mode, the internal stimuli 
generator supervisor controls the 
stimuli generators, which exercise 
the logic thoroughly. The fault-
detection circuits sense any faults 
and provide an input to the error-
status generators, which assemble 
and encode information about the 
presence and location of faults. 

During normal operation, the 
fault-detection circuits simply moni-
tor the device's logic. Any intermit-
tent or solid failures are detected by 
the circuits and transmitted to the 
error-status generator. El 
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Tell it 
and forget it... 
... the new CY500 stored 
program stepper motor 
controller runs its own program, 
freeing your host computer 
for other jobs. 

No more one-pulse, one-step operation 
requiring your host computer to tie 
itself down to a stepper motor Now 
Cybernetic Micro Systems brings you 
a function-oriented stored program 
stepper motor controller that allows the 
user, or host computer, to program 
it and forget it ... 

The CY500 executes 22 hi-level 
instructions, either in command mode 
or as a sequence of internally-stored 
commands, using single byte code such 
as 'P' for position, 'R' for rate, and 'S' 
for slope. Parameter values can be 
expressed in ASCII-decimal for 
keyboard programming or binary code 
from the host computer. Parallel 
asynchronous communication. 

The stored program capability allows 
the use of'00-WHILE' program looping 
and 'WAIT-UNTIL' operation. Ten 
different operational modes allow 
absolute or relative positioning, full-
or half-step operation, hardware or 
software control of direction, start/stop, 
... and many more. 

Numerous input and output control 
lines allow synchronizing the CY500 
with external events or devices and 
allow each step to be triggered 
Stepping at rates up to 3500 steps/sec, 
the CY500 also provides ramp-up, slew, 
and ramp-down operation, all under 
software control. Two interrupt lines 
request the host's attention if needed. 

This +5 volt N-MOS TTL-compatible 
controller is available from stock, today, 
for only $95.00. Contact Cybernetic 
Micro Systems. We want to see you 
program your stepper motor and then 
... forget it. 

Cybernetic Micro Systems 
445-203 South San Antonio Road 
Los Altos, California 94022 
(415) 949-0666 

(Use your MASTER CHARGE or VISA 
charge card) 
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«Printolyt» is the only miniature electrolytic capacitor 
capable of withstanding high electric stress with high in-service 
reliability and continuous improvement in quality. 

Ducati Elettrotecnica / Component Division, 
is the only European manufacturer to produce 
miniature electrolytics with the high quality 
and superior performance of «Printolyt». 
The advantages for European customers 

are immediately evident: direct contacts with 
the manufacturer, constant assistance, fast 
deliveries and in addition and most important, 
to purchase a product which is always under 
review to meet the problems of advanced 
electronics. 

Significant data on the characteristics of 
«Printolyt». 

Endurance: 2000 h. at 85°C as per DIN 41332. 

119110111  
Constant value with time 

Reliability: in normal service conditions at 
rated voltage and 40°C, the failure 
rate, with variation of parameters according 
to DIN 41332, is 1% over 80.000 service hours. 

This means a higher life than the average 
life of any electronic apparatus. 

«Printolyt», subjected to laboratory and 
applications tests has succeded in going 
beyond DIN standards and demonstrated an 
exceptional quality standard which has been 
recognized by the most stringent users in 
Europe. 
Automatic insertion: for lower assembly cost, 

«Printolyt» is available also on tape, perfectly 
compatible with the existing automatic 
insertion machines. 

Ducati Elettrotecnica is anyway one of the 
few sources capable of supplying small sizes 
and high capacitance values such as 470/10 - 
100/63 - 47/100 on tape. 

Exweaulo 
elettrotecnica 
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Probing the news 

Communications 

Britain opens telecom market a bit 
The establishment of British Telecommunications as a separate entity 

from the post office permits some competition for sales of gear and servicing 

Britain has opened the way for pri-
vate companies to compete with the 
government in telecommunications 
services. A bill approved this month 
by Parliament separates the nation's 
postal and telecommunications 
wings and establishes British Tele-
com—actually, the legislation calls 
it British Telecommunications, but it 
refers to itself by the trendier ver-
sion—as a new corporation. In addi-
tion. it permits private compalies to 

It pays. New pay phone from British Tele-

communications contains a microprocessor 

that figures the toll and provides credit. 

by Kevin Smith, London bureau manager 

compete with BT in providing termi-
nal equipment, value-added services 
such as electronic mail, and carrier 
facilities like Telex, satellite, and 
other communications links. 

Loosening the British Post Of-
fice's monopoly will lead to explosive 
growth as private companies com-
pete with the state to exploit new 
technologies—at least that's the 
scenario advanced by free-market 
Conservatives. But in practice, the 
demonopolization falls far short of 
Conservative plans for unfettered 
competition and makes major con-
cessions to both BT and British 

industry. Points out 
one industry ob-
server, "Monopo-
lies, like old sol-
diers, don't die, 
they just fade 
away." 

In fact, the new 
bill says little about 
breaking BT's 
stranglehold on the 
communications 
market. Rather, it 
grants to the Secre-
tary of State for 
Industry increased 
powers to make or 
break the post of-
fice monopoly in 
the public interest. 
The real battle will 
continue as BT and 
providers of new 
services seek to in-
fluence the minis-
ter, Sir Keith Jo-
seph. For example, 
another lobbying 
group has emerged 
in the past few 

weeks, with IBM Corp. as one of its 
members. 
Among the concessions to BT dis-

liked by industry is its right to sup-
ply the first phone in each house-
hold, as well as to maintain privately 
supplied equipment. Jeff Samson, 
who heads Standard Telephones & 
Cables Ltd.'s Switching division, 
argues that service is part and parcel 
of equipment sales. He maintains 
that BT cannot possibly guarantee 
the needed stock levels or the techni-
cal expertise for the products of 
many different manufacturers and 
would not display the same sensitivi-
ty to customers' needs as the equip-
ment maker. However, a compro-
mise solution may have maintenance 
of some systems subcontracted back 
to the manufacturer. 

Still, the proposed liberalization 
goes further than in other European 
countries in that Sir Keith will seek 
safeguards for British industry. 
First, the domestic suppliers have 
been granted a three-year period in 
which to prepare more competitive 
products before foreign manufactur-
ers are allowed to enter the market. 
Furthermore, Sir Keith says, "We 
shall open our market to overseas 
competition only to the extent that 
overseas markets are open to us." 
Eye standards. Another fear of 

British manufacturers is that the 
new bill, in replacing the post office's 
licensing authority with an indepen-
dent body under the direct control of 
the state secretary, will perpetuate 
post office standards. Sir Keith, 
however, is aware that terminal gear 
has been tailored too minutely to 
British needs in the past. 

Nevertheless, three of the largest 
telephone companies—Plessey Tele-
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communications Ltd., GEC Telecom-
munications Ltd., and TMC Ltd.— 
are already jointly developing a 
push-button phone line that is being 
honed to the bone in cost. Called the 
Inexpensive Telephone, it could rap-
idly replace BT's own version that 
was engineered, say competitors, to 
lavish "Rolls Royce" standards. 
Also, Plessey recently introduced a 
low-cost viewdata telephone [Elec-
tronics, Dec. 4, p. 84] that it intends 
to sell directly to the public once 
demonopolization is a fact. 
Though Sir Keith took the U. S. 

as his model for the telecommunica-
tions bill, he is moving cautiously 
with the second of his proposals: to 
open competition in value-added ser-
vices such as data-base services, 
office-of-the-future facilities, inter-
connections for such equipment as 
facsimile devices and word proces-
sors, and monitoring and relay facili-
ties. He has commissioned a study of 
likely revenue loss to the post office. 

Carriers studied. Finally, Sir Keith 
is examining the case for allowing 
the private sector to provide carrier 
services. For example, he says, 
"there is a crying need for telex and 
good digital fast lines," and he is 
encouraging consortiums to come 
forward with concrete proposals. In 
the same vein, Sir Keith is examin-
ing the feasibility of wideband satel-
lite links for business communica-
tions. However, not only would it be 
difficult to justify a $24 million sat-
ellite in geographically small Eng-
land, but a Europe-wide network 
could snarl the plans of other 
European postal and telecommuni-
cations authorities (P-rrs) 
Though the British demonopoliza-

tion bill might fall short of its Amer-
ican model, few doubt that it will 
present British firms with the oppor-
tunity for increased growth and the 
challenge of foreign competition. 
However, Tim Johnson, a consultant 
with Logica Ltd., a software and 
systems house that has just com-
pleted a study of data-communica-
tions trends for 17 European PTTS, 
notes, "Experience shows that where 
PTTS have adopted a liberal attitude 
to terminal connection growth has 
been more rapid." EJ 

Electricity, 
lifeblood of a hospital. 

Plenco helps Hubbell 
help keep it flowing. 

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

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

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

PLE.NCC) 
THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan, WI 53081 

Through Plenco research.. a wide range of 
ready-made or custom-formulated phenolic, 
melamine-phenolic. alkyd arect polyester ther-
moset molding compounds, and industrial resins. 
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Connectors that meet 
the highest standards. 

Wherever your equipment may be marketed, and 
wherever high standards are a requirement, use 

Viking connectors. They're designed to give 
you the high quality and reliability 

you need to meet your 
customers' standards. 

PCB Connectors One of 
the broadest lines on the market. 

Sizes range from connectors 
with 1.27mm (.050") contact centers up through those with 3.96mm (.156") contact 

centers. Choose from a variety of termination and mounting styles. Also, selective gold 
plating is available on many models. 

Miniature Connectors Small, high-contact-
density commercially priced circular connectors with a 

rugged, durable thermoplastic housing. They're used 
in all types of instrumentation from medical equipment 

and computers — to marine and automotive. 
Corrosion resistant. Quick disconnect designs. 

Simple, easy mounting styles. 
We can add standard 

cable, too — any length you neec. 
Strain relief can be straight or right angle — 

and is fully molded, environmentally sealed. 

Metal Circulars 
Meet strict military and industrial standards with our 
Snap-Lock environmental connector. A complete line 

of miniatures with designs from 2 to 19 contacts. 

Relay Sockets We have them for 
virtually every crystal can relay: 

Babcock, C.P. Clare, Deutsch, Electronic 
Specialty, Hi-G, [RE, Struthers-Dunn — and 
more. Top quality. Competitive prices. 

Specials If you have a special problem, ask 
us for a special connector answer 

Argentlna 
Rayo Eleclranica. SRL 
1092 Buena. Aires 
Phone 37-990-9476 
Telex 2215 RAYOX AR 

Rodar Sermconductores. SAC, 
1077 Buena. Aires 
Phone 45-2422 

AuMralla 
Assembled Products. Pty . it, 
Liverpool. 005W 2170 
Phone 607 0973 
Telex ASP.:01) 6023440 

Magri. 
Oahms ElekTronik GmbH 
A-8020 Gras 
Phone 10316164 0 30 
Telex 31090 DAHMS A 

gCONNECTORS  
21001 Nordhoff Street/Chatsworth, CA 91311, U.S.A. ¡(213) 341-4330/TWX: 910-494-2094 

Boulez 
Bodamer Internahanal 13V 
Zaandam. Netherlands 
Phone 075/169740 
Telex 19069 OVINO NL 

Canada Warp 
Ileson Sales Corporation E.P. Pill Components 
Markham Ontario 728 21(14 
Phone 4161 495, 412 
TWX 610-492-5113 

beskin Sales Corporation 
Vancouver. BC V5X 2R5 
Aros, (604024-6331 
TWA 610.922-5036 

Mho. Rocatalc 
else Tenn) 
Taiwan Toko Electronics Co . Ltd 
Kaohsiung.. Taiwan 
Phone 209131-9 
telex 8I905 TWTOK0 

Downark 
Lars Valledo Electiona .ApS 
36E0 Stenlase 
Phone 08, 591053 
One, 42547 VALLEK OK 

75017 Pans 
Phime 7-5-8840 
Telex ERYELEC 640051 

International Semiconductor 
92100 Boulogno Billancourt 
Phone auses 
Telex ISCAFRA 250030 

Sisex 
78181 Sr Duenlin-en-l-Vdens 
Phone 0442233 TRAPPES 

Hang keg 
Tem. Inc Hong Kong Branch 
Kawloon 
Phone 3-428131.6 
Telex HX73820 TOKOM 

India 
Sapphire Innovators Pnvate, Ltd 
Raman Point. Bombay 
Phone 234343 
Telex 115291 SIPL 

Israel 
Ira Curtis. 110 
Tel Aviv 
Phono 45 71 48 
Telex 341458 1RAC IL 

Nall Now Zulrel 
Aunema ItalŒ SRL Connector Systems Ltd 
2149 Milano Auckland 

Phone 775-875 Phono /02/492602  i Telex CONNECT NZ 21543 

BMW«. 
lelognosta. Malone.) Toko. Mc Singapore Branch 

1PCnPeagiSed0E0'Óa:054621 011144 o Toky7 _ 
Prone TOKYO 72711b* Telex SPTOKO RS21444 
Telex RCLTOKO J22696 

South Africa 
Korn Republic d bberly Electronics 
Korea TM. C i . Ltd BoksSurg 460 
.hng-Gu. 5060 Phone 52 7637/8/9 
Phone SEOUL 22-58m Telex 8-6732 SA 

%xi« 
Stocko Manufacturas Melakcas 
Mexico 18. DR 
Phone M51_7/7-5733 
Telex. libize MARNE)! 

SITKM 
Alamo Ingenieros. SA 
Madrid 16 
Phone 73305 62 
Telex 44043 ATAIO E 

Swain 
Gylling Teledata. AB 
Farsta 5 
Phone 08-93 01 20 
Telex 17175 GOTEAN S 

LAC Components. AB 
Stockholm 
Phone 08/94 91 70 
Telex 12842 LAC S 

SwIttorland 
çgp, Frscher. E. Co. Ltd 
8M, Zunch 
Phone 25-02-34 
Telex 53762 EFICO CH 

LIMY] K4dran 
Viking Industries (UK). LM 
Bedfordshire. EngTand MK 454 RS 
Phone LUTON 882345 105821 
Into, 825377 VIKING G 

MW _Epl a *_eV 
8011cMitibruma Munich 
Phone (089) 46 50 45 
Telex 05 22 378 INTRO D 

Intrairon, Great 
8300 Nunmhen 50 
Phone 089-150 1001 
Telex 05 2150 90 INFM 
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10-Mb/s transmitting/receiving system's suitability 

can be quickly determined by link design equations 

by Robert Lombaerde, Optoelectronics Division, Hewlett-Packard Co., Palo Alto, Calif. 

El A fiber-optic data link offers systems designers three 
notable benefits: the ability to reduce susceptibility to 
noise from electromagnetic or radio-frequency interfer-
ence, to isolate a system from high voltages, and to 
provide secure data communications. But the cost and 
complexity of real-life fiber-optic subsystems has limited 
the application of the technology. A $55 digital data-
transmission link now available, suitable for computer-
to-peripheral connections up to 20 meters long, removes 
these limitations. This "snap-in" fiber-optic link, as it is 

called, with a data-rate capacity of dc to 10 megabits per 
second, combines a quick connection and disconnection 
scheme with fiber and optical-device technology devel-
oped at Hewlett-Packard's Optoelectronics division. 
The HFBR-0500 system consists of a fully character-

ized and specified transmitter module and a TTL-
compatible receiver module, along with 5 m of plastic 
cable fitted with connectors (Fig. 1). To help the poten-
tial user decide if the snap-in link can meet his dynamic 
range and cable length requirements, a unique link 
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design procedure and instructions suitable for a wide 
range of practical systems are also included. This proce-
dure is based on simplified design equations, which are 
in turn based on design graphs made possible by the 
complete determination of the transmitter diode light 
output and driving current relationship. 

Both the HFBR-1500 and the more-powerful HFBR-
1501 transmitter modules contain a 665-nanorneter gal-
lium arsenide phosphide light-emitting diode mounted 
(die-attached) on a copper-alloy lead frame to minimize 
LED junction temperature and ensure long life. The 
module also contains a small lens to improve the light 
coupling into the fiber. 
The HFBR-2500 receiver module contains an inte-

grated circuit that combines a photodiode and a TTL-
compatible amplifier. In addition, this 1c contains an 
optically transparent, electrically conductive shield over 
the photodiode and the first few sensitive gain stages. 
This shield shunts any induced rfi to ground, thus keep-
ing the receiver's noise immunity high. 

Before the link design procedure can be appreciated, it 
is necessary to understand how the link components were 
designed. It is also useful to show how simple link design 
parameters may be determined, even by the nonspecial-
ist. The starting point for the link component's design 
was the parameters of the fiber cable that hooks the 
transmitter to the receiver. 

Pick a fiber 

Many low-cost all-plastic fiber-optic cables are avail-
able. Until now, they have been used primarily for 
"light-pipe" applications, that is, where high attenuation 
per kilometer is of no concern because only a few meters 
are used. Almost any of these cables may be employed 
with the HFBR-0500. 

After the choice— based on price and delivery—was 
made, an LED was selected that has an operating wave-

length corresponding to the wavelength at which the 
optical fiber has its lowest attenuation. To get most of 
the light into the fiber, the emitting area of the diode 
was chosen to match the area of the fiber core. Similarly, 
the detector had to operate at the transmitter diode's 
wavelength and the detecting area had to match or be 
larger than the cross-sectional area of the fiber core so as 
to minimize coupling tolerances. If coupling were too 
loose, too much light power would miss the detector's 
sensitive area. 
The transmitter and detector diodes and cable chosen 

for this system are thus all optically matched to each 
other. Furthermore, they are mounted in plastic color-
coded modules. To make interconnection to printed-
circuit boards convenient, the electrical leads from the 
plastic modules are spaced the same as on a standard 
eight-pin dual in-line package. However, an optical port 
is fitted in place of pins 6 and 7. 

This packaging makes possible a snap-in connection 
scheme. In this approach, the transmitter and receiver 
modules have jaws that grip the color-coded cable con-
nectors. Alignment at the connector-module interface is 
ensured by mating a tapered connector end with a 
funnel-shaped hole—the jaws—in the module. Thus 
field installation of fiber-optic links is literally reduced to 
a simple snap-in. Terminations of fiber-optic cables— 
usually a time-consuming and frustrating experience— 
have been made simple and easy, too. After the outer 
jacket is stripped away, a simple crimp ring holds the 
cable in the connection. No adhesives are required, 
alignment tolerances are no problem, and the match of 
the diode's active area to the fiber core is maximized by 
the use of lenses molded into the plastic encapsulation. 
The transmitter module can be driven by standard 

logic gates. For long-distance transmission-20 m or 
so—where more diode drive current is required to obtain 
higher optical flux output, a standard high-current line 
driver is needed. Access to both the anode and the 
cathode pins of the transmitter diode allows the system 
designer to implement any of these drive configura-
tions — in series or parallel—to optimize system layout or 
performance. 

Series drive circuits for the LED (Fig. 2a) minimize 
the power-supply current and are recommended for driv-

1. Versatile. Both the transmitter and the 

receiver of the HFBR-0500 snap-in fiber-

optic data link are fitted with standard dual 

in-line package pins so that they may be 

directly inserted onto printed-circuit boards. 

The connectors snap on or off without any 

alignment problems. 
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ing more than one of these devices. However, in this 
design, the drive transistor must be taken into account 
when calculating the value of the LED's current-limiting 
resistor. Shunt drive circuits (Fig. 2b), on the other 
hand, have the advantage of a continuous power-supply 
current drain, so that less power-supply noise is gener-
ated. These circuits can also be used with a lower 
power-supply voltage and are recommended when driv-
ing single LEDs. 
The transmitter LED may be driven with standard TTL 

open-collector drivers, such as the 7407. If more current 
is required, a 75450 series dual driver can be used. 
Interfacing with complementary-mos circuits requires a 
high current driver with c-mos—compatible inputs, like 
National Semiconductor's DS3631N. 
Sometimes the shunt drive is preferable for the best 

possible heat sinking. For example, a heavy internal lead 
frame serves as a heat sink for the emitting diode, and 
increased thermal efficiency will be gained when a heat 
sink area is also provided for pins 2 and 3, the two 
cathodes of the LED. Here, shunt drive circuits allow the 
cathode pins to be grounded. Grounding results in 
increased thermal efficiency of the diode, since the 
ground plane acts as a heat sink. 
The detector lc has an open-collector Schottky output 

transistor. System designs requiring wired-OR or bus 
interfaces can easily be directly linked at the receiver's 
output. If an output pull-up is required, a 1,000-ohm 
resistor internally tied to the supply voltage is available 
on chip. 
The receiver's broad bandwidth is ideal for use in fast 

data-transmission systems. Ag3inchronous data 
the idle state either high or low—can be readily detected 
and amplified by the dc-coupled amplifier. Dc coupling 
at the receiver also allows the system to be used in 
interruptor, or interlock, circuits. In this design, a con-
stant signal level indicates the intrusion status. 
Such dc-coupled receiver amplifiers exhibit pulse dis-

tortion when overdriven. Therefore, a system design 
must include an analysis not only of the minimum flux 
received by the detector for a low error rate or minimum 
pulse width, but also of the maximum flux that can be 
received without overdriving the detector. 

Receiver modules are used in many harsh emi and rfi 

2. Two choices. At the designer's discretion, either the series drive (a) or the shunt drive (b) may be used for the transmitter's LED. The 

choice depends on the characteristics of the transmitter used and is fully explained in the design information included with the data link. 

environments, since the fiber-optic cable is a dielectric 
and neither radiates nor picks up signals. Hence they 
must be shielded lest their error rates be high. As noted, 
the HFBR-2500 has a shield protecting the rfi-sensitive 
front end that provides better than 10 times the erri 
immunity of unshielded parts. 

A preliminary design 

The transmitter, receiver, and cable have been 
designed to make them applicable to many practical 
optical data links. To determine the performance in a 
particular system, a flux budget must be calculated 
based on the transmitter's output flux, the receiver's 
sensitivity, and the losses of the interconnecting ele-
ments. When actual flux measurements are required as 
data for this flux budget, they are readily made (see 
"Measuring the optical flux," p. 87). 
As with all receiver systems, to operate satisfactorily 

the total fiber system loss must not exceed the difference 
between the transmitter's output flux and the receiver's 
input sensitivity. This value is called the flux ratio. The 
difference between the flux ratio and the system loss is 
known as the system flux margin. For a system to 
operate satisfactorily, this parameter should be greater 
than 0 decibels. Expressed mathematically, the flux mar-
gin is: 

am = arR — ast. 

where am is the flux margin (dB); arR is the flux ratio 
(dB), which equals the transmitter's output flux, CPT 

(dBm), minus the receiver's input sensitivity, GPR (dBm); 
and as'. is the system loss (dB), which equals the sum of 
the cable loss, the splice loss, the connection loss, and the 
interface loss. 
The flux margin calculation also determines the 

dynamic range of the fiber system. To calculate this 
range, the lux margin, am,, is first calculated for the 
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maximum flux ratio, aFR(..), and the minimum system 
loss, asrar.). Then, another calculation of the flux mar-
gin, am2, is made based on the minimum flux ratio, 
aFR(..), expected and the maximum system loss, asra..). 
Finally, the second flux margin is subtracted from the 
result of the first flux margin calculation. The difference 

10 20 30 40 50 60 70 80 
(a) INPUT CURRENT, I (mA) 

HFBR-1500 

HFOR-1501 

is the expected dynamic range of the receiver: 

aml = aFR(max) aSL(min) 

am2 = aFR(min) aSL(max) 

dynamic range = ami — am2 

By changing the flux budget equations to subtract the 
losses due to intermediate components like cables or 
connectors from the transmitter's output flux, a calcula-
tion can be made of the amount of flux at the end of the 
cable. This is equivalent to the amount of flux into the 
receiver, or: 

ePT — aSL = C1) 1. (1) 

where ci)L. is the flux at end of cable (dBm), (1)-r is the 
transmitter's output flux (dBm), and ast_ is the sum of 
the intermediate losses (dB). 
The flux budget equation when the snap-in fiber-optic 

link is used with HFBR-3500 cable is similar to Eq. 1. In 
this case, however, the system's intermediate loss has 
only one term—the cable attenuation. Thus: 

(1)-r — (aoL) = (DR (2) 

where ao is the cable attenuation per unit length (dB/m), 
L is the cable length (m), and (1% is the receiver's input 
optical flux sensitivity (dBm) 
To derive the worst-case drive current for a 5-m 

cable—a typical case—the minimum and maximum 
specifications are substituted in Eq. 2 with the overall 
length decreased by 0.5 m, since stubs of this length are 
usually connected to both the transmitter and the receiv-
er. Therefore: 

CPT(max) a0(min)(L — 0.5) = 4 R(max) 

4:11-(min) a0(max)(L —0.5) = (1)R(min) 
(3) 
(4) 

3. Work savers. Many calculations are eliminated by a graph show-

ing the LED output flux as a function of its drive current (a). A graph 

correlating this drive current with length link in a worst-case analysis 

(b) is also useful and is a great help to the nonexpert. 

3 4 

CABLE LENGTH, L (m) 
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If Eq. 3 is satisfied, the receiver will not be overloaded. 
On the other hand Eq. 4 ensures enough flux at the 
receiver. For a system to operate properly, both equa-
tions must be satisfied. 
The transmitter's drive current, Ir, is determined from 

the needed output flux (Fig. 3a). After this current is 
determined for any particular situation, it is used in the 
graph of Eqs. 3 and 4 in Fig. 3b. The drive current range 
at a particular cable length or the cable length range for 
a specific drive current under worst-case conditions can 
easily be determined. 

It is important to realize that in some designs interme-
diate connectors, bulkhead interfaces, or splices are 
needed. For example, applications in which the fiber-
optic modules are to be completely enclosed in a shielded 
box require the use of bulkhead-type connectors. These 
are available from AMP, as are connectors for the 
HFBR-3500 fiber. 

A practical design 

The flux budget must account for all losses in the 
optical transmission path. Consequently, an optical mea-
surement may be required to determine the actual loss 
due to intermediate connectors. 

If all the flux losses are known, the equations and 
graphs developed earlier are sufficient to determine the 
feasibility of a preliminary link design. Consider, for 
example, the maximum flux output of a transmitter in a 
4-m link with one intermediate connector (assuming an 
insertion loss, acc, of 1.4 de). The transmitter's maxi-
mum output is calculated using Eqs. 3 and 4, but the 
extra system loss of acc must be included. The general 
equation used is: 

4)T-acc -cro(L - 0.5) = cl3R 

Thus in this example: 

CPT(ma‘) = 4IR(max) aCC a0(min) (4 - 0.5) 
= -12.5 + 1.5 + (0.3 X 3.5) 
= -9.95 dem 

Similarly: 

T(min) = CPR(mIn) aCC a0(max)(4 0.5) 
= -21.0 + 1.5 + (0.63 X 3.5) = - 17.3 dem 

Since (1),-(„,,,„) is greater than cfirr(n.), the input current 
must be reduced from 60 milliamperes when the HFBR-

1501 is used, in order to limit the transmitter's maxi-
mum output flux to -9.95 dem from the data sheet 
maximum of -8.4 dem. The 1.55-de reduction occurs 
at 44 MA (Fig. 3a). 
To determine the minimum flux drive current, the 

of - 17.3 dem is subtracted from the data sheet 

Measuring the optical flux 

The optical flux at the end o' the HFBR-3500 series 
fiber-optic cable can be measured using a radiometer 
such as the EG&G-550, the Photodyne 88XL, or the 
United Detector Technology S550. Calibration should 
be done at 665 nanometers. 
The output flux for the HFBR-1500 / 1501 transmit-

ters is specified at the end of 0.5 meter of HFBR-3500 
fiber-optic cable and can be measured using one of the 
above-mentioned instruments with a large-area detec-
tor. S milarly, the HFBR-2500 receiver's dc sensitivity 
may be measured by first adjusting the flux into a 
receiver until the output switches, then removing the 
receiver and determining the flux emerging from the 
cable end. 

Usable flux range measurements can be made by 
determining the flux at the end of a caole when a 
receiver has the maximum acceptable pulse distortion 
due to insufficient flux and when the maximum accept-
able pulse distortion is due to overdrive corditions. The 
difference in these two readings is the ac dynamic 
range of the receiver. 
Cable loss measurements can be made by first 

determining the transmitter output flux through 0.5 m 
of cable. Then the flux emitted at the end of the longer 
cable under test is measured when the cable is plugged 
into the transmitter. The ratio of the two flux readings 
approximates the loss in the cable. This figure is 
close to the actual cable loss. It is not exact because of 
different coupling efficiences between the 0.5-m cable 
and the cable under test to the transmitter. In most 
cases, this difference is no problem. 

FIBER-OPTIC CABLE CHARACTERISTICS 

Retractive 
index 
Profile , 
al 

Core 
diameter, 

 D (mm) 

Numerical 
aperture, 
NA 

First splice 
Length  

attenuation, 
aci (dB/ml 

Second splice Total 
insertion 

loss, 
acc (dB) 

Index 
mismatch, 

cri (dB) 

Diameter 
mismatch, 
op (dB) 

NA 
mismatch, 
aNA (dB) 

Index 
mismatch, 
au (dB/ 

Diameter 
mismatch, 
cÉA (dB) 

NA 
mismatch, 
0,NA (dB) 

HFBR-3500 100 1,000 0.5 0 0 0 0.4 0 0 0 0 

Galite-2000 100 1,140 0.66 0.7 0 1.1 2.4 3.5 

Du Pont PI R-140 100 368 0.5 0 8.7 0 0.25 8.7 

Belden 221001 100 300 0.22 0 10.5 7.1 0.012 17.6 

Du Pont S120 100 200 0.42 o 14.0 1.5 0.035 15.5 

Maxlite 
MSC 200A 100 200 0.4 o 14.0 2.0 0.01 - 16.0 

Hewlett-Packard 
HFBR-3200 10 100 0.3 0.71 20.0 4.4 0.022 24.4 
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minimum of — 14.8 dBm, yielding —2.5 dB. In other 
words, the transmitter's output flux must be lowered 2.5 
dB, and that is accomplished by using a drive current of 
35 mA instead of 60 mA (Fig. 3a). 

All these calculations mean that, at 4 m with one 
intermediate connector having an insertion loss of 1.5 
dB, the worst-case current can range from 34 to 44 mA 
when the HFBR-1501 and HFBR-2500 are used. 

Another method of determining the input current 
graphically is first to find the current range for 4 m (Fig. 
3b), then use Fig. 3a to determine what current is 
required for a 1.5-dB increase in optical flux to account 
for the 1.5-dB connector loss. 

Other cables 

System design may at times require the use of another 
type of fiber-optic cable as the main transmission link, 
with the HFBR-3500 cables acting as stubs. Any signifi-
cant parameter difference between the two cables can 
cause high insertion loss at the interfaces. The flux 
budget calculation for this case is somewhat different 
from what has already been presented. 
A listing of the interface and cable losses of several 

commonly used fiber-optic cables is employed to deter-
mine their suitability as intermediate fiber-optic links 
(see table). The losses at the interfaces with these fibers 
are due to several factors. These are refractive index 

4. Typical design. Link design is facilitated by a knowledge of how 

the transmitter's output flux varies with the attenuation of any inter-

mediate cable needed to hook the transmitter to the receiver (a). The 

system flux ratio (b) is also a function of this intermediate length. 

TYPICAL HFBR-1501 

-34 

O 10 20 

Ca) 

profile mismatch, al (dB), which is defined as 
10 log[(1 + 2/a2)/(1 +2/a i)], where al and a2 are the 
retractive index profiles of fibers No. 1 and 2, respective-
ly; area mismatch, «IA (dB), which is defined as 
20 log(D1/D2), where DI and D2 are the respective fiber 
diameters; and numerical aperture mismatch, aNA (dB), 
which is given as 20 log(NAI/NA2), where NA and 
NA2 are the respective fibers' numerical aperture. 
The calculated insertion loss of a fiber connection in 

the cable includes only the losses caused by refractive 
index profile, diameter, and numerical aperature mis-
matching. When connectors are used to splice identical 
cables, account must be taken of the connector loss that 
is due to fiber misalignment by the connector; this loss is 
typically 1 to 3 dB. When interfacing fibers of different 
diameters, the losses are due mostly to area mismatching 
and the tolerances on the connectors are not critical. In 
the typical system design described here, the HFBR-
3500 stubs are each 0.5 m long. In systems where the 
stubs are longer—at the choice of the designer —the 
additional HFBR-3500 fiber loss must be included. 
As stated earlier, the total insertion loss is the sum of 

all the losses due to cable mismatch at the interfaces. 

4 8 12 16 20 
INTERMEDIATE CABLE LENGTH, V (m) 
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These numbers are used to calculate the maximum 
length of a specific cable that can be placed between the 
transmitter and receiver modules. Since only typical 
numbers are available for most of the optical-fiber 
cables, typical specifications will be used for the trans-
mitter module rather than worst-case minimum and 
maximum specifications. 

Intermediate links 

If non-HP cables are used as an intermediate link and 
the HFBR-3500 cables as stubs, the extra interface 
losses at the intermediate connectors must also be 
included in the calculations (Fig. 4a). As before, the 
total insertion loss must be less than the available flux 
ratio for the system to operate. For example, suppose 
that one typical system flux ratio using the HFBR-1501 
transmitter was calculated as 11.1 de. As illustrations, 
consider three possible intermediate cables (Fig. 4b). 
The Du Pont PIR-140 cable has less attenuation than 

the HFBR-3500. A typical transmission distance is cal-
culated from the flux budget. As the flux margin is equal 
to the flux ratio minus the sum of the losses: 

am = a FR — (aSL ± a 0L) 

where: 
aSL = total insertion loss (de) 
ao = cable attenuation per unit length (de/m) 
aFR = flux ratio (de) 
L = cable length (m) 
A typical cable length (assuming an aFR of 11.1 de) is 

L = aFR — ast./ao. For the PIR-140 cable, L = 
(11.1 — 8.7)/0.25 = 9.6 m. Using the same equations, 
the transmission distance for a Galite 2000 cable comes 
out to 10.9 m. Again using the same equations, the cable 
length for the HFBR-3500 may be calculated assuming 
an acc for two AMP connectors of 1.5 de per splice. A 
typical length is L = (11.1 — 3.0)/0.4 = 20.3 m. 

5. Variations abound. The snap-in link can be hooked up as an analog transmission system (a) or as an RS-232-C data interface (b). The link 

is not limited to these configurations; other interface specifications such as the RS-488 may be satisfied by the use of auxiliary logic gates. 

The overall link length is limited by the dynamic 
range of the receiver. Consequently, since the transmit-
ters have a large output flux, the input current must be 
reduced to prevent the receiver from overloading, which 
occurs for any flux greater than the data sheet input 
maximum of — 12.5 dem. When overdriven, the dc-
coupled receiver exhibits pulse distortion. Furthermore, 
because of the amplifier peaking used to obtain a fast 
response, the receiver may produce an extra pulse or 
glitch from the overshoot. 

Overdriven receiver 

The data sheet specifications guard against overdriv-
ing the receiver by placing limits on the amount of input 
flux. However, other techniques can be used to drive the 
HFBR-2500 above the data sheet limits so that extra 
pulses or glitches are not produced. In reality, the over-
shoot always occurs on the low-to-high-pulse transition 
and can readily be eliminated from the link in low-speed 
systems. 
One technique is to increase the fall time of the input 

optical flux to the receiver. Placing a 1,500-picofarad 
capacitor across the LED in the HFBR-1500 or -1501 
transmitter increases the transition of the receiver's out-
put from low to high by 150 nanoseconds. Because of 
this increase, the link now has very asymmetrical propa-
gation delays and should only be used in low-data-rate 
systems. In these systems, the propagation delay is a 
small percentage of the bit interval and is of no conse-
quence. Moreover, under these conditions the maximum 
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input flux to the HFBR-2500 receiver is not the limiting 
factor in the link design. Thus the system limiting factor 
is simply the receiver's input sensitivity. 
The specification for the HFBR-1500/1501 has a 

worst-case flux variation of 6.4 dB to account for process 
variations, sorting tolerances, temperature effects, and 
coupling variations. When the link performance of any 
receiver is calculated, these tolerance variations and the 
dynamic range of each component are added to define 
the worst-case transmission distance. Although most tol-
erance variations are determined by processing and man-
ufacturing limits, some variations such as temperature 
effects can be minimized by circuit design. 

Temperature effects 

Temperature effects account for greater than 2 dB, or 
one third of the transmitter's output flux variation, as 
typical experimental data shows. Receiver and cable 
variation with temperature is minimal, since these com-
ponents are relatively temperature-insensitive. For the 
transmitter, a temperature-compensated drive circuit is 
used to reduce its output optical flux variation over 
temperature from 2 to 0.5 dB, increasing the worst-case 
transmission length by 1.5 dB/0.33 dB/m, or 4.5 m. 
There are several practical schemes for implementing a 
temperature-compensated drive circuit. 

6. Combinations. It is also possible to hook up the snap-in data link 

to simultaneously connect three or more data generators and receiv-

ers. Here, multiple series-driven transmitters and wired-OR receivers 

are fiber-linked to construct a fully connected three-node data 

network. Other configurations with four or more nodes may be 

designed to satisfy RS-232-C and similar interface standards. 

Frequently, an analog signal must be transmitted over 
a digital fiber-optic link. For low-bandwidth analog 
transmissions, a design scheme utilizing a voltage-
controlled oscillator with a TTL-compatible output level 
(the 74S124, for example) can be used to modulate the 
transmitter LED. The analog data thus generated may be 
recovered with a discriminator or a TTL-compatible 
phase-locked-loop IC (Fig. 5a) such as the NE560. Using 
frequency modulation for analog transmission instead of 
pulse-position or pulse-width modulation eliminated any 
effects due to pulse-width distortion at the receiver. 
Communication level interfaces such as the Electronic 

Industries Asssociation RS-232-C or RS-422 recom-
mended standard can easily be interfaced with the digi-
tal fiber-optic link using standard interface chips. The 
data interface at the electrical level also is easy to handle 
(Fig. 5b). Any handshaking signals required for commu-
nication exchange should follow the RS-232-C or RS-
449 specification. 

This link can also be used for other applications 
besides those involving simple digital or analog transmis-
sion. For example, networks utilizing multiple driven 
transmitters or wire-oRed receivers are often seen in 
systems for data interchange. Circuits for such multiple 
links can be readily implemented with the snap-in link 
(Fig. 6). El 
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Tough control tasks 
take 16 bits 

The 9995 adds off-chip memory to extend the capabilities 

of the first single-chip 16-bit microcomputer 

by John V. Schabowski, Texas Instruments Inc., Houston, Texas 

El High speed and high resolution are not usually asso-
ciated with single-chip microcomputers. Four-bit chips, 
for all their popularity, have minimal computational 
power, and 8-bit devices cannot comfortably handle larg-
er than byte-sized data types or offer more than moder-
ate data processing within the time constraints of real-
time operation. 
The TMS9940 16-bit microcomputer [Electronics, 

June 23, 1977, p. 113] was the first to transcend those 
limitations. It can perform complex mathematical com-
putations on data representing physical parameters that 
demand greater than 8-bit resolution, and it can do so at 
high speed. Also, since its instructions perform many 
more operations, it uses much shorter programs. Table 1 
compares its principal applications with those of its 
predecessors. 
The 9995 adds the ability to address up to 64-K bytes 

of off-chip memory to the 9940 (Fig. 1), which incorpo-
rates both data and program memory on chip and allows 
no external memory references whatsoever. The 9995, 
however, always locates its programs off chip since it has 
no read-only 
memory. The 
9940's lack of 
external memory 
limits the num-
ber of applica-
tions the simple, 
small systems 
based on it can 
serve, but it is a 
big step up to 
the much larger 
and more com-
plex systems 
based on the 
9900 micropro-
cessor. The 9995 
fills that gap, 
since the addi-
tion of the mem-
ory chip or chips 
it needs yields a 
far from com-
plex system. 

Both the 9940 

TABLE 1: TYPICAL APPLiCATIONS OF SINGLE 
VARIOUS WORD LENGTHS 

-CHIP MICROCMPUTERS HAVING 

Internal 
word 
width 

Typical 
data type 

Typical 
tasks 

Relative 
level of 

performance 
required 

Typical 
applications 

4 bits binary- 
coded 
decimal 
digits 

simple 
sequencing 
and control 

low games, 
calculators, 
appliances 

8 bits alpha- 
numeric 
characters; 
bytes 

sequencing 
and device 
control, 
simple data 
processing 

medium simple machine 
controls, 
computer 
peripherals, 
terminals 

16 bits physical- 
parameter 
values; 
analog-to- 
digital 
converter 
outputs 

closed-loop 
control, 
complex 
arithmetic 
computations, 
data processing 

high industrial, process 
and vehicular 
controls, smart 
instruments, 
intelligent 
peripherals, 
terminals 
controllers, 
communications 
equ ipment 

and the 9995 provide 16-bit power with on-chip random-
access memory. The 9940 offers 128 bytes of RAM, while 
the 9995 provides 256 bytes, which are addressed as 128 
words. In addition, both these devices are compatible 
with 9900 software and development systems. 

Some comparisons 

The 9940 also provides 2,048 bytes of nonvolatile 
program memory—either as mask-programmable ROM 
(9940M) or as user-programmable erasable PROM 

(9940E). The 9995 accesses its off-chip program memo-
ry a byte at a time through an 8-bit memory interface 
(Fig. 2). But it can access full 16-bit words from its 
internal RAM in a single cycle, making those locations 
ideal for workspace registers 
As in all processors in the 9900 family, the operand 

registers are located in general memory, a method that 
can decrease throughput when slower external memory 
is used for register storage (see "How the 9995 shrinks 
chip and program size," p. 93). However, when the 
register file is located in the high-speed on-chip RAM, 

this penalty dis-
appears, since 
these locations 
can be accessed 
just as quickly as 
the dedicated 
registers of other 
processors. In 
addition, the 
128-word on-
chip RAM can 
act as eight sep-
arate files of 16 
high-speed regis-
ters, whereas 
only a single reg-
ister file is sup-
plied with most 
other 8- and 16-
bit processors. 
The on-chip 
RAM can also 
store programs. 
The 9995 in-

cludes several 
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architectural re-
finements in ad-
dition to the ca-
pability of ad-
dressing off-chip 
memory. One of 
these enables it 
to determine the 
speed of its ex-
ternal memory 
at power-up. It 
can work with 
memories that 
have 120-nano-
second access 
times and 330-ns 
cycle times with 
no wait states. 
But it also can 
accommodate 
less expensive, 
slower memories 
by automatically 
generating a 
wait state that 
lengthens the 
normal memory transactions. At power-up it determines 
the speed of the memory by interrogating the logic level 
at one of its pins. If a slow memory is indicated, then it 
inserts a wait state during every subsequent memory 
cycle, thus accommodating external memory with 450-ns 
access times and 667-ns cycle times. 

Another advanced feature, otherwise found only on 
sophisticated processors like Motorola's 68000, is the 
ability to use undefined operation codes for macro-
operations —user-supplied subroutines that do not 
require the customary address operand but are instead 
called by a sin-
gle-word instruc-
tion. Whenever 
it detects such 
an instruction, 
or op code, the 
9995 vectors to a 
known memory 
location where 
the user-supplied 
subroutine for 
handling the 
macro-operation 
resides. This fea-
ture is termed 
the macroin-
struction-detect 
(MID) mecha-
nism and is a 
form of the ex-
tended-operation 
(x0P) instruc-
tion resident in 
all 9900 family 

2-BIT 
INTERRUPT 

READ-ONLY MEMORY 
OR ERASABLE 

PROGRAMMABLE ROM 
(2,048 BYTES) 

TMS9940 

16 BIT 
TIMER/EVENT 
COUNTER 

RANDOM-ACCESS 
MEMORY 

(128 BYTES) 

16-BIT 
ARITHMETIC AND 

LOGIC UNIT 

CLOCK 
GENERATOR 

COMMUNICATIONS 
REGISTER 
UNIT 

32-BIT 
INPUT/OUTPUT 

BUS 

1. The first. The TMS 9940 is the 

contains 2-K bytes of read-only memory, 128 bytes 

timer/event counter, and 32 discrete lines for input and output. 

first 16-bit single-chip microcomputer ever produced. It 

of random-access memory, a 

a MID, many 
more such oper-
ations can be de-
fined than with 
an XOP since 
there are several 
thousand unused 
op codes. On the 
other hand, an 
XOP responds 
slightly faster 
since a MID re-
quires the addi-
tional overhead 
of determining 
just which op 
code called it 
and consequent-
ly just which 
macroinstruction 
routine should 
be executed. 
The 9995 also 

vectors to a 
known memory 
location whenev-

er an arithmetic overflow is detected. This ability saves 
the execution time and memory space of the software 
checks that otherwise would have to accompany arith-
metic operations. 
Another speed-enhancing feature of the 9995 is its 

ability to prefetch the next instruction from external 
memory while the processor is executing the present one, 
a feature found in only one other 16-bit family, Intel's 
8088 (Table 2). When the processor is executing an 
instruction, the memory interface is normally free, so 
that the next instruction fetch can be started without 

interfering with 
any operations 
already in pro-
gress. When exe-
cuting an in-
struction whose 
operands are lo-
cated in the on-
chip RAM, the 
prefetch can be 
completed be-
fore the previous 
program step 
has finished exe-
cuting; then 
while the pre-
fetched instruc-
tion is decoded, 
the results of the 
previous one are 
stored. The net 
result is in-
creased process-
ing overlap—of-
ten called pipe-

16-BIT 
ARITHMETIC AND 

LOGIC UNIT 

16-BIT 
TIMER AND 

EVENT COUNTER 

C11 CLOCK 
GENERATOR 

16-BIT 
FLAG 

REGIST ER 

RANDO 
ACCES 
MEMOR 

(256 BYT 

S 
Y 
ES) 

LATCHES 
AND 

SYNCHRONIZERS 

TMS9995 

m. 

acr 

4  RESET 

 NONMASKABLE 
INTERRUPT 

16-BIT ADDRESS BUS 

8-BIT DATA BUS 

READ-ONLY 
PROGRAM 
MEMORY 

2. ROM-less. The 9995 allows up to 64-K bytes of off-chip memory to supplement the 256 

processors. With bytes of random-access memory it has on chip. 
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How the 9995 shrinks chip and program size 

Two architectural features distinguish the 9995 from other 
processors. Its working registers are held in random-
access memory, and it uses a two-address instruction 
format —the addresses of both the source and destination 
operands are specified by each two-operand instruction. 
The first feature saves valuable die area by locating 

workspace registers off chip. This is accomplished by 
including a workspace-pointer register on chip that indi-
cates where in memory the 16 contiguous workspace 
registers are located. 
Access to workspace registers is much slower when a 

time-consuming round trip must be made from the proces-
sor to an off-chip memory containing them. However, 
context changes are quick since an interrupt needs only to 
replace the workspace-pointer register to get a fresh set. 
Processors using dedicated internal registers face the 
opposite problem. They have faster access to their regis-
ters, but respond to context changes much more slowly 
because they must first save the contents of the current 
registers before switching contexts. 

With the 9995, the best of both worlds can be had now 
that the workspace registers may be located in the on-
chip high-speed RAM. Since the time difference between 
on-chip RAM and dedicated register is quite negligible, 
fast register access is now combined with fast context 
switching. 

MEMORY-TO-MEMORY ARCHITECTURE 

PROCESSOR MEMORY 

The second distinctive architectural feature of the 9900 
family processors is their two-address operation-code for-
mat. On these processors there is no dedicated accumula-
tor serving as the assumed destination of all two-operand 
instructions, as is the case on all other microprocessors— 
they use what is called a one-address architecture, since 
the second operand is always assumed to be the dedi-
cated accumulator. On 9900 family devices any work-
space registers can serve as accumulators. For instance, 
consider the compiler output of the Pascal instruction: 

I: = I +J 

The 9900 Pascal compiler can translate this instruction 
into a single assembly language statement: ADD JI. This 
is because any memory location can serve as either desti-
nation or source operand. But processors using a one-
address architecture must use two instructions to accom-
plish the same goal. The two instructions would be: 

MOV J,R (move the J operand into an internal 
register, R) 

ADD R, I (add R, containing J, to I and put the 
result where I was) 

In this way high-level language compilers have a much 
easier job of assigning locations to variables and produce 
shorter object-code modules. 

PASCAL STATEMENT I. = I +J 

COMPILER-GENERATED CODE: 
ADD J,1 

REGISTER-TYPE ARCHITECTURE 

PROCESSOR MEMORY 

COMPILER-GENERATED CODE: 
MOV J, R 
ADO R,1 

lining—that in essence eliminates the time required by 
two out of the six steps in a normal two-operand instruc-
tion execution sequence. In this way the extra time 
required to fetch instructions from external memory a 
byte at a time can be largely canceled out. 

New and faster instructions 

On the performance side of the ledger, the 9995 offers 
execution that is nearly three times as fast as that of the 
9900. This is due not only to the pipelined architectural 
improvement and the 6-megahertz clock, but also to 
several refinements in the microcode that defines the 
steps taken to execute an instruction. 
The instruction set of the 9995 also includes four new 

instructions that provide greater power than the 9900 in 
applications that need fast 16-bit arithmetic capability. 
Two of the new instructions are a signed multiply and 
divide: the former executes in a mere 8.33 microseconds, 
whereas the latter needs only 11.0 µs. The unsigned 
operations are correspondingly faster: 7.67 and 9.3 us for 
multiplying and dividing, respectively. The same opera-
tions on a 9900 microprocessor would take 17.33 and 
41.33 us, respectively. 
The other two new instructions are load-workspace 

pointer (LwP) and load-status register (LsR) from a 
variable. Multiple steps are needed on the 9900 to load 
from a variable. Consequently, the 9995's context 
switching, which is already fast since register contents 

Electronics/December 18, 1980 93 



TABLE 2: COMPARATIVE CONTROL APPLICATION EXECUTION SPEEDS FOR THE 9995 AND 8088 MICROPROCESSORS 

System configuration 
, 

Automated 
parts inspection 

(s) 

Computer 
graphics X—Y 
transformation 

(s) 

Bubble sort 
(ms) 

Block 
translation 

(ms) 

9995 (6 MHz) 

haying workspace 

registers in on-chip 

random-access memory 

with 120-ns 

programmable 

read-only memory 

0.666 0.863 1.240 1.767 

with 450-ns 

erasable PROM 
0.950 1.081 1.956 2.696 

8088 (5 MHz) 

using dedicated registers 

with 450-ns 

E-PROM 
1.596 2.402 2.254 1.522 

never need to be stored, tends to become even speedier. 
The instructions allow a program to adjust its processing 
context conveniently at run time: LWP dynamically allo-
cates workspace register sets, and LST defines status 
parameters on the fly. 
To further help keep a system's chip count low, the 

9995 provides on-chip synchronization and latch circuit-
ry for the two maskable external interrupt lines. This 
allows the 9995 to accept interrupt requests that are 
truly asynchronous and either levels or pulses. 

In addition to improvements in the chip's memory and 
processor sections, input/output — the third major sec-
tion of any microcomputer—has had its share of 
enhancement also. The communications register unit 
(cRu) has been enlarged to address 32 K of serial tio 
instead of the 4-K limit imposed on other 9900 family 
members. Another feature allows the bit-addressable 
CRU instructions to access a new 16-bit flag register. 
Three of these flags are dedicated to checking for inter-

rupt requests that the interrupt mask in the status regis-
ter may otherwise block. With these bits, the program 
can dynamically reassign the priorities of its interrupt 
structure. Two more bits from the register control the 
operation of the on-chip 16-bit timer: one activates it, 
and the other determines whether it will act as an event 
counter or an interval timer. The remaining 11 bits are 
user-definable and are normally used as software flags. 
The memory interface of the 9995 uses separate data 

and address pins, the latter being 16 bits wide. The 9995 
has on-chip clock generation as well and is housed in a 
40-pin package that requires only a single 5-volt supply. 

In the appropriate applications, both the 9940 and the 
9995 can lead to minimum—chip-count, software-effi-
cient designs. Obviously, when the 9940 can handle a 
16-bit job, it is the preferred solution. For example, the 
9940 is quite capable of handling data communications 
with remote sites using a single protocol. The 9995 
extends the range of applications to those requiring more 

memory — for example, one where 
several communications protocols 
must be handled so that the 2-K 
bytes of program Rom on the 9940 is 
not sufficient. Simply stated, solu-
tions requiring more code than the 
9940 can accommodate may migrate 
painlessly to 9995 systems. 
A spot-welding application is illus-

trated by by the robot arm in Fig. 3. 
Here, four separately controlled mo-
tions place the spot welder on the 
arm's tip at a point on a three-
dimensional workpiece. A separate 
loop, closed by the microcontroller, 
controls each motion (only one loop 
is shown). The 16-bit resolution of 
the microcomputer represents rota-
tional motion to an accuracy within 
1% of a degree or translational 
motion to an accuracy within 0.001 
inch over a 36-in. span. To provide 
the same resolution, an 8-bit proces-
sor would have to call on multipreci-
sion arithmetic requiring many more 
instructions. 

16 BIT 
MICRO-

COMPUTER 

_ 41 DIGITAL-TO ANALOG 
CONVERTER 

DIGITAL-POSITION 
FEEDBACK 

3. Robot control. A 9995 microcontroller is capable of running this robot welder. Each of the 

four possible movement axes is controlled by a separate feedback loop consisting of a 

digital-to-analog converter whose amplified output runs a motor with position feedback. 
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The RCA challenge: you name the 
applicationfwe'll provide the emitters. 
When it comes to solid state 

emitters, RCA can offer you every-
thing from low-cost emitters to state-
of-the-art lasers. Our line includes: 
GaAs IR emitters for continuous 

DC or pulsed operation at 940 nm, 
with power outputs from 2 to 7 mW. 

Plus a new low-cost plastic device 
producing 6 mW minimum, 9 mW 
typical. 

Pulsed lasers featuring 904 nm 
wavelength, power outputs from 1 to 
20W, with operating temperatures 
from -55° to 70°C. These devices 

proved themselves in military appli-
cations where reliability is critical. 
CW semiconductor lasers 

(GaAlAs) delivering power outputs 
of 5 mW minimum, 10 mW typical. 
Threshold currents are under 100 
mA, with extremely small emitting re-
gions. Integral optical feedback is 
available. 

Fiber-optic components and 
systems, including high-speed edge 
emitters operating beyond 150 MHz, 
CW lasers designed for efficient 
coupling to fiber-optic cables, and 

pre-packaged data-link modules. 
Plus technical support. Whether 

you need product information or de-
sign help, you can always call us. 

For more information contact 
your local RCA distributor or RCA 
Solid State Emitters Marketing, New 
Holland Ave., Lancaster, PA 17604. 
Telephone: (717) 397-7661. Or RCA, 
Buenos Aires, Argentina. Brussels, 
Belgium. Sao Paulo, Brazil. Sunbury-
on-Thames, Middlesex, England. 
Paris, France. Stuttgart, W. Germany. 
Mexico 16 D.F., Mexico. 

Circle 95 on reader service card 
(A) IR emitters for smoke detectors, control systems, optical switches and intrusion alarms. (B) Pulsed laser for proximity fuses 

and weapons simulation. (C) CW lasers for electronic surveying equipment, fiber-optics, non-impact printers and optical information 
systems.(D) Optical communications modules and components for telecommunications, computer interface and CATV. 



Designer's casebook  

One-chip tachometer 
simplifies motor controller 
by Henrique Sarmento Malvar 
Department of Electrical Engineering, University of Brazilia, Brazil 

Setting and stabilizing the angular velocity of a dc motor 
by means of a charge pump and a servoamplifier, one-
chip tachometers such as National Semiconductor's 
LM2917 serve well as a simple but elegant motor-speed 
controller. Such an arrangement is preferable to the 
widely used scheme in which both positive and negative 
feedback is utilized to keep the motor's back electromo-
tive force, and thus its speed, constant by generating a 
voltage that is proportional to a given load. 
As shown in the figure, a magnetic pickup coil detects 

the angular velocity of a mqtor-driven flywheel and feeds 
the low-amplitude pulses, whose frequency is proportion-
al to the motor speed, to the LM2917's charge pump. As 
a result, the pump generates a current, II, whose average 
value is directly proportional to the input frequency. 
The operational amplifier that follows compares this 

voltage to a user-set reference and, through power tran-

Setting speed. LM2917J tachometer, which is basically a frequency-to-voltage converter, sets and stabilizes motor speed. Few RC 
components are required, thereby simplifying circuitry. Power transistor 0, is the only external active element needed. 

sistor Q1, generates a voltage for the motor's armature of 
VA = (R2/RI)(Vrei—'IRO. Thus, potentiometer R6 sets 
the motor's speed, for when V V.I., voltage VA 
decreases, and vice versa. 

In this application, the gain of the operational ampli-
fier, determined by resistors RI and R2, has been set at 
approximately 150. The greater the gain, the lower the 
variation of motor speed with changes in load resistance. 
However, the setting of very high gains should be avoid-
ed, because there will be a reduction in the gain and 
phase margins—that is to say, a loss of stability in the 
feedback control loop. 
As for the selection of other components to meet any 

particular application, note that capacitor CI serves a 
double purpose: it integrates pulsed current II, thereby 
performing a smoothing function, and it sets a low-
frequency pole for the amplifier, thereby ensuring stabil-
ity. C2 sets the conversion factor of the tachometer and 
should be increased for low-speed motors. R3 minimizes 
the offset due to the amplifier's bias currents at pins 4 
and 10. Finally, C3 functions as a noise filter. 
As seen, the LM2917's tachometer conversion factor 

will be almost independent of its supply voltage, as a 
consequence of the zener diode connected at the device's 
supply port. The supply voltage should not fall outside 
the range of 10 to 15 volts, however. 
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Low-cost timers govern 
switched-mode regulator 
by Luces M. Faulkenberry 
Texas State Technical Institute, Waco, Texas 

This step-down switching power supply, which uses 555 
timers for pulse-width modulation, combines good per-
formance with very reasonable cost. Providing an output 
of 12 volts at 1 ampere for an 18-v input, the unit offers 
input-current limiting, 0.1%/v line regulation, 0.5% load 
regulation, and an output ripple of only 20 mv. How-
ever, the design equations given here enable the user to 
specify his own requirements. The supply can be built for 
less than $15. 

Operating as an astable multivibrator at 20 kilohertz, 
timer AI generates the trigger pulses needed to switch 
the output of monostable multivibrator A2 to logic 1 
during each cycle. Modulating the control pin of one-

shot A2 with the output of the 741 operational amplifier 
controls the width. 
The op amp compares a preset fraction of the supply 

voltage, Vo.', with the 6.8-v reference, Vra. When 
Vref ›. V02, the control pin of the one-shot moves high 
and each pulse from the output of A2 is lengthened 
accordingly until the reference and supply voltages are 
virtually equal. Similarly, if Vref<, the output 
pulses are shortened. 
As seen, transistors Q1 and Q2 in the simple feedback 

loop perform the switching function. Monitoring transis-
tors Q3 and Q. limit the current by bringing Az's reset 
pin low when the design-maximum peak current through 
the inductor is reached, thereby shortening the width of 
the output pulses until the cause of the trouble is 
removed. Q3 can also serve in a dual capacity as a switch 
to turn off the supply during overload conditions. For 
example, should automatic shutdown of the supply be 
necessary, Q3 could be used to fire a silicon controlled 
rectifier in order to hold the reset pin of oscillator A1 low 
permanently. In these cases, a simple circuit would also 
be needed to reset the supply manually. 
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Rudimentary. Dc-dc switching regulator, using 555 timers, is simple 

and low-cost yet provides good performance. Typical specs of 18-

V-in—to-12-V-out unit include 0.1%/V line regulation, 0.5% load 

regulation, and output ripple of 20 mV. User can design supply to 

meet his own requirements with aid of given equation set. 
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A STAR 
IS BORN. 

Circle 98 on reader service card 

The Series 20 cabinet rack, 
newest addition to Bud's 
Designer Group of enclosures, 
outshines anything in its class 
because it offers more value 
at less cost. 

Easy to assemble and with 
all necessary hardware 
furnished, the Series 20 has 
the same distinctive styling 
and built-in quality of other 
members of Bud's family of 
enclosures. 

The Series 20 comes in 
four sizes, all with a depth 
of 30 inches. And, a wide 
range of standard features 
and accessories provide 
added flexibility. 

Bud offers the industry's 
largest, most diversified line 
of enclosures, accessories 
and hardware. For more 
information on the Series 20 
cabinet rack, write or call: 
Bud Industries, Inc., 4605 East 
355th Street, Willoughby, OH 
44094. Phone (216)946-3200. 
Bud West, Inc. 3838 North 
36th Ave., Phoenix, AZ 85019. 
Phone (602) 269-3151. 

UV IUD 

NEW1980 Electronics Buyers' 
Guide 
The only book of its kind VI 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 1980 EGG. 

El I've enclosed $30 per copy delivered in USA or 
canada. Address: EGG, 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 

State Zip Country 

For more 
information 

call these Bud 
Representatives 
AL Huntsville, Cartwright Et Bean Co. 205-533-3509 
AZ Scottsdale, Summit Sales Co. 602-994-4587 
AR Memphis, TN, Cartwright Et 

Bean Co. 901-276-4442 
CA Ingelwood, Jack Berman Co. 213-649-6111 
CA Santa Clara, David Ross Co. 408-988-8111 
CO Denver, Lindberg Co. 303-758-9033 
CT Needham, MA, Mullin Technical 

Sales, Inc. 617-444-4780 
DE Cherry Hill, N.J. Trinkle Sales, Inc 609-795-4200 
DC Cherry Hill, N.J. Trinkle Sales, Inc 609-795-4203 
FL Ft. Lauderdale, Cartwright Et 

Bean Co. 305-735-4900 
FL Orlando, Cartwright Et Bean Co. 305-422-4531 
GA Atlanta, Cartwright Et Bean Co. 404-233-2939 
ID Denver, Co. Lindberg Co. 303-758-9333 
IL Chicago, Industrial 

Representatives, Inc. 312-647-7755 
IL Maryland Heights, MO, PMA Corp 314-569-1220 
IN Carmel, Rich Electronic 

Marketing, Inc. 317-844-8462 
IN Ft. Wayne, Rich Electronic 

Marketing, Inc. 219-432-5553 
IA Cedar Rapids, PMA Corp. 319-362-9177 
KS Overland Park, PMA Corp. 913-381-0004 
KS Wichita, PMA Corp. 316-684-4141 
KY Louisville, Rich Electronic 

Marketing, Inc. 502-239-2747 
LA Metarie, Cartwright Et Bean Co. 504-835-6220 
ME Needham. MA, Mullin Technical 

Sales, Inc. 617-444-4780 
MD Cherry Hill, N.J. Trinkle Sales, Inc. 609-795-4200 
MA Needham, Mullin Technical 

Sales, Inc. 617-444-4780 
MI E. Detroit, Jack M. Thorpe Co. 313-779-6361 
MN Minnetonka, Gibb Electronic Sales 612-935-4603 
MS Jackson, Cartwright Et Bean Co. 601-981-1170 
MO Maryland Heights, PMA Corp. 314-569-1220 
MT Denver, Co. Lindberg Co. 303-758-9333 
NE Maryland Heights, MO, PMA Corp 314-569-1220 
NV Santa Clara, CA, David Ross Co. 408-988-8111 
NV Scottsdale, AZ, Summit Sales Co. 602-994-4587 
NH Needham, MA, Mullin Technical 

Sales, Inc. 617-444-4780 
NJ Cherry Hill, Trinkle Sales, Inc. 609-795-421:X1 
NJ E. Rockaway, N.Y. Willgold 

Sales Corp. 516-764-4022 
NM Albuquerque, Lindberg Co. 505-881-1006 
NY E. Rockaway, Willgold 

Sales Corp. 516-764-4022 
NY Rochester, Marchese, Marsey Et 

Barden 716-544-4300 
NC Charlotte, Cartwright Er Bean Co. 704-377-5673 
NC Raleigh, Cartwright Et Bean Co. 919-781-6560 
ND Minnetonka, MN, Gibb 

Electronic Sales 612-935-4600 
OH Cleveland, Marlow Assoc., Inc. 216-991-6500 
OH Columbus, Marlow Assoc., Inc. 614-885-7643 
OH Dayton, Marlow Assoc., Inc. 513-435-5673 
OK Dallas, TX, Erickson Sales, Inc. 214-739-5833 
OR Portland, Earl Et Brown, Inc. 503-245-2283 
PA Cherry Hill, N.J. Trinkle Sales, Inc. 215-922-2080 
PA Pittsburgh, Marlow Assoc., Inc. 412-831-6113 
RI Needham, MA, Mullin Technical 

Sales, Inc. 617-444-4780 
SC Charlotte, N.C. Cartwright Et 

Bean Co. 704-377-5673 
SD Minnetonka, MN, Gibb 

Electronic Sales 612-935-4600 
TN Knoxville, Cartwright Et Bean Co. 615-693-7450 
TN Memphis, Cartwright Et Bean Co. 931-276-4442 
TX Austin, Erickson Sales, Inc. 512-327-5486 
TX Dallas, Erickson Sales, Inc. 214-739-5M 
TX Houston, Erickson Sales, Inc. 713-498-2959 
UT Salt Lake City, Lindberg Co. 801-534-1500 
VT Needham, MA, Mullin Technical 

Sales, Inc. 617-444-4780 
VA Cherry Hill, N.J. Trinkle Sales, Inc. 609-795-4200 
WA Seattle, Earl & Brown, Inc. 206-284-1121 
WV Cleveland, OH, Marlow Assoc., Inc. 216-991-6500 
WI Milwaukee, Industrial 

Representatives, Inc. 414-259-0965 
WY Denver, Co. Lindberg Co. 303-758-9033 

COI 
BUD INDUSTRIES, INC. 
4605 East 355th Street 
Willoughby, Ohio 44094 
12161 946-3200 

BUD WEST, INC. 
3838 North 36th Avenue 
Phoenix, Arizona 85019 
16021 269-3151 
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Differential amp cancels 
integrator's crosstalk 
by Elzbieta Nowicka 
Atomic Energy of Canada Ltd, Ottawa 

The performance of a high-speed integrator can be 
improved considerably by utilizing the excellent com-
mon-mode rejection characteristics of an operational 
amplifier to reduce crosstalk caused by the switching of 
waveforms during the circuit's integrate-and-hold 
sequence. More specifically, operating the amp in its 
differential mode enables the integrator to virtually can-
cel the switching offsets that are generated by the almost 
ideal switch—the complementary-mos analog gate, 
which is inexpensive and has low on-resistance but rela-

Rs 
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(GATE 1) 

Sz 
(GATE 2) 

INTEGRATION HOLD RESET 

Si o io o 4o 

2 

470 12 

R3 RI + RS 

+8 2 V GATE 2 

8 2 V 

GATE 1 

GATE 3 

tively high feedthrough. The supporting circuitry 
required (two extra gates) is minimal. 
The technique generally used to start and terminate 

the three-step integration sequence is shown in (a), 
where SI and S2 represent two electronic switches. These 
switches must be selected carefully, the main require-
ment being that the on-resistance of these devices be as 
low as possible, especially when the RIC, time constant 
is small. 
The c-mos CD4066 transmission gate, with its nomi-

nal on-resistance of only 80 ohms for a supply voltage of 
15 volts, would normally serve well in these applications, 
except that its crosstalk (the unwanted feedthrough of 
the gating signal) is high—typically, 50 millivolts for a 
10-v square wave having t = tr = 20 nanoseconds and a 
gate-output load of 1 kilohm. By introducing a pair of 
switches at each of both inputs of the LM218 op amp 
(b), however, the integrator will provide virtual elimina-
tion of the crosstalk by means of differential cancelation 
of gate feedthrough signals 1 and 2. There will be little 
error introduced by the differences between the on resist-
ance of each individual gate in the 4066 package because 
of the balanced circuit arrangement. Typically, ào„ will 
be less than 5 9 for a 15-v supply. 

Utilizing this scheme, the crosstalk will be reduced to 
less than 3 mv over a temperature range of 0° to 70°C. D 

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. We'll pay $50 for each item published. 

Negated. Op amp virtually eliminates crosstalk of analog gates in 

switching integrator by using differential-input cancelation method. 

Nominal crosstalk becomes 3 mV, sharply reduced from gate's 

typical value of 50 mV. Differences in on-resistance characteristics of 

individual gates in package introduce little error. 
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Special report 

Tape automated 
bonding meets 
VLSI challenge 

Japan and France lead 

the way in applying 

chips on tape directly to 

hybrid and pc substrates 

by Jerry Lyman, Packaging & Production Editor 

III With the world's electronics industries poised on the 
brink of the era of very large-scale integration, tape 
automated bonding is picking up momentum at last. 
Already on automated assembly lines in France and 
Japan, arrays of tape-bonded LSI circuits with up to 40 
leads are being reflow-soldered or thermocompression-
bonded either to large digital hybrid circuits that are 
destined for computers or onto small rigid or flexible 

printed-circuit boards aimed at low-end 
- consumer electronic products. 

Meanwhile, back in the U. S., 
TAB remains for the most part at 
the experimental stage. Its usu-
al implementation is in auto-

matic assembly used by just a few integrated-circuit 
firms to place small-scale devices in 14- to 16-pin plastic 
molded dual in-line packages. But the important techno-
logy of applying bare chips on tape to hybrid or pc 
substrates falls far below the overseas level. This tech-
nology is strictly confined to a small group of extremely 
large electronics and computer firms equipped to modify 
their own wafers with the interconnection bumps (see 
Fig. 1) that protect the chips' terminal pads during 
bonding —a vital service the U. S. semiconductor indus-
try is still unwilling to supply to hybrid manufacturers. 

Chips on tape are likely to be a serious contender for 
the VLSI package of the future. A recent report on 
high-density interconnections from BPA (Management 
Services) in Dorking, Surrey, England, predicts that by 
the end of the decade they will account for 20% to 30% 
of all ic packaging applications because of their signifi-
cant advantages of size and testability. 
Tape manufacturers can already produce tapes whose 

frames can accommodate chips with over 100 leads, so 
VLSI devices will pose no special problems in this area. 
Manufacturers of automatic bonding and placement 
machines for tape-bonded chips see no difficulty in han-
dling these multileaded tapes. 
The concept of TAB, just beginning its second decade, 

was first announced by General Electric Co., Syracuse, 
N. Y., in 1971. It called for automated mass bonding of 
specially bumped SSI chips to specially prepared tape. 
Specifically, the chips were to be soldered to the inner 
lead pattern of spiderlike copper interconnections etched 
on successive frames of a copper-coated insulating film 
with a 35-millimeter sprocketed format. The tape was 
then to be moved on reels to special machines where the 
outer leads could be bonded to metal lead frames for 
eventual use in molded DIPS. Alternatively, the frames 
were to be excised from the tape by other machinery and 
bonded directly to hybrid or pc substrates. 

Chips to tape 

The basic types of tape or film now available have one, 
two, or three layers. The single-layer or all-metal tape is 
confined mainly to the automatic assembly of Ic chips 
into blips. Two-layer tape is also used in "jelly bean" 
(Ss!) assembly, but it is now starting to be applied to 
hybrids. Three-layer tapes are the Cadillacs of the field 
and have garnered the majority of all hybrid applica-
tions. Double- and three-layer tapes will be used exten-
sively for the coming VLSI because chips can be tested 
and burned in while still on the tape. 

Until recently, single-layer tapes have been all copper, 
but all-aluminum tapes are now being evaluated (see 
"Contracting for chips on tape," p. 101). Single-layer 
tape is the least expensive, but it cannot be tested on a 
continuous reel. In addition, this type is structurally 
unstable without support. 

Two-layer tapes consist of a layer of copper electro-
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deposited or laminated to polyimide (Kapton) film. This 
tape is perhaps twice as costly as single-layer tape, but it 
can take the heat of soldering and is testable. At the 
present time it is limited to 35-mm widths. 

Three-layer tape has a layer of copper on a layer of 
adhesive over a polyimide or polyester film. This com-
posite is fully testable and comes in widths up to 70 mm, 
so it is suitable for carrying large and costly multileaded 
LS! and VLSI devices. However, its adhesive layer limits 
the temperature that it can survive in and it has—at 
least in polyimide versions—about five times the cost of 
a comparable two-layer tape. Table 1 summarizes the 
construction and approximate cost of each tape type. 

In multilayer tapes Kapton is normally the insulating 
material. Tradlon polyparabanic acid (PPA) film from 
Exxon Chemical Co. USA, Houston, has now been quali-
fied for use by at least one film manufacturer, Interna-
tional Micro Industries of Cherry Hill, N. J., and is 
being evaluated by other TAB users. PPA costs less than 
polyimide film, and though it has a lower temperature 
limit, it will take the heat of soldering. Polyester film is 
another alternative and is currently used at cil-Honey-
well Bull in Angers, France, but its low temperature 
limit has held down such application elsewhere. 

Making tapes 

All of the commercial manufacture of TAB tape is 
concentrated in five American companies-3M's Elec-
tronic Products division, St. Paul, Minn.; International 
Micro Industries; the Dynatape division of Dynacraft 
Inc., Santa Clara, Calif.; Fortin Laminating Corp., Syl-
mar, Calif.; and Koltron Corp., Sunnyvale, Calif. 
3M, one of the first companies into the film-carrier 

business, is now producing one- and two-layer tapes plus 
a one-layer bumped tape. In addition, the company will 
supply unpatterned three-layer 35-mm tape for in-house 
TAB facilities. INE has standardized on a 35-mm three-
layer tape and Dynatape is concentrating on various 
types of bumped tape (see "The status of bumped tape," 
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ALUMINUM PAD 

SILICON CHIP 

1. Bump metallurgy. Copper and gold bumps on the integrated 

circuit die effect a copper to copper bond, gold to gold bond, or gold 

to tin eutectic bond between the beam tape and the chip. Lead tin 

bumps to tin plated tape is a less popular combination. 

p. 103). Fortin supplies a two-layer tape, a two-layer 
bumped tape (in limited quantities), and three-layer 
35-mm material. Koltron is manufacturing single- and 
three-layer tapes. 

These manufacturers are facing the advent of VLSI 
with confidence. For instance, Joe A. Zimmerman, mar• 
keting manager for microinterconnecting systems at 3M, 
says, "We think the coming high-lead devices are open-
ing a new door for tape bonding." He continues, "We are 
building designs with up to 200 leads already but are 
talking with people about more than 300 leads. With our 
current technology of 3-mil tape beams on 3-mil spaces, 
we can do everything we have seen." An example of a 
60-lead IC that has been bonded to a two-layer tape from 
3M is illustrated in Fig. 2. Carmen Burns, who is general 

Contracting for chips on tape 

Contract tape bonding is a new arrival in the world of tape 
automated bonding. Ordinarily chips on tape are captive 
either at a large integrated circuit firm's assembly opera-
tions or in an in-house TAB facility. Now two California 
firms, American Automated Assembly Corp. Santa Clara, 
and Indy Electronics Inc., Manteca, are willing to take a 
customer's unbumped chips or wafers and bond them to 
all-metal tapes. This tape will then be bonded to a lead 
frame, which in turn will have epoxy dual in-line packages 
molded on. 
American Automated Assembly's operation is targeted 

for full operation by Jan. 1, 1981. An all-aluminum tape 
with silver- and gold-plated bumps will be used. The Santa 

Clara company has developed its own inner and outer 
lead bonders and expects to be able to package devices 
with up to 40 pins in epoxy DIPs. John Manning, president 
of the firm, sees the possibility of supplying chips on tape 
rather than in DIPs further down the line. At present, 
American Automated Assembly is in a preproduction 
stage and can supply sample quantities. 

Indy Electronics is planning a similar operation also 
based on a bumped aluminum tape and automatic assem-
bly equipment designed in house. However, this operation 
is still in a development stage. 

This service, if successful, will let users package runs 
of custom chips in discrete packages or on tape. 
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TAPE 

Type 

CONSTRUCTION 

Pattern 
method 

AND COST 

Thickness 
(pm)frame 

Cost per 

(cents) 

One-layer: 
copper 

aluminum 

etched or 
punched 

punched 

25-50 

25-50 

1-2 

Two-layer: 
copper 

polyimide 

etched 
etched or 

printed 

25-50 

12-25 

2-4 

Three-layer: 

copper 

adhesive 
polyimide or 

polyester 

etched 
punched 

punched 

35 
12-25 

75-125 

10-50 

SOURCE INTERNATIONAL MICRO INDUSTRIES 

manager of Dynacraft, sees no limit to the number of 
leads possible. Dynacraft produces tapes with 55 leads as 
a matter of routine, and it has had developmental proj-
ects with up to 200. 
On the general growth of the TAB market, Burns notes 

that a decade ago tape bonding was fourth in assembly 
techniques behind wire bonding, film chips, and beam 
leads. Now it is second, and according to Burns, "tape is 
growing faster than wire bonding, and by the end of the 
1980s it will be the dominant technique." 
Tom Angelucci, president of 1mi, a maker of both film 

and TAB bonders, sees TAB as the future dominant 
assembly technique for VLSI (that is, with greater than 
100 leads) devices because of TAB tape's inherent lead 
resolution and because of its high throughput due to 
mass bonding. 

Present LSI chips are based on input/output pads 4 
mils on a side on 8-mil centers, but as lead count 
increases such an interface becomes too wasteful of 
precious real estate, so the vo pads must shrink. But 
current wire bonders cannot connect to smaller pads 
without overlapping the adjoining ones. Only TAB tape, 
based on photolithography, will be able to create the fine 
beams needed to access the I/CI pads 2 mils on a side on 
4-mil centers of future VLSI chips. 

Automatic wire bonding is the primary competitor of 
TAB in IC automatic assembly. The former is a serial 
process (one pad at a time) and as the number of pads 
goes up, bonding time increases. In TAB, where leads are 
mass-bonded [Electronics, Dec. 25, 1975, p. 61], bonding 

time is constant, rather than a function of I/O 
pad count. This gang bonding means that TAB 
will have a much higher throughput than wire 
bonding for VLSI chips. 
John Hass, mass bonding product manager of 

2. Silicon on tape. With the aid of a 3M two-layer beam tape, Kylex 

Corp. has mounted a 60-lead pretested liquid-crystal-display driver 

to a printed circuit board. A dielectric support ring acts as cover coat 

retainer as well as support for the inner lead bond. 

Jade Corp., Huntington, Pa., says present-day TAB bond-
ers place no limit on the number of inner leads that can 
be mass-bonded, and up to 200 outer leads can be 
bonded with the Jade machines. So inner- and outer-lead 
TAB bonders already exist commercially for the coming 
wave of VLSI devices. 

Hybrid TAB 

The ultimate high-density chip package is a wire-
bonded unit [Electronics, Sept. 28, 1978, p. 119]. How-
ever, a close second is a TAB-bonded chip that has been 
excised from its frame of tape. This tiny chip package 
with its copper beams is the basis of some of the most 
sophisticated packaging in France and Japan. Unfortu-
nately, the United States, with about 1,600 independent 
hybrid companies and many large in-house facilities, 
lags sadly in the application of chips excised from tape to 
hybrids. This type of activity is confined to giant firms 
like Honeywell Inc. at its divisions in Phoenix, Ariz., and 
St. Petersburg, Fla.; Bell Laboratories in Allentown, Pa.; 
Burroughs Corp. of San Diego, Calif.; Westinghouse 
Systems Development Center of Baltimore, Md.; and 
General Dynamics Corp. of Pomona, calif. 

CII-HB originated the term tape automated bonding in 
the mid-1970s in France and has been using the tech-
nique successfully ever since. At present, this firm's 
DPS-7 mid-range computers are built mainly of multi-
layered 50-by-50-mm ceramic thick-film modules with 
up to 36 excised TAB chips reflow-soldered onto thick-
film conductors (Fig. 3). 
The French company's TAB process uses material and 
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The status of bumped tape 

One of the limitations of the tape automated bonding 
process is that it requires special metalized bumps to be 
plated up over an integrated circuit's aluminum input/out-
put pads. This process protects the pads during the bond-
ing process, which could be either soldering or thermo-
compression bonding. IC companies in the U. S. have not 
on the whole been willing to supply bumped chips or 
wafers or chips on tape, so only large companies capable 
of bumping their own or purchased chips, such as West-
ern Electric Corp. and Honeywell Inc.'s Honeywell Informa-
tion Systems in Phoenix, Ariz., and its Avionics division in 
St. Petersburg, Fla., have been able to have in-house TAB 
operations. 
To get around this situation and to allow the use of 

standard unbumped wafers or chips, tapes with the 
bumps already on them are now being manufactured and 
are available from companies like the Dynatape division of 
Dynacraft Inc., Santa Clara, Calif.; 3M's 
Electronic Products division, St. Paul, 
Minn.; and Fortin Laminating Corp., Syl-
mar, Calif. 

Since 1978, engineers at General Dy-
namics Corp., Pomona, Calif., have been 
evaluating bumped tapes for military 
hybrid applications, with mixed results. 
The technique is promising, but needs 
more work to make it applicable to either 
hybrid or automatic assembly operations. 
Bumped tape is more complex and 

expensive than planar tape. Also, chips 
rather than sawed-up wafers must be inter-
faced with the inner lead bonders and then 
placed on a heated workholder. Finally a 
completely new type of inner lead bonder, 
with adequate viewing optics for alignment 
of the small tape bumps to the chip's alu-

minum I/O pads, must be used instead of a standard inner 
lead bonder. 

Given these disadvantages, as well as the large amount 
of standard tape-bonding equipment already in place, it 
appears that the overwhelming amount of TAB work for at 
least the next several years will be with planar tape, 
particularly in hybrid work with large-scale and very large-
scale integration. 

However, Dynacraft, the company that developed 
bumped tape, is shipping it in volume. "It has been in the 
works for three years and we have just phased it into 
volume production," notes Carmen Burns, general man-
ager of the company. Dynacraft's single-layer bumped 
tape seems headed for the automatic assembly of "jelly 
beans" (small-scale integrated circuits) and its three-layer 
bumped tape is being used as a hybrid module by 
European watch manufacturers. 

machines developed in house. The tape is 35-mm Mylar 
(polyester) with standard sprocket holes and a layer of 
laminated copper 35 micrometers thick. 

For computer design, CII-HB has now standardized 
MO TAB chip configurations—with 24 and 40 leads. For 
VLSI chips in future computers, lead count may increase 
by a factor of four. 

Jean Valin, technology development director for CII-
HB, says that TAB works so well for its present generation 
of chips—customized current-mode logic (cmi) —that a 
development program is already under way to extend its 
use to VLSI chips for the company's next generation of 
computers. 

CII-HB will use the same 35-mm tape and automatic 
reel-to-reel machines and testers for its next generation 
of chips. It will also retain the same substrate size used 
in the DPS-7. 

Honeywell Information Systems in Phoenix has devel-

oped a packaging system for computer use similar but 
not identical to the French system. The HIS system also 
employs a three-layer testable tape, the same family of 
CML chips, and an 80-by-80-mm multilayer ceramic 
substrate. HIS has not yet brought this technique to the 
production state, although work has been going on since 
1977. However, the division has already designed auto-
matic handling and testing equipment for this operation 
[Electronics, April 26, 1979, p. 115] based on strips of 
films in magazines rather than the reel-to-reel approach 
of CII-HB. 

Japanese films 

The Japanese are easily the most active participants in 
TAB. According to Tom Angelucci of ¡MI, at least 20 or 
more companies have several different circuits in pro-
duction or in the planning stages. 
Two companies using TAB in heavy volume in Japan 

Electronics/ December 18, 1980 103 



are Sharp Corp., in its low-priced digital consumer prod-
ucts, and Nippon Electric Co., in its computer products. 
Both are already applying TAB to vo chips with more 
than 100 leads. 

Sharp's Tsamu Washizuka, general manager of the 
electronic calculator division of its industrial instruments 
group, says that his division is using film-carrier chips in 
one- and two-chip calculators and a two-chip watch with 
voice output. No incoming inspection tests are done 
because rejects run less than 0.01%. 
At Sharp, TAB devices are cut from the film and 

reflow-soldered to pc boards. The maximum number of 
leads is now 80 for a one-chip calculator with a dot-
matrix display, although it is possible this will be 
increased to 100 or 120. 
NEC manufactures CML devices on three-layer testable 

35-mm tape for its largest computer. Kodo Kimura, 
engineering manager of the IC division of the lc design 
department, sees no problems in using 35-mm film for 
VLSI devices with up to 120 leads. 
The chips on tape have been used extensively in NEC'S 

largest computers— ACOS 800, 900, and 1000. The 
company will use them in the future, especially for VLSI. 

In the NEC system, the excised CML devices are ther-
mocompression-bonded rather than soldered to multi-
layer substrates as in the CII-HB and HIS systems. How-
ever, like the French and American TAB systems, all 
chips are tested on tape. 
Though companies like CII-HB, Sharp, and NEC have 

made great advances in TAB for hybrids and pc boards, 
in the U. S. only large companies have the 
financial resources to bump their own wafers 
and to set up a highly expensive automated 
hybrid assembly flow. Some companies who are 
using or experimenting with hybrid TAB are 

3. Hybrid TAB. Packaging of the CH-Honeywell Bull DPS-7 comput-

er is based on multilayered ceramic modules carrying up to 36 

TAB-bonded CML chips. This is a 24-lead device excised from a tape 

that has been reflow-soldered to a substrate's conductor pattern. 

4. About-face. In most applications, tape-bonded chips are 
mounted on top of the tape. Bell Labs uses the face-down (chip 

under the tape) method shown for a beam-lead type of package with 

fewer assembly operations and less surface area than face-up TAB. 

Honeywell, Western Electric, Bell Labs, Burroughs, 
Westinghouse, and General Dynamics. In almost all 
cases, these programs are developmental, whereas over-
seas hybrid TAB is in full production. 
While Honeywell Information Services has concen-

trated on large-scale digital hybrids, the Honeywell Inc. 
Avionics division in St. Petersburg, Fla., has been run-
ning an extremely successful program for military digital 
hybrids based on thermocompression (Tc) bonding of 
excised ssi and msi chips to small ceramic substrates. 
The Avionics division bumps its own wafers and receives 
a three-layer tape from the HIS division. A whole variety 
of chips have been bumped—bipolar, complementary-
MOs, Schottky, and linear. TAB chips are bonded to 
ceramic substrates with a Jade Massbond 34810 system 
that excises the chip from the tape and forms its leads. 
At Bell's facility, development work is now in progress 

on the application of TAB chips to thin-film hybrids for 
telephone and telecommunications circuitry. Bell Labs 
has settled on a gold-plated, all-copper, 19-mm tape to 
which chips with up to 100 leads have been mass-
bonded. 
While the rest of the hybrid world is putting chips 

onto substrates with the chip on top of its film carrier, 
Bell has a face-down approach that results in the beam-
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lead—like configuration of Fig. 4. In this approach, 
bumped chips are inner-lead—bonded to tape sites on the 
copper tape and the leaded chips excised from the tape. 
The resulting package is placed face down on the ceram-
ic substrate and its leads are Tc-bonded to thin-film 
pads. After bonding, the circuit is cleanèd and then 
encapsulated in Dow-Corning RTV silicone rubber. 

Face-down TAB requires fewer assembly operations 
than face-up TAB and takes up less surface area, as Fig. 
4 shows. Bell mixes face-down TAB and beam-leaded 
chips on its thin-film hybrids. The all-copper tape usu-
ally prevents testing of chips on tape, though all wafers 
are probed. 

But a hybrid program at the Westinghouse Systems 
Development Center [Electronics, June 19, 1980, p. 50] 
has devised a way of testing lc chips on an all-copper 
bumped tape. At Westinghouse, the chips are excised 
from the tape and bonded to a special test frame that 
accommodates seven standard IC sizes. The frame, an 
interconnection on a 35-by-19-mm piece of polymide 
film, is placed in a plastic slide carrier for protection and 
ease of handling. It may be reused for successively larger 
ics once the chip under test has been excised from it. 

Burroughs is using TAB devices to build up packages 
with more than 100 leads. This company is committed to 
three-layer, 35-mm testable tape for its complex custom 
LS! and VLSI chips, which can be as large as a 160-lead 
device on a frame of 35-mm tape. For units with even 
higher lead counts, Burroughs engineers feel a wider 
tape format is needed. Burroughs is in a research and 
development phase and could eventually use its TAB 
devices unpackaged but protected by a drop of epoxy or 
else in a discrete leaded package of some type. 

DIP/TAB 

Though trailing in hybrid and pc-substrate TAB appli-
cations, the U. S. is the center of TAB assembly of ics 
and discrete semiconductor components into plastic 
packages. Texas Instruments Inc., Dallas; National 
Semiconductor Corp., Santa Clara, Calif; Fairchild 
Camera & Instrument Corp., Mountain View, Calif.; 
and Motorola Semiconductor Group, Phoenix, Ariz., all 
have large automated assembly systems based on TAB. 
Mostek Corp., Carrollton, Texas, is now developing a 
TAB line. The first three of these companies jealously 
guard all details of tape type, format, and so on. 

Motorola's Semiconductor Group, on the other hand, 
is quite open about its TAB operation. It uses a purchased 
all-copper tape for 16-lead bipolar and c-mos devices 
and is planning to expand its operation to include 22- to 
24-pin TAB-assembled devices. All the U. S. companies 
have in common that they will not sell chips on tape and 
they will not bump wafers for a customer's TAB facility. 
One of the world's few firms that will supply chips on 

film directly is Siemens AG in West Germany, which 
bonds reels of chips onto three-layer film in four formats: 

.013 
\MI 

5. Inner leads. A 3M tape design concept shows a two-layer 

substrate with a dielectric support ring and center bridge to insulate 

conductors passing over the IC chip and/or accessing pinouts in the 

center of the device. This is a testab!e design. 

35 mm, 16 mm, super-8, and double super-8. In fact, the 
firm's entire chip output is sold to outside customers, 
most of them in Europe and some in Japan. 

Siemens has put many types of circuits on film, 
including Hall sensors (for automobile applications), 
operational amplifiers, hearing-aid amplifiers, and cir-
cuits for communication systems. 

Currently the maximum number of leads for devices 
in production is 64. Devices with 84 and 156 pins are in 
preparation. In the discussion stage at Siemens are 
devices with more than 200 pins. 

Despite the fact that only a handful of companies in 
the U. S. are working at hybrid TAB, this technique will 
become more prevalent in future VLSI applications to 
hybrid technology in this country. As chips with 100 to 
300 leads appear, it will be almost impractical to handle 
them except on tape for hybrid use. 

In the future, multichip tapes with more than one 
conductive layer will become available for special mod-
ules, where many interconnection functions of the mas-
ter (motherboard) substrate can be incorporated in the 
multilayer tape, allowing for a simpler master board. 
And finally, as chips get even more complex, it will 

become necessary to contact internal nodes for on-chip 
or on-tape testing rather than restricting contact to 
points on the periphery. Figure 5 shows an experimental 
tape of this kind from 3M. E 

Reporting for this article was also done by Bruce LeBoss and 
Martin Marshall in Palo Alto, Larry Waller in Los Angeles, 
Arthur Erikson in Paris, John Gosch in Frankfurt, and 
Charles Cohen in Tokyo. 
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Seeing where 
the power lies 
For switching applications requiring 

minimum device size, bipolar transistors 

are more efficient below 15 kHz 

by Philip L. Hower, Westinghouse Electric Corp.. 
Research and Development Center, Pittsburgh, Pa. 

El Much has been written about the advantages of mos 
field-effect power transistors over bipolar devices, leav-
ing the impression that MOS FETS have few disadvan-
tages other than a comparatively higher price that is on 
the decline. A comparison of both devices, however, 
shows that bipolar power transistors can outshine mos 
FETS in areas other than price. For example, where 
minimum device size is important and power is being 
switched at a frequency of 15 kilohertz or less, bipolar 
power transistors excel. 
A valid comparison of both devices, which have as 

much in common as they have differences, can be made 
with regard to switching frequency, .unction tempera-
ture, and current density, provided that the devices have 
the same die area. In addition, the costs per assembled 
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BIPOLAR 
TRANSISTOR, 
CONSTANT BASE 
CURRENT, IB 

FIELD-EFFECT 
TRANSISTOR, 
CONSTANT 
GATE-SOURCE 
VOLTAGE, VG s 

1. Comparison. The forward voltage drop of a bipolar power transis-

tor is lower than that of a power MOS FET, as can be seen from the 

collector and drain characteristics of the devices. The difference is a 

result of the additional charge a bipolar device stores during turn-on. 

die are assumed to be approximately the same. 
Besides being fabricated using the same silicon semi-

conductor technology, both bipolar transistors and mos 
FETS are charge-controlled components. Charge is sup-
plied to and removed from each device to achieve switch-
ing action. Both have lightly doped collector or drain 
regions, which are needed to block voltages while in their 
off-states. Another similarity of the two is that each has 
the same "ideal" maximum operating temperature, 
which is determined by thermal runaway of leakage 
current generated within the lightly doped region. This 
maximum operating temperature can be decreased in 
either type of device depending on the junction passiva-
tion scheme used. 

Introducing charge 

However, the manner in which charge is introduced 
and its location within each device differs. In bipolar 
transistors, turn-on is achieved by supplying excess 
minority carriers (holes in an npn device) to the base— 
but what constitutes the base in a bipolar transistor is 
subject to the operating point of the transistor's collec-
tor. When a bipolar transistor is turned on at its lowest 
voltage state (classical saturation), charge must be sup-
plied in three different regions. Excess charge is first 
built up in the metallurgical base region. It is then 
supplied to the collector n region to form a current-
induced base. Finally, the base-collector junction, known 
as a remote base, becomes externally forward-biased, 
thereby allowing the parasitic base-collector diode to 
store excess charge. 
Most of the switching losses incurred in a bipolar 

power transistor during turn-on occur during the time 
needed to store charge in the metallurgical base and 
collector n regions. 

BIPOLAR TRANSISTOR, CONSTANT I B 

FET, CONSTANT VGS 

-  - -  

0 

VCE0 ItSUSI 

VDs OR VC, 

BREAKDOWN: 
BVDs OR BVcoo, 
BVers 

2. Limits. At high voltage, two potentials come into play for a bipolar 

power transistor, whereas only one is of interest for a MOS FET. The 

two are the open-circuit collector-emitter (sustained) and collector-

base voltages, the higher of which is the breakdown voltage. 

Turning off, or removing charge from, a bipolar power 
transistor involves a reversal of the sequence of events 
described for turn-on. Charge is first removed from the 
remote base in what is a relatively lossless process. It is 
then removed from the collector n region via two differ-
ent mechanisms: by a vertical back-injection of holes 
into the emitter from the current-induced base and by 
charge removal from the lateral edges of the current-
induced base. This lateral sweep-out leads to a reduction 
in the effective conduction area and to an increase in 
current density. 
Removal of charge from the collector n region com-

pletes the storage-time phase. During this interval, the 
collector current remains relatively constant, except near 
the end of the storage time, when current begins to 
decrease and the collector voltage begins to rise. When 
the charge from this region is nearly all removed, the 
collector junction begins its voltage-blocking action. 
At this point, the bipolar power transistor is operating 

within the active region, and the applied reverse current 
quickly removes charges from the metallurgical base, 
producing a correspondingly rapid decrease in collector 
current. The accompanying current fall time that com-
pletes the turn-off process depends on the base transit 
time, the current gain, and the reverse base current. 
Charge removal from the metallurgical base and collec-
tor n regions is a relatively high-loss process and 
accounts for most of the switching losses in a bipolar 
power transistor. 

Small turn-on charge 

In contrast to bipolar power transistors, mos FETS 
require only a small amount of charge for turning on. 
This charge is used to form the channel, reduce the 
width of the depletion layer (a layer that supports the 
off-state voltages), and charge parasitic gate-drain and 
gate-source capacitances. For small values of parasitic 

Electronics/December 18, 1980 107 



120111 It 10 

capacitances, turn-on time is rapid, because of the rela-
tively short transit times associated with the channel and 
the depletion layer. Thus switching losses in a mos FET 
can be considerably lower than those of comparable-
sized bipolar power transistors. 

However, the fact that a bipolar power transistor 
stores more charge than a mos FET can be an advantage. 
The additional charge reduces forward-voltage drop 
(Fig. 1), assuming that the resistivity and thickness of 
the n layer for both a bipolar device and a mos FET are 
the same. Furthermore, it is assumed that both devices 
have the same current-carrying cross-sectional areas. 
The latter assumption neglects a mos FET's channel 
voltage drop and any resistance associated with current-
spreading or junction-FET action in the drain region of 
the device. 

Conduction may differ 

An assumption of equal conduction areas for both 
types of device does not necessarily mean that individual 
die areas will be equal. The effective emitter area in a 
typical bipolar transistor design is about one half that of 
its die area. Until recently, such a ratio has not been 

typical for mos FETS, being usually smaller. Neverthe-
less, recent mos FET design advances have made possible 
similar ratios. Consequently, for the purpose of the ther-
mal calculations here, the one-half ratio of conduction 
area to die area will be assumed for both bipolar devices 
and mos FETs. 
As can be seen in Fig. 1, the quasi-saturation region of 

a bipolar power transistor permits operation at a lower 
forward-voltage drop than does that of the mos FET. The 
reduction in collector-emitter voltage (VcE) depends in 
each case on the values of the base current (IB) and the 
collector current (Ic). 

Figure 2 shows the collector and drain characteristics 
for both bipolar devices and MOS FETS at higher voltages. 
The major difference from the characteristics shown in 
the graph in Fig. 1 is that there are now two voltages of 
interest for the bipolar power transistor: an open-base 
sustaining collector-emitter voltage (VcE0(.)) and an 
open-emitter collector-base breakdown voltage (BVcB0). 
The higher voltage corresponds to the breakdown voltage 
for both device types, a breakdown that can only be 
achieved in bipolar power transistors when the emitter is 
not injecting. 

Don't cross 

Crossing the VCE0(m) line at high currents during the 
inductive turn-off of a bipolar power transistor is likely 
to initiate secondary breakdown. To avoid that, the 
bipolar power transistor would have to operate with a 
reduced off-voltage or with a snubber circuit to improve 
the Ic and VcE turn-off loci. An alternative is to increase 
collector thickness and resistivity until VcEo(sus) is equal 
to the drain-source breakdown voltage (BVDs) of a mos 
FET. This increase in resistivity, however, brings with it 
an undesirable reduction in current gain (h FE) within the 
quasi-saturation region. 

3. Density. At a junction temperature of 25°C (a), large current densities arise in a bipolar power transistor if the open-emitter collector-base 
breakdown voltage, BVcB0, is the limiting factor. If the open-base sustaining collector-emitter voltage, Vcm,„,), is the limit, current density is 

reduced by a factor of five. At 125°C (b), a bipolar transistor's behavior changes little, but a MOS FET's changes by a factor of two. 
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A comparison of current density (J.) for mos FETS 
and bipolar power devices can be made by calculating 
the average current density in the on-state for different 
on-state voltages. For the mos FET, the calculation is 
relatively simple. For each BVDs, an optimum n-region 
thickness and doping concentration exist for a minimum 
on-resistance. A plot of current density versus voltage for 
BVDs equal to 450 volts for a mos FET is shown in Fig. 3. 
The slope of the line corresponds to a minimum on-
resistance, which in this case is 27 milliohms for an area 
of 1 square centimeter. The plot is taken with the mos 
FET's junction temperature at 25°C. 

For bipolar power transistors, calculations involve 
assumptions of current gain. For the curve shown in Fig. 
3, an hFE of 10 at a transistor junction temperature of 
25°C is assumed. Since the product of hFE and Ic is 
constant at large currents, adjustments to other hFE 
values can be made by appropriately scaling the vertical 
axis of the curve in Fig. 3. 
The bipolar curves are calculated for two different 

designs: with VcE0(.5) equal to 450 v and with BVcso 
equal to 450 V. At low voltages, J. is largely determined 
by the contact resistance of the emitter metalization, 
whose resistivity value of 3.5 mn-cm2 is used here. 
Note that large values of J. (more than 300 amperes 

per square centimeter) are possible if BVcBo is the limit-
ing voltage. On the other hand, should VCE0(sus) be the 
limit, J. is reduced by a factor of five. In that case, a 
higher current density can be achieved for mos FETS 
with on-voltages of 1.5 v or more. 

Taking the heat 

Increasing a power transistors junction temperature 
from 25° to 125°C results in a minor change of the 
bipolar devices' current-density curves and greater 
changes for the mos FET's J. curve. The reason is that 
the mos FET's on-resistance increases by a factor of two 
as a result of the temperature dependence of electron 
mobility; this behavior means that mos FET conduction 
losses increase with temperature, whereas those of bipo-
lar power transistors remain approximately constant —a 
fact that is often overlooked when comparing the two 
types of transistor. 
Although the example in Fig. 3 is shown for a blocking 

potential of 450 v, the relative spacing of the curves for 
the mos FET and the bipolar transistors remains fixed for 
higher blocking voltages, save for the classical saturation 
voltage. This is because the respective on-current density 
for both devices increases approximately as VcEo(S.) and 
BVDs raised to the power of 2.3. 

Figure 4 shows power loss as a function of switching 
frequency for both types of device at a transistor junc-
tion temperature of 25°C. Note that at low frequencies, 
where conduction losses are dominant, a bipolar transis-
tor has about one third the power loss of a mos FET. This 
ratio corresponds to the ratio of a bipolar power transis-
tor's on-resistivity to a mos FET'S. The base input power 
is included in these plots. 
As switching frequency is increased, the switching 

losses of a bipolar power transistor increase at a faster 
rate than those of a mos FET, crossing at about 15 kHz. 
Beyond this frequency, where switching losses dominate, 
a mos FET has about a 3:1 advantage over a bipolar 
power transistor in terms of the amount of power dissipa-
tion per unit area. 

Heating up 

At a transistor junction temperature of 125°C, power-
loss curves for both devices take on a different look. At 
low frequencies, the mos FET's power losses increase 
even further than at 25°C, whereas those of the bipolar 
power transistor remain the same, further widening the 
bipolar transistor's advantage. However, switching losses 
for a bipolar power transistor increase even more rapidly 
with increasing frequency, again crossing over with the 
mos FET's power-loss curve at about 15 kHz. At higher 
frequencies, the mos FET's advantage climbs to a 6:1 
ratio in terms of power loss per unit area. 
The curves in Fig. 4 do not account for the practical 

case where heat removal becomes an important factor. 
In this case, the assumption of constant junction temper-
ature may be misleading. 
To account for heat flow to the ambient, a fixed 

thermal resistance can be assumed: 

RWA = Rex+ ROHS 

where Rem is the fixed thermal resistance, Rex is the 
transistor's junction-to-case thermal resistance, and ROHS 

4. Power loss. At a junction temperature of 25°C (a), power loss per unit area for a bipolar transistor is one third that of a MOS field-effect 

transistor's at under 15 kHz. Above that frequency, the ratio reverses. Above 125°C (b), the ratio between the two is even greater. 
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is the effective thermal resistance of the heat sink. 
A reasonable value for Rwc is approximately 

0.2°C/watt, assuming a 1-cm' area and a heat-flow 
cross-sectional area of 2 cm'. This value can be verified 
with a conventional TO-3 package having sides of 236 
mils each and a die 6 millimeters on a side. 

Reasonable values 

Such a package has a value for RELIC of 1.1°C/w, 
which is in line with the value of 0.2°C/w cited above. 
Rom is assumed to have a unit area value of about 
0.3°C/w, a reasonable value with moderate-sized air-
cooled heat sinks. 

Heat loss to the ambient, PJA, obeys the equation: 

T, —TA -= PJA (ROJC + ROHS) = PJAROJA 

where T, equals the junction temperature and TA the 
ambient temperature. 

Figure 5 shows PJA as a linear function of T3. This 
heat-loss-to-the-ambient curve intersects the power-loss 
curve at two points, A and B. Two other possibilities 
exist: no intersecting of the two curves or a tangential 
solution, where the power loss (PL) is equal to PA at only 
one point. Neither of these possibilities can be consid-

5. Heat loss. In any transistor, heat loss to the ambient is a linear 

function of the device's junction temperature. The heat-loss curve 

intersects the power-loss curve at two points, only one of which 

(point A) is useful for calculating total device power losses. 

ered, however, since thermal runaway will occur in 
either case. 

It is well known from a simple heat-flow argument 
that point A will be thermally stable, whereas point B 
will not. It should therefore be understood that calcula-
tions of maximum power limits for different values of 
RojA and TA using data from point B are impractical. 

The safe operating frequency 

Figure 6 illustrates the case where the operating fre-
quency (f) is selected to give a power loss equal to the 
heat loss to the ambient (PL = PJA) at a transistor 
junction temperature of 200°C for an assumed unit-area 
fixed thermal resistance (ARwA) of 0.5°C-cm2/w. The 
200°C temperature is typically used as a minimum value 
for silicon devices having a leakage-current limitation. 
As can be seen from the graph, both bipolar devices and 
mos FETS are thermally stable—that is, they are of the 
A type in Fig. 5. 
The frequency for which the junction temperature is a 

maximum at PL =- Pm is defined as the maximum safe 
operating frequency. Plotting current density as a func-
tion of this safe operating frequency for both bipolar 
devices and mos FETs would reveal a higher current-
density value for the former at frequencies under 15 kHz 
and a lower one at frequencies above that. At 15 kHz, 
the curves for both devices intersect. 

For frequencies below 1 kHz, bipolar power transistors 
have better than a 2:1 advantage in current- and power-
handling capability over mos FETS. On the other hand, 
at a frequency greater than 100 kHz, mos FEB retain at 
least a 2:1 advantage in this capability. 

Possible trends 

These calculations have been based on theoretical 
estimates and measurements on actual devices. As device 
technologies improve, changes in the switching losses per 
unit area can be expected. However, conduction losses 
are already close to theoretical limits and are unlikely to 
change. Thus the high-frequency portions of Fig. 4 will 
shift with technological advances, whereas the left-hand 
portions will remain fixed. 

6. Safe. At junction temperatures of 200°C or less, the maximum safe 

operating switching frequency for a bipolar power transistor is 31 

kHz, whereas that of a MOS FET is a much higher 200 kHz. This 

maximum occurs at the point at which power loss equals heat loss. 
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THERE IS 
ONLY ONE 

32-BIT 
COMPUTER 
WHOSE 
LOGIC 

DOESN'T 
DEFY LOGIC. 

PRESENTING THE DATA 
GENERAL ECLIPSE MV/8000. 

Apparently, our competitors are oper-
ating under the premise that there is no 
need to make their new computers compat-
ible with their older ones. And have no 
qualms about rendering obsolete the years 
of man-hours and the hundreds of thou-
sands of dollars you've invested in software. 

At Data General, we believe this 
kind of logic defies logic. Which is why we 
designed our 32-bit MV/8000 to protect 
your software investment. r - escapes us, just fill out the i\-/Faii7.: -.15-a-ta-a-ner-al Co porati 

In fact, its 36.4 MB/sec memory 
bandwidth is at least two to four times fast-
er than its nearest competitor. 

It's also more reliable, much easier to 
maintain, quicker to get operational 
(it not only offers the widest range of soft-
ware, but the widest range of languages) , . . 
and offers sophisticated security features, 
word processing, communications capabil-
ities and data base management. All supe-
rior to its nearest competitor. 

And while these features alone make 
the MV/8000 a most attractive invest-
ment, there's something else. It also costs less 
than its nearest competitor. 

Not destroy it. 
However, the MV/ 

8000's software compati-
bility is only part of what 
places it in a class by itself. 
Another factor is speed. 
It's the fastest computer of 
its size on the market. 

Which 
raises the question, why 
go to the nearest competitor? 

If the logic of purchasing any other 
32-bit computer escapes you as much as it 

Attention: Marketing Communications Department 
0 Please send me more information on the Data General 

Eclipse MV/8000. 
0 Please have a sales representative call on me immediately. 

Name  
ELE 12.18410 

Title  

Company Tel  

Addresg 

City State Zip  

i.v4ealtbiÇioomiçiiastersaicIShrurvsee;tîsloS15C82028 coupon and we'll be 
happy to fill you in on the 
one computer that eclipses 
them all. 

The remarkable new 
Data General Eclipse 
MV/8000. 
I Data General 

*Finnan 77. Cobol. Basic. PL I and RPCS II 
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Engineer's notebook  

Hall compass points 
digitally to headings 
by Gary Steinbaugh 
Owens/Corning Fiberglas Corp., Technical Center, Granville, Ohio 

Although the time-honored needle-type magnetic com-
pass is very simple, inexpensive, and most efficient in 
terms of power consumption, two Hall-effect sensors and 
a few chips can be combined to make a compass with 
some important advantages of its own. Among them are 
direct digital readout of the magnetic heading, remote-
sensing capability, the ability to interface with naviga-
tional computers, and the elimination of errors caused by 
acceleration or tuning of the body to which the compass 
is secured. 
The general block diagram of such an instrument is 

shown in Fig. 1. Here, a 36-kilohertz system clock 
advances a 360-step counter, which in turn drives a sine 
and cosine digital-to-analog converter. The resulting 
100-hertz outputs from the converter, Esin cot and 
Ecos cot, are then transformed into a current and intro-
duced to the Hall-effect sensors, which are placed at 
right angles to each other. As a result, the output voltage 
of the west-east sensor is kIBsin cot sin 0, and that of the 
north-south sensor kIBcos cot cos 0, where I is the current 
corresponding to input voltage E, B is the strength of the 
incoming magnetic field, and 0 is the angle of the field as 
measured with respect to the earth's magnetic north 
pole. 

These two signals are then summed, with the result 

being kIBcos (cot —0). As seen, this voltage reaches its 
maximum value when O = cot. The peak is detected and 
used to latch the contents of the stepped counter at that 
instant, yielding an indication of the bearing O (see 
excitation-response curves for several representative 
headings). 

Figure 2 shows examples of how the individual build-
ing blocks of the system may be implemented. The sine 
and cosine converter (Fig. 2a) has a rather low resolu-
tion, but it is easily constructed and may be sufficient for 
simple applications. For 1° resolution, the designer is 
advised to use a microprocessor-based system, using 
lookup tables stored in read-only memory to drive two 
conventional d-a converters. 
The voltage-to-current amplifier block may be com-

bined with a special Hall sensor as shown in Fig. 2b to 
provide superior performance. Of particular interest is 
the F. W. Bell BH-850 flux-concentrating Hall-effect 
device, which will provide ± 10 millivolts for a nominal 
± 1/2 gauss field (typical of the magnetic field encoun-
tered in North America), and an excitation current of 
200 mA. This performance is far superior to that of the 
standard sensor, which will generate potentials only in 
the microvolt region for the same magnetic field 
strength. Although post-amplification with such a stan-
dard sensor is feasible, in practice the flux-concentrator 
type provides more linear performance and generates 
less noise. 
The input and output leads of each Hall device must 

be fully isolated from each other for proper operation; 
this is best achieved by operating the device in the 
floating mode and using a differential amplifier (Fig. 
2c). The input and output impedances of the Hall-effect 
sensors are low, and therefore a high-input impedance 

CLOCK 
OSCILLATOR 

11J 36 kHz 

COUNTER 

LATCH 

—I —1 
I I 11 

DISPLAY 

SINE-
COSINE 
DIGITAL-

TO-ANALOG 
CONVERTER 

NS 

WE 

0° 

E sin z.it 

100 Hz 

E cos wt 

90° 270° 
0° 180° 0° 

NORTH 

ORIENTATION 

I sin wt 

I cos wt 

EXCITATION 

klB sin wt sin 

HALL SENSORS 

klB cos wt cos 0 

k cos(wt-O) 

PEAK WHEN O - wt 

45° 90° 225° 270" 

VnuA\P 
NE E 

RESPONSE 
SW 

1. Heading north? Flux-concentrating Hall sensors in west-to-east and north-to-south orientation, when suitably driven by sin cot and cos cot 

sources, combine to indicate magnetic heading. When bearing O = cot, peak detector latches counter to provide digital readout of O. 
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A unique, international display 
of tomorrow's technology. 
The latest developments for 
manufacturers and public 
authorities, for retailers and the 
skilled trades.  

Hanover: 
The fair of the fairs 
for electronics 
and electrical Starting April 1st 

(9 a.m. — 6 p.m. daily, including Sat. and Sun.) 

engineering. Electric 
engineering 

Electric drive systems 
Electric power supply 

Measuring and testing equipment 
Systems for control and automation 
Electronic modules and components 
Electrical installations 
The "International Light Display" — 
the latest in lighting technology 
Electroacoustics and video technology, 
safety engineering 
Processes in electrical engineering 

A brochure on electrical engineering is available 
free of charge from 

Deutsche Messe- J nd Ausstellungs-AG, Messegelande 
D-3000 Hannover 82, Federal Republic of Germany 
Tel.: (0511) 891, Telex: 9 22 728 

Wednesday, 1st — Wednesday, 8th April 

Hanover 
Fair ma 
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SYSTEM CLOCK 
36 kHz 

DIVIDE-BY-15 
DIVIDER 

14 

RESET ON 
POWER-UP 

4015 
DUAL FOU R•STAGE SHIFT REGISTER 

QI Q2 03 04 0 QI Q2 Q3 1:14 

15 13 121 II 21 7 5 4 3 10 

4015 

Q1 02 03 04 D al 02 03 04 

-Y 

fa) 

lb) E-+I AMPLIFIER 
AND HALL CONCENTRATOR 

TO 
DIFFERENTIAL 
AMPLIFIER 

E 

64009 

10 kS2 

10 kS2 

(c) 

• • 

Cos sin 

D-A CONVERTER 

10E 

100 )<S2 

DIFFERENTIAL 
AMPLIFIER 

E1 

E2 

ci 

D 02 03 CI, 

4015 

o Q1 02 03 04 

cl cl 

• •  

0.1 pF 

10 kS-2. 

AT PEAK 

(e) PEAK DETECTOR 

2. Implementation. Shift-register-type counters implement circuit's sine and cosine generators (a). Sensor and voltage-to-current amplifier 

may be united on one stage (b), with differential amplifiers (c) following. Summer (d) and peak detector (e) are conventional. 

amplifier is not required, although the amplifier's com-
mon-mode rejection should be high. A factory-trimmed 
instrumentation amplifier is recommended. 
The summer (Fig. 2d) and peak-detector (Fig. 2e) 

circuits are straightforward. Note that the peak detector 
is actually a differentiator and zero-crossing circuit and 
does not hold the peak voltage level as conventional 
detectors do. 

In operation, the sensors should remain parallel to the 

earth's surface. In mobile applications, a gyroscopic plat-
form may be required or another sensor used to permit 
measurement updates when the instrument passes 
through its level position. In fact, a third Hall sensor can 
be mounted perpendicular to the first two and its output 
used to correct the measured values for any tilt. E 

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 $50 for each item published. 

Calculator notes  

Codec program compands 
samples for it-law simulation 
by Clive McCarthy 
Northern Telecom Inc., Santa Clara, Calif 

Simulating the operation of a pulse-code-modulation 
encoder that conforms to the industry-standard µ-255 
companding law, this TI-59 program will be useful to 
telecommunications engineers who design or test codec 
circuits. The 476-step program has been designed so that 
it is especially easy to use. 

Given a sinusoidal input signal of any amplitude, 
phase, and frequency, the program finds the correspond-
ing binary output data from the following standard 

approximation of a logarithmic compression curve: 

F(x) = Sgn(x) ln(1 +111xD  ln(1 05_14151 

where x = the input signal, Sgn(x) = the sign of the 
input signal, and 12 = 255 for the 15-segment curve, 
each of whose segments has 16 steps. 
A sampling rate of 8 kilohertz is assumed for solving 

the equation. The corresponding output data, displayed 
as a logic 1 or 0, with the sign bit to the left of a decimal 
point and the chord and step bits to the right, may be 
examined byte by byte or, alternatively, as a continuous 
stream of data if the calculator's optional PC-100 printer 
is available. 
As an example, consider the case where an input 

signal at 2,600 hertz having an amplitude of 0 dBmo (the 
zero reference digital-milliwatt level for the data chan-
nel) and a phase angle of 117° is to be sampled. Keying 
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TI-59 PRINTER LISTING: p255 PULSE-CODE-MODULATION ENCODER 

Loca- 
ton Key 052 

053 
PRD 
06 

106 
107 

EXC 
OP 

160 
161 

GTO 
LST 

214 
215 

STO 
19 

268 
269 

GE 
IX I 

322 
323 

0 
0 

376 
377 

X 
RCL 

430 
431 

÷ 
2 

000 LBL 054 2 108 27 162 LBL 216 1 270 ± 324 = 378 04 432 0 

001 A 055 INV 109 LBL 163 N./7 217 1 271 2 325 + 379 ÷ 433 = 

002 STO 056 PRD 110 PRD 164 - 218 GTO 272 5 326 RCL 380 2 434 INV 

003 01 057 09 111 - 165 1 219 LST 273 6 327 07 381 ÷ 435 LOG 

004 X 058 GTO 112 1 166 2 220 LBL 274 = 328 = 382 2 436 X 

005 . 059 DMS 113 = 167 8 221 RCL 275 STO 329 FIX 383 N.fi 437 8 

006 0 060 LBL 114 GE 168 = 222 - 276 19 330 07 384 = 438 1 

007 4 061 - 115 X=-'T 169 GE 223 1 277 CLR 331 RTN 385 INV 439 5 

008 5 062 RCL 116 1 170 1/X 224 0 278 LBL 332 LBL 386 FIX 440 9 

009 = 063 09 117 6 171 ÷ 225 2 279 LST 333 E 387 RTN 441 =-

010 EXC 064 INV 118 +/- 172 8 226 4 280 STO 334 OP 388 LBL 442 EXC 

011 01 065 SUM 119 STO 173 = 227 = 281 20 335 25 389 C' 443 02 

012 INV 066 08 120 19 174 STO 228 GE 282 . 336 1 390 X 444 INV 

013 FIX 067 GTO 121 1 175 19 229 SUM 283 0 337 RCL 391 2 445 FIX 

014 R/S 068 . 122 1 176 1 230 ÷ 284 0 338 05 392 sliZ- 446 R/S 

015 LBL 069 LBL 123 1 177 0 231 6 285 0 339 I NT 393 X 447 LBL 

016 E' 070 -= 124 GTO 178 1 232 4 286 1 340 X 394 2 448 C 
017 I NT 071 RCL 125 LST 179 GTO 233 = 287 STO 341 RCL 395 ÷ 449 STO 

018 STO 072 20 126 LBL 180 LST 234 STO 288 06 342 01 396 RCL 450 02 

019 00 073 ÷ 127 X=-`1 181 LBL 235 19 289 4 343 ) 397 04 451 X 

020 INV 074 1 128 - 182 1/X 236 1 290 STO 344 + 398 = 452 2 

021 FIX 075 0 129 3 183 - 237 0 291 0 345 RCL 399 LOG 453 

022 R/S 076 0 130 0 184 2 238 GTO 292 8 346 03 400 X 454 X 

023 LBL 077 0 131 = 185 5 239 LST 293 STO 347 = 401 2 455 1 

024 A' 078 = 132 GE 186 6 240 LBL 294 08 348 SIN 402 0 456 6 
025 STO 079 + 133 X2 187 = 241 SUM 295 1 349 X 403 = 457 3 
026 03 080 RCL 134 ÷ 188 GE 242 - 296 1 350 RCL 404 + 458 1 

027 INV 081 07 135 2 189 STO 243 2 297 ÷ 351 02 405 3 459 8 
028 FIX 082 - 136 = 190 ÷ 244 0 298 9 352 = 406 . 460 ÷ 

029 R/S 083 RCL 137 STO 191 1 245 4 299 0 353 NOP 407 1 461 RCL 
030 LBL 084 06 138 19 192 6 246 8 300 0 354 SBR 408 7 462 04 
031 DMS 085 = 139 1 193 = 247 = 301 0 355 I F F 409 = 463 = 

032 RCL 086 FIX 140 1 194 STO 248 GE 302 1 356 PAU 410 INV 464 EXC 

033 08 087 07 141 1 195 19 249 Yx 303 SUM 357 PRT 411 FIX 465 02 

034 EQ 088 RTN 142 GTO 196 1 250 ÷ 304 07 358 DSZ 412 RTN 466 INV 

035 = 089 LBL 143 LST 197 0 251 1 305 RCL 359 00 413 LBL 467 FIX 

036 GE 090 D 144 LBL 198 0 252 2 306 19 360 E 414 D' 468 R/S 

037 - 091 RCL 145 X2 199 GTO 253 8 307 + 361 R/S 415 STO 469 LBL 

038 RCL 092 02 146 - 200 LST 254 = 308 1 362 LBL 416 04 470 IX I 

039 09 093 LBL 147 6 201 LBL 255 STO 309 6 363 6' 417 INV 471 RCL 

040 SUM 094 IF F 148 4 202 STO 256 19 310 = 364 - 418 FIX 472 07 

041 08 095 X=--T 149 = 203 - 257 1 311 I NT 365 3 419 R/S 473 FIX 

042 RCL 096 CLR 150 GE 204 5 258 GTO 312 X=-'-T 366 . 420 LBL 474 07 

043 06 097 STO 151 \Tr( 205 1 259 LST 313 CLR 367 1 421 B 475 RTN 

044 INV 098 07 152 ± 206 2 260 LBL 314 INV 368 7 422 STO 476 0 

045 SUM 099 X=-'T 153 4 207 = 261 YK 315 EQ 369 = 423 02 

046 07 100 GE 154 = 208 GE 262 - 316 DMS 370 - 424 - 

047 LBL 101 EXC 155 STO 209 RCL 263 4 317 RCL 371 2 425 3 

048 . 102 +/- 156 19 210 ÷ 264 0 318 20 372 0 426 . 
049 1 103 GTO 157 1 211 3 265 9 319 ÷ 373 = 427 1 

050 0 104 PRD 158 1 212 2 266 6 320 1 374 INV 428 7 
051 I NV 105 LBL 159 0 213 = 267 = 321 0 375 LOG 429 = 

Instructions 

• Key in program 

• Enter frequency of modulating signal to be encoded: 

(f), A 

• Specify the signal's amplitude (dBmo or Vrms) and phase angle (°): 

(A), B (0), A' 

If amplitude is expressed in Vrms, the peak-to-peak reference level must also be entered in 
register D'. Values of dBmo placed in register B' will be converted into Vrms values. Conversely, 
Vrms quantities placed in register C' will be converted into dBmo values. 

• Calculate the digital value of each byte: 

Press E' for each byte (assuming no PC-100 printer). Press E', E to allow PC-100 to print 
the entire data steam automatically. PCM format has sign bit to the left of the decimal 
point and the chord and step bits to the right. 

• Press D to find the peak value of the PCM input signal 

Sine-wave 
coding 

0.0001101 
0.0110011 
1.0001010 
0.0010000 
0.0100100 
1.0001010 
0.0010101 
0.0011011 
1.0001001 
0.0011011 
0.0010101 
1.0001010 
0.0100100 

f = 2,600 Hz 

fs = 8,000 Hz 

=117° 

in the required data as specified in the instructions yields 
the data tabulated to the right of the instructions in the 
program listing. Note that with a sampling rate of 8 kHz, 
modulating frequencies should be kept below 4 kHz in 
order to meet the Nyquist criteria. 

As seen by inspection, or alternately by pressing the D 
key, the peak positive value of the signal is 1.001001. 
Note that the chord-step information is expressed in 
inverted binary code, which is the industry-accepted 
standard. LI 
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Engineer's newsletter  

Help personal The call is out to industry, university, and government computer special-
ists, as well as students, to compete in the first national search for ideas 

computers help and inventions that will employ personal computing technology to aid the 
the handicapped handicapped in learning, working, and adapting to home and community 

settings. The search is being conducted by the Applied Physics Laboratory 
of Johns Hopkins University, with the National Science Foundation and 
Radio Shack, a division of Tandy Corp., as cosponsors. One hundred 
awards, among them a $10,000 grand prize, other cash prizes, and 
personal computer equipment, including training, will be presented to 
winners next fall at a Washington, D. C., banquet. Contestants have until 
June 30 to submit entries. For additional information, including applica-
tions, write to Personal Computing to Aid the Handicapped, Johns 
Hopkins University, P. 0. Box 670, Laurel, Md. 20810. 

Predicting What form will the printed-circuit board take in the coming years? A 
recently completed 250-page report by BPA (Management Services) 

the future attempts to answer the question. It covers such topics as high-density pc 
for pc boards boards; discrete wiring, including stitch wiring, Multiwire, and Solder-

Wrap; technologies and materials for increased density; and new packages 
and planar mounting. The section on technologies for increased density is 
particularly interesting, with complete descriptions of Lampac, porcelain-
enameled steel, thick films, and polymer thick films. The report, which 
sells in the U. S. for $5,200, concludes with an analysis of the Western 
European market for high-density interconnections, particularly multi-
layer pc boards. For information in the U. S., write to James Welterlen, 
Suite 8, 7460 Girad Ave., La Jolla, Calif. 92037. In Europe, contact BPA 
(Management Services), Concept House, Dene Street, Dorking, Surrey 
RH4 2DR, England. 

Are DIPs' Nowadays more than 20% of all dual in-line packages on printed-circuit 
boards are socketed. Yet the basic DIP was designed on the assumption 

lead size specs that it would be permanently soldered into plated through-holes on a pc 
now outmoded? board. Consequently, a very broad lead size specification was developed 

that is no longer suitable for socketed applications. Dick Grubb, corporate 
vice president of marketing of Augat Inc., Attleboro, Mass., notes, "The 
IC leads of a DIP, especially in the case where a DIP is socketed, should be 
considered as the mating half of a connector." 

Dick points out that the dimensions on the socket half are tightly held 
(in many cases to ± 0.0002 in.). The present Joint Electron Device 
Engineering Council specification is 0.015 to 0.023 in. for the lead width, 
0.008 to 0.015 in. for the lead thickness, and 0.100 in. minimum for the 
lead length. Mating a socket with, say, ± 0.0002-in, tolerances to a DIP's 
leads having much wider tolerances subjects the insertion force, withdraw-
al force, and contact resistance of sockets to unnecessarily wide varia-
tions. Grubb's solution would be to amend Jedec's integrated-circuit lead 
specification to 0.018 ± 0.002 in. wide by 0.011 ± 0.002 in. thick, with a 
length of 0.110 to 0.130 in. A broad sampling conducted by Augat 
indicates that over 95% of all DIP leads actually fall within this range. Thus 
the revised spec would not penalize IC and lead-frame firms and would 
save much time, effort, and cost for producer and user alike. -Jerry Lyman 
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But no matter what the size, they all give you increased sales, 
greater security, and lower costs. 

Choose from the VI P (315K bytes with optional add-ons up to 1.2M 
bytes), the Vector 2800 (2M bytes with 91 msec average access time), 
or the Vector 3030 (32M bytes with 34 msec average access time). 

Each one gives you more disk speed and capacity than compet-
itive models. So you can offer a less expensive system with more 
capacity than your competition, or one with much greater capacity for 
the same money. 

Our multiple configurations with transportable software do not 
lock you into one level of system. For reliability, Vector builds industry 
standards into each Economy Sized Computer. Standard software and 
components include CP/M2® operating system, Microsoft BASIC-8W' 
S-100 bus, 4 MHz, Z80A processor, RS-232C serial ports. 

Our modular systems use common Vector 3 mainframes, boards, 
and printers. They save you time and money on inventory, service, 
staff, and training. Software transportability from one system to the 
next eliminates the cost of 
rewriting or converting Economy Sized Computers 
software and data. Our now come in small, 
advanced software develop- medium and large. 
ment tools reduce de-
velopment time dra- PLO 
matically. And since 
we have such a wide 
range of models,we help 
you make more sales. 

All this goes to 
prove one thing. 

That is, no mat-
ter what size system 
you're building, an 
Economy Sized Com-
puter can be a big help. 

For more infor-
mation, write Vector, 
31364 Via Colinas, West- VECTOR 
lake Village, CA 91362. 
Or call 213/991-2302. Economy Sized Computers 

I 
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New products  

Roundup: 16-K byte-wide RAMs abound 
With 2-K-by-8-bit static random-access memories now appearing 

in n-MOS and C-MOS versions, a sizable market is inevitable 

by John G. Posa, Solid State Editor 

Despite the tumult over the 64-K 
dynamic random-access memory, a 
growing uproar can be heard from 
the byte-wide 16-K static RAM mar-
ketplace. To be sure, there will be 
noisy clashes among makers of high-
speed by- 1 -bit and by-4-bit organi-
zations; but many more contestants 
will battle for a share of a potentially 
larger market for the 2-K-by-8-bit 
configuration. 

In fact, over a dozen U. S. and 
Japanese manufacturers will offer 2-
K-by-8-bit static RAMs built with 
scaled-down 3-p.m n-channel and 
complementary-MOS processes. As 
the table shows, some companies will 
sell both n- and c-mos versions to 

meet low-cost and low-power needs, 
respectively. In general, the Japa-
nese are starting off with c-mos and 
going on to n-mos units, whereas the 
U. S. is beginning with n-mos 
devices and will add c-mos types as 
expertise allows. 
The attractions of the new device 

are many. Of course, with cells 
smaller than those in previous static 
RAMs, cost per bit will be dimin-
ished. But in addition, as easy to use 
as static RAMS are, the new chips— 
being organized in bytes—will be 
even easier to interface with. 

Unlike 4-K parts, the 2-K-by-8-bit 
RAMs are being packaged for pin-out 
compatibility with byte-wide read-

only memories like the 24-pin 2716 
erasable programmable ROM. Thus, 
in a microprocessor system, if sec-
tions of RAM for data must be 
swapped for areas of program mem-
ory, this could be as simple as 
exchanging two chips. Also, if an 
application requires only 2- or 4-K 
bytes of RAM, the designer can get 
by with only one or two chips instead 
of the four or eight needed if 4-K 
RAMs are used. Thus, board area 
and power consumption, too, are 
minimized. 
The table shows only devices now 

in production or slated for produc-
tion by mid-1981. Motorola will 
bring out a c-mos counterpart by 

2-K-BY -8-BIT STATIC RANDOM-ACCESS MEMORIES 

N-channel MOS 

Company Mitsubishi Mostek Motorola Oki Texas 
Instruments Toshiba 

Part number M58725P MK4802 MCM4016 MSM 2128-1 TMS 4016 TMM 2016P 

Cell pull-up device second-level 
polysilicon 
resistor 

polysilicon 
resistor tied 
to data line 

second-level 
polysilicon 
resistor 

first-level 
polysilicon 
resistor 

second-level 
polysilicon 
resistor 

second-level 
polysilicon 
resistor 

Cell area (mil 2) 1.52 1.3 1.0 1.89 .-- 1.5 1.42 

Chip-area (mil2) 43,245 35,748 30,380 46,330 .=--'45,000 36,650 

Access time (ns) 150/200 55a/70a/90 
120/200 

120/150 
200/250 

200 150a/ 
250-450 

100/150 

Current consumption, 
active/standby 
(mA) 

80 

10 

125 

0.1 b 

80 

15 

120 

no 

100 

no 

100-120 

15 

Package 24-pin 
standard 

24-pin 
standard 

24-pin 
standard 

24-pin 
standard 

24-pin 
standard 

24-pin 
standard 

Availability or 
current pricing 

in 
production 

for 100 units, 

90-ns $115.10; 
120-ns $65.50; 
200-ns $56.50 

first half, 
1981 

for 1-24 units, 
$105.60; 

25-99,$87.00; 
100-999, 

$72.00 

fourth 
quarter, 
1980 

in 
production 

'Future specification. c..luncton field-effect transistor. «Typical specification. 
bWith low-power Datasave option. dOutput enable. 
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the third quarter of next year, and 
Texas Instruments is also consider-
ing a C-MOs spin-off. So is Mostek, 
but for a higher-density RAM. 

Mitsubishi has described an n-
channel device not listed in the table, 
and Nippon Electric is known to be 
sitting on both n- and c-mos memo-
ries. In talking of its pin-out plan for 
byte-wide memories, Intel has al-
luded to a 2-K-byte static device, and 
its new c-mOS process [Electronics. 
Dec. 4, p. 39] might be just the 
thing. 

Michael Bolan, strategic market-
ing manager for byte-wide memory 
products at Mostek, sees the 2-K-
byte static RAM market as "the big-
gest next to the 64-K dynamic RAM's 
for 1981." Mostek has the capacity 
to build over 5 million of its 
MK4802s next year alone. David 
Ford, manager of mOS memory mar-
keting at Motorola, puts the 1981 
market for such parts at $80 million 
to $90 million, adding that it will 
"probably double in 1982 and then 
increase by at least 10% per year for 
the next four years." 
At Hitachi America, product mar-

keting manager Jack Mattis calls the 

2-K-by-8-bit static RAM market 
simply "huge." He says the memory 
will become "the static RAM for 
most microprocessor systems," with 
the industry delivering "400,000 to 
500,000 units per month by the mid-
dle of 1981 and a total of 20 million 
units in 1982." 
As for average selling price per 

chip, Motorola's Ford predicts it will 
be in the $30 to $40 range for next 
year and around $20 to $30 in 1982. 
In his view, "customers are expect-
ing to pay about 20% more for c-
mos versions" of the chips. But 
Bruce Grieshaber, product market-
ing manager of c-mos chips at Har-
ris Semiconductor, says that C-moS 
could garner a premium of 30%. 

Introductory pricing of the devices 
is in the $75 ball park for nominal 
speeds and lots over 100. These will 
primarily replace smaller static 
RAMS like the 1-K-by-4-bit 2114. By 
about the first quarter of 1982, Mos-
tek's 4802 will start to compete with 
its 8-K 4118 on a cost-per-bit basis, 
says Bolan. Thus, conservatively 
speaking, slower 2-K-by-8-bit parts 
"will become cost-effective on a per-
bit basis by the first half of 1982." 

Complementary-MOS 

Harris Hitachi Oki Toshiba 

HM6516 HM 6116 MSM 5128 TC5516AP 

second-level poly- 
silicon resistors 

buried J-F ET' p-MOS transistor p-MOS transistor 

n.a. 1.4 2.36 1.74 

54,234 40,579 55,413 45,254 

240 120/150 
200 

150/200 
300 

250 

10/MHz 

0.5-1 

60-80 

0.1-15 

40 

0.02 

40' 

0.2' 

24-pin 
standard 

24-pin 
standard 

24-pin 
standard 

no OE d 

for 100 units, $71.90 for 100-999 
150-ns units, 
standard $50 or 
low-power $60 

sampling for 100 units, $78.00 

SOURCE ELECTRONICS 

Of course, long before that time, 
customers will snap up the parts to 
minimize printed-circuit board area 
requirements and to slash system 
power dissipation over 4- and 8-K 
chips. The speed of the devices will 
be more than adequate, because "the 
fastest microprocessor needs an ac-
cess time of no less than about 200 
ns," comments Hitachi's Mattis, and 
many of the chips exhibit delays of 
only 120 or 100 ns. 

Indeed, Mostek's 70-ns 4802, 
which will eventually also have 55-ns 
speeds, is fast enough to compete for 
both mos and bipolar applications. 
To arrive at this performance, the 
firm butts two high-speed 8-K RAMS 
together on an oblong die [Electron-
ics, July 3, p. 175]. 
Power differences. Most pro-

nounced of all, however, will be the 
differences in power dissipation of 
the chips and the schemes used to 
lower it. The majority of the devices, 
with the exception of the n-MOS 
TMS 4016 from Texas Instruments 
and the MSM 2128 from Oki, will 
feature a power-down mode con-
trolled via the chip-enable (n) pin. 
Both companies are working on 
enhanced n-channel chips, though 
interestingly, TI will move away 
from its double-level polysilicon pro-
cess to a single level, whereas Oki 
will go from one level to two. 
The n-channel chips, drawing 

about 100 mA during active opera-
tion, will use from 5 to 50 mA on 
standby. c-mos versions will con-
sume much less active current—in 
the 40-to-50-mA range—but the 
user should always read between the 
lines on the data sheet. Some compa-
nies highlight superior typical speci-
fications, especially those relating to 
power consumption, and hide maxi-
mum numbers. 

In addition, c-mos devices usually 
go by two sets of numbers for power 
usage, depending upon input levels. 
Hitachi's HM6116, as a case in 
point, specifies a typical standby 
power-supply current of just 20 µA. 
However, that figure only applies if 
cE is within 200 mv of the power-
supply potential, Vcc, and all other 
input signals are as close to Vcc or 
ground. If these conditions are not 
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New products 

met, standby dissipation can go as 
high as 75 mw —comparable to 
some n-mos versions. 

But also like the n-mos chips, 
Hitachi's 6116 uses polysilicon resis-
tors as load devices in the storage 
array. In contrast, when a company 
allots the die area for p-channel pull-
up transistors in the array, power 
dissipation can plummet. So far, two 
companies—Oki and Toshiba— in-
clude p-channel loads for six-transis-
tor all—c-mos cells. The chips have 
the biggest die areas, but Oki's 
MSM 5128, now available in sample 
form, can retain data with 20 LA and 
Toshiba's TC5516AP stays alive on 
a holding current of a mere 0.2 ALA. 
A user does have to sacrifice some 

flexibility to enjoy Toshiba's super-
low standby consumption. As with 
other c-mos chips, its inputs must be 
kept near the supply rails. Also, the 
user must activate a second CE pin 
on the Toshiba chip to turn off all 
but the storage matrix. The spare 
pin replaces the output-enable pin— 
present on all other chips—and both 

lines must be lowered for read 
and write operations. 
Some of the n-mos chips will min-

imize power consumption through 
dynamic circuit techniques. The use 
of Œ to separate active and standby 
modes is the simplest example (this 
idea, used on previous lower-density 
memories, is often called power-gat-
ing or edge activation). 

Automatic standby. Mostek is em-
ploying what it calls address activa-
tion, a power-lowering scheme it has 
exploited on previous memories. The 
chip automatically goes into a low-
power standby mode if the address 
lines are left idle after an active 
cycle. But any subsequent toggling 
of the addresses rouses the RAM 
back to action. As with power-gated 
parts, the address activation scheme 
does not rule out static, fully asyn-
chronous operation. The user need 
not set aside time for on-chip node 
precharging, so that access and cycle 
times coincide. 

Mostek is also offering a special 
low-power version of the 4802 desig-
nated the 48D02 that takes advan-
tage of a new standby mode called 
Datasave. An on-chip comparator 

monitors the supply voltage, and 
when the write-enable pin (WO 
exceeds Vcc by about 1 v, the mem-
ory matrix can be powered entirely 
through the WÊ line with as little as 
100 gA —a value that compares 
favorably with some c-mos specifi-
cations. A low-power bias generator 
also kicks in when the chip is in the 
Datasave mode to protect voltage 
margins during standby. 
Synchronous vs clocked. Harris 

takes the concept of dynamic circuit-
ry a bit farther in its HM6516. This 
memory, like older c-mos units from 
the company, is said to be clocked 
because it employs internal pre-
charging extensively. The pin, 
which must be used to synchronize 
the address signals, "is a master 
clock, if you will," states Charles 
Hochstedler, product marketing en-
gineer at Harris. 

Hochstedler prefers to call the 
device synchronous rather than 
clocked because clocking connotes 
nonstatic operation. But he main-
tains that "our device is fully static 
in the sense that any pin can be left 
in any position for an indefinite peri-
od of time." In other words, the chip 
does not need to be refreshed like a 
dynamic RAM. 
The relationship between and 

address information presented to 
Harris's chip does subtract from 
ease of use, but the approach also 
allows the user to tailor power con-
sumption with speed. That is the rea-
son for the curious 10-mA/mH z 
specification listed in the table. 
Harris Semiconductor Products Division, 

P. 0. Box 883, Melbourne, Fla. 32901 [361] 

Hitachi America Ltd., 707 W. Algonquin Rd., 

Arlington Hts., III. 60005 [362] 

Mitsubishi Electronics America Ltd., 1230 

Oakmead Parkway, Suite 206, Sunnyvale, 

Calif. 94086 [363] 

Mostek Corp., 1215 W. Crosby Rd., Carroll-

ton, Texas 75006 [364] 

Motorola Semiconductor Products Inc., P. 0. 

Box 20294, Phoenix, Ariz. 85036 [365] 

Oki Semiconductor, 1333 Lawrence Ex-

pressway, Suite 401, Santa Clara, Calif. 

95051 [366] 

Texas Instruments Inc., P. O. Box 225012, 

M/S 308, Dallas, Texas 75265 [367] 

Toshiba America Inc., 2151 Michelson Dr., 

Suite 190, Irvine, Calif. 92715 [368] 
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Shown 2/3 actua, size 

BUNKER 

RAMO 

AmphenolTM 801 Series connectors. 
8 individual channels. Low insertion loss. 
Plus the assembly speed of Amphenol 
circular connectors. 
Now there's a fast, precise reliable way to make up to eight separate fiber-optic 

connections at one time. And to replace any optical channel as required. 
The insertion loss per channel is only 1 5 to 2.0 dB with most fibers. It's done 

with our spring retainer* that makes each channel independent of the tolerance 
build-up of any other. 

The 801 Series looks familiar because it's an adaptation of our Mil-qualified 
circular connectors. So you get environmental sealing. And the speed of rear 
insertion/rear removal. And you can use M83723/31-12 insertion and removal tools. 

801 Series connectors are available in 4-channel or 8-channel configurations 
-- (shown above). Both are designed for single fibers, but they can be adapted to 
multiple fiber bundles. When using multi-fiber bundles, you can mix electrical and optical 
contacts in any combination. 

Optional strain relief mechanism protects the fiber bundle, maintains integrity of 
fiber optics interconnect and can be potted for environmental sealing. 

Put the speed and performance of our 801 Series to work on your fiber-optic 
problem. For more information, call the sales office or distributor nearest you. Or contact 
our Danbury, Connecticut operations. (203) 743-9272. 

*Patent pending 

AMPHENOL NORTH AMERICA 
A Division of Bunker Ramo Corporation 

Amphenol North America Division Headquarters:CakBroo. Minois 60521 

Sales Offices: Atlanta (404) 394-6298 • Bcston 1617) 475-7055 • Chicago (312) 986-2330 • Da las (214) 343-8420 • Dayton (513) 294-0461 
Denver (303! 752-4114 • Greensboro (919: 292-9273 • Houston :713) 444-4096 • Indianapolis (317) 842-2245 • Kansas City (616) 737-3937 
Knoxville (615! B90-6765 • Los Angeles (213) 649-5015 • Minneapolis (612) 835-4595 • New York (516) 364-2271) • 0-lando (305) 647-5504 
Philadelphia 211.) 732-1427 • Phoenix (602) 265-3227 • St. Loes (314) 569-2277 • San Diego (714) 272-5451 • Si F rancisco (408) 732-8990 
Seattle (2061455-2525 • Syracuse (315) 455-5736 • Washington. DC (703) 524-870a 
Canada: Mortreal (514) 482-5520 • Toronto (416) 291-4401 • Vancouver (604) 278-7636 • International: Crak Brook. II Mois TELEX 206-054 
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New products 

Components 

70-W regulator 
handles 10 A 

Chip doubles current limit 

of IC voltage regulators, 

is trimmed to within ± 0.8% 

Using a new integrated-circuit fabri-
cation structure, National Semicon-
ductor has developed a single-chip 
adjustable voltage regulator capable 
of supplying in excess of 10 A at 
power levels up to 70 W. Designated 
the LM196, the three-terminal regu-
lator provides twice the output of the 
previous lc regulator at the top of 
the output-current scale, the firm's 
own LM138. 
The LM196 is fabricated with 

National's new Moose process, 
which combines standard processing 
techniques for linear bipolar Ics with 
high-power discrete transistor tech-
nology [Electronics, Nov. 20, p. 40]. 
The result is high-current transistors 
on half the die area of those made 
with standard processing, plus more 
efficient use of silicon for gathering 
high currents. 

Unlike most previous voltage reg-
ulators whose reference voltage is 

within 3% or 4% of specification, the 
LM196 features on-chip trimming of 
the reference voltage to within 
± 0.8%. "This eliminates the need 
for a trimming step in production 
environments, which is a real poten-
tial source of trouble," states Carl 
Nelson, staff scientist and product 
designer in National's advanced lin-
ear circuits design group. Simulta-
neously, this feature also reduces 
temperature drift to a typical value 
of 0.003%/°C, compared with a typi-
cal value of 0.01%/°C for prior lc 
voltage regulators. 

National guarantees that the 
LM196 will have a maximum tem-
perature coefficient of 0.01%/°C. 
"The Moose process makes the tem-
perature coefficient more predict-
able and relatively flat," Nelson 
says. The 110-by-120-mil die of the 
LM196 (approximately the same 
size as the LM138 die) is large 
enough for National to "consume a 
few mils by the addition of trim 
pads." Earlier lc voltage regulators 
were not trimmed, he continues, so 
temperature coefficients wandered 
around some. 

Because of the LM196's high 
power dissipation, National is speci-
fying different maximum tempera-
tures for the power transistor and 
control sections. Like other 1c regu-
lators, the LM196 has a control sec-
tion specified for operation over the 

full military temperature range, 
—55° to + 150°C. "Recognizing the 
need for high device operating tem-
perature when operating at elevated 
ambient temperature, we're specify-
ing this new regulator for 200°C 
maximum junction temperature in 
the power transistor." This allows up 
to 25-W power dissipation at a case 
temperature of 125°C, Nelson adds, 
and up to 70 W can be dissipated at 
lower temperatures. 

Safe. The LM196 features load, 
line, and thermal regulation to with-
in 1% and is guaranteed to operate 
at a 10-A output with an input-
output differential of only 2.5 V. It 
has all the protection features of 
popular lower-power adjustable reg-
ulators, including current limiting 
and thermal limiting, making the 
LM196 "immune to blowout from 
output overloads or shorts," even if 
the adjustment pin is accidently dis-
connected, Nelson points out. All 
LM196s are burned in under ther-
mal shutdown to guarantee proper 
operation of these protective features 
under actual overload conditions. 
The output voltage of the LM196 

is continuously adjustable from 1.25 
to 15 V. Higher output voltages are 
possible if the maximum input-to-
output voltage differential specifica-
tion is not exceeded. A full-load cur-
rent of 10 A is available at all output 
voltages, subject, however, to the 
maximum power limit of 70 W and 
the maximum junction temperature. 
The LM196 will also be available 

in a commercial version specified for 
a 0°-to-125°C junction temperature 
range for the control section and 
for 0° to 175°C for the power transis-
tor. Housed in a TO-3 metal can, as 
is the LM196, the commercial-grade 
LM396 is priced at $12.35 each in 
100-piece quantities. The military-
grade LM196, in like quantities, will 
cost about twice as much. Samples 
of both devices are available now, 
with production quantities slated to 
be available late this month or early 
January. 

National will make available in 
1981 two four-pin versions of the 
LM196. One of these will have 
adjustable current limiting and full 
output-voltage sensing capability, 
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THE FIVE 
BEST WAYS TO ISOLATE 

A PROBLEM. 

We've developed the industry's broadest line 
of 6 and 8-pin optoisolators because you can't 
solve all electrical noise problems with one prod-
uct. 

For instance, we took care of data rate 
problems with our 1 Mbit 6N136, and the 300 
Kbit 6N139 offers 400% CTR at 500µA input. 

Or if you need to switch SCR's or TRIAC's 
our SCS 11C4 is rated at 400V (peak) and han-
dles a 300mA (RMS) load. 

Our SPX 7000 series provides controlled 
gain at input currents of lmA, 5mA, or 10mA. 
At 5mA LED drive current the SPX 7590 provides 
a 90-200% CTR at VcE = 5V. 

For high output current (up to lc = 125mA) 
or low input current (IF = lmA), specify our SCD 
1181 darlington. 

Our entire line is U.L. recognized to 3500 
VAC under file E58979. 

Finally, we supply industry standard 4N op-
toisolators including transistors and darlingtons 
off the shelf. 

The choice is yours for replacing pulse trans-
formers, twisted wires and coaxial cabies in 
computer peripherals, data terminals, home 
appliances and telephone systems. And for pro-
viding protective isolation between microproces-
sor and 120-240V power lines. 

Please seld me free samples of your optoisolators so I can design 
the noisy electrical charge out of my next application. 

SPX7590 SCD11131 D 6N136 flSCS11C4 J4N33 L16N139 

Name  

Company  

City  

Application   

E] New Design 

Street  

Phone  

 Zip  

Annual Usage  

State 

CI Current Design E 

The point is, no two electrical noise prob-
lems are exactly alike. That's why we offer more 
ways to isolate them than anybody else. 

For more information on our optoisolators 
and other optoelectronic products, call us at 214/ 
234-4271. Or write to 830 East Arapaho Road, 
Richardsoi, Texas 75081. 

ISIOMPORIOS 
Adivision of Honeywell 
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Worm broadest 
World's irs Hest 

FecB sw es. 
ALCO designed and engineered the TT Series primarily for PC 
applications. Their small size allows placement between PCB's 

on 1/2" centers. All terminals and mounts fall into a 0.1" grid. 
Your choice of toggles, pushbuttons, slides, 

rockers and LED lighted types in 1, 2 or 4 

poles. Right angle types are our specialty and 

wire wraps too! Gold plated contacts are 
standard for low-level switching. Silver pro-

vides a 3 amp rating and is U.L. listed. A 
variety of panel mounted types also available. 

 We pride ourselves by stocking hundreds of 

standard types, many in production quantities to service your 
immediate needs. However, our engineers and production group 

can also provide literally thousands of custom types promptly 
and economically. We urge you to 

call or write Customer Service for 
160-page ALCOSVVITCH catalog 

and free sample. • 

itc h

FN SWITCH] 

?elf 
lard" 

' 

MAT' FILCDS 

- 

ALCO ELECTRONIC PRODUCTS, INC. 
1551 Osgood St.,N.Andover, MA.01845 (617)685-4371 TWX :710 342-0552 
EUROPE:Augat France SA(Z.I.Sofilic)B.P.440-CEDEX 94263 Fresnes, France 
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You (and we) are in a quick-moving business. 
News breaks frequently. Change is the name of 
the game. Awareness is the way to win. 

Give us one hour of your time every two weeks 
and we will keep you aware of what's going on 
around you and around the changing world of 
electronics technology 

Keep ahead of the pack. Send in one of the 
subscription cards in this issue. 

New products 

"which a three-terminal regulator 
can't provide," Nelson says. The sec-
ond four-pin version will be able to 
operate at input-output voltage dif-
ferentials as low as 1 v at full load 
current, in addition to having out-
put-sensing capability. Both devices 
will be available in TO-3 packages. 
National Semiconductor Corp., 2900 Semi-

conductor Drive, Santa Clara, Calif. 95051. 

Phone (408) 737-5000 [341] 

Converters and op amps 

work at — 55° to + 200°C 

Burr-Brown is introducing a family 
of integrated circuits that are speci-
fied to operate over — 55° to 
+ 200°C —an analog-to-digital con-
verter, a digital-to-analog converter, 
and a general-purpose operational 
amplifier. For the range of — 55° to 
+175°C, the company is offering a 
fast-slewing op amp. 
The 12-bit successive-approxima-

tion a-d converter, model 
ADC1OHT, offers a maximum con-
version time of 50 is and no missing 
codes over the specified temperature 
range, uses a + 5-v supply, and is 
compatible with complementary-
MOs and TTL. It is packaged in a 
dual in-line 28-pin ceramic case. The 
d-a converter is also a I 2-bit device, 
monotonic over temperature changes 
and offering a typical settling time 
of 200 ns. It comes in a 24-pin 
ceramic DIP. 
The OPA11HT 12-MHz-band-

width operational amplifier is speci-
fied at the wider temperature range. 
Input bias current is 30 nA maxi-
mum at 200°C, and the input offset 
voltage coefficient is ± 5 µv/*C typi-
cally. The OPA12HT, on the other 
hand, is specified for operation at 
— 55° to +175°C. Its minimum slew 
rate is 80 v/ms with settling time of 
200 ns typically, and its gain-band-
width product is typically 20 MHz. 
Both come in TO-99 packages. 
The components are slated for 

immediate delivery, but the compa-
ny has not set their prices yet. 
Burr-Brown, P. 0. Box 11400, Tucson, Ariz. 

85734. Phone Clay Tatom at (602) 746-

1111 (344) 

124 Electronics/December 18, 1980 



Ups*  
Computer grade 10 years 
life electrolytic 
capacitors. 100% tested 
to our specifications per 
applicable portion of 
MIL-STD-883 

G10/FR5 circuit board 
eliminate temperature and 
moisture problems 

Remote sense terminals 
standard on all 30 Watt 
and higher outputs 

100% vacuum 
impregnated transformer 
UL listed CSA certified. 
Meets VDE Specificatiom 
0804 isolation 
requirements 

Units may be mounted on 
different planes 

• 

• 

• 

useiteiminji • Hermetically sealed 
power semiconductor 
100% tested to our 
specification per 
applicable portion of 
MIL-STD-883 

Construction per 
MIL-STD-810B for shock 
and vibration. 

Aluminum chassis 
échemical film treated 
per MIL-C-5541) forms 
integral heat sink 

Ceramic IC Regulator 
pretested and burned-in. 
Socket mounted (Fault 
isolation and repair time 
is minimized) 

Worldwide Voltage Taps 
for 100/117/220/230/240 
VAC (47-440 Hz) 

Universal Series. ay less and have a 
Power Supply tha works all over the world. 

ECV/ETV Universal Series. 
83 separate models in 18 standard case sizes available from stock. 
• Up to 50% lower in cost than competition. • Universal input Transformer for use 
with varying international voltages • Interchangeable with competitor's models 
• Meets isolation requirements of VDE Specification 0804. UL and CSA recognized 
• Single, Dual and Triple Outputs • OVP standard on all 5V models • Plus many more 
standard features not included in competitive models 

electronics a C U Ç 401 Jones Road, Oceanside, California 92054 • (714) 757-1880 
211 West Clay Avenue, Roselle Park, New Jersey 07204 • (201) 241-6077 
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New evidence 
of precision from 

Switzerland 

According to the legend, our national hero 
William Tell pierced an apple with his 
crossbow at 100 paces. Since then we have 
devoted ourselves to precision. We carry on 
these traditions even with new technology. 
Take our printed circ:uits for instance — they 
are a typical Swiss product. Repeatedly we 
offer drilling diameters having a precision 
of 0.22 mm — and that with a packing 
density of 4.7 connections per qcm. 

Alongside this dimensional work, we offer 
additional quality features such as 

electrically protected circuit 
paths with defined values, 

prevention of solder 
bridging, no 
blockages in the 

metal plating, 
solderability in each required 

direction, etc. etc. Request further 
information. 

uer 
¡et: lela 

FELA E. Uhlmann, 
AG for Printed Circuits 
CH-8531 Thundorf/Switzerland 
Tel. 054/9 82 71 • Telex 76 130 

Marketing office in Germany: 
D-7750 Konstanz 
Gottlieb-Daimier-Str. 7 
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New products 

Microwave 

Analyzers cover 
10 MHz to 40 GHz 

Scalar network analyzers 

have high directivity, use 

desktop computer control 

Using a microprocessor-controlled 
sweep generator for superior per-
formance, the Wiltron 5600 network 
analyzers make a frontal assault on 
the market addressed by the Hew-
lett-Packard 8755P. The series is 
programmable via an IEEE-488 bus 
and is controlled by an HP 85 desk-
top microcomputer system, as is the 
HP 8755P. The HP unit, however, 
requires an outboard adaptor to 
interface with the control bus. 
The six models in the series are 

successors to the Wiltron 5610 line. 
They include the 5609, which covers 
a frequency range of 10 MHz to 2 
GHz; the 5617, which covers 10 MHz 
to 8 GHz; the 5647, which ranges 
from 10 mHz to 18 GHz; and han-
dling the high end of the series' spec-
trum, the 5636 and 5640. The 5636 
covers 18 to 26.5 GHz, and the 
5640's range extends from 26.5 to 40 
GHz. 

Each system contains a scalar net-
work analyzer, sweep generator, con-
troller, and all required measure-
ment components. One key feature 
of the 5647 system is a 40-dB direc-
tivity over its entire frequency range, 

versus 26 to 38 dB for its HP coun-
terpart. Another is its ± 10-MHz fre-
quency accuracy at the 18-GHz end 
of its spectrum. Dynamic range has 
also been increased by the Wiltron 
series, stretching to 66 dB with — 55-
dBm sensitivity, compared to the 60-
dB range of the HP analyzers. 

Harmonics on the higher-perform-
ance members of the 5600 series are 
— 40 dBc across the entire 2-to-20-
GHz range, which compares favor-
ably with the —25 dBC offered in the 
HP line. Spurious signals are down 
35 dBC from 0.01 to 2 GHz and down 
60 dBc on signals over 2 GHz, which 
compare with 25 and 50 dBc, 
respectively, for comparable bands 
on the HP 8755P. 
The use of the HP-85 as a control-

ler makes the 5600 series much 
simpler to operate than previous 
Wiltron offerings. To use the system, 
the operator simply inserts a prepro-
grammed cartridge into the control-
ler, enters a few inputs in accordance 
with the interactive instructions, and 
then obtains computer-corrected 
data in tabular or graphic form. 

Fundamental. The 6600 program-
mable sweep generator found in the 
Wiltron systems uses a preprocessor 
chip to speed and simplify the micro-
processor-to-operator interface. The 
preprocessor separately scans and 
organizes all front-panel controls 
and displays and interfaces directly 
with the main microprocessor. The 
new sweeper also uses fundamental-
frequency oscillators as a signal 
source rather than frequency multi-
pliers. The result is improved specifi-
cations for harmonic output, residual 

fm, and frequency accuracy. 
Prices on the new line vary from 

$25,520 to $40,360. The $40,360 
model 5647 competes directly with a 
$45,930 HP model 8755P. Delivery 
is in 90 to 120 days. 
Wiltron Co., 825 E. Middlefield Rd., Mountain 

View, Calif. 94043. Phone (415) 969-6500 

[401] 

Unit generates 35-ps pulses 

at 10 MHz to 12 GHz 

The Ailtech 95222-1 microwave im-
pulse generator operates in a fre-
quency range of 10 MHz to 12 GHz, 
with a pulse duration of approxi-
mately 35 x 10-12 s. This short pulse 
duration provides a broad-frequency 
spectral output calibrated to have an 
accuracy to within ± 2 dB at fre-
quencies below 5 GHz and ± 3 dB 
from 5 to 12 GHz. Pulse repetition 
rate is 50 to 60 pulses/s, depending 
on power-line frequency. 
The generator is designed to pro-

vide broadband measurement capa-
bility in àccordance with several mil-
itary standards: MIL-1-11748 (Sig. 
C), MIL-1-26600 (usAF), MIL-1-
6181D (USAF), and MIL-STD-
461/462. It is priced at $1,475 and 
can be delivered in 8 to 12 weeks. 
Eaton Corp., Electronic Instrumentation Divi-

sion, 5340 Alla Rd., Los Angeles, Calif. 

90066. Phone (213) 822-3061 [403] 

GaAs FETs handle 500-mW 

rf input without degradation 

The VSF-9320 and -9330 gallium 
arsenide field-effect transistors have 
ion-implanted channels for improved 
uniformity and all-gold metalization 
with recessed gates for increased 
reliability. They can handle more 
than 500 mw of radio-frequency 
input power without degradation of 
electrical performance. 

Operating between 4 and 18 GHz, 
the 9320 series has typical noise fig-
ures ranging from 1.4 dB at 4 GHz to 
3.0 dB at 18 GHz. At 10 GHz, the 
noise figure is 1.9 dB. Typical gain at 
10 GHz is 10 dB, with a maximum 
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available gain of 12 dB. The 9330 
series has slightly higher noise char-
acteristics and lower gain. 
The two devices are available as 

chips for use in thin-film amplifiers 
or in a 70-mil' hermetically sealed 
strip-line package. For quantities 
from 1 to 24, the price is $110 each 
for the VSF-9320 chip and $125 
each for the VSF-9321 in the strip-
line package. The VSF-9330 chips 
are $65 apiece and $75 for the VSF-
9331 strip-line version. Delivery is 
from stock. 
Varian Associates, Solid State Microwave 

Division, 3251 Olcott St., Santa Clara, Calif. 

95050. Phone (408) 988-1331 [405] 

Monitor measures radiation 

at 1 gW/cm2 to 20 mVV/cm2 

The Raham model 4A broadband 
isotropic radiation monitor can mea-
sure nonionizing radio-frequency 
power densities from levels as low as 
1 µw/cm up to 20 mw/cm2. The 
hand-held instrument operates over 
a frequency range from 200 kHz to 
26 GHz with a single omnidirectional 
probe. It sells for $1,495 and deliv-
ery takes 120 days. 
General Microwave Corp., 155 Marine St., 

Farmingdale, N. Y. 11735. Phone Moe Wind 

at (516) 694-3600 [404] 

MULTIPLE OUTPUT SWITCHERS 
MODEL 4027-2 
5V @ 4A, ±12V @ 0.4A 
(other output 
voltages available) 

SINGLES 
(OEM discounts available) 

• Up to four outputs, 30 8( 60 
watt models 

• Tightly regulated outputs 

• True off-the-line switcher 

• Wide input voltage range 
90-130 VAC/180-260 VAC 

• 75% efficiency 

• 16 oz. total weight 

• No heat sink required 

• RFI filtering 

• Alternate source for Conver 
2000, 2000/I, AC-50 
and Bochert OL-50 

$9600 

SEND FOR NEW POWER SUPPLY HANDBOOK 

pm POWER 152 Will Drive, Canton, Ma. 02021 
1. 617-828-6216 GENERAL. Tel. 

710_348-0200 

Circle 127 on reader service card 

Hall 
to the 
King! u 
For years, our 75 MHz Model 4171 F 
has been the classic move to make in 
monolithic crystal filters. This royal 4-pole 
creates a ±13 kHz 6 dB bandwidth in a 
single HC-18 envelope. It puts a stunning 
checkmate on noise. And best of all, it 
doesn't take a king's ransom to put it on 
your side of the board. 

The standard in monolithic crystal filters. 

EXCELLENCE ACROSS THE BOARD 

Plezo Technology Inc. 
2525 Shader Rd., Orlando, FL 32804 

(305) 298-2000 
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New products 

Instruments 

Unit monitors 
eight nodes 

Cascaded one-shots are easily 

adjusted using real-time mode 

of low-cost logic analyzer 

Many digital circuits require timing 
adjustments that can affect the oper-
ation of several successive elements. 
One of the more obvious examples of 
designs on the border line between 
digital and analog circuitry is a 
series of monostable multivibra-
tors —one-shots —cascaded to per-
form complex gating functions. Ad-
justing the timing of one of the cas-
caded series often affects other parts 
of the circuit, and calibration, as a 
result, can be a tedious process of 
iterative adjustments. 

This time-consuming process can 
be greatly shortened, however, with 
a new type of low-cost instrument 
developed by a startup company in 
Redwood City, Calif. "Using the 
real-time mode of our model 1010 at 
test sites, we have cut down the cali-
bration time of circuits from over a 
half hour to just a few minutes," 
according to Kevin Hotvedt, founder 

and president of LogaCal. 
The 1010, priced at $570 assem-

bled and $300 in kit form, uses an 
ordinary dual-trace oscilloscope to 
display its information. It turns the 
scope into a simple eight-channel 
logic analyzer with speeds up to 2.5 
mHz and a memory of 256 bytes. 
But its unique feature is its real-time 
mode. With this mode, up to eight 
Tn., nodes can be monitored, simul-
taneously and in true phase, to check 
responses to a single adjustment. 
The instrument accomplishes this 

by combining the signal inputs from 
four traces into a single trace on the 
scope, with two traces representing 
the eight test points. The raw digital 
inputs from the test points are each 
given a different gain factor, then 
summed to obtain the amplitude of 
the trace. Inputs are not sampled, as 
in the logic analysis mode, but are 
continuously available. 
On screen. "When a change in the 

state of the test points occurs, it 
shows up directly on the screen," 
notes Hotvedt. "Of course, the tran-
sition must be repetitive." The time 
from one transition to the next is 
then directly measurable on the 
scope trace. Transitions in state 
between different test points in the 
group of four test points can be dis-
tinguished, because each point gets a 
different scalar height factor. 
To make it more obvious which 

test point is switching, the 1010 
has switches that can add or delete 
the test point signals from the dis-
play. This display allows the user to 
see the effects of his adjustments on 
eight points in the system at once. 
The alternative is the normal scope 
procedure of having to compare the 
analog waveforms from two test 
points at a time. 
As a logic analyzer, the 1010 can 

use either an internal or external 
clock, and it can trigger on a rising 
or falling edge of either an external 
trigger input signal or upon the rec-
ognition of an 8-bit word. The 1010 
can be set to record either all pre-
trigger or all post-trigger data, but 
not a combination of the two. Probes 
are included, and they present a 10-
kn resistance and a 30-pF capaci-
tance to the circuit. Power is derived 
from the circuit under test. 

Deliveries of the model 1010 are 
from stock to eight weeks. 
LogeCal, Box 3329, Redwood City, Calif. 

94061. Phone (415) 364-5146 [351] 

Automatic distortion analyzer 

is IEEE-488-compatible 

A microprocessor-based distortion 
analyzer, the model 6880 is a com-
pletely automatic distortion, voltage, 
and frequency measurement system 
that is compatible with the IEEE-
488 interface bus. It measures total 
harmonic distortion, in percentages 
or decibels, down to 0.003% ( — 90 
dB), with 0.001% (0.1-dB) resolu-
tion. The instrument automatically 
tunes itself to the frequency of the 
external signal over the entire range 
of 1 Hz to 110 kHz. An automatic 
level-setting circuit presets the am-
plitude reference level for any input 
between 0.1 and 130 v root mean 
square. As a frequency counter, the 
6880 measures and displays the fun-
damental input frequency from 
1.000 HZ to 999 kHz. Distortion is 
less than 0.003% for a 1-kHz sine-
wave output. 
The instrument is priced at $3,500 

and is available in 90 days. 
Krohn-Hite Corp., Avon Industrial Park, 

Avon, Mass. 02322 [355] 
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New products 

Microcomputers & systems 

Chip controls 
EE-PROM bank 

Microcomputer is programmed 

to handle subsystems having 

up to 32 16-K EE-PROMs 

Designers with plans to incorporate 
Intel's forthcoming 2816 16-K elec-
trically erasable programmable 
read-only memories [Electronics, 
Nov. 20, p. 50] into their products 
can get a leg up from the MF2801 
large-scale integrated controller. 
Based on a popular single-chip 
microcomputer with a custom pro-
gram in its masked ROM, it replaces 
as many as 40 small-scale integrated 
rrt. packages in systems designed to 
read, erase, write (program), and 
modify (erase and write) EE-PROMs. 
The 2801 takes over most of the 

tasks of a subsystem containing 1 to 
32 of the 2816 EE-PROMs (2-K to 
64-K bytes). It communicates with 
the host processor via an 8-bit asyn-
chronous interface that can be set up 
in either a polled or an interrupt-
driven configuration. Also possible is 
a dual-port configuration in which 
read cycles bypass the controller but 
write, erase, and modify cycles 
engage it. 

One of the major advantages of 
the 2816 EE-PROM is that it can be 
erased and modified 1 byte at a time. 
The 2801 supports that capability by 
allowing all operations to be done 
either on individual bytes or on 
blocks of memory. 

Sequence. The normal sequence of 
operation is for the host processor to 
check a status bit in the controller to 
make sure it is not busy and then 
write a command to it over the 8-bit 
interface. The parameters that must 
be passed (such as block size and the 
data itself) follow the command 
under control of a bit that notifies 
the host each time it is ready for the 
next input. When all parameters are 
received, the controller executes the 
command; it can either interrupt the 
host to notify it of completion or 
merely set a status bit to be polled by 
the host. 
The 2801 has two on-chip buffers: 

one for storing input commands and 
parameters and another to hold out-
put from the EE-PROMs for later 
transfer to the host. Several error 
codes, in addition to status informa-
tion, are supplied to the host upon 
request. A novel password feature 
allows the user to protect the EE-

PROMs from unauthorized altera-
tion. This optional feature operates 
under software control; passwords 
may be up to 10 characters long. 
The 2801 is available now for 

$295. It comes in a standard 40-pin 
dual in-line package and runs on a 

single 5-v supply. 
A designer kit is also available, 

containing all the necessary support 
circuitry to implement an 8-K-byte 
system. A dc-dc converter is includ-
ed for deriving the 24-v program-
ming voltage from the system's 5-v 
supply, as are analog circuits used to 
deliver the programming voltage to 
the EE-PROMs and an Intel 8243 out-
put-expansion port that delivers the 
2801's commands to the analog cir-
cuitry. The kit, also available now, is 
priced at $395. 

Original-equipment manufacturer 
discounts are available. In addition, 
self-source software licensing agree-
ments are available for those compa-
nies that prefer to program their own 
control ROM. 
Mark Five Systems Inc., 836 Fourth St., Box 

1819, Ouray, Colo. 81427 [371] 

Samples available of 

peripheral controller chip 

Another of the Z8000 family of 
peripheral-support circuits, the 
Z8090 universal peripheral control-
ler (z-uPc) is now available in sam-
ple quantities. The intelligent device, 
designed for distributed processing 
and multitasking applications, is 
based on the architecture and 
instruction set of Zilog's Z8 single-
chip microcomputer. It assumes such 
tasks usually performed by the host 
processor as arithmetic, translation 
and formatting of data, and control 
of input/output devices. 
The Z-UPC features 2-K bytes of 

internal program read-only memory, 
a 256-byte register file (including 
234 registers for general-purpose 
use), three programmable 8-bit 1/0 
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ASCII encoded keyboards: as low as $4e 
New lighter touch for 
improved typing..maimiiiiiii 

RCA VP-600 series ASCII keyboards are available in two formats. You can 
choose either a 58-key typewriter format. Or a 74-key version which includes 
an additional 16-key calculator-type keypad. Both can be ordered with 
parallel or serial output. 

These keyboards, redesigned for lighter key activation and improved 
typing capability, feature modern flexible membrane key switches with 
contact life rated at greater than 5 milion operations. Plus two key rollover 
circuitry. A finger positioning overlay. And an on-board tone generator that 
gives aural key press feedback. 

The unitized keyboard surface is spillproof and dustproof. This plus high 
noise immunity CMOS circuitry makes these boards particularly suited for 
use in hostile environments. 

Parallel output keyboards have 7-bit buffered,TTL compatible output. 
Serial output keyboards have RS 232C compatible, 20mA current loop and TTL 
compatible asynchronous outputs with 6 selectable baud rates. All operate 
from 5 V DC, excluding implementation of RS 232C. 

For more information contact RCA Customer 
Service, New Holland Avenue, Lancaster, PA 17604. R ea 
Or call our toll-free number: 800-233-0094. 
'OEM price. Also available less case. 

Circle 130 on reader service card 

compog 
microsystems 

FLAIM/65 

FLAIM /65 is a complete, professional quality development 
system for the 6500 microprocessor family. FLAIM/65 includes a 
ROCKWELL AIM 65 (with 20 character display and thermal 
printer plus full size keyboard), five slot motherboard, 16 K static 
RAM memory, dual drive 51/4 inch disk system with full operating 
system in EPROM, CENTRONICS 730 dot matrix printer 
(100 CPS), assembler, PL/65 compiler and full system power 
supply. Best of all — the system pictured is priced well under 
$4000 (U.S. only). 

224 SE 16th St. P.O. Box 687 AMES, IA 50010 (515)232-8187 

New products 

ports, two programmable counter-
timers, and six internal levels of pri-
oritized interrupts. The z-uPC con-
trols the master processor's access to 
the register file and thus maintains 
software independence from the 
master. The 40-pin controller sup-
ports Zilog's daisy-chain interrupt 
structure. 
To cover most peripheral control 

needs, the z-uPc comes in four other 
versions: two 64-pin versions with 
external interfaces for up to 4-K 
bytes of either ROM or random-
access memory and two 40-pin pro-
topack versions, each with a socket 
for up to 2-K bytes of either ROM or 
RAM. The devices are priced at 
$117.36 each in sample quantities of 
10 to 99. 
Zilog, Exxon Enterprises Inc., 10340 Bubb 
Rd., Cupertino, Calif. 95014 [373] 

Multiuser development system 

supports 16-, 32-bit designs 

A multiuser microprocessor develop-
ment system based on the EXORmacs 
system supports both 16-bit and 
future 32-bit microprocessor designs 
by using the 16-bit MC68000 micro-
processor. It can provide develop-
ment capability for up to eight 
simultaneous users. The basic system 
hardware consists of an EXORmacs 
15-slot chassis, an MC68000 memo-
ry management module, a debugging 
module, two 128-K-byte dynamic 
random-access memories, and a uni-
versal disk controller. The controller 
supports up to two 96-megabyte 
hard-disk subsystems and up to 2 
megabytes of floppy-disk mass stor-
age. It uses an MC68120 intelligent 
peripheral controller to handle data 
requests over an SMD (storage mod-
ule drive) interface. 
The software includes the VER-

sAdos multitasking operating sys-
tem, a cathode-ray-tube editor, 
structured assembler, linkage editor, 
Pascal compiler, and symbolic de-
bugger. Peripherals include a 32-
megabyte hard disk and an 
EXORterm 155 display console. Ad-
ditional memory, display consoles, 
and multichannel RS-232 communi-
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cations modules may be added to 
accommodate up to eight users. 
The ExoRmacs multiuser develop-

ment system sells for $35,995. 
Motorola Semiconductor Products Inc., P. 0. 

Box 20912, Phoenix, Ariz. 85036. Phone 

(602) 244-5714 [374] 

Multichannel analog I/O 

boards cost under $750 

Two 101/2 -in.2 multichannel analog 
input/output boards for the Intel 
iSBC 80/10B or iSBC 80/24 single-
board computers and for the new 
iSBX 88/40 measurement and con-
trol computer sell for $610 and $750 
apiece. The manufacturer claims 
that system designers can use a sin-
gle one of these in many applications 
that usually require up to three or 
four boards. 
The iSBX 311 analog-input board 

provides 8 differential or 16 single-
ended inputs. Signal inputs can 
range from 20 mv full scale to 5 v 
full scale through the use of gain-
selection resistors. Inputs can be 
either 0 or 5 v unipolar or — 5 to + 5 
V bipolar, with jumper selection. The 
input board contains a 50-µs analog-
to-digital converter with a simple 
programming interface allowing up 
to 17,000 12-bit samples/s to be 
stored in memory. 

Users of the iSBX 328 analog-
output module can independently 
jumper any output channel for 0 to 
5-v unipolar output, — 5 to +5-v 
bipolar output, or 4-to-20-mA cur-
rent-loop output. Its digital-to-ana-
log converter is multiplexed to eight 
separate sample-and-hold amplifiers 
to update at 1-kHz rates for eight 
channels and 5-kHz rates for one 
channel. A-d and d-a conversion res-
olution on both units is 12 bits and 
accuracy can be adjusted to within 
11 bits at temperatures from 0° to 
60°C. 

In quantities of 1 to 10, the iSBC 
311 sells for $611, and the iSBX 328 
for $750. They will be in stock by the 
first quarter of 1981. 
Intel Corp., 5200 N. E. Elam Young Parkway, 

Hillsboro, Ore 97123. Phone (503) 640-

7147 [375] 

Major Designing/Procurement Guidelines Given 

MINE OF MAGNETIC 
SHIELDING 

DATA 

2/3 of 64-page book contains val-
uable technical/engineering ,n-
formation about the entire mag-
netic shielding field; 1/3 is catalog 
data. 

18 Pages of staff-written tech-
nical/engineering articles, inclu-

ding reprints from various trade 
publications. Plus tables, graphs, 
trigraphs, engineering reports, 20 
solutions to magnetic shielding 
problems, etc. 

Yours for the asking. 

AD-direCE MAGNETICS,INC. 
The Problem Solving Magnetic Shielding Specialists 

625 Monroe Street, Rochester, Indiana 46975 
Phone (219) 223-3158 TWX 810-290-0294 

Circle 131 on reader service card 

if you need service 
on your subscription 

Call (609) 448-8110* 

Electronics 
Do you want to change your 

address? 

Have you missed an issue? 

Was your copy damaged? 

*Your service 
representative can offer 
immediate help. 
9 A.M.-4 P.M. EST. 

Liris 
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In celebration of the 50th anniversary of Electronics Magazine... 

you are invited on an extraordinary journey 
exploring where electronics has been 
and where we are going... 

AN AGE OF 
INNOVATION 
The World of Electronics 
1930-2000 
by the Editors of Electronics 
274 pages, 300 illustrations including many in full color, hardcover, $18.50 

Never before has the history of electronics been 
brought together in such an exhilarating, comprehen-
sible look at the advances that have shaped our world. 

Painstakingly researched and written, AN AGE OF 
INNOVATION brings you up close to the discoverers 
who set the pace for an age ... the classic circuits that 
marked turning points in the development of elec-
tronic systems... and the major breakthroughs that 
brought us to where we stand today. 

Discover our legacy of achievement as you ... 

• witness the 1930s' great advances in fm and televi-
sion ...the invention of negative feedback ...and 
the patenting of the semiconductor for amplifica-
tion 

• watch the tide of progress as World War II leads to 
outstanding advances, including radar, loran, 
computers, and guided missiles. See how at the 
war's close commercial television, stereo and 
tape recording mark the beginning of the all-
pervasive impact of electronics 

• share the 1960s' excitement of men landing on the 
moon, thanks in part to semiconductors and the 
expansion of computer power to an unprece-
dented degree 

• acquire new perspective on the 1970s' two major 
events that will forever change the way we live— 
the end of cheap energy and the birth of the 
microcomputer 

Then look ahead to... 

• future electronics systems that will transform 
everyday life 

• the transcending of present technology limits— 
and the path circuit development will take into 
the new century 

• the electronics needs—and careers—that will be 
the hallmark of our changing environment 

• and much more! 

AN AGE OF INNOVATION gives you an unforgetta-
ble overview of both the development and future of 
electronics. Everything from the individuals whose 
foresight and daring led to great advances ... to the 
origin of specific technological breakthroughs you use 
in your own work and home ... to the challenges and 
discoveries we will face tomorrow. 

AN AGE OF INNOVATION is Electronics' celebra-
tion not only of our own fifty years of publishing ex-
cellence, but also of a half-century of electronics 
achievement. Let us share it with you! 

Available only through Electronics. Not sold in any 
bookstore or through the McGraw-Hill Book Com-
pany. To secure your copy now, use the convenient 
coupon below. 

Electronics Magazine Books 
P.O. Box 669, Hightstown, NJ 08520 
Tel. 609/448-1700, ext. 5494 

Send me copies of An Age of Innova-
tion @ $18.50 plus applicable sales tax. McGraw-
Hill pays regular shipping and handling charges 
on pre-paid orders. 

Quantity discounts available. Ten-day money-
back guarantee applies on all books. 

7-;4401 
me. Payment enclosed E Bill firm E Bill me 

Charge to my credit card: 0 American Express 

0 Diners Club E Visa E MasterCard 

Acct. No. Date Exp   

On MasterCard only, 
first numbers above name   

Name  

Company 

Street 

City 

Signature 

State Zip 

EL 1_1 
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Products Newsletter  
Pascal processor The Pascal-100, a new two-board central processing unit, combines a 

Z80-type microprocessor and Western Digital's Pascal Microengine to 
Joins Z80 on yield 5 to 10 times faster execution times than a Pascal-programmed Z80 
S-100 bus alone. The CPU is compatible with the S-100 computer bus and, according 

to its developers, Digicomp Research Inc., Ithaca, N. Y., may be the first 
16-bit Microengine to be combined with another microprocessor —in this 
case an 8-bit unit. A key advantage of the dual-processor system is 
compatibility with existing applications software written for 8-bit Z80- or 
8080-based systems or those using the CP/M operating system, as well as 
with new software like UCSD Pascal, which accesses the 16-bit processor's 
larger address space. The Pascal-100 costs $1,485, with volume discounts 

running up to 33%. 

Board lets The coprocessor board that supercharges the Apple II microcomputer by 
allowing a 6809 to run simultaneously with it [Electronics, Sept. 25, 

Apple II run p. 42] is now available from Stellation Two. At no extra charge, the Santa 
with a 6809 Barbara, Calif., company is also supplying the software routines to adapt 

the Flex-9 operating system, purchased separately from Technical System 
Consultants, Lafayette, Ind., for use with the board. 

Procom II The microprocessor-based Procom 11/80 coming soon from Computer 
Products Inc., Fort Lauderdale, Fla., combines industrial control and data 

industrial controller acquisition using routines stored in erasable programmable read-only 
doubles speed memories and written in Basic. The Procom 11/80, an improved version of 

the Procom II industrial controller introduced in 1978, operates twice as 
fast as its predecessor and allows users to alter software while the system is 

on line controlling a process. 

Nitron to make Through a nonexclusive licensing agreement with Master Logic Corp. of 

Sunnyvale, Calif., Nitron Inc. will supply a line of semicustom gate-array 
Master Logic devices made with the Cupertino, Calif., firm's metal-gate comple-
gate arrays mentary-mos process. Ranging in complexity from 100 equivalent two-

input gates to 200 equivalent two-input gates with 32 flip-flops, the Nitron 
devices are a direct second source for the Master Logic ML100 through 
ML350 family of devices, as well as the MCA, MCB, MCC, and MCD gate 
arrays from Inter-Design Inc., Sunnyvale, another licensee. 

Price changes • Grayhill Inc., La Grange, Ill., has cut prices about 10% on some 96 
products in its line of switches housed in dual in-line packages, including 
its popular single-pull, single-throw switches. 
• Eventide Clockworks Inc., New York, has reduced the price of its 
WMAP-1 memory board, which adds 128-K bytes of main memory to the 
Hewlett-Packard 9845 desktop computer, from $2,900 to $2,250. 
• National Semiconductor Corp., Santa Clara, Calif., has lowered prices 
20% to 34% on the LH0032CG and LH0032G/883 field-effect-transistor 
operational amplifiers with 500-v/us slew rates and on the LH0024CH 
400-v/gs op amp. 
• General Electric Co., Norwalk, Conn., announced decreases of up to 
40% on prices for 1,000-unit sales of its top-of-the-line optocouplers with 
silicon-controlled-rectifier outputs—the HI1Cl, -2, -4, and -5. 
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Group Leaders 
SR Scientists 

"State-of-the-Art 
Technology" 

We are the Advanced Technology 

Group of a Fortune 500 company 

located in Ohio. We seek scientists 

at theGroupLeader Senior Scientist 

levels to be responsible for several 

key projects in the development 

and commercialization of ink jet 

printing technology. Education in 

either physics, electrical engineer-

ing, or mechanical engineering with 

several years experience in physical 

research including fluid dynamics 

and ultrasonics is desirable. Com-

pensation includes a base salary of 

between $30-45,000 plus excel-

lent fringe benefits and relocation 

package and significant promotion 

opportunities either technically or 

managerially. 

Send resume and current salary to: 

V.P. R&D 

P-3501 Electronics 

Class. Adv. P.O. Box 900 
N.Y., N.Y. 10020 

ENGINEERS 
Hardware/Software needed for our 
Fortune 500 client company in their 
Advanced Manufacturing Technology 
Group which includes Process, Ro-
botics, CAD/CAM, Thick/Film hybrid, 
Quality Control, EE, Metallurgists, 
Tooling and Test. Salaries range in 
all levels from 20-24K. Fee Paid by 
our client company. Send resume in 
confidence to: 

Lynn Evans Associates 
855 Worcester Road 

P.O. Box 2099 Dept. Eng. 
Framingham, Mass. 01701 

(617) 872-3577 

ENGINEERS 
$20,000-$60,000 
Nationwide fee-paid opportunities 
in aerospace, defense electronics. 
weapon systems, microwave, com-
munication systems. 

• DIGITAL & ANALOG 
• MICROPROCESSOR 
• MARKETING 
• CONTROL 

Caii collect or send resume to 
Glenn English. President. 

Gircnn €flGL1$F, Accnce 
7840 Mission Center Court 

San Diego, CA 92108 
(714) 291-9220 

Career outlook 

Demand for executives grows 

• The demand for experienced exec-
utives is on the rise in high-technolo-
gy industries. If companies in the 
area have found recruiting skilled 
engineers and technicians a grueling 
task, then the search for high-level 
management qualifies as a truly for-
midable one. According to an index 
developed by Korn/Ferry Interna-
tional, a New York— and Los An-
geles—based executive search firm, 
the electronics industries now ac-
count for 16% of the total national 
demand for top-level management in 
the third quarter—up from 10% in 
the same quarter in 1979. 

Although the need for these exec-
utives is growing rapidly, the pool of 
talented people that can be drawn 
upon is very small, according to 
Mark L. Tomchin, vice president for 
Korn/Ferry's New York—based elec-
tronics group. "We keep files on 
about 1,000 individuals in electron-
ics and electronics-related industries, 
but only about 500 of those are real-
ly interesting," he comments. 

Other areas of increased demand 
include computer-aided design and 
manufacturing, word processing, and 
overseas assignments. 

"There are significant numbers of 
available positions in European-
based divisions of U. S. companies," 
notes the 39-year-old Tomchin. "But 
U. S. nationals don't want to go 
overseas. Once many of these highly 
technical people are away from the 
U. S. technology base for any length 
of time, it's like being out on a limb 
that can be sawed off." He also notes 

that despite some recruitment efforts 
by the Japanese in this country, 
"Americans are loathe to go to Japa-
nese companies." 
Korn/Ferry will do executive 

searches for company positions pay-
ing $40,000 or more, says Tomchin. 
For that search, whether the firm is 
successft» or not, a fee of one third 
the amival compensation for the 
position is charged. "We have a 92% 
success rate," he says, "even when 
we include those searches that are 
stopped by the company because 
someone is eventually promoted 
from within." Tomchin, who joined 
Korn/Ferry in 1974, has been large-
ly responsible for setting up the elec-
tronics group, which billed about 
$1.2 million last year. 
At any one time, the electronics 

group will have about 10 clients in 
its portfolio. Korn/Ferry tries to 
avoid conflicts of interest and will 
work for only a few companies in 
any one area. For example, Tomchin 
notes that his people are working 
with three semiconductor-oriented 
companies; three companies in data 
transmission; one fiber-optics firm; 
and three computer companies, "two 
of them—one, a mainframe maker 
and the other, a mini maker—in 
excess of $2 billion." 
Tomchin observes that companies 

with a deep layer of middle manage-
ment that often cannot be promoted 
to the next level are his best sources 
for potential recruits. "When you 
can offer a middle manager a vice 
presidency of engineering, it's often 
a good incentive for him to leave," 
he comments. -Pamela Hamilton 
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...our EE's end up in command! 

Not all EE's 

end up in design... 

As one of the nation's leading recruiters of entry-level engineers, 
Schlumberger wants you to be aware of the alternative career 
opportunities awaiting you after graduation. Not all engineers sit 
behind a desk... 
our engineers take command outdoors. 

After an initial 6-month training program, you will have mastered the 
art of interpreting complex well logging data. You'll be an engineering 
consultant, troubleshooter and supervisor, working a continuous 
schedule of 9 days on call, then 3 days off. 

To be considered, you must have a 4-year engineering degree. You 
must be capable of working long hours at remote oil and gas well 
sites. Your interpersonal skills must qualify you to be an assertive 
team leader as well as a diplomatic client consultant. 

Your benefit package will include 21 days vacation, a company car, 
expense account and monthly bonuses. 

At Schlumberger, we promote totally from within. We only hire those 
individuals who show us the potential to move up. If autonomy, self-
reliance and decision-making are your strengths, you might find 
yourself at Schlumberger too. 

Openings throughout the Western United States 
4-year degree required! 

Please call collect: (303) 534-7500 
or write: 

Schlumberger Well Services 
Attn: Personnel Recruiting 
Suite 1700, 410 17th Street 
Denver, Colorado 80202 

We are an Equal Opportunity Employer M/F/H 

Schlumberger 
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NOINEERS 

Have questions about 
Allen - Bradley's 
opportunity for 
Engineers? 

We have answers... 
Just call toll free 

1-800-321-6980 
(In Ohio Call 1-800-362-6120) 

Talk to Tom O'Brien about your skills and 
background. Our continuing growth creates openings 
for many engineering disciplines including... 

Software Engineers Capitalize on your Comp. 
Sci. or related degree and apply your software ex-
perience —assembly languages, PASCAL, FOR-
TRAN. Utilize our VAX11/780, DEC11/34 or 
TEKTRONIX Development Systems to support 
your designs. 

Hardware/Firmware Design Engi-
neers Design NC and PC systems employing 
advanced digital techniques. Degree and 2 + 
years experience desired. Your involvement 
would include design verification using 
VAX11/780, DEC11/34 or TEKTRONIX 
Development Systems. 

Application Engineers 
Define customer control system 
requirements, prepare propo-
sals and assist new product 
planning. 

Product/Marketing 
Engineers Research and identify product 
opportunities based on industry requirements utilizing 
your degree and 2 + years of electronics or industrial 
experience. 

We are a dynamic part of an international corporation 
employing over 17,000 people. Our products apply "leading 
edge" computer and microprocessor technology that in-
creases productivity for all types of industry. 

Our careers are challenging and rewarding... 
Let's Talk About It —Call Today! 

or if you prefer, send your resume to: 

ALLEN-BRADLEY 
747 Alpha Drive, Highland Heights, Ohio 44143 

An Equal OpportunIty Employer M/F 

ELECTRONICS ENGINEERS to 
$60,000. Choice entry level to 
management positions imme-
diately available in Pennsyl-
vania & national locations. 
Reply in strict confidence to 
J. G. Weir, President, WEIR 
PERSONNEL SERVICES, 535 
Court St., Reading, PA 19603 
(215/376-8486). 

ELECTRONIC DESIGN ENGRS., 
$24K-$33K. Suburban NJ & 
nationwide opportunities. Mini 
& micro computer hardware 
& software (CAD-CAM) exp. 
Also telecommunications & 
modem positions available. 
Call/write Jim Mann, VP Eng., 
ARTHUR PERSONNEL, 8 For-
est Ave., Suite D2, Caldwell, 
NJ 07006 (201/226-4555). 

DESIGN ENGINEERS to $M. 
Central Penna. & nationwide. 
Design connectors/terminals, 
microprocessors & controls. 
Reply in confidence to Z. A. 
Gonglewski, MECK ASSOC. 
PERSONNEL, 1517 Cedar Cliff, 
Camp Hill, PA 17011 (717/ 
761-4777). 

NATiONAL 
PE RscNNEL 
CONSui T ANTS 

POSITIONS VACANT 

The Cyclotron Institute at Texas 
A&M University will have a position 
open in the near future for an 
Assistant Research Engineer. This 
position requires a person with at 
least a B.S. degree in Electrical 
Engineering with emphasis on digital 
electronics. The successful applicant 
will be expected to design, construct 
and/or supervise the construction of 
digital instruments as required to 
support our continuing research in 
nuclear physics. This individual will 
also supervise the development and 
maintenance of realtime data acqui-
sition interfaces to a DEC VAX 11., 
780 and a DEC PDP-15/40 and coor-
dinate computer maintenance. 
Experience in the design and layout 
of printed circuit boards is desirable. 
Send resumes to: Employment 
Manager. Personnel Department. 
Texas A&M University. College Sta-
tion. TX 77843. EEO/MF, 

Electronic Engineers—Sunbelt/ 
Southwest. Opportunities in Design 
Software, Digital/Analog, Micro. 
processing Personalized representa-
tion. Employer fee paid. J. Gifford 
Inc., 5310 East 31st Street, #225 
Tulsa, Oklahoma 74135. (9181 665-
2626. 

South? Technical/Professional Place-
ment Network—fee paid. Murkett 
Associates, Box 527, Montgomery, 
AL 36101. 

POSITIONS WANTED 

Project Englneer—Analog, vid-
eo, digital CKT design. Would con-
sider in-house consultant or 
product manager position. NYC 
area. Principals only. PW-3561 
Electronics 

EMPLOYMENT SERVICES 

Electronic engineering growth posi-
tions with clients located nationally. 
Our service is enhanced by the fact 
that I am an EE with 20 years in in-
dustry and over 10 years in placing 
professionals on an employer fee 
paid basis. Send your resume to Joe 
Torcassi, Director, J. Anthony & 
Associates, PO Drawer AD, Lynch-
burg, OH 45142. 513/364-2305. 
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JOIN THE TEAM 
THAT BROKE OPEN 

THE "NEW" ELECTRONICS 
Think of yourself. Think of 
the growth you can experi-
ence as a member of the 
group that believed in GaAs 
FETs when everyone else 
thought they were laboratory 
curiosities. The group that 
saw the potential in solid 
state devices for microwave 
applications and is now 
responsible for the most 
sophisticated devices and 
components—bipolar trans-
istors, GaAs FET devices 
and amplifiers—available. 

We're expanding rapidly 
with new opportunities for 
involvement by individuals 
who thrive on challenge. 
These positions are demand-
ing, but the rewards are high. 
They require persons with 
dedication and desire to 
grow professionally. 

Learn about our excep-
tional salary structure; our 
benefits package which is 
constantly updated and im-
proved—it includes tuition 
refund, paid relocation and 
much more; and about the 
pleasure of working in a 
stimulating and pleasant 
rural environment. Please 
send resume, in confidence, 
to: 
Don Margraf, 
Personnel Supervisor 

ENGINEERING 
MANUFACTURING ENGINEER—Proven "hands-on" experience in 
jig and fixture assembly design, method and operating sheet writing, new 
product introduction and equipment evaluation. 

DESIGN ENGINEERS—for FET amplifiers, GaAs devices and ampli-
fiers, microwave IC's. 

PHOTO-RESIST DEVELOPMENT ENGINEER—Experience in 
Photo-lithography and evaluation of new resist photo equipment. 

MICROWAVE DEVICE ASSEMBLY AND TEST ENGINEERS. 
WAFER PROCESS SUSTAINING ENGINEER—Experience in 
photo-resist and metalization processing and gereral maintenance on 
production devices. 

QUALITY CONTROL ENGINEER—for semiconductor device and 
component test and qualification. 

SALES/MARKETING 
PRODUCT SALES MANAGER. —Position includes full respon-
sibility for the marketing of selected high-technology product lines and 
requires approximately 2 0 % travel. A very strong engineering and/or ap-
plications background is desirable. 

FIELD SALES MANAGER—Position includes responsibility for tech-
nical field sales and the supervision of our organization of manufacturers 
reps. Requires thorough microwave product knowledge and approxi-
mately 50c/0 travel. 

SALES ENGINEERS—for telecommunications products sales support. 
BSEE or Science Degree preferred. 

TECHNICIANS 
Experienced in any of the following areas: RF/solid state circuits assembly 
ana test; product engineering-test: semiconductor processing; working 
with GaAs ampl ,fier devices. 

SENIOR CRYSTAL PULLER 
To operate the rVielbourn puller, ID saw, polishers and other equipment for 
GaAs boule manufacturing. 

Ige IM MICROWAVE SEMICONDUCTOR CORP. 
iffl" an 100 SCHOOL HOUSE ROAD, N.J. 08873 

An Equal Opportunity Employer M/F 

Electronics/December 18, 1980 137 



SOFTWARE ENGINEERS. 

WITH US, 
YOUR PROJECT IS 

THE WHOLE PROJECT. 
LOCK, STOCK AND 
BARREL. 

At Coulter Electronics, we have a total 
systems approach to engineering. 

You'll take special pride in your own 
projects. Because you're involved from start 
to finish. From concept to production to 
marketing. 

It's an approach that's helped make us 
a recognized and expanding leader in bio-
medical electronics and instrumentation. 

When you apply your micro-proces-
sor/mini-computer experience in our 
top-down design, structured program-
ming environment — you'll see your ideas 
take full form. 

When you utilize your degree in Math, 
Computer Science or Electrical Engineer-
ing — you'll be improving the state of health 
care worldwide. 

It's a big job. A thorough, complete, far-
reaching job. It could be your job. 

Send your resume and salary history to: Employment Manager, 
Coulter Electronics, Dept. E, P.O. Box 5-2794, Miami, Florida 33152. 

Iii COULTER ELECTRONICS, INC. 
INNOVATING AVITAL TECHNOLOGY. 

0 
An Equal Opportunity Employer M/F 

• Design 
• Development 
• Project 

• Software 

$20,000-$50,000 
Riddick Associates Engineering 

Division specializes in placement of 
electrical and electronics engineers 
with top companies in the Southeast 
and throughout the U.S We provide 
advice on careers, resumes and inter-
views for a position tailored to your 
skills Client companies payait fees 
For details call or send resume in 
strict confidence to Phil Riddick 
President 

Riddick 
Associates, Ltd. 
9 Koger Executive Center 

Norfolk, VA 23502 

Area 804-461-3994 

TOP SALARY 
FOR TOP ENGINEER 

MS Electronic Engineering, or equivalent 
with overall management potential. 
Responsibilty for design, development and 
optimization of analog and digital circuitry 
for MAG stripe readers/encoders and inter-
facing terminals. Microprocessor program-
ming and computer inter-facing experience 

High technology mechanically oriented 
manufacturer now requires high technology 
electronic capability. Provides super op-
portunity for creative electronic engineer. 

California (OTC) Co. out of »Of belt in 
the South Bay area, has recently developed 
new products and become 01 leader in the 
field of readers and encoders for magnetic 

stripe cards. Patented, proprietary 
products which meet all present and plan-
ned industry requirements assure dominant 
position in fast growing world-wide market. 
Telephone or send resume to: 
John H. Humphrey, Special Consultant 

American Magnetics Corporation 
1942 Euclid St. #6 

Santa Monica, CA 90404 
213/450-0497 

ENGINEERS 
Quality Control Industrial' 

Maintenance/Instrumentation 

DESIGN 
Analog 
Software 
Test Equipment 

Digital 
Micro Processing 
Instrumentation 

Salary ranges are $20-45,000 per year. 
Our firm is associated with a leading net-
work & all costs are paid by client com-
panies including interviewing, fees, reloca-
tion & free resume service. Call Dan 
Wheeler at 1-317-899-1777 or send 
resume to: TVVT & Associates Inc.. 3724 N. 
Mitthoefer Rd., Indianapolis, Indiana 46236 

BUSINESS OPPORTUNITIES 

Savings! Trailerloads—Nationwide. 
Abbott Trucking— NJ, 201-434-
8768. 

Your Ultimate Choice 

ELECTROMAGNETICS 
DEVELOPMENT 
ENGINEER 

Salary area $35,000 

A large oilfield service company 
has asked for our assistance in 
locating an electrical engineer 
with a postgraduate degree in 
electromagnetics. The develop-
ment engineer will do microstrip 
design and apply technology for 
microwave systems for down-
hole applications. Postgraduate 
academic assignments will 
count as experience. Work in-
volves DEC 11/70: Fortran and 
Assembly. Top benefits along 
with a high visibility position 
make this opportunity extremely 
attractive. 

For further information contact 
Glenn Bixler at: 

(713) 943-2860 
ALL FEES ASSUMED BY 

CLIENT COMPANIES 
Please submit salary history 
with your current resume. 

PERSONNEL SERVICES 

435 Hou ton Natural Gas 
Building 

1200 Travis 
Houston, Texas 
(713) 943-2860 

WHERE 
DO YOU 
FIT? 

In today's job market, that 

is. One way to see if you're 

in demand is to check the 

employment opportuni-

ties contained in ELEC-

TRONICS' Classified Sec-

tion. 

Another way to get a 

reading on your value is 

to place a blind (box num-

ber) Position Wanted ad 

there. The cost is tow (only 

$1.80 per line) and the 

results are often reward-

ing, 

For more information 

call or write: 

ELECTRONICS 
Post Office Box 900 
New York, N.Y. 10020 
Phone: 212/997-3308 
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ELECTRONICS ENGINEERS: 

Intelligence Systems C3 Systems 

Replica Radars 

Electronic Warfare Simulatic, 

Aircre Stores Management Systems 

Smart Terminals 

The F-16. It's just one side of 
General Dynamics Fort Worth. 

You probably know that we designed and built the F-16 fighter for the air forces of the 
United States and its allies, but what you may not know is that we're also a growing, diversified 
electronics operation. We're currently designing some of the world's most advanced radar 
simulation systems and command and control systems, in addition to other ongoing projects 
like airborne stores management systems and replica radars. 
We're looking for people who like to see their projects grow from concept through integration 

and checkout. We need engineers with a minimum of a B.S. in Electrical or Electronics 
Engineering or Computer Science and with the following backgrounds: 

• Systems Engineering • Display Systems 
• CI Systems • Software Development 
• Communications Systems • Digital Circuit Desiign 
• Computer Systems • RF Circuit Design 
• Simulation Systems • Electronic Packaging 
• Radar Systems • Electronic Warfare 

If you qualify and are interested in a career in advanced electronics, send us your resume. 
We're offering outstanding opportunities with unique potential for advancement. 

You'll also receive an excellent salary with exceptional benefits, including a savings/stock 
investment plan, life/medical insurance, dental 'Dian, and access to an 80-acre recreational 
area and 18-hole golf course for employee/family use. 

Send your resume to R.Q. Lee, Director of Electronic Systems and Laboratories, 
P. 0. Box 748-18EE, Mail Zone 1862, Fort Worth, Texas 76101. 

GENERAL DYNAMICS 

Fort Worth Division 
U.S. Citizenship Required. An equal opportunity employer M F 
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S.W. & SUNBELT 

THE NAVAL RESEARCH LABORATORY 
ELECTRONIC TECHNOLOGY DIVISION 

is seeking a 

RESEARCH PHYSICIST 
GS-12, $26,951 to $35,033 per annum 

(Salary dependent upon qualifications and experience) 

Conducts research in the fabrication and evaluation of Josephson devices 
prepared using refractory thin films and the optimization of the characteristics 
of these devices as microwave and millimeter wave radiation detectors. 

A B.S. degree in physics or other appropriate discipline plus three years of pro-
fessional experience is required. Applicants should have knowledge of the 
deposition of refractory superconducting films, familiarity with the fabrication 
of electronic devices with dimensions less than one micrometer, and 
knowledge of the determination of performance characteristics of conventional 
and superconducting mixers and detectors at frequencies greater than 30 
Gigahertz. 

This position is in the Federal Career Service with all Civil Service benefits. In-
terested applicants should submit a Personal Qualifications Statement (SF-171) 
or detailed resume, prior to December 31, 1980 to: 

Naval Research Laboratory 
Civilian Personnel Office 
Attention: 68-045-11 E 
4555 Overlook Avenue, S.W. 
Washington, D.C. 20375 

An Equal Opportunity Employer U.S. Citizenship Required 

PROFESSIONAL OPPORTUNITIES!!! 
PARADYNE CORPORATION invites you to explore career opportunities with one of the acknowledged 
leaders in the High-Speed Data Processing and Data Communications industries. 

PARADYNE CORPORATION designs, manufactures, markets, and services data communications 
products and systems, and is one of the few companies able to design, manufacture and bring to market 
an entire family of products that can satisfy both the data processing and data communications needs of 
today's markets. 

As the Company's Technical and Corporate growth continues at a record pace, so does our need for 
people who are looking for a challenge in the 80's. We currently have positions available for the following 
key professionals: 

* DIGITAL DESIGN ENGINEERS 
Responsible for high-speed digital (TTL/LS/S) circuit design. BSEE plus digital circuit design. Assem-
bler Software design experience helpful. 

* R&D ENGINEERS 
Develop new technology for Paradyne. Experience with Digital Voice & Secure Data and Signal Process-
ing desired. 

To the individuals selected, we offer nationally 
competitive salaries, a liberal benefits program 
and realistic growth opportunities in a 
professional working environment. 
Please forward your resume, 
including salary and work history, 
in confidence to: 

Steve Hoskins 
Professional Recruiter 

PARADYNE 
CORPORATION 

8550 Ulmerton Road 
Largo, Florida 33541 

An Equal Opportunity Employer M/F 

• System EE's 
• Design EE's 
• Product EE's 

• Software 
• Design ME's 
• Communications 

$20.000 to $50.000 
100% Fee Paid 

Specializing in placing technical people 
with data acquisition and peripheral 
equipment manufacturers located 
across southern U.S. Send complete 
resume, salary history and geographic 
preferences to: 

j. remit Itiompsan companies. Inc. 
Management & Employment Consultants 

II 2200 West Loop Sou-th. Surte 800 Houston. Texas 77027 713/627-1940 

RESUMES 

Resumes—Complete instructions 
and examples: $4, Consultants, Box 
567—J. Bergenfield. N.J. 07621. 

Would 
you hire 
an engineer 
who 

couldn't 

understand 
this 

magazine? 
Of course not. ELECTRONICS is 

the technical publication for 

technical people. If they can't 

understand it, they can't receive 

it. That's why, when you're look-

ing for qualified engineers, you 

should consider our Classified 

Section. 

For only $79.50 per inch your 

recruitment advertising will 

reach 90,000 pre-screened 

electronics engineers—as 

they're reading to combat job 

obsolescence, while they're 

thinking about their future and 

bettering themselves. 
Th.ere's no charge for type-

setting and free layout service is 

provided. 

For more information call or 

write: 

ELECTRONICS 
Post Office Box 900 
New York, N.Y. 10020 
Phone: 212/997-2556 
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ENGINEERS 
Research and 
Development 

Join the development staff of SHURE. We are looking for 
engineers with electromechanical transducer design/devel-
opment experience, plus a degree in Engineering or Physics 
for the following positions: 

High Fidelity—You will work with the team that is 
developing phono cartridges to meet 
the highest standards in audio. 

Microphones—Help us expand the state-of-the-art in 
professional and communications mi-
crophone development to meet the 
market demands of the 80's. 

You will be working at our Company headquarters in Evan-
ston, Illinois and will receive an excellent starting salary and 
company benefits. Learn more about these challenging and 
rewarding opportunities by calling Cheryl Young at (312) 
866-2229 or submit your resume in confidence to: 

Cheryl Young 

SHURE BROTHERS INCORPORATED 
222 Hartrey Avenue, Evanston, Illinois 60204 

An Equal Opportunity Employer for Decades 

orAl 
S I-1 Li FR E. 

SYSTEMS 
ENGINEERING 

Tracor, Inc., a leading international technological 
products and services company is the place to be 
if you want to grow in experience and responsiblity. 
We continue to grow at our Groton, Connecticut 
office as we provide support to the U.S. Navy in 
systems engineering and management. We cur-
rently have career opportunities with the following 
systems: 

• RADIO/ESM • SURFACE SONAR 
• NAVIGATION • SUBMARINE SONAR 
• FIRE CONTROL • MECHANICAL ATTACHMENT 

Tracor offers competitive starting salaries and ex-
cellent benefits, including paid relocation. We are 
located on the scenic Connecticut coast offering 
the ease of small town living, yet with Boston and 
New York City just two hours away. 

If you have specific experience in any of the above 
systems or possess and overall systems back-
ground, and wish to become associated with our 
dynamic and fast growing organization, please 
forward your resume in strictest confidence to: 
Professional Employment, Dept. EM, 19 Thames 
Street, Groton, Connecticut 06340. 

Tracor L]]í 1ffl(e 
An Equal Opportunity Employer 

írnet eo% 
CENTRE NATIONAL d'ETUDES 

des TELECOMMUNICATIONS 

(French "NATIONAL CENTER OF STUDIES 
IN TELECOMMUNICATIONS) 

seeks for a new 

RESEARCH CENTER IN 

MICROELECTRONICS 
recently build in the french Silicon Valley 
near GRENOBLE (France), several 

Ph.D or M.Sc 
with at least 4 years experience in the following 
fields : 

MOS DEVICES 
• Research on CAO models. (Réf. 01) 
• Research on the physics of VLSI - MOS 
transistors. (Réf. 02) 
• Design of submicron devices. (Réf. 03) 

N MOS or C MOS 
1, Process modeling. (Ref. 04) 
• Design and development of advanced MOS 
technologies. (Réf. 05) 
• Development of characterization systems and 
organisation 
MOS technologies. (Ref. 06) 
• Research on new materials. (Réf. 07) 

If your background fits these qualifications, 
and you are interested in these opportunities, 
please submit your resume or phone to 
E. DEMOULIN - CNET - PO BOX 42 - 

38240 MEYLAN (FRANCE) 
Tél. (33) 76.90.80.70 

(Collected call) 
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Tektronix Research 
Opportunities 

Our company develops and markets internationally 
recognized electronic measurement instruments, 
computer graphics terminals, and other related 
products. We rank 332nd on the Fortune 500 in terms 
of gross sales, and rank 52nd in terms of profits as 
a percentage of sales. Located in the Portland 
metropolitan area, we are within a two hour drive of 
the Cascade Mountains or Ocean Beaches. We have a 
mild winter with little snow, yet we have year 'round 
skiing in the nearby mountains. At this time, we are 
seeking professionals for the following positions. 

IC Process Engineer (Bipolar) 
Our process development group has need for an 

experienced professional in the area of LSI processes 
for high speed analog and digital applications. 
Responsibilities will include modeling and development 
of such processes and device structures. Experience 
must include several areas of process technology such 
as ion implantation, photolithography, diffusion, and 
and thin films. 

Thin Film Metalization Engineer/ 
Project Leader 

For this position we are seeking a senior level 
professional to develop and sustain thin film 
depositions in support of advanced bipolar device 
fabrication techniques. The individual should have 
hands-on experience with vacuum deposition and 
sputtering equipment for the deposition of thin film 
resistor materials and IC metalizations. Additionally, 
a knowledge of IC' fabrication technologies and the 
management ability to lead a small group of engineers 
is needed. 

Salary is open and benefits include relocation 
assistance, liberal educational support, multiple 
insurance plans and profit sharing. 

For consideration, please call Gary Hecht toll free 
at MI» 547-1 HA, or send resume with current salary 
history to Gary Hecht, Tektronix, Inc., P.O. Box 500, 
F-2I. MS Y6.010, Beaverton, OR 97077. 

An equal opportunity employer m f hc. 

am 

liejlanDnDC 

COMMITTED TO EXCELLENCE 

ATTENTION ELECTRONIC ENGINEERS!!! * 
Electronic Design Engineers 
Design Engineers (Digital) 
Analog Design Engineers 
Systems Design Engineers 
Electrical Design Engineers 
Instrumentation Design Engineers 
Test/Design Engineers 

Our clients are aerospace and electronic firms who py 
our fees for locating engineers. For more information, 
send note or resume to Gregg Whitt. 

CORPORATE PERSONNEL CONSULTANTS, INC. 
5950 Fairview Road, Two Fairview Plaza, Suite 608 

Charlotte, North Carolina 28210 
(704) 554-1800 

24-36K 
25-35K 
-25-35K 
-28-35K 
-24-40K 
-25-40K 
-24-35K 

ELECTRONICS TECHNICIAN 
Operate a mobile electronics mainte-
nance and repair unit. Repair, calibrate 
and modify electronics research in-
struments. Electrical engineering de-
gree, at least 2 years experience. 
Contact: Georgia Institute of Tech-
nology Personnel, Knowles Bldg., At-
lanta, GA 30332. 
-I n equal education employment 
opportunity institution. 

SOUTH & SOUTHWEST POSITIONS 
Engineering and Management posi-
tions throughout the South. 
Southwest and U.S. Employers pay 
all fees. Send resume or call Bob 
Hogue, P.E. (513) 658-3525. 

Soaeleut 7ectutical 
P.O. Box 33070, 

San Antonio, Texas 78233 

Uncle Sztrñ 
invites you 
OCA ,T1,( 

The Defense Communications Agency is a worldwide 
communications network, providing communications 
for the military and other government agencies We 
offer immediate openings for entry and professional 
level 1105111011S. Electronics Engineers. Communications 
Specialists. Computer Scientists and Specialists. 

Salary range S15.947 S35.033 

S1,111.• ()verse, positions avaiiatile ii, (,..1 11401, Ja),a. 
and Korea 

Apply Now 

These are civil service positions and all federal employment 
benefits apply 

Send detailed resume or Standard Forrn 171 to 

Daleilse Conununications Ate, ICV 
Attention Code 370.6 
Washington, DC 20305 
Call Collect 202 692 2794 

WHAT 
ARE YOU 
WORTH? 
In today's job market, that 

is. One way to see if you're in 

demand is to check the em-

ployment opportunities 

contained in ELEC-

TRONICS' Classified Sec-
tion. 

Another way to get a read-

ing on your value is to place 

a blind (box number) Posi-

tion Wanted ad there. 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: 212/997-3308 
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Published by Electronics magazine... 

Books of special interest 
to our readers 

Applying Microprocessors 

Reprinted from Electronics, com-
pletes the EE's transition from the 
old methods of electronic design to 
microprocessor engineering. Pub. 
1977,191 pp. Order #R-701, $9.95 

Basics of Data 
Communications 

This compilation of essential arti-
cles from Data Communications 
magazine includes chapters on 
terminals, acoustic couplers and 
modems, communications pro-
cessors, networking, channel per-
formance, data link controls, net-
work diagnostics, interfaces, and 
regulations and policy. Pub. 1976, 
303 pp. Order #R-603, $12.95 

Circuits for Electronics 
Engineers 

Almost 350 circuits arranged by 51 
of the most useful functions for 
designers. Taken from the popular 
"Designer's Casebook" of Elec-
tronics, these circuits have been 
designed by engineers for the 
achievement of specific engineer-
ing objectives. Pub. 1977,396 pp. 
Order #R-711, $15.95 

Design Techniques for 
Electronics Engineers 

Expert guidance at every point in 
the development of an engineering 
project—making measurements, 
interpreting data, making calcula-
tions, choosing materials, control-
ling environment, laying out and 
purchasing components, and in-
terconnecting them swiftly and 
accurately. Nearly 300 articles 
from Electronics' "Engineer's 
Notebook." Pub. 1977,370 pp. 
Order #R-726, $15.95 

Microelectronics 

Interconnection and Packaging 

Up-to-date articles from Elec-
tronics include sections on 
lithography and processing for 
integrated circuits, thick- and 
thin-film hybrids, printed-circuit-
board technology, automatic wiring 
technology, IC packages and con-
nectors, environmental factors af-
fecting interconnections and pack-
ages, computer-aided design, and 
automatic testing. Pub. 1980, 
320 pp. Order #R-927, $12.95 

FREE  

Brochure describes Electronics' 
editorial reprints, services, books. For 
free copy, check the coupon in this ad or 
circle #275 on the reader service card. 
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Packaging 

Microprocessors and 
Microcomputers: 
One-chip Controllers to 
High-end Systems 

Practical orientation to second-
and third-generation 8-bit devices, 
the latest 16-bit devices, one-chip 
microcomputers, and software for 
microprocessors in 95 articles from 
Electronics. Pub. 1980,482 pp. 
Order #R-011, $13.95 

Order today using this coupon! 

scale 
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LaR 
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PeArrit,,, _ 
or twr. 
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Large Scale Integration 

As published in Electronics, covers 
the entire range of design applica-
tions in sections on bipolar LSI, 
MOS LSI, new devices, system 
design, computer-aided design, 
testing, and applications. Pub. 
1976,208 pp. Order #R-602, $9.95 

Memory Design: 
Microcomputers to 
Mainframes 

The technology, devices, and ap-
plications that link memory com-
ponents and system design. How 
to apply the new technology to 
meet specific design goals. Edited 
from the pages of Electronics. Pub. 
1978, 180 pp.Order #R-732, $12.95 

Microprocessors 

The basic book on microprocessor 
technology for the design engineer. 
Published in 1975, articles are 
drawn from Electronics. 150 pp. 
Order #R-520, $8.95 

Personal Computing: 
Hardware and Software Basics 

More than 50 articles from leading 
publications give you up-to-date in-
formation on personal computing 
hardware, software, theory, and 
applications. Pub. 1979, 266 pp. 
Order #R-903, $11.95 

Practical Applications of 

Data Communications: 
A User's Guide 

Articles from Data Communica-
tions magazine cover architecture 
and protocols, data-link perform-
ance, distributed data processing, 
software, data security, testing and 
diagnostics, communications pro-
cessors, and digitized-voice and 
data-plus-voice. Pub. 1980, 
424 pp.Order #R-005, $13.95 

Electronics Magazine Books 
P.O. Box 669 
Hightstown, NJ 08520 
Tel. (609) 448-1700, ext. 5494 

Order # Qty. Price 

R-

R-

Tot.al 

Name 

Title 

Company 

Street/P.O. address 

City/state/zip 

D Payment enclosed (payment must accompany orders under $25) 
12 Bill my company (or attach company Purchase Order) D Bill me 

0 Send a free copy of the Electronics Editorial Reprints brochure. 

Ten-day money-back guarantee applies on all books. EL 

Electronics/December 18, 1980 143 



Electronics advertisers December 18, 1980 

• A2M 8E Intel MPO 31-34 Signetics Corporation 1, 59 

ACDC Electronics 125 • ltaltel / SIT 77 Spectra Strip 60 

• Ad-Vance Magnetics, Inc. 131 SR ITT Cannon Electric 79 • Spectronics 123 

• Alco Electronic Products 124 • ITT Capacitors 15E Sprague Electric 53 

•9 Amphenol North America 120, 121 • Jepico Company, Ltd. 17E • Stackpole 

• F.W. Bell, Inc. 44 • Kepco, Inc. 7 • TEAC Corporation 12E 

is Bud Industries 98 $ Kontron Electronics, Inc. 43 Teledyne Crystalonics 78 

• Chicago Laser Systems, Inc. 63 • Micro Component Technology 70 • Teledyne Relays 27 

• Claires Electronics 4C • Mini-Circuits Laboratory 2 $ Ten-Tec, Inc. 131 

• Compas Microsystems 130, 145 Mostek Corporation 5 Texas Instruments Semiconductor 67 

S CTS Corporation 50, 77 • Murata Manufacturing Company, Ltd. 15E Textool Products 14 

Cybernetic Micro Systems 78 Nett Instrument Corporation 2C • Thomson CSF, Division DTE 43 

Data General Corporation 111 • Olivetti Technost 9E TRW Optron 65 

Data Instruments, Inc. 37 • Opto 22 3C Vector Grpahics 117 

Deutsche Messe 113 • Permag Corporation 145 Viking Industries 82 

S Digital Equipment Corp., Microcomputer 55 • Philips Elcoma 11E Wilhelm Westermann 8 

• Ducati Elettrotecnica Microfarad 79 • Philips Industries 18E, 19E Wiregraphics, Ltd. 48 

S Elco Co., Ltd. 84 •• Philips T 8. M 4E, 5E, 13E • Zeltron 54 

• Electronic Navigation Industries 6 • Piezo Technology 127 Zendes Corporation 50 

• Erie Technological Products 75 Plastics Engineering Company 81 

Fairchild Semiconductor 28. 29 • Powercube, Inc. 56 

FELA 125 Power General 127 

• FEME S.P.A. 10E Power One, Inc. 47 Classified and employment advertising 
F J Eberle, Manager 212-997-2557 

Allen-Bradley 136 
• Ferranti Electronics, Ltd. 16E • Projects Unlimited 50 American Magnetics Corp. 138 

CNET 141 
Corporate Personnel Consultants Inc. 142 
Coulter Electronics Inc. 138 

• First Computer Corporation 15 Pro-Log 13 Defense Communications Agency 142 

General Dynamics 139 
Georgia Institute of Technology 142 

John Fluke Manufacturing Company 9-11 RCA Corporation Lancaster 96, 130 Glenn English Agency 134 
M. David Lowe Personnel Services 138 
Lynn Evans Associates 134 
Microwave Semiconductors 137 

I Global Specialties Corporation 38 RCA Solid State 49 National Personnel Consultants 138 
Naval Research Laboratory 140 
Paradyne Corp. 140 
Riddick Associates Ltd. 138 

• Grayhill, Inc. 46 Refec Electronic Corporation 45 Schlumberger 135 

Shure Brothers Inc. 141 
Tektronix 142 

•• Hamlin, Inc. 14E • Rohde & Schwarz 1E, 6E J. Robert Thompson Companies, Inc. 140 
Tracor Applied Sciences 141 
TWT a Associates Inc. 138 

• Hewlett Packard 17-26 SOSA. 30 

• For more information of complete product line see 
• Hytek Microsystems 145 • Shell 38 advertisement in the latest Electronics Buyers Guide 

• Advertisers in Electronics International 

Advertisers in Electronics domestic edition 
Intel DSO 68, 69 • Siemens AG 2E, 3E 
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When you need magnetic materials produced under rigid quality 

control conditions, PERMAG HAS THE ANSWER! 
...PERMAG's materials are subjected to quality control require-
ments that are the standard of the industry. When it comes to 
magnetic measuring, magnetizing and cal,brating and magnetic 
testing, PERMAG has the skilled engineers and techniciars to 
assure you of consistently superior results. Each of our 9 modern 
pants is stocked, staffed and equipped to meet your every reed. 

ALL ACROSS THE COUNTRY "In the rnagpeeby OCIO. PERMAG es No. 1" 

HEW YORK • BOSTON • ATLANTA • TOLEDO 

CHICAGO • DALLAS • LOS ANGELES • SAN FRANCISCO 

MINNEAPOLIS/ST. PAUL 
C:ondull Yelqw Pees for address 6 phone number or PERMAG near you. 

Circle 145 on reader service card 

NOW AVAILABLE: 

HY-0002C 
HY-0021 
CURRENT 
AMPLIFIERS. 
• DIRECT REPLACEMENT FOR NATIONALS 
LH0002C/LH0021 

• DEVICES ARE IN HERMETICALLY 
SEALED PACKAGES 

• MIL SPEC SCREENING AVAILABLE 

• COMPETIVELY PRICED 

• DELIVERY: STOCK 
TO 10 WEEKS 

hytek !nicrosystems 
incorporated 

16780 LARK AVENUE. LOS GATOS, CALIFORNIA 95030 
PHONE (408) 358-1991 TWX 910-597-5393 

Circle 158 on reader service card 

Beres, 

FREE 
Brochure 
describes Electronics editorial 
reprints, services, books... 
• More than 70 article reprints in 15 subject 
categories 

• Handy wall charts 

• Custom-made reprint services 

• Books especially for Electronics' readers 

• Convenient postage-paid order cards 

For your free copy, circle #275 on 
the reader service card. 

For foster response, write directly to 
Electronics Reprints, PO. Box 669, 
Hightstown, NJ 08520, or call 
(609) 448-1700, ext. 5494. 

e()ranrpctei 

microsysterns 

DB/65 

If you were designing the ideal 6500 development 
system, what would it contain? 

How about — in circuit emulation, hardware break-
point, powerful debug monitor, symbolic disassembly, 
on-board ram, scope sync and lots of switches for 
versatile operation. 

Oh yes, you'd also want a low price of around $1450 
(U.S. only). 

224 SE 16th St. 

P.O. BOX 687 

AMES, IA 50010 

(515) 232-8187 
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The biographies of 5,240 
of your colleagues... 

Profiles the Top Management 
of Major Electronics Firms 
throughout the World 
and more 

This is the only reference devoted solely to biographies of the 
most influential people in electronics: corporate executives... 
technical managers... designers and developers of important 
products and processes ... government and military officials... 
academics ... editors and publishers... securities analysts... 
directors of trade and professional groups ... and consultants. 

McGraw-Hill's 

Leaders in 
Electronics 
Prepared by the Staff 
of Electronics 
651 pages 

As easy to read as any professional 
publication in electronics 

With LEADERS IN ELECTRONICS on your bookshelf, you no 
longer have to search through many different sources for bio-
graphical data on your colleagues. What's more, you don't have 
to strain your eyes reading minuscule type, nor do you have to 
waste valuable time trying to decipher seemingly endless para-
graphs of abbreviations. Boldface type spotlights the various 
information categories so that you can scan entries rapidly to 
pinpoint what you need. 

Unique convenience feature... 
Index of biographees by affiliation 

A special 80-page index lists individual organizations alphabeti-
cally, complete with the names and titles of top employees. By 
looking up the names in the general biography listing, you can 
get a complete profile of the organization's top management in 
a matter of minutes. Plus an easy-access listing of independent 
consultants in every electronics specialty. 

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

Send me  copies of Leaders in 
Electronics @ $39.50 plus applicable sales tax. 
McGraw-Hill pays regular shipping and han-
dling charges on pre-paid orders. 

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

Payment enclosed D Bill firm D Bill me 

Charge to my credit card: D American Express 

Diners Club D Visa O Master Charge 

Acct. No.   

On Master Charge only, 
first numbers above name 

Name 

Company 

Street 

çiy-
Signature 

State 

Date Exp. 

- 

Zip 

L_   
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Advertising Sales Staff 

Advertising sales manager: Norman Rosen 
3200 Wilshire EtTvd., South Tower 
Los Angeles Calif. 90010 [213) 487-1160 

Market managers: 
Components: William Boyle, Rochester, N.Y. 
Computers & Peripherals: Frank Mitchell, Boston 
Test & Measurement: Don Farris, San Francisco 
Semiconductors: Norman Rosen, Los Angeles 

Atlanta, Ga. 30309: Peter Stlen 
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. Boyle 
[716[ 248-5620 
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 
John Genie [212] 997-3616 
Matthew T. Reseska [212] 997-3617 
Philadelphia, Pa. 19102: Matthew T. Reseska 
Three Parkway. [212] 997-3617 
Pittsburgh, Pa. 15222: Matthew T. Reseska 
4 Gateway Center, [212] 997-3617 
Rochester, N.Y. 14534: William J. Boyle 
Powder Mill Office Park, 1163 Pittsford-Victor Rd., 
Pittsford, N.Y. 14534 [716] 248-5620 
Chicago, M. 80811 
645 North Michigan Avenue 
Jack Anderson [312] 751-3739 
Robert M. Denmead [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 
1303] 825-6731 
Houston, Texas 77040: 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 Mesa, Calif. 92828: Edward E Callahan 
3001 Red Hill Ave. Bldg. *1 Suite 222 
[714] 557-6292 
San Francisco, Calif. 94111: Don Farris, 
Larry Goldstein, 425 Battery Street. 
[415) 362-4600 

Pudic Michael Sales • 
17 Rue-Georges Bizet, 75116 Paris, France 
Tel: 720-16-80 
United Kingdom: Simon Smith 
34 Dover Street, London W1 
Tel: 01-493-1451 
Scandinavia: Andrew Karnig and Assoc. 
and Simon Smith 
Kungsholmsgatan 10 
112 27 Stockholm, Sweden 
Tel: 08-51-68-70 Telex: 179-51 
Milan: Ferruccio Silvers 
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 Salk) and Hirokazu Nakamura 
McGraw-Hill Publications Overseas Corporation, 
Kasumigaseki Building 2-5, 3-chome. 
Kasumigaseki. Chlyoda-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 
[2121997-2044 
Karen Walpole 
Production Assistant 
[212] 997-2843 
Frances Vallons 
Reader Service Manager 
[212] 997-6057 

Electronics Buyers' Guide 
H.T. Howland, General Manager 
[212] 997-6642 
Regina Hera, Directory Manager 
(212] 997-2544 

Classified and Employment Advertising 
Gerry F. Moss, Manager 
[212] 997-2897 



SAIVIUX Ill 
Serial communication link with 
host computer via two twisted 
pair wires. Choice of RS-232, 
20 ma current loop, RS-422 or 
optically coupled interfaces. 

15461 Springdale 
Huntingron Beach, 
CA 92649 

(714) 891-5861 
(800) 854-8851 
Telex: 692386 

r. 
Act. 

= : = ;cm 
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Distributed by Hamilton/Avnet 

Distributed I/O Control for the 
80's from Opto 22 
64 I/O Stations Per Host 
Computer 
192 I/O Points Per Station 
SimpleTwisted Pair Communica-
tion To The Host and Station-to-
Station 
Digital and Analog I/O Modules 
Efficient Protocol 
Versatile Command Set 
Watchdog Timer 
Latched Inputs and Time Delays 

Extensive Communication 
Attachments 
Isn't it what you expected from 
Opto 22? 

Link to 63 additional addressable 
SAMUX Il units. 

Modules per station range from 
96 digital power I/O plus 48 
analog to digital plus 8 digital 
to analog or up to 192 cigital 
power I/O. 

• 

Circle 901 on reader service card 



OPTOASOLATORS 
What kind do you need? 

 4 

CdS — Tungst 

dSe — Neon 

dS — LED 

CdS —LED 

-Phototransistor — LED - 

CdS — LED 

PhotoDarlington — LED 

Only Clairex makes them all! 
If we don't have a standard unit the meets volir and it has been silce 1953. Call 914-664-6602 
requirements, we'll make a custom unit that will. or write Claircx Electronics, 560 South Third Avenue, 

Our business is solving "light" problems Mount Vernor, New York 10550. 

CLAIREX ELECTRONICS 
A Division of Clairex Corporation 

Circle 902 on rœidEr service card 




